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1. Introduction

The growth of thin-film high-Tc supercon
ductor oxides is affected by the atomic structure
at the substrate-overlayer interface. We report
here first X-ray standing-wave (XSW) experiments
performed on the EuBazCu307-x/SrTi03(100) and
GdBa2Cu307-x/SrTi03{ 100) heteroepitaxial inter
faces. The both epilayers have the well-known
YBCO structure with Eu atoms and Gd atoms occu

pying the Y position in YBa2Cu307-x.

2. Samples
Ten monolayers of EBCO were grown on the

(100) surface of SrTiOs at BOO'C in a magnetron
sputtering facility using an EuBazCuaOy-x target.
The deposition rate was 38A/min in an Ar + 8 %
O2 atomosphere at 7 Pa. The previous work shows
that the epilayer has the YBCO structure with the
c axis normal to the substrate surface (IJ.

GBCO samples were prepared by depositing Gd,
Ba and Cu metals from individual evaporation
sources onto (100) SrTiOa substrates at 680°C in
an oxygen atmosphere at 1 Pa. Two and ten epi
layers of GBCO were grown on separate substrates
at a deposition rate of 30A/min. The overlayer
thickness was controlled by monitoring the RHEED
intensity oscillation [2].

3. Experiments
XSW data were collected in June 1992 at the

BL-lA station using the vacuum goniometer (3].
An XSW field with an intensity modulation normal
to the sample surface was generated by exciting
the SrTiOs 100 Bragg reflection with 2.0 keV pho
tons obtained from the InSb(lll) monochromators.
The photon energy was so chosen that it excites
the 1.13 keV ExiMa and 1.19 keV GdAfcr fluores

cences in the epilayers and the 1.81 keV SrLo:
emission in the SrTiOa substrate as well. The

rare-earth atom layers in the thin-film 123 com
pounds are spaced at ~ll.7Ai which nearly
matches three times the spacing of the (100)
planes in bulk SrTiOa (3.905 A). The sample
emissions were monitored with a Si(Li) detector
placed in the horizontal plane. The photocurrent
flowing through a metal grid measured the inten
sity of Bragg-reflected X-rays at 26 = 52.5® (4].
Data were collected by scanning the sample 6
angle for the fixed incoming photon energy.

4. Results and discussion

The Eu emission profiles from the EBCO sam
ple were noisy, but a broad, shallow dip was
observed at the substrate Bragg peak position.
The data were normalized using the beam-intensity
monitor output, but the baseline inclination was
not removed from both the rocking curve and the
emission profiles for unknown reason.

The 10-ML GBCO sample showed less noisy
signals with a flatter but inclined base line
(Fig. 1). The GdM emission shows a dip on the
low-angle flank of the substrate Bragg peak. The
.average signal rate was 6.5 counts per sec at a

300 mA positron beam current in the light source.
The rocking curve shows an FWHM of 127 arc sec,
which is dominated by the instrument resolution.

To determine the bonding structure at the
123 compound/SrTi03(100) interface, we assumed a
Ti02 layer terminating the (100) surface of sub
strate SrTiOa and calculated XSW field intensi

ties at the rare-earth atom (R) position in the
RBCO epilayer with one of the CuO(l), BaO(2),
Cu02(3), i?(4), Cu02(5) and BaO(6) layers inter
facing the substrate Ti02 layer. 11.79 A was
assumed for the c axis of the epitaxial crystal
and the interface bond distances were estimated

from the known ionic radii. In Fig. 2 the TiOz -
BaO interfaces and the Ti02 - R interface produce
field profiles at the R position very dissimilar
to the Eu and Gd emission signals observed.

[1] 0. Michikami, M. Asahi and H. Asano: Jpn. J.
Appl. Phys. 29, L298 (1990)

[2] T. Terashima, Y. Bando, K. lijima, et al.:
Phys. Rev. Lett. 65, 2684 (1990)

[3] S. Maeyama, K. Kawamura and M. Oshima: Rev.
Sci. Instrum. 62, 2976 (1991)

[4] T. Nakahata, H. Hashizume, M. Oshima et al.:
Jpn. J. Appl. Phys. 28, L1300 (1989)

VW'\ ^ ,N >1.00

-400 -200 0 200 400
Sample rotation angle (arc sec)

Fig. 1 GdM and SrL emission profiles observed
from the 10-ML GdBaCuO/SrTiOs sample with the r.c.

BaO(6)

BaO(2).Gd(4) CuO=(5)

V/\^uO(I)
Cu02(3)

2
(arc sec)

Fig. 2 Intrinsic field profiles at the rare-
earth atom {R) position in the RBCO epilayer.
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Surface/interfare states within liie i)and
gaps of ill-V compound semiconductors has
an important proi)lem in developing the ad
vanced device technology. Recent years,
chemical surface passivations have been at
tracting a considerable attention because of
their beneficial effects on improving the
surface electronic properties.

Among them, sulfide treatment using an
(NHOaSx solution is most effective.We
have been studying this (Nli^)2Sx-treated
surface structure by various surface
analysis techniques such as Auger electron
spectroscopy" (AE.S). low-energy electron
energy loss spectroscopy'^' ( L li E L S ).
synchrotron radiation photo emission
spectroscopy"' (SRPES). coaxial impact colli
sion ion scattering spectroscopy''' (CAICISS).
reflection high-energy electron diffractiorr"
(RHEED). low energy electron diffraction"'
(LEED) and scanning tunneling spectroscopy"'
(STM). these results indicated that (1) re
placement of 1' or As atoms by sulfur at the
surface first layer plays an important role
in surface stabilization, and (2) both effect
and structure are almost universal to com

pound semi(xinductors in general.'"'
However, above observation is mainly

performeci on the (001) surface, in this
report, we studied a difference in surface
passivation effect against some plane orienta
tions. especially GaAs(lll)A and (lll)H.

First, we examined into the treatment ef

fects of (a) removal of surface oxide, (b)
coverage witii (monolayer) sulfur on tiie sur
face and (c) etching of GaAs. As a result,
it was found that effects of (a) and (b) on
(111 )A and (lll)H are qualitatively tiie same
as those on (001). However, no etching ef
fect was observed on both (111 )A and (111)8
planes against (001) etched at th(» rate of 8
A/h at r(K)m temperature. Here, we noticed a
difference in shape of etch pits observed on
(lll)A and (111)8 surfaces. The etch figures
on (111)8 formed a well-defined or overiaf)-
ping equilateral triangles oriented along and
bounded by <110> directions. On the other
hand, those on (lll)A are regular and ir
regular hexagons usually much smaller and
less weli-(iefined than the corresponding tri
angular ones on (111)8. The hexagons are
also bounded by <110> directions. Consider
ing a S-Ga binding energy obtained by
SRPES experiments'", this might t)e caused
by a difference in sticking coefficient.

Secondly, we compared the epitaxial
relationships of A1 and CaEj films on
(NHilcSx-treated (1 1 1 )A and (111)8 surfaces.
On (111)8. single-crystals of Al(lll) and
CaF:(lll) were deposited. On the other iiand.

both epitaxial layers of A1 and CaF2 on
(lll)A exhibited the predominant orientation
of (001) admixed with (111). These results
might be attributable to the differences in
surface configuration of sulfur which was
examined by using soft X-ray standing wave
(XSW) technique'2-13'. The configuration
models of sulfur for S-GaAs (lll)A and
(111)8 based on parameter P (coherent
position) determined by XSW are as follows.
On (lll)A. sulfur atoms are located on top
of first layer Ga atoms, while those on
(111)8 replace the top As atoms. This means
that S-Ga coordination number of (lll)A is 1
and that of (111)8 is 3. which is cor
responding to that S-Ga binding energy on
(lll)A is smaller than that on (111)8. Fur
thermore. F (coherent fraction) parameter
obtained by XSW analysis revealed that the
sulfur layer on (111)8 Is more well-ordered
than that on (lll)A. Therefore, it is con
sidered that the mixture of (001) and (111)
crystal orientations on (lll)A is caused by a
partial disordering of sulfur atoms, which
leads to degradation in surface passivation
effect. Actually. Schottky barrier heights on
GaAs(lll)A showed a small dependency with
the metal work function rather than those
on (111)8. indicating that (NH4)2Sx treatment
for (lll)A is less effective in decreasing the
surface state density.
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1. Introduction
Treating the GaAs surface with an (NlUiaS .

solution has been shown to be effective in
photoluininesccnce{PL) intensity enhancement, realizing
dependence of Scottky barrier height on the work
function and improvements in C-V characteristics of
MIS structures. However, the passivation effect, as
revealed by photoluminescence{PL) measurements,
degrades quickly in atmosphere. In this study, the
degradation effect of a well-defined sulfur-
passivated GaAs surface during oxidation is
investigated using PL and photoelectron spectroscopy.

2. Experimental
Experiments were performed on Beamline lA at the

Photon Factory. The photon energy was set at about 80
eV for Ga3d and As3d and at about 210 eV for S2p.

The n-type GaAs (lll)A, B and (100) wafers with a
carrier density of 1x10'® cm were treated with a
(NHjIjS . solution for 1 hour at 60 "C, and annealed
at ISO^C for 10 min. Oxidation was performed by
exposing the sample to dry oxygen gas and air.
Furthermore, heavy oxidation was induced by exposing
the sample in atmosphere with UV light from a low
pressure Hg lamp.

PL mearurements were also performed at room
temperature with 514.5nm Ar laser excitation.

3. Results and discussion
Figure 1 shows the PL intensity of sulfur-treated

and annealed GaAs as a function of atmospheric
exposure time. The PL intensity of the S-treated and
annealed GaAs drastically decreases immediately after
exposing the sample to atmosphere and saturates to an
intensity of about one-20th of the initial intensity.
This degradation is believed to be due to surface
oxidation which results in surface defects and band
bending. Based on the ab inition calculation", Ga-S
formation is effective in drastically eliminating
surface states. Therefore, the oxidation may disrupt
the stable Ga-S bonds, and form surface defects.

S-b«ate<l
'afxj annetted

il^posure to atmosphere"

In order to correlate the PL degradation features
with band bending caused by oxidation, the valence
band was directly measured by SRPES. Figure 2 shows
the valence band spectra from the GaAs(lll)B surface
under various conditions. When the S/GaAs sample is
exposed to atmosphere for 20 min, the VBM value
determined from valence band is -0.8 eV. This value

corresponds to a band bending 0bi of 0.6 eV. Since
the band bending is close to the value of 0.65 eV for
As G. antisite" , the following surface reaction is
proposed,

AS2O3 + 2 GaAs GajOs + 4 As. (1)
The excess As may become the As g. antisite defects.
Evidence supporting the reaction expressed in eq. (1)
rests on the difference in oxidation rate between Ga
and As. We think that As oxide formed by 1 min air
exposure may be decomposed into excess As, which may
cause upward band bending. From the S2p spectra,
surface S atoms on GaAs(lll)B are found not oxidized
at all even after a 20 min air exposure.

Here, we calculated the total sulfur coverage
based on the photoelectron intensity, photoionization
cross section and escape depth. The calculated sulfur
coverages for GaAs surfaces are plotted in Fig. 3. It
is found that the sulfur coverage for GaAs(lll)B
which has the largest Ga-S binding energy is the
largest", and that for (lll)A having the smallest
bonding energy is the smallest.

In conclusion, S-passivated GaAs surfaces which
consist of 1 to 2 ML Ga-S layers comparatively
protect and inhibit surface oxidation. The drastic PL
degradation due to air exposure can be related to
oxidation of Ga and probably formation of As c.
antisite defects which may act as surface
recombination centers. Forming a thicker Ga-S layer
may result in a passivated GaAs surface more resistant
to oxidation, therefore PL degradation.

References

1) T.Ohno:Phys.Rev. 844(1991)6306.
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Fig. 3 Calculated total sulfur
coverages for sulfur-passivated
GaAs surfaces and calculated S-Ga
binding energies

Fig. I Photoluminescence intensity
change with exposure time to air.

Fig. 2 Valence band spectra of
su1fur-treated GaAs(lll)B
surfaces exposed to dry oxygen
and air.
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Introduction

Se has been shown to be effective in
1 2passivating the GaAs surface ' . However, one of the

major limitations in this surface passivation
technique is due to surface oxidation for even quite
short exposure times. In order to study this surface
degradation in detail, surface sensitive synchrotron
radiation photoemission spectroscopy(SRPES)
measurements were performed.

Experimental
Experiments were performed on Beamline lA

at the Photon Factory in KEK. The synchrotron
photon energy was adjusted to 90.0 eV with an
energy resolution near 0.3 eV using a
grating/crystal monochromator to obtain surface
sensitive information on the Se 3d, As 3d and Ga 3d
core levels. The samples were n type GaAs wafersfSi
doped).

Results and discussion

In Fig. 1. the Ga 3d spectra are plotted for
increasing exposure times proceeding from bottom to
top. The Ga oxide peak is apparent as a high B.E.
shoulder to the main GaAs Ga 3d peak. One can see
that the Ga oxide component for intermediate
exposures increases in intensity for greater
exposure times. However, there is very little Ga oxide
formed for the first two exposure times. This is in

.SRl'IiS tia oxhIc

Ga 3d

UV + 2 mm

80 mm

Oil mm

32 mill

6 mill

8 mm

4 liiiii

2 mm

I mm.

0 mill.

16 18 20 22 24

Binding Eiiergy(eV)

Fig. 1 The SRPES Ga 3d spectra for Se/GaAs(100) are
plotted for the different exposure times indicated on
the right. A Ga oxide peak is observed as a high
energy shoulder that increases in intensity for
greater exposure times.

contrast to the fact that significant band bending is
observed at these initial low exposures suggesting
that initial band bending changes are associated
with the uptake of oxygen.

The Se 3d spectral changes as a function of
exposure time are plotted in Fig. 2. In contrast to Ga,
any evidence for Se oxide is absent for exposure
times up to 1 hour. It is only at an exposure time of 3
hours that a small amount of Se oxide is observed at a
B.E. of 60eV. This is confirmed by the UV exposure of
2 minutes where almost all of the Se is oxidized.
Nevertheless, for intermediate exposures, a peak
near 55 eV which nearly corresponds to the binding
energy of amorphous Se is observed. Changes in the
Se 3d spectra resulting from the formation of
amorphous like Se are apparent for exposure times
exceeding 16 minutes. Details on the formation of
amorphous Se from the unoxidized Se/GaAs surface
has been discussed in detail elsewhere that is
consistent with the Ga vacancy model recently

3
proposed for Se/GaAs .

In conclusion, the chemical bonding changes
that take place when the Se passivatcd GaAs surface
is exposed to atmosphere has been investigated by
SRPES. Initially, band bending changes are observed
that are followed by the oxidation of Ga, As and Se
respectively.

References

1) C.J. Sandroff et al., J. Appl. Phys. 67. 586(1990). 2)
S. Takatani et al., JJAP 30, 3763(1991). 3) T. Scimeca et
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Fig. 2 The SRPES Se 3d spectra for Se/GaAs(100) arc
plotted for increasing atmosphere exposure times. In
these spectra, Se is first converted to an amorphous
like Se state prior to oxidation.
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Introduction

Se has been
1 2passivating the GaAs surface ' . In this study, Au

was deposited on the Se passivated GaAs surface with
the motivation being to see whether the fabrication
of high Schottky barrier height GaAs based diodes
are feasible. Insight into the role of Se at the GaAs
interface upon Au deposition is provided by surface
sensitive synch rot ron radiation photoemission
spectroscopy(SRPES).

Experimental
Experiments were performed on Beamline lA

at the Photon Factory in KEK. The synchrotron
photon energy was adjusted to 126 eV with an energy
resolution near 0.3 eV using a grating/crystal
monochromator to obtain surface sensitive
information on the Se 3d, As 3d and Ga 3d core levels.
The samples were n type GaAs wafersfSi doped with a

18 - 3
concentration of about 1x10 cm Au was

thermally evaporated onto Se/GaAs substrates held at
room temperature.

shown to

,1.2
be effective in

Results and discussion

The changes that take place at the Au/Se/GaAs
interface upon Au deposition can be seen clearly by
examining the Se 3d spectral changes shown in fig.
1. Prior to Au deposition, two spin orbit split Se states
Se(l) and Se(2) are observed. The nature of this

3-4
surface has been discussed in detail elsewhere

Following Au deposition, the Se(2) component can be
seen to attenuate with Au deposition.

Se 3d

hv=126eV

53 55

Binding Energy(eV)

6th Au dep

3rd Au dep

Before Au dep

Fig. 1 The SRPES Se 3d spectra for Au/Sc/GaAs( 100)
are plotted as a function of Au deposition thickness.

In contrast, the Se(l) component can be seen to
grown in intensity relative to the Se(2) component
peak indicating that this species segregates to the
surface upon Au deposition.

To confirm that surface segregation is truly
responsible for the Se 3d spectral changes seen in
fig. 1, the normalized photoelectron intensity for As,
Se(l), Se(2) and Ga are plotted as a function of Au
overlayer thickness in fig. 2. These results indeed
indicate that Se(2) and As do not segregate while
segregation is observed to a certain extent for Ga and
to an even greater extent for Se. Furthermore, no
drastic spectral changes are observed for either Ga
or As upon Au deposition.

A mechanism of this Se segregation that is
3

consistent with the Ga vacancy model for Se/GaAs

has been recently proposed^. Initially, Au impinges
on the Se/GaAs surface and adsorbs at a Ga vacancy
site where owing to the large size of the Au atom
dislodges the nearest Se atom at the Se/GaAs surface
which in this case is Se(l). Details of this mechanism

are discussed elsewhere^.
To conclude, the initial stages chemical bond

and Schottky barrier formation for the Se/GaAs
system upon Au deposition has been investigated in
detail by SRPES. Upon Au deposition, Se is found to
segregate to the surface thus providing further
evidence that the Se(l) component is indeed a
surface Se species. However the Se(2) component. As
and Ga to a large extent remain at the interface.

References

1) C.J. Sandroff et al., J. Appl. Phys. 67, 586(1990). 2)
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Sc has been shown to be effective in
1 2passivating the GaAs surface ' . However, the

conditions under which passivation takes place for
this system have not been probed in detail. Insight
into the mechanism for this type of surface
passivation is provided by surface sensitive
synchrotron radiation photoemission
spcctroscopy(SRPES).

Experiments were performed on Beamlinc lA
at the Photon Factory in KEK. The synchrotron
photon energy was adjusted to 90.15 eV with an
energy resolution near 0.3 eV using a
grating/crystal monochromator to obtain surface
sensitive information on the Se 3d, As 3d and Ga 3d
core levels. The samples were n type GaAs wafers(Si

18 - 3doped with a concentration of about 1x10 cm .

Insight into the role of Se in the passivation of
GaAs was gained by observing the SRPES As 3d
spectra, as shown in Fig. 1. For n type GaAs, band
flallening corresponds to an increase in the Binding
Energy of the GaAs component of the As 3d spectra.
When Se is deposited on GaAs at room temperature,
surface As bonds to Se and very little reduction in
band bending is observed. However, when Se is
deposited on GaAs at high temperatures, Se
exchanges with surface As and band bending is
reduced from about 0.8eV to about 0.2eV.

.Sc/OaA<i( UlO)
As .VI
iiv= miscv

Altci Sc

Dcsot plidii

580 C Sc

I rcnlnicnt

I5T Sc

1 rCAIIIlCMl
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sill fat e

37 3y 41 43 4.1 47

Binding Bticrgy(cV)

Fifi^ The SRPES As 3d spectra for Se/GaAs(100) are
plotted for the different surface conditions indicated
on the right.

This band bending reduction is also accompanied by
a reduction and eventual elimination of surface As

that exchanges with Se. Following Se desorption, an
increase in band bending is observed which is
consistent with the generation of defects that can be
expected with the desorption of Se.

In addition, Ga and Se 3d spectral changes
were also observed providing additional insight into
the overall surface passivation mechanism of Se
treated GaAs. In the case of Ga, the Ga 3d spectra
broadens with increasing substrate temperature.
This result provides direct evidence that Se bonds
with Ga. In the case of Se, the width of the Se 3d
spectra prior to annealing is fairly wide with only
one characteristic peak. However, at high substrate
temperatures, the Se 3d spectra from Sc/GaAs(100)
clearly reveals two distinct Se states. This can be
seen more clearly in fig. 2. The spectral changes can
be understood within the context of a Ga vacancy

a

model recently proposed by Maeda et al . In this
figure, the two Se states are denoted Se(l) and Se(2)
with Ga vacancies located nearest to the Se(l) atoms.

3-5
Details of this work are discussed elsewhere

To conclude, the passivation of the Se/GaAs
surface is critically dependent on the substrate
temperature during Se exposure. It is only at
sufficiently high substrate temperatures that Se
completely exchanges with As and that the full
extent of surface passivation is realized.

1) C.J. Sandroff et al., J. Appl. Phys. 67, 586(1990). 2)
S. Takatani et al.. JJAP 30, 3763(1991). 3) F. Maeda et
al., PRB(submitted). 4) T. Scimeca el al.,
APL(Submitted). 5) T. Scimeca el al., PRB(ln Press).
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200 C, 40 sees

Binding Energy(eV)

Fig. 2 The SRPES Se 3d spectra for Se/GaAs(100) are
plotted for three different substrate temperatures.
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1. Introduction
Dramatic photolumlnescence enhancement and the

unpinning of the Fermi level have been reported on GaAs
whose surface was passivated with selenium, which
decreased the surface defect states. To clarify the mechanism
of surface passivation, we investigated the surface structure
of Se-treated GaAs surfaces by analyzing depth dependence
of Se 3d spectrum using angle-resolved photoelectron
spectroscopy (ARPES)'.

2. Experimental
The samples were n-type GaAs (001) wafers. The GaAs

wafers were first chemicaly etched. Then, the sample
surfaces were cleaned by heating in an As4 molecular beam
and were exposed to a Se molecular beam in a MBE
chamber. After this Se-treatment, the samples showed a 2x1
LEED pattern. These samples were analyzed in situ by
ARPES using beam line BL-IA. The incident photon energy
was set to 130 eV to obtain the strongest intensity of the Se
3d ARPES spectra.

3. Results & discussion
Se 3d spectrum ilustlated in Fig.l is found to consist of

two components denoted A and B. The two component
ratios. Ia/Ib- of all the Se 3d spectra are plotted in Fig. 1.
There is a clear tendency for the Ia/Ib ratio to decrease with
increasing angle. This result suggests that the Scb is located
in a shallower region than the SeA, This is opposit to the
previously reported assignment^ for the photoelectron
measurement study on Se-treated GaAs (00!) surfaces.

Based on this ARPES results that a surface sensitive
component exists. Se atoms distribute along the depth
direction. And a few monolayers of Se are also expected
based on the Se 3d photoelectron intensity of our study. A
model that two component are assigned as a surfacelayer and
inner layers cannot explain the Ia/Ib ratio change with
increasing the polar angle. Then, we considered that the
"surface" layer consists of half of the first layer and half of
the second layer, and the "inner" layer consists of the other
halves of the first and second layers, and a full third layer.
Figure 2 shows the structure model on Se-treated GaAs
surfaces. The A components are assigned as Se atoms which
have no Ga vacancy in their nearest neighbors and the B
components as Se atoms which have one Ga vacancy in their
nearest neighbors. In this model, the Se-modified region
consists of three layers of Se and two layers of Ga. whose
outermost layer has 1/4 of Ga vacancy. This structure detail
is shown in Fig. 2 (b).

To examine the validity of this structure, the component
ratios of Ia/Ib were analyzed based on the intensity
calculation in the layer attenuation model of photoelectrons.
The photoelectron intensity of the Se(n) layer is given by

L, = io
Is.2=(0ca(e) + l-6c)In
I,,,=(eca(0)-H-0G)a'(e)
a{9) = exp(d / 3.cos9)

where 9 is the polar angle, d is the interlayer spacing , Xis
the electron mean free path, and Iq is the photoelectron
intensity of one monolayer Se without attenuation, Sq is the
Ga co\erage of the outermost Ga layer. In this calculation,
the valuesof d=1.42 A and 3=5.9A were used. According to
the structure model, the Se 3d photoelectron component
ratio is given by

Ia _ {l ^(I QgII^Isci 1502)"*" IseJ
Ib ~

When 0g=O.74, the calculated result is shown as dotted
curve in Fig. 1.

In conclusion, the change in Se 3d photoelectron
component ratios can be well explained by our new structure
model with about 1/4 Ga vacancies for Se-treated GaAs
(001) surface.

[1] F.Maeda el al., to be submitted to Phys. Rev. B.
[2] S. Takatani et al., Phys. Rev. B 45, 8498 (1992).
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Fig. 1 Component intensity ratios Ia/IB versus the polar
angles of photoelectron taking-off angle.
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Fig. 2 Atomic arrangement model of Se-treated GaAs (001)
surface structure: (a) three-dimensional image, and (b) three
sets of Ga and Se layers.
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Introduction

Gas scintillation proportional counters
(GSPC's) which have been developed and used for
x-ray astronomy^^ have almost never been applied
to x-ray spectrometric analysis. We developed an
ultrahigh vacuum compatible first model of the
GSPC having the entrance window of lOOOmm^ area
for fluorescence yield EXAFS measurements on

9 \
ultralow-Z elements In order to apply the
GSPC to x-ray fluorescence analysis, we have
developed second compact model of the GSPC.

Design and Performance of the Compact GSPC

A schematic of the compact GSPC is
illustrated in Fig.l. In order to transmit
ultrasoft x-rays, a entrance window of the gas
cell consists of 0.6 um thick Mylar film of
lOOmm^ area. The gas cell is filled with pure
xenon(450 Torr). Although differential pumping
technique is not employed for this counter, this
GSPC is compatible with high vacuum of 10"^
Terr. This counter as well as the first model is

essentially a parallel grid type of the GSPC K
Ultrasoft x-ray photons are absorbed by the Xe
gas and produce primary photoelectrons in the
first region between the entrance window and the
grid-1. Xenon atoms are excited by the
accelerated photoelectrons under the high
electric field in the second region between the
grid-1 and grid-2. In this counter, the
ultraviolet photons emitted by the Xe atoms in
the deexcitation process are detected by the
photomultiplier through the quartz exit window.

The fluorescence x-ray measurements were

done by using the compact GSPC at beamline 1-A
of the Photon Factory. Si^N^ and Si02 films of
150oA and SOoA thickness were used for detecting
the N Ka(392eV) and 0 Ka(525eV) fluorescence x-
rays. The N Ka and 0 Ka pulse-height
distribution curves are shown in Fig.2. The full
width half maximum(FWHM) of the N Ka and 0 Ka
were 166eV(42Z) and 183eV(352). The 0 Ka
fluorescence yield spectrum above the 0 K-edge
is presented in Fig.2. The data acquisition
time was 15 seconds and the spectrum measured in
about two hours. In the spectrum, distinct edge-
jump and EXAFS oscillation were observed at the
0 K-edge and in the higher energy region above
the edge, respectively. These experimental
results demonstrate that the compact GSPC can
be applicable to fluorescence yield EXAFS
measurements of relatively thick oxide layers in
addition to x-ray fluorescence analysis of low-
2 elements.

References

1)H.Inoue,K.Koyama,M.Matsuoka,T.Ohashi,Y.Tanaka,
and H.Tsunemi.Nucl.Instr.and Meth.157,295(1978).
2)S.Maeyama, M.Oshima, T.Shoji and H. Yamamoto,
Rev.Sci.Instrum. 62, 58 (1991).
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Introduction
Fermi level pinning of the Metal-GaAs interface

has been one of the biggest obstacles limiting
development of GaAs based devices. It was found that
the Schottky barrier heights (SBHs) depend on metal
work functions for (NH4)2S x-treated GaAsO.
Although the interfacial structure and chemical bonding
for metal/S-passivated GaAs is thought to correlate with
their electrical properties, no such correlation has yet
been made.

Experiments
Si-doped n-GaAs(l 11)A and B wafers were used as

sample substrates. After chemical cleaning, the GaAs(l 11)
wafers were dipped into an (NH4)2Sx solution and
annealed in vacuum. A1 overlayers were deposited on the
wafers. XSW and SRPES experiments were carried
out at the beam line lA. In the XSW experiments,
incident soft X-rays 2472 eV monochromatized by
InSb(l 11) double-crystals were used to excite the substrate

(111) standing waves. S Ka fluorescence X-rays(2307
eV) generated by the (111) standing waves for the
AI/S/GaAs( 111)A and B samples were measured as a
function of reflection angle by scanning the sample angle
around the (111) Bragg reflection by means of a vacuum
goniometer system2,3). Furthermore, SRPES
measurements with a photon energy of 210eV were
also performed for A1 deposited S/GaAs(l 11)A and B
samples. The SBHs for the Al/S/GaAs( 111 )A and B
samples were evaluated from I-V measurements.

Results and Discussion

Figure 1 shows the XSW results of
Al/S/GaAs( 111). The solid lines represent theoretical
fits to the measured reflectivity and S fluorescense
yield which are plotted versus the angle relative to the
Bragg angle. Coherent fractions and coherent positions
(F, P ) values of Al/S/GaAs( 111 )A and B were
determined to be (0.47, 0.79) and (0.60, 0.12),
respectively. These results indicate that a S interlayers
are slightly disordered on both GaAs( 111)A and B after
A1 deposition. In order to investigate the interface
chemistry, SRPES was performed on the Al/S/GaAs
samples where A1 was deposited step by step. Figure
2 shows the SRPES Ga3d and S2p spectra for
Al/S/GaAs(l 11)B sample. Metallic Ga peaks appear in
Ga3d spectra'4) for both Al/S/GaAs(l 11)A and (lll)B.
Concerning the S 2p spectra, the peak energy moves
toward higher binding energy side with A1 deposition.
The appearance of metallic (ja 3d peaks means that Ga
atoms exchange with A1 atoms and segregate to the
surface-5). The shift of S 2p peaks can be attributed to
chemical shift due to Al-S bond formation. From 1-V
measurments, a SBH of (J)bn=lF57eV for
Al/S/GaAs( 111)B is obtained which is slightly lower
than (l)bn=B-62eV for Al/S/GaAs(l 11)A.

In conclusion, slightly disordered sulfur interlayers
were obtained for both (lll)A and B. From SRPES
results, Al-S bonds are formed at the interface. From
1-V measurments, SBH for (lll)B was slightly lower
than that for (III)A. This difference can be attributed
to the difference of F values.

References
1) H. Oigawa et al., Jpn. J. Appl. Phys. 30 (1991) 322.
2) S. Maeyama et al., Appl. Surf. Sci. 60/61 (1992) 513.
3) M.Sugiyama et al., Appl. Phys. Lett. 60 (1992) 3247.
4) H. Sugahara et al., J. Vac. Sci. Technol. in press.
5) M. Oshima et al., Appl. Surf. Sci. in press.
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Introduction

GaAs surface passivation has been one of the most
important problems for III-V semiconductor physics. It was
found that the band bending of the (NH4)2Sx-treated GaAs
(100) surfaces is reduced by 0.3 eV after annealing at 360 °C
in vacuum and that the sulfur atoms form Ga-S bonds with a

2x1 reconstructed structure on the surfaces.'). 2) -p^e
authors have also tried to passivate the GaAs surfaces
without any wet process.^) In this report, the procedure ofa
new method for cleaning and passivating GaAs surfaces,
which we call sulfur annealing, is briefly explained and the
chemistry and the band bending of the sulfur-annealed
surfaces is discussed.

Experimental

The experiments were carried out at the beamline BL-
lA of the Photon Factory. N-type GaAs (KX)) wafers were
cleaned and passivated by sulfur annealing as described
below. They were exposed to sulfur atoms generated by the
electrochemical decomposition of Ag2S using an
Ag/Agl/Ag2S/Pt electrochemical cell at elevated substrate
temperatures. A diagram of the sulfur annealing process is
shown in Fig. 1. First, the surface is atomically cleaned at
T/=590-61() 'C for 5-10 min in a sulfur atmosphere. The
oxygen-free surface was monitored by XPS and RHEED.
Then the samples were cooled down to 7'2=260-480 'C, at
which time the sulfur cell was turned off. Being kept at the
same temperature for 12-^ rnin to obtain uniformly
reconstructed surfaces in equilibrium, they were gradually
cooled to room temperature. Synchrotron radiation
photoemission spectra were measured after sulfur annealing
with a photon energy of 210 eV, which provides a large
photoionization cross section for S 2p core electrons.

Results and Discussion

The S 2p photoemission spectra for the samples
treated at 72=360 and 480 *C are shown in Fig. 2. The
spectra indicate that the S-Ga bonds are fonried on the GaAs
(100) surfaces by sulfur annealing and that the sulfur layer
thickness depends on the sulfur shutt-off temperature 72.

The average sulfur layer thicknesses were determined to be
0.24 and 0.15 nm respectively, calculated from the peak
intensities, photoionization cross sections, and escape depths
for S 2p andGa3d core levels. 2x1 and 4x1 LEED patterns
were observed for these surfaces, suggesting that the sulfur
atoms form reconstructed structure to minimize the total
energy. One possible model for these surfaces are the ones
with full dimer rows for about one monolayer of sulfur
(72=360 *C) and with every second dimer row missing for
about half a monolayer of sulfur (72=480 *C).

The band bending of the GaAs surfaces detemiined
from the peak shift of the photoemission spectra are shown
in Fig. 3. It is reduced by about 0.2-0.3 eV by sulfur
annealing, whereas it slightly increases by a conventional
cleaning with arsenic beam irradiation. The fact that a
relatively large decrease in the band bending was observed
for the surface covered with 5 ML of GaS, which was
prepared by irradiating Ga beams under sulfur atmosphere,
suggests the possibilty of effective GaAs surface passivation
with a thick GaS layer.

The initial stage of the Pd Schottky barrier formation
on n-GaAs (100) was also studied. The barrier height for
the sulfur-annealed GaAs is almost the same as that for the
conventionally cleaned GaAs, as shown in Fig. 3, which
agrees well with the previously reported data for the
(NH4)2Sx-treated GaAs.^)

In summary, surface analyses by SRPES, RHEED,
and LEED revealed that the well-ordered sulfur layer, which
forms Ga-S bonds on atomically clean GaAs (100) surfaces
with a reduced band bending, is easily obtained by sulfur
annealing. The method is promising for the GaAs surface
treatment prior to semiconductor epitaxial growth.

References

1) H. Sugahara, et al., J. Appl. Phys. 69, 4349 (1991).
2) H. Sugahara, et al., to be published in J. Vac. Sci.
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INTRODUCTION

Growth of sem i condiic lor films liiRh-Tp su

perconductors has t,ho attractive possibility of
combining conventional semiconducting devices and
the devices constructed by these superconductors.
However, growth of the semiconductor layers on the
high-T^ superconductors degrades superconducting
properties because oxidation of overlayers and
reduction of superconductivity take place at the
interface [ 1]. in this study, feasibility of InSb
growth on EuBa2Cu307_y (EBCO) with a SrF2 inter-
layer is investigated using photoelectron
spectroscopy.

[•XPERIHENTAI.

The EBCO films were grown on MgO(OOi) using
planar-type magnetron sputtering. SrE2 deposition,
molecular beam epitaxial growth of InSb and in
situ surface analysis were performed at BL-IA.
Photoelectron spectra were taken with photon
energy of 76 eV. First, EBCO surfaces were cleaned
by heating the sample up to 300°C in vacuum. Then,
about several monolayers of SrF2 were deposited on
the surface at room temperature. After the SrF2
interlayer formation, InSb was grown by using a
two-step growth procedure in the conventional MBE
chamber[2].

RESULTS AND DISCUSSION

Photoelectron spectroscopy studies were per
formed to assess the surface disruption of EBCO
during InSb growth on SrF2-coated EBCO. The Cu
2p3/2 satellite emission at ~94'1 eV is a sensi
tive probe for evaluating surface reactions of
EBCO because reduction of the satellite emission

intensity indicates modification of Cu-0 planes
and chains. Figure 1 shows the Cu 2p3/2 spectra
before and after both the SrF2 and InSb deposi
tion, and these spectral features are almost the
same, which indicates that the EBCO surface dis
ruption did not occur during SrF2 and InSb growth,
but there would exist only slight modification of
the EBCO topmost layer. Figure 2 shows the com
parative results of the Sb -Id spectra with and
without the SrF2 interlayer. In the case of no in-
teralyer, only the Sb-oxide peak at —34 eV is ob
served whereas, with a SrF2 interlayer, no Sb-
oxide peak is observed. This result demonstrates

EBCO surface

InSb/SrFz/EBCO

h 1/ =1486.6eVmam peak

satellite peak

948 944 940 936 932 928

BINDING ENERGY (eV)

Fig. 1 Cu 2p3/2 XPS spectra for the samples before
and after SrF2 and InSb deposition at room tem
perature.

the effectiveness of the interlayer in suppressing
EBCO surface disruption. In order to assess the

influence of the EBCO on overgrowth, we examined
the temperature dependence of electrical resis
tance for EBCO after 300°C heating in vacuum (a)
and InSb-grown EBCO (b) as shown in Fig. 3. The
InSb-grown sample exhibits transition regions that

shift only slightly to lower temperatures by 5 K,
suggesting that this inSb growth process results
in suppressing degradation of electrical
properties in the underlying EBCO.

In conclusion, the results of photoelectron
spectroscopy studies and Tc data of the underlying
EBCO indicate that InSb deposition is promising
for growing semiconductor layers on SrF2-coated
EBCO.

(1)Y. Watanabe et
61(1992)979.
(2)Y. Watanebe et al.
press).

il.: Appl. Phys. Lett.
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Fig. 2 Sb 4d SRPES spectra for the InSb-deposited
samples with and without a SrF2 interlayer.
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Fig. 3 Resistance versus temperature for the
samples before and after SrF2 and InSb deposition
by using the two-step growth process.
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The atomic structure and stoichiometry of CaF2
heteroepit-axial layers grown on a sulfide-treated
Gaj\s{lll)B surface have been determined using X-
ray standing waves (XSW's) and X-ray scatterings
along the surface normal (XSASN's). The XSW
results confirmed the previously determined S
atom position [1]. The XSASN data showed a good
crystalline order for the CaFz epilayers in the
vertical direction with a missing first F mono-
layer. The first-layer Ca atoms are placed at a
short vertical height above the S monolayer, sug
gesting disfavored on-top sites for the Ca ad
sorption position.

Our sulfide passivation method used a solu
tion of (NHUzSa at. room temperature, in which
freshly etched GaAs(lll) substrates were immersed
for 12 h. The surface was blown dry and the
wafers were transferred into a molecular-beam

ejiita.xy chamber. CaFz was deposited on the As
surface at 110°C with a rate of ~ 15 A/min.

The vertical sulfur structure was probed
using XSW's produced by the GaAs 111 reflection
at 3.5 keV on beamline BL-IA. The simultaneously
observed rocking-curve profile (Fig. 1) showed
16.8 arc sec for the angular Gaussian FWHM of the
probing photons delivered from an InSb(lll) mono-
chromator. We used this information in fitting
the 2.3 keV S K emission data to find position P
- 0.095(7) and coherent fraction fc - 1.00(4) for
the interlayer S atoms. The S vertical position
is close to 0.06( 1) given by Sugiyama, Maeyama,
Oshima et al. f 1 ], but the quality of the fit is
much higher here. The short distance immediately
removes the T\ sites from the possible S ad
sorption sites above the Ga/\s (111) surface. The
observation of the predominant Ga—S bond signal
in XPS dat.a [2] disfavors the S atoms occupying
the H2 sites on the sulfide-treated, annealed
Ga.As surface. The S atoms are thvis likely to be
located in the T sites, which are the remaining,
symmetry-allowed adsorption sites. If this is
the case, the observed short S distance is incom
patible with existing top-layer As atoms at the
GaAs surface, leading to our previous conclusion
that the chemisorbed S atoms occupy slightly
shifted top-layer As atom sites |1]. The very
high coherent fraction observed indicates the S
•atoms forming a single monolayer on the GaAs
surface. The high S order does not rapidly de
grade in our samples kept in air, indicating that
the S atoms are firmly bonded to the substrate Ga
atoms and that these bonds are well protected
under the CaF2 overlayer. The surface passiva
tion effect should have a long life.

An XSASN profile observed with 1.538 A X-
rays in a region of the GaAs 111 Bragg peak was
well explained tiy 54 F-Ca-F layers in the CaF2
film with an average layer spacing contracted by
I % relative to bulk CaF2 and the S structure

revealed by the XSW experiment (Fig. 2). The
first-layer Ca atoms lie 2.39(1) A above the top
GaAs (111) plane but the actual atom layers tend
to be slightly shifted in the outward direction
owing to the relaxation. The short Ca vertical
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distance does suggest that a F monolayer is miss
ing at the CaF2/S/GaAs( 111) interface.

The observed values of P = 0.095 (or dir =
0.31 A) gives a Ga—S interatomic distance of 2.42
A for the S atoms occupying the missing As atom
sites. This is not only close to 2.30 A, expected
from the covalent radii of Ga and S, but also
agree quite well with the first-principle pseudo-
potential calculation (2.41 A) by Ohno [3]. The
observed Ca distance taken together with the F,
vertical height shows the first Ca monolayer
located 2.08 A (or less) above the S layer. This
small distance precludes the Ca atoms to lie on
top of the S atoms and supports the missing F"
monolayer at the interface. The work is being
published in Surface Science [4).

We are grateful to S. Maeyama, M. Sugiyama
and M. Oshima for collaboration in data collec

tion at the BL-IA station.
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Introduction

The biological effects of soft X-rays can be ascribed to
the ionization by photoelectrons and their Auger electrons.
The X-ray energy determines the initial energy and range
of photoelectron and hence provides a useful probe for the
microdissection of the early processes involved in the
radiation-induced damage and its fixzation in chromosomal
damage. In this experiment, the induction of mutagenic
and transforming (SHE) cells irradiated with SOR-derived
monochromatic X-rays with energy range between 2.07
keV and 15.5 keV.

Materials and Methods

Primary SHE cells obtained from 13- to 14-day-old
embryos were used. The cells were cultured in Eagle's
MEM supplemented with 10% fetal calf serum. Cells
attached to the surface of dishes as one cell layer were
irradiated with monochronic X-rays produced by the
electron storage ring at Photon Factory, National
Laboratory for High Energy Physics, Tsukuba at 20oC.
The irradiation systems, details of the dosimetry, and
beam characterization have been described elsewhere
(Watanabe, M. et al.. Int. J. Radial, fi/o/., 61,161-168,
1992). The transformation assay used in this experiment
was reported previously (Watanabe, M., et al.. Cancer
Res., 50, 760-765, 1990).The frequency of
transformants was expressed as the ratio of the number of
morphologically transformed type B colonies to the total
number of colonies counted as previously described
(Watanabe, M., et al., Radiat. Res., 98, 274-283, 1984).
The mutation frequency at HGPRT locus was determined
as described (Watanabe, M., et al., Mutat. Res., 249,
71-80, 1991) from the number of resistant colonies to 40
mM of 6-thioguanine corrected for the number of viable
cells plated. The procedure for induction of PCC has been
described in detail elesewhere (Watanabe et al.. In
ViiroToxicoL, 4, 93-100, 1991). PCC in target SHE
cells were induced by PEG-mediated cell fusion with
mitotic Chinese hamster cells.

Results and Discussion

SHE cells were exposed to synchrotoron-produced
monochromatic X-rays with energy range between 2.07
keV and 15.5 keV. Although X-rays of all wavelengths
induced mutations and chromosome aberration measured
as PCC breaks in a dose-dependent manner, when cells
were irradiated with 2.153 keV X-rays, which
correspond to the resonance energy of the phosphorus K-
absorption edge, the frequencies of mutation and PCC
breaks at equal dose levels were higher than for X-rays of
the other energies. At 8.86 keV, the frequency of
mutations were the most highest and relative biological
effectiveness (RBE) compared to cobalt-60 gamma-rays
was about 5 (Figure 1). On the other hand, the frequency

13

of morphological transformation in cells irradiated with
2.07 keV X-rays (the lowest energy in this study) was
higher than those irradiated with the other energy X-rays.
The RBE in morphological transformation was 3.5 for
2.07 keV, 1.1-1.6 for the other energy X-rays at a 37%
survival levels (Figure 1). These results mean that the
primary damage resulting in the lethal, mutagenic and
genotoxic effects may be the same, but transformation
may be not. There was a close relationship between the
frequencies of transformation and the incidence of
tetraploid cells in irradiated cell populations. This may
mean that 2.07 keV X-rays preferentially attack some
mechanism(s), such as the cell division apparatus, which
is responsible for regulation of chromosome ploidy rather
than the chromosome (DNA) itself.

• lethality

O mutation

• transformation

• PCC break

1 2 3 4 5 6 (A)

12.4 6.20 4.13 3.10 2.48 2.07 (keV)

Wavelength and energy

Figure 1. Relationship between relative biological
effectiveness compared to cobalt-60 gamma-rays on
various biological effects and energy of X-rays.

In conclusion, our results indicate that the first lesion
responsible for transformation may differ from that for
cytotoxicity, mutation , and chromosomal damage.
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X-ray lithography has a great
advantage of high resolution. However,
it is still rather difficult to

replicate patterns less than 0.1 p. m,
because this requires X-ray absorber

patterns that are also less than 0.1/zm.
Forming such absorber patterns is
extremely difficult. In this report, a
novel patterning procedure using an X-
ray phase shifting mask is proposed
and a fundamental experiment is
described.[1]

Principle of the new method is shown
in Figure 1. Half opaque phase shifting
patterns are made on an X-ray mask's
thin membrane. As the X-ray passes
through the shifter, its phase is
reversed. Therefore, at the outline of
the shifter patterns. X-ray intensity
becomes very small because the X-rays
on either side of the shifter outline

cancel each other out. Accordingly, when
a wafer covered with a resist is placed
in proximity to the mask, patterns form
at the outline positions.

Since the intensity of X-rays passing
through the shifter also decreases,
contrast, C, defined as C - la/Ib must
be kept higher than about 5. Here, la is
the intensity of transparent X-rays
passing through the shifter, and lb is
the X-ray intensity at the shifter
outline positions.

Optimum shifter thickness, t, is
written as

t - A / 2( 1-n ) (1)
The index of refraction, n, is very

close to 1 for almost all X-ray
transparent materials. So, if n is too
close to 1, t becomes very large, making
fabrication of a thick shifter vertually
impossible. In our experiment, 1pm

thick OFPR 800 resist shifter patterns

were formed using an optical stepper.
In general, n is correlated with the

X-ray transparency. Since the measured
transparency of the OFPR 800 resist is
0.73±0.05, n is expected to be 0.99965
— 0.9997. The central wavelength, A , of
the SR X-ray from the BL-IBA beam line
at the KEK PF is 0.7 nm. Therefore,
equation (1) is almost satisfied. After
some calculations, a suitable contrast
could be obtained if the phase shifting
angle, 0 , is set to | 0 -180° [ < AO °,
and the shifter's transmittance is more

than 0.5.

An exposure experiment was carried out
using wafers coated with a 70-nm thick
PHMA resist. We maintained a constant

mask-to-wafer gap estimated to be 10—20
p m. Figure 2 shows typical shifter

(1)
is very

X-ray

patterns and the replicated patterns.
At the positions corresponding to the
shifter outline edges, fine PHMA resist
lines were formed. We were somewhat able

to control the linewidth by adjusting
the exposure dose. The lines were on the
order of 50 nm.

In conclusion, feasibility of ultra
fine patterning with X-ray phase
shifting masks has been clarified.
Fluctuation of width and some breaks of

replicated patterns were found to depend
on poor X-ray uniformity and roughness
of the shifter edges. With improved
accuracy and smoothness of the shifter,
this new method can be utilized

effectively.

References

[1] T.Horiuchi and K, Deguchi, JSAP
Extended abstracts of the 53rd autumn

meeting, 18a-ZM-ll, 536, 1992.
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shifting mask
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Fig.2 (b) Replicated patterns
( 50 nm lines )
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Introduction

Mo/Si and Mo/B4C multilayers show high
reflectivities in the 8 - 20 nm region at normal
incidence. These multilayers are therefore expected
to be used as reflectors and reflecting-type masks in
soft x-ray reduction lithography. In this application,
the thermal stability of their reflectivity is one of
the most important factors in ensuring reliable
performance.

We bave therefore evaluated the changes in
soft x-ray reflectivity of these multilayers.

Lxperimenls

Soft x-ray reflectivities were measured using
Beam Idne BL-IB at the Photon Factory. In this study,
we used 2400 plane gratings/mm at an incident angle
of 7' . Figure 1 shows a schematic diagram of the soft
x-ray reflectometer. The aceuracy in the rotation
angle for the multilayer and detector is less than 10
sec of arc, and in the wavelength it is less than 0.5
degree.

An rf-magnetron sputter deposition system
was used to fabrieate the Mo/Si and Mo/B4C

multilayers. These multilayers were annealed at 60033

for one hour in an Ar atmosphere.

F>a Ination

The soft x-ray reflectivity of an Mo/Si
multilayer fabricated on a silicon substrate is shown
in Fig. 2. Tliis multilayer consists of 30 pairs of 2.6-
nm molibdenum and 3.9-nm silicon layers. The
measured peak reflectivity of the as-deposited Mo/Si
multilayer is about 60% at a wavelength of about 13
nm. Reflectivity decreases remarkably, however,
with 60033 annealing to 3%.

The reflectivity of an Mo/B4C multilayer
fabricated on a silicon substrate is sbown in Fig.3.
This multilayer has 30 pairs of 2.7-nm molibdenum
and 4.0-nm silicon layers. The measured peak
reflectivity of the as-deposited Mo/B4C multilayer is
25% at a wavelength of about 13 nm. With 60033
annealing, 20% reflectivity is maitttained.

Conclusion

An Mo/Si multilayer shows high soft x-ray
reflectivity. This reflectivity markedly decreases
with 60033 annealing. On the other hand, Mo/B4C
multilayer reflectivity only slightly decreases with
60033 annealing. The calculated reflectivity of this

Japan

243-01, Japan

multilayer is higher than that of the Mo/Si
multilayer in the 12 nm wavelength region. These
results suggest that the Mo/B4C multilayer is suitable
as a reflector for higher briliancy soft x-ray
applications.

PLANE CONCAVE
1 MIRROR MIRRORj

1 ^
SLIT ^ 1SLIT

GRATING PLANE

MIRROR

DETECTOR

VACUUM CHAMBER

VACUUIJ CHAMBER

Fig. 1 Schematic view of the soft x-ray reflectometer.
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Fig. 2 Soft x-ray diffraction profiles of as-deposited
and 60033 annealed Mo/Si multilayers.
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Fig. 3 Soft x-ray diffraction profiles of as-deposited
and 60033 annealed Mo/B4C multilayers.
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Introduction

Ni/C multilayers show high reflectivity in the 5
- 8 nni region at normal incidence. They should be
useful for reflectors in soft x-ray florescence light
element analysis and in x-ray microscopy of laser
plasma and biological materials. We fabricated Ni/C
multilayers and evaluated their soft x-ray reflectivity.

Experiments

An rf-magnetron sputter deposition system was
used to fabricate the Ni/C multilayers. The x-ray
reflectivity measurements were made with a two-axis
x-ray diffractometer. This diffractomeier used CuKn
radiation monochromaiized by a silicon crystal, and
the goniometer had a sample rotation accuracy of
better than I sec of arc. Soft x-ray reflectivities were
measured at beam line BL-IB of the Photon Factory,
using a plane grating having 2400 gratings/mm, and
the incident angle was set to 7* . The soft x-ray
reflectometer's rotation angle accuracy for the
multilayer and detector was better than 10 sec of arc.

Evaluation

A transmission electron micrograph cross-
section of the sputter-deposited Ni/C multilayer is
shown in Fig. I. It clearly shows the existence of well
formed layers.

CuKn reflectivity of an Ni/C multilayer
fabricated on a silicon substrate is shown in Fig. 2.
This multilayer had 35 pairs of 1.8-nm nickel and 3.6-
nm carbon layers. The experimental peak reflectivity
is about 85%. The dependence of the peak reflectivity
on periodic length is shown in Fig. 3. The peak
reflectivity of the Ni/C decreases suddenly below the
periodic length of about 4 nm. However, it could still
be observed down to a periodic length of about 3 nm.
This result shows that the Ni/C multilayer with 1-nm
thick Ni sputter deposited layers has a layered
structure.

Figure 4 shows that the measured peak
reflectivity of an as-deposited Ni/C multilayer with 35
pairs of 1.7-nm nickel and 3.5-nm carbon layers was
about 20% at a wavelength of about 5 nm. This value
agrees with theoretical calculations that include film
surface roughness and interfaclal roughness.

— Ni layer

— C layer

||||||||||[|||||||||[|||||||||||||||||||||||||||||||Q|||^ substrate
Fig, 1. TLM cio.ss-.seciion of the spuller-cieposiied Ni/C
multilayer.

Ni/C

d=5.4nm

dM:dc=1 ;2

N=35

A=0.1542nm

Calculaied(«.K).60cm)|:

VI[ Ejcptiimert^ \l

Incident angle {2 d degrees)

.2. CuKo reflectivity of the Ni/C multilayer.

100, .
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dr«:dc=1:2
801-.. /sO N= 35 /•.

o

40

^Experiment

'Calculated! <r=0.60nm)'
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Fig.3. Periodic length vs CuKn reflectivity of the Ni/C
muiliiayers.

j — calculated
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dNi;dc=1:2 <r.50 (a=0.53nm)
N035 4 . — measured '

A / r. value

Wavelength (nm)

Fig.4. Soft x-ray reflectivity of the Ni/C multilayer.
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Intniduction

Mo-bascd periodic tmdlilayers. such as Mo/.Si and Mo/BaC.
show great promise as rerieclors lor soil ,\-ray reduction
litliograpliy. The tbermal stability orihe muliiiayeis is one ol'ihc

most important Taciors for cnsiiriiig reliable perrormancc. Mo/Si
and M0/B4C multilayers show high rcnediviiy in the 8 - 20 nm
region at normal incidence. This report describes the effect of

thermal annealing on the Cu-K d .\-ray rellcciii'iiy. and layered
structures of Mo/Si and Mo/B4C imdtilayers.

E.xpcrimcnt
The of Mo/Si and Mo/BaC muililayers were de[iosiied on Si

substrates by rf magnetron sputtering method. Their structural
characteristics are listed in Table I. These multilayers were
annealed at several temperatures up to 700"C for I hour in an Ar
atmosphere. The layered and crystal strueiures of tlie as-

dcposiied ami annealed multilayers were evaluated by Ixilh x-ray
diffraction using a 0 -2 0 diffractometer aiul by transmission
electron microscopy (TEM).

Results

The Cu-K a first-order Bragg peak reflectivity for as-
deposited and annetiled multilayers is shown in Fig. I. The
relleclivity ofliie Mo/Si rmdiilayers markedly decreases above

400V and is at 600On the other hatul. the renectiviiy of
Mo/B-iC multilayers decreases only slightly with increasing
annealing lemperaiure. and maintains 67Cf e^en after annealing at
60(1^^ for I hour. A TEM cross-section of the tis-deposited
Mo/Si nuillihiyer (Fig.2(a)) clearly indicates the e.xislence of well
hxmed layers, but the one for 60() 'C annetilcd Mo/Si multilayer
(Fig.2(b)) indicates a diffuse layer structure with crystallized Mo
lasers. The x-ray diffraction rcsult.s suggest the formation of

Mo,Si,
On the other hand, the as-deposited ;md 600'C annealed

Mo/B-iC niullihiy cr both have a well-defined discrete multilayer
structure according to the TEM obscrvtiiion (Fig.3 (a), (b)).
Thus the Mo/B4C multilayer maintains a higher retleciiviiy than

the Mo/Si multihiycr for both annealing temperatures of 400 C
and 600 V.

Conclusion

The renccli\'ily of the Mo/Si multilayer nuirkedly decreases
above 4C)()X."" . whereas the reflocliviiy of the Mo/BaC multilayer
decreases only slightly wluitever the annealing (em[icraturc. The
M(i/B4C multilayer suffers less thermally induced deteriorations
than the Mo/Si nudiilayer. Thus, the Mo/n4C multilayer is

stipcrior to ihe Mo/Si multiltiycr in terms of thermal .stability .
Morco\'cr. the reflectivity of the Mo/BjC multihiycr is higher
than that of the Mo/.Si multilayer below the 12-nm region. These

results suggest the Mo/B4C mullihiyer is suittible as a reflector
fiir x-rav retluclion liihogrtiphy using high brilliance SR.

Table 1. Structural characteristics of as-deposited multilayers.

Materials d dgjOrdgjQ No.of periods

Mo/Si 6.5 nin 2.6 nm 3.9 nm 30

M0/B4C 6.7 nm 2.7 nm 4.0 nm 30

/
M0/B4C

Annealing Temperature ( "C)

Figure I. Cu-K o peak reficdiviiy for as-deposited and
annealed muililayers.

20nm

Figure 2. TEM cross-section for (a) as-depositedand
(b)600°C annealed Mo/Si multilayer.

Figure 3. TEM cross-scclion for (a) as-dcposiied and
(b) 600T! annealed Mo/B4C multilayer.
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The cellular slime mold, Dictyostelium (D)

discoideum, is a simple eukaryote which displays

two distinctive phases in its life cycle: a replicative

vegetative amoeboid phase and a resting spore

phase. These phases can occur during a 24 h

period. During germination, amoeba emerge from

spores through swollen spores. We have

previously reported that ultraviolet light C (UVC:

254 nm) irradiation makes pyrimidine dimers in

the DNA molecules of D. discoideum spores"!).
UVC irradiation apparently suppressed the

emergence of amoeba from spores of UV

sensitive strain as compared with spores of wild

type2). Irradiation by UVB (280-320 nm) induced
cell killing and mutation^). Irradiation of UVB also
produced pyrimidine dimers.

In this report, we aim to examine the killing

effect of soft X-ray to the spores of D. discoideum.

We used wild type (NC4) spores. The spores were

spread on the membrane filters and irradiated by

soft X-ray (P K-edge; 2153ev and low energy;

2147ev) in air. After irradiation spores were

diluted with P-buffer (5 mM Na2HP04-KH2P04,

pH 6.4) and plated on nutrient plates with E. coii.

Fig 1. shows the survival curves of soft X-ray

irradiated spores. The light of P K-edge (2153ev)

has killing effect apparently but the light of low

energy (2147eV) hardly has the effect. These

results suggest that irradiation of soft X-ray at P

K-edge must make DNA damage in the spores.

Since the present experiment was done only once

at photon factory, we like to examine the killing

effects to the radiation sensitive strains and the

wild type strain.
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Fig. 1. Survival curves of soft X-ray

irradiated spores of

D. idiscoldeum (NC4).
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Introduction

Damage to the DNA molecule is believed to be
a main cause of cell lethality by ionizing radiation.
It has been reported that monochromatic soft X-rays
at the K-shell absorption peak of phosphorus induce
the cell killing more efficiently than the other energy
X-rays. This could be explained by DNA damages
less repairable, or damages in the other molecules in
the cell. To establish the occurrence of these lesions,
we studied the cell stage dependence of cell lethality
with monochromatic soft X-rays. A cell undergoes
various physiological conditions in the process of cell
division cycle, and molecules other than DNA may
take an important role in cell lethality at some stages.
The cell cycle proceeds in the order as follows; Gj
phase, S phase, during which chromosomal DNA is
replicated, Gj phase, and M phase, during which
mitotic division occurs.

Materials and Methods

Cells of a diploid yeast, Saccharomyces
cerevisiae. XS1972 were harvested from the
exponential phase culture, and only small single cells
were selected with slow centrifugation using step-wise
density gradient. These cells were proved to grow
.synchronously in YPD medium at 30 C (Fig.l). The
cells were harvested from this culture afrcr the various
period of incubation, 30, 50, 70, 90, and 110 min.
Cells at 30 and 50 min-incubation are considered to
be in G, phase, and 70 min, 90 and 110 min at S,
G2, M, respectively. Energies of irradiated X-rays
were the K-shell absorption peaks of phosphorus and
sulfur. Cu-KQ' characteristic X-rays from an X-ray
tube were used for comparison.

Results and Discussion

Fig.2 shows the survival curves of the cells
harvested at different cell stages irradiated with
phosphorus K-edge X-rays. The sensitivity defined
as the inverse of D37, decreased with the incubation
time and reached minimum at 70 min, and thereafter
recovered to the level of 30 min incubation(Fig.3).
Similar patterns were observed with sulfur K-edge and
Cu-Ko:. Difference in stage dependence pattems of
the sensitivity at the three X-ray energies suggests
that the repair efficiency of the damage produced with
those energies differs from each other. The variations
in repair efficiency could be attributed to the fraction
of unrepairable damages. Unrepairable fraction may
contain the damages of molecules other than DNA

uds amtrganes

0 8
70 90 110mln

0 0 \ I,\

"s/gjm

100

Time (min)

Elg.lTTie growth curve ofsyncbronously growing
Saecharomyees cerevisiae, XS1972. Arrows indicate the
cell stages harvested for the e:rperunents.

Bzpoiucs (VR)

WgJ. Survival curvesof diploid yeast cells irradiated at Ibe
K-shell absorption peak ofpbospborua. 2.153keV. Cell
atage is shown by thelimeof incubation, namely, 30,50,
70, 90, and 110 min.

MVi Ci Tutel

FIgJ The stage dependence of cell lethality.
The sensitivity defined as the inverse of D„, lethal dose
for 37% survival, irradiated at the three X-ray energies,
Z153keV, 1472keV, and 40kVp Cu target
The relative values of l/D,, were normalized on the
basis of 30iiun samples in each case.
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The characterization of resist materials at

wavelengths of 7-13 nm Is a critical issue in soft x-

ray reduction lithography [1]. The lithography

process requires a throughputof over 25

wafers/hour, so a resist sensitivity lower than 10

mJ/cm^ 1s needed. Moreover, exposed resist
thickness over 0.2 um is required for replicating 0.1
urn patterns. However, conventional organic resists

lack a steep edge because of high absorption at the

surface. Therefore we used chemically amplified
resists because steep edges form during the acid

diffusion process. This paper evaluates the

characteristics of current x-ray resists.

Experimental and results

Resist sensitivity was determined by
measuring the exposure depth as a parameter of

exposure dose using a monochromatlzed

lightsource at BL-1B. The photon flux exposed on

the resist was measured with a photo-multiplier. The

developed depth was measured using a stylus
profilometer, and the conventional organic resists,

PMMA and the chemically amplified resists

EXP(posjtive-tone) and SAL601 (negative-tone)
were examined.

Figs.1,2, and 3 show the sensitivity curves for

the resists at wavelengths of 7, 10, and 13 nm. The

exposure depth is normalized at a resist thickness

of 0.2 um.

The the highest sensitivity for a positive resist

was exhibited by the SAL601 resist: 1.3 mJ/cm2

with a contrast of 2.7 . This sensitivity is 60 times

higher than PMMA. The sensitivity of EXP is
somewhat lower than SAL601, but a contrast of 4.3

was obtained. By improving the deveiopment
conditions for the 13 nm wavelength, ever higher
sensitivities can be expected.

Fig. 4 shows the pattern profile of the 0.2 um

thick SAL601 resist. The pattern profile at a
wavelength of 10 nm shown in Fig. 4(a) is very
sharp, and a developed depth of over 0.2 um is

obtained. As shown in Fig. 4(b) for 13 nm, the top of
the pattern becomes rounded and the bottom

developed with an undercut because of high

absorption of the resist surface. However, as the

width of the undercut Is less than 0.03 um,

replicating 0.1 um patterns requires a resists

coating less than 0.2 um thick.

[1] H. Kinoshita et al.: J. Vac. Sci. Technol. ,B7 (1989) 1648.
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Detection in the 4-13 nm Wavelength Region
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With the recent progress in multilayer optics, there has been
interest in devices that can detect and image soft X-rays
directly. In the soft X-ray region, the absorption length is
N'cry small. In the case of Si02, which is used as an
insulation layer in Charge Coupled Devices (CCD), the
absorption coefficient in the 2-20nm region is more than 1
mm-k Therefore, a conventional CCD with a Si02 insulation
layer of several nm suffers from unacceptable absorption
losses in the soft X-ray region. On the other hand, the
Amplified MOS Imager (AMI) has no insulation layer,
making it free from absorption losses. The AMI detects soft
X-rays by generating photoelectrons on the surface of an
aluminium photocathode. We report the performance of AMI
detectors as direct imaging devices for soft X-rays.

The AMI, originally designed for the visible spectral range
I'l. is manufactured by the Olympus Optical Co., Ltd.The
detector consists of 2.5 x 10^ pixels (Horizontal 510x
Vertical 490) each of which is 17 t^m (H) x 13.5 M-m (V).
Each pixel contains a photocathode and three FETs as shown
in Fig. I (2). One feature is that the voltage reduced by
photoclectron emission (or generated in the photodiode by the
incident light) is applied to the gate of an amplifying FET.
The amplified signal is then read out through vertical and
horizontal switching circuits. The AMI chip itself is cooled
down to 170 K with liquid N2 to reduce thermal noise.

An experiment was performed using the BL-IB, at the
Photon Factory in Tsukuba. A plane grating monochromator
that covered the 4-13 nm spectral range was used to evaluate
wavelength scnsiti\'ity. To estimate the absolute sensitivity of
the AMI, we measured the total photon flux with a GaAsP
schottky type photodiode (Hamamatsu G1127-04) PI.

Figure 2 plots the spectral sensitivity and quantum
efficiency of aluminum HI, the material from which the
photocathode of the AMIis made. The absolutesensitivityof
the AMI is about half the quantum efficiency of aluminum. In
another experiment, the anode was installed in front of the
photocathode to efficientlycollect the emitted photoelectrons.
In this arrangement, the sensitivity increases by about 30%.
The total photon flux in this spectral range is about lO^-lO^
/sec, which converts to lO^-lQS photons/pixel/sec or lO^-lCP
electrons/pixel/scc. The dynamic range of the AMI is 10^,
which corresponds to the lO^-lO^ electrons/pixel emitted by
X-rays, making it possible to image in real-time.

Finally, we attempted to image onion cells at a wavelength
just below the carbon K-edge. Fig. 3 (a) shows onion cells
obser.-ed by an optical microscope and (b), (c) are the images
by the AMI detector at wavelengths of 4.3 nm and 4.6 nm,
respectively. Due to the absorption of carbon in the cell walls,
the image at 4.3 nm hasa highcontrast compared to the image
at 4.6 nm. In this case, the thickness of the cell wall is
estimatedto be about 10 tim,which is comparable to the pixel
size, and represents the resolution limit.

Amplified MOS Imager can detect and image soft X-rays
directly. Its sensitivity is about half the quantum efficiency of
aluminum, which is sufficient for real-time imaging in the soft
X-ray region. Many applications are anticipated ranging from
using the devices as a SR beam position monitor to applying
it in X-ray microscopes and telescopes.

1] T. Kawamura et al Proc. McGce Symposium
2] H. Yurimoto et al Proc. BEAMS 1991, Tokyo 253
3] M. Krumrey et al Appl. Opt. Vol. 27, No. 20, 4336 (1988)
4] R.H.Day et al J. Appl. Phys., 52, 6968 (1981)
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Introduction

A multilayer mirror with high reflectivity

for soft X-rays has been successfully used in
soft X-ray projection lithography.^ A
multilayer reflection mask on a robust

substrate has high contrast and low distortion
when compared to a membrane X-ray mask for

conventional proximity exposure.

This paper describes a fabrication process
for multilayer reflection mask.

Fabrication process

The reflection mask fabrication process Is

shown in Flg.l. Multilayers are etched by a dry
etching technique through resist mask patterns.
The reflection mask is obtained by removing the

resist mask pattern.

Experimental results

Multilayers were deposited on a silicon
wafer using an RF-magnetron sputtering system^,
and Mo/Si and W/C multilayer reflection masks
were fabricated. Figure 2 shows the typical
reflectivity of a Mo/Si multilayer for an
incident angle of 3 to 30 degrees. The
reflectivity was measured at the BL-IB beamline.
A reflectivity of over 60% was obtained at a
wavelength of around 13nra. The surface
reflectivity was less than 10"^ that of the
multilayer surface, and a mask contrast of over
1000 was easily obtained.

Mask patterns were exposed using photo
lithography, and the photo resist was OFPR800
with a thickness of 1m.

Dry etching was carried out using an ECR

plasma etching system. The gas mixture was
investigated to achieve no undercut in each
layer of the multilayer during the etching
process. The etching gas was Clz+SFs for the
Mo/Sl, CI2+O2 for the W/C, the microwave power

was 300W, and the gas pressure was O.lPa. After
dry etching, resist was removed by Oz plasma
ashing. Figure 3 (a), (b) shows the SEM
photographs of the fabricated reflection
mask(W/C), and (c) shows the cross section TEM

image(Mo/SI). The total multilayer thickness was
about 0.2/z m, and a sharp pattern edge profile

was achieved with no undercut.

References

1) H.Kinoshlta et al.: J.Vac.Scl.Technol.,
B7. 1648 (1989).

2) H.Takenaka et al.: SPIE Proc., vol.1345,
213 (1990).
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Introduction

Soft X-ray projection lithography has been
studied for 0.1/zra LSI pattern fabrication.^ For
practical lithography, a large image field and a
high throughput are required for the projection
optical system.

This paper describes a large-field
two-aspherical mirror optical system and
pattern replication experiments.

Two-mirror optics

The design goals and conditions are
summarized in Table 1. Aberrations are reduced

by the use of a ring-shaped field and aspherlcal
mirrors.

Figure 1 shows the designed optical system
with two aspherlcal concave and convex

mirrors.® The optics Is telecentric In the image
plane, and the aspherlcal shape Is an oblate
spheroid. The reflection mask is illuminated In a
ring shape by two-toroidal mirrors. The Incident
angles at the mirrors and the mask are below 3

degrees, making It possible to use the same
period multilayer for the two mirrors and the
reflection mask. As a result, accurate

wavelength matching Is achieved. Figure 2 shows

the MTF curves at a wavelength of 13nm. An MTF

value of over 50% Is achieved with a l-//m depth

of focus at a spatial frequency of 5000 lines/mm

which corresponds to the 0.1-//m L&S patterns. A
distortion of less than 0.01//m is obtained with

a ring-field width of 0.4mm at a 12.5ram-radius
ring Image height.

Experimental results

Aspherlcal mirrors were fabricated,
assembled, and coated with Mo/Si multilayers.

The resist pattern was exposed using an SR

beam at the BL-IB beamline with a 0.1-//m thick

carbon filter, employing SAL601 and EXP
chemically amplified resists. Figure 3 shows the

SEM photograph of 0.2-//m resist patterns

obtained with a trilayer resist system using

EXP( 0.1//m )/a-Si( 0.03//m )/OFPR( 0.5//m ). The

resolution seems to be limited by aberrations

due to mirror figuring error and alignment

References

1) H.Klnoshlta et al.: J.Vac.Scl.Technol..
B7, 1648 (1989).

2) K.Kurlhara et al.: J.Vac.Scl.Technol.,
B9, 3189 (1991).

Table 1. Design goals and conditions.

Resolution:

Field size:

Distortion:

Depth of focus:

0.1// m

20x20mm®

< 0.01// m

± 1// m

Numerical aperture: S0.07( k =13mn)
Magnification: 1/5

storage ring
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kReduction Optics
Image plane

Front focal plane

Ring shaped beam

FIg.l Two-mirror optical system.

111 m defocus
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Flg.2 MTF curves for NA=0.07 at X =13nm.
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Fig. 3 Replicated patterns with trilayer
resist system.
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Atomic-layer-epitaxy (ALE) is an
ultimate crystal growth technique for
precise control of epitaxy. In Si-ALE,
surface reactivation by removal of the
Iigand is a key step to promote
self-limiting chemisorption for the next
Si layer. We have recently developed a
new method: crystal growth mediated by
synchrotron radiation (SR)-stimulated
desorption of surface hydrogen atoms.
This purely electronic process achieves
region-seIective Si crystal growth below
the thermal growth temperature.

All growth experiments were performed
at beam line IC by irradiation with
intense non-monochromatized photons from
normal direction. The surface

temperature was raised by only SO^C in
the irradiated region and I 0°C in the
surrounding region. 99.99X pure
disilane was exposed with a
PuIse-nozzIe. The pressure in the
chamber varied from 5x10
Torr when the nozzle was

Alternating gas exposure
and SR irradiation for a

performed automatically,
timing chart shown in Fig. I. Ge(lOO)
wafers were used as the substrate for
measurement of the average thickness of
very thin grown Si layer by an optical
method. One SR-ALE growth run took
about 10 hours, beginning at a ring
current of 350 mA and finishing at 250
mA. 100-300 cycles of growth were
conducted and 30 to 80 A-thick Si
crystals were grown down to T3=220°C.

Figure 2 shows the dependence of the
growth rate per ALE cycle on substrate
temperature. At temperatures below

T,=350^C, no Si film was grown in the
nonirradiated region because the thermal
desorption rate of hydrogen is actually
zero. Consequently, constant-I ayer Si
growth in the irradiated region proceeds
by self-limiting disilane chemisorption
leaving SiHx(a) (x=l-2) on the surface,
followed by reactivation of the Si
surface due to photostimulated
desorption of any surface hydrogen
atoms. H* desorption can take place
according to the Knotek-Feibe Iman
mechanism involving Si core hole
creation. Valence electronic excitation

due to secondary electrons can also
induce desorption of hydrogen atoms.
This result represents the first Si
epitaxial growth mediated by an
electronic process. Above T3==350 C, the
growth rate increases steeply with
temperature in both irradiated and
nonirradiated regions. This corresponds
to the onset of thermal growth with Hg

3 to 2x10-3
opened.
for a time Ti
time T? was

following the

24

desorption from dihydride. The constant
growth rate of 0.24 X/cycIe (about 0.2
ML/cycIe) is obtained for the conditions
of T3<350°C, T1>5 sec, and T2>180 sec.

It is generally accepted that filling
up the dangling bond sites with hydrogen
atoms and steric hinderance at

dissociative chemisorption limit the
saturation coverage of SiHx below 1
monolayer. Thermal-ALE with disilane
exposure and annealing by excimer laser
irradiation shows a constant growth rate
of 0.4 ML/cycle.Considering that
annealing causes complete hydrogen
desorption, 0.4 ML/cycIe is the upper
limit of growth rate in disilane ALE.
Therefore, 0.2 ML/cycle in SR-ALE
suggests incomplete hydrogen removal due
to stimulated desorption.

a) Present address: Institute for

Molecular Science, Myodaiji,
Okazak i 444, Japan.
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INTRODUCTION

In order to develop advanced processes
for the fabrication of future devices such as

sub-quarter-micron devices, SR-photoexitation
processes have been investigated. Surface
layer modification using SR irradiation is
suitable for such fabrication. It has been

reported that the molybdenum native oxide on
molybdenum films was effectively removed by
SR. ' Furthermore, metal surface cleg^ning using
SR irradiation has been proposed. ' This
report shows that tungsten native oxide can
also be reduced by SR and that the surface
becomes reactive for dissociation of disilane

gas after SR irradiation.

EXPERIMENTAL

The samples were tungsten films covered
with native oxide. The oxide thickness was

about 2 nm. Tungsten was grown by chemical
vapor deposition on the silicon substrate
covered with SIO2. The white beam of the BL-IC
was used for irradiation. After the

irradiation, the samples were exposed to disi
lane which decomposes to silicon atoms if the
tungsten surface is reactive.

The native oxide reduction process and
the reactivity of the irradiated surface were
evaluated by Auger electron spectroscopy (AES).

RESULTS AND DISCUSSION

Figure 1 shows how the oxygen AES signal
intensity depends on the SR-dose (ring current x
irradiation time) with temperature as a parame
ter. The decrease in intensity with increasing
SR-dose shows that the oxide is effectively
removed by irradiation. The figure also shows
that the SR-irradiation-stimuIated oxygen
desorption involves two kinds of desorption
processes. Figure 2 shows the relationship
between the silicon signal intensity and the
ox>gen signal intensity for the samples
irradiated at various SR-doses before exposure
to disilane. The silicon signal suddenly
appears at an oxygen signal intensity which is
0.4 times the intensity before irradiation,
and increases linearly with decreasing oxygen
signal intensity. This indicates that the
reactivity of the irradiated surface results
from the appearance of a bare metal surface
rather than from the modification of the native

oxide layer. The strength of the reactivity
can be controlled by the SR-dose. It is
concluded that the reduction and activation of

the surface in the tungsten system (native
oxide/metal) proceeds in the same manner as in
the molybdenum svstem.

SUMMARY

SR irradiation reduces native tungsten
oxide and activates the surface for disilane

dissociation. These irradiation effects are
almost the same as those for the molybdenum
system. Metal surface cleaning using SR will be
applicable to other metal oxides.

REFERENCE

1) M. Nagase, H. Akazawa, Y. Utsumi and T.
Urisu, PHOTON FACTORY ACTIVITY REPORT pl7 (1991)
2) M. Nagase, H. Akazawa, Y. Utsumi and T.
Urisu, 5th Int. Microprocess Conf. Digest pl82
(1992)
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INTRODUCTION

Selective epitaxial growth (SEC) of Si,
which enables Si deposition on SI but not on

SIO2. is one of the most promising
techniques for fabricating fine and thin
structures for high-speed Si devices'.
However, SEG has not been successful at the
high substrate temperatures necessary for
obtaining epitaxial films with good
crystallinity. Another disadvantage has been
that SEG breaks down after an incubation

period that ends in Si nucieation on the
Si02 surface. This report demonstrates that
perfect selectivity can
combining GSMBE with SR
conditions required for
selective epitaxial growth
dcscr i bed.

EXPERIMENT

Experiments were carried out using the
BI, - IC beam line. Disilane gas witli a purity
of 99.99% was fed into the reaction chamber.

Silicon (100) substrates covered with
thermally-grown Si02 with Si windows were
used for selective growth. The incident
SR beam, 10 to 1000 A in wavelength,
irradiated the sample surface
perpendicularly. The SR beam flux was of the
order of 10 photons/(cm^ sec).

RESULTS AND DISCUSSION

Distinctions between SEG and non-SEG in

a series of experiments were drawn through
the reflection high energy electron
diffraction (RtlEED) patterns. in the case
of non-SEG, the RHEED for the SiO, region
showed a ring structure resulting from the
growth of a po 1y c ry s t ai 1 i ne Si layer on the
Si02. On the onther hand, in the case of
SEG, RHEED yielded a halo pattern specific to
the Si02 surface. On the Si window a 2 x 1
RHEED pattern was always observed, which
indicates two-dimenslonai Si epitaxial
growth. New SEG was only observed at the SR-
irradiated area of the samples.

Figure 1 shows SRSEG conditions in terms
of disilane pressure and substrate
temperature. in the SEG region on the
pressure-temperature plane, perfect
selectivity is achieved irrespective of
growth time. Ttiis feature has never been
observed for SEG in conventional GSMBE. As

shown in the figure, at a given disilane
higher substrate temperatures are
for selective growth. This Is in
to conventional SEG, where
growth breaks down at higher

temperatures because of enhanced
of gas molecules on

Moreover, It is

pressure,

pref erabl e
contrast

selective

substrate

dissociative

the Si02 surface
noteworthy that the SR-irradiated part of
the Si02 film was etched during the SRSEG
process. The etching rate was the same as
the etching rate due to SR - s t i mu1 a t e d
evaporation of the SlOo film '. This

adsorpti^on

be achieved by
irradiation, and

this SR-lnduced

(SRSEG) are also

distinct difference between SRSEG and
conventional SEG characteristics suggests
that SRSEG proceeds with the aid of an SR-
stimulated evaporation of Si02 film. It is
proposed that the adsorpfion of Si
atoms/hydrides on the SIO2 surface is
suppressed because the surface Si atoms
with dangling bonds, i.e.. Si nucieation
sites, vanish during the SR-stimulated Si02
evaporation process.

SUMMARY

in conclusion, perfect selective growth
has been achieved by irradiating SR during
GSMBE using disilane. It Is proposed that
perfect selectivity results from the
suppression of Si atoms/hydrides due to SR-
stimuiated SiO, evaporation.

REFERENCES

1)11. Hirayama, T. Tatsumi, and N. Aizaki,
Appl. Phys. Lett. 52 2242 (1988)

2)11. Akazawa, Y. Utsumi, J. Takahashi, and
T. Urisu, Appl. Phys. Lett. 57 2302 (1990)
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Recently, we have measured multiply charged ions
after Ar K-shell photoionization using a coincidence

technique with threshold electrons. Figuro^ 1 shows the
observed yield spectra of Ar to Ar ions, as a

fur^don of g^oton energy. The yield spectra of the
Ar to Ar ions exhibit a distinctive post-collision

interaction (PCI) feature; although the spectral peak
shift increases as the ionic charges increase, the

increase of the spectral peak broadening is quite
insignificant. TTie shifts and broadenings are listed in
Table 1. This feature is different even qualitatively
from PCI in a single-step Auger, where the shift and
broadening appear together [for example, 1,2]. This
characteristic feature has been absent in earlier

studies on the PCI effects.

In Ar K—shell photoionization, the cascade of

Auger or Coster-Kronig processes removing the inner-
shell hole to outer—shell holes occurs [for example,
3]. This cascade leads to the PCI effect due to the

multi-step Auger or Coster-Kronig processes.
Understanding of the increase of the spectral peak

shift along with the increase of the ionic charge is
rather straightforward. In the yield spectra of Ar''^
ions, the photoelectron suffers PCI from (q—1)
electrons, i.e., the photoelectron accumulates the PCI

shifts for (q—1) times caused by the successive escape
of the Auger or Coster-Kronig electrons. Another PCI
feature of the broadening requires somewhat more
sophisticated interpretation.

We will analyze the problem of the distinctive PCI
feature with the aid of theoretical studies.

Table 1. Shifts and broadenings of the PCI peaks in
the multiply charged ion spectra. The shifts are
estimated from the K ionization limit (3203.64 cV).

shift (eV) broadening (eV)

2+

3+

4+

5+

6+

Ar

Ar

Ar

Ar

Ar

0.7

1.3

1.7

1.9

2.2

1.3

2.1

2.0

2.1

2.2

[1] A. Niehaus, J. Phys. B 10, 1845 (1977).
[2] H. Hanashiro et al., J. Phys. B 12, L775 (1979).
[3] K. Ueda et al., J. Phys. B 605 (1991).
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Figure 1. Multiply charged ion spectra in coincidence
with threshold electrons in the vicinity of the Ar
K-shcll photoionization region.
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The principle of our method for measuring the mass of the
electron neutrino (mvc) is described as follows. First, the M
X-rays from M-electron capture in '^'Ho are measured.
Simple consideration shows that the M X-ray spectrum from
'^^Ho per atom per second can be represented by a linear
combination of two spectra Smi and Sm2. the M X-ray
spectra of dysprosium atom when there is a single vacancy in
the Ml (3 S]/2) and M2 (3 pi/2) subshells, respectively.
Then, the two coefficients for Smi and Sm2 correspond to
Xmi and X.M2 which stand for the partial decay constants of
'^-Ho nucleus due to electron capture from the Ml and M2
subshells, respectively. Next, the Smi and Sm2 spectra can
be obtained using the "photon subtraction method''^ from
fluorescent X-ray spectrum measurements in the
photoionization of the dysprosium atom with monochromatic
photons whose energies have an appropriate relation with the
binding energies of M subshells.

Very recently, a new method* for determing the Smi and
-'>M2 spectra above-mentioned has been found by us.

In equation (I) in page VI-2 of the Photon Factory
Activity Report 1983/84, let us take EMi+ri/2 for Eg and
EMi-ri/2 and EMi-3ri/2 for E^, where Emi stands for the
binding energy of the MI subshell and fi denotes the total
level width of the MI subshell.

Then equation (1) of page VI-2 for the above three
energies are,

^*^EMl+ri/2 = c{ai(EMl+ri/2)-SMl + cr2(EMi+ri/2)-SM2
-1- a3(EMl+ri/2) Sm3 + 04(EMl+r]/2)-Sm4
-1-a5(EMi+ri/2) SM5) . (1)

SEMl-ri/2 = c{ a2(EMi-ri/2)-SM2
-t- a3(EMl-ri/2) Sm3 + 04(EMl-ri/2)-Sm4

05(EMi-ri/2) SM.s) , (2)

SEMi-3ri/2 = c( 02(EMi-3ri/2)SM2
-t- a3(EMi-3ri/2)-Sm3 + ci4(EMi-3ri/2)-Sm4
-I-05(EMl-3ri/2)-SM5) ' (3)

where c = N-m (Af2/4Tc), and N is assumed to be normalized.
Subtracting equation (2) from equation (I), we have

SEMi+ri/2-SEMi-r,/2

= c{ai(EMi+ri/2) SMi + [a2(EMi+fi/2) -

cf2(EMi-ri/2)]-SM2 + —•}

=c{CTi(EMi-t-ri/2)-SMl ^E=Emi ^'~i)"Sm2 "*•
Next, substracting (3) from (2), we have

SEMi-ri/2 - SEM]-3ri/2

= c{a2(EMi-ri/2) - a2(EMi-3ri/2) SM2 + - )

(4)

- le^EMi-ri ^ +••••) (5)
Finally we subtract equation (5) from equation (4),

SEMi+ri/2- SEMi-ri/2- (SEMi-ri/2-SEMi-3ri/2)

=c{ai(EMi+ri/2)-SMl +[(•^Ie=Emi ^
.da? I

,d02
dE

X ri)l-SM2 + ••••)
dE E=EMl-ri

d^a2 I=c{ai(EMi+ri/2)-SMl +1 'E=EMi-ri/2

XEiJ-SmZ + ••••)

= c ai(EMi+ri/2){SMi
1 .d2o2

a,(EMi+r,/2) ^dE2 'E=EMl-ri/2'̂ ' 1

= c ai(EMi+ri/2){SMi

1 ^ .d^a,

r?)-SM 2 +

"^ai(EMi+ri/2) ><ff)-SMi) (6)
Taking account of the energy dependence of a;, it can be

shown that all coefficients of Smi (i = 2 ~ 5) in the bracket of
equation (6) are negligibly small. Therefore, with very good
approximation, equation (6) becomes,

SEMi+ri/2+ SEMi-i-3ri/2- 2SEMi-ri/2

= c ai(EMi+ri/2)-SMi

Therefore, we have

Smi =
_ SEMi+ri/2+SEMi-3ri/2-2SEMi-ri/2

c ai(EMi-i-ri/2) (7)

Similarly, using three fluorescent spectrum measurements
with monochromatic photons whose energies are EM2+r2/2,
EM2-E2/2, and Ef^2+3r2/2, we have

Sm2 =
SEM2+r2/2"'"^EM2-3r2/2

C C2(Em2+^2/2)
(8)

where Em2 stands for the binding energy of the M2 subshell
and r? denotes the total level width of the M2 subshell.

A newmethod fordetermining theSj^, and Sf^j spectra is
summarized in the following; using three fluorescent
spectrum measurements in the vicinity of the Ml and M2
edges, spectra and obtained by equations (7)
and (8), respectively.

In coming December run of the experiment [91-272], we
are going to use the method above-mentioned to determine the
5,^1, and 8^2 spectra.

Reference

I) S. Yasumi et al., Nucl. Phys. B (Proc. Suppl.) 16 (1990) 499.
* We would like to appreciate valuable discussions with Dr.

A. Yagishita ofKEK-PF.
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INTRODUCTION

The study of the interaction between sulfur-containing
molecules and metal surfaces is an important subject to
understand the mechanism of catalytic hydrodesulfurization. It
has been known that thiophene (C4H4S) molecule is difficult to
be hydrodesulfuriz.ed in the petroleum purification industries.
Prior to the study of the adsorption of thiophene on a clean
Ni(lOO) surface by the S K-edge XANES, we have measured the
XANES spectra for the gaseous molecule and adsorbed one on a
oxygen-precovered Ni(lOO) surface to assign the absorption
peaks observed in the spectra.^)

EXPERIMENTAL

A clean and ordered Ni(lOO) single crystal was dosed with

hOL (1 L=1.3x10"'̂ Pa s) ofO2 at 600K. It leads a clear c(2x2)
LEED pattern. The O-precovered Ni(lOO) were cooled down to
-9nK and subsequently dosed with thiophene molecule.
Polarization dependent S K-edge XANES spectra were measured
at ~90K for the multilayer and submonolayer species at BL-2A.
The total electron and S K-fluorescence yield modes were
employed for the thick and thin adsorbate layers, respectively.
The spectrum of free thiophene molecule (gas phase) was also
recorded by transmission mode.

RESULTS AND DISCUSSION

Figure 1 shows the S K-edge XANES spectra for
submonolayer and multilayer (solid) thiophene adsorbed on the
O-precovered Ni(lOO) and also for the gaseous one. The
spectrum of the free molecule is almost the same as reported by
Pcrera and LaVilla^^ and Hitchcock et al.^^ Both groups have
performed ab-intio and MS-Xa calculations, but the
assignments are not consistent with each other. The former
group assigned the first intense peak (peak 1) at 2473.4eV to
the Sis—>71* transition, while the latter assigned it to the

mixture of Sis—>71* and o*(S-C) transitions.

In the spectrum for the multilayer (60L dose), noticeable
polarization dependence was not observed. The XANES spectra
for submonolayer adsorbed species (0.07ML) prepared by 0.9L
dose show remarkable polarization dependence. The weak peak
at around 2470eV is attributed to the atomic sulfur impurity. The
energy positions of the peak 2 (2472.8eV) and peak 3
(2473.6eV) are very close to the peak 1. Therefore, it can be
concluded that the submonolayer species is predominantly a
molecular thiophene, and peak 1 is composed of two transitions
with different symmetry, which happened to be resolved due to
the specific molecular orientation at the low adsorption
coverage. In order to assign these two peaks, spectral
simulation has been performed. The intensity ratios of normal
to grazing incidence, I(9()°)/l( 15°), were derived as ().0±().1 and

13.6±0.5 for the peaks 2 and 3, respectively. On the other hand,

the intensity ratios have been calculated for both the n* and o*

transitions as a function of the angle co between the surface
normal and the molecular plane, and the results are shown in
Fig. 2. Comparing the intensity ratios of these transitions with
the experimentally derived ones, it is elucidated unambiguously
that the peaks 2 and 3 are assigned to the n* and o*(S-C)

transitions, respectively, and the molecule lies parallel to the
surface. These assignments are in good agreement with the MS-

Xa calculations by Hitchcock et al.^).

REFERENCES

1)Y.Takata et al., Jpn. J. Appl. Phys. in press.
2)R.C.C.Perera et al., J. Chem. Phys. 84 (1986) 4228.
3)A.P.Hitchcock et al., J. Chem. Phys. 85 (1986) 4835.
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Fig.l. S K-edge XANES sprectra for gaseous, multilayer and
submonolayer thiophene on O-precovered Ni(lOO).
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Fig.2. Calculated intensity ratios of I(90°)/I(15°) for the n*

and o*(S-C) transitions of thiophene as a function of polar
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imT^ODUcnoN

It has been known that aromatic sulfur compounds such as
thiophene (C4H4S) are difficult to be hydrodcsulfurizcd in tiic
petroleum purification industries. Thus a lot of studies on this
molecule have been reported to date which have been reviewed
in ref. 1. In the present study, the adsorption behavior of
lliiophene on Ni(lOO) surface has been investigated by S K-edge
XANES.2)

EXPERIMENTAL

A clean Ni(lOO) was cooled down to -9()K and subsequently
dosed with thiophene molecule. Polarization dependent S K-
edge XANES spectra were measured at ~90K for the multilayer
and submonolayer species at BL-2A. The total electron and S K-
fluorescence yield modes were employed for the thick and thin
adsorbate layers, respectively.

RESULTS AND DISCUSSION

Figure 1 shows the XANES spectra for the thin layer
lluophene adsorbed on clean Ni(lOO) surface at ~90K. Solid and
broken lines represent the normal (90°) and grazing (15°)
incidence data, respectively. Each spectrum was normalized to
have the' same edge-jump height at 251 OeV except for the
bottom one. which is drawn in the same scale as one for 0.03L.
In all the spectra, a peak at ~2470eV is attributed to atomic
sulfur impurity, because it was observed in the bottom spectrum
measured before the thiophene dose, and the amount of the sulfur
impurity was evaluated as about 0.02ML.

In the spectra for tlie 0.03L dose, where tlie total amount of
sulfur was evaluated as ~0.04ML, two intense peaks at
2472.OeV and 2473.6eV were observed at grazing and normal
incidence, respectively. The latter peak can be attributed to the

0*(S-C) transition because the energy position does not shift
from that of the molecule on the 0-precovered surface. Although
the former peak position is lower by 0.8eV in energy than that
of the molecule on the O-precovered surface, it should

correspond to the n* transition because its polarization

dependence is reverse to that of the a*(S-C) one. These results
indicate that most S-C and C=C bonds of thiophene molecules
are not cleaved on clean Ni(lOO) at ~90K, which contradicts tlie

results by Stohr et al.^) They concluded that thiophene
dissociates on clean Ni(lOO) even at 90K from their XANES
spectra.

The polarization dependence of the two peaks shows similar
tendency as that in the case of the adsorption on the O-

precovered Ni(IOO): the intense peak of n* transition is
observed at grazing incidence. Therefore, the molecule should
lies nearly parallel to the surface. Tbe energy shift (0.8eV) of

tlie n* transition may be induced by charge transfer from the
substrate to the orbital because the molecule lie on the surface

and the n* orbital, which extends out of the plane of the
molecule, interacts easily with the substrate.

With the increase in thiophene dose, a new peak grows at
about 2473eV in the grazing incidence spectra. This energy

position is the same as the K* resonance of the molecule on the

O-precovered surface, suggesting the existence of the second
layer which does not interact directly with the substrate. The

polarization dependence of n* and o*(S-C) transitions become
smaller as the coverage increases, and diminishes in the spectra
for the multilayer (not shown).

Let us discuss the adsorption behavior of thiophene on the

clean Ni(lOO) surface in comparison with those of thiophenol^^
and carbon disulfide^^ on the same surface. Thiophenol is stably
adsorbed forming the CgHsS-Ni bond by cleaving the S-H bond.
In contrast with thiophenol, C4H4S and CS2 do not have such a

weak bond, and the interaction between n* orbitals and the

substrate may dominate in the initial adsorption. Then charge

transfer from the substrate to the antibonding n* orbital may
induce the weakening of the chemical bonds. Actually, CS2
molecule dissociates even at lOOK. This effect is found to be

less serious for thiophene than for carbon disulfide, because the

n* orbital is delocalized in thiophene molecule.

REFERENCES
1)M.P.Kiskinova, Poisoning and Promotion in Catalysis

Based on Surface Science Concepts and Experiments
(Elsevier, Amsterdam, 1992) Chap. 5.

2)Y.Takata et al., Jpn. J. Appl. Phys. in press.
3)J.Stdhr et al., Phys. Rev. Lett. 5^ (1985) 1468.
4)Y.Takata et al.. Surf. Sci. 252 (1991) 266.
5)T.Yokoyama et al.. Surf. Sci. 274 (1992) 222.
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Fig.l. S K-edge XANES spectra for thiophene adsorbed on
clean Ni(lOO). The bottom spectrum was measured before
dose.
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nsTTRODUCnON

Investigation of the primary adsorption and dissociation
process of the S-containing molecules on metal surfaces is an
important subject for the understanding of the catalytic
mechanism of hydrodesulfurization. Recently, we have studied
adsorption behavior of carbon disulfide (CS2) on clean Ni(lOO)
surface by means of XAFS technique and found that CS2

molecule dissociates even at lOOK.^^ We have supposed that
the dissociation of CS2 molecule is induced by charge transfer

from the substrate to an antibonding n* orbital. In the present
study, we have investigated the adsorption behavior of the CS2

molecule on O-precovered Ni(l(X)) surface,where the charge
transfer is expected to be suppressed.

EXPERIMENTAL

A clean and ordered Ni(lOO) surface was dosed with O2 at

700K (60L: IxlO'^Pa, 60s). It leads to a clear c(2x2) LEED
pattern. The crystal was then cooled down to lOOK by liq. N2,

subsequently dosed with CS2 gas at lO'̂ Pa. S K-edge XANES
spectra were measured at BL-2A in the fluorescence yield mode
and total electron yield mode for submonolayer and multilayer,
respectively. XANES spectrum of gaseous CS2 was also
recorded in the transmission mode.

RESULTS AND DISCUSSION

Figure 1 shows S K-edge XANES spectra for submonolayer
CS2 on O-precovered Ni(lOO) surface at lOOK and gas-phase,
where 0 is the pwlar angle of electric vector of incident X-rays.
The total amount of S was estimated as 0.15ML. There are two

distinct peaks 1 and 2, whose energy positions (2470.8eV and
2473.9eV) are almost the same as in the gas-phase spectrum.
TTiese peaks have been assigned to be transitions from S Is to
n* and a*(S-C) orbitals, respectively.No shifts in the
position of the peaks indicate that the CS2 molecule does not
dissociate but adsorbs molecularly. We have determined the

average polar angle of the S-C bond direction 0)5.^ as 78±10°
from the polarization dependence of the absorption intensity of
the o*(S-C) resonance (peak 2).

S K-edge XANES spectra for multilayer (3()L dose) CS2 are
shown in Fig. 2. A slight difference from the submonolayer
spectra was found in the intensity of peak 2 at 0=15°, so tlial

(O^.c is derived a little bit smaller (72±5°). Most CS2 molecules
were oriented with the molecular axis parallel to the surface
even in the multilayer, which was not observed on clean

NiflOO) surface.^) This seems to be explained as follows: on O-
precovered surface, the first layer CS2 does not dissociate lying
parallel to the surface, so that the above layers grow up one by
one like a solid CS2. On clean surface, however, the first layer
dissociates and adsorbs as atomic S, C and/or CS to form the
multilayer of random-oriented molecules.

REFERENCES

1. T.Yokoyama et al.: Surf. Sci. 274 (1992) 222.
2. S.Yagi et al.: Jpn. J. Appl. Phys. Suppl. in press.
3. R.C.C.Perera et al.: J. Chcm. Phys. 81 (1984) 3375.
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Fig. 1 S K-edge XANES spectra of CS2 gas and submonolayer
adsorbed on O-precovered Ni(l(X)) at lOOK.
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Fig. 2 Polarization-dependent S K-edge XANES spectra of
multilayer CS2 on O-precovered NiflOO) at lOOK.
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INTRODUCTION

Activity or selectivity of chemical reaction on a solid
surface often changes when it is chemically modified by foreign
atom adsorbates. In our previous study, it is found that the CS2

molecule dissociates on clean Ni(lOO) surface at lOOK,^) but
does not dissociate and adsorbs molecularly on 0-modified

surface.^) In the present study, we have investigated the
adsorption behavior of the CS2 molecule on S-precovered
Ni(lOO) surface to clarify the difference of the effect on the
dissociation.

EXPERIMENTAL

A clean and ordered Ni(lOO) surface was dosed with H2S at

700K (60L: IxlO'^Pa, 60s). It leads to a clear c(2x2) LEED
pattern. The S-saturated Ni(lOO) crystal was then cooled down
to lOOK by liq. N2 and subsequently dosed with 6L CS2
(multilayer). S K-edge XANES spectra for multilayer species
have been measured by total electron yield at BL-2A. We were
not able to measure the spectra for submonolayer adsorption of
CS2.

RESULTS AND DISCUSSION

S K-edge XANES spectra for multilayer CS2 on S-

precovered Ni(lOO) surface at lOOK are shown in Fig. 1, where 0
is the polar angle of electric vector of incident X-rays. They are
quite similar to those for multilayer CS2 on 0-precovered

surface. The peaks 1 and 2 arc ascribed to the transitions to n*

and G*(S-C) orbitals, respectively, whose energy positions are
the same as in the spectra of CS2 gas. Spectral simulation has
been performed, and the averaged polar angle of the S-C bond

direction derived as 7015° from the polarization
dependence of the absorption intensity of the peak 2. This
means that CS2 molecules are oriented with the molecular axis
nearly parallel to the surface in the multilayer, which is very
similar to O-precovered Ni(lOO) surface. From the analogy witli
0-precovercd surface, we have supposed that the first layer of
CS2 on S-precovered surface does not dissociate and is adsorbed
molecularly lying parallel to the surface.
There have been proposed three main factors of catalytic

poisoning by electronegative adatoms.^) They arc (i) steric
blocking, (ii) substrate-mediated electronic effect, (iii)
electrostatic interactions between the modifier and the

adsorbates. In the present case, we have supposed that the
dissociation of the CS2 molecule occurs through the charge

transfer from the substrate to the anti-bonding n* orbital.
When the metal surface is covered with highly electronegative
atoms, they are expected to withdraw electrons from the
substrate atoms so that the charge transfer to the adsorbed
molecule is suppressed and the dissociation is inhibited by the
screening effect. TTe Pauling electronegativities of 0(3.44) and
S(2.58) should be large enough to prevent the dissociation of
the CS2 molecule by the screening effect.

T = 100 K

2^60 2470 2480 2490
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2500 2510

Fig. 1 Polarization dependent S K-edge XANES spectra of
multilayer CS2 on S-precovered Ni(lOO) at lOOK.
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INTRODUCTION

We have previously studied the adsorption behavior of the
CS2 molecule on Ni(lOO) surface without and with O or S atoms
precovered. '̂̂ ) It was found that the CS2 molecule dissociates
on clean Ni(lOO) surface and does not dissociate on bolli O- and
S-prccovered surfaces at lOOK. In order to clarify the difference
in the effect of the precovcred elements on the dissociation, we
have investigated the adsorption behavior of the CS2 molecule
on C-precovered NiflOO) surfjice.

EXPERIMENTAL

A clean and ordered NiflOO) surface was dosed wiiii C2H4 at

570K (60L: IxlO'^Pa, 60s). It leads to a clear p>4g(2x2) LEED
pattern. The C-modified Ni(lOO) was then cooled down by liq.
N2 to lOOK and subsequently dosed with 0.6L CS2
(submonolayer). S K-edge XANES spectra were measured by llie
fluorescence yield mode at BL-2A.

RESULTS AND DISCUSSION

S K-edge XANES spectra for submonolayer CS2 on C-
prccovered and clean Ni(lOO) surface at lOGK are shown in
Fig.l, where 0 is the polar angle of electric vector of incident
X-rays. The total amount of S was estimated to be 0.13ML for
both samples. The spectra for C-precovered surface show quite
similar features to that for clean surface. It indicates that the

adsorption species are the same for both the systems. The first
intense peak should be ascribed to the characteristic one of S-Ni
bond. The energy position of the peak a shifts -0.7eV from the

o*(S-C) resonance in the spectrum of CS2 gas. The energy shift
may imply the elongation of the S-C bond. Judging from these
spectral features, the CS2 molecule dissociates on C-precovered
Ni(lOO) surface in distinction from O- or S-precovered surface.

This difference can be explained by the following
consideration. In a metal substrate-electronegative adatom
system, electrons are expected to be withdrawn from the
substrate by the adatom. Consequently, charge transfer from llie
substrate metal to the antibonding n* orbital of adsorbed CS2
molecule should be suppressed. The Pauling electronegativity
of C (2.55) is much smaller than that of O (3.44) but is very
close to S (2.58), so that the different effect between C and S
cannot be interpreted by the simple argument of the
electronegativity. Another factor should be taken into account.

Let us consider the interaction between the precovered
adatom and the second layer of the substrate from the surface
structure. C atoms locate closer to Ni surface; the height of the

C atom from the Ni first layer is only ~0. lA.^^ in contrast wiili
-1.3A for S atom.^^ Thus C atom can withdraw electrons from
not only the surface top layer but also the second layer atoms.
As a result, local electron density at the top Ni layer is not so
be reduced as S-precovered surface and the charge transfer
induces the dissociation of CS2.

CSo/NidOO)
hDB

CS2/p^gC(2x2)/Ni(100)

5
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Fig. 1 Polarization-dependent S K-edge XANES spectra of
submonolayer CS2 on C-precovered and clean NiflOO) at lOOK.
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INTRODUCTION

CeRhgBg is very interesting compound due to its high
Curie temperature, T =115K and shows a strong
valence-fluctuation of nj=0.85-0.9G. The single
crystal of this compound has a Hexagonal structure
and has a strong anisotropy along the c axis. It
shows anomalously high Curie temperature compares
to other ternary Ce bolide(even higher than that of
GdRh3B2(Tc=90K)). And it has a small saturation
moment ratio, 0.5 compared to the effective moment
3.0. These properties are attributed to the overlap
ping of 4f orbital coming from strong crystal field. In
order to understand these characteristics of this
material,It is important to obtain some informations
about the electronic structure. On purpose to get
some Information especially about valence 4f electron
,we measured Ce 3d^ 4f resonant X-Ray photoe-
misslon spectra(XPS) In valence band region.

EXPERIMENTAL

Measurements were carried out with a 10 m grazing
incidence monochromator in the vacuum of 5.8x10"^°
Torr at the undulator beam line BL-2B of Photon
Factory. The single crystal of CeRhgB, was filed with
a diamond file In situ. We used a cyflndrical mirror
analyzer that pass energy was 70eV. Measurements
were carried out under room temperature. The total
energy resolution was about 2eV. And the near
valence XPS spectra were Normalized with the total
intemsity of Rh core 3d XPS spectra.

RESULTS and DISCUSSION

Figure 1 shows the Ce 3d-s4f absorption spectrum of
CeRhgBp. In this region we measured resonant XPS.
Figure 2 shows resonant valence band XPS for
CeRhgBj recorded using photon energies near the Ce
3d absorption region. The labels of the spectra
correspond to photon energies which are indicated by
the Arabic numerals in Fig. 1. The off-resonant XPS
spectrum was taken at a photon energy 8eV below
the Ce Sdg^ absorption peak, showing a main peak at
a binding energy 2.8eV and a satellite peak around
19eV. The off-resonant valence XPS spectrum is
almost the same which was obtained by Fujimori
et.al.They Interpreted the main valence band
which appeared at 2.8eV of binding energy to the Rh
4d band.The satellite peak of 19eV is considered to
the Ce 5p level excitation. The on resonant XPS
spectrum shows the giant resonance at 1.9eV of
main valence band. For energy 9eV above the on-
resonant peak, the off-resonant XPS spectrum is
recovered. The resonant at the Ce absorption
peak is not so dominant. From our experiment ,it is
concluded that the top of valence band is mainly
composed of Ce 4f band. However unfortunately In
this experiment the vacuum condition and the spec
tral resolution are not yet sufficient for this kind of
sample. Therefore improved experiments have to be
done in future.
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In a zone plate soft X-ray microscope its
spatial resolution is now primarily limited by
the characteristics of the zone plate.
According to the Rayleigh criterion, it is al
most equal to the width of the outermost zone
of a zone plate.l'l Since that of our zone plate
is 50nm, its expectable resolution is about
50nm. In the present paper, we report results
of a resolution test of a microscope.

The microscope was installed at a beam-
line 2B] which is for soft x-ray undulator ra
diation.l^J The resolution test has been per

formed at a wavelength of 2.37nm. An optical
system of the microscope mainly consists of a
condenser zone plate (CZP), a pinhole and an
objective zone plate (OZP). The parameters
used in the test are summarized in Table 1.

The CZP acts in combination with a lOpm di

ameter pinhole as a linear monochromator.l^]
The incident radiation is focused onto the
pinhole. The object is placed just behind the
pinhole. A test pattern as an object was a zone
plate with the same parameters as the OZP.
The OZP produces an enlarged image of the
object on a detector plane. For adjustments a
micro channel plate is used and for measure
ment photographic films (Fuji Minicopy) are
used. The optical magnification was about 560.
An exposure time was a few tens seconds
with a ring current of about 200-280 mA. A
200}im diameter pinhole and a 1.5pm thickness
aluminium foil were inserted at an upstream
in order to protect the CZP from the high
power density of the undulator radiation.

Table 1. Parameters of Zone Plates
Parameters CZP OZP

radius of innermost zone 15.8|a.m 1.41um

zone plaie diameter 1000)im 40(J-m

zone number iOOO 200

width of outermost zone 0.25|rm 0.05jimwidth of outermost zone

Figure 1 shows an x-ray image of the
test pattern. Here, 60~70nm spatial feature is
easily visible. In order to estimate the resolu
tion, an image of the innermost edge of the
test pattern was analysed. Figure 2(a) shows
its one-dimensional Microdensitometer trace,

where optical density was converted into the
relative intensity. The derivative of this curve
gives the Line Spread Function which is often
used to evaluate the resolution. Figure 2(b)
shows that the experimental resolution was
about 50nm, that means the microscope has
almost attained its theoretical resolution.

O.ipm

Fig. 1. Magnified X-ray image of the test pattem at X=2.37nm,
X-ray magnification: 560x.

Fig. 2.

FWHM=47nm

SPATIAL POSITION (urn) SPATIAL POSITION (jxin)

(a) Relative intensity distribution of the image of
the innermost edge of the test pattern.

(b) Line Spread Function calculated from (a).

[11 G. Schmahl et al., AIP Conf. Proc. 50. 225(1981).
[2] Y. Kagoshima et al. , Rev. Instrum. 60, 2448(1989).
[3] B. Niemann et at.. Opt. Commun. 12, 160(1974).
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Introduction

The observation of threshold electrons having zero
kinetic energies is effective in investigating not only
ionization processes above the ionization limits but

also excitation processes below the ionization limits.
In inner-shell excitation, threshold electrons can be

ejected through two pathways: TTie one is the so-
called shake-off decay, where the initially excited
electron is simultaneously ejected together with an

outer—shell electron in resonant Auger processes
filling the inner-shell hole. Either of the two

electrons can have a zero kinetic energy, because the
ejected electrons are accompanied with the continuous
distribution of kinetic energies [Ij. The other is the
two-step Auger decay, where the initially excited

electron acts as a spectator during the resonant Auger
processes or is shaken—up to a higher excited state. In
this two-step decay, emission of threshold electrons

can be realized when an intermediate state caused

from the two-step path is just located at the final

ionic states. TTie shake-off path is possible for any
resonance, while the two-step path is possible for a
restricted resonance. Therefore, spectral structures of
threshold electrons demonstrate which path plays a
major role for decays following inner-shell excitation,

shake-off or two-step.

Experimental

The experiment was performed using a 10m grazing
incident monochromator at the beam line BL-2B [2j.
The monochromator was equipped with a 2400 lines/
mm grating. The spectral resolution was about 0.6 eV

at 900 eV. The mass spectrometer used was of

time-of-flight type accompanied with a threshold
electron energy analyzer [3]. The threshold electron

analyzer is of steradiancy type. The energy resolution
of the analyzer is estimated to be about 0.01 eV from

a measurement for Kr 4p outer—shell photoelectrons.

Results and Discussion

Figure 1 shows threshold electron and total ion

spectra in the vicinity of the K-shell ionization limit

of Ne. The total ion spectrum, taken without mass
analysis, corresponds to the photoabsorption ^pectrum
and exhibits discrete structures due to the Is np

Rydberg series. On the other hand, the threshold

electron spectrum exhibits three peaks. The dominant
peak above the ionization limit is ascribable to

threshold ionization, because the profile manifests
clearly the post—collision interaction effect [4]. Two
peaks due to 1| 3p and 4p exhibit a characteristic
featjire; the Is 4p peak is more prominent than the
Is ^3p peak. From the feature, it is conceivable that
Is 3p is due to shake-off and Is 4p is due to
two—step.
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Figure 1. Threshold electron and total ion spectra in
the vicinity of the K-shell ionization limit of Ne.
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Resonance photoeiission spectroscopy In the p core excitation
region has been a powerful leans to Investigate the electronic charac

ter of 3d transition letal coipoonds. In the case of the 3p core
excitation, however, the lultlplet coupling between the 3p hole and the

3d electrons as well as the Interference effects between the 3p deexcl-
tation and direct 3d photoeiission processes are very coipllcated. in

contrast to this, the resonance photoeiission In the deeper core level
excitation region Is expected to show a clear Interference effect.

Recently a strong resonance was observed In the valence band photoeiis
sion at the Cu 2p threshold excitation In CuO^^ This allowed one a
clear Identification of the local Cu 3d® conflpratlon In the valence
band photoeiission spectrui. The 2p resonance photoeiission studies

can be also applied to the study of the core-level spectra of other
transitions letals '̂ as well as to the 3p and 3s spectra In soie 3d
transition letals.®'

In order to study this subject In lore detail, we perforied the

resonance XPS In the 2p core excitation region for the transition letal
3d, 3p and 3s states In the transition letal coipounds such as pyrlte
and the Intercalation coipounds Nj^TlS2.

The resonance photoeiission expedients were perforied at the BL-
2B undulator beai line of PF with a lOi grazing Incidence lonochroia-
tor. We leasured the spectra with an entrance and exit slit width of

50/i I, realizing a resolution of about 1.0 eV. We first leasured the

US spectra by leans of the total photoelectron yield lethod and then

XPS spectra with a double pass cylindrical ilrror analyzer. Clean
surfaces were obtained by In situ scraping of the saiple surfaces with
use of a dlaiond file. Surface contailnatlons were ocasslonally
checked by 0 Is or C Is signals.

Figure.1 shows the N1 2p XAS spectrui of NIS2. The vertical bars
Indicate the photon energies at which we have leasured the XPS spectra.
All spectra show the 2fy2 3"'' "^^1/2 spin-orblt doublet with satellite
structures. Figure.2 shows the photoeiission spectra of the HI 3d, 3p
and 3s states of NIS2 taken at the various photon energies Indicated In
Flg.l. The off resonance spectra (the direct photoeiission spectra) of
the 3d(Eg=0-10eV), 3p(around G8eV) and 3s(around llleV) states are
shown at the bottoi of Fig.2. Near the laxliui of the N1 2p3^2 absorp
tion peak (2 and 3), the strong Increase of the 3d and 3p photoeiission
Intensity Is clearly observed. One notices that soie peak features
shift to larger Eg with Increasing the photon energy suggesting the
Auger decay character. The features ascrlbable to the 2p3d3d, 2p3p3d
and 2p3s3d Auger decay are traced In the photoeiission spectra. The
resonance enhanceient of the 3d and 3p photoeiission structures takes
place when the Auger peaks approach the direct photoeiission peaks. In
addition, the structure situated at Eg=130-150eV Is also enhanced.
This lay be ascribed to the resonance enhanceient of the 3p^3d^® fea
tures. Further studies are underway for FeS2 and C0S2.
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Introduction

Resonant photoemission is useful for investigating weak
unidentified lines occurring near core-level lines in photo-
electron spectrad^ We have observed the 3s and 3p lines
of cis well as valence-band spectra in NiClj by exci
tations around the Ni 2pi/2 and 2p3/2 thresholds. In this
report, resonance aspects for different subshell excitations
are briefly presented.

Experimental

Measurements were carried out using undulator radiation
at BL-2B. Overall resolution was 1.9 eV at a photon en
ergy of 850 eV. Samples used were thin films deposited on
Au substrates by in situ evaporation. The pressure during
measurements was typically lxlO~'''Pa.

Results

Figure 1 shows energy-distribution curves for binding en
ergies ranging from —20 to 200 eV, measured at various ex
citation energies. Spectra shown were normalized so that
the intensity of the 01 2p line was proportional to the value
of the cross section obtained from Ref.2. The intensities

obtained in this way are proportional to those per incident
photon within 10% error. Total-yield spectrum of NiCl2
is also shown in Fig. 2. Main observations obtained from
Figs. 1 and 2 are summarized as follows: (1) Strong res
onance occurs in all the level lines of Ni^"^ observed. (2)
Resonant enhancement is more prominent for the excita
tion at the 2p3/2 threshold than at the 2p]/2 threshold.
This effect is predominant in the 3d emission and the least
evident in the 35 emission. In every level line, the effect
is more conspicuous in high-binding-energy satellites than
in the main line. (3) The L2MM (2pi/23/ 31') Auger lines
are not found. This is discernible from the fact that no

Auger line distinct from those found just above the 2^3/2
threshold is manifest above the 2pi/2 threshold. The ori
gin is ascribed to the Coster-Kronig decay of the
2p]/2 bole photoproduced. (4) All Auger lines shift toward
the high kinetic energy at excitation energies of 853.3 eV
and 856.4 eV. This may suggest that the Auger spectra
at these excitation energies are affected by a post collision
interaction as well as the multiplet structure in the initial
and final states.
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Several theoretical treatments of neutral

photodissociation of molecules were presented by

Zarefl]. A formula of photoion angular
distribution was presented by Dehmer and Oil 1(2]
for dissociative photo ionization. Since the
photoion angular distribution is determined by
the total symmetry of ions plus photoe1ectron,

the formula is applicable to excitation as well

as ionization. If the molecular orientation is

kept between the core hole creation and
subsequent Auger decay and the fragment ions

emitted after the Auger decay have a kinetic

energy much larger than the rotational spacing,
Zare's result can be combined with Dehmer and

Dill's result. This is an extension of Zare's

axial recoil approximation.

Fig. I shows the angular distribution of

fragment ions emitted after the Is-TT excitation

(AA=il) of O2. The fragment ions with kinetic
energies larger than 2 eV were collected in order

to satisfy the extended axial-recoil
approximation I 3 1. 0 is the angle between the

electric vector of the incident photons and

the emitted photoion direction. Dots with

error bars correspond to experimental data

points. The experimental distribution behaves
O

according to sin 0 as predicted for the II

excitation (AA=il). This clearly supports the

extended axial-recoil approximation for the

inner-shell photodissociation.

Fig.2 shows the angular distribution of

fragment ions emitted after the 0 Is-TT

excitation (AA=il) of N2O with linear

ANGLE{0)

Fig.l Angular distribution of photoions emitted

after the ls->7r* excitation of 02-

structure. Its whole spectrum will be shown in

the next report (part II). The experimental
distribution behaves according to A + (I-

A)sin^O , where A is 0.48. This distribution is
9 . 9

also reg.arded as A cos 6 + sin 0 . In the
former interpretation, the fragment ions are

emitted with isotropic distribution in addition

to pure 11 (AA=il) distribution. In the
latter, the fragment ions are emitted with both

Z (AA=0) and 11 distributions. We cannot
determine which interpretation is correct as long

as the molecules are randomly oriented before

photoabsorpt i on.

In the photoabsorption process the molecules

are electronically and vibrationally excited.

When the excited state of a triatomic molecule

has a stably bent structure, some bending modes

are easily excited and the Auger decay happens

after slightly bending. In this case, the
anguiar distribution does not strictly obey

either X (AA=0) or II (AA=±1) distribution.

On the other hand, when the excited state has a

stably linear structure, the bending modes are

not excited. In this case, we can expect that

fragment ions are emitted according to either Z
(AA^O) or II (AA=+1) distribution, similarly

to the case of diatomic molecules.

[1] R.N.Zare, Mol.Photochem. 4 (1972) 1.
[2] J.L.Dehmer and D.Dili, Phys.Rcv. AlB (1978)

164.

[3] N.Kosugi, E.Shigemasa and A.Yagishita, Chem.
Phys.Lctt. 190 (1992) 481.

Fig.2 Angular distribution of photoions emitted
after the 0 ls->7r* excitation of N2O.
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N2O with linear structure has been chosen as
the first example of triatomic molecules.

Figs. I and 2 show N and 0 K edge ion-yield

spectra for 0 =0 * ( S ) and 90*(n). The

experimental conditions were described

e 1sewhere[ 1 1. There are two K* resonances at

the N K edge (Fig.l). The lower-energy peak

corresponds to the excitation from the terminal N

Is and is weaker than the higher-energy peak. On

the other hand, in all the photoabsorption

spectra these K* resonances have nearly the same

intensities. The present result indicates that

more ionic fragmentation occurs by the excitation

from the center nitrogen (Nc) than the terminal

one (Nt). A shoulder structure is observed at

the lower-energy side of the 0=0* (2) component

of the higher-energy n* resonance (Nc->7r*).

This is assigned to the Nt->3s Rydberg

excitation. In the 0 K-edge spectra (Fig.2)

there are rather strong o* bands for Rydberg.

Quantum chemical calculations indicate that there

are two unoccupied antibonding a* orbitals, one

below the ionization threshold and the other

above the threshold. At the N K edge there is a

large contribution from the higher-energy a*

(continuum) resonance and the convergence to the

statistical ratio (2:1) between the II and 2

continuum components is slow. On the other

hand, at the 0 K edge the convergence is rather

2pn * N2O
N K-edge

Nc K-edgo

Nt K-edge

? 2pa*
1 i

* \*

V •

^2
435 440395 400 405 410 415 420 425

PHOTON ENERGY (eV)

Fig.l. N K-edge ion-yield spectra of N2O. The
solid line shows a yield spectrum for 0=9O*(n)

and the dotted line shows one for 0=0* (2).

430

fast and there is a large contribution from the

lower-energy a* (bound-state) resonance.

Therefore, in the 0 K edge spectrum the valence

and Rydberg mixing takes place and makes some Cf-

type Rydberg transitions stronger.

In the diatomic molecules the 0=0* spectra

indicate the final states with the 2 symmetry

and the 0 =90* ones indicate those with the

11 symmetry. As mentioned in the previous report

(part 1), the triatomic molecules do not

necessarily obey the 'extended' axial recoil

approximation. Except the tt * resonances,

however, angular distributions seem to be as

anisotropic over the whole energy range as in the

diatomic molecules. This means that almost all

the excited states have stably linear structures

and the bending modes are not easily excited.

This is reasonable for the core-ionized state

which loses a completely nonbonding electron and

keeps the ground-state geometry and for the
Rydberg states which have nearly the same

geometry as the ionized state. Furthermore, the

O* resonance states correspond to repulsive

states in specific o bonds and only the

stretching modes are excited. Therefore, the 7C *

resonance may be an exceptional case.

[1] N.Kosugi, E.Shigemasa and A.Yagishita, Chem.
Phys.leLt. 190 (1992) 481.
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Fig.2. 0 K-edge ion-yield spectra of N2O. The
solid line shows a yield spectrum for 0=90* (II)
and the dotted line shows one for 0=0* (2).
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Introduction

II has been generally accepted (hat the oiprate oxide super
conductors have the unoccupied Cu 3d and O 2p stales in the
two-dimensional CuOj plane and these states have a share in
the superconducting phenomenon. In order to study the elec
tronic structure of these compounds, that is the location and
symmetry of these states near the Fermi level, we measured
the angle-dependent resonant photoemission spectra (XPS) of
DijSrjCaj jjY^CujOg (x=0.0,0.6) by turning .sample to ^20°
(E//ab) and ^80° (E//c). llie superconductor sample (x=0.0)
has a transition temperature of 80K and the non supercon
ductor sample (x=0.6) shows a semiconducting behavior and
ferromagnetism. The aystal .structure of ni2Sr2CaQ4Yg5Cu20g
is almost same as that of Bi2Sr2CaCu20g except for the lattice
constant along c-axis. In this work, we compared the valence
band spectra of these compounds.

Experimental

Measurements have been performed with a lOm grazing
incidence monochromator at the undulator beam line DL-2B

of Photon Factory. The samples of Bi2Sr2Ca,_,,Y„Cu20g
(x=0.0,0.6) were available as single crystals. Cleaved surfaces
were prepared in vacuum chamber by pealing off with scotch
tape along the sample surface. The total resolution including
the double cylindrical mirror analyzer and monochromator at
Cu 2p edge was about leV.

Results and Discussion

Figure 1 shows the valence band photoemission spectra of
Bi2Sr2CaCu20g(a) and Bi2Sr2Cag4YogCu20g (b). All of these
spectra were measured at the photon energy of Cu 2/73^
absorption peak (931.5eV). The satellite peak which appeared
near the binding energy about 12.5eV was commonly ob
served in Fig. l(a),(b) and shows giant resonance on Cu 2p
absorption peak. In addition, this satellite peak shows the
giant enhancement in the .spectra of ^20°, but in the spectra
of 0=80° this peak shows much smaller enhancement than
that of 0=20°. The origin of this satellite peak has been at
tributed to the cP state which was created by super Koster-
Kronig transition due to relaxation process after Cu 2py2
absorption. (Cu 2p^3d^-*2p^3d^^-^2p^3(P+c') 'Phis rf® satellite
is already suggested from cluster model calculation.'!

In order to get an information about the two-dimensionality
of the electronic structure, we have estimated the relative

intensity ratio of the 2 component to the x,y component
(I(80°)/I(20°)) of the rf® satellite peak between two incident
angles. In the case of Fig. 1(a) (superconductor), the intensity

41

ratio was about 0.08 and in Fig. 1(b) (non superconductor),
the ratio was about 0.27. We also measured polarized Cu

^Pm absorption spectra (XAS).^! In the XAS results, the
intensity ratio in x=0.0 and x=0.6 .sample was about 0.07 and
0.24, respectively. From a good corre.spondence between XPS
and XAS, we have confirmed the existence of the rf® state by
experiment.

It has been already known that the F//c spectrum of Cu
2pjpXAS represents the Cu 3dj^_,.i symmetry and the E//ab
spectrum represents the Cu 3dj^_^i symmetry.'! Therefore,
from the difference of the intensity ratio between the t/® satel
lite peak of superconductor and non superconductor, we can
conclude that Bi2Sr2CaCu20g sample shows the strong two-
dimensionality in contrast to Bi2Sr2Cag4Yo5Cii20g sample.
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3) N. Niickeret al., Phys. Rev. B39, 6619 (1989)
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Introduction

There is almost no data reported on

photoabsorption of vapor phase of 3d transition elements

because of experimental difficulties. We have measured

total photoion-yield spectra, which are equivalent to

absorption spectra, in the 2p ionization region of atomic

Mnand Fe as well as those of atomic Kand Ca. As far

as we know, absorption spectra of Fe in the 2p region

have not been reported.

Experimental

The experiment was carried out at BI^2B

undulator line where a 10m graang incidence

monodiromator provides monochromatic radiation of

250- 1600 eV with maximum resolution E/A E=4000.

Aresistively heated oven (for Kand Ca ) or an oven of

electron bombardment type ( for Mn and Fe ) was used to

produce an atomic beam. Resulting photoions were

pushed electrostatically into a drift tube of 40 cm and

then detected by a counting system.

Result and Discussion

Our photoion-yield spectra for K, Ca, Mn, and

Fe atoms are presented in Figs 1-4. The resolution of our

K and Ca spectra is much improved in comparision with

previous data '1 Thepeak positions inthe spectra for K
and Ca are in good agreement with H-F calculation of

Mansfield From our K and Ca spectra, we have

determined relative peak intensities. However, no

calculations of the peak intensity ( oscillator strength )

are avairable. The Mn spectra in Fig.3 shows a new

peak lying at 648.4 eV. This peak is possibly due to

the excitation of 2p'(^P3;2)3 '̂'̂ ^^S)4d'(^D) state^\
The spectra ofMnand Fe are dominated by2p-3d

transitions, as in the cases of their metals and

compounds. Some bonding effects ( energy shift and

difference in structure ) are clearly observed.

References
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INTRODUCTION

The triple-axis/four-circle
diffractometer which had been installed

in BL3A^) was further improved and
opened for the general experiments at
B L3 A. This report summarizes the
characteristics and the performances of
the diffractometer.

DirrRACTOMETER
The diffractometer was designed to

satisfy various research purposes;
diffraction, scattering and/or absorption
in X-ray region and to fully-utilize the
high brilliance beam with the unique
collimating and focusing optics in
BL3A.2) Specifications of the main drive
elements are shown in Table,

The diffractometer consists of three

principle goniometers: a four-circle
goniometer, a crystal collimator and a
crystal analyzer.
(1) The four-circle goniometer has a
high-precision co-axis and a large, off-
centered x-circle. Its (t)-stage can be used
to mount various apparatuses such as an
electric furnace and a cryostat, with
which various types of in-situ dynamic
studies can be performed. Its 20-axis has
a unique mechanism to balance moment
of inertia.^^ Smooth and fast movement
of the axis is possible when a heavy
attachment such as a solid state detector

or an imaging plate holder is mounted on
it.

(2) The 2-circle goniometers for a crystal
collimator which can be translated both

vertically and horizontally are utilized
for further fine collimation of the beam

(3) Another 2-circle goniometers were
installed on the 20-axis to mount a crystal
for wavelength dispersion, for example.

The diffractometer was installed on

the level block which has the functions
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of vertical and horizontal translations

and rotation to adjust the diffractometer
axis of the beam pass. The diffractometer
and its data acquisition system are
controlled by a workstation, Hitachi
2050/32 through the RS232C connection.
The workstation also controls the

monochromator through NEC PC-9801,
which enables energy scans for XAFS
experiments.

The combination of the diffractometer

and the beam optics made possible such
experiments as high-energy and/or
high-momentum resolution
measurements, micro-focus small area
diffraction, and XAFS measurements.

REFERENCES
1) K. Kawasaki, Y. Takagi, K. Nose, H. Morikawa,
S. Yamazaki, T. Kikuchi and S. Sasaki: Rev.

Sci. lustrum., 63( 1992) 1023.
2) S. Sasaki, T. Mori, A. Mikimi, H. Iwasaki, K.

Kawasaki, Y. Takagi, and K. Nose: Rev. Sci.
In strum., 63(1992)1047.

3) T. Kikuchi, Y. Takagi, S. Sasaki, T. Mori, and
H. Kohzu: Photon Factory Activity
Report, 10(1992), in this volume.

Table Speciricalions of main drive elements
of the Iriple-axis/four-circle diffractometer, SIN-L

Axis Stroke
Min.

May Width
4.c.r..y

Encoder

Type

Baie

-40-.»l20n.m 0 00067 mm

*h .40-410 mm 0 0007mm

0b i.2i- 0 00001 "

Fonr-ctrcle

Goniometer

(D i 150" 0.00002S " 0 001 * Heidenhein, .mv. 0.0001 '

10 -304 170" 0 C002 " 0 01 • Nikon, RXR100 0.01 '

X -130-4190" 0 0002 " 001 " Nikon. RXRIOO 0.01 •

9 ± ISO" OOOOS" 0 01 • Nikon. RXR2S0 0 01 '

CryitaJ
Collimater

00 ± ISO" 0 0002" 0.01 *

"c i 150" 0 0004" 0 01 "

7c ± ITOmni OOSmm

^e SOOmra 0 OOS mm

CrjitaJ
Analyrer

01 1 ISO" 0 0002 " 0 01 " Nikon. RXR200 0 01 *

20a i ISO" 0 0002 " 0 01 • Nikon. RXR200 0 01 *
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INTROniJCTION

It is well known that moment of inertia

generated at a rotation center of a
machine causes serious mechanical

troubles such as hunting of motors and
.wear of gears. Such troubles, in turn,
reduce accuracy of movements and life
time of the machine. Vertical type
goniometers which have been commonly
used in synchrotron radiation facilities
are one of the typical example of it. The
four-circle/triple-ax is diffractometcr,
S/N-1, which has been installed at PF-BL3A

has a huge and heavy vertical-type 20 axis.
1) & 2) Jo avoid such troubles and ensure

accurate and fast movements of the 20 axis,

a new mechanism to balance the moment

was equipped to the axis.

PRINCTPLE OF THE MECHANISM

It is necessary to apply a new moment,
Lq generated by some outside sources to
balance an intrinsic moment of inertia, L/
induced at the rotation center. The value

of La should be adjustable corresponding
to a successive change of Li due to the
motion of the machine. In usual cases

only the force part of La , /Fa( can be
variable because of geometrical
restrictions. Therefore, systems detecting
/>/ and generating /Fa/ are necessary.
Since the value of Lj usually changes
depending on the position of the rotation
part, a displacement sensor is suitable to
detect Li ; pressurized air is convenient
for the source of /Fa/ •

APPLICATION TO VERTICAL TYPE

GONIOMETERS

The system consists of two pair of a
sequence of a wire, a displacement gauge,
a linearizer, an electropneumatic
controller, and an air-cylinder, as
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described in a flow chart in Figure. The
wire is hooked to a pin fixed onto the 20
axis to apply Fa to the axis by the tension
of the wire. The displacement gauge
detects the wire position which reflects
the 20-axis position. The output voltage of
the censor is transformed to the air

cylinder pressure appropriate to balance
the value of L,* through the linearizer
and the electropneumatic controller. The
air pressure is finally converted to the
wire tension, and generate La- The
linearizer function, G was determined and
adjusted by calculation, depending on the
weight of the equipments mounted on the
axis.

By this mechanism, 20 axis can be
scanned as fast as 100°/min when the /L/ /
as large as 500 Nm.

iindef position ; a

displaesmsnt

20-

29

wirs

( -

u - C(V) P-AU

tinosr Input i U |notHine«r out put i a 1

Figure A flow chart of the mechanism of
detecting intrinsic moment of inertia, L/
and generating applied moment , La-
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INTRODUCTION

It is well known that fluorescence XAFS

is a promising method to investigate local
structures of extremely small quantities of
elements contained in bulk materials
and/or segregated on the surface. To
obtain accurate informations on them a

high brilliance and micro-focused
incident beam and an efficient
fluorescence detection system are
indispensable. BL3A, where both
vertically and horizontally micro-focused
high-brilliance beams are available, is
one of the suitable beamlines for such

experiments.U The fluorescence XAFS data
acquisition system to utilize sue h high
performances of the beam optics has been
developed at BL3A.

EXPERIMENTAL

The horizontally and vertically focused
beam having a typical size of ~1 mm
(vertically) x -10 mm (horizontally) was
used for the experiments. The beam
intensity was about 100 times higher than
that with an unfocused condition.

The fluorescence emissions were

detected by a Si(Li) solid-state detector, and
analyzed by a pulse height analyzer (PHA)
and a multi-channel analyzer (MCA)
(ORTEC 7800). Both the monochromator
and MCA were controlled by a workstation
Hitachi 2050/32 through RC232C interface.
The incident beam intensity was also
monitored by an ion chamber.

RESULTS

Typical XAFS patterns taken by the
system are shown in Figure. The sample
was a single crystal Si fabricated with the
Cz method. Cu atoms were decorated by
dipping the sample into Cu(N03)2 aqueous
solution, and it was annealed for 1 hr. at
1,000 °C in N2 atmosphere. After such
procedures the Cu atoms will be segregated
only to the uppermost surface. Its
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concentration was estimated to be about

1x10^^ atoms/cm^. The sample was
mounted on the 4-circle goniometer part
of the diffractometer, SIN-1,^^ and a total
reflection condition for Si (0= 0.2°) was
chosen to enhance the fluorescence

intensity. The XAFS patterns from three
different parts of the sample surface
showed different XAFS oscillations,
indicating that the Cu atoms have different
local structures, depending on the position
in the sample. The detail of the analysis
will be reported later.
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Figure Cu K-edge fluorescence XAFS
patterns from a Cu-decorated (1x10^ ^
atoms/cm^) single crystal. The patterns
taken at several parts (A, B & C) of the
sample are shown. A transmission XAFS
pattern from pure-Cu foil taken by an ion
chamber is also shown as an reference.
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Introduction
The Bonse-Hart type Ultra-Small-Angle X-

ray Scattering (USAXS) instrument, which was
first proposed in 1966[1], has an extremely high
small-angle resolution: USAXS can be applied to
structural investigations of the order of mi
crometers. Such structures can be also covered

by light scattering (LS), but LS cannot be
applied to turbid or opaque samples. The infor
mation obtained by microscopic technique is
limited to two-dimensional, local one. By using
USAXS technique, the structural investigation of
the order of micrometers for any samples, such
as liquids, solids, metal-alloys, polymers, and
other materials, is possible.

We have been investigating the structure
of colloidal dispersions and polymer materials
by USAXS technique with a rotating anode X-ray
generator[2]. However, the very low intensity of
the incident beam, which is inevitably for B-H
system, limits its applications. To get a much
higher intensity, we constructed a B-H system
with synchrotron radiation (SR) source [3]. In
this study, we have performed USAXS experiments
on colloidal dispersions with sagital focusing
device to get much higher intensity.

Experimental
The apparatus was constructed at the beam

line BL-3A of Photon Factory, Tsukuba. The
principle of the optical systems is the same as
our previous study[3]. In this study, the sagi
tal focusing of X-ray beam was employed only for
the horizontal direction since the focusing for
the vertical direction causes a loss of intensi
ty. A 40 - 50 times stronger intensity is ex
pected with compared to the case without focus
ing.

The samples used were polystyrene(PS) and
polymethylmethacryrate(PMMA) latices and silica
colloids. The samples were purified and added
ion-exchange resins to remove ionic impurities,
which resulted in an ordered structure formation
by an electrostatic interaction between parti-
cles[4].

Results and Discussion
Figure 1 shows USAXS pattern of SS-121

(polystyrene latex, Diam.=2100S) latex disper
sion by the B-H system with SR source and focus
ing device. The accumulation time (FT) was only
10 sec. Figure 2 is our previous data for the
same latex dispersion without focusing (FT=20
sec.) although the concentration is slightly
different. The curve in Fig.2 shows something
like a peak, but it is sharp enough for quanti
tative analysis of the structure of the disper
sion, probably due to low intensity. On the
other hand, the profile by this study (Fig.l)
shows a clear Bragg peak (indicated by thin
arrow) and a maximum (indicated by thick arrow)
which is characteristic of the scattering by a
sphere. The Bragg peak reflects the formation of
ordered structure of latex particle in disper
sion. The size of the latex particle from the
maximum position of the scattering vector (qj^^)
by the relation qjjjR=5.76 showed a very good
agreement with the stated value. This maximum
could not be detected in our previous experi

ments since it was buried in the background
scattering._ From the position of the Bragg
peak, the interparticle distance in the ordered
structure can be calculated to be 4200 8. The
average interparticle distance calculated from
concentration assuming a uniform distribution of
the particles throughout the dispersion was
estimated to be 4100 S, which agrees very well
to the experimental one.

The USAXS patterns of PMMA latex and
colloidal silica dispersions, in which ordered
grains were formed, showed distinct sharp Bragg
peaks, indicating that a highly ordered struc
ture was formed. However, some additional peaks
and scattering were observed in very small angle
regions, reflecting the single crystal-like
structure.

77<IV« : psslZI.OM : ss-l2l-stock(10I>
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Fig.l USAXS pattern of SS-121 latex dispersion
(10 vol.%) by focusing system.
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Fig.2 USAXS pattern of SS-121 latex dispersion
(7-8 vol.%) by the system without focusing.
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The in-plane structure of the CaSrF2/GaAs( 111)
interface has been determined using X-ray scat
terings along the surface normal (XSASN) near the
GaAs 331 Bragg peak. CaSrFz alloy films on the
arsenic surface of GaAs( 111) have a high crystal
line order with a first F monolayer missing at
the heteroepitaxial interface. (Ca, Sr) atoms are
located in the T sites on toji of the first-layer
As atoms, but these As atoms are likely to be
missing in the examined samples. The substrate
As-Ga double layers are subject to outward shifts
in the interface region (l).

The XSASN data collected in the vicinity of
the GaAs 331 Bragg peak from a 100 A-thick fluo
ride epilayer show a deep valley at the low-angle
foot of the Bragg peak (Fig. 11. Similar fea
tures were observed in the XSASN data near the

GaAs 220 Bragg reflection (2, 3). This valley
cannot be explained by the epilayer (Ca, Sr)
atoms occupying the T4 sites on the GaAs(lll)
surface. Our X-ray standing-wave (XSW) data show
that the first-layer (Ca, Sr) atoms are located
at a short vertical height above the substrate
atoms, suggesting that one or both of the first F
monolayer and the top As atom layer are missing
at the CaSrFa - GaAs interface |2, 3|. Two T
models were tested to explain the 331 XSASN data
(Fig. 2). In the l(miss.) model the epilayer (Ca,
Sr) atoms reside in the T sites on top of the
first-layer As atoms, but these As atoms are
missing in addition to the F atoms. In the
1{ shift) model the top-layer As atoms are late
rally shifted to the H3 sites above the fourth-

layer Ga atoms to accommodate the (Ca, Sr) atoms
in the T sites. Each model assumes a desorbed F

monolayer at the CaSrF2 - GaAs interface. Least-
squares profile fits of the XSASN data showed a
better fit for the T(mjss.) model than for the
Tishift) model with very similar fitting parame
ters (Table 1). The refined interface distance dz

- 2.61 A is in an excellent agreement with the
XSW and the 111 XSASN data 11-3). The negative
qjsub values show outward shifts of the substrate

As-Ga double layers in the interface region,
which seem to be too large. The relaxation of
the epilayer atoms, , is marginal.

The interatomic distances, As—(Ca, Sr) and
Ga—(Ca, Sr), calculated from the observed values
for dz and 5i agree quite well with those found
in bulk crystals. As far as the interatomic dis

tances are concerned, the two model interface
structures, T(miss.) and T ( shift), are thus
equally possible.

We are thankful to S. Sasaki for support at
BL-3A station.
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Fig. 2 Models for CaSrF2/GaAs(lll) interface.

model Y ni(%) dAA) ^S-iHub(A) Si^i^A) <T i(A ) (T 2(A)

T (miss.) 0.65(2) 2.61(1) -0.28(2) -0.03(2) 1.77(18) 2.55(13)

T (shift) 0.68(2) 2.60(1) -0.26(3) -0.05(3) 2.13(8) 2.69(13)

Table 1. Structure parameters for 29 F-(Ga, Sr)-F epilayers on GaAs(lll)
determined from least-squares fits of the X-ray scattering data near the
GaAs 331 Bragg peak. The rms roughenss o" j refer to the substrate-film
interface for j = 1 and the film surface for j = 2. Numbers in paren
theses are the estimated standard deviations in units of the least-

significant iligit given.
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A highly brilliant X-ray beam from a
synchrotron radiation source is a powerful
tool to perform non-destructive X-ray
diffraction analysis of an under-film
corroded region of zinc-coated steel
sheets. Investigations to identify
corrosion products under the outdoor salt-
spray test condition and to reveal their
one-dimensional distribution were carried

out.

In previous paper simonkoileite
(ZnCl2•4Zn (OH)2) "as identified, for the
first time, at the tip of the under-film
corroded region. By the one-dimensional
analysis, it was shown that the tip of
corrosion preceded visible bulging front,
1.5mm in location. And it was suggested
that simonkoileite was formed as the first

corrosion product under the outdoor salt-
spray test condition[1).

Although by such non-destructive
investigation through thick paint film
with counter-type detector, corrosion
products including Fe were hardly
detectable. In present study, just inside
surface of peeled coating samples were
examined. And adding to a counter, an
Imaging Plate was adopted as a X-ray
detector.

Measurements were carried out at

beamline BL-3A at Photon Factory. The
experimental setup was similar to that in
ref.[l] excluding detectors. As shown in
Fig. 1, diffraction arcs from a sample was
recorded on an fixed Imaging Plate which
was bent cylindrically. Wavelength of X-
ray, 0.Inm, was carefully selected to be
able to obtain both enough angular
resolution and intensity of diffraction
signals from corrosion products. Size of
irradiated areas was about 2mm x 2mm, and

9 angle was fixed at lOdeg..

Fig. 2 shows diffraction arcs
obtained by using an Imaging Plate. Very
weak diffraction arcs can be detectable.

Otherwise in the one-dimensional profile,
they can be hardly distinguished.
Advantages of high sensitivity and two-
dimensional detection of an Imaging Plate
were clearly shown.

Fig. 3 shows the results obtained by
measurement using an Imaging Plate and a
counter. Corrosion products, as

simonkoileite, p-FeOOH, a-FeOOH and Fe203
were identified. Also arcs from FesO^ and

y-FeOOHwere detected. As corrosion

proceeds, corrosion products changes from
that including Zn to that including Fe.

Imaging Plate

Sample

Monochromator

Synchrotron
radiation

Fig. 1 Schematic layout showing
experimental setup using an Imaging Plate.

Fig. 2 Diffraction arcs obtained by using
an Imaging Plate. Also one-dimensional
profile was shown at bottom.

scribe bulging front

Measured area ——
(corrosion products)

/ tip of corrosion
/— paint film

Distance from the scribe (mm)
end - Proceeding of corrosion - start

zinc coating
- steel

substrate

0_0 ^ simonkoileite

( ZnCl2 • 4Zn(OH)2 )

p-FeOOH

OV-D^^

^ - -k—\\ cc-FeOOH
c \\
Si V - Fe203DV=DV
.3 ^ detected Fe304, y-FeOOH

Fig. 3 Changes of intensity of
diffraction arcs of corrosion products
obtained by using an Imaging Plates and a
counter.

[1] K. Nose, K. Kawasaki, K. Hayashi, H.
Morikawa and S. Sasaki: MRS Symposia
Proceedings, in print.
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The high brightness of synchrotron
radiation makes possible the dynamic
observation of changes in the
microstructure of materials at elevated
temperatures. As the microscopic
mechanism of the industrial processing
and forming of the materials remains
almost unclarified, use of synchrotron
radiation will give successful results.
Microstructural changes of silicon steel
sheets in the secondary recrystallization
process at 1233 K were observed by
consecutive recording of the pole figure
using a newly developed system consisting
of a four-circle diffractometer and a

translating Imaging Plate at BL-3A[1].
Monochromatic X-radiation, 0.06 nm in

wavelength, was used. Samples were set
in the newly developed furnace. It took
only 40 s to record one pattern over an
angle range of 10 deg. in longitude of
the surface of the sphere of poles. This
measurement time is one thousandth

shorter than that by conventional point-
by-point pole figure measurement method.

Figure 1 shows the time change in the
[100] poles. The time interval between
the patterns was 80 s. It can be seen
that after a certain incubation period
{110} <001> oriented grains grew at a
burst. By applying the tensile stress to
the sample, growth of the (110) <001>
oriented grains was appreciably delayed.

To clarify the phenomena during the
incubation period, a magnified images of
the patterns were taken as shown in
Figure 2. It shows that some of spots
vary in size and/or blackening from 0 s
to 360 s, suggesting that grains
fluctuate in size during the incubation
period, although overall pole
distribution remains unchanged.

It was shown that synchrotron radiation
combined with the Imaging Plate is a
powerful tool for the dynamic observation
of the microscopic mechanism of the
materials processing in the industry.

The method used here may be applied to
the observation of, for example, a
texture change in rolled sheets and
extruded wires.

[1] K. Kawasaki, H. Iwasaki, H. Kawata
and K. Nose,: Rev. Sci. Instrum. 63(1992)
1110 .

720s

Holding^

Start"-

Fig. 1 Time change in the distribution
of the [ICQ] poles of the silicon steel
sheet during the recrystallization at
1233 K. Each pattern shows the
distribution over an angle range of 10
deg. around the North Pole of the sphere
of poles.

ts- ^

Fig. 2 A series of magnified image of
patterns showing the change in the
distribution of Bragg spots during the
incubation period. Arrows indicate the
spots which varied in size and/or
blackening.
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Introduction

Measurement of photoion-yield spectra of different
charge states, as well as that of photoelectron-Auger
electron spectra, provides effective means for studing
photoionization processes. Rare earth atoms are attrac
tive systems because th^ show strong enhancement of
absorption cross sections in the vicinity of the 4d ioni-
zation threshold due to the 4d-(4, e )f resonance excita
tion and associated collective effect. We have performed
measurement of photoion-yield spectra of different charge
states for atomic Nd and E^as acomplemental study of
our photoelectron spectroscopy on these atoms.

Experimental

A monochromatizeds3mchrotron radiation from the
24m-SGM monochromator at BL-3B crossed with an

atomic beam from an oven of electron bombardment type
in the interaction section of a TOP mass spectrometer.
Photoions resulting from photon-atom interaction were
separeted with respect to their charge states, and their
intensities wCTe recorded simultaneously with changing
the wavelength of the radiation. After correcting for
experimental factors sudi as quantum efficiency, second
order light, etc., we obtained the results shown in Figs 1
and 2.

Results and Discussion

From the results shown in Figs 1 and 2, we see(l)
singly- to quadruply-diarged ions are observed in both Nd
and Dy, (2) dominant production in Nd are doubly- and
triply-charged ions, but those in Dy is singly-charged
ions, (3) quadruply-chargedions are observed only when
4d-hole states are produced, and (4) the yield curves of
singly-charged ions show Beutler-Fano profile. The
feature (4) is now well understood: it is the result of

interference between the 4d-4f excitation and autoioniza-

tion channel and direct 4f ionization channel. Apparent
final result is the ionization of 4f electron, and hence is
production of a large fraction of singly-charged ions.
These results are consistent with the results of our

photoelectron spectroscopy (in this Activity Report) and
previous data .'' " ^'

References

1) T. Nagata et al., Physica Scripta 41 (1990) 47.
2) Ch. Dzionk et al., Phys. Rev Lett. 62 (1989)
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Fig. 1 Photoion-yield spectra for atomic Nd measured
in the 4d giant resonant region.
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Fig.2 Photoion-yield spectra for atomic Dy.
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Introduction

One of outstanding features of photoionization of
rareearth atoms is the4d-(4, e Xgiant resonance.
Photoelectron and photoion spectroscopy are effective
means to investigate this resonance phenomenon and
associated many-electron processes. Owing to experi
mental difficulties, photoelectron studies reported so far
are limitted to those on Eu' ^ , La and Ce^' , Sm, Eu
and Gd^' . We have studied photoionization in the 4d
ionization region ofNd andDy atoms by means of both
photoelectron and photoion spectroscopy. This short
report describes the results of the photoelectron study.

Experimental

A 24m-SGM monochromator at BI^3B was used to

provide monochromatic VUV radiationin the range from
80 eV to 220 eV. The radiation from the monodiro-

mator crossed an atomic beam from an oven of electron

bombardment type, and photoelectron spectra were re
corded at magic angle with a 10-cm radius hemispherical
energy analyzer. Partial cross sections for ionization of
4d, 5s, 5p and 4f subshell electrons were determined from
intensities of these photoelectron peaks in the spectra.

Results and Dicussioin

The results on Nd and Dy atoms are shown in Fig. 1
and Fig. 2, respectively. These cross sections are drawn
in relative scale, and will be scaled to absolute values
after being made small corrections due to some experi
mental factors. The two atoms differs in the occupation
numberof 4d subshell(4 in Ndand 10 inDy). We see
that this difference affects largely the relative magnitude
of the partial cross sections. In Dy, the4d-4f excitation
and subsequent autoionization4d®4f' 4d' °4f^
becomes stronger. This suppresses the 4d cross section
and makes Beutler-Fano profile in the 4f cross section
more prominent. Another interesting feature commonly
observed in both Ndand Dy is the strong increase in the
5s and 5p crosssections in thevicinity of the4d~ ^
threshold. This phenomenon has been observed in the
cases of Ce, Sm, Eu and Gd, and is known as many-
electron effect or as collective effect. By combining the
results of present photoelectron study with those of
photoion-yield study ( in this Activity Report), we are
able to obtain detailed information about the photoioni
zation d)mamics.

References

1) U. Becker et al. Phys. Rev. A 34 (1986) 2858.
2) M. Richter et aJ. Phys. Rev. A 39 (1989) 5666.
3) M. Richter et al. Phys. Rev. A 39 (1989) 7007.
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Fig. 1 Partial cross section for photoionization of 4d,
5p, 5s and 4f subshell electrons of atomic Nd. The
experimental points indicated as 4d(A) are those
determined from Auger-peak intensity.
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Introduction

The radiation effect on biomolecules in

aqueous solution can be considered to be the sum
of the contributions from two reaction pathways.
One is those initiated from the energy absorption
of the target molecule, and the others, those
mediated with water radicals produced by photons
or secondary electrons. Although kinetics of
water radicals have been well studied in diluted

solutions, these data are not applicable to the
concentrated aqueous solutions, these data are not
applicable to the concentrated aqueous system
like living cells. In this study, adenosine 5'-
monophosphate (AMP), one of the constitutive
unit of the DNA molecule, in concentrated
aqueous solution was chosen as a model system,
and the concentration dependence of release of
adenine by irradiation was studied in high
concentration region.

Materials and Methods

Adenosine 5'monophosphate (AMP) was
dissolved in distilled water at the concentration

of 1.1 X 10-\ 1.1 X 10-2, 0.11, 0.32 and 1.4 mol/l.
The AMP solutions were irradiated in a sample
chamber (depth, 1mm) through a Kapton film
window. Samples were irradiated with
monochromatic X-rays of 6.2 keV at BL-4A.
Among the degradation products from AMP,
adenine was analyzed by high performance
liquid chromatography (HPLC).

Results and Discussion

The yield of released adenine per one
photoabsorption was estimated from the slope of
dose response curve for each concentration. The
yields were plotted against the concentration of
AMP (denoted by closed circle in Fig.l). The
yield increased with the concentration of AMP,
but the increase rate was slower in the
concentration more than 0.2 mol/l. The values of

yield were much larger than one for all tested
concentrations. This means that the
photoelectrons dominantly contributed to the
release of adenine, rather than photoelectric
effect. The action by these electrons can be
divided into two processes, one is the direct
excitation or ionization of AMP (A process), the
other, the production of water radicals, such as
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OH*, egq- and H* (B process). Some fraction of
these radicals would contribute to the release of

adenine, depending upon the concentration of
AMP (B-1). The other would annihilate through
the reaction between them (B-2). Among these
three processes, A and B-1 processes would
contribute to the release of adenine. The

concentration dependence of the yield of release
of adenine (d>) could be expressed by a equation as
follows.

(:> = Gi[AMPl -hG2[H201- ki[AMP][WR]

k,[AMPl[WRKk2[WRr
(1)

The first and second terms mean the

contribution of A and B-1 process, respectively.
Gj and G2 are the efficiencies of the secondary
electron to react directly with AMP to release
adenine and to produce water radicals,
respectively, and kj and kz are the reaction rate
constant of water radicals with AMP, and that
with one another, respectively. WR means water
radicals. The dotted line in Fig.l was drawn
using the parameters obtained with the observed
data . This result imply that the model could
explain the concentration dependence of the yield
of adenine in concentrated aqueous solution.
Further analysis with radical scavengers would
be useful to test the model.
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Fig.l Quantum yield of released adenine from
AMP after X-ray irradiation at 6.2 keV as a
function of concentration of AMP
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INTRODUCTION

Recently, we developed a new detection metliod for the
instability of nuclear DNA on acid hydrolysis by staining
with acridine orange (AO) to detect of DNA damage induced
by monochromatic X-rays with bromodeoxy-uridine (BrdU)
and porphyrins as follows.

EXPERIMENTAL AND METHODS

(1) Human melanoma cells were treated with 10 |i.g/ml of
BrdU for 6 hr before harvesting. (2) At 30 min before the
havesting, various porphyrins (conc. 50 |ig/rnl:Photofrin-II,
hematoporphyrin oligomer=HpO and a pheophorbide
derivative = PH-1126) were administered to the cell

suspension. (3) The cells were washed with medium
RPMI1640 and were irradiated with different doses (0-10

kR(=2.58 C/kg) at 0 TT by X-ray of 0.918 A (corresponded
to the energy level of the K-shell electron of the Br atom) and
5.763 A (corresponded to the K-chell of the P atom),
respectively. (4) At 0, 0.5, 1 and 3 hr after irradiation, these
cells were smeared on glass slide and were fixed with 70%
EtOH-aqueous solution for 16 hr at 4 "C, (5) The fixed cells
were treated by acid hydrolysis and fluorescent staining with

AO mentioned in our previous reports'-^'. (6) Intensities of
the green and red fluorescence from AO were measured by a
fluorescence cytophoto-meter (model QH-2, Olympus). (7)
The hydro-lysis curves obtained by the photometry were
fitted to the Bateman function: y(t)=yo/(k2-ki)x[exp(-kit)-
exp(-k2t)] to determine the kinetic parameters 1); yo, the
initial yield of apurinic acid (single-stranded DNA); k2, the
rate constant of depolymerization (degree of DNA
denaturation). (8) It was found that these prameters
increased linearly with the yield of X-ray-induced-single-
strand-breaks (SSB) of DNA measured by the alkaline
elution method as shown in Fig.l.

RESULTS AND DISCUSSION

(I) The values of parameters yo and k2 obtained were
plotted against X-ray doses. The values increased linearly
with increasing X-ray doses at 0.918 A as shown in Fig.2.
The slope gradients of the dose response curves in the
presence of the porphyrins were steep in the following order:
HpO (3.16 [=yo] and 4.19 [=k2] times) > Photofrin-II (1.62
and 2.56) > PH-1126 (1.64 and 1.88) > Control (1.00).
(II) In the case of BrdU addition, the slope gradients of the
dose response curves of parameters were steep in the
following order: Photofrin-II (1.25[=yo] and 2.31 [=k2]
times) > HpO (0.66 and 1.60) > PH-1126 (1.02 and 1.28) >
Control' (contained BrdU;1.00) as shown in Fig.3. When
the cells containing BedU alone (Control') were irradiated,
the enhancement ratio of yo and k2 were 1.52 and 1.67,
resfjectively. The additive enhancement by BedU with
porphyrins was observed in the DNA damages induced by
the irradiation at 0.918 A. On the other hand, (III)
suppression by the porphyrins alone was observed with
5.763 A X-rays as shown in Fig.4. The slope gradients of
the dose response curves in the presence of the porphyrins

were low in the following order: Photofrin-II (0.15 [=yo]
and 0.31 [=k2] times) < PH-1126 (0.32 and 0.35) < HpO
(0.41 and 0.45) < Control (1.00). In addition, (IV)when the
repair of theDNAdamage induced byX-rays (5kR) at 0.918
or 5.763 A was investigated, the values of yo and k2
decreased within I hr after irradiation as shown in Fig.5.

SUMMARY
The enhancement of BedU for SSB was observed with

0.918 A X-rays using this new method. Furthermore, the
differential effects of porphyrins for SSB were observed as
an enhancement at0.918 Aand asa suppression at 5.763 A
although the mechanism is not fully understood at the
present.

REFERENCES
1) N. Miyoshi and M. Fukuda, Hislochem., 84, 561-565
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2) N. Miyoshi, et al., Photomed. & Photobiol.. II, 109-114

(1989).

FIe.4
* ^ •••• *1 ain t

> A A r



proposal No 90-202

SMALL AREA I-RAI DIFFRACTION ANALYSIS OF A SYNTHESIZED DIAMOND

Fumihiko NAKAMURA^ \ Shinjiro HAYAKAWA^ \ Masao WAKATSUKI^^, Hlroyuki KAGI^^, and Yohichi GOHSHI^^

1)Department of Industrial Chemistry, Faculty of Engineering, University of Tokyo, Tokyo, Japan
2)In8titute of Material Science, University of Tsukuba, Tsukuba, Ibaraki, Japan

Introduction

Synthesized diamond single crystals have
been characterized utilizing x-ray analyses with
spatial resolution. Small area x-ray
fluorescence (XRF) analysis has revealed
selective di^ssolution of Ni into {111} growth
sector For obtaining local structural
information, small area x-ray diffraction (XRD)
analysis was carried out.

Experimental

Fig.1 shows a schematic layout of
experiments carried out on the BL-ZA. The beam
size was restricted to be 300 pm square on the
sample. Horizontal and vertical divergence was
6x10" and 3x10"-^ degree in each direction.
Incident beam energy of 8 keV was used with the
energy band width of less than 2.5 eV.
Diffraction conditions are satisfied by changing
incident angle and the detector position. X-Y
sample scan provides topographic image of the
sample, and 0-(J) scan at an area of interest
provides a looal rocking curve. A single diamond
crystal grown in a Ni-Mn-Fe alloy flux under
high temperature and high pressure was
investigated. The diamond crystal was sliced
into a thin section of 4^00 pm in thickness
parallel to {110} plane of the crystal. The size
is about 3 mm x 4 mm in area.

Results and discussion

Fig.2 shows intensity distribution of {220}
diffracted x-rays in the diamond crystal. A
comparison between XRF and XRD images showed no
significant XRD intensity change around the Ni
dissolved area. However, XRD intensity varies as
much as three times in the sample. One can find
an intense region at a position marked A on the
inset in Fig.3. The point-A is positioned at a
cavity where solvent metals had occupied before
the acid treatment for eluting metal inclusions.
The XRD result suggests that the presence of
metal inclusion might enhance the XRD intensity
of region surrounding the inclusion.

To eliminate the effect of orientation

distribution of crystallites in the sample, two
dimensional (9-4)} rocking curves were measured
at three positions (A-C) marked on the inset in
Fig.3* Rocking curves shown in Fig.3 are cross
sections of 0 dependence at 4) which satisfied
the condition that diffraction occurred in a

horizontal plane. The peak Intensities in Fig.3
are proportional to those of Fig.2. Therefore,
the effect of the orientation is negligible and
it is evident that observed intensity difference
depends on the difference of reflectivity. Fig.3
also shows that the higher the peak is, the
wider the FWHM is. The fact suggests that the
difference of reflectivity related to crystal
distortion.

As a result, small area XRD analysis has
revealed the distortion distribution in the

crystal. The distortion spread is attributed to
the remnant of metal inclusion.

Reference ) M. Wakatsuki et al., Proc. of
the Second Inter. Conf. on the New Diamond
Science and Technology (MRS 1991)
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Fig.1 A schematic layout for small area XRD
analysis

Fig.2 A topographic image of the sample with
{220} diffracted x-rays.
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Fig.3 Local rocking curves at several

positions on the sample
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Introduction

Nickel is one of the most intriguing elements being eas
ily incorpoarted in synthetic diamonds in the state of solid
solution. Besides several absorption bands relating to Ni-in-
duced deffects, isolated interstitial Ni^ and substitutional Ni"
can be detected with ESR. It has been reported that yellow-
colored diamond crystals grown from Ni-based metal sol
vents show ESR signals of Ni" in addition to those of neu
tral nitrogen, while green-colored crystals grown from Ni
with addition of a small amount of Ti show substantial de

crease of Ni" and neutral nitrogen, and appearence of Ni"*". In
this study, total amoimt of incorporated Ni atoms including
these ESR-active species (Ni"^ and Ni") was determined for
investigating Ni incorpotation process.

Experimental
X-ray fluorescence measurements were carried out at the

BL-4A with the X-ray beam size of 300 pm square and inci
dent beam energy of 9 keV. A nickel foil of 12.8 nm in
thickness was usM for standard material in determination of
nickel content in diamonds. Sythetic diamond crystals were
grown by the temperature gradient method using Ni-based
metal solvents. Yellow-colored Sample-A was grown in Ni
without any additives, and green-colored Sample-B was
grown in Ni with 2 wt.% of Ti. Concentration of paramag
netic impurities in these two samples determined with ESR
measurement is shown in Table 1.

Results and Discussion

Figs. 1 and 2 show two dimensional concentrationdistri
bution images of nickel for Sample-A and Sample-B. respec
tively. It is easy to observe that nickel is selectively dis
solve in {111} growth sector. Spatially averaged concentra
tion of Ni both for Sample-A and Sample-B is listed in
Table 1. It is proved that total amounts of nickel for the
two samples show a close similarity, while ESR-active
nickel and neutral nitrogen decreased in Sample-B. This re
sults means following two implications. The first one is
the presence of ESR-inactive Ni constituting the major
nickel impurity incorporated in artificial diamonds. The an
other one is that the amount of ESR-active nickels shows a
fine correlation with that of neutral nitrogen, which suggests
an occurence of certain charge transfer between nitrogen and
nickel.

References
1) J. loya et al., Phys. Rev. B 42, 9843-9852. (1990)
2) M. Wakatsuki et al., 1991 MRS Int Conf. Proc. MS-
US. (1992)

Table 1. Concentrationof N and Ni. (atom, ppm)

Ni"^ Total Ni

Sample-A 270

Sample-B 0.29 0.15 2.4

Fig.1 X-rayfluorescence imageof Sample-A.

Fig.2 X-ray fluorescence imageof Sample-B.
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Introduction

Blood flow distribution in small myocard-
ial regions (54 mg to 201 mg) has been
studied by using radioactive mirospheres
(1-3).Furhter precise evaluation of
regional flows and their relations to
anatomical features of coronary vascular
trees will be required, because , the
functional microvascular unit of the myo
cardium weighs between 0.2 and 1 mg
according to the report by Basshingwaight
(4).However, there is a disadvantage in
the radioactive microsphere technique in
that the tissues have to be cut into

discrete samples for counintg of their
radioactivity rather than the limitaion
of the sensitivity to detect small amount
of radioactivity. This make it difficult
to compare the measured flow directly with
the results of histological analyisis and
make it tedious to analyze flow normalized
to each sample weight in smaller regions.
Recently we reported X-ray fluorescence
sepctrometry to measure regional blood
flow in gram-order tissue with non-
radioactive microspheres loaded with sta
ble heavy element(5).

We describe here a new version of X-ray
fluorescence spectormetry with a monochro
matic synchrotron radiation as an excita
tion source to analyze regional blood
flows in smaller contiguous regions than
that have been studied, leaving the tissue
sample intact. High photon flux densitiy
of synchrotron radiation and a conversion
of incidental synchrotorn radioation with
continuous energy range to monochromatic
X-ray with a narrow range of energy level
allows us to increase the sensitivity of
X-ray fluorescence specrometry tremendous
ly and nearly paraellel nature of the
beam allows us to detect the X-ray fluo
rescence activity from indivisual tiny
part of myocardium, which were contiguous
each other leaving the tissue intact.

Methods and Results

In the present study, we validated the
method to measure relative flows in small
myocardial regions of 20 mg or less and
evaluated a temporal inhomogeneity of
flows in small ischemic regions. We
injected two sets of 1 x 10^ of dual
nonradioactive microspheres (MS) loaded
by I and Ba 4 times every 2 min to obtain
about 400 MS per 20 mg tissue. Relative
flow in the 36 spots, of 2.5 mg, 106
spots of 10 mg and 46 of 20 mg region
were analyzed by SRXFS with narrow exci
tation beam (1-3 mm x 1-3 mm). The accu
racy of the dual flows were evaluated by
a linear regression analysis. As shown
in the Table below, measured flows on 10
and 20 mg samples were accurate.

In the other dog with a bypass between
left subclavian and left circumflex
artery, we reduced the perfusion pressure
at proximal portion of left circumflex
artery to 65 and 45 mm Hg, and evaluated
a variability of relative flow in ische
mic and nonischemic small regions by dual
sets of MS injected to each region.
Repeated flow measurements of 20 mg
regions under a maximal vasodilation with
adenosine revealed a significant temporal
correlation (r: 0.87,Syix/y' 9.7 %, p<0.001)
in 257 normally perfused regions,but, a
poorer correlation in 256 ischemic regions
at 60 mm Hg and at 45 mm Hg in perfusion
pressure (r: 0.68, Syix/y' 50.7 %).

In conclusion, SR-excited X-ray fluores
cence spectrometry demonstrated a temporal
inhomogeneity in contiguous small regions
of left ventricle with ischemia.
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Sample size:
r:

SyIx/y:

Table

20 mg 10 mg 2.5 mg
0.97 0.96 0.93
7.8 % 9.8 % 17.4 %
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Design considerations

When an x-ray focusing mirror is designed, it
is widely said that the upper limit of the
energy range is around 10 keV because horizontal
( or saggital) acceptance of the mirror becomes
extremely small with small glancing angles.
However, in the analytical sense, higher limit
of the tunable x-ray energy has significance. X-
ray energy up to 20 keV covers K shell
ionization of Mo and L shell ionization of U. In

this subject, a large ellipsoidal mirror was
designed and fabricated which provides an
intense x-ray beam of about several hundred
micrometer in diameter with energy tunability
up to 20 keV. Fig. 1 shows parameters for the
ellipsoidal mirror. Magnification is 1/6 and the
vertical and horizontal acceptance is 0.1 and
0.68 mrad, respectively. Considering the
practical mirror surface roughness as 10 X,
reflectivity of more than 50 % is expected for
15 keV x-rays. Though the horizontal acceptance
is not so large, the resultant intensity gain
of 700 is expected for 8 keV x-rays.

Results

The ellipsoidal mirror was fabricated from fused
quartz whose surface was coated with Pt.
Utilizing mirror adjusting mechanisms we have
invented, performance of the mirror was
evaluated at the BL-/.A. Fig. 2 shows obtained
reflectivity and calculated ones. Practical
reflectivity is higher than 50 % for 15 keV x-
rays and^^ it shows the surface roughness of less
than 10 A has been realized. Fig. 3 shows a beam
profile at the focal plane. A pinhole of 50 pm
in diameter was scanned in horizontal and

vertical directions, and the transmitted beam
was monitor by an ionization chamber. Beam size
was 0.2mm and 0.3 mm in horizontal and vertical

direction, respectively. Photon flux at the beam
spot was 2x10 for 8 keV x-rays with the ring
current of 300 raA. The obtainable beam size is
larger than the designed one in vertical
direction. That is presumably caused by the
error in the meridional plane curvature.
Achieved gain of the photon flux density is a
little smaller than the designed value, but the
gain is higher than 100.

Utilizing this mirror, analytical
applications such as ultra trace element
analysis or small area XAFS measurements are
being carried out.

SOURCE

Fig. 1. Designed mirror parameters.
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Fig.2 Obtained(circle) and calculated(solid
lines) reflectivity at the Pt surface. For
calculations, rms surface rougness of 0, 5, 7,
and 10 X were used.

Fig.3 A beam profile for 8 keV x-rays.
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INTRODUCTION

A high energy resolution X-ray fluorescence
(XRF) analysis has been developed by a
wavelength dispersive (WDX) spectrometer in
which a flat crystal analyzer is combined with.a
position sensitive proportional counter^'' .
The advantages of the present spectrometer are
higher energy resolution than the energy
dispersive measurement, high efficiency than the
angle scanning type WDX and multielemental
nature. Those characteristics are beneficial
for analysis of practical samples. In this
reports, we describe the detailed analysis of
signal intensities and the signal-to-background
ratio(S/B) for several types of excitation mode
and analyzer crystals. Quantitative trace
element analysis in rock samples is also
reported.

RESULTS

An experimental arrangement has been already
reported . We have compared the signal
intensity for analyzer crystals : the signal
intensity ratio of 1:2.9:23 was obtained for
Ge(111)mirror polished, Ge(111) lapped and
graphite crystals, respectively. The efficiency
of the analyzer crystal is highest for a
pyrolytic graphite, while the energy resolution
can be improved to around 1eV with a perfect
crystal analyzer. Though the graphite analyzer
is efficient for elemental analysis, there are
disadvantages in practical analysis: the
quantitative analysis must be careful done
because the reflectivity varies by +-10% within
the crystal and the X-ray fluorescence spectrum
from the practical sample is sometimes
complicated because of the second order
reflection.

Table 1 compares the signal intensity and
the S/B for various excitation modes. The
continuous spectrum of SR is about 100 times

more efficient than bandpass SR excitation.
Though monochromatic synchrotron X-rays seems to
be favorable for higher S/B, the intensity loss
is significant for practical analysis at
present.

Quantitative analysis was made for a series
of rock reference samples offered by Geological
Survey of Japan. Fig.1 shows the WDX spectrum
from JB-la(basalt). Fig.2 shows the relation
between the Zn X-ray fluorescence intensities
after the absorption correction and the
certified(or recommended) values. Fairly good
agreements were obtained over a wide
concentration range and various elements. This
suggests that the present technique is also
applicable for quantitative trace elements
analysis of practical samples.

Table 1 Comparison of the signal intensity and
the S/B for excitation modes

Sample : Pepperbush (NIES No.1)

Excitation Relative signal S/B for
Mode intensity of MnK-L MnK-L

Continuous SR 1

Bandpass SR 7''1E-3

Monochromatic SR 9*1E-^

X

29

2U

X-ray fluorejcence Wavelenglh (A)

Fig. 1 WDX spectrum from JB-1a(basalt)
Continuous SR excitation.

cd
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Fig. 2 The relation between the Zn X-ray
fluorescence intensities after the absorption
correction and the certified(or recommended)
values.
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Introduction

Chemical state analysis of elements in a mineral
provide useful information for the study of the origin and
history of mineral formation and subsequent alterations of
the mineral. However, it has been difficult to obtain two-
dimensional information of the chemical state by conven
tional analytical techniques such as Mossbauer spectrosco-
py and ESR. In this study, we have applied the following
two techniques to the two-dimensional chemical state
analysis of geological samples: one is XANES (X-ray
Absorption Near Edge Structure) and the other is SIXES
(Selectively Induced X-ray Emission Spectroscopy).i'2)
Both techniques provide information on the electronic
structure of an element. Especially, a combination of the
XANES technique with X-ray fluorescence detection
using a Si(Li) detector and Synchrotron Radiation (SR) X-
ray source makes it possible to obtain XANES spectrum of
trace elements in a small sample area nondestructively.^)
The SIXES technique enables us to carry out chemical
state mapping by X-ray fluorescence using absorption
edge shifts.

Here we report chemical state analysis of chromi
um in some important meteorites. Though existence of
divalent chromium in a silicate phase of meteorite has been
estimated by theoretical calculations, none of experimental
study has provided the direct evidence of the existence.
This study report finding of divalent chromium in
YAMATO 691 meteorite for the first time.

Experimental
We have measured the XANES spectra of Cr, Ti

and Fe in some important meteorites (chondrites: Yamato
691, Allende, Murchison, Krymka and Semarkona). SR-
XRF measurements were made using monochromatized
radiation with Si(lll) double crystals from the bending
magnet beam-line (BL-4A) at the Photon Factory.
Samples were placed on a XZ stage in a vacuum chamber.
Fine parallel beam of desirable size (100-200 //m) was
obtained by a simple set of vertical and horizontal slits.

Results and Discussion
Figure 1 shows Cr K-edge XANES spectra of

reference samples showing shift of the absorption edge
depending on the oxidation states of chromium. It is
clearly seen that not only the chemical shift but also the
shapes of the spectra are often characteristic to the chemi
cal state of chromium in the sample . For example, the
XANES spectrum of K2Cr207 has an intense pre-edge
absorption (Fig. 1). This intense absorption is characteris
tic to hexavalent chromium and can be used to characterize
the oxidation sate of chromium in a sample. Figure 2
shows two examples of the Cr-K XANES spectra of
chondrules in the meteorites with reference to the spectrum
of metallic chromium. It is found that chromium in the
chondrule of Allende meteorite exists in the trivalent state.
On the other hand, the spectrum of YAMATO 691 shows
a doublet peaks at the absorption edge indicating that both
divalent and trivalent chromium exist in the chondrule as a
component of a silicate. Existence of divalent chromium
in a silicate phase has never been identified experimentally
until this study. Our XANES spectra of Ti and Fe-K edge
also indicated the existence of trivalent titanium and metal

lic iron in the YAMATO 691 meteorite. Consequently, it
is found that this meteorite was formed in a highly reduc
ing condition.
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Fig. 1. Cr K-edgc XANESspectra of some standard samples.

YAMATO 691
meteorite

metallic Cr

Allende meteorite
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Fig. 2. Cr K-XANES spectra of metallic Cr, YAMATO 691 meteorite and
Allende meteorite. Existence of divalent chromium can be clearly seen in the
spectrum of the YAMATO 691 meteorite.
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Total-reflection x-ray fluorescence (TXRF) analysis has
been used to examine metallic contaminations on silicon
surfaces in device fabrication processes since a high grade
of apparatus using a rotating anode x-ray source and a
monochromator system was developed However, this
apparatus has insufficientsensitivityand inaccurate angular
resolution compared with the demand for characterization
of advanced contamination control techniques. Application
of synchrotron radiation to TXRF analysis has been
attempted, but the minimum detection limit (MDL) for
metallic elements has not yet improved The main
factor that determines the detection limit must be made
clear. In this report we describe the results of TXRF
measurements using the polaization of synchrotron
radiation.

An experimental setup for TXRF measurements was
constructed at beam-line 4A with the silicon double-crystal
monochromator selecting 9.8 or 12 KeV as excitation x-ray
energy. A vacuum sample-chamberwas used to avoid
environmental pollution, x-ray absorptiondue to air and a
increase in background intensity caused by Ar peaks. Test
samples were 4 inch-diameter silicon wafers, the surfaces
of which were contaminated with five kinds of metallic
impurities (Cr, Fe, Ni, Cu, and Zn) with concentrations of
10'®, 10", 10'^, and 10'^ atoms/cm^ by thespin-coat
method. To take advantage of the horizontal polarization of
synchrotron radiation emitted from the bendingmagnet
source, the sample was set on the vertical-axis x-ray
goniometer so that the normal to the sample surface could
be parallel to the polarization vector of the synchrotron
radiation. TXRF measurements were carried out by
changing the glancmg angle below the critical angle (3.23

Pp- Cu,- -

-I ritl
14^
Prlmarv

0 2 4 6 8 10 12 14
Energy(keV)

Fig. 1. TXRF spectrum for a lO'" atoms/cm^-
contaminated sample. Excitation energy, 12
keV.

and 2.64 mrad for 9.8 and 12 keV excitation energy,
respectively). XRF intensities were counted by a Si(Li)
detector which was placed close to the sample surface.

Results

Figure 1 shows an example of spectra from a 10'®
atoms/cm^-contaminatcd sample which wasmeasured
under the conditions of a 1.16 mrad-glancing angle and a
SOOs counting time. An extra peak observed at 7 kev was
assumed to be Co Ka, but the origin of cobalt
contamination was not clear. The minimum detection limit,
which was evaluated from this spectrum and the result of
atomic absorption spcctrometry, is showm in Table 1. The
detection limit has achieved 10® atoms/cm^ order of
sensitivity for Fe, Cu and Zn. Figure 2 shows the angular
dependence of Cr, Fe, Ni, Cu, Zn and Si Ka-intensities
which were obtained from a 10" atoms/cm^-contaminated
sample. This result indicates that metallic impurities were
adsorbed on silicon surfaces in different manners because

each of elements has a different angular dependence.

1) K.Nishihagi et al., Adv. in X-Ray Analysis 3 4, 81 (1991).
2) Y.Hashiguchi el al., Tetsu to Hagane 7 7, 2007 (1991)( in Japanese].
3) A.Fukano et al., PF Activity Report 1991 (KEK,1992) p.289.

Table 1. MDL for metallic elements.

Element MDL(10® atoms/cm^)
Fe 5.9

Ni 13
Cu 4.4

Zn 5.9

^Cu '.j/fv

•I• ' i

Glancing Angle(inrad)

Fig. 2. Angular dependence of XRF
intensitiesfor a 10 atoms/cm^-contaminated
sample. Excitation energy, 9.8 keV.
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introduction

Our group have been employing microbeam XRF
using synchrotron radiation (SR-XRF) mainly to analyze
trace Ruthenium (Ru) in meteoritic irons'. We have
detected trace Ru and other trace elements in localized
areas by this SR-XRF method. In this period, we applied
this method to detemiine trace Ru and Molybdenum (Mo)
distributions in Sikhote-Alin meteoritic iron. Ru is one of

the Platinum-group elements, and is useful siderophile
clement for classification of meteoritic irons^. Mo can be
determineil by our set up. Since the isotope anomaly of
this element has been recently reported for several
meteoritic irons', information about localized distribution
of Mo in meteoritic irons will be needed for combining it
u ith such isotopic data for discussion of behavior of this
clement in formation processes of meteoritic irons.

We also report a preliminary result of trace Ru
anals sis in FeNi grains in a stony meteorite.

Samples and Experimental Procedures

We used the SR-XRF unit constructed on BL-4A
lor the XRF intesity measurements. The samples were
irradiated by X-ray of excitation energy fixed at 22.5 and
23.0 KeV. counting times ranging from 2000 to 6000
sec., and the beam size range from 0.15 X 0.15 mm to
0.50 .X 0.50 mm squares. Standard samples of Ru in this
method are Ni-Fe alloy (Fe90Nil0) doped with known
Ru contents (0.1. 0.01, 0.001 wt %, Ru). Since we have
not prepared standards of Mo, the determination of
ilistribution of this element was made by comparing the
counts at different areas of the specimen.

The specimen of meteoritic iron used here is
Sikhote-Alin t^pe IIB iron, in which Mo isotope anomaly
was reported' . The stony meteorite used is (2addo
County, one clan of primitive achondrites.

Results

The Ru content of Sikhote-Alin analyzed is 3 to 4
ppm. This abundance of Ru falls very close to the IIB
region in Ru vs. Ni diagram previously presented^. In
this meteoritic iron. Mo concentration was found in an
inclusion of accessory mineral, schreibersite (Fe,Ni) ,P.
The counts of Mo peak in the schreibersite inclusions are
about ten times higher than those of the FeNi minerals
(Fig. I). The ratio of absorption coefficients of
schreibersite and FeNi is about 0.8, thus the ratio of
concentration of Mo is around I : 8.

The Ru content of FeNi grains in Caddo County
shows 2 to 5 ppm. But these grains seems to be too
small (about 2()0 to 300 microns in diameter) to be
analyzed precisely.

Discussion and Summary

•According to Mo concentrations in mineral
inclusions, we expect that Mo, which is one of calcophile
elements, niav be concentrated into troilite (FeS).
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Fig. 1 The Ru-Mo plot of Sikhote-Alin meteoritic iron.
Note that Mo counts of inclusion are higher than those of
FeNi mineral (kamacite).

Although we admitted that very small spherules of troilite
may present in the schreibersite inclusions we have
analyzed here, there is the possibility that Mo is
concentrated in phosphides. Further mineralogical study
of such inclusions is required. If Mo concentrates into
shcreibersite, these data will be useful to interpret the bulk
chemistry and i.sotopic study of this element, on which an
interesting isotope abundance has been reported '̂'.

In summary, our application of SR-XRF methods
to meteoritic irons has shown that (1) The SR-XRF
method can be applied to analyze trace Mo in meteoritic
irons; (2) Mo is concentrated in accessory mineral
inclusions of meteoritic irons. Further study to identify a
host phase of Mo must be required for detail discussions
in meteorite research.
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Introduction

The molluscan shell consists of an external
horny periostracal layer and an inner calcareous shell
layer, mainly composed of aragonite (the
orthorhombic allomorph) and calcite (the
rhombohedral allomorph) of calcium carbonate.
Oyster shells are composed mainly of calcite, except
for some distinct areas such as resilium(l). In the
larval shell aragonite, calcite and amorphous were
found. Synchrotron X-rays were used for studies of
crystalline phase of the growth front of the paper shell
obtained from chambered Japanese oyster, Crassostrea
gigas.

Materials and Methods

The oyster just in a state of paper shell
formation was used in this study. After removal of
the soft body, the inner surface of the right valve was
carefully washed with ultra-pure water three times.
The part which was observed in a state of very early
stage of paper shell growth (2) was cut out, placed on a
Makrofol backing fixed on frame and dried. From our
two dimensional multi-elemental micro analysis (3),
calcium distribution corresponds well with the
distribution of white colored membrane-like shell

materials. Synchrotron radiation X-ray micro
diffraction was made at the edge of the membrane
like shell materials. This part is growth front.

Experimental arrangement was similar to the
one described in our previous works(3). The sample
was mounted on translation stages, driven by
stepping motors for positioning. An imaging plate
was placed behind the sample. The Debye-Scherrer
ring was recorded on the imaging plate. Pure calcite
and aragonite were used for reference materials. The
beam size was 0.15X0.15 mm and monochromatized

X-rays of 12.6 KeV were used.
Results and Discussion

The X-ray diffraction pattern (Fig.l) shows that
aragonite and calcite are coexistence in the growth
front of paper shell. It is known that adult oyster
shells are composed mainly of calcite. Aragonite has
been found only small, distinct, well-defined areas
described above. As paper shell distributes almost all
inner surface of oyster shell, therefore, it is assumed
that aragonite is widely distributed throughout the
oyster shell. Though the cause or mechanism of these
two CaC03 polymorphs formation has not yet to be
sufficiently clarified, it seems to suggest that aragonite
is not exceptional form in oyster shell.
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Fig. 1. X-ray diffraction patterns of calcite, aragonite
and growth front of oyster paper shell.

The authors thank Dr. Shimomura and Dr. Fujihisa
for helping analysis of Debye-Scherrer ring.
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Introduction

Copper and zinc are essential trace elements and are
normal components of many protein or enzyme systems. In
particular, zinc plays an important role in male genital organs
and its high content is observed in prostate. However, little has
been known about the site and mode of action of the prostate
zinc. On the other hand, abnormally copper and zinc levels in
cancerous tissues were reported''^^ In the present study, we
have revealed two dimensional distributions of zinc and copper
in prostatic cancer and benign prostatic hypertrophy (BPH) by
nondestructive SR-XRF imaging.

Experimental
The tissues of prostatic cancer and BPH were fixed in

10% formalin and were paraffined. Then, the tissues were cut
into slices of 2mm thick for the specimens of SR-XRF analysis.

Measurements were made at BL-4A, PF utilizing energy
dispersive SR-XRF system with monochromatic X-ray obtained
by Si(lll) double crystal monochromator. Energy of X-ray
used was 16keV. Two dimensional analysis was canied out by
placing a sample on a XZ stage under the following condition :
beam size = 750x750pm2, step size = 750pm/step, counting time
= lOsec/point.

After the SR-XRF analysis, we examined the same
sample histologically.

Results and Discussion

The example of the specimen for SR-XRF analysis is
shown in Fig. 1-a). The results are given in Fig.s I and 2, which
show the light microscopic photograph and the distribution of
zinc, and copper for the prostatic cancer and BPH. Correspond
ing to the li^t microscopic photograph ofthe sample, it is found
that copper and zinc were more accumulated in the cancerous
tissue which located on the outside of prostate, than the normal
tissue. In the case of BPH, high accumulation of both copper
and zinc was observed in the hypertrophic glands than normal
tissue.

The zinc level of cancerous or hypertrophic prostate has
been studied by many researchers. Feustel et al. observed an
increase in the zinc level in BPH. while a decrease in prostatic
cancer-l. Ogunlewc et al. also reported that the mean tissue zinc
level was higher in BPH than in normal prostate, and that zinc
values were lower in cancerous than normal and hypertrophic
prostate'''. However, few data are available concerning the detail
distributions of trace elements in prostate. In this study, we have
clarified two dimensional distributions of copper and zinc in
prostate , and revealed the difference of copper and zinc dynam
ics in prostate between prostatic cancer and BPH. As copper and
zinc were accumulated in cancerous tissues or hypertrophic
glands, it is assumed that there is a correlation between these
disease and copper or zinc.

This nondestructive analysis enables us to examine the
same sample histologically after elemental analysis. Therefore,
this technique can be successfully applied the better understand
ing of physiological roles of trace elements.
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Fig. 1. Chemical imaging of trace elements in the prostatic
cancer.

a);photograph of the sample slice, b):light microscopic
photograph of the sample, and distribution of c):Cu, and d):Zn.

b) X

Fig. 2. Chemical imaging of trace elements in the benign pro-
static hypertrophy.

a):Iight microscopic photograph of the sample, and dis
tribution of b):Cu, and C):Zn.
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Introduction

Most human hair analyses were carried out on a
statistical basis in which the health or environmental
conditions were related with the elemental

concentration of bulk hair. Analytical results are,
however, sometimes ambiguous because the basic
process in which trace elements are incorporated in
hair is not so clear. The measurement of the radial

concentration profiles across the hair diameter is
valuable to elucidate this problem^. Full two-
dimensional elemental imaging of the cross section of
human hair was performed at various positions along
the longitudinal direction using an X-ray microprobe.

Experimental

The X-ray microbeam experiment was done on
the BL-4A. Continuous SR was monochromatized with

a synthetic multilayer monochromator. The
Kirkpatrick-Baez focusing system was designed so as
to achieve the beam size of several pm with the high
photon flux. The beam size obtained was 3 pm to 6 pm
and the photon flux was in the order of 10^"
Idphotons/sec. The sample was mounted on the X-Y
translation stages. Transmitted and fluorescent X-rays
were measured by an ionization chamber and a Si(Li)
detector respectively.

Hair samples were plucked from a healthy male.
A single strand of hair was embedded in the epoxy
resin and then cut in sections of about 10 pm thick.

Results and Discussion

Fig.l. shows the elemental distributions of hair
shaft. An optical micrograph shows that the shaft
comprises of an outer cuticle and an innermost
medulla, with a cortex in between. S has almost
homogenous distribution except at the medulla. The Ca
concentration is high at the medulla. The Zn
distribution shows the higher concentration at the
cuticle and the lower concentration at the medulla.

The cross sectional sample obtained at 0.2 mm
from the hair root was also analyzed(Fig.2). The
distributions of the S, Cu and Zn are almost
homogeneous in the shaft, but K is localized in the
tissue around the hair and is not detected in the hair

shaft. These observations suggest that the
incorporation mechanism of K is different from that of
Ca, Cu and Zn.

The quantitative analysis was made using the
sensitivity curve. Since the sample is thin enough, the
absorption effect is negligible except for S. The average

concentration of each element in the cortex are Ca 400
ppm, Fe 10 ppm, Cu 20 ppm and Zn 200 ppm. Fe
concentration is quite different from that based on the
bulk analysis.

We would like to thank Mrs. K.Uno for preparing
the sample.

1) A.J.J.Bos et al. Nucl. Instr. and Meth. B3 (1984) 654

(a) :(b)

Fig.l. Optical micrograph (a) and fluorescent X-ray
intensity distributions from the cross section of a hair
shaft, (b) S, (c) Ca and (d) Zn. Scale marks are 50 pm.
The experimental conditions were 45 x 45 steps with 3
pm/step and 8 s/pixel collection time. The incident X-
ray energy was 11.5 keV.

WMi'A (d)

Fig.2. Fluorescent X-ray intensity distributions from the
cross section of a hair shaft obtained at 0.2 mm from
the root, (a) S, (b) K and (c) Cu and (d) Zn.
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Introduction

Analytical instruments having capabilities for
micro-analysis play an important role in the modern
science and technology. Recently, jl-XAFS has been
realized using an SR X-ray microprobe.L^) In the |i-
XAFS measurement, two types of measurements are
possible; full XAFS spectrum measurement in a small
region (point XAFS) and the X-ray transmission or
fluorescent X-ray intensity imaging by scanning the
sample with the fixed incident energy (scanning
XAFS).

In this report, we describe an imaging
application of the |J.-XAFS technique, i.e. chemicalstate
imaging^) with high spatial resolution.

Experimental

The experiment was done on the BL-4A using a
Kirkpatrick-Baez focusing system in combination with
a double crystal monochromator. The beam size
obtained was about 5 jlm and the photon flux was in
theorder of10^"® photons/sec.

An iron ore sample was cut, then adhered to a
glass substrate. After polishing, the sample was
carefully peeled off from the substrate and attached to
a thin adhesion tape.

Results and Discussion

A micrograph of the sample is shown in
Fig.1(a). The sample comprised hematite (bright
region) and magnetite (dark region). The XANES
spectra from hematite and magnetite are shown in Fig.
2. The Fe K fluorescent intensity distributions were
obtained at Eh=7A keV (Fig.l (b)) and ££,=7.111 keV +
11 eV . The fluorescent X-ray intensities (F// and Fl) at
two energies (£// and EQ aregiven3) by

a (3
Fh=Ca-Ijj +

FL =CalL+C|3lf^
where suffix a and stand for chemical states and

suffix H and L denote two different energies of Eh and
££,. C is the concentration and / is the normalized
fluorescent X-ray intensity from each chemical state.
Chemical state images of hematite (Fig.1(c)) and
magnetite (Fig.l (d)) were obtained using above
equation. The separated images agree well with
observations using an optical microscope. The same
procedure was applied to images of the transmission
X-ray intensity in order to confirm the fluorescence

detection images.
The point-XAFS measurement is indispensable

for the detailed analysis of the local structure and
electronic state, while the chemical state imaging is
quite effective for the analysis of the chemical state
distribution of the sample as a whole.

1) S.Hayakawa et al. Rev. Sci. Instr. 62(1991)2545
2)Y.Suzuki and F.Uchida, Rev. Sci. Instr. 63(1992)578
3)K.Sakurai et al. Ipn. ]. Appl. Phys. 27(1988)L1768

r

Fig.l Optical transmission micrograph of iron ore
sample (a) and Fe Ka fluorescent intensity distribution
at the energy of 7.4 keV (b). The scanned area was 160
p.m square with a 4 jim step, (c) and (d) are chemical
state images of hematite and magnetite.

Magnelite

[ncidenl. X-ray Energy (eV)

Fig.2 p-XANES spectra of the Fe K edge from Fe in
hematite and magnetite. Fluorescent X-ray detection
mode.
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Introduction

The grazing Incidence X-ray fluorescence
(GJXRF) analysis has made surface trace element
analysis and elemental depth-profiling
possible.!' The grazing exit X-ray fluorescence
(GEXRF) technique also gives the same Informa
tion as is obtained by the GIXRF technique,
which can be explained by the reciprocity theo
rem . 2-4 )

One of attractive applications of GEXRF Is
tni c r 0 - s u r f ac e analysis using X-ray mlcroprobe
technique (iz-GEXRF), which realizes three
dimensional surface analysis. To carry out [i-
GEXRF. however X-ray microprobe with a suffi
cient photon flux is required, since the detec
tion efficiency Is quite low due to the grazing
exit cond111 on.

The y-GEXRF technique was realized for the
first time owing to the high photon flux X-ray
mlcroprobe that we have developed. We have ap
plied the y-GEXRF technique to a patterned thin
film electrode, and confirmed the validity of
this technique.

Experimental

The experiment was carried out at BL-4A.
Figure 1 shows the experimental arrangement.
Bending magnet radiation was monochroraatized
with a synthetic multilayer monochromator,
K1rkpatr1ck-Baez configuration with a pair of
elliptical mirrors (Pt coated fused quartz) was
used to focus the X-ray beam. The X-ray energy
was 8.6 keV: the beam size at the sample posi
tion was around 5x5 //m^; and the X-ray photon
flux was of the order of lo!" photons/sec at the
storage ring current of 300 roA. The angle of
incidence was nearly normal to the sample sur
face. Fluorescent X-rays emitted from a sample
were detected by a Si(Li) solid state detector
(SSU) placed in the horizontal plane at 90
degree to the primary beam direction. The angu
lar resolution was in the range of 0.2-1 mrad
by using a variable silt placed before the SSD
at a distance of 90 mm from the sample. The exit
angle 6 was changed by rotating the sample. The
sample was mounted on X-Y translation and d
rotation stages. The intensity of fluorescent X-
rays was measured as a function of the exit
angle 6 (point analysis), or as a function of
the position in the sample surface (scanning
analysis).

Results and discussion

The sample was Cr(50nm)/Ni(1OOnra) patterned
thin films on Si02 substrate, as illustrated in
Fig.2(a).

Figure 2(b),(c),(d) shows the NlKtr intensi
ty mapping of the sample at various exit angles.
The angular resolution in this measurement was
1 mrad. At the region covered with Cr, NlKo is
scarcely detected at the exit angle of 7 mrad.
On the other hand. N1 pattern beneath the Cr
layer can be recognized at the higher exit angle
(10,18 mrad). Thus the scanning analysis makes
possible to know the lateral distribution of
element at a certain depth separately by
selecting an appropriate exit angle.

We also found by the point analysis the
angular dependences of CrKa Intensity from a
top Cr layer clearly reflect the material be
neath the Cr layer (Ni or SiOa).

The ii-GEXRF technique provides us a surface
characterization method which can be used to

obtain the information about the layer thick
ness, the layer density, the surface roughness,
the structure of interfaces, and the elemental
depth profiling, with several micrometers of
lateral resolution.

Ref erences

1) A.llda, Adv.in X-ray Anal.34,23 (1991).
2) R.S.Becker. J.A.Golovchenko and J.R.Patel,

Phys.Rev.Lett.50,153 (1983).
3) T.Noma, H.Miyata and S.Ino, Jpn.J.Appl.Phys.

31,L900 (1992).
4) T.Noma, A.llda and K.Sakural,

PF Activity Report. 9,49 (1992)

sample

IC K-B optics

si(Li) n
detector

Fig.l The experimental arrangement of the graz
ing exit XRF using X-ray microprobe.
SHH: synthetic multilayer monochromator.

20um 5pin

Cr/Si02

:r(50nm)/Ni(100nm)/Si02

300iim

(a) Sample structure

(c) 10 mrad

(b) 7 mrad

(d) 18 mrad

Fig.2 The structure of an electrode (a) and
NiKa intensity distributions at exit angles of
7mrad(b). lOmrad(c), 18mrad(d). Darker region
corresponds to the higher intensity.
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Introduction

A |I-XAFS technique recently developed is
promising for analysis of practical inhomogeneous
samples. However, it is sometimes difficult to prepare
thin sections of inhomogeneous samples. For such
cases, the fluorescent X-ray (FX) detection mode seems
to be promising. For concentrated and/or thick
samples, however, the FX intensity is not always
directly proportional to the mass-absorption coefficient
of the element of interest due to a self-absorption
effect.P

In this report, numerical correction of the self-
absorption effect is described together with an
application to the Fe K edge XANES analysis using X-
ray microprobe.

Results and Discussion

The experiment was done at BL-4A. The
experimental procedure including X-ray microprobe
system was described in an accompanying report.

Since FX intensity is a function of absorption
coefficient of element i for the incident energy of E
(/ii,E)/ the "true" is deduced from both the
measured FX intensities and a calibration curve, which
is calculated from the theoretical FX intensity.
Geometrical parameters and the sample thickness can
be experimentally determined with sufficient accuracy;
the density and the mass-absorption coefficients of a
sample can be calculated when the elemental
composition at the analyzing portion is known.

A numerical correction procedure was applied
to an analysis of Fe XANES spectra from minerals in a
Fb-Zn ore from Mizuhiki mine. The sample was
adhered to a fused-quartz substrate and polished
down to about 20 Jim. Fig.l shows an optical
micrograph (a) and an elemental image of Fe (b). The
sample consists of pyrite (FeS2), pyrrhotite (Fei-xS)
and silicate. Micro-XANES spectra were obtained with
the FX detection mode (Fig.2).

A correction for the Fe XANES spectra from
pyrite and pyrrhotite was made. Fig.3 shows the
calibration curves for pyrite. From these calibration
curves, corrected XANES spectra for minerals were
obtained (dotted lines in Fig. 2).

According to the present correction procedure,
the "true" XAFS spectrum can be obtained with the FX
detection mode, even from concentrated and/or thick
samples; this is important for X-ray microprobe
applications.

We would like tothank Dr. K.Sato for providing
us rock samples.

Fig.l Optical micrograph (a) and Fe fluorescent
intensity distribution (b) of a rock sample. Scale marks
100|im. (A) pyrite, (B) pyrrhotite and (C)silicate.

X-ray Energy (eV) -i-7.11 keV

Fig.2 Fe |i-XANES spectra of pyrite (A), pyrrhotite (B)
and silicate (C). Measured (solid line) and corrected
(dotted line) spectra.

Mass Absorption Coefficient (Hi.E cm2/g)

Fig.3 Calibration curve for a numerical correction of
the self absorption effect. The calculation was made for
pyrite with various sample thickness.

DL.Troger et al, Phys. Rev. 346(1992)3283



proposal No 92-094

SENSITIVITY OF X-RAY FLUORESCENCE ANALYSIS USING X-RAY MICROPROBE

Atsuo UDA and Takashi NOMA*

Photon Factory, National Laboratory for High Energy Physics, 0-Ho, Tsukuba, Ibaraki 305
*Canon Research Center, Canon Inc, Morinosato-W^amiya, Atsugi, Kanagawa 243-01

Introduction

The sensitivity (signal intensity from unit mass of
element of interest) and the minimum detection limit
(MDL) are useful indices for the analytical capabilities
of X-ray fluorescence (XRF) analysis using an SR X-ray
microprobe. This report concerns with the present
status of sensitivities of XRF analysis using three types
of X-ray microprobes being developed. The sensitivity
is a complex function of excitation beams, the sample
condition and the geometrical factor of the system. For
X-ray microbeam applications involving a few |i.m
spatial resolution, a thin sample is favorable to obtain
the accurate elemental distribution. Thin films

prepared by vacuum evaporation were used as
reference samples for the sensitivity measurements.

Experimental

The experiment was performed on BL-4A. The
experimental arrangement for monochromatic
excitation is schematically shown in Fig.l. Synchrotron
X-rays were monochromatized with either a double-
crystal monochromator (DXM) or a synthetic
multilayer monochromator (SMM). The DXM system
is suitable for high energy-resolution measurements,
while the SMM system is good for highly sensitive
measurements. The elliptical Kirkpatrick-Baez system
was designed so as to minimize the beam size and
maximize the photon flux . The glancing angle of Ft
coated fused quartz mirrors was 5.3 mrad. An incident
intensity monitor system and an optical microscope
were placed in front of the sample.

A pair of variable slits alone was placed just in
front of the sample for continuum excitation scheme

The sample was mounted on X-Z translation
stages and a 0-rotation stage. The XRF intensity was
measured by a Si(Li) detector (12.5 mm^ active area).
The distance from the analyzing portion to the detector
was about 15 mm. Since the experiments were done in
a separate experimental run, experimental conditions
were slightly different among those runs.

Results and Discussion

Sensitivities are shown in Fig.2 and the beam size
and the photon flux are shown in Table.1. The
sensitivities obtained with the SMM system were two
orders of magnitude higher than those with the DXM
system. When a lower incident energy was used, the
sensitivities of lower Z elements became higher. The
sensitivity of the continuum excitation is rather
constant for a wide Z range of elements, while that of

the monochromatic excitation shows the Z-
dependence.

The MDL isstrongly depends on the sample. HIn
general, the excitation with the DXM gave the lowest
MDL in the relative concentration and the excitation
with the SMM gave the lowest MDL in the absolute
amount.

1) A.Iida and Y.Gohshi "Handbook on SR", vol.4, p.307
(Elsevier, 1991)

side view

lop view

, 11 i
SR : J

sample

(DXM)
(SMM)

detector

Fig.l Experimental arrangement for monochromatic
excitation. M: focusing mirror. Either the DXM or the
SMM was used.
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Fig.2 Sensitivityof X-ray microprobeXRF analaysis.
See Table 1 for experimental conditions.

Table 1. X-ray microprobe beam size and photon flux.
monochromator beam size

(Hx V)
mm2

photon flux
(ph/sec/3(X)

mA)

incident X-

ray energy

(keV)
double crystal o

+

3.0x4.2

6.1 X 6.1
6.5 X 10^5
1.2 X IQS

10.5

7.1

multilayer •
X

5.5x6.1
6.7 X 5.6

8.0 X 10«
1.6 X lOlO

12.6

9.0

non (continuum)D 7x8 - -
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INTRODUCTION

X-ray absorption concerns the study of
electronic transitions from atomic inner

shells to unoccupied states, and it is now

widely used in the characterization of mate

rials. Although heat production is associ
ated with X-ray absorption, there have been
few investigations on heat production. Re
cently. heat production by X-ray absorption

has been detected using synchrotron radia

tion by the photoacoustic method. Further

spectroscopic study showed that the spectra of
heat production also included EXAFS and XANE.S

in the K-edge absorption regions.lt is remark
able that the oscillation of the X-ray absorp
tion coefficient is reflected in the photo-
acoustic signal in spite of nonlacal electron
ic Iherma1ization processes within the solid.
The purpose of this report is to present de
tailed experimental results concerning the de

pendence of the X-ray photoacoustic signal in
tensity of brass (65 wt.% Cu and 35 wt.% Zn)
in the Cu K-edge region on sample thickness d
and modulation frequency f.

EXPERIMENTAL

Monochromatic X-rays were obtained from
a Si (111) double monochromator using white X-
rays. The beam intensity was modulated by a

rotating lead plate chopper with frequencies

from 5 Hz to 50 Hz. The cylindrical cell has a

sample chamber with a volume of 0.16 cm^ at the
center and two beryllium windows together with
an electret microphone. Commereial brass foils

of thickness from 10 /i m to 300 Mm were used.

RESULTS AND DISCUSSION

Fig.l shows the sample thickness (d) de
pendence of the X-ray photoacoustic signal in

tensity 1 in the form of semi-log plot. Fig. 2

shows the modulation frequency (f) dependence
of the X-ray photoacoustic signal intensity in

the form of log-log plot. The solid lines cor

respond to power law data fittings, showing

that the sample thickness close to 20 Mm is the
boundary for X-ray photoacoustic signal intensi

ty variation. Fig.3 shows the sample thickness

dependence of the power law (d (1n1)/d (1nf)). It
is shown that the X-ray photoacoustic signal in
tensity varies as the f-'•® power law up to the
sample thickness of 20 Mm. whereas it varies as

the f-"^ power law beyond 20 Mm. within the ex
perimental accuracy. When the sample thickness is
less than 20 Mm. the X-ray is absorbed through
out the length of the sample and the signal in
tensity has a f-I•® dependence. When the sample
thickness changes from 20 m m to 300 Mm. the
X-ray is absorbed within a distance which is

small compared to d and the signal intensity has

also a f•' ". There is a discrepancy between the
experimental results and the theory.

Chopping Freqency

Fig.l Sample thickness de
pendence of the X-ray photo
acoustic signal intensity.

Fig.2 Modulation frequency
dependence of the X-ray pho
toacoustic signal intensity.
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Fig.3 Sample thickness de

pendence of the value of

power law.
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INTRODUCTION

ZnO has been used for a long time as a
pigment for paints and in enamel coatings,
as an activator for the acceleration vulca

nization of rubber and as a pharmaceutical

in zinc slaves. Also, it has applications as
a catalyst and as a photocatalyst for a se

ries of chemical reaction. ZnO is an n-type

semiconductor due to the nonstoichiometry
existing in the excess of zinc, and is also

a piezoelectric material. Many applications

of ZnO thin films to acoustoelectric. acousto-

optic. and electrooptic devices have been de

veloped .

Recently, heat production by X-ray ab

sorption has been detected using synchrotron

radiation, by the photoacoustic method which

is one of the sensitive method to detect heat

production. X-ray absorption concerns the

study of electronic transitions from atomic

inner shells to unoccupied states. Although

heat production is associated with X-ray ab

sorption. there have been few investigations

on heat production. It is remarkable that the

oscillation of the X-ray absorption coefficient
(EXAFS and XANES) is reflected in the photo-
acoustic signal in spite of nonlocal electron

ic thermalization processes within the solid.

The purpose of this report is to present de
tailed experimental results concerning the de

pendence of the X-ray photoacoustic signal in

tensity of ZnO thin film in the Zn K-edge re

gion on modulation frequency f.

EXPERIMENTAL

Monochromatic X-rays were obtained from a

Si (111) double monochromator. The beam intensi

ty was modulated by a rotating lead plate chop
per with frequencies from 5 Hz to 50 Hz. The
cylindrical cell has a sample chamber with a
volume of 0.16 cm- at. the center and two beryl

lium windows together with an electret micro
phone.The photoacoustic signal intensity was al
ways divided by the first ionization chamber cur
rent for normalization against the photon flux.

ZnO thin film (7 //m) was prepared by rf sput
tering method on SiOz glass. SiO- glass was kept
at 130 T. X-ray diffraction pattern showed that
it crystallized in the hexagonal wurzite lattice
in which the oxygen ions were arranged in closest

hexagonal packing and the zinc ions occupied
half of the tetrahedral interstitial positions.

RESULTS AND DISCUSSION

Fig.l shows the modulation frequency de
pendence of the X-ray photoacoustic signal in
tensity I (just above the Zn K-edge region)
in the form of log-log plot. The solid lines
correspond to power law data fittings. It is
shown that the X-ray photoacoustic signal in
tensity I varies approximately as f"®^ pow
er law above the modulation frequency of 10
Hz. In this case, the conditions pi^^d.
M 3 > d. and u s > . Us and d are X-
ray absorption length, thermal diffusion
length, and sample thickness, respectively)
are satisfied. and the X-ray is absorbed
throughout the length of the sample (opti
cally transparent and thermally thin solids).
The signal intensity should have a f•'•^ de
pendence according to the theory in that case.
Fig.l indicates that there is a discrepancy
between the experimental result based on the
power law and the theory.

5 10 20 50

Modulation Frequency ( Hz )

Fig.l Modulation frequency dependece of the X-ray
photoacoustic signal intensity (just above the Zn
K-edge region) in the form of log-log plot.
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As new photothermal detection of X-ray
absorption other than photoacoustic (PA)
detection with a microphone,
photopyroelectric (PPE) detection has
been tested by using a thin
ferroelectric po 1yviny1idene difluoride
(PVDF) film.[l] In order to improve the
PPE signal further, the PPE signals wore
measured in vacua, because it was
expected that preventing heat generated
by the X-ray absorption from escaping to
the atmosphere lead to enhancement of
the signal. This report describes some
findings by which the PPE detection will
be come efficient detection in a
photothermal study.

The experimental setup was quite
similar to that for the X-ray PA
detection with a microphone . (2 ] The
measurements were performed at BL 4A.
Cu was evaporated onto the 9-//m-thick
PVDF film with thin Al electrodes on
both sides (Kureha Industry Co., Ltd.,
KF piezofilm) as a sample.

Figure 1 shows the X-ray PPE spectra
of the 610-nm-thick Cu sample observed
in vacua (ca. 67 Pa) and in the
atmosphere. As can be seen in this
figure, the intensity in vacua is much
stronger than that in the atmosphere.
In addition, the spectrum in vacua
exhibits a typical EXAFS of Cu similar
to that obtained by a conventional
absorption method, while the spectrum in
the atmosphere does not have a sharp
absorption edge and the EXAFS is
reversed. Although the enhancement in
intensity in vacua seemed to be

to prevention of the heat
the atmosphere as described

simple estimation of
in the sample could not

a prominent enhancement,
responsible for the

attributed

leakage to
abo V e , a

tempe ratu re

explain such
Th e origin
enhancement is now investigating.

Figure 2 shows the X-ray PPE spectra
of thinner Cu samples. The spectrum of
the 37.3-nm-thick Cu sample displays a
typical shape similar to that of the
610-nm-thick Cu sample, while those of
10.6-nm-thick and 5.7-nm-thick Cu
samples are unusually distorted and do
not exhibit clear EXAFS. Such features
seem to be associated with a structure

of Cu evaporated on the PVDF film as
well as a photothermal mechanism.

In addition, time responsiveness of
the PPE detection was confirmed in a

chopping frequency range to 4 kHz which
was almost the upper limit frequency in
a mechanical chopping.
It is demonstrated in this work that

the PPE detection with a thin PVDF film
have some useful features, compared with
the PA detection. Namely the PPE
detection can be employed in a
photothermal study in vacua, the
enhancement in intensity in vacua will
provide an available technique for
studying thin films, and the fast
responsiveness is applicable to a
kinetic study of photothermal phenomena.

1) T. Hinoue, M. Nishiyama, T. Masujima,
H. Kobayashi, and Y. Yokoyama, Chem.
Lett., 19^, ^>7^7( 1992 ).
2) T. Masujima, H. kawata, Y. Amemiya,
N. Kamiya, T. Katsura, T. Iwamoto, H.
Yoshida, H. Imai, and A. Ando, Chem.
Lett., 1987. 973{ 1987) .

9.0 9.5

E / keV

Fig. 1. X-ray PPE spectra of 610-nm-
thick Cu evaporated onto the PVDF film
(a) in vacua, (b) in the atmosphere, (c)
(b)xlO; chopping frequency, 30.2 Hz.

(c) :

(b)

9.0 9.5

E / keV

Fig. 2. X-ray PPE spectra of Cu
evaporated onto the PVDF film
(a) 37.3 nm, (b) 10.6 nm, (c) 5.7 nm
chopping frequency, 30.2 Hz.
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INTRODUCTION

When materials are irradiated with X-rays,
several effects such as absorption, scattering,
fluorescence, electron release, and heat produc
tion occur. In these effects. X-ray absorption
concerns the electronic transitions from atomic

inner shells to unoccupied states. Although heat
production is associated with X-ray absorption,
there have been few investigations into the pho
ton energy dependence of heat production.Recent

ly, heat production by X-ray absorption has been
detected by the photoacoustic method. Further
spectroscopic study showed that the heat produc

tion by X-ray absorption also included EXAFS and
XANES. It is remarkable that the oscillation of

the X-ray absorption coefficient is reflected iri
the photoacoustic signal in spite of the complex
nonlocal electronic thermalization processes
within the solid.

ZnO is an n-type semiconductor and many ap
plications of ZnO thin films to acoustoelectric.

acoustooptic and electrooptic devices have been
developed. The purpose of this report is to pre
sent detailed experimental results concerning the
X-ray photoacoustic signal intensity and phase
spectra of ZnO thin film and to compare the lat

ter with the former at the near Zn K-edge region.

EXPERIMENTAL

Monochromatic X-rays were obtained from a

I Hftf

''M

Si (111) double monochromator.The beam intensi
ty was modulated by a rotating lead plate chop
per with frequencies from 5 Hz to 50 Hz. ZnO
thin film (7 w m) was prepared by rf sput
tering method on Si02 glass.

RESULTS AND DISCUSSION

Fig.l shows the photon energy dependence
of the X-ray photoacoustic signal intensity.
The fine oscillation structure is shown in Fig.
1. Fig.2 shows the photon energy dependence of
the X-ray photoacoustic signal phase. Also.the
fine oscillation structure is shown in phase

spectra. The maxima (T marks) of oscillation
structure in the X-ray photoacoustic signal
phase corresponds to those of the X-ray signal
intensity. The results suggest that the infor
mation in EXAFS is also included in the X-ray

photoacoustic signal intensity and phase in Zn-
0 thin film. In order to study increases and
changes of both the X-ray photoacoustic signal
intensity and phase, the latters were divided
by the former. Fig.3 shows the photon energy
dependence of the ratio that is mentioned a-
bove. The result indicates that the increases
and changes of the X-ray photoacoustic phase
are different from those of the signal inten
sity at the EXAFS region.

V*

9.35 9.55 9.75 9.95 ID.15 ID.35

Photon En»f?y E 1

Fig.l Photon energy depen
dence of the X-ray photo

acoustic signal intensity.

9.35 9.55 9.75 9.95 10.15 ID. 35

Photon tnergy ( kev )

Fig,2 Photon energy depen
dence of the X-ray photo
acoustic signal phase.

9.35 9.55 9.75 3.95 ID.15 ]a35

Photon Enerw < kev )

Fig.3 Photon energy depen
dence of the ratio (PA inten-
sity/PA phase).
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Introduction

The theory'' • of inelastic scat
tering of X-ray suggests the possibility
of detecting the effect of p.A term under
the condition of ko-a<I and

lOI^ hvo ^I, where ko and h v o are
the wavenumber and the energy of the
incident X-ray ,respectively. and a and
I are the radius and the ionization energy
of inner-shell electron. The transition

probability of p.A scattering increases
gradually as the energy of incident X-ray
becomes lower, while that by the A' term
decreases in the same energy region.
Thus measurments of the cross section of

the p.A term are required to know the
characteristic feature of the X-ray
scattering in the soft X-ray region.
This could lead to the direct measurement

of the life time of hole in the inner

shell.^' However the cross section is

small. To estimate the scattering
intensity of the p.A term, we are
performing experiment to get that of the
A' term in the energy range of 4.8~ 8keV
and to develop the spectroscopic analysis
using a GSPC detector.

Experiment
The experiment to get the A^ term

(Raman) was carried out on BL-4A of PF.

The monochromatic X-ray of BL-4A was used
as an incident beam. The sample was poly-

crystalline beryllium (20 x 20x 0.6 m' )
and the purity was 99.9%. The scattering
angle was 45 degrees. We analysed scat
tered intensity of the beryllium for X-ray
with energy between 4.8 and 8Kev by combi
nation of Ge(III)analyzer crystal and PSPC
detector. Fig.I shows the experimental
result. The large error bars come from the
difficulty of measuring the intensity of
incident X-ray beam and from the large
statistical error. The solid line is the

theoreical line. Fig.2 shows the result of
scattered intensity when the scattering
angle is 90 degrees. The A^ term almost
dissapears and it is in good agreement
with the theory. The experiment of GSPC
was made at BL-IIA.

Discussion

The data of measured A' term are not

adequate, but it agrees roughly with the
theory'' ,and much more data and measure
ments in lower energy are needed.

GSPC is sensitive at 90 eV, but
transmission of the visible light from
window of our equipment makes it
difficult to carry out the experiment
on determination of efficiency of GSPC.
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A structural study of I8Y2O3
-24Al203-58Si02 glass has been performed
using the partial RDF obtained by anoma
lous scattering at the Y absorption
edge. The Partial RDF consists basically
of only contributions from atom pairs,
such as Y-0, Y-M(Si,Al) and Y-Y, related
to the local arrangements around the Y
atoms, while those of all of the con
stituent atom-pairs are convoluted into
the ordinary RDF.

The superposition of the distances
between different types of atom pairs in
an experimental RDF can be removed by
employing anomalous scattering to iso
late individual Pair Distribution Func

tions based on Krogh-Moe's equation [3].
In the present experiment the intensi

ty measured at the Y absorption edge is
expressed as follows.

Yabs" -^O - ^Y, ' i Xy.y
+2CyCai1 2fY fail
+2CYCgj! 2?Y*fsi' ^Y-Si
+2CyCqT 2fY*foT Xy_o (1)
Here, Iq is the intensity measured far
from the Y absorption edge where the
anomalous scattering can be ignored.
From equation (1), if Iq can be re
moved, the residual intensity consists
only of contributions from atom pairs
such as Y-Y, Y-M(Si,Al) and Y-0. Actu
ally, Iq can be removed by taking the
difference ^ly. between the intensities
measured far from(lQ) and at the Y
absorption edge, lyg^s* measurements
were carried out at two different X-ray
wavelengths as follows;

p=0.9800A(far from the Y abs. edge)
7i^Y=0.7279A( at the Y absorption edge)

The differential intensity, ^i.I(Xp-XY)
was deduced from the difference between

the intensities measured at 0.98Q0A and
0.7279A. The Partial RDF(yj, (r)
is calculated by Fourier transformation
of the differential intensity ^ly.

Figures la and lb show the ordinary
RDF(a) obtained by Fourier transforma
tion of the intensity data taken at one
wavelength(X.=0 . 9800A) and the Partial
RDF(b) from Fourier transformation of
the differential intensity, ly. Table 1
shows the interatomic distances deduced

from both RDF analyses.
In the Partial RDF, the contribution

from the M-0 pair at the first peak at
I.69A is decreased, but the contribution
from the Y-0 pair at the second peaks at
2.37A is emphasized by effect of the
anomalous scattering, compared to the
normal RDF curve. Furthermore the
contribution from atom pairs associated
with the local arrangements around the
M(Si,Al) atoms beyond about 3A in the
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ordinary RDF tends to decrease and the
Y-M pair contribution is found as a
clear third peak at about 3.8A in the
Partial RDF.

The M(Si,Al)-0 interatomic distance
in the present study is 1.69A and the
coordination number around the Al atoms

is calculated to be 4.5 from the first

peak in the ordinary RDF for a 24 mol%
AI2O3 content(AI2O3:Si02=3:7 ignoring
the Y content). Taking into account
studies by Morikawa et al.[l] related to
a series of Al203.Si02 glasses and that
by Shelby and Kohli [2],
2OR2O3.2OAI2O3.608102 (R; Nd, Er and Y)
glasses, the local structure around the
Al atoms is basically a tetrahedral ar
rangement in this glass.

[1]H.Morikawa et al., J. Am. Ceram.Soc.,
65 (1982) 78.

[2]J.E.Shelby et al., ibid, 73 (1991)39.
[3]J.Krogh-Moe, Acta Chem. Scand., 20

(1966) 2890.

a O-RDF

t> P-RDF

r(A)

Figure 1. The ordinary RDF (a) and the
Partial RDF(b) for I8Y2O3 24AI2O3 588102
glass.

Atom pairs
M-0

Y-0

(M-M)
Y-M

(Y-Y)

r( A)
1.69

2.37

-o' 3. 1*

3.8

>4.5

4.5

5.6

Table 1. The interatomic distances and
coordination numbers for I8Y2O3 24AI2O3
588102 glass obtained from the ordinary
and the Partial RDFs.
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In Langmuir-Blodgett (LB) deposition method,
Langmuir monolayer film which covers over water sur
face is transferred to the substrate. We present here
structural study of quasi-periodic LB Fibonacchi-
lattice films. Fibonacchi-lattice is the rnost fundamen
tal quasi-periodic lattice among one-dimensional one.
It has no translational symmetry but structural long-
range-order. Mathematically, the Fibonacchi-lattice
is given by well-known Fibonacchi sequence as jP„ =

+ F„_2 (Fi = a, F2 = AR, Fa = ARA, F, =
ABAAB •• •).

We prepared the LB Fibonacchi-lattice films by
adopting a Y-type bilayers of fatty acid Cd salts as
constituents, (see Fig. 1) We prepared Fe film in which
simbol A was a bilayer of Cd behenate (CH3(CH2)2o
C00)2Cd and simbol R was a bilayer of Cd stearate
(CH3(CH2)2oCOO) aCd in Fibonacchi sequence. We
tried another set of constituents (A —» Cd arachidate
(CH3(CH2)i8COO)2Cd and B Cd behenate) and
prepared Fe, Fj and Fg films. Hereafter, we call these
films in short as Fgfes, F^ab, Fjah and Fgab.

Diffraction study of Fibonacchi lattice films was
performed by use of Photon Factory Powder Diffraction
system (PFPD) in Beam Line-4B. X-ray was
monochromatized by Si (111) double crystals. We
adopted a mirror-reflectional 6/26 scan as for the film
layer plane. We made also 6 axis scan around 0/20
axis to correct possible small 0 mis-alignment of sample
film.

The observed diffraction pattern and the calcu
lated one for F^bs is shown in Fig. 2. The calculated
intensity was estimated from X-ray reflectivity by use
of Snell law after Parrat.^^ The observed diffraction
pattern for F^bs was well reproduced by the intensity
calculation. Two dimensional index of Fibonacchi lat

tice film is given as^^

q{h, k) - -
2n

rd-A -f ds
X (h + rk) (1)

where h, k is integer, r = {l + \/5)/2 is the golden ratio
number, dA is the unit length of A and dg is that of
R. The observed peak position and the ceJculated po
sition with use of eq.(l) are almost equal to each other
as shown in Fig. 1. These result indicate that each
monolayer was accumulated regularly after Fibonacchi
sequence. Actually the deposition ratio of F^bs film
was more than 85 %.

The observed and the calculated diffraction pat
terns for Fgofe (the deposition ratio ~ 50%) in range
between 8° and 15° are shown in Fig. 2. The calcu
lated peak positions are close to the observed, but rela
tive intensity has some discrepancy. Similar diffraction
pattern was observed for Fjab film whose deposition
ratio is also ~ 60%. As for sample of Fgafe whose de
position ratio was ~ 30%, both the calculated peak
position and the calculated peak intensity differ from
the observed ones. In this sense the diffraction pattern

of Fibonacchi-lattice film is rather sensitive to the de
position ratio of the film. It is useful to evaluate the
film quality when it is difficult to estimate deposition
ratio. Actually in horizontal deposition method, area
of monolayer film transferred to the substrate cannot
be measured directly. In this case, the estimation of the
quality of the LB film can be performed by observing
the diffraction pattern of Fibonacchi lattice film.

We express our thanks to R. Uno and H. Ozawa
for the orientation of PFPD system.
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1 Schematic representation of a Y-type bilayer of
fatty acid Cd salts. Open circles represent Cd
ions
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Fig. 2 Calculated and observed X-ray diffraction pat
terns of Fgsft.
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Introduction

Barium titanate, BaTiOs, is a ferroelectric compound
having a successive phase transition series starting from the
cubic prototype structure. At room temperature, the
tetragonal form is stable. The structural change from the
cubic to tetragonal form provides no extra reflections but a
slight tetragonal distortion in the cell dimension. The c/a
ratio of the tetragonal form is approximately 1.01. The
phase transition temperature from the cubic to tetragonal form
is 120°C. However, it has been reported that the crystals
lose ferroelectric properties and the symmetry becomes cubic
even at room temperature when the size of the crystal
becomes smaller than a critical one[l,2]. The critical size

was estimated to be less than 1pm by the powder diffraction
technique. It seems, however, difficult to carry out a
precise analysis on this subject by the powder diffraction
technique since the constituent particles in the powder
essentially have the size distribution. Single crystal X-ray
diffraction technique is more advantageous if it is applicable
for small crystals less than 1pm. Ohsumi et al.[3] has
developed the ultra-micro single-crystal diffraction technique
using the synchrotron radiation. In the present report, the
authors applied this technique to determine the c/a ratio of the
small crystals of barium titanate.

Experimental
Crystals were synthesized by the flux method using

BaCOs. Ti02 and KF as starting materials. The as-grown
crystals had a rectangular idiomorph surrounded by {100}
and (001} faces. The atomic ratio of Ba/Ti in the compound
was confirmed to be 1.00(1) by the ICP analysis.
Preliminary experiments using the conventional X-ray source
revealed that the tetragonal crystals were twinned with the
dominant twinning system of (101).

The ultra-micro single-crystal diffraction equipment
[3] at the station 4B of the Photon Factory was employed for
the analysis of smaller crystals. Laue images were taken in a
vacuum chamber using the Imaging Plate (Fuji Film Co.) on
the crystals with dimensions ranging from 10 to 0.25pm.
The crystal to film distance was fixed at 66.5mm. The data
was analyzed using the BAS2000 system (Fuji Film Co.).
The shape and size of the crystals were observed by the
scanning electron microscope.

Results and ni.scus.sion

Splitting of Laue spots due to the twinning of the
tetragonal form was clearly observed for crystals with
dimension of 0.56pm and larger. Laue spots were also
observed for a crystal with dimension of 0.25pm, though
their intensities were relatively weak and gave no clear
splitting. The tetragonality was, therefore, not confirmed
for this crystal.

The c/a ratio was determined on the two crystals with
dimension of 10 and 0.56pm. At the first step of this
procedure, Laue spots were indexed on the basis of cubic
symmetry, neglecting the splitting. Secondly, they were
indexed on the basis of the tetragonal symmetry taking the
(101) twinning system into consideration. Thirdly,
distances between the split pairs were calculated and
compared with the measured ones, assuming various c/a
ratios. The second and third steps were iterated until a
reasonablefitting among the calculated and measured values
was obtained. In this way, the c/a ratio of the 10pm crystal
was determined to be 1.011. This value is approximately
the same as the bulk one reported in the past studies. The
c/a ratio of the 0.56pm crystal was 1.007. This indicates
that the difference between the c- and a-lengths of the
0.56pm crystal is reduced by 30% in comparison with the
bulk value. This is the first case that the decrease of the c/a

ratioof a submicrometer-sized crystalof barium titanate with
respect to thebulk crystal is experimentally confirmed by the
single crystal method.

Further experiments and data analysis on the
determination of the tetragonalityof bariumtitanate crystals
with various sizes are expected to provide important
information on the quantitative interpretation for the
symmetry changedue to theparticle-size effect.
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Introduction

Since the advent of the Rietveld method, a powder
diffraction technique has been used for analyzing many
crystal structures, and it is now indispansable for
structure study in the filed of materials research. The
problem underlying the structure analysis using the
powder data is peak overlappings, which impose the
limitation on the accuracy and precision of refined
structural parameters. By the use of the Rietveld
method, could this problem be completely resolved ? It
may a general idea that if we use well resolved data,
then we will obtain a better result. Here is one of the

reasons why we use the synchrotron radiation to obtain
higher resolution data. However, is this true ? These
questions are considered in the present paper. Two sets
of powder diffraction data, one obtained by using
synchrotron radiation (hereafter referred to as SR data)
and the other by using tube-generated X-rays (Tube
data), were used for a comparison study.

Experimental
Samples used in the present experiments were powders
of monoclinic ZrOj and orthorhombic Mg2Si04. They
gave moderately complex diffraction patterns suited for
the purpose of the present study. Intensity data were
first collected by using synchrotron radiation with X =
I.53A and a powder diffractometer PFPD (2) at
Photon Factory, Tsukuba. Horizontal parallel slits with
an aperture of 0.05° was used as an analyzer (3).
Scanning conditions were: 20-range = 18° to 100°, A20
= 0.01°, T(counting time) = 3s for monoclinic ZrOj and
20-range = 15° to 145°, A20 = 0.01°, T = 4s for
Mg2Si04. Data were also collected by using a
conventional jxDwder diffractometer Rigaku RAD-2B
with CuX'a radiation and post-specimen curved
graphite monochromator. Scanning conditions were:
20-range = 20° to 145°, A20 = 0.02°, T = 15s for
monoclinic Zr02 and 20-range = 15° to 145°, A20 =
0.02°, T= 12s for Mg2Si04.

Data Analysis
The crystals structures of the present samples are of
well known, and their crystal data will be given
elsewhere. Structural parameters of both samples were
refined by using the intensity data in the 20-range from
20° to 100° and the computer program PELS for the
Rietveld method (4). For Tu^ data, a Ka\-Ka2
doublet peak was assumed in modeling the profile,
while a single peak was assumed for SR data. All
parameters converged smoothly. In order to see the
influence of the resolution of data on refined structural

parameters, the following calculation was performed
for all structural parameters of both samples: one
structural parameter, for example, x-coordinate of
ions, was chosen, given a small change. Ax, and then
theR^p, wascalculated.

Results and Discussion

In Fig. 1, the R^p factors are plotted against the
variations of multiplicity factor and x-coordinate of
Zr^+ ions in monoclinic Zr02. The variations of Ry^,p
factors for y- and z-coordinates were similar to that in
Fig. lb. It is very clear that SR data gave a much
sharper and deeper Ry^,p minimum than that of Tube
data. On the other hand, the difference in the varaition
of factor between the Tube and SR data was small
for all structural parameters of O^" ions. Positional
parameters of heavier atom are largely influence the
integrated intensity and thus more sensitive to
diffraction pattern, while those of lighter atom are dull
to the resolution of data. We are still investigating this
results further. At present, it may be concluded that
structural parameters can generally be determined more
definitely by the use of high resolution data.

. 15

. 95 1 . 05 . 26 . 27 . 28

Fig. 1. a) Plots of Ryvp factors against multiplicity
factor, and b) those againsx-coordinate of Zr^"^ ions.
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Independent detenuination of the temperature factor of

a Ga atom in GaAs was tried by the use of the anoma

lous scattering. In the powder diffractometry, odd-index-

lines are made up of an erjual number of 4n -I- 1 lines and

4n— 1 lines. Therefore the square of structure factor obtained

from the integrated intensity .\F(hkl)\'^ has no cross terms of
exp( —Rfv.s") and exp( —This is a great advantage of

the powder diffractometry to determine Bq independently.

At first, pairs of diffraction measurement on a GaAs powder

satnple were carried out near the K absorption edge of Ga

(1.1958oA), where the real part of the anomalous scattering
correction term (ASC)of Ga atom, /'q, is the same on shorter
and longer wavelength sides of the K edge. The difference

of \F{hkl)\' from the pair of measurements is mainly given

by the contribution from the imaginary part of ASC of Ga,

fc; \ only, so that Dq can be determined from the difference

independently of B

If it can be assumed that = /gl'/as = /al /as" =

/ai.". the difference of \F{hkl)\'̂ of odd-index-lines at Xs and
A/. is given by

A|Fp = |F5(M-/)|2-|Ft(M-/)|2

- 16[/os"'-/(:i;'']exp(-2Ro-s').

Secondly another pairs of the measurements were tried only

on the longer wavelength side of K edge where the difference

of fa" was negligible and that of was enough to determine

the temperature factor of Ga.

If Igs" = /c:l"./as - /.AL /as" - /al" can be as
sumed, the difference of |F(/iAd)P is given by

A|F|2 = |F5(/tA:/)|2-|Fz,(M:f)p

= I6(/t:s ~/gl)(2/oc; +/os +/gl)

where foa is a conventional atomic scattering factor of Ga.

The values of ASC's are estimated from those calculated by

Dr. S.Sasaki[l] and by Dr. D.C.Creagh(2].
We have already made diffraction measurements at CuKal

on the same GaAs powder sample and got a result of Ba =

0.912 by the conventional method[3). Refering to that
vahie. we could not get reasonable results in the first case

where obtained Be was about 3.5A^ but could get reasonable
ones in the second case. Since the scale factor was estimated

by the conventional parameter-fitting method, it may contain

relatively more errors than those in relative structure factors,

so that the parameter K was introduced as an additional scale

factor of \Fs{hkl)\.

In Fig. 1, estimated values of Be from a pair of mea

surements and its reliability factor, R. of parameter-fitting in

the second case are plotted against the parameter K. If the

scale factor was accurate enough, K should have been 1.00, so

that we adopted Be = 1-31 A^ at K=0.96 where R reached
near the saturated value. From other three pairs we obtained

Be = 1.18,1.22 and 1.38A^, then Be was estimated to be 1.3
A2.

The value of 1.3 A^ is considerably greater than 0.912 A^
obtained at CuKal,but it is not .so much unreasonable. It is

assumed in the conventional method that atoms vibrate as

rigid bodies in the thermal vibration. In the present method

Be is estimated from ASC whicli is calculated mainly from

the K shell and L shell electrons, so that the estimated tem

perature factor corresponds to the vibration of atomic core.

In real crystals, atoms are not rigid bodies. When atoms

come into contact with each other, they will be compressed

at a contact part and will be expanded at the opposite part.

Therefore, the amplitude of thermal vibration of the atomic

core can be greater than that of the whole atom.

This work is paitly supported by Grand-in-Aid for Scien

tific Research from the Ministry of Education, Science and

Culture.
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STRUCTURES OF ZEOLITE AND MATERIALS CONFINED IN THEM
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INTRODUCTION

Zeolites have open structures constr
ucted from TO4 tetrahedra(T=Si or Al)
and are attractive as hosts for a varie
ty of linear and cluster-like hosts
which will show physical properties
different from bulk crystals. High reso
lution diffraction patterns with very
good S/N ratio are needed, because they
have large unit cell, and the structures
are not simple and sometimes transform
into lower symmetry after incorporation.

Experimental and results

(I) CdTe clusters in the spaces of FAU
0.Terasakl. J.Sakanoue, K.Ohsumi
and Y.Shimizugawa

VAV has one of the biggest cages( super-
cage. ca. 13.7 A diameter) among many
types of zeolite. There are eight supe-
rcages in the unit celK a=24.8 A).
After dehN'dration of FAU at 450 C for 2
hours. CdTe clusters were incorporated
by heating the mixture of FAU and CdTe
powder in evacuated pyrex glass tube for
48 hours at 450 C. Powder changed the
colour from white to yellow by the heat
treatment. Four molecules per unit cell
were confirmed from chemical analysis.
The specimen is very air sensitive and
changes colour to white instantaneously
by exposing it to air. Therefore the
specimen is sealled in evacuated silica
capillary tube with 0.5 mm diameter and
high resolution X-ray powder diffraction
pattern was obtained at BL-4B. The
structure was refined by using Rietveld
method. Observed crystallographic data
are given in Table 1, where M stands for
Cd or Te atoms because Cd and Te are not
distinguishable. Three different
optical absorption bands at 4.2 cV, 3.6
eV and 3.2 eV were observed at different
loading density of the clusters. In this
case of maximum loading, 3.2 eV band is
mainly observed, and therefore the
cluster may consist -of four molecules.
M atoms occupy general positions with
low probabilities and we can find
reasonable bond distances which are

expected from bulk CdTe crystal. The
CdTe-clusters were formed randomly in a
supercage out of eight per unit cell and
the specimen keeps cubic symmetry.
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(II) Encapsulation of Se atoms in
zeolite cancrinite and its structure
analysis

Mitsuo Sato

Pure hydrocancrinite sample( CAN ),
Nag(SiA104)^(0H)92H20, was prepared by
hyarothermal method. Se gas was incorp
orated in the structure by gas diffusion
method in a silica tube ample heated at
500 C. The prepared powder sample was
set into a silica capillary tube with
diameter 0.7mm in size, and exposed into
synchrotron X-ray radiation. The struc
ture was solved by the X-ray Rietveld
analysis using a computer program DBWS
version 3.2. Crystallographic data
obtained are shown in Table 2. Na(l)
atoms are included in the cancrinite
cage, while Na(2) and OH atoms in the
cancrinite channel. Both Se(l) and
Se(2) atoms are contained in the
cancrinite channel, and distributed
statistically on the 63 axis forming a
straight Se chain. The minimum Se(l)-
Se(2) distance is 3 .99 A.

Table 1. Crystal data for CdTe/Na -FAU.

Space group Fd3, a =25. Oil A.

atom site X y z Prob

Si(l) 96g -0.0520 0.1245 0.0353 1.00

Si(2) 96g -0.0546 0.0364 0.1230 1.00

0(1) 96g -0.1182 -0.0122 0.0937 1.00

0(2) 96g -0.0064 -0.0000 0.1435 1.00

0(3) 96g -0.0324 0.0688 0.0722 1.00

0(4) 96g -0.0696 0.0752 0.1752 1.00

Na(l) 16c 0.0000 0.0000 0.0000 0.70

Na(2) 32e 0.0600 0.0600 0.0600 0.56

Na (3) 32e 0.2282 0.2282 0.2282 0.47

Na (4) 32e 0.2351 0.2351 0.2351 0. 81

M(l) 96g 0.1180 0.0578 0.2375 0.04

M(2) 96g 0.1856 0.2582 0.6718 0.04

Table 2. Crystal
Hexagonal system
dimensions a=12.

X

Nad)
Na (2)
Si

Al

0(1)
0(2)
0(3)
0(4)
OH

Se(l)
Se(2)

0.1385

0.6667

0.0844

0.3382

0.2007

0.1249

0.0424

0.3275

0.1037

0.0000

0.0000

data for Se/CAN.
Space group P63,

691, c=5.161 A.

y z
0.2741 0.2759

0.3333 0.1211

0.4137 0.7471

0.4142 0.7493

0.4024 0.6654

0.5599 0.7287

0.3636 0.0367

0.3554 0.0560

0.0096 0.0090
0.0000 0.0681

0.0000 0.2941

cell
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RDF studies of typical binary tellurite glasses
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The local structures of 90Te02-10:
Na20, SrO, Ti02 and WO3 glasses in the
series of the binary tellurite glasses
are analyzed by X-ray Radial Distribu
tion Function(RDF) and are compared with
the structural configuration and units
found in crystalline tellurite, paratel-
lurite and Li2Te03 (Na2Te03) from a view
point of atomic distances.

All data were taken by the diffrac-
tometer at BL-4B in Synchrotron Radia
tion Facility. Measurements were carried
out by monochromatized X-ray with wave
length of 0.7500A. Collected intensities
of the corresponding glasses were nor
malized with Krogh-Moe and Norman's
method. Radial Distribution Function,
D(r) is obtained by Fourier transforma
tion of interference function deduced

from normalization of the intensities.

Fig 1 shows RDF curves of 90Te02-
10:Na20(a), SrO(b), Ti02(c) andW03(d)
glasses, respectively. From the RDF's of
the corresponding glasses. Main peaks
are found at 1.93-1.96A, 3.64-3.67A and
shoulders, in the range of about 2.4-
2.9A and at about 4A below 5A. The

first peaks found at 1.93-1.96A
correspond to the first neighbor
Te-0 distances in each glass. The
shoulders between 2.4 and 2.9A indi
cates the second neighbor Te-0 dis
tances, in which oxygen atoms do not
bond directly to Te atoms situated at
center of two kinds of pyramid-configu
rations. The second large peaks
correspond to Te-Te atomic distances.
The second shoulder found at about 4A
are estimated to correspond to third
neighbor Te-0 distances and indicate
Te-0 ones found among pyramid con
figurations to each other. Table 1
shows the interatomic distances obtained
from the experimental RDF's of the
corresponding glasses together with
those in crystalline tellurite[1],
paratellurite[2] and those in Li2Te03
[3](Na2Te03[4] ) which consist of trigo
nal pyramid of Te03. We compared with
the atomic distances found at three
types of crystalline states to those
glasses concerned with the present study
are more than 3.64A and enough to
apart from that in crystalline tellurite
which forms layer structure based
on the structural unit of Te20^.
Furthermore the first Te-0 distances in
the glasses are seem to be relatively
large as average to those in
crystalline Li2Te03 (Na2Te03) but short
to those in paratellurite. Therefore
the local structure of the present

binary tellurite glasses consist
basically of the structural configura
tion and unit found at paratellurite
and remains possibility to coexist of
trigonal pyramid configuration.
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Fig. 1 The Radial Distribution Function
curves of 90Te02-10: Na20(a), SrO(b),
Ti02(c) and WO3(d) glasses, which
include mainly the local atomic
arrangements around Te atoms.
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She r t esI

Te-Te

Distances

3 • 1 7 3.74 3.85 3.64 3.67 3.67 3.64

Table 1. The interatomic distances
obtained from the present RDF of the
corresponding glasses and thosefound
in crystalline tellurite, paratellurite
and Li2Te03 (Na2Te03).
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Structure analysis of a -Pb02 type Ti02

Osamu OHTAKAC), Syotaro MORIMOTO(^). Takamitsu YAMANAKA(0 and Eiji IT0(2)
(l)College of General Education , Osaka University,Toyonaka 560

(2)Institutefor Study of the Earth's Interior,Okayama University, Misasa682-02

Introduction

Ti02 is an important material for its use as
functional ceramics. It also gathers much interest
from geophysical point of view because of the
analogy to Si02 phase relation under high pressure.
Ti02 has rutile type structure at room temperature
under ambient pressure. It transforms to a high
pressure phase with orthorhombic symmetry by
compression of 5-6 GPa(l,2). The crystal structure of
this phase is generally believed to be isostructural with
a -Pb02. Precise structure analysis, however, has

never been attempted. Present authors performed
Rietveld analysis of this phase in order to determine
the ultimate structure.
Experimental

The starting material used for the high pressure
synthesis was fine powders of rutile type Ti02.
Sample of lOOmg was synthesized at 12GPa
1(XX)"C for 30 min by means of a uniaxial
splitsphere press. Preliminary X-ray diffraction
studies showed well crystalized single phase of a -
Pb02 type Ti02 was recovered.

A powder diffractometer PFPD designed for the
highangular resolution study within ±0.0005°
was used for the data collection. Using a monolithic
Si (111) monochromator with fixed beam position,
the incident beam with the precise wave length of
1.52577 A, which is similar to the characteristic X-ray
of CuKa . was adopted. All optical paths including the
sample chamber were evacuated to reduce background
noise. Sample spinner with 3 rpm was employed for
the randomization of sample orientation. TTie step
counting technique of 0.02° /lOsec was applied.
Data Analysis and Result

Least-squares structure refinements were
undertaken with the RIETAN program for the
Rietveld analysis of SR diffraction data(3). Intensity
data covering interplanar spacings, d, between 0.88
and 3.50 A were used for the refinement. No
correction for preferred orientation was made because
the high pressure sample consisted of very fine
powders.

Space group Pbcn was adopted. Fractional
coordinates of a -Pb02 (4) and reported lattice
constants of a -Pb02 type Ti02 (5) were used as a
starting structure model for the refinement. A part of
the final profile fit and difference patterns is plotted in
the 2 6 range from 20 to 60° and from 60 to
100° , respectively. The final R factors, the
resulting stmctural parameters and their standard
deviations are listed in Table. As shown in the table,
however, R factors are not reasonably reduced. There
are large uncertainties in the structural parameters. At
present, consequently, we are not able to determine
the structure.

Though almost all the peaks are indexed assuming
Pbcn symmetry, there are considerably large
difference between the observed and the calculated
intensities. Two possible explanations for this are as
follows: One is that effect of preferred orientation of
the sample, of which we took no account in the
refinement, is not negligible. The other is the structure
model we applied is wrong. That is, there is a
possibility that the crystal structure of this high
pressure phase of Ti02 is different from that of

a -Pb02. We are trying further analysis of the data.

81

References
(1) White et al. J. Am. Ceram. Soc. 44, 170 (1961)
(2) Kusaba et al. Phys. Chem. Min., 15, 238 (1988)
(3) Izumi, Advances in the Rietveld Method, ed.
R.A.Young, Oxford University Press, Oxford, UK,
in press
(4) Wyckoff, Crystal Structures, Interscience
Publishers, Inc., New York, USA (1960)
(5) Linde and DeCarIi, J. Chem. Phys., 50, 319
(1969)

Table Refined lattice parameters and their standard deviations

Space group: Pbcn
RWP= 15.50 RP=I0.02 RE=8.65
RI=19.35 RF=13.58

Atom Position g x y z B(A2)#
Ti 4e 1 0.000 0.172(3) 0.250 1.2(3)
O 8e 1 0.282(5) 0.387(4) 0.415(5) 1.2(5)

# Isotropic thermal parameters.
Figures in parenthesis indicate estimated standard deviations
of the last significant digit.

a=4.53097(8) b=5.49959(8) c=4.90426(6) A
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Scattering study of martensitlc transition In metallic Na

Ken-lchl Ohshlma, Hlroshl Abe and Kazuo Harada
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Metallic sodium undergoes a
martensitlc transition from the high
temperature bcc phase to a 9R structure
at 36 K [1]. This Is the best specimen
to realize such a phase transition,
becuase of no composition
and of well-known physical
We have Investigated
transition In Na by
radiation (SR), conventional X-ray
neutron scattering techniques.

fluctuation

properties.
the phase
synchrotron

and

We summarize our results as follows.

1). The temperature dependence of the
full width at half-maximum (FWHM) for
(110) Bragg reflection shows the
gradually wider below 200 K and almost
constant at 40 K from SR and X-ray data.
On the other hand, there Is no change
on the temperature dependence of FWHM
for (110) Bragg reflection from neutron
data. This discrepancy Is originated
from the local distortion In a single
crystal of sodium because It was mounted
on the sapphire rod with the glue.
Below the phase transition temperature,
FWHM was suddenly Increased for the
neutron data after the temperature was
kept for several hours. This phenomenon
will become a key to understand the
martensitlc transition In Na.

2). The temperature dependence of
lattice constant was observed from 300

to 20 K by X-ray experiment as shown In
Fig.l. We can clearly see the small dip
around 40 K.
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3). We have observed the extra diffuse
scattering (EDS) around the (110) Bragg
reflection below the phase transition
temperature on the neutron data. This
Is caused by static deformation from
affecting the tiny regions of low
temperature structure. On the other
hand, we did not such EDS on the SR and
X-ray data.
4). Phonon dispersion curve In TAj^[110]
branch was observed from 200 to 38 K by
neutron Inelastic scattering experiment.
There Is no drastic change for the
dispersion curve.

The details of the phase transition
In metallic sodium will be described
elsewhere [2].
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Studies of vacancy clustering in
quenched metals can contribute to an

understanding of more complex point
defect problems. Of the pure FCC metals
studied, aluminum and gold have re
ceived most attention and a reasonably
clear picture of quenched-in vacancy
clustering was built up. However,sever
al inconsistencies and lack of reproduc-
ibility reported for copper metals
studied have limited progress towards a
more general understanding.

X-ray diffuse scattering method has
been developed which complements direct
observations of electron microscope and
are capable of providing detailed infor
mation on clustered defects with the aid

of suitable scattering models.
In this study, we have measured X-ray

diffuse scattering for detection of
small vacancy clusters in quenched
copper crystals.

The specimens of single crystal plates
were spark-cut out of single crystal
rods (nominal purity 99.9999%) purchased
from Nippon Kogyo Limited. The size of
the sample used for the X-ray diffrac
tion was 5x7x0.2 mm with their surface

parallel to the (111) crystallographic
plane. After annealing, the specimens
were quenched from 1040°C to 4®C in
atmosphere of hydrogen and argon gases.

Diffuse scattering experiments were
performed on a Huber 5020.4 four circle

diffractometer at room temperature
installed at BL-4C. A wavelength of
0.15405 nm ( corresponding to CuKa^^) was
selected by the double crystal Si 111
monochrometer with sagittal focusing.

Diffuse scattering intensities near
the (111) reflection were shown in Fig.
l(a)for the quenched specimen and for
annealed specimen shown in Fig. 1(b).

A large temperature diffuse scattering
[TDS] was appeared perpendicular to the
111 direction of reciprocal vector on
both the specimens shown in the B region
, which qualitatively agreed with a
calculated TDS on the near 111 reflec
tion.

Another small diffuse scattering was
observed which was extended towards the

origin along the 111 reciprocal lat
tice shown at the A region. According
to a theory by Ehrhart et al[l] , this
result means a characteristic feature of

scattering from vacancy type dislocation
loops ,of which the radius are esti
mated to be about 10 A.

Detailed analysis is in progress.

[1] P. Ehrhart, H. Trinkaus and B.C.
Larson : Phys. Rev. B25 (1982) 834.
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Fig. 1 Diffuse scatterings near the
(111) reflection of the quenched (a) and
annealed (b) coppers, measured at room
temperature.
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Among A? BXi - t ype

Rb2 ZnBri is one of

compounds.'' It was
undergoes successive

192, 108 and 73K. These phases are denoted as

I. II, III, IV and V in the order of decreasing

temperature. The normal phase I is orthorhombic

Pmcn. In the incommensurate phase II, the

modulated structure is characterized by the wave

vector q=(I/3-5)C* , where C' is the reciprocal

vector of the basic cell. Below I92K, the

modulation along the c-axis becomes commensurate

and the crystal is ferroelectric along the a-

axis. The crystal is considered to be anti-

ferroelectric along the b-axis in phase IV,

because double hysteresis

Below 73K, the crystal is

a- and c-axes. However

diffraction investigation

transitions at 108 and 73K.

RbjZn!^ may be considered to be the same

class of compound. But the crystal system is

very different with Rba ZnBr^ and the related

compounds. RbgZnh belongs to the monoclinic

SraGeSd-type structure at room temperature;

space group PZi/m. The phase transition in

RbsZnU was investigated by dielectric measure

ments and the transition temperatures are 62.4

and 7.5K.^' No more study is reported.
In this report, we study low temperature

transitions in Rba ZnBtii and RbaZnh

X-ray scattering.

Single crystals of RbaZnBrj and

grown from aqueous solutions. Both

transparent and RbaZnh

Samples were mounted in

incommensurate crystals,

the widely investigated

reported that this crystal

phase transitions at 347,

loops are observed.^'
polar both along the

no X-ray nor neu t ron

is reported about the

by means of

RbsZnh were

crystals are

s very deliquescent,

cryostat cooled by a

closed cycle cryogenics, which was attached on a

four-circle diffractoraeter (Huber 5020.4) at the

station BL-4C of KEK-PF.^' The wave length of
synchrotron radiation was adjusted to l.OOA for

a parallel beam by double monochrometers. Plate

let specimens were used to observe (h k 0)

reflections. Supplementary measurements using a

conventional X-ray source were performed at

Kwansei-Gakuin University.

Figure 1 shows the temperature dependence of

a super lattice reflection (5/2 3/2 0). The

intensity was integrated by (i)-scan. The reflec

tion appears below I08K (the III-IV transition

point). The intensity increases with decreasing

temperature, however, the temperature dependence

has a kink at 73K, which is considered to be the

IV-V transition. Such superlattice reflections

as h, k=(half odd integers) are also observed in

KjCoCla-' and the similar compounds.
The phase transition in Rb2ZnI< , which is

expected to be a parae1ectric-ferroeIectric one

without changing cell size was investigated by

observing the intensity of a Bragg reflection (4

3 0). The result is shown in Fig.2. In the

room-temperature phase the intensity integrated
by 29-Q scan increases gradually with decreasing
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temperature. The intensity grows larger below
about 60K. Since such a behaviour is observed

also in the similar system of KaZnBr^ at the
para-t0-ferroe1ectric transition,®' the phase
below 62.4K may be ferroelectric phase, although

no observation of D-E loop is reported.

The phase transitions at low temperature have
been recognized firstly by diffraction study.
The superlattice cell is confirmed in phases IV
and V of RbaZnBr^ . Phase V is considered to be

CIcl. However, the crystal symmetry of phase IV

is still unknown. Further detailed investi

gation is needed.
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Fig. I Integrated intensity of the superlattice
reflection (5/2 3/2 0) of Rb2ZnBr< .
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Highly conducting Langmuir-Blodgett (LB) films attract

tlie considerable interests toward potential applications and

molecular electronics. Recently, organic crystals of k charge-

transfer (CT) salts ba.sed on tetrathiafulvalene (TTF) derivatives

exhibit fruitful physical propierties such as superconducting

transition up to 13 K in k-(BEDTTTF)2Cu(N(CN)2)CI |1] .
Therefore, several TTF derivatives have been applied to the

fabrication of thin filmed organic CT salt by LB

techniques |l |. The mixed Langmuir-Blodgett (LB) film of

EDI IT F(SC|s), behenic acid |2j transfonns from insulator

to conductor with two-step oxidation by doping of I,' anion

131- The outline of the two-step oxidation process is as

follows: I) neutral phase, EDlTTF(SC| ; 2) brown phase,

|FDTTTF(SC,s)T],(I,'), , which is insulating and it appears

after the exposure to Ij gas; 3) purple phase,

|EDTTTF(SC,^)/jj(I, ), which is conducting and it is obtained

by annealing the brown phase at 40 °C. For each step, we

jEDlTT F(vSC|s)n*L(lf). which is conducting ,'uid it is obtained

by annealing the brown phase at 40 °C. For each step, we

have proposed a model of molecular aggregates by x-ray

diffraction and infrared absorption spectroscopy. However,

there are some uncertain points in this model, one of the most

important points related to the conducting mechanism is the Ij"

orientation which is supposed to be normal to the substrate in

brown phase and to be parallel to the substrate ("in-plane"

geometry) in purple pha.se.

We report the changes of molecular orientation of I,"

associated with the transformation by the observation of x-ray

absorption near-edge structure (XANES). Polarization

dependence of iodine-L, XANES spectra gives a direct

information upon the I," orientation [4|. Monochromatized

synchrotron radiation from 2.5 GeV storage ring at the Photon

Factory was irradiated as X-ray source (BL-4C). A Si(Li)

solid state detector was equipped to discriminate Huorescence

lines and Lp^ induced from Lj near-edge excitation. In
purple phase, we observed the strong anisotropy of the peak

(I 2s - I 5po') intensity as a function of incident angle of x-ray

(see Fig. I). On the other hand, the brown phase does not

show the remarkable anisotropy in its spectra under the different

configurations. With respect to the contribution of dipping to

molecular orientation, the related anisotropy is not clearly

-I 1 1 r-

50 dipping 1:1

Purple

-I 1 1 1 1 1 1 r-

E // dip. 6=90'

/•, _ .
\y'

El dip. 9=90'

El dip. 0=30'

-10 0 10

Photon Energy (eV)

20

Figure I. Polarized I Lj near-edge absorption spectra for
50 layered LB film. Photonenergy zero is

fixed to be 5I88eV(ILj edge).

observed on both pha.ses. These results indicate that I^'molecules

distribute with 3D random orientation in the insulating brown

pha.se and lie in almost "in-plane" geometry with 2D random

orientation in the conducting purple phase [5]. The present

work proved that XANES study on linear halogen anions is

powerful technique to determine the molecular orientation in

these thin filmed charge-tranfer salts.
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Introduct i on

Tiie intensity of X-rays scattered from

ex tended-face crystals is distributed in
a rod shape elongated through each Bragg
point along the direction perpendicular

to the surface in case that the physical

surface was coincident with a

crystaMographic plane. This type
scattering is called the crystal
truncation rods scattering (CTR).

Recently Ocko and Mochrie have
investigated the X-ray Fresnel

reflectivity from Cu(llO) surfaces whose
physical surfaces were inclined from a
crysta11ographic plane (110) with
misalignments of 0.8* and 0.2 [1]. They
observed that at 520 K the Fresnel

reflectivity occurred along the direction
normal to the (110) crystal 1ographic
plane, but it occurred close to the
direction normal to the physical surface
at higher temperature (900 K). The
interpretation was that at lower
temperatures the surface has a hill-and-
valley structure with (110) facets of
sizes larger than the coherence length of
the X-rays. At higher temperatures this
structure becomes unstable and the

surface minimizes its area. The size of

(110) facets becomes smaller than the X-

ray coherence length.
For the crystal surface having a

height-height correlation between surface

atoms, the CTR width along the direction

parallel to the surface is expected to be
changed along the rod direction. In this
study we planned to observe the intensity
and width modulation of the CTR

scattering along the rod direction from
the inclined physical surface and examine
the surface morphology.

I'lxper i menta I

The sample investigated was a FZ
silicon crystal with a physical surface

inclined from the (111) lattice plane

with 5*, which was mechano-chemically
polished. in the X-ray diffraction
measurements, a synchrotron radiation
source at beamline 4-C was employed on
which a vertical-type Huber four-circle
diffractometer was installed. The

wavelength of radiation selected was

1.542A. We measured the CTR scatterings
elongated through the 111 reciprocal
lattice point in the u-scanning mode

with a step size of 0.0002
20 angles.

for various

Results

The direction of the CTR elongated from
111 Bragg point was observed to be
parallel with the normal of the physical
surface, which is schematically shown in
Fig.l. This means that the X-ray
coherence length is larger than the
terrace width on (ill) surface. The
pronounced variation of the width of the
CTR scattering through the rod direction
measured In the «-scanning mode cannot be
observed. The full width of half maximum

(FWHM) of the rocking curve in the u-
scanning mode ranges from 0.003 to
0.004* in the region of Kz = -0.2 to +0.2
in units of the 111 reciprocal lattice
vector. This result Indicates that the
steps which appear on the surface
distribute periodically rather than
randomly.

11 B.M.Ocko and S.G.J.Mochrie,

Rev. B 38 (1988) 7378.

<111 >

phj^isicai surface

CTR

1 1 1

(b)

Kx

Phys.

Fig.l. Schematic illustrations of (a)
physical surface versus (111) lattice
plane of Si crystal and (b) the direction
of CTR scattering elongated through the
111.
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Since the compounds RsTaO? (R=rare earth) were first
reported by Rooksby and White') in 1964, they have been
studied by several researchers, including Allpress and
Rossell^) and Sirotinkin et al.^) These authors reported that
the R3Ta07 compounds take different crystal structures
according to the size of R3+ ion, varying from a defect-
fluorite-type structure for smaller R3+ ions to an
orthorhombic weberite-type structure for larger r3+ ions.

The structure of R3Ta07 (R=Ho, Y, Yb) was refined with
the single-crystal X-ray diffraction.'') These crystals have a
defect-fluorite-type structures with the space group Fm3m.
The cell dimensions are 5.2544(5) A for HosTaO?,
5.2553(3) A for YsTaO? and5.1962(6) A for YbsTaOy.
Diffuse scattering was, however, observed in R3Ta07 by
means of electron diffraction method.

In order to obtain belter understandings on the structural
chemistry of R3Ta07 (R=Ho, Y, Yb) crystals, EXAFS
spectroscopic technique has been employed in the present
study .

Crystals of R3Ta07 (R=Ho, Y, Yb) were synthesized
with the arc-melting method. EXAFS spectra were taken
near the Y K, Yb LIII, Ho LIII, Ta LIII absorption edges
on the BL4C station at Photon Factory of National
Laboratory for High-Energy Physics. Samples were
ground and deposited on a tape. Data were collected in
transmission mode using ion chambers.

Figure 1 and 2 show the results of Fourier transform of
Ho LIII edge EXAFS and Ta LIII edge EXAFS for
Ho3Ta07, respectively.The result of curve fittinganalysis
are shown in Table 1. Ta-O distance in Ho3Ta07 and
Y3Ta07 crystals was approximately 2.00A, which was
about0.27A shorter than that obtainedby thesingle-crystal
X-ray diffraction study''). On the other hand, R-0 distances
in Ho3Ta07 ,Y3Ta07 and Yb3Ta07 crystals were generally
the same as those obtained by the single-crystal X-ray

diffraction study''), respectively. Structural distortion
caused by the difference between the R-O and Ta-0
distances is considered as an origin of the diffuse
scattering.

0.11

0.0 1.0 2.0 3.0 4.0 5.0

f(A)

Fig,I. Fourieriransrormmagnitudeof Ho UII edge EXAFSdataof Ho^TaO,

0.0 1.0 2.0 3.0 4.0 5.0

r(A)

Fif.Z.Fouriernnsfomi magnlitxlcorTa UII edgeEXAFSdata of Ho^TaO,

Table I. Bond distances obtained from sing[e-ct7Sial X-ray
diffraction andEXAFS speclroscopy study of RjTa07
(R=Ho. Y. Yb)

X-ray difTraction study EXAFSstudy

RJa-O(A) R-0(A) Ta-O(A)

HojTaO, 2.275 2.29 2.01

YjTaO, 2.275 2.29 1.98
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Introduction

Phospholipase A2 (PLAz) [EC 3.1.1.4 ] hydrolyzes the
2-ester linkage of l,2-diacyl-3-sn-phosphoglyccrides.
This enzyme has been purified from various sources
including mammalian pancreas, reptile and insect venoms.
Tlie crystal structures have been determined for several
PLA2Ssuch as bovine and porcine pancreas PLA2S, snake
( crotalid. cobra and rattlesnake ) venom PLAzs, and
honeybee PLA2.

PLA2 from the venom of Trimeresurus flavoviridis (
habu snake ) is a homo-dimeric enzyme composed of
subunits with 122 residues. In order to obtain further
information on the catalytic mechanism and to compare the
structure with other PLA2S. we have been undertaking the
X-ray crystal analysis of habu snake PLA2.

Experimental and results

Crsytals of PLA2 were obtained using polyethylene
glycol 6.000 as a precipitant at pH 4.9, but these crystals
were heavily twinned. To obtain non-twinned crystals,
repeated seeding was performed using the crushed
tv^inned-crstals as seeds.^ The crystals belonge to space
group P2i with a=44.lA, b=55.7A, c=48.8A, and p
=92.4° . An asymmetric unit contains one dimer.

X-ray diffraction data up to 3.5A resolution were
collected on a four-circle diffractometer with graphite
monochromated CuKa radiation. High resolution data up
to 2.OA were recorded on imaging plates by using a
Weissenberg camera installed at BL-6A2 station of Photon
Factor}'. The crystallographic a axis was parallel to the
oscillation axis. The radius of the film cassette was

286.5mm. The diffraction images were processed to
intensity data with the WEIS program. Statistics of the
collected data were summarized in Table 1.

The structure analysis was proceeded with the molecular
replacement method. Several search models were derived
from the structure of PLA2 from the Western
Diamondback rattlesnake(68% sequence homology). The
"best" search model, which gave the highest signal-to-
noise ratio on the rotation function, was contructed by
omitting fwo turn regions, p -wing and calcium binding

Table 1. Data collection

Weissenberg Diffracto Total

camera meter

Resolution (A) 15.0-2.0 45.0-3.5 45.0-2.0
Wave length(A) 1. 04 1. 5418
Total observations 21664 4213 25877
Uniqiiie reflections 12589 3972 13822
CoiTipleteness(%) 75.8 94.2 83.2
Rmerge E |1 <1H/ZI 0.051 0. 015 0. 054

loop, and side-chain atoms of residues different from the
habu-snake PLA2 except C^s atoms. Self- and cross-
rotation search were performed with the Crowther fast
rotation function^using 6.0 to 3.5A resolution data and
20.4A integration radius of Patterson function. Self-
rotation search gave an almost unique peak, whose
position shows that t^vo subunits in an asymmetric unitare
related by a non-crystallographic 2-fold(or 2i) axis. Using
this local 2-fold syrtimetry, the peaks on the cross-rotation
funcb'on could be paired with one another. The pair
containing the highest peak gave true orientations of two
subunits in an asymmetric unit. Molecular position along
the crystallographic a and c axes was determined for each
subunit with the Crowther-Blow translation function\ising
6.0 to 3.5 A resolution data. Relative position along theb
axis was determined by the R-search method using 6.0 to
4.OA data. This search resulted in the crystallographic R-
factor of 0.47 at the true position.

Using the rotation and translation solutions, a PLAz
dimer was constructed from the "best" search model, and
refined with the PROLSQ program at 3.OA resolution. R-
factor reduced to 0.357 for 6.0A to 3.OA resolution.
Figure1 shows theCa model of PLA2 dimer refined.

From the refined model. Phases were calculated and
used for the calculation of a 2Fo-Fc map. This map was
improved by cyclic averaging of the two subunits, which
resulted in the density corresponding to the tA\o turn
structures which omitted from the search model. Now, we
arc going on with model construction of omitted regions
and over-all structure refinement.
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Figure 1. A stereo drawing of PLA2 dimer
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Introduction

Cereal grains contain many proteinase inhibitors.
Two groups of Bowman-Birk type proteinase
inhibitors(abbr. as BBI), WGTI-I(Mr=14,000) and
WGTI-II(Mr=7,000), based on their molecular
sizes were isolated from wheat germs by Odani et
al.^ The group of WGTI-I has a duplicated
structure of the group of WGTI-II. The single-
headed WGTI-II is highly homologous to the
double-headed BBI of leguminous plants, such as
peanut A-II. It seems therefore to be important to
compare the tertiary structures of BBI's in cereal
grains with those in leguminous plants. In order to
understand the function and molecular evolution of
BBI we have undertaken the structure analyses of
WGTI-I and its complex with proteases. Here we
report the crystal structure of WGTI-I complexed
with bovine trypsin.

Experimental
Crystals of WGTTT2 and trypsin (1:2) complex

(Mr=60,100) belong to the orthorhombic system,
space group P2i2i2i with a=73.49, b=120.56,
c=70.04A. The unit cell contains 4 complexes, and
the solvent content is 49.5% by volume.

Data for native crystals were collected to 2.3A
resolution using a screenless Weissenberg camera^
at the BL6A2 station. Fuji imaging plates were
digitized with a Fuji BAIOO analyzer at the Photon
Factory. A summary of the data collection and
processing is given in Table 1. The 4.5A resolution
data were independently collected using a diffracto-
meter to cover the low resolution data. The merge
among these three data sets gives 26,375 indepen
dent reflections and the merging R factor is 0.096 .

Structure determination

The structure was determined by the molecular
replacement method using data between 6-3.5A
resolution and the structure of the bovine trypsin
(PDB entry number 4PTP). The orientation Ri of
one trypsin molecule(Mol 1) was determined using

Table 1. A summary of data collection
and processing

(91.6.28) (92.6.28)
Wavelength (A) 1.00 1.00

Rotatin axis c* b*

Total rotation angle (deg. ) 90 90

Exposure time (sec. /deg. ) 10 4 - 8

Number of films 27 21

Total reflections 66. 166 77. 492

(independent) 21.704 23. 849

Resolution (A) 2.4 2.3

Merging R 0. 0756 0. 0823

the Fast Rotation Function(FASTROT) system-^,
though the orientation R2 of the other trypsin
molecule (Mol 2) could not determined. The
position Ti of the correctly oriented Mol 1 was
determined by the Translation Function system."^
The orientation R2 of Mol 2 was determined by the
FASTROT using the modified structure factors Fo-
kFc where the calculation of Fc is based on the

structure of Mol 1. The position Tz of Mol 2 was
also determined using the modified structure
factors. The crystallographic R factor is 0.380 at
this stage.

The model structure of the inhibitor molecule was

constructed from the difference Fourier map. The
current R-factor is 0.324 at 3A resolution, in which
the fragments near the reactive site of WGTI-I-2,
Glnl2-Argl7 and IIe22-Cys25, are included.
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Intr oduction

a -Amylase is an enzyme which hydrolyzes
the a -1,4-glucoside linkage in
polysacchar ides. It is widely found in
oacteria, plants, and animal secretions. But
amino-acid sequences of a-amylases from
different origins are considerably different
one another. The crystal structures of three
a-amylases Taka-amylase, porcine
pancreatic a-amylase, and Aspergillus niger
a -amylase have been reported, but that of
bacterial one has not been determined. In
order to reveal the structure-function
relationship on bacterial a-amylase, we go
on with X-ray crystal analysis of a bacterial
a -amylase from Bacillus amyloliquefaciens
mainly by the isomorphous replacement
method.

Exper imental

Crystallization were performed by the
hanging-drop vapor diffusion method at pH
7.5 with polyethylene glycol 4,000 as
precipitant.' Crystals belong to the space
group of P2I212 with the cell dimensions of
a=91.4A, b=149.9A, and c=77.lA,
containing two molecules in an asymmetric
unit. Heavy-atom derivatives were prepared
by the soaking technique. Of more than 25
heavy-atom regents tried, Tl, Pt, Ir, Pb, and
Os regents provided significant changes on
the X-ray diffraction pattern. X-ray
diffraction data from these potencial
derivatives and a native crystal were
collected at BL6A2 beam line of the Photon
Factory with Sakabe's Weissenberg camera.^

The crystallographic b axis was parallel to
the oscillation axis. The diffraction images
on imaging plates were processed to intensity
data with the program WEIS^ Scaling
between native and derivartive data and
calculation of difference Patterson maps
were performed on the PROTEIN program
system.

Result

From the difference Patterson maps of TI
and Pt derivatives, four Tl position and five
Pt ones were determined. But for the
remainders of the derivatives, no heavy-atom
site was determined. Heavy-atom parameters
of Tl and Pt derivatives were refined
independently against their respective data.
Preliminary phases were calculated from
each derivative data by SIR method for the
calculation of the cross-phasing differece
Fourier maps. Using these maps, Tl and Pt
positions were confirmed each other and
were placed on the common coordinate
system. MIR phases were calculated in the
25.OA to 5.OA resolution range. Mean
figure of merit is 0.69 in this range. For the
averaging of the electron density of two
molecules in an aymmetric unit,
determination of the molecular boundary is
now being carried out.
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Table 1. Summary of data collection

Nat ive CH3COOTI Pt(NH3)2Cl2

Wavelength (A) 1.00 1.04
Film distance (mm) 286.5 429.7

No. of imaging plates 12 15
Oscillation angle (deg./IP) 6.0-10.0 6.5
oj-scan speed (deg./sec.) 2.0 2.0
Exposure time (sec./deg.) 10.0 8.0
Resolution (A) 2.2 1.8
No. of observed reflections 110.815 89.899

No. of independent reflections 39.229 51.426
Rmerge =!! I I-<I> I ZI 0.080 0.037

^including Bijvoat pairs

90

0.95

286.5

20

5.0-5.5

2.0
5.0

2.3

125.752*
72. 840*
0. 0707

IrCl

1.04

286.5

15

6.5-6.6

2.0

4.6-4.9

2.5

72. 293*
46. 479*
0.1069

Pb(CH3COO)2 K2OSCI0

1.00

286. 5

20

5.0-5. 5

2.0

10. 0

2.7

83. 832*
47. 672*
0.063

0. 95

286.5

20

5.0-5.5

2.0

6.0

2.7

84. 917*
48. 307*

0. 048
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Macrophage Colony Stimulating Factor (M-CSF) is

a protein that stimulates the development of cells of the

monocyte and macrophage lineage. It also has a variety of

stimulatory effects on mature cells of this class'. The

three-dimensional structure of M-CSF is of pharmaceutical

interest, and may help in the design of agonists and

antagonists to the M-CSF signaling pathway.

We have solved the crystal structure of M-CSF

using MIR and anomalous scattering methods^. Data from

the native protein and two isomorphous heavy atom

derivatives, K2lIg(SCN)4 and trans Pt(NH3)2Cl2, were

collected using Sakabe's Weissenberg geometry x-ray

diffraction camera. The wavelength 1.00 A which is close
to the L absorption edges of both Hg and Pt was chosen to

do these measurements. The sites of the two heavy atoms

were clearly seen in both isomorphous and anomalous

difference Patterson maps calculated from this data. Some

of the pertinent data reduction statistics are shown below.

The structure of M-CSF, which is naturally a

disulfide linked dimer, was found to consist of two four

alpha helix bundles laid end to end. The topology of these

bundles is similar to that seen in the naturally monomeric

cytokines human growth hormone^, granulocyte-

macrophage colony stimulating factor^, interleukin-25 and

interleuk-4^. The similarity of these structures is surprising
because the receptor to which M-CSF binds belongs to a

different receptor family from the receptors of these other

cytokines^. Whereas the others all belong to the
hematopoietic growth factor receptor family, the M-CSF

receptor belongs to the subclass III tyrosine kinase receptor

family. Even more surprising was the di.scovery that some

of the amino acid residues that are involved in the binding

of these other cytokines to their receptors are conserved in

structurally equivalent regions of M-CSF. Monomeric

human growth honnone transduces its signal through the

cell membrane by inducing the dimerization of its

receptor'̂ . M-CSF seems also to tranduce its signal by
receptor dimerizatidn, only in this case the ligand itself is

dimeric^. It is not yet known whether the conservation
seen in structurally equivilent regions of these stuctures is

91

indicative ofa similarity between the binding site ofthe M-
CSF receptor and the binding sites ofthe receptors ofthese
other cytokines.

Data Statistics:

Crystal

Native 1
Native 2
Hg deri
Pt deri I
Pt deri 2

d(min) Total
A Ohs

2.0
2.5
2.0

2.5
2.5

41098
23219
62645
27789
26171

Total R- Anomalous
Refs. merge R-far.tnr

13394

7599
19021

9693
9289

0.655
0.679
0.691

0.643
0.598

0.430
0.458
0.411

The structure of the

M-CSF dimer. The non-

crystallographic two fold

that relates one monomer

to the other is shown as

a solid line passing

through the center of the

structure. Ball-and-stick

models have been drawn

to indicate the positions

of the dimer's seven

disulfide bonds. Ribbons

have been drawn to

emphasize elements of

secondary structure.

This figure was

generated using the

program MOLSCRIPT

n . by Kraulis.
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A yellow protein named FP390 due to

its characteristic absorption maximum
at 390 nm was found during the
purification of luciferase cells of the
luminescent bacterium, Photobacterium
phosphoreumUi, Its molecular weight

is estimated as 26, 500 from the lux F

gene which codes for this protein'^).
Because biosynthesis of FP390 is
induced under the same conditions in

which luciferase is induced, it is

inferred that FP390 is related to

bacterial bioluminescence.

Crystals of FP390 were obtained
using potassium phosphate as a precipi
tant agent. Protein solutions of
concentrations of 200 to 250 mg/ml and
of 1.6 to 2.2 M potassium phosphate at
pH 9.0 were vapor equilibrated, at 20«'C,
to outer solutions with precipitant
concentration of 1.8 to 2.5 M. The

crystals grown to about the dimension
of 0.5x0.5x0.3 mm were shown in Fig. 1.

Precession photographs showed that
the crystals belong to the tetragonal

system, space group P4i22 or its
enantiomorph, P4322. The unit-cell
dimensions are a=b=76.8 and c=241 A

with the unit-cell volume of 1.42x10^

A3. Assuming two or three molecules
per asymmetric unit, Vta is calculated
as 3.3 or 2.2 A3/Da, respectively'3i.

Intensity data of the native
crystals were collected with synchro
tron radiation at 2.5 GeV at the BL-6A2

beam line at the Photon Factory.

The x-ray beam was monochromated to
1.04A and l.OOA by Si{111) monochro-
mator system. A screenless Weissen-
berg camera with a 0.1 mm-aperture

collimator and cylindrical cassette of
430 mm radius filled with He gas was
used. The diffraction intensities

were recorded on a 200x400 mm imaging
plate (Fuji Photo Film). A crystal
with the approximate dimensions of
1.0x1.0x0.3 mm was mounted in a

capillary in such a way that it could
be rotated about the [100] axis. The

total oscillation range of 105.75' was
covered with 21 serial Weissenberg

photographs, in three ranges of

oscillation, 11.0, 5.5, and 2.75' were

employed depending on the corresponding
oscillation area.

Intensities were processed and
scaled up to 3A resolution using WEISl^)
and PROTEIN programs ts). After
averaging of symmetry-equivalent
reflections, a total of 13,555

independent reflections were obtained
and the merging R factor is 0.077 for
79,335 measurements for native crystal.

Heavy-atom derivative crystals for
multiple isomorphous replacement were
prepared by soaking method. Inten
sity data for possible derivatives
using methylmercuri chloride, p-chrolo-
mercuri benzoic acid, phenylmercuri
acetate, mersalyl acid and potassium
tetrachloride platinate(II) were also
collected in the same manner. Inter

pretations of difference Patterson maps
are in progress.

We thank Prof. N. Sakabe and Drs.

A. Nakagawa, N. Watanabe and S. Iwata
of the Photon Factory, KEK, for their
kind help in intensity data collection.

lV

Fig. 1. Photograph of crystals of FP390
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Lectins arc multivalent carbohydrate-binding proteins and

are found in plants, animals, and microorganisms. A lectin

(AAL) isolated from fruiting bodies of an orange peel

mushroom, Aleuria aurantia, exhibit sugar-binding speci

ficity for L-fucose[l]. AAL is composed of two identical

non-glycosylated subunits which consist of 312 amino

acids, and its sequence was deduced from cDNA|2]. The

crystallization of AAL was succeeded[3], and we attempt to

determine its tertiary structure for the first X-ray analysis of

the fucose-specific lectin. Using recombinant AAL which

was produced in Escherichia coli[4], crystallization of AAL

was carried out by the hanging-drop vapor-diffusion method

using ammonium sulphate as a precipitant[5]. Crystal data

are: hexagonal, space group P6i22 or P6522, a=84.1,

c=248.7A, and Vm=2.0AVdalton on the assumption that
there arc two subunits in an asymmetric unit.

Data collection of a native crystal was performed at the

BL6A2 station in the Photon Factory with a Weissenberg

camera for macromoleculear crystallography and imaging

plates (IP), and the data reduction was made by program

system WE1S[6]. The experimental condition and data

processing results arc summarized in Table 1.

The self-rotation function was calculated by the program

POLARRFN (written by W. Kabsh) contained in the pro-

Table 1

Experimental conditions

Wavelength
Camera radius
Rotation axis

Collimator
Oscillation angle*
Coupling constant*
No. of imaging plates*
Exposure time

Data processing results

Cut-off-sigma
No. of observations
No. of unique reflections
Rmerge
Resolution

Completeness of data

LOO A
430 mm

a

0.1 mm X 0.1 mm

6.0 and 2.5 deg./lP
1.5 and 0.5 deg./mm

10 and 34 (total 44)
20 sec./deg.

2.0
204784

32995
5.4 %

1.8 A
72%

* Oscillation angles and coupling constants were changed
during a series of measurements in order to avoid over
lapping of reflections due to the long c axis.

gram system CCP4 (Daresbury, England). Figure 1 shows

the self-rotation function of AAL (k=180°) which was

calculated with the data between 10 and 6 A resolution,

applying outer Patterson radius of 30A. When the
resolution intervals and the integration radius were varied,

the mean features of the rotation function were unaffected.

Besides the high peak at \(/=90° and (t»=0°, which represents

the crystallographic two-fold axis, the lower peak was found

at v=90° and 4»=15°. Search of heavy-atom derivatives is in

progress, and whether this peak represents a non-

crystallographic two-fold axis of the dimer will be checked

by heavy-atom positions .

We gratefully acknowledge the advice and help of Pro
fessor N. Sakabe and Dr. A. Nakagawa at Photon Factory,
KEK. We thank Nichirei Co. for generous gifts of recom

binant AAL sample. This investigation has been partly
supported by Grant for "Biodesign Research Program" from
RIKEN to Y. Sugawara.
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Figure 1. Self-rotation function of AAL with the definition
of sherical polar angles. Contours arc drawn at 1.0 o
intervals (full line) starting at a level of 1.0 o (dotted line).
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Crystal Structure of pertussis toxin
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Pertussis toxin (PT) from Bordetella pertussis is an
important protective antigen in the killed whole-cell vaccine
that is currently used to provide protection from whooping
cough, but although the vaccine is about 80% effective, it is
associated with an undesirable level of toxicity. PT is a
heterohexameric protein consisting of 5 subunits (S1-S5).
The largest subunit, SI (the A-subunit) ADP-ribosylates
guanine nucleotide-dependent regulatory complexes in
eiikaryotic cells, using NAD as a substrate. The remaining
subunits, S2, S3, S5 and 2 copies of S4, form a pentameric
base structure (the B-subunit) that binds to cell-surface
receptors. Knowledge of the three-dimensional structure of
PT should help in understanding its pathogenic mechanism,
thus providing a basis for the design of less toxic vaccines
that can be used to immunise against whooping cough. Site-
directed mutagenesis has already been used to make
recombinant PT lacking ADP-ribosyltransferase activity.
We are determining the crystal structure of pertussis toxin in
collaboration with Connaught Laboratories in Toronto,
Canada. The crystal structure should provide the
information necessary to eliminate the cell-binding properties
of the toxin, and thus further reduce its toxicity while
retaining antigenicity. The structure could also be used as a
model for the design of drugs that inhibit ADP-
ribosyltransferase activity.

Crystals of PT can be grown reproducibly in our
laboratory using a repeated macroseeding technique. Similar
crystals were reported by Raghavan et al. (J. Mol. Biol.
213: 411-414, 1990), but as far as we know, no group has
>et determined the crystal structure. The PT crystals are in
space group P2i2i2] (cell dimensions a=163.8 A, b=98.2
A, c= 194.5 A) with 2 holotoxin molecules in the asymmetric
unit. They diffract X-rays fairly weakly due to their small
si7.e and large unit cell, and we have been unable to collect
useful data with a rotating anode X-ray generator.
Diffraction data were collected using synchrotron i^iation at
the Photon Factory in December 1990 and in October 1991,
using the image plate detector attached to the Weissenberg
camera station (BL-6A2). Data collected during the first trip
were not as good as we had hoped due to an unexpected
variation in crystal quality. We have since discovered that
the diffracting power of the crystals deteriorates as they get
older. However, we gained useful experience about the
behaviour of the crystals in a synchrotron X-ray beam, and
about the optimum strategies for data collection and
processing. During the recent visit to the Photon Factory,
much better data, to 3.3 A resolution, were collected from
native ciystals and from crystals that had been soaked in
solutions of heavy atom salts. Starting phases were
subsequently obtained from 5 heavy atom derivatives, and
these have been improved using solvent flattening and
averaging over non-crystallographic symmetry. For this
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density modification, we have used the DEMON program
package assembled by Dr. F.M.D. Vellieux. We have
already located the PT A-subunit by molecular replacement
using the A-subunit of heat-labile enterotoxin from E.coli
(LT) (Sixma et al.. Nature, 351: 371-377, 1991) as a
model. The A-subunits of LT and PT both have ADP-
ribosyl transferase activity, although they share less than
20% sequence identity. The remaining density,
corresponding to the B-oligomer, was expected to have
additional internal symmetry relating the S2/S4 component to
the S3/S4 component. (With 70% sequence identity, S2 and
S3 are likely to be nearly indistinguishable at a resolution of
3-4A.) This additional symmetry was successfully
identified, and was exploited in further averaging. The
resulting phases appear to be accurate to 3.5-4A resolution,
judging from the quality of the electron density. The limiting
factor in the phase improvement procedure is probably the
resolution of the best complete data set, which extends to
3.3A. From ourprevious experiences indata collection with
this crystal, we now know that some crystals diffract as far
as 2.5A and that the diffraction quality depends strongly on
the age of the crystals and the protein preparation. A third
trip to the Photon Factory (November 1992) should give us
the data we require to complete this structure determination.

A few interesting conclusions can already be drawn
from this work. First, the association between the two PT
assemblies in the dimer appears to be quite intimate, and
both B-oligomers are on the same side of the dimer. TLis
dimerization may be of physiological relevance, since it
would increase the valency of receptor binding. Second, it
is possible to identify elements of secondary structure in the
current electron density map, although the connections
between them are still ambiguous. It has already become
clear that there is a structure resemblance between the B-

oligomer of PT and the B-pentamers of the E. coli toxins
verotoxin-1 and the heat-labile enterotoxin, both of which
have an AB5 subunit structure. As in these toxins, the B-
oligomer of PT has a pore lined by 5 helices, which in turn
are surrounded by p-sheets, and a strand of the A-subunit
runs through the pore. A complete tracing of the polypeptide
chain will be necessary before we will be able to speculate
on whether this represents convergent or divergent
evolution. There is no detectable sequence homology
between any of the B-oligomer subunits and the B-subunit
of either VT-1 or LT.

We thank Norma Duke, Marie Fraser and William
Wolodko for assistance in data collection, and Drs. N.
Sakabe and A. Nakagawa for much helpful advice. This
research is supported by a grant under the
University/Industry program from the Medical Research
Council of Canada.
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INTRODUCTION
Succinyl-CoA synthetase is an enzyme that catalyzes

the substrate-level phosphorylation step of the citric acid
cycle; a vital function in the aerobic metabolism of most
organisms [1], Succinyl-CoA synthetase, purified from
Escherichia coli (succinate: CoA ligase [ADPJ EC 6.2.1.5),
is a tetramer with a molecular weight of 1.42 X 10^. The
active enzyme consists of two different polypeptide chains
or subunits, designated a and p, assembled in an a2P2-
tetramer as a dimer of a^-dimers. Several lines of evidence
suggest that although the complete catalytic site is formed
by regions in contact from both subunits in the a^-dimers,
the two aP-dimers do not function independently within the
tetrameric enzyme. Crystals of succinyl-CoA synthetase
most suitable for X-ray diffraction study are soft and
undergo severe radiation damage when subjected to a beam
of X-rays. Moreover, the long unit cell dimension along
the c axis of these crystals presents an additional problem.
Therefore, their lifetime and utility for data collection to
high resolution is limited with conventional X-ray sources.
Fortunately, these problems are resolved using synchrotron
radiation. Eight data sets (native and potential heavy atom
derivatives) were collected at KEK in 1990 [2] and
processed initially to SA resolution. Further data sets were
collected in 1991 keying on the use of large heavy atom
clusters for supplementary potential derivatives.

EXPERIMENTAL METHODS
Succinyl-CoA synthetase was purified from

Escherichia coli and crystallized as described in a
preliminary paper [3]. Tetragonal crystals suitable for X-
ray diffraction study were grown by micro-dialysis against
ammonium sulfate solutions containing coenzyme A. The
space group is P4^22 with unit cell dimensions of 98.48 X
98.48 X 400.60 A and one tetramer per asymmetric unit.
Potential heavy-atom derivatives were prepared by soaking
native crystals in situ but from which C(.">enzyme A and
protein in the surrounding mother liquor had been removed.
Following are the additional heavy-atom salt solutions
tried: tetrakis(acetoxymercuri)methane (TAMM), di-m-
iodo-bis(ethylenediamine)-di-platinum(ll) nitrate (PIP),
dimercury acetate, 4-nitro-(2,6-bismercuriacetate)phenol,
sodium ethyl mercurithiosalicylate, potassium gold
cyanide, and sodium aurothiomalate. Diffraction data were
collected on BL-6A2 using a screenless Weissenberg
camera [4] with a crystal-to-film distance of 429.7 mm and
a wavelength of 1.00 A. Crystals were mounted Just prior
to data collection with c* aligned perpendicularly to the
spindle axis and X-ray beam. A total range of 90° was
collected for each data set using 7-8 crystals. Diffraction
intensities were recorded on Fuji imaging plates and
digitized immediately using a Fuji BA-lOO scanning
system. The sequence of oscillation ranges and coupling
constants was compiled based on analysis of printed
predictions and past experience (2). This "shooting
schedule" incorporated an overlap of 0.5° between
successive imaging plates and a 0.5 - 2.0° overlap between
sequential crystals. The maximum oscillation range used
for any one imaging plate was 4.5°, and no crystal was
exposed for more than 18° in total. To minimize the effects

of radiation damage, crystals were aligned by inspection
prior to exposure for data collection. Afterwards, two
Polaroid photographs (2° oscillation stills) were taken: one
at the zero setting of the spindle dial, and the other at 90°
from the corrected zero degree setting. Subsequent
measurement of the Polaroid photographs provided the mis-
setting angles required for preliminary processing of the
diffraction data using the program WEIS [5].

RESULTS AND DISCUSSION
Eight full data sets (one native and seven potential

derivatives) were collected and subsequently processed
initially to 5A resolution, as well. Heavy atom positions
were solved for in difference Patterson functions using the
program SHELXS-90 [6]. Data from the native crystals
and from six derivatives were then processed to their
diffraction limits of 3.5 to 2.5A. The six heavy atom
derivatives which proved useful in determining the phase
estimates were: tAmM (Rdiff =0.20); PIP (^jff =0.14);
potassium gold cyanide (Rdiff = 0.09); trimethyl lead
acetate (Rdiff = 0.08); potassium platinum chloride (Rdiff =
0.24); and ammonium platinum cyanate (Rdiff = 0.14). The
resulting mean figure of merit for the phases of 40,480
reflections between 20 and 3A resolution was 0.404. The
rotation matrix calculated by superposing the heavy atoms
was used with the multiple isomorphous replacement
electron density map to calculate a local correlation map
[7]. The local correlation map calculated with a symmetry
operation gave an envelope defining the region where the
symmetry was obeyed. Knowing that the crystals had a
high solvent content of 60%, such maps were used to define
the region for averaging the electron density. The Fourier
transform of this averaged, solvent-flattened map improved
the phase estimates. At 3A resolution the electron density
was connected and showed most of the protein fold.
Presently, the 676 amino acids of one a(3-dimer are being
fitted to electron density using averaged and unaveraged
maps.
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The glycogen debranching enzyme (amylo-1,6-
glucosidase/4-a-glucanotransferase, EC 3.2.1.33 and
EC 2.4.1.25) is a monomeric enzyme with both
glucosidase and transferase activities contained in a single
polypeptide chain of 172 kDA. The enzyme is essential to
glucose metabolism in vivo to eliminate a-1,6 branch points
in the limit dextrin resulting from the enzymaticdegradation
of glycogen by phosphorylase. Crystals of the debranching
enzyme (GLX) from rabbit muscle have been grown that
diffract to 3 Aresolution (1,2), but they diffract somewhat
weakly and are radiation sensitive.

Shiga toxin (ST) is the protein toxin produced by the
bacterium Shigella dysenteriae. It is named for Kiyoshi
Shiga who described the organism after an epidemic of
dysentery in Japan in 1896. The toxin consists of five B
subunits, each having 69 amino acids, and an A subunit of
293 amino acids. The B subunits bind to receptors on the
target cell allowing entry of the enzymatic A subunit into the
cell. The A subunit is an RNA N-glycosidase, specifically
removing a single base from ribosomal RNA thereby
shutting down protein synthesis in the cell.

Nonfluorescent flavoprotein (NFP) from the
bioluminescent bacterium Photobacterium leiognathi is the
product of the lux F gene and displays sequence homology
with the a and p subunits of bacterial luciferase. The
protein also binds an unusual flavin chromophore.

Data Collection and Processing

Information about the crystals and the data collection
on the Weissenberg camera at the BL6A2 station is given in
Table 1. All image plates were scanned by the BAIOO
scanners and the digitized images were transferred to 8 mm
video tapes to take back to Edmonton for processing.

Table 1

Camera No. of No. of
Space Unit Cell Dimensions Radius Image Data

Protein Group a (A) b (A) c (A) (mm) Plates Sets

GLX P2,2i2i 106.0 195.09 92.2 429.7 246 6

ST P2i2i2i 131.7 144.4 82.8 429.7 320 9

NFP C222i 56.93 92.23 99.23 286.5 34 1

The data were processed using the Unix version of
WEIS on Silicon Graphics Irises. The parameters for each
image plate were refined. This was followed by cycles
where the parameters common to a crystal (i.e., orientation
and unit cell dimensions) were refined with the data from
multiple image plates and then the values for these common
parameters were held constant while the parameters which
were not common were refined for each image plate.
Sample statistics are given in Table 2.
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Table 2

Protein

Resol.

(A) Rmergc Meas.

Unique %
Data Complete

GLX-Native 5 0.069 45352 8603 99
GLX-GdCL3 5 0.063 39589 8498 97

GLX-TAMM 5 0.090 32301 8459 97

GLX-UO2 5 0.073 44211 8599 98

GLX-PIP 5 0.086 33234 6666 76
GLX-CHaHgCl 5 0.094 32232 8453 97

ST-Native 2.5 0.117 421935 53549 97
ST-lIg 2.5 0.114 168213 46500 87
NFP 1.6 0.071 84138 28503 80

Results

GLX: Difference Patterson maps were used in
conjunction with Patterson vector search techniques
(SHELXS-90) to locate heavy atom positions for the
glycogen debranching enzyme. One good heavy atom
derivative has been found (CHsHgCl); the others show
some substitution, but with lower phasing power. The
search for other strong heavy atom derivatives is
continuing. The amino acid sequence of the rabbit muscle
enzyme is now almost complete.

ST: From the symmetry and the unit cell dimensions,
two molecules of the Shiga toxin were expected in the
asymmetric unit. For a partial structure solution by
molecular replacement, the coordinates of a pentamer of B
subunits were available (3). The orientations and positions
of the two pentamers in the asymmetric unit of the Shiga
toxin cell were found with little difficulty. Using the phases
from the model of ten B subunits, difference Fourier maps
were calculated for each possible derivatives' data. For the
ethyl mercury phosphate derivative, eight binding sites
were found in the difference Fourier map and in residual
difference Fourier calculations. The electron density map
resulting from the model phases combined with the single
isomorphous replacement phases was good enough to
posidon a model of the A subunit (which shows homology
to the A subunit of the plant toxin ricin whose crystal
structure is known; 4) in the cell.

NFP: The NFP data are being used for high resoludon
refinement of the structure. The present R-factor at 1.6A
resolution is 17.2%.

(1) Osterlund, B.R., Hayakawa, K., Madsen, N.B. &
James, M.N.G. (1984). J. Mat. Bid. 174, 557-559.
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(1993) Biochemistry. Accepted.

(4) Katzin, B.J., Collins, E.J., Robertus, J.D. (1991).
Proteins: Structure, Function, and Genetics 10,
251-259.
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I>-gl y cera Idehyde-3-phosphate dehydro

genase CG.APDH) is an important allosteric

enzyme. Structure determination of GAPDH

from P.versicolor related to the "half-

of-the~si tes" photochemica 1 reaction'"

and NAD binding at high resolution will

throw light on the relationship between

st.ructure and allosterism.

The data sets of holo~GAPDH and the

modified enzymes before and after the

photochemical reaction have been collect

ed b>- s>nchrotron radiation-Fuj'i imaging

plate-vp-eissenberg camera system at BL6A2

to 1-B A resolution and briefly reported

in Photon Factory Annual Report"". A data

set of apo-GAPDH collected at the same

station is reported here. The apo-GAPDH

crystal is isomorphous to that of holo—

GfAPDH. The data was collected from one

crystal to 1.8A resolution with similar

conditions to that describted in[2].Absorp

tion error caused by unusual asymmetrical

shape of the crystal was greatly reduced

by using S.R. of short wave lengthd.04A).

The high speed of data collection reduced

the radiation damage greatly, because the

apo-GAPDH crysd.al is not stable during X-

exporsure.The whole data set contains

15-1636 reflections (54995 unique reflec

tions) with R-merge of 7.06.9ii.

Based on S.R. data and initial model

of 2.7 A structure obtained from diffrac-

tometer data and M.R. method'", the crys

tal lographic refinement of holo—GAPDH was

carried out. consisrting of X-PLOR, F*ROLSQ

and model building on a PS 390 interactive

graphic system using the program FT?ODO.

The current R-factor is 0.22 with r.m.s.

deviation of bond length of 0.023 A. In

comparison with 2.7 A result, the quality

of electron density map improved obvious

ly'. The map began to look very good with

depression in the middle of the den.sity

for most of the aromatic rings ( Fig.l).

Many of water molecules are already

observable. The structure shows the

presence of minor asymmetry of subunit

structure, which might be related to the

"half-of-the-sites" property of the

photochemical reaction. The further re

finement of this GAPDH is underway now.

Structure analysis of apo- and other

forms of GAPDH will be carried out soon.
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Tlie lysozymes constitute a group of enzymes with the

common property of lylic activity towards bacteria! cell

walls. Ihey tue widely distributed in animal and vegetable
tissues, and are present in a laige amount in avian egg
white. Tliis group of proteins has been classified into three

different types (type c. type g and phage type) based on

their molecular properties and protein sources. Pigeon

egg-white lysozyme has lieen reported to be a type c

lysozyme. It consists of a single polypeplide chain of 127

amino acid residues with a moleculaj- weight of about

14,5(10. The amino acid sequence is 47% homologous with

that of chicken egg-white lysozyme. The lack of

immunological cross-reactivity against other type c

lysozyme antiseia suggests some degree of structural

difference. Another important difference between pigeon
l\sozyme and other type c lysozymes is that pigeon

lysozyme binds one molar calcium ions. In this respect,

pigeon lysozyme is more similar to a-lactalbumiii, an

evolutionally related protein whose enzymatic role as a

specific motlifier that converts galacto.syltransferase to

lactose synthase is totally different from that of lysozymes.

The amino acid sequence hoinology between pigeon

lysozyme and a-lactalbumin is 37%. Thus, elucidation of

the three-dimensional structure of pigeon ly.sozyme is

impoiiant as to evolutional studies on typec lysozymes and

a-lactalbumin.

FIGURE 1. Stereo.scopic drawing

of pigeon and chicken egg-white

lysozymes superimposed after

least-.squaies fitting.
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C!alcium binding lysozyme from pigeon egg-white was
crystallized by the hanging drop vapor diffusion technique
using ammonium sulphate as a precipitant. Tlie crystals
belong to the orthorhombic system, space group P2,2|2,,
and have unit cell dimensions of a = 34.2 A, b = 34.8A and

c = 99.4 A . One asymmetnc unit contains one molecule of
the pigeon lysozyme. The diffraction dataat 3.0A resolution

werecollected and the structurewas solved by the molecular

replacement technique and refine to an R factor of 0.216.

Figure I is a steieo-scopic drawing of pigeon lysozyme

superimposed on chicken egg-white lysozyme after the

overall fitting of main chain atoms. Least-squares fitting of

the main-chains of pigeon egg-white lysozyme with those

of chicken egg-white ly.sozyme and baboon a-lactalbumin

showed that the main-chain folding of pigeon lysozyme is

more similar to that of chicken lysozyme than that of

a-lactalbumin. The largest differences between the pigeon

and chicken ly.sozymes are in tlie surface loop regions.

We u.sed .synchrouon radiation for collecting higher

lesolution data. Cuirently the structure is being refined at

2A resolution.
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Introduction

Proteinase A secreted by Aspergillus niger
var. macrosporus is a non-pepsin-type acid
proteinase distinctly different in various
properties from the family of pepsin-type
aspai'tic proteinases, and so far it remains to be
elucidated which residues participate in the
catalysis of the enzyme and how the mechanism
operates,! ^ Determination of the three-dimensional
structure of proteinase A will make clear the
catalytic residues and shed light on the catalytic
mechanism of the enzyme. Although the proteinase
A crystals obtained were leather thin (ordinary
size, 0.05 X 0.05 x 1 mm^), the intensity data
wei'p obtained up to about 1.5 A resolution with
the Weissenberg camera at the station BL6A2.2)
On the other hand, it is rather difficult to
measure the data with a four circle

diffractometer. In the present study, we have
examined the heavy atom derivatives with the
Weissenberg camera, for determining the three-
dimensional structure of proteinase A.

Experimental and Results

The crysLals used were prepared by the
hanging-drop vapor diffusion method at 25°C
with ammonium sulfate as a precipitating agent at
pH 2 in the presence of 5% dimethylsulfoxide
(DMS0).2) As determined by a Rigaku AFC-5 four
circle diffractometer with CuKa radiation (40 kV,
30 mA, focus size 0.4 x 8 mm), the crystals
belong to orthorhombic space group P2]^2]^2]^ with
unit cell dimensions of a=55.0A, b=70.6A,
r=38.3A. On the assumption of one enzyme
molecule in the asymmetric unit and of the
specific volume as 0.74 cnr^/g, the solvent content

(Fgol) was estimated to be 26%, indicating that
Fgoi of the proteinase A crystal was among the
smallest values for protein crystals.3) Hence, the
preparation of heavy atom derivatives were
mainly tried by the cocrystallization in the
presence of 10 to 15 mM heavy atom compounds.

Intensity data were collected by using a data
collection system at the BL6A2 station in the
Photon Factory, by combining the Weissenberg
camera (r=286.5 mm) for macromolecular
crystallography, an imaging plate, a Fuji image
reader BAIOO, and a data reduction program WETS
with a synchrotron radiation (A =1.04
When the intensity data of the crystals of
proteinase A with heavy atom compounds (Table
I) were compared with those of the native
proteinae A crystal, the crystal with APDT
indicated the higher value of R factor than
others. But there was found no iodine atom in

the difference Patterson map for the crystal with
APDT. So far there have been no evidence that
heavy atom derivatives are formed. The
preparation of crystals of heavy atom derivatives
of the enzyme are in progress with both soaking
and cocrystallization.

We thank Prof. Noriyoshi Sakabe (The Photon
Factory) for his encouragement and interest
during the experiments.
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Table 1. Cond i tions for measurements with Weissenberg camera for the search of

heavy atom derivatives

Cryst al Rotat ion Reso1u- No.of in l^merge Total Total Average Collimeter

ax i s t i on dependent (%) rotation exposure ring size

(A ) reflec angle time current (mm)
tions (deg) (rain) (raA)

CsCl c 1.3 1156''' 7.65 100.5 26.3 293 0.1

LaC 13 c 1.3 2214^ 5.03 100.5 7.0 246 0.1

PdAc9 c 1.3 2136^ 4.91 100.5 7.0 225 0.1

APDT" c 1.3 15908 5.92 100.5 10.5 341 0.1

Pr(N03)3 c 1.3 16277 6.00 100.5 10.5 322 0.1

TbAc3 c 1.3 13342 10.14 100.5 26.3 308 0.1

PAD" + Hg c 1.3 17507 5.17 100.5 5.3 298 0.1

K2PtC15 c 1.3 15581 6.29 100.5 8.8 263 0.1

KAu(rN)9 c 1.3 14912 6.86 100.5 7.0 256 0.1

C2H5HgCl c 1.3 14583 7.06 100.5 14.0 250 0.1

Tin c 1.3 15714 6.25 100.5 7.0 244 0.1

Mersalyl c 1.3 14337 6.66 100.5 5.3 238 0.1

Number for one IP of the observed

'' Ac-Phe-diiodoTyr, an inhibitor of
Pyridine-2-azo-p-dimethylani 1 ine.

ten IPs.

A. niger proteinase A.
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Introduction

Cyclosporin A (CsA) is an inhibitor of signal transduction
pathway to T-lymphocyte activity, commonly available to
prevent graft rejection in clinical organ transplantation. The
complex of CsA-cyclophilin blocks the phosphatase activity

of calcineurin, Ca^Vcalmodulin depended serine/threonine
phosphatase, required for the transcription of interleukin 2 in
T-cell'-2). Cyclophilin has the peptidyl-prolyl-c/5-traru-

isomerase (PPlase) activity which catalyzes the cis-trans

isomerization of certain proline imidic peptide bonds in the

oligopeptides. PPlases from E. coli are homologous to
eukaryotic cyclophilin but are insensitive to CsA. We have
determined crystal structure of the complex of cytoplasmic
PPlase from E. coli consisting of 164 amino acid residues

and tripeptide (succinyl-Ala-Pro-Ala-p-nitroanilide) in order
to clarify steric differences around the active center between

prokaryotic cyclophilin insensitive and eukaryotic
cyclophilin sensitive to CsA.

Experimental

Crystals of the complex of Cyclophilin and tripeptide are in
the space group P2,2j2, with the unit cell dimensions of
fl=66.33A, 6=68.23A, c=40.03A. Intensity data for
native and three HgClj, K2PtCl4 and SmC^ derivatives

were collected using Weissenberg camera at wavelength of
1.00 A by synchrotron radiation source at KFK (Tablel).
After refinements of heavy atom positions using the program

PROTEIN, the mean figure of merit for MIR phases was

0.73 at 2.5A resolution. The MIR map was goodenough to
be traced. The stnicture model was built using the program

CHAIN and refined using the program X-PLOR. The
present R-factor using 13560 reflections between 1.8 and

10.0 A resolution is 0.195 including 157 water molecules.
The rms-deviations from ideal values for bond lengths and

bond angles are0.011A and 1.673°, respectively.

Results and Di.scu.s.sion

E. coli cyclophilin has an eight-stranded antiparallel P-
barrel stnicture as that observed in human cyclophilin^-'*).
The substrate (Suc-Ala-Pro-Ala-pNA) is bound in a cis

conformation in its active site. Five hydrophobic residues,

Phe-48. Met-49, Phe-99, Leu-108 and Tyr-120 are arranged

in the same conformation as human cyclophilin in the active

site and form a hydrophobic pocket where the ring of Pro-2

of the substrate sits in. Arg-43 riNH forms the hydrogen

bond to the carbonyl oxygen of Pro-2 in the substrate. Two
hydrogen bonds are formed between the mainchain of the

substrate (Ala-1), and the mainchain of Arg-87. The

comparison with human cyclophilin showed notable

differences as the following.

1) In human cyclophilin, the largest individual displacements
were found near Asn-102 to form hydrogen bond to

hydroxyl group of MeBmt-1 of CsA when CsA bound to

cyclophilin. In contrast, in E.coli Arg-87, corresponding to

Asn-102, is in the rigid loop.

2) E. coli has Phe-107 at the position corresponding to Trp-
121 of human cyclophilin which forms hydrogen bond to

carbonyl oxygen atom of MeLeu-9 of CsA.

We thank Dr. S. Iwata, Dr. A. Nakagawa and Prof. N.

Sakabe at the Photon Factory KFK for their kindly help in

the data collection and the model building.

1) Flanagan, W. et al. (1991) Nature, 352, 803

2) Liu, J. et al. (1991) Cell, 66, 807

3) Kallen, J. et al. (1991) Nature, 353, 276

4) Spitzfaden, C. et al. (1992) FEBS Lett., 300, 291

<Table 1> Data of nativecyclophilin and its derivatives
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Total Unique Resolution

Sample reflections reflections A R-merge

Native 65222 14962 1.6 6.87

HgCl2 53112 13966 1.6 7.02

SmClj 26887 6600 1.6 4.52

KjPtCl^ 46347 14314 1.6 6.82

A .stereo-viewof the active site of cyclophilin. The substrate
(Suc-Ala-Pro-Ala-/7NA) is found in the right side.
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Introduction

The cytochrome bc^ complex (ubiquinol: cytochrome c
oxidoreductase or complex III) is a multi-subunit enzyme
complex which is involved in electron transport coupled to
proton translocation across the mitochondrial inner
membrane. The enzyme from beef heart mitochondria
consists of 11 subunits, and contains one c-type and two b-
type hemes and one iron-sulfur cluster as redox active
centers. The molecular weight of the functional unit is
approximately 230 K, and the primary structures of all 11
subunits are known.The enzyme exists as two units in
the mitochondrial membrane. The overall shape of the
enzyme from Neurospora crassa was obtained at low
resolution by electron microscopy of the two-dimensional
crystals.In order to elucidate the reaction mechanism of
the enzyme, crystallizations of the enzyme from beef heart
have been achieved independently by three groups.
Here we report the results of intensity measurement for one
oftwo crystal forms (form 11).^^

Experimental and Results

The form II crystals are hexagonal, space group P6| or
F65, with unit cell constants of a=b=13I A, c=718 A,
Vm=3.9 A^/dalton for one dimer (two functional units) in an
asymmetric unit.^^ They diffract X-rays to 6.5 Aresolution.

Intensity data were collected at BL6A2 using Weissenberg
camera for macromolecular crystals.Synchrotron
radiation was focused by cylindrical-bended asymmetric cut
Si( 111) monochrometer. Each crystal was sealed in a quartz
capillary just before the diffraction experiment. After several
exposures the crystal was translated to avoid deterioration of
diffraction pattern. The radius of cassette used was 859
mm, and the size of collimator was 0.1 mm. The diffraction

intensities were recorded on the imaging plates (40x20 cm),
and read out by a Fuji film BA-100. The diffraction patterns

on the imaging plates were processed by WEIS program
system.^^ The experimental conditions and results are
summarized in Table 1.

The crystals were moderately stable against X-rays so that
full data could be collected from one crystal. Focused SR
beam and large cassette were requisite to resolve the

diffraction spots along the c* axis. The values of R^^gj-gg
indicate that these data would be usable for phasing by
isomorphous replacement method. But the length of c axis
was unstable (ca. ±0.7 %) presumably reflected by slight

difference of crystallization conditions.
We soaked the crystals in several kinds of heavy-atom

solutions; one of the crystals showed significant change in
intensity distribution.

Table 1. Experimental conditions and results

Crystal-1 Clrystal-2 Crystal-3

Rotation axis c c c

Wavelength (A) 1.04 1.00 1.00

Oscillation angle O) (°) 6.3 3.75 5.25

Exposure time (s/IP) 100.8 45.0 52.5

Number of IPs 11 15 12

Resolution (A) 10.0 8.0 8.0

No. of observed refl. 6,881 13,470 11,604

No. of independent refl . 2,891 5,672 5,030

% for possible refl. 69.0 78.3 60.3

Emerge 9.4 12.3 13.5

We thank Prof. Noriyoshi Sakabe and Dr. Atsushi
Nakagawa for their kind help in the data collection using the
Weissenberg camera.
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INTRODUCTION

Glutathione synthetase (GSHase) catalyzes the
synthesis of glutathione (GSH) from y-L-glutamyl -L-
cysteine (GO) and glycine in the presence of ATP
and magnesium ion. The enzyme from Escherichia
coli B is a homotetramer, each of which contains one
active site and 316 amino acid residues. The crystal
strucutre of the enzyme was determined at a 2.0 A
resolution (1, 2). The binding sites of the substrates
were analyzed (i) with the crystals soaked into a
solution containing ATP or/and y-L-glutamyl-L-
aminobutyrate (substrate analogue) (ii) with the
crystals covalently bound with adenosine(5')tetra-
phospho(5')pyridoxal (3); the binding site of ATP was
revealed, while the site for GO is ambiguous in spite
of these efforts. The detail of the interactions to

provide substrate specificity, however, remained
unknown. Through these crystal analyses, electron
density maps showed none for a peptide region
('flexible loop region'), Ile226 to Arg241, and this has
left the structure of this region undetermined. From
mutational experiments, the flexible loop was
supposed to be responsible for two functions; to
protect the acylphosphate reaction intermediate from
the decomposition by hydrolysis and to define the
substrate specificity to glycin (4). In the present
study, we prepared crystals of the complex with its
products, ADP and GSH, and analyzed the crystal
structure to reveal the mechanism to provide
substrate specificity and accelerate the reaction.

METHODS AND RESULTS

GSHase without ADP and GSH was crystallized
under the conditions used in the previous analysis
(1) with a modification of buffer. The crystals grown
in 50 mM Tris-buffer (pH7.5) was dialyzed against
Tris-buffer containing 30 % saturated ammonium
sulfate, 5 mM MgCI2, 10 mM ATP, 10 mM GSH, and
10 mM 2-mercaptoethanol and complexed with the
products by diffusion at 25 C for 3 days. Crystals of
the complex were isomorphous with those of the
native enzyme; space group P6222 with cell
dimensions of a=b=87.3 A, c=169.6 A. Diffraction
patterns of the crystals mounted with their
crystallographic c- and a-axes along the rotation axis
were recorded on imaging plates by using a large
Weissenberg camera installed at BL6A2 station in
the Photon Factory (5). The diffraction image data
were digitized on a Fuji Film BA100 photo-reader

system then converted to indexed intensity data sets
with the programs WEIS and COLECT (6). The data
set for each crystal axis setting was obtained by
merging and scaling the indexed data sets using the
program SCALE. The complete data set was
obtained by merging two sets for each axis setting
according to the method of Hamilton et al. (7). The
total number of reflections was 196,511 and the
number of independent ones was 23,410. Merging
R-factor was 5.8 %.

The initial structure of the present complex was
generated from the refined structure of the loopless
mutant enzyme (8). The atomic positions were
refined by the methods of conjugate gradient
minimization and simulated annealing using XPLOR
(9) on a Cray Y-MP2E of the Institute for Chemical
Research, Kyoto University. The initial value of a
crystallographic R-factor for the structure was 32.1 %
for diffraction data rangig 8.0 A to 2.5 A resolutions.
The f?-facotor was reduced to 22.1 % at 2.5 A resolu
tion by simulated annealing from 3,000 K to 300 K at
a time step of 0.5 fsec with slow-cooling protocol (Fo
> 5s). Electron density map calculated using the
coefficients (2Fobs - Fcalc) clearly showed two lobes
of electron densities, to which the molecular
structures of ADP and GSH registered in Cambridge
Crystallographic Database were well fitted on
FRODO. After the refinement of the model including
the molecular structures of the two products, the R-
factor was reduced to 20.95 %. At the present stage
of the refinement, the electron densities supposed to
be due to the flexible loop region became visible and
are under the manual model fitting on FRODO.

Further refinements and model fitting of the flexible
loop are expected not only to reveal the binding site
of GO and the structure of the flexible loop, but also
to show the interactions responsible for the
molecular recognitions by the loop in atomic level.
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Tobacco necrosis virus (TNV) is a

small icosahedral virus consisting of

180 copies of a coat protein and a
single stranded RNA. Crystal structural
analysis of TNV is carried out to eluci
date structural relationships to Satel

lite tobacco necrosis virus(STNV) and

other icosahedral viruses and to know

the mechanism of structural organization

of TNV.

TNV crystal belongs to the cubic

space group P4232 with the cell dimen
sions, a=b=c=338A. The unit cell con
tains two icosahedral particles at the

origin and the body center.

X-ray data collection, at 2.5 GeV,

was carried out at the BL6A2 station at

the Photon Factory. The X-ray beam was
mo nochromatized to 1.488 A by a Si(lll)
monochr0meter system. The camera was a

screenless Weissenberg cameraill with a

cylindrical cassette of 430 mm radius.
The intensity data were processed up to
5A resolution using the WEIS program

system[2] (Higashi,1989). The merging R
factor is 0. 115 for 90,251 reflections.

The observed reflections with

F>3sigma(F) amounted to 83% of the
theoretical number in the 10OA to 5A

resolution range.

A se1f-rotati0n function was com

puted using the fast-rotation function
program written by Crowthert31. Inde

pendent reflections between 10 and 12A
were used in the calculation. The

significant peaks higher than 80% of

ideal height at the every positions
expected from the packing of icosahedral
particles in the, and the highest noise
of the rotation function was lower than

a fourth of the lowest signal peak.
Consequently, the orientation and loca

tion of the icosahedral partidles as
well as high quality of the intensity

data were confirmed.

A cr0ss-rotation function between

TNV crystal and the model crystal of
SBMV[4] was calculated in order to

determine the orientation of the subu-

nits in the particle. The reflection
data from 10 to 12 A resolution were

included and integration was carried out
within the radius between 5 and 58 A in

the calculation. Significant peaks
appeared close to peak positions of
self-rotation function of TNV itself.

Consequently, the cross-rotation func

tion showed that TNV was similar to .SBMV

in orientation of subunits on the ico-

sahed ra1 surface.

Imposing the same capsid structure
for TNV as the poly-alanine model of
SBMV, we composed a trial structure of
TNV capsid at the Wyckoff position a. In

order to refine the trial structure,

three subunits in the icosahedral asym

metric unit was translated successively
along crysta 1 10graphic axes a, b and c
and R factor was calculated at 8 A

resolution for each position. The most

probable position deviates from the
trial position by respective -0.184,

-0. 245 and -0. 559 A along a, b and c.
The crystal structure for the most
probable position with the R factor of
0.419 was applied to the following
molecular replacement averaging as the
initial structure. Phase extension from

8 A resolution to 5 A was carried out by
the molecular replacement averaging.
After 91 cycles of the iteration a
correlation coefficient and the R were

converged to 0.92 and 0.16 at 5A resolu

tion, respectively. The final electron
density map was constructed with ob
served structure factors in the resolu

tion shell between 100 and 5A.

Electron density cages of the final
electron density map at 5 A resolution
were constructed in an SG graphic sys
tem. Alpha-helices and beta-sheets were

easily found in the map. Each TNV subu-
nit has a shorter ordered part by 12
residues and a longer disordered part by
27 residues than the corresponding
subunit of SBMV. Consequently, 14,580
disorder residues interact with RNA in

the virus particle. Though TNV is the
same size as SBMV in the outer radius,
the number of residues disordering
inside TNV particle is larger than that
of SBMV by 42%.
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Introduction

Several electron carrier proteins in sulfate-reducing
bacteria were investigated by the method of X-ray
diffraction using the synchrotron radiation. One of the
proteins is iron-sulfur protein, ferredoxin(Fd), which plays
an important role of electron transfer from hydrogenase
and cytochrome cx This protein was isolated and purified
from the cell of Desulfovibriovulgaris Miyazaki F (DvMF)
strain, and has molecular weight of about 6,400 consisted
of 61 amino acid residues.

A similar iron protein, isolated from the same cell,
rubredoxin(Rd) was also studied by the X-ray diffraction.
The Rd molecule has one iron-center different from that of
Fd type, and has molecular weight of about 5,600. The
function of this protein is yet unknown, but it may play an
substitutional role of ferredoxin in an electron transfer

chain. In order to determine the three-dimensional
structure of these proteins. X-ray structure analysis was
applied with use of synchrotron radiation.

Experimental
For the Rd protein, crystallization was carried out

by the vapor diffusion technique under the condition of
150 mM Tris-HCl, pH 7.4, in 75% saturated ammonium
sulfate. Dark red, parallelepiped or micro needle-like
crystals were obtained.

X-ray diffraction studies were carried out with use
of the Macromolecular Weissenberg camera designed by
Professor N. Sakabe installed at BL-6A2 using
synchrotron radiation in the Photon Factory. Diffraction
patterns were recorded on the imaging plate and read by
BA-100 system.

Results

The first Fd crystal (0.2 x 0.1 x 0.1mm) gave the
Debye-Scherrer ring during exposure time of 2 min.
Therefore, the crystal was considered not to be an single
crystal but an assembly of micro-crystals or needle-like

ones. Estimation of cell dimension or some other

information from the diffraction pattern are now in
progress. On the other hand, Rd crystal (0.8 x 0.2 x
0.2mm) was dark-red color and clear single crystal. From
diffraction pattern, the following preliminary
crystallographic data was obtained, cell dimension;
a=b=43.7 A, c=50.7A, y=120 , space group ; P3221.
Molecular weight 5574, number of residues 52.
Diffraction data were collected at beamline 6A2 of the

Photon Factory. Wavelength used was l.oA. Total
number of measurements is 10630 from 11 films with use

of one crystal (rotation axis was c*). All measured data
was merged by the program PROTEIN. R-merge is 8.9%
and 2541 unique reflections is obtained. Completeness of
reflection data is 51 % within the resolution range of 6-2A.
Structure was solved by the molecular replacement
procedure in the package program X-PLOR. Structure of
rubredoxin from Desulfovibrio vulgaris Hildenborough
(DvH) was used as the starting model for molecular
replacement, because the similarity of amino acid
sequences between DvMF and DvH is more than 90 %. R
value of correctly searched position of the model through
cross rotation search and translation search is 43.4 %

(resolution range 6-3A, number of reflections 942 with Fo
> 3a(Fo), which is about 10 % lower than other possible
sets. After rigid refinement (R=39.4 %) sequence of
model was changed to that of DvMF. Then structure was
refined by simulated annealing method with X-PLOR.
After this refinement was applied, R value (initially 43.7
%, resolution range 6-2A, number of reflections 2066 with
Fo > 36 Fo) was reduced to 24.3 %. 2Fo-Fc map and
omit maps are quite reasonable. Figure shows a stereo pair
of the whole structure.

Structure is being applied the futher refinement
considering bound water molecules. Present R value
including several water molecules is 22.9 % (same
condition as above).
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The nitrile hydratase (NHase) hydrates
various nitrile compounds to the
corresponding amides', namely,

R-CN H2O > R-CONH2

The NHase from bacteria Rhodococcus has

active and inactive forms, and the inactive
form is readily converted to active form by
light irradiation^. This photosensitive NHase
consists of 2 subunits aP each with molecular
weights of 22,787 (206 residues) and 23,428
(212 residues) respectively, deduced from
DNA sequence^. As cofactors, it has 2 iron
atoms per molecule and a quinone-like
cofactor^. In order to understand its enzymatic
mechanism and ultimately the photoactivation
mechanism, we have performed an X-ray
crystallographic analysis of this NHase.

The inactive form of NHase, which is a

more stable form of the enzyme, was purified
from Rhodococcus, and crystallized by vapor-
diffusion method. The crystal belongs to
orthorhombic system and the space group is
P2i2i2 with cell dimensions of a=117.4 A,
b=145.7 A, c=52.1 A. The Vm value is
calculated as 2.4A^/Da with 2 molecules per
asymmetric unit, as described previously^.

The intensity data of the inactive NHase
crystal was collected using Weissenberg
camera and Imaging Plate'' at beamline 6A2 in
the Photon Factory (X=1.0 A, 310-320 mA,
temp.=10°C). The crystal (0.3 x 0.3 x 0.2 mm)
was mounted with the c-axis parallel to the
rotation axis of the Weissenberg camera
(camera radius=430 mm). The data of up to 2.2
A resolution was collected from only one
crystal in a total exposure time of 52 minutes.
A total of 155,481 observed reflections were
processed using WEIS^, and the 33,167
independent reflections obtained is 72% of the
total reflections measurable at this resolution.

The data gave an overall Rmerge (^ II-<I>I /I I) of
6.8%.

The rotation function in polar angles was
calculated using POLARRFN (written by W.
Kabsch) to detect any non-crystallographic
symmetries that exist in the NHase crystal and
the calculation showed a significant peak at
co=90°, ())=45° and k=180° which indicates a 2-

fold axis parallel to the a-b plane at (|) = 4 5°
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(Fig. 1). This result is consistent with the
image of transmission electron microscopy of
NHase microcrystals which reveals the
molecular packing of the NHase.

We are grateful to Prof. N. Sakabe and Dr.
A. Nakagawa (KEK) for their help at PF. We are
also grateful to Dr. Y. Sugawara (RIKEN) for her
help in computer works.
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k=180'=

Fig. 1: The stereogram of the self rotation
function of NHase at k=180" using spherical
polar angles. 4-10 A data was used for
calculation and the Patterson radius was set to

15 A. The peak at (0=0°, (|)=0'' corresponds to the
crystallographic 2 fold axis. The peaks at
to=90°, 4»=0° and (0=90°, ())=90° correspond to 2
fold screw axes (these are normalized to 100).
The stereogram has a minimum value of -20.6
and the solid contours indicate steps of 10.
The dashed and double-dashed lines indicate

-10 and 0 levels respectively. The average
deviation in this figure is 27.8.
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Lactoferrin (LO is a mammalian iron-binding protein found
in while blood cells and many body fluids. Its principal
function is probably to control the levels of free iron, and
possibly other trace elements, although manyother activities
have also been suggested.

The molecular characteristics of Lf are well established. It
is a glycoprotein, 80 kDa, which binds, very t^htly but
reversibly. two Fe^"^ ions together with two CO^ anions.
Previous crystallographic studies have shown that the
molecule folds into two globular lobes, representing its N-
terminal and C-terminal halves, each with a single iron site
(1]. The two lobes, and their iron sites, are similar but not
identical; to analyse the properties of a single lobe we have
undertaken an X-ray structuralanalysisof the N-terminal half-
molecule,LfN, producedby recombinantDNA methods[21.

Crystals of LfN were obtained by microdialysis of a
70mg/ml protein solution against O.OIM Tris-HCl, pH 7.8,
containing 12% (v/v) of isopropanol. The crystals were
unstable and temperature-sensitive, and could only be
stabilised sufficiently for data collection by transfer to a
mother liquor containing 10% PEG 4000. This also required
that rapid data collection methods be used.

Diffraction data to 2.0A resolution were obtained from one
crystal of deglycosylated LfN using a Weissenberg camera
equipped with imaging plates [3] at the synchrotron radiation
source of the Photon Factory (beam-line 6A2). The crystal
space-group had not been determined before data collection
because of the small number of crystals, and their instability,
but they appearedmonoclinic or tnclinic. A data set covering
180® of rotation about a single axis was collected, and the unit
cell was later determined as a =133.0, b =58.3, c =58.3A, P
= 114.7®, space-group C2, with one LfN molecule in the
asymmetric unit. Processing with WEIS gave a total of
97,123 reflections; these were then scaled and merged to give
a final data set of 33,8(X) reflections to 2.0A resolution, witha
merging R value for redundant measurements of 0.062.
These synchrotron data also merged well with a subsequent
diffractometer data set to 3.2A resolution (merging R =
0.075). The combined data set gave 99% coverage to 2.0A
resolution, with 80% of reflections having 1 > 2ai.

The three-dimensional structure of LfN was determined by
molecular replacement, using the N-terminal half of Lf^
search model. All solvent molecules, and the and co^
ions, were excluded from this model. Clear rotation and
translation solutions were obtained, and the position of the
molecule in the unit cell was further refmed by rigid body least
squaresmethods (program TNT), Rigidbodyrefinement with
the molecule divided into its two domains was also carried
out, giving a final R factor, prior to full restrained least
squares refinement, of0.333 for data to 3.2A resolution.

Electron density maps calculatedat this point showedclear,
well defined electron density for almost the entire molecule,
with the exception of the N-and C-termini (residues 1-4 and
313-333) and some 46 sidechains. The latter were all
excluded from the model. Good density was, however,
apparent for the bound Fe^"^ and co^' ions and these were
added to the model. Restrained least squares refinement
(program TNT), with manual rebuilding, allowed missing
parts of the molecule to be added, along with the best-defined

water molecules. The protein model (2480 atoms) is now
complete, except for 7 sidechains and the C-terminal residues
328-333, for which no clear density is visible. 180 water
molecules have also been included. This final model gives
excellent agreement with the X-raydata (R = 0.184 for all data
between 8.0 and 2.0Aresolution).

The structure of LfN shows one surprising departure from
native Lf. In the latter, residues 321-332 form a helix which
runs across the back of the N-lobe iron site and forms part of
the packing between the N-terminal and C-terminal lobes. In
LfN however, this helix hasbeen unwound. Residues 322-
327 have an extended conformation(Figure 1) forming a third
P-strand, hydrogen bonded to the two 'backbone' strands
which run behind the iron site in the native molecule. Beyond
residue327 the chain appears to be mobile,or disordered.

This conformational difference has some important
implications. Thetwo 'backbone' strands contain thehinge in
Lf which allows the domains of the N-lobe to opienand release
iron. The helix 321-332 is also involved. The unravelling of
this helix in LfN, and its interaction with the two backbone
strands seems certain to affect the closed-to-open
conformational change and the ease of iron release. It also
results in the loss of several hydrogen bonds and other
interactions near the back of the iron site, which may
destabilise iron binding. These changes provide a structural
explanation for the more facile iron release shown by LfN-

The structure analysis of therecombinant N-terminal half-
molecule of lactoferrin now opens the way for comparative
studies on site-specific mutants; thesestudies are in progress.

Acknowledgements: Support from the U S National
Institutes of Health (Grant HD-20859) and the Wellcome
Trust, for travel to the Photon Factory is gratefully
acknowledged.
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Fig. 1 Ca plot showing the changed conformation beyond
residue 321 in LfN (full lines) compared with Lf (broken
lines). The two domains N1 and N2 are also labeled.
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Single strand binding proteins bind to and
stabilize single strand DNA (ssDNA). These
proteins have been found in all cells examined
to-date and have a variety of functions. For
example, the single strand binding protein from
E. coli (SSB) is known to be necessary for
replication^ repair^ and recombination^ of DNA.
Despite the fact that SSB is essential for a
variety of fundamentally important processes,
there is little known of its detailed molecular

structure. We set out to crystallize and solve
the structure of SSB so that we can better

understand how it binds ssDNA and how it might
carry out its many functions.

SSB is a tetramer in solution with subunits

that have a molecular weight of 18,000 Daltons.
The subunits of SSB can be divided into two

parts: a DNA binding domain (SSB T*) of
molecular weight 12,000 Daltons and a smaller
C-terminal domain that is flexible and very
susceptible to proteolytic degradation. SSB T*
was initially produced by treating the intact
SSB with trypsin, but it is now purified from a
clone that over-produces it. SSB T* has been
crystallized in a form suitable for high resolu
tion structure analysis, however, efforts to
obtain its structure have been frustrated by
difficulties in preparing good heavy atom
derivatives. SSB is difficult to derivatize,

in part, because it contains no cysteine residues
and only one histidine residue. To facilitate
derivative preparation, a number of cysteine
enriched mutants of SSB T* were produced and
crystallized in the same orthorhombic space
group as wild-type SSB T*. One of these mutants
could, in the presence of mercury ions, be induced
to form a tetragonal crystal form that diffracted
to beyond 3.0 X resolution. These crystals would
not form without mercury and the wild-type protein
could not be induced to form the tetragonal
crystals. It seems that mercury and a cysteine
residue are essential for the formation this new

crystal form. It is this crystal that was used
for data collection at the Sakabe beam-line at

Tsukuba.

The tetragonal crystals form from a mutant
in which the aspartic acid at position 95 is
replaced with a cysteine. Precession photography
was used to determine the spacegroup: P4i22. ^
The cell dimensions were found to be a = 62.3 A

and c = 2A5.9 A. Eight subunits (or two tetramers)
must occupy the asymmetric unit of the crystals
to give a value for Vm of 2.5 which is in the
range normally found for proteins^. This
calculation of Vm is consistent with the self

rotation function calculated with diffraction

data collected with the tetragonal crystal form.
Although, SSB forms a tetramer in solution, a
number of experiments suggest that it forms a
nucleosome like complex when it interacts with
ssDNA and that this complex contains eight

subunits of SSB. It is possible that the
octomeric arrangement of SSB T subunits found
in the tetragonal crystal form is similar to the
arrangement of SSB molecules found in the complex
it forms with ssDNA.

Data were collected with the wild-type
tetragonal crystals and several putative heavy
atom derivatives. Data were collected using the
Weissenberg Camera of Sakabe^ using X-rays with
a wavelength of 1.09 X. Data were processed using
the Photon Factory software of Higashi. Although
data were collected to approximately 3.0 X, the
higher angle data were weak and could not be
measured accurately. The fact that data could
not be collected past 3.0 X, as was expected on
the basis of preliminary precession photographs
can be attributed, in part, to the age of the
crystals. Although the crystals appeared to be
suitable for data collection, they had been
stored for 3 months awaiting beam-time. The

Rmerge values obtained for the different data
sets ranged from 7.0 to 9.0%.

An anomalous difference Patterson was

calculated with the native data, but it did not

give the location of the mercury atom. Large
differences (20-30% on I) were observed between
the native and two putative derivatives, however,
the location of heavy atom sites could not be
established using difference Patterson maps,
probably because there are many heavy atom sites.

The structure of the tetragonal form of SSB T*
may eventually be solved with the Photon Factory
data using molecular replacement methods. Co
ordinates for molecular replacement may soon be
available from work involving the orthorhombic
crystal form of SSB T*.
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3485-3489.
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M. and Hill R. eds

New York.

The Proteins" (1974) Neurath,
3rd ed. Academic Press,
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INTRODUCTION: Recently, we determined the structures
of E.Coli AspAT and its complexes with inhibitors by X-ray
method at high resolution. Theenzyme is a2 dimeric form with a
subunit molecular weight 45.000. Each subunit has one PLP
forming Schiffbasewith a Lys residue at the active site, and is
dcvided into a small and a large domain. On binding of a
substrate, the small domain moves to close the active site
('open'-'closed' conformalional change). X-ray studies of
E.Coli AspATs have revealed that the spatial structures of the
E.Coli enzyme is virtually identical with those of the animal
isozymes and that most of the active-site residues are conserved
and located at corresponding positions. Site-directed mutagenesis
of the active-site residues of E.Coli AspAT followed by kinetic
and X-ray study have elucidated the functional roles of these
residues in the catalytic process. Here we present the X-ray
crystallographic studies of R292V (the mutant enzyme with Val
in place of Arg292). Y70W'a-methylaspartate and H143N
•succinate.

EXPERIMENTAL: Crystals were grown from ammonium
sulfate. sodium sulfate or PEG4000 solution at pH 7.0 by the
hanging drop vapor diffusion method. X-ray data for these
crystals were collected to resolution of 2.0-2.2A using
synchrotron radiation at 6A2 station of the Photon Factory,
KEK. Japan. Refinements were performed using the
coordinates of E.Coli AspAT in the 'open' or 'closed' form as
startingmodels, by theprogram XPLOR.
Arg292Val {R292V): On binding of the substrate, R292
recognizes P-coo" of the substrate by making a .salt bridge with
this P-coo". In order to change the substrate specificity, the
positively charged R292 was replaced by the neutral amino acid
Val. R292V loses its catalytic function as AspAT, but shows the
considerably high activity toward the aromatic amino acid,
compared with AspAT. The overall structure and active site
structure of R292V are quite similar to those of AspAT in the
'open' form, although the positively charged R292 was replaced
by the neutral amino acid. In order to assign the region to
recognize aromatic amino acids, model fitting study forTrp as a
substrate by a graphic method was undertaken based on theX-
ray structureof R292V(Fig.1).

C 7^1
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Fig 1. Amodel of theactive-site structure of R292V- Trp

The indole ring of the substrale(Trp) mainly interacts with WHO
and 117 and weakly interacts with the side chain of V292. If
transamination reaction of an aromatic amino acid proceeds in the
'open'-like form, this model looks promising.
Tyr70Trp(Y70W)*a-MeAsp: We have a chance to trap the
reaction intermediate using the active site mutants, since the
reaction may proceed slowly or stop at some step. Wild type
AspAT binds ct-methylaspartatc(a-MeAsp) to give a new Schiff
base between PL? and a-MeAsp as shown in the reaction
scheme. The active site mutant Y70W binds ct-MeAsp similarly,
but does not make a new Schiff base. Since this complex is a
model of enzyme-substrate complex, we can see the interactions
between ci-MeAsp(substrate analogue) and active-site residues
just before the Schiff base between K258 and PL? is cleaved and
a new Schiff base bebx'eena-MeAsp and PLP is formed(Fig.2).

^ 0222

} r K25B U
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Fig. 2. Active-site structure of Y70W-a-MeAsp

The bulky W70 prevents the a-amino group of cr-MeAsp from
attackingthe C4' of the Schiff base and PLP maintains a Schiff
base with K258. 03' of PLP attracts the protonated ct-amino
group of a-MeAsp. R386 and R292 interact with a- and b-
CDO" of a-McAsp, respectively. These three electrostatic
interactions are important for determining substrate specificity.
The overall structure of Y70W is somewhere between 'open' and
'closed' form, but the active site structure is quite similar to that
of the 'closed' form.

HisI43Asn (H143N)»succinate: One of the structural
features in common among AspATs is the presence of 3 histidine
residues, H143, H189 and H193, clustering beneath the PLP
ring. Particularly, Hisl43 makes a direct H-bond with D222,
which stabilizes the positive charge at N(l) of PLP. In order to
examine the possible role of H143, X-ray study of
H143N*succinate was undertaken. Overall structure and active-

site structure of H143N are quite similar to those of the wild type
AspATin the'closed'form. N143 is too distant from D222 to
make a direct H-bond between them. H-bond of D222 with

HI43 in the wild type AspAT is recovered in D222A (N-
MePLP) by the inclusionof a new water molecule.This result is
consistent with the spectroscopic and kinetic study which
suggests that H143 is not e.ssential for the catalytic action.
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Nowadays, it is being revealed that the nucleic acids
have surprisingly various functions and these are
very important in living system. The most symbolic
example is that RNA plays an important role on the
'molecular recognition' and 'catalysis' during mRNA
processing. On the view of the 'Structure of Novel
Functional Nucleic Acid', the X-ray structural
analysis is the most effective in order to clarify the
mechanism of various functions systematically.
However, it is very difficult to analyse the whole
structure of the novel functional nucleic acid. We
focused on the partial structures essential for such
nucleic acids. The preliminary experiments are run
on the three kinds of functional nucleic acid motifs,
ribozyme, CAP structure and DNA hairpin structure.
The issue of ribozyme is described in this report

especially.
Ribozyme, which is discovered by Cech'', is a

mRNA with a very long sequence. Hammerhead
type is the most typical among the ribozymes.
Because the length is about several hundr^s, the
crystallization of native whole molecule is hopeless.
By the way, UhJenbeck synthesized the partial
structure of native hammerhead ribozyme and it has
similar catalytic activityKoizumi et al. synthesized
several smaller hammerhead type ribozymes consist
of three chains^^Fig. 1). We succeeded to crystallize
the sample by the hanging drop vapour diffusion
method with MFD precipitant. The crystal grew up
0.5 X0.05 X0.05 mm^ at the moment (Fig. 2). We
have already tried to collect data with a tiny crystal,
but it was too small to detect X-rav diffraction data
on the Weissinberg camera system .

In order to investigate the catalytic mechanism we
have a plan of the Laue experiments triggered by UV
radiation. For the first step, a photoreactive
nucleotide, modified cytidine is synthesized (Fig. 3).
The c-nitrobenzyl group will be released by UV
radiation. The modified cytidine is crystallized from
90 % ethanol solution. The size is 0.8 x 0.3 x 0.02
mm . The X-ray radiation gave a damage as a
streaky mark on the crystal(Fig. 4). Provably the
reaction occurred in the marked part of the crystal.
The X-ray data was collected twice at max. 1.0 A
resolution using Weissenberg camera installed at
BL-bAj. Rsym = 7.7 % in average and Rmerge =
8.6 % for the first data and Rsym = 8.0 % in average
and Rmerge = 8.6 % for the second. The analysis is
continued with direct method.
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Two electron transport systems are
known in liver microsomes. Each system
contains a flavoprotein reductase,
NADPH-cytochrome P-450 reductase and
NADH-cy tochrome jb5 reductase. NADH-
cytochrome bs reductase (EC 1.6.2.2),
one of the components of the microsomal
steary1-concanavalin A desaturase
system, is an amphipathic membrane-
bound flavoprotein containing a large,
hydrophilic catalytic domain and a
smaller, hydrophobic membrane-binding
segment.

We have obtained crystals of the
hydrophilic, catalytic domain by
removing the membrane-binding segment
using the function of cathepsin D in
lysosome. They are suitable for X-ray
crystallographic work. The crystals
belong to the orthorhombic, space group
P 2:2:2i with unit cell dimensions of
a =87.1, b =73.2, c =49.OA.

Here we report the crystallographic
analysis of NADH-cytochrome bs reductase
using anomalous dispersion effects of
Hg derivative.

The X-ray beam was monochromated to
l.OOA, by which the effective anomalous
scattering power of Hg atom can be
obtained, by the Si(111) monochromator
system for data collection. A
screenless Weissenberg camera was used
with a 0.1mm aperture collimator and
cylindrical cassette of 286.5mm radius
filled with the Helium gas. The
diffraction intensities were recorded
on a imaging plate (Fuji Photo Film).
The intensity data were processed using
the WEIS program. The total oscillation
range of 96.6° was covered with 16
serial Weissenberg Photographs in a
range of 6.6° oscillation.

Table 1 shows data collection
statistics of native and Hg derivative.
Both crystals well diffracted beyond
2.OA resolution.

Harker sections of difference and
anomalous Patterson functions are shown
in Fig.l. Significant main peaks are
observed at the same position in both
types of maps, because the anomalous
dispersion effect of Hg atom was
properly measured in the intensity
data.

Heavy atom parameters, refined up to
4.OA resolution, are listed in Table 2.
The phasing power and the mean figure
of merit show the reasonable good
values, indicating the effective
anomalous dispersion.

Fig. 2 shows electron density map at
4. OA resolution in which the protein
region is easily distinguished from the

solvent region.
We thank Prof. N. Sakabe and Dr. A.

Nakagawa of the Photon Factory.

Table 1. Data collection statistics.

No. of Refs.

(Independent)
Rmerge

Complete
ness (-2.5A)

native
36,528

(13,654)
5.48% 0.795

Hg 42,722

(15,596)
6.05% 0.850
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Fig.l. Difference (left) and Anomalous
(right) Patterson maps in Harker
sections of Hg derivative.

Table 2. Refined heavy atom parameters.

Cullis R factor

Phasing power

Coordinates

Mean figure of
merit

,y',

(f ^

0.48

3 .18

0.148 0.207 0.040

0.72

Fig.2. Electron Density Map at 4A
Resolution.
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The L-lactate dehydrogenase (LDHs) from are
Bifidobacterium longum are allosterically
activated by fructose 1,6-bisphosphate (FBP).
Allosteric mechanism of B. longum LDH
(BLLDH) can be explained in terras of an
equilibrium between two states; a high-affinity
R-state and a low-affmity T-state [1]. Recently
we succeeded to solve the T-state structure of
BLLDH and to show the molecular mechanism
of activation of bacterial LDH by FBP through
the comparative study of this structure with R-
state Bacillus stearothermophilus LDH
(BSLDH) structure [2].

The X-ray data collection was carried out at
the BL6A2 station in the Photon Factory using a
Weissenberg camera for macromolecular crystal
lography. Data collection and primary phase
calculation have been already reported in the
reference 3. The Protein structure model was
refined with the program, PROLSQ . The
current R factor is 17.9% on 47,766 reflections

(F>1.0a(F)) to 2.oA. The tetramer structure of
this T-state BLLDH is outlined in Fig. 1, as
compared with the R-state counterpart of
BSLDH complexed with FBP. Four identical
subunits form the tetramer of LDH which has
three dyads named P, Q and R. The major
difference between the T- and R-state LDHs is in
the quaternary structures.

In the R-state active site, major part of the
binding energy for the substrate comes from a
salt bridge with Argl7I. On the other hand, no
electron density of oxaraate (the substrate
analogue) was observed for the T-state active
site in spite of the abundance of oxamate in the

NADH .

Yellow

Green

active site

mother liquor. In the T-state, Argl71 is re
moved from the active site and replaced by
His68 of the yellow subunit. This is caused by
pushing the yellow subunit a-helix C toward
the active site. At the FBP binding site, the
largest difference between the T- and R-states is
the conformation of Argl73. In the R-state,
Argl73 residues of the red and blue subunit
form salt bridges with the phosphate moieties of
FBP. In the T-state, the guanidinium groups of
these residues are more than ik away from the
phosphate moiety positions in the R-state.

This local change in the FBP site can be
coupled to the change in the active site by the
following mechanism. In the absence of FBP,
the unstable proximity of positive charges forces
the separation of Argl73 and Hisl88. When
FBP binds to this effector site, its phosphate
moieties form salt-bridges with these positively
charged residues, resulting in the concerted
subunit rotations in the P-axis related dimer.
The subunit rotation is described by a 3.5 degree
rotation around an axis parallel to the R-axis
followed by a 7 degree rotation around an axis
parallel to the Q-axis. Subsequently, the P-axis
related diraers rotates 7 degrees around the P-
axis. The effect of this latter rotation is an
opening up of the Q-axis subunit interface
allowing the substrate to bind to the active site.

[IjOhta, T., Minowa, T, Yokota, K. & Iwata, S.
Faraday Discuss. Chem. Sac., in press.

[2] Iwata, S. & Ohta, T., J. Mol. Bid, in press.
[Sjlwata, S., Minowa, T., Ohta. T. & Sakabe, N.,
Photon Factory Activity Report #7, pp. 110 (1990).

Q 7deg

R r>iT

3.5deg

Figure 1. Wire
frame models

of LDH Ca

atoms showing
the change in
the quaternary
structure on

transition from
the T-state to
the R-state,
viewed along
the R-axis.
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WAVELENGTH SELECTING SYSTEM FOR THE MAD METHOD AT BL-6A2 AT THE PHOTON FACTORY

Atsushi NAKAGAWA

Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305, Japan

Introduction

The experimental station at BL-6A2 at the Photon
Factory is designed for macromolecular crystallogra
phy using the camera method. The system combines a
Weissenberg camera for macromolecular crystallog
raphy, imaging plates and an imaging plate reader,
BA-100, for high-speed and high-precision diffraction
data collection.

Multi-wavelength anomalous diffraction (MAD)
phasing is one of the most powerful techniques to solve
the structure of biological macromolecules. It is not
necessary to prepare isomorphous derivatives, and
thus, it is possible to determine the crystallographic
phases with only the native crystals. This technique
has been applied to solve the three-dimensional struc
ture of cytochrome c-553 from a sulfate reducing bac
terium using the data collection system described
above. The performance of the data collection system
was shown to be good enough to detect anomalous dif
ferences.

(a) CuSO^ 70mM in 0.3* capillary
12000

10000

8 9200 9 0000 9 0800 9.1600 9.2400 9 3200

E (keV)

(b) Myoglobin Crystal

15.00

13 00

11 00

10 00
7 0850 7 1375 7 1900 7 2425

E keV

Figure 1. Fluorescence spectra of
(a) solution (CUSO4 70mM in 0.3'!' capillary) and
(b) crystal (myoglobin 0.4x0.4x0.8mm^)

Equipment

A wavelength selecting system has been in
stalled into the data collection system at the BL-6A2

station. This system is constructed from two main
parts, one is a fluorescence or absorption measure
ment system and the second is a monochromator and
camera stage scanning system.

The whole system is controlled by a personal
computer NEC PC-9801 series running under the MS-
DOS operating system. The control software is inte
grated into the Weissenberg camera control program.

Result

Figure 1 shows fluorescence spectra from solu
tion and crystal sample. All results show that quality
of spectrum is good enough to select wavelength near
absorption edge of particular species.

Figure 2 shows energy resolution dependence ac
cording to size of an incident slit. The result shows
that good enough energy resolution is obtained in case
of an incident slit is closed and intensity of incident
beam is about half of full-open case.

This system has been shown to be convenient and
easy to use to select the appropriate wavelength near
an absorption edge of anomalous scatterer, and this
system is useful for wavelength selection for MAD
phasing.
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Crystal structure of Escherichia coli RNose Hi in complex with Mg2+:
A proof for single Mg2+-binding site
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1. INTRODUCTION

Ribonuclease H (RNase H) is an endonuclease
which specifically recognizes a DNA/RNA hy
brid and hydrolyzes only the RNA moiety.
This enzyme requires Mg2+ for its activity.
After isolation of the second RNase H, original
enzyme is renamed as RNase HI in Escherichia
coli (£. coli). The crystal structure of E. coli
RNase HI was determined by Katayanagi et al.
at 1.8 A [1] and subsequently refined at 1.48
A [2] resolution. Yang et al. [3] independently
determined the crystal structure of the same
enzyme at 2.0 A resolution, but using a differ
ent crystal form. The Former group identified
a single Mg2+ cation in the difference Fourier
map, using crystals soaked into Mg2+ solution
[1,2]. On the other hand, the latter group [3]
suggested the possibility of the double metal-
binding mechanism based on the similality
between the 3'-5' exonuclease domain of DNA
polymerase I [4] and RNase HI. This discrep
ancy is a serious problem for understanding
of the catalytic mechanism. In order to make
more definite conclusion about this problem,
we have obtained Mg2+-RNase HI co-crystals,
and determined the crystal structure.

2. EXPERIMENTAL

The Mg2+-RNase HI co-crystal belongs to the
space group P4322 which is different from
P2i2i2i of the Mg2+-free crystal. The lattice
parameters of the co-crystal are a - b = 63.2
A and c = 80.6 A. The diffraction data were
collected using the Weissenberg camera for
macromolecules [5] which was installed at
BL6A2 in the Photon Factory. Using the proc
essing program WEIS, 3,953 unique reflec
tions (completeness 90.1 %) were obtained
with Rmerge of 9.5 % upto 2.8 A resolution.

Initial phase was determined by the molec
ular replacement method using the refined
Mg2+-free structure [2] (PDB entry; 2RN2) as a
search model. Then, the structure was refined
using XPLOR and PROLSQ, and the R-value
was finally converged to 20.4 % for the data
between 10 to 2.8 A resolution (individual B
factors were not refined).

3. RESULTS AND DISCUSSION
The overall structure of Mg2+-bound RNase

HI is almost identical to that of the Mg2+-free
enzyme. The RMSD value based on the Ca
coordinates between the two structure is 0.92

A. The difference Fourier map was calculated,
using phases derived from the refined struc
ture which excludes only Mg2+ coordinate
(omit map). This map clearly revealed a single
Mg2+ cation bound to almost the same posi
tion as that found by the soaking method
[1,2]. This result excludes the possibility that
RNase HI requires the two metal-binding sites
for the activity.

Moreover, notable conformational changes of
Asn44 and Glu48, which were associated with

the coordinations between their side chains

and Mg2+, were observed. Thus, the Mg2 +
cation in the substrate-free form is coordinat

ed with AsplO-052, Glyll-0, Asn44-05i and
Glu48-0£2 7^0 residues, AspVO and Aspl34,

are located about 5 A away from Mg2+ in the
appropriate direction for the coordination.
Presumably, phosphate is accomodated in the
empty space between the Mg2+ cation and
these residues. Among the catalytic triad of
acidic residues, only Asp70 is free from Mg2+-
binding, and therefore we can presume it
plays a role in activation of an attacking
water molecule or in proton donation.

Within the co-crystal, the Mg2+-binding site
faces to the solvent region and is accessible to
various oligo-nucleotides which will be
introduced into the crystal by soaking.

AsplO

A.spl34 |4.4 A
. |Glu48

MR'i^-4 )P ^
4/X \3.o;

Asn44
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Introduction

Thermophilic proteins acquire higher
thermostability than their corresponding mesophilic
proteins, without changing their overall structures.
Therefore, an inspection of their three-dimensional
structures is expected to reveal the origins of the
thermostability.

Ribonuclease H (RNase H) is an enzyme that
specifically degrades the RNA moiety of DNA/RNA
hybrids. The crystal structure of E. coli RNase HI has
been determined at 1.48 A resolution [1]. The structural
gene of RNase H from Thermus thermophilus {T.
thermophilus) was cloned and was used to overexpress
the protein in E. coli cells. T. thermophilus RNase H is
composed of a single polypeptide chain with 166 amino
acid residues. It has relatively high sequence identity,
52%, to E. coli RNase HI, but shows much higher
melting temperature, by 33.9°C at pH 5.5 in the
presence of 1.2 M guanidine hydrochloride, than E. coli
RNase HI [2]. The crystal structure of T. thermophilus
RNase H [3] and the .sources of the thermostability are
reported here.

Experimental

Crystals of 7". thermophilus RNase H belong to the
space group P6522 with unit cell dimensions, a = b =
44.7 A and c = 314.7 A. Intensity data up to 2.8 A
resolution were collected using the macromolecular-
oriented Weissenberg camera [4] installed at the Beam
Line 6A2 of the Synchrotron Radiation Source at the
National Laboratory for High Energy Physics, Tsukuba.
The diffraction data were processed with the program
WEIS to give 4,766 independent reflections above 1.0a
(1) limit with the merging R-factor of 0.093.

The crystal structure of T. thermophilus RNase H
was solved by the molecular replacement method. The
refined structure of E. coli RNase HI was used as a

search model for calculating the rotation function with
the real space search routine of the program PROTEIN
and the translation function of Crowther and Blow with

the program written by Lattman. The structure was
refined using the program X-PLOR and PROLSQ. The
final R-factor is 0.205 in the 8.0-2.8 A resolution range.

Results and Discussion

The overall structure of T. thermophilus RNase H is
similar to that of E. coli RNase HI. The root-mean-

square deviation is 0.95 A between their equivalent a-
carbon atoms from all elements of secondary structure
(five a-helices and five P-slrands). The detailed
comparison of the 3D structures of T.thermophilus
RNase H and E.coli RNase HI allows the proposal of
three molecular sources of thermostability. Firstly, the
substitution of Gly for a left-handed helical residue,
Lys95, eliminates the close contact between the P*
carbon and the carbonyl oxygen within the same
residue. The Lys95 —> Gly mutation actually enhances
the thermostability of E.coli RNase HI. Secondly, the
increase in the number of aromatic-aromatic

interactions, which mainly arises from the replacement
of lle78 by Phe and Ser68 by Tyr, contributes to the
enhancement of the stability. Finally, the increased
number of salt bridges is an important factor for the
thermostability. The knowledges obtained from this
structural study can be valuable to generally improve
thermostability of proteins.

References

1) Katayanagi,K., Miyagawa,M., Matsushima,M.,
Ishikawa,M., Kanaya,S., Nakamura,H., Ikeharajvl.,
Malsuzaki,T & Morikawa,K. (1992) J.MolBiol., 223,
1029-1052

2) Kanaya,S. & Itaya,M. (1992) J.Biol.Chem., 267,
10184-10192

3) Ishikawa,K., Okumura,M., Katayanagi,K., Kimura,
S., Kanaya,S., Nakamura,H. & Morikawa, K. (1993)
J.Mol.Biol., in press
4) SakabcJ^. {199\) Nuclear Instruments and Methods
in Physics Research, A303,448-463

114



proposal No 91-207

Crystal structure of on active site mutant of T4 endonuclease V:
substitution of Asp for Glu23

M. Ariyoshi, K. Katayanagi, T. Doi, N. Hori', K. Morikowa and E. Ohtsuko*

Protein Engineering Research Institute, 6-2-3 Furuedai, Suita, Osaka 565, Japan and

* Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo 060, Japan

INTRODUCTION

Bacteriophage T4 endonuclease V (M.W.
16,000) is an enzyme which plays an important
role in pyrimidine dimer specific excision
repair of DNA. This enzyme carries two distinct
activities, the pyrimidine dimer glycosylase
and the apyrimidinic endo-nuclease activity.

The three dimensional (3D) structure of the
wild type enzyme was determined at 1.6 A
resolution by X-ray crystallographyU, and
subsequently refined at 1.45 A. In combination
with the results of site directed mutagenesis,
the refined structure revealed that the

catalytic center of the glycosylation constituted
of Glu23 and the surrounding basic residues.

The site directed mutagenesis of the enzyme
revealed that the mutation of Glu23 to Asp
(E23D) destroys glycosylation activity almost
completely, whereas this mutant retains the
substrate binding activity^). In order to clarify
a role of Glu23 residue in glycosylase reaction,
we have determined the 3D structure of the

E23D mutant and compared its refined
structure with that of the wild type.

EXPERIMENTAL

Crystals of the E23D mutant were grown in
hanging droplets, including 8.5 mg/ml protein,
20 mM sodium cacodylate-HCl buffer pH 8.0,
75 mM KCl and PEG4000, at 4°C by the vapor
diffusion method. The crystals belong to space
group P2i with unit cell parameter of a =
41.7A, b = 40.2A, c = 37.lA, P= 91.99°. X-ray
diffraction data of the E23D mutant was

collected using a Weissenberg type imaging
plate diffractometer for macromolecules^),
installed on beam line BL-6A2 of SOR. The

intensity data were processed using the
program WEIS'^).

RESULTS

The structure of E23D mutant was solved by
the molecular replacement method, using
intensity data from 10 to 2.5 A and a refined
model of the wild type for search. Then the
model was refined with the program XPLOR
and PROLSQ is 20.7% for 6,649 reflections from
10 to 2.5 A. The root mean square (r.m.s)
deviation from ideal bond length is 0.016 A.
The r.m.s. displacement (r.m.s.d.) from the
super imposed structures between the mutant

and wild type was 0.41 A for main chain.
The substantial structural difference bet

ween the wild type and the mutant was found
in the kink of Helix I at Pro25. Although the
replacement of Glu23 by Asp increase the
inclination angle in Helix I, basic residues,
which are involved in substrate binding, and
internal water molecules retain in similar

position to that of the wild type. The helix
appears to be deformed so that the environ
mental features of the active site, such as
positions of bound water molecules, polar
interactions between functional gropes, can't be
unchanged. The comparison of superimposed
structures between the wild type and the
mutant revealed that the carboxyl oxygen (051)
of Asp23 in the mutant moves 0.68A away
from the corresponding oxygen (Gel) of Glu23
in the wild type. This result suggests that the
glycosylase activity of T4 endonuclease V
requires a very precise configuration of the
carboxyl group of Glu23.
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6-Galactosidase (EC 3.2.1.23) from
Escherichia coli is a disaccharidase that

catalyzes the hydrolysis and
transgalactosylysis of 6-galactopyranosides.
In E. coli this enzyme is responsible for the
hydrolysis of the linkage of lactose,
producing galactose and glucose, which the
bacteria can utilize as carbon sources, as well
as the transgalactosylic formation of
allolactose (galactosyl-6-D-(1-6)-
glucopyranose), the natural inducer of the
lactose operon.^

The functional enzyme is most probably a
tetramer but might be a higher aggregate of
identical subunits.^'^ Each monomer consists
of 1023 amino acids with M,. = 116,353.'^'^ Our
studies of 6-galactosidase have been directed
towards the three-dimensional structure

determination of this very large enzyme using
X-ray crystallographic techniques.

Conditions for the growth of two crystal
forms of Escherichia coli 6-galactosidase have
been obtained. The purification and
crystallization procedures have been
described.^ One of the two crystal forms that
have been obtained belongs to the monoclinic
space group P2 i , with cell dimensions a =
107.9A, b = 207.5A, c = 509.9A and 6 =~94.7°.
The volume of the monoclinic cell suggests that
the as>'mmetric unit contains 4 entire tetramers

= 3.oA^/D), resulting in 1,850,000 D of
protein in the asymmetric unit. This crystal
form diffracts to a maximum resolution of 2.OA

along the a* direction. Native data from the
monoclinic crystals were collected during March
1992 at the Photon Factory.

Using the 860 mm-radius, 4-plate
Weissenberg cassette at Professor Noriyoshi
Sakabe's beamline BL6A2, a native data set was
collected from the monoclinic crystals. With a
wavelength of l.oA, the 860 mm cassette allowed
dat^ to be recorded to a maximum resolution of
2.OA at the extreme corners of the four image
plates. Two sweeps of data were collected from
a total of eight crystals. Coupling constants
between 0.3-0.8 mm per degree were used
depending upon the region of reciprocal space
being covered resulting in oscillation ranges
of 1.2-6.4°. Total exposure times ranged
between 4.0-20 minutes. The relatively long
exposures were necessary in order to record the
highest resolution data. A total of 82
exposures were collected. These were scanned
at the Photon Factory and transferred to
exabyte tape for processing at our laboratory.

The 82 exposures consisted of 328 images
which were then processed using WEIS^ running
on a Stardent (Kubota-Pacific) Titan. Each
plate was integrated to a resolution at which
the average signal-to-noise ratio was 2.0. 304
of the 328 images collected were usable and
were integrated to resolutions ranging between

2.9A and 2.OA; these were merged using
SCALE/COMBINE programs resulting in a data set
containing 1,321,660 observations and 590,296
unique reflections. Of the 1.3 million
observations only 3,000 were rejected in the
merging step attesting to the accuracy of the
integrated intensities. Thg overall merging
R-value for the data to 2.OA was 7.0%. The
data set is very complete to 3.oX but falls
off to 50% completeness at 2.7A and 30%
completeness at 2.5^ due to the anisotropy of
the diffraction. The average signal-to-noise
ratio of the data at 2.5^ is 2.24. Clearly,
the use of Professor Sakabe's Weissenberg
system has made possible the collection of
very accurate data from crystals with very
large unit cells.

Presently, three potential heavy-atom
derivatives of the monoclinic crystals have
been identified in-house. We look forward to

collecting these derivative data sets during
our next visit to the Photon Factory and
completing a successful structure
determination.
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Introduction

Our laboratory is engaged in the determination of
the crystal structures of adenosine deaminase and
a monoclonal antibody against cell surface
lipopolysaccharide 0-antigen of a bacteria. As
crystals of both proteins diffract x-rays relatively
poorly, our best chance of obtaining diffraction
data set at better than 2.5 A resolution was through
the use of an intense x-ray beam from a
synchrotron facility. We have been fortunate to
have access to the facility at the Photon Factory to
collect high resolution data.

Fab fragment of a monoclonal antibody
against liposaccharide bacterial 0-antigen

The exquisite specificity exhibited by monoclonal
antibodies against carbohydrate antigen has come
to practical use in blood grouping and serological
typing of bacteria. The serological classification
of Shigella flexineri is based on the antigenic
specificities which reside in the 0-antigen, the
polysaccharide part of the lipopolysaccharide
(LPS) located in the outer membrane'. The Fab of
mouse monoclonal antibody, SYA-J6, of type (IgGj,
k) has been crystallized in the presence and
abscence of the linear oligosaccharide epitopcs.
The repeating unit of the LPS is a tetrasaccharide
(ABCD)':

(a-Rha(l-2)a-Rha(l-3)a-Rha(l-3)-p-GlcNAc)
ABCD

Isomorphous Crystals of the Fab uncomplexed
(SYA) and complexed with pentasaccharide
(ABCDA') both have cell dimensions a=b= 70.5 A and
c= 203.1 A and space group P4i2i2 or P432i2. These
unit cell dimensions differ only slightly from
those of crystals of Fab compexed with
trisaccharide (BCD). In our laboratory, these
crystals diffracted to about 3.5 A on the San Diego
Multiwire System (SDMS) area detector using fine
focused Rigaku rotating anode operated at 40 kv
and 110 ma.

In order to collect high resolution data we used the
synchrotron radiation facility at Photon Factory
(PF) (beam line BL-6A2), Tsukuba, Japan. Three
data sets were collected—native Fab and its

complexes with tri- and penta-saccharides. The
radiation wavelength used was 1.0 A and data was
collected at 8° C. Diffraction data were recorded on
Fuji imaging plates as detector using Weissenberg
camera developed for m acromolecu 1ar

crystallography by N. Sakabe's group^. The crystal
to detactor distance was 430 mm. The imaging
plates were read by Fuji BLIOO machine and then
data were transfered to magnetic tapes. These data
were then reduced at Photon Factory Computer
facility using program "WEIS" written by

Higashi^.

Crystals of the native Fab and the two complexes
diffracted better than 2.5 A resolution and
diffraction intensities were seen as high as 2.0 A
resolution. However observed intensities fall
rapidly in high resolution shells between 2.5 and
2.0 A. For each crystal data set, about 80,000
reflections were recorded. The data set included
symmetry related reflections as well. The
completeness of three data sets to 2.5 A resoultion
ranged between 62 to 74% and R-merge values
ranged between 7 to 12%. Thus we recorded 13,390
unique reflections for Fab-trisaccharide complex
(74% complete), 13,680 for Fab-pentasaccahride
complex (74% complete) and 11,360 for the native
Fab (SYA )(62% complete).

The crystal structure of Fab complexed with
pentasaccharide data was first determined by
Molecular Replacement Method using low
resolution data between 10 - 4 A, collected in our
laboratory. This structure was subsequently used
to determine the structures of the Fab and Fab

complexed with the trisaccharide. All three
structures—Fab, Fab-trisaccharide complex, and
Fab-pentasaccharide complex have been or are
being refined using the intensity data obtained at
the PF. The present R-factors of these structure
range between .19 to .22 for data between 6.0 to 2.5
A resolution.

Adenosine deaminase

Adenosine deaminase (ADA) is a key enzyme in
purine metabolism. It catalyzes the irreversible
hydrolysis of adenosine or deoxyadcnosine to their
respective inosine products and ammonia. It is
present in virtually all mammalian cells and has a
central role in maintaining immune competence.

Lack of the enzyme is associated with severe
combined immunodeficiency disease which makes
ADA a paradigm for structure-function studies of a
genetic disease. The enzyme levels are also
affected in individuals with a variety of other
diseases including AIDS, anemia, lymphomas and
leukemias.

In the course of our structure determination of
ADA, we were able to collect and compare native
data sets from several different sources (Sakabe's
Weissenberg camera using imaging plates at the
Photon Factory, a Rigaku AFCS diffractometer and
a Xuong-Hamlin (ADSC) multiwire area detector).
The comparison of the quality of the data in terms
of R-merge (between datasets) and R-sym (within
a single datasets) is shown below in the table. The
numbers in parentheses are the number of
reflections used to determine the R-values
described above. Furthermore, it was possible to
use the native data obtained at the Photon Factory
with derivative data from our area detector to

identify difference Patterson peaks. These peaks
were of equivalent quality to those computed with
native data collected on our area detector.
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The ADA crystals were initially very sensitive to x-
ray radiation as well as to transport and handling.
It is for this reason that the diffractometer data
only extends to 3.8 A and is of poorer quality. Both
the area detector and the imaging plate data extend
to 2.5 A and the imaging plate data has recently
been rereduced to yield data to 2.0 A. It is not
possible to collect data to this resolution on our
ADSC area detector. Refinement against this
higher resolution data is in progress.

Merging statistics for native ADA data sets
Xuong P. F. AFC5

ADSC 5.53 (33225) 8.71 (7161) 6.76 (3566)
P.F. 8.71 (7161) 5.72 (28630) 10.15 (3909)
AFCS 6.76 (3566) 10.15 (3909) 7.60 (4691)

PF and Xuong data are to 2.5 A. AFCS is for 3.8 A data
only.
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Aspartic proteinases are a family of proteolytic enzymes
with varying substrate specificities. They represent a wide
range of species and are of immense interest to the
pharmaceutical (renins, cathepsins and the dimeric
retroviral proteinases) and food (chymosin, Mucor pusillus
pepsin) industries. In spite of their diverse functions they
have a similar mechanism of action. The known three-

dimensional structures of nine members of the family show
striking structural similarities even among distantly related
enzymes [1 and references therein].

The monomeric aspartic proteinases are ~330 amino acid
residues long. They crystallise often with multiple copies
of the enzyme in the asymmetric unit (N,u) and
consequently have large unit cell dimensions. Moreover,
since the crystals in general have short X-ray life-spans, an
intense X-ray source coupled with a technique for rapidly
recording intensities is essential for high resolution data
collection. The high-energy synchrotron radiation on
beamline station 6A2 at the Photon Factory using the
screenless Weissenberg camera technique [2] has proved to
be such a source.

Six sets of X-ray data have been collected by our group
on BL 6A2. Two of them were crystals of native enzymes,
namely recombinant human renin (hm) and yeast
proteinase-A (ypa). The others were inhibitor complexes, of
human renin (hrin), a Mucor pusillus pepsin mutant
(mpmi), and yeast proteinase A (ypil and ypi2). The
parameters of these crystals are listed in Table 1.

Table 1. Crystal parameters

Crystal a b c Space N.

name in A units group

hm 143.1 143.1 143.1 P2i3 2

ypa 153.2 127.2 101.5 1222 2

hrin 143.1 143.1 143.1 P2i3 2

mpmi 183.0 183.0 99.7 P4i2i2 3

ypil 86.7 86.7 110.4 P3221 1

ypi2 86.7 86.7 110.4 P3221 1

The crystal orientations and the film-setting parameters
were refined using WEIS [3] and the intensities measured
from the scanned imaging plate data were processed to
unique sets of reflections using the CCP4 software [4]. The
final statistics of the datasets are given in Table 2.

Table 2. Data collection / processing statistics

Crystal datx l^erge N.r % complete

hm 2.8A 15.4 23541 93.2

ypa 3.5A 8.1 12335 96.0

hrin 2.8A 7.6 22383 88.6

mpmi 3.5A 14.7 21430 97.7

ypil 2.5A 7.3 15737 96.3

ypi2 2.5A 7.9 16264 97.9

The structure of the human renin inhibitor complex
(Figure 1), has been refined to an agreement factor of 0.19
using reflections in the resolution range 8.0-2.8A [1]. The
other structures are currently in various stages of
refinement and interactive model building.

Figure 1. Schematic cartoon of therenin inhibitor complex

The three-dimensional structures of renin inhibitor
complexes provide a firm basis for the improvement of the
design of effective antihypertensives as well as giving a
clearer understanding of the principles of molecular
recognition.
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Three crystals of the intact VSG
ILTat 1.24 were taken to the Photon
Factory for crystallographic analysis.
The VSG, or variant surface glycoprotein,
is found on the surface of the parasite
Trvpanosoma brucei and allows the
parasite to evade the host's immune
system by changing from one antigenic
surface to another. The crystals contain
intact glycoprotein, including the cross
reacting determinant (CRD) found in all
VSGs.

The crystals were taken at 20'C
and were then successfully frozen in
-180*C cryogenic stream there. Of the
three crystals, none were deemed to be
suitable for data collection after
examination of still photographs and
small angle oscillation. Two of them
showed poorer resolution than data
already collected, and the third showed
lattice defects. The VSG crystals
appeared to suffer some damage en route
to the Photon Factory. The space group
of these crystals appears to be P6222 (or
P6422) with a=b=185 A andc=214 A, but
recent results have shown these crystals
may be a merohedrally twinned trigonal
space group.

Influenza C is an orthomyxovirus
which causes disease in humans. Unlike
the influenza A and B viruses, it
possesses a single surface glycoprotein
that is involved in three activities critical
to viral infection. It binds cell surface
receptors, catalyzes entry of the virus into
the cell by membrane fusion, and
possesses a receptor-destroying enzyme
activity. Crystals of the glycoprotein

form inspace group P4i22 a=b=155 A, c-
415A. Thelarge unitcell and radiation
sensitivity of the crystals require that data
be collected at the synchrotron with
image plate detectors and from crystals
frozen in a liquid nitrogen stream.

A native dataset was collected
using the BL6A2 facility at the Photon
Factory. The data were collected on the
Weissenberg camera with a liquid
nitrogen stream (-170*C) directed at the
crystal position. Long exposure times
were required to get maximum resolution.
Short oscillations with the detector
surface stationary were chosen to enhance
the signal-to-noise ratio. The data were
collected by oscillating about two axes:
(1) 30 frames, 2 deg oscillation, 20
minutes, 110 on the spindle and (X)l
vertical (2) 15 frames, 1 deg oscillation,
10 minutes, (X)l on the spindle. Cassette
5A was used to record the data on a
detector surface 40 cm x 50 cm (4 image
plates) at distance of 859.5 mm. The
wavelength was 1.04 A.

The crystal diffracted to2.8 A.
Reflections arising from the 415 A
spacing were easily resolved.
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From the very beginning of the recent
discovery of carbon clusters. It is known that
not only Coo but also other forms of carbon
clusters such as Cto exist'^ in the laser
beam vaporization of graphite. It Is often
referred the molecular structure of Coo as
buckminsterfullerene or casually as soccer
ball and that of Cto as rugby ball. Following
to It, the discoverv of solidification and
purification of Coo''' triggered very active
researches in a new area. Recently, a Cto
component has been Isolated In a pure form of
solid"'. Most of efforts have been concentrat
ed on Coo. In this report, the powder X-ray
diffraction results by newly developed method
which is the combination of synchrotron radia
tion and imaging plate as a detector, will be
given for both Ceo and Cto for fullerenes.

The separation and purification of Cto
is carried out by following to AJIc et al"'.
Two specimens are prepared for solid Ceo. The
first sample (which will be called specimen 1)
is purified by column chromatography on
neutral alumina with benzene/n-hexane and
second sample (specimen 2) is separated with
toluene/n-hexane. It was confirmed that all
specimens does not contain solvents In detect
able amounts by diffraction.

The experimental configuration of X-ray
powder diffraction performed In the present
work can be found elsewhere"'. The transmis
sion powder diffraction can be done very
efficiently with tiny amount of samples. This
method is ideal for the precious sample like
solid Cto. About 0.2mg of solid Cto were
loaded into a 0.3-mm-diam glass capillary tube,
which makes about 10mm long. Beam size Is
only 0.4mm. Therefore, the specimen which were
actually radiated by X-ray photons are nomi
nally less than 10/i g. Measurements were
performed at beam line 6A2 of Photon Factory.
A wavelength of 1.542A was selected by a flat
Si(lll) monochromator. The same experimental
condition was employed for two other Coo
specimens, in order to have good counting
statistics, exposure time was typicaiiy about 4
hours.

In Fig. 1, the X-ray powder pattern of 3
specimens are shown. Though very few amount
of samples were used, a good quality powder
pattern was collected with high resolution
(compared with ordinary X-ray source), singlet
profile and high counting statistics. It is
very clear that structure of Cto is hep, since
all the peaks are indexed by hep lattice. The
unit cell dimension was determined as
ao=10.51(2) and Co= 17.22(3) A, which are con
siderably larger than those of Ceo. This
result is reflecting the fact the size of
rugby ball is bigger than that of soccer ball.

The specimen 1 and 2 can be indexed as
hep with ac=10.000(2) and Co= 16.336(4) A and as
fee with ao= 14.152(1), respectively. The ratio
of c/a for specimen 1 is 1.633(1) which is very
close to the Ideal value of 1.6330. in pure
hep metals, the discrepancy from the ideal
value is significantly bigger even If compared
with Mg which has the closest c/a value;
1.6237. This is distinction of hep Coo from
pure hep metals. The anisotropic character of
hep Coo seemed to be extremely small compared
with hep pure metals. It can be said that fee
lattice has a ideal c/a value. In two poly-

morphs of Coo, the values of c/a is different
only 0.001.

Though structure of both Cto and Coo
specimen 1 Is hep, there is a significant
difference of diffraction pattern. Some reflec
tions such as 101, 103 shows very wide spread
profile In specimen 1. It Is well known that
the stacking sequence in a hep along c-axls,
which is ABABABA varies in some metals and
alloys . This cause the broadening of certain
reflections, while others remain sharp such
as 110 reflection. It Is, therefore, understood
that the broadening of 101, 103 etc. are due
to severe stacking disorder of hep Ceo. On
the other hand, Cto shows relatively sharper
line profiles, which suggest that stacking
disorder is not as severe as that in hep Coo.
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Fig. 1. The observed X-ray powder diffraction
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and (c) for specimen (2)} at room temperature.
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INTRODUCTION

UDP-Glucose pyrophosphorylase (UDPGPP) is an
enzyme that catalyzes pyrophosphorylysis of UDP-
glucose forming UTP and glucose-1-P and also its
reverse reaction. It consists of 477 amino acid residues

with a molecular weight of 52000''. In order to
elucidate the structure-function relationship, we started
the X-ray crystallographic structure analysis of this
enzyme.

The crystals suitable for the X-ray analysis were
obtained at by the microdialysis using ammonium
sulfate as precipitant, followed by a microseeding
technique. Buffer solution used was 0.1 M MOPS, 5mM
P-ME, 0.02% NaN3 and ImM EDTA(pH7.5). Twenty
mg/ml protein in the buffer containing 45% saturation
ammonium sulfate was dialyzed against the buffer
solution containing 57% saturation ammonium sulfate.
Crystals grew to about 0.5mm in maximum length
within 1 month. Crystallographic data, obtained from
precession photographs, are summarized in Table-1.
Low protein content in the unit cell (Vprot=21%) caused
poor diffraction for conventional X-ray source, thus
necessitating the measurement using synchrotron
radiation for collecting high resolution X-ray diffraction
data.

Table 1.

Crystallographic data of UDPGPP crystal

Crystal system Orthorhombic

Space group P2i;5i2i

Cell constants (A) a = 108.0

b = 125.3

c = 87.7

Volume (A^) V= 1.19X10®

Volume per dalton (AYdalton) Vm= 5.72

Density of crystal' (g/cm') Dc= 1.24

Density of stock soln.' (g/cm"') Ds= 1.20

No. of molecules in one unit cell Z= 4

Volume of solvent (%) VsOlv:= 79

Volume of protein (%) Vprot:= 21

*The density was measured by a linear gradient method.

EXPERIMENTAL

The diffraction data for native crystals were
collected on a Weissenberg camera^'(BL6A2) at
Photon Factory with the imaging plates as a

detector.The latent image in the imaging plates were
digitized on a Fuji-Film BA100 scanner and processed
with program WEIS^' to evaluate integrated intensities.
The experimental conditions and statistics for intensity
data are summarized in Tables-2 and 3, respectively.

We are now in preparation of the heavy atom
derivatives to solve the structure by the multiple
isomorphous replacement method.

Table 2.

Experimental conditions for data collection

Size of crystal (mm) 0.2 X0.2X0.2 0.2X0.2X

Rotation axis a b

Wavelength (A) 0.9 0.9

Radius of cassette (mm) 430 430

Oscillation angle/frame (deg) 8.0 8.4

Rotation speed (deg/sec) 2.0 2.0

Coupling const, (deg/mm) 2.5 3.0

No. of oscillation 4 5

Exposure time/frame (sec) 32.0 42.0

No. of imaging plates used 15 16

Table 3.

Statistics for intensity data

Resolution limit (A)
No. of observed reflections

No. of independent reflections
Completeness (%)
Rmerge (%)

2.4

177466

40605

87.1

8.38
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DNA binding protein HU is a small basic protein which

exists ubiquitously in the prokaryotes. It binds to the double

stranded DNA and bends the DNA chain into a superhelix.

The single polypeptide chain consists of 90 amino acids. In

solution, it exists as a dimer. An aggregated fomi more than

dimer has also been repoued. HU from Bacillus

stearothenriophilus crystallizes in several different crystal

foHTis. We have already solved P2 crystal form 1I|. The

crystal did not have any significant molecular contact

between dimers; the contact is possibly important in forming

superhelical DNA.

In the present report, we solved the crystal structure of

the P2| ciystal form ciystallized from ammonium sulfate as a

precipitant. The unit celldimensions were a=53A, b=I32A,

c=36A and [3=97° Crystal has a needle shape with c axis
parallel to the needle axis. The ik data were collected by the
Weissenberg camera :it station BL-6A photon factory. The

structure was .solved by the molecular leplacement method,

and was refined to R=0.227 with 3A resolution data.

Since in this crystal form there are six independent

subiinits, these subunits were superimposed after least-

scpiares fitting. As is shown in the right figure, the molecule

consists of fixed molecular body and flexible ami (between

residues 55 and 74). The proximal part of the ami is ,

though more visible than P2 form, still disorderd, and the

most proximal four residues were not seen in this crystal

form.

C ( u p)

A(np)

VSer74

Tlie P2, crystal fomi has more intimate molecular

contacts than P2 fomi as evidenced by the packing volume

per dimer (48,539A' in P2 and 42,736A^ in P2,). Crystal
packing viewed from the c axis is given below. Three

independent dimers are marked by A, B, and C. In the

parenthesis the relative direction of tlie molecular two-fold

axis is indicated. Tlie dimer molecules are packed in a way

that the direction of their two-fold axes alternates.

[1] I. Tajiaka, K. Appelt, J. Dijk, S.W.White & K.S

Wilson Nature. 310, 376-381 (1984)

ir(up)

C (down)

D(d 0 vv II) A ' (d o w n)
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The chaperonin is a class of
molecular chaperone that consists of
chaperonin-60(cpn60) and chaperonin-10
(cpnlO), and facilitates the folding
and assembly of other proteins with the
aid of ATP'U. The cpn60 forms a
tetradodecameric oligomer with an
approximate Mr 840,000, which shows a
heptagonal shape from top view. The
cpnlO forms heptameric oligomers and is
co-facter of cpn60. In this study, we
describe the crystallization and the
preliminary characterization of cryst
als of chaperonin from a thermophilic
bacterium, Tbermus thermophiJus<2).

Theriuus chaperonin has been
crystallized by the vapor diffusion
method with 4-7.5%(w/v) polyethylene
glycol 4000, in 25mM Tris-HCl buffer
(pH7.7), at a protein concentration of
30mg/ml. Crystals were obtained in two
shapes, plate(Form A) and hexagonal
prism(Form B).

The Form A crystals grew up to an
approximate size of 0.5x0.2x0.1mm and
diffracted X-rays to lOA resolution,.
The diffraction pattern indicated they
belong to the monoclinic system and
space group P2i or P2. Most probably one
functional unit, (cpn60) 14+(cpnlO) 7, is
present in an asymmetric unit.

The Form B crystals grew up to an
approximate size of .0 . 2x0.05x0.05mm and
diffracted X-rays to 7A resolution. The
diffraction pattern indicated they
belong to the hexagonal system and
space group P5322. The SDS-PAGE showed
the proteolized 50kD fragment of cpn60
is the only component in the Form B
crystal. Three or four molecules of
this 50kD fragment may be included in
an asymmetric unit.

Because both Forms A and B showed

low resolution of X-ray diffraction and
the fragmentation of cpn60 was
naturally occurred in the Form B
crystals, cpnGO was treated with
immobilized trypsin in order to obtain-
homologous fragment of cpn60.

Trypsinized cpn60 whose molecular
weight was estimated also as 50kD from
SDS-PAGE has been crystallized by the
vapor diffusion method in 5-10%(w/v)
polyethylene glycol 4000, in 25itiM Tris-
HCl buffer(pH7.7), a protein concen
tration of 30mg/ml. Crystals were
obtained as hexagonal prisms(Form C)
which seem to be the same as the Form
B crystals. The Form C crystals grew up
to an approximate size of 0 .3x0.1x0.1mm
but diffracted X-rays to only ik

resolution. The diffraction pattern
indicated they belong to the hexagonal
system and space group P6322 with the
similar unit-cell dimensions to the
Form B crystals.

We thank Prof. N. Sakabe and Dr. A.
Nakagawa of the Photon Factory.

Form A

Form B

0
Form C (trypsinized cpn60)

Fig.l Three forms (Forms A, B and C) of
Thermus chaperonin crystals and their
oscillation photographs.
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Introduction

Peroxidases are a class of heme enzymes that catalyze the
two-electron oxidation of a variety of compounds as given
below:

AH2 + H2O2 > A -I- 2H2O
where AH2 represents the compound that becomes oxidized.
The peroxidase from a fungus Arthromyces ramosus (ARP)
has higher activity in several reaction systems, especially in
the luminol chemiluminescence system, as compared with
horseradish peroxidase (HRP). * ARP is a single
polypeptide protein of 41,000 Dal, and contains one iron
protoporphyrin IX as a prosthetic group and 5 % of
carbohydrate. The primary structure of ARP has already
been determined from cDNA sequencing study (Hatanaka
et ai, unpublished data). The sequence homology between
ARP and other peroxidases is as low as 20 %. Recently
ARP and Coprinus peroxidase have been characterized to
show that they are identical except for carbohydrate.^^ In
order to compare the structure of ARP with the known
structure ofcytochrome c peroxidase^^ and to elucidate the
mechanism for high activity of ARP, X-ray crystallographic

analysis of ARP has been undertaken.

Experimental and Results

Purification and crystallization of ARP have been reported
previously: the crystals are tetragonal, space group
a=b=74.6 A, c=117.5 A, Vm=2.0 A^/dalton, with one
molecule per asymmetric unit.^^ The crystals diffract X-
rays to better than 2.0 A resolution. Isomorphous heavy-
atom derivatives were prepared by soaking method. The low
resolution diffraction data for the native and two heavy-atom
(Ft and I) derivatives were collected on a four-circle

difftactometer with Ni-filtered CuXa radiation.

High resolution data were collected at the BL6A2 using
Weissenberg camera for macromolecular crystals.SR-ray

was focused by cylindrical-bended asymmetric cut Si(l 11)
monochrometer. After several exposures the crystal was
translated to avoid deterioration of diffraction pattern. The
diffraction intensities were recorded on the imaging plates
(40x20 cm), and read out by a Fuji film BA-100. The
intensity data were processed using the WEIS program
system.^ The experimental conditions and results are
summarized in Table 1.

Table 1. Experimental conditions and results

Native Pt-derivative

Rotation axis a a

Wavelength (A) 1.00 1.04

Collimator (mm) 0.1 0.1

Radius of cassette (mm) 429 429

Oscillation angle (/IP) 5.2 6.3

Overlap of co (°) 0.3 0.3

Coupling constant (°/mm) 1.3 1.5

Exposure time (s/lP) 104.0 100.8

Number of IPs 22 15

Total range of O) (°) 99.2 90.3

Resolution limit (A) 1.9 2.5

Relections measured 83,180 45,996

Independent reflections 19,816 10,760

Rn,erge '̂'°' 6.14 9.57

The SR-data and diffractometer data were merged and
scaled; the R^ei-ge values (in F) are 2.0 %for the native and
3.4 % for the Pt-derivative. Phases were calculated using
these data and the diffractometer data for I-derivative by the
multiple isomorphous replacement method. Model building
is currently under way.

We thank Prof. Noriyoshi Sakabe and Dr. Atsushi
Nakagawa for their kind help in the data collection using the
Weissenberg camera.
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Introduction

Serratia protease, isolated from serratia sp. E-15, is a
zinc-requiring protease composed of 470 amino acid

residues'- Recently, this enzyme has been used as a
medical drug and extensively with various physicochemical
techniques. It is known that metalloproteases occur widely
in nature and play important roles in physiological
processes. We have carried out crystal lographic studies to
elucidate the three dimensional structure and the functional

properties serratia protease.

Experimental

Serratia protease was crystallized as described in
preliminary paper. The space group is P2i2i2i with cell
dimensions a = 109.2, b = 150.9, c = 42.6 A and with one
molecule par asymmetric unit-^\ A heavy atom derivative
crystal was prepared by soaking in 25 niM SmfNO.t).^ in
30% saturated ammonium sulfate buffered at pH 5.0.

The diffraction data collection was carried out with a

screenless Weisenberg camera for macro molecule with a
Fuji imaging plate at the BL-6A2 station in Photon

Factor}''̂ '. High resolution data for native crystal was
collected using 1.00 A wavelength. After the data
processing by the WEIS program system^\ the merged R
factor was 0.048 with 78% complete at 1.8 A resolution.
1.283 A wavelength being near the absorption edge of Zn
atom was used to collect Bijvoet's data for native and Sm-
dcrivative crystals. For native crystal, the merged R factor
was 0.036 with 53% complete at 3.0 A resolution. For Sm-
derivative crystal, the R factor was 0.051 with 55%
complete at 3.0 A resolution.

Results

The position of the Zn atom of serratia protease was
determined by the native anomalous Patterson map (Fig. 1)
and the native anomalous difference Fourier map calculated
with the phase from Sm-derivative crystal (Fig. 2). Initial
protein phase at 4.0 A resolution was computed by SIRAS
including the phase from the Zn position. Solvent

flattening '̂ was used toexpand the phase to 3.0 Aresolution
gradually and to improve the phase and the density map. R
factor was converged to 0.24 for 14,793 reflections with F >

3a(F). The electron density map at 3.0 A resolution allowed

us to build a molecular model. Now the model building is
in progress.

We would like to thank Prof. N. Sakabe and Dr. A.

Nakagawa of Photon Factory, KEK for their kind helping
and suggestions in data collection at Photon Factory.
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Fig. I The Barker section (w = 1/2) of native anomalous
difference Patterson.
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Fig. 2 The native anomalousdifference Fourier shows Zn
position.
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Crystals (1.2 x 0.3 x 0.3 mm) of Ba-
c i 11 us_c e r e us o 1i go - 1 , 6-g 1uc os id a se (M|.=
66,010, 558 residues) were obtained by a
hanging drop vapor diffusion against an
ammonium sulfate solution, as described
previously (1). Preliminary crystallo-
graphic studies showed that the crystals
belonged to a hexagonal space group P62
with unit cell dimensions a=b=106.1 X
and c=120.0 A, and one molecule in the
asymmetric unit. For multiple isomorph-
ous replacement (MIR) phasing, three
heavy-atom derivative crystals were pre
pared by soaking method with HgCl2.
U02(N02)2 3rid Sm(N02)3. Diffraction in
tensities from the crystals were too
weak to collect high resolution data us
ing an ordinary X-ray source of Rigaku
RU-300. Then synchrotron radiation was
applied to the intensity measurements.

Intensity data used for the structure
determination were collected for the na

tive and the heavy atom derivatives on a
screenless Weissen berg camera at the
synchrotron radiation source, BL6A2 sta
tion in the Photon Factory. The X-ray
wavelength was adjusted to 1.0^ A at
the station. Fuji imaging plates were
used as a two-dimensional detector for

recording diffraction patterns. The im
ages were digitized on a Fuji Film BAIOO
photo-reader system and were processed
at 2.0 A resolution using the WE IS pro
gram package. Since the number of^inde-
pendent reflections obtained by C -axis
rotation of the crystals (Table I) was
not enough to obtain a reasonable elec
tron density map at 2.0 A resolution,
the structure analysis was carried out
by using about 12,300 independent re
flections (81.6%) up to 3.0 A resolu-^
tion. An electron density map at 3.0 A
resolution was calculated with the MIR

phases. Tracing of the polypeptide chain
of 558 residues were carried out by us
ing the resulting electron density map.
Mode1-bui1ding was done on a computer
graphic PS390 with the program package
FRODO. The molecular dynamic program
XPLOR was used for the refinement.

The overall folding of the a-carbon
chain of B^_cereus o1igo-1,6-g1ucosid ase
is shown in Fig. 1. The structure of 558
residues can be subdivided into three

domains: the N-terminal domain, the sub-
domain and the C-terminal domain. The

overall structure is quite similar to
As^e rgi l^l^us_n iger a-amylase and pig pan
creatic a-amylase. The N-termi. nal domain
of about 400 residues forms a (a/8)g-
barrel, which is called TIM-barrel, with
four additional a-helices. The subdo-

main of about 70 residues includes two

small 6-sheets of four 6-strands sequen
tially connected together by long and
flexible loops. The C-terminal domain of
about 180 residues which is linked to

the N-terminal domain through a short
loop consists of eight antiparallel fi
st ran ds .

The improvement of the three-dimen
sional model by extending the resolution
and refining the structure is required
to discuss the hydrolysis mechanism of
a-1 , 6-glucoside linkage and the thermo-
stabilization of Bacillus oligo-1,6-glu-
cosidases by proline residues (2,3). The
synchrotron radiation is quite powerful
to elucidate the crystal structure of
B^cereus oligo-1,6-g1ucosidase at the
higher resolution. This study is under-
wa y .

(1)K.Watanabe, K.Kitamura, Y.Hata, Y.
Katsube & Y.Suzuki (1991) FEBS Lett.
290, 221-223

(2)Y.Suzuki (1989) Proc. Japan Acad. 65,
Ser.B 146-148

(3)K.Watanabe, K.Chishiro, K.Kitamura &
Y.Suzuki (1991) J, Biol. Chem. 266,
24287-24294

Table I. Data Collection at 2.0 A

Resolution

Native Hg U Sm

Observations : 91372 92647 86451 95119

Independent : 27865 28237 27416 28579

Observed Ratio(%): 54.7 55.4 53.8 56.1

"mergef^) 6.96 6.74 8.04 6.31

Fig. 1 An a-carbon chain drawing of B^
cereus o1igo-1 , 6-g1ucosid ase. The num
bers indicate residues in the polypep
tide cain.
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Introduction

It is of great interest and challenging
to study the large and complicated virus
of RDV,particularly in structure of
double-shell arrangement and in function
of virus. Successful crystallization of
RDV prompted us to collect the X-ray
diffraction data^'^'. As expected the
crystals have very large cell dimensions
of a=b=c=789A,and implicate an icosahedral
symmetry of RDV.

Experimental

Diffraction experimentals were carried
out with a macromolecular Weissenberg
camera at BL-6A2. We kept crystals
completely in the mother solution during
the X-ray data measurements,because
crystals crack quickly if they are taken
out of the solution. Eventually such "no
setting photographs" required the
determination of crystal orientation. This
problem was solved by an automatic
searching procedure^'.

Results

The intensity data were collected using
a number of crystals. Two native data sets
of them were Lp-corrected and integrated.
A total of reflections up to lOA was
261,103,and a scaling procedure gave the
mean R^erge value of 14.5% for 67,984
independent reflections. Self rotation
function was calculated using 20A
resolution data,and the obtained map
showed not only 2- and 3-fold axes,but
also non-crystallographic 5-fold symmetry
in the spherical polar
coordinates,suggesting that the virus has
an icosahedral symmetry. RDV particles are
thus located on the special positions of
the Wyckoff notation "a" in the cell''.
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Fig. (top)Stereographic plot of RDV self
rotation function. Resolution:^ 70-20A,
integration sphere range: 70-100A.
(middle)Icosahedral symmetry onto the
observed self rotation function peaks,
(bottom)Proposed packing arrangement of
RDV particles.
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Ribulose 1,5-bisphosphate carboxylase/oxygenase
(Rubisco) catalyzes the initial reaction of the two
competing metabolic pathways of photosynthetic CO2
fixation and photorespiratory carbon oxidation. As a
result, CO2 and O2 compete for the same substrate
ribulose-1,5-bisphosphate (RuBP) at the same catalytic
site. Oxygenalion of RuBP leads to a decreased net
efficiency of photosynthesis. In order to understand the
catalytic mechanisms and the role of individual residues
during catalysis, a detailed knowledge of the three-
dimensional structure is required. This could pave the
way for site directed mutagenesis experiments aimed at
suppressing the unwanted side reactions.

The enzyme in eukaryotes and the majority of
prokaryotes is a hexadecamer (L8S8, 550 kD)
composed of eight large, (L, 55 kD) and eight small, (S,
14 kD) polypeptide chains. Despite the obvious
difficulties involved in crystallizing such large
molecules, crystal quality is generally high with crystals
often diffracting to 2 A resolution or beyond. Our
project at the Photon Factory aims at capturing the
highest possible resolution at a high speed.

EXPERIMENTAL

Spinach enzyme

Our initial structure of this enzyme is of an activated
quaternary complex with the reaction intermediate
analogue carboxyarabinitol-bisphosphate, CABP.
Refinement of the model against data to 1.5 A
resolution collected earlier at the Photon Factory (1) is
almost completed. The model shows unambiguously
CABP to be in the cis conformation.

The CABP complex mimics one specific step
halfway in the carboxylation reaction mechanism. It is
possible to trap the sugar substrate, RuBP in a complex
which does not turn over if one replaces the activator
metal magnesium with calcium. This could give us an
idea what the active site looks like before the enzyme is
committed to either carboxylation or oxygenation. The
complex crystallizes in space group F^i2i2 with unit
cell dimensions a=221.6 A, b=222.2 A and c=I 15.4 A.
The sU'ucture was solved by molecular replacement
using data to 4 A with liie known CABP structure as a
search object (T. Taylor et al., ms in preparation).

The crystals diffract to 2.3 A or beyond, but are
rather fragile. Earlier trials showed that they would not
withstand the flight transport to the Photon Factory.
Instead cr)'stallizations were set up at the Photon

Factory prior to data collection. Unfortunately, these
crystals did not grow as big as in the home laboratory.
A total number of five crystals were tried in the beam,
but only two were found to give reasonable diffraction
throughout a data collection. We used the Weissenberg
camera for macromolecular crystallography at BLA2
(3)with an IP radius of 573 mm and a 100 mm
collimator. Two 20 cm x 40 cm Fuji BASIII imaging
plates were used giving a total detector area of 40 cm x
40 cm. Diffraction data to about 2.4 A resolution were
collected (wavelength = 1.00 A; I = 270 mA; E = 2.5
GeV) for the a* setting with an oscillation range of 3
deg/exposure. Data are being processed using the
program DENZO written by Zbyszek Otwinowski.

Synechococcus enzyme

The structure of an activated complex of
cyanobacterial L8S8 enzyme from Synechococcus with
CABP has been solved with molecular replacement
using the known spinach model as a search object (3).
Guided by this model and the spinach model, site
directed mutants are now being designed. The mutant
K334M crystallizes isomorphously with the 'wild type'
recombinant enzyme (space group P2i2i2i, unit cell
dimensions 223.9 A, 111.9 A, 199.7 A). Diffraction
data were collected from a crystal of K334M with
identical set-up as for the spinach RuBP complex.
Rotating around the b* axis, 46 double images were
recorded. The data were processed with the program
WEIS (4) on a Silicon Graphics workstation. About
400,000 observations were measiu'ed and the final data
set contained 160,299 unique reflections merging with
R = 0.078. Refinement and analysis of the mutant
structure is under way.
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The Weissenberg method (Weissenberg, 1924, Z.
Phys. 23, 229-238) adapted to modem macromolecular
crystallography (Sakabe, 1983, J. Appl, Cryst. 16, 542-
547; Sakabe, 1991, Nucl. Inst. Methods A303,448-463)
enables the fast collection of monochromatic diffraction

data from protein and virus crystals. At BL6A2 of the
Photon Factory, 5-15 degrees of data can be recorded
on a single exposure from protein crystals using the
camera developed by Professor N. Sakabe. Exposure
times of 1-10 s/degree are possible on Fuji imaging
plates giving total exf)osure times of around 100-500 s
for a data set from strongly diffracting crystals. Certain
enzymatic reactions in protein crystals can be followed
on this time scale. We have identified three enzyme
systems for time resolved studies in Weissenberg
geometry: ribonucleotide reductase (Nordlund et al.,
1990, Nature 345, 593-598; Nordlund & Hajdu, in
preparation), cytochrome c peroxidase (Finzel et al.,
1984, J. Biol. Chem. 259. 13027; Edwards et al.. 1987,
Biochem. 26, 1503; Fulop et al., in preparation) and
glycogen phosphorylase (Hajdu et al., 1987, EMBO J.
6:539-46). This report sums up preliminary results
obtained on these enzymes during two days of data
collection at BL6A2 of the Photon Factory.

CYTOCHROME C PEROXIDASE (Finzel et al.,
1984, J. Biol. Chem. 259, 13027; Edwards et al., 1987,
Biochem. 26, 1503) from yeast is a single-chain 294-
residue hem enzyme found in mitochondria where it
catalyzes the oxidation of ferrocytochrome c by
peroxides (space group P2i2i2i, a=107.4A, b=76.8A,
c=51.4A). The enzyme reacts readily with peroxides to
generate a semistable free radical on Trp 191 and an
oxyferryl ion. The reaction is accompanied by the
cleavage of the peroxide oxygen-oxygen bond. Our aim
was to perform feasibility studies to capture the
structure of intermediates and the electron density
change around the hem iron during the Fe"*"^ -> Fe"^"^
transition. In this preliminary work, fast data sets were
collected to 1.6 A resolution on the protein before and
after the addition of hydrogen peroxide with an overall
data collection time of 25 minutes per data set (total
exposure time 450 s per data set, overall merging R-
factor for the data sets: 6.4 %, 6.9 % respectively). The
sumctures were refined to a crystallographic R-factor of
around 19%. These studies showed that good quality
electron density maps can be obtained in a short time at
station BL6A2. The interpretation of the results requires
additional optical measurements during data collection.
We are planning to repeat the experiments using a diode
array microspectrophotometer to record spectra during
data collection.

RIBONUCLEOTIDE REDUCTASE catalyses the
only reaction in which deoxyribonucleotides can be
produced in Nature. The key position of this enzyme in
DNA-synthesis makes it an obvious target for drugs
designed to control the growth of cancer cells and
certain viruses. The enzyme is allosterically regulated
carrying two types of effector sites. One type regulates
the overall activity while the other type is a substrate
specificity site, enabling the enzyme to switch the
synthesis between four different deoxyribonucleotides.
The structure of the b2 protein of this a2b2 enzyme has
been determined (Nordlund et al., 1990, Nature, 345,
593-598), and the larger a2 protein has been crystallised
along with the a2b2 complex of the enzyme (Uhlin et
al., in preparation). On this trip, data were collected on
tlie a2 protein (MW 2 x 85K, space group: R32, unit
cell dimensions: a=b= 226 A, c= 341 A) to aid structure
solution. The total exposure time was 600 s for the data
set (180°) and the overall data collection time was 2.5
hours. A unique set of 168,683 reflections was obtained
to2.7 A resolution during this time from a single crystal
of the enzyme with an overall merging R-factor of
9.2%. Structure determination of this protein is now
under way. Further tests showed that semistable
intermediates could be studied in ribonucleotide

reductase with moderate cooling at the Photon Factory.
GLYCOGEN PHOSPHORYLASE (P432i2,

a=b=128.8 A, c=116.2 A): Attempts to reproduce the
original monochromatic experiments (Hajdu et al,
EMBO J. 6:539-46) with Laue diffraction have been
hampered by transient streaking of Laue reflections
during the introduction of substrates (especially
phosphate) into the crystal. Monochromatic techniques
are less sensitive to such disorders. A fast

monochromatic data set was collected (120 s total
exposure time, 20 min. overall data collection time) on
a transiently disordered phosphorylase crystal during
phosphate binding in a flow cell. In the two data sets
(collected from the same crystal before and after the
addition of phosphate), 20,689 and 17,131 unique
reflections were obtained with overall merging R-
factors of 11.3 and 14.1 % respectively. The structures
were refined to final crystallographic R-factors of 15.6
and 17.6 % respectively. In the resulting maps,
structural changes were found which could be
responsible for the transient disorder of the lattice (Pj
was not visible in the protein at that stage).

ACKNOWLEDGEMENTS: Wearefateful to Prof.
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Drs. S. Iwata, A. Nakagawa and N. Watanabe for their
generous help with data collection and processing.
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INTRODUCTION

Crystal structures of the
complexes of antigens and Fabs or
haptens and Bence-Jones dimers have
been of great interest to workers
in Immunology and X-ray
crystallography for a number of
years. As in other studies, the
major stumbling block is obtaining
crystals large enough to diffract
to medium or high resolution. This
difficulty is exacerbated when two
entities are mixed prior to
crystallization. Nonetheless, we
obtained small crystals of
complexes of a Bence Jones dimer
(Meg) with two peptides Ac-QfHp-OH

and Ac-QfHpPP-OH. We also obtained
large crystals of an Fab fragment
complexed to its antigen N- (p-
cyanophenyl)-N'-(diphenylmethyl)
guanidineacetic acid(referred to as
NC174). This report summarizes the
results of the data collection and
crystallographic refinement of
these molecules.

EXPERIMENTAL

i) Complexes of Meg with peptides
were prepared by mixing a slight
excess of peptide with protein.
After one hour, crystallization
trials in ammonium sulfate were

attempted. Small crystals (0.25 x
0.04 X 0.04 mm) of Ac-QfHp-OH-Mcg

and Ac-QfHpPP-OH-Mcg were obtained.
Synchrotron radiation was necessary
to obtain diffraction data of

sufficient guality and quantity.
ii) The complex of NC174-NC68E Fab
was made by mixing an excess of the
ligand to the protein. Small
crystal seeds which formed
immediately, were transferred to a
protein-ligand solution containing
PEG 8000. Large single crystals
suitable for diffraction grew up to
5mm in length. One crystal, 1.5 x
1.25 X 0.4 mm was chosen for use at

the Photon Factory. All data were
collected with Prof Sakabes 430mm

Weissenberg Camera [1] and
processed using the Weis program
package[2]. The results are
presented in Table 1.
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RESULTS

Good data sets of the two
complexes with Meg were obtained
with R(m)'s under 11%. Refinement
proceeded smoothly with X-PLOR and
both structures had acceptable
stereochemistry. Importantly, both
produced excellent difference
electron density maps which
unequivocally allowed the placement
of the ligand in the binding site.
In a comparative study of the same
ligands diffused into preexisitng
crystals, it was shown that the
ligands bind approximately to the
same site, however, there are
obvious changes in the interactions
between protein and ligand [3].

The crystal structure of NC174-
NC68E was solved by molecular
replacement using BV0401 Fab as a
probe molecule. As with the Meg
ligands the NC174 was clearly
visible from an early stage. This
was not unexpected since it binds
to the Fab with an affinity
constant of 5.3 x 10~8m. Currently,
we are comparing the structures of
both the liganded and free forms of
NC68E and trying to understand the
mechanisms of binding of the ligand
to the Fab.

Protein No. R(m) Res. R(c)
Refl. (A)

Ac-QfHp-OH-Mcg 14382 9.2 2.5 0.204

Ac-QfHpBB-OH-Mcg 13285 10.4 2.5 0.252

NCl74-NC68EFab 24227 7.2 2.2 0.214

refinement statistics for three

complexes. R(m)=Z|<I>-Ii|/Z<I>*100
R(c)=Z| |Fo|-lFc| l/ZlFo]
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INTRODUCTION

Trichosanthin is an effective protein of a popular Chi
nese medicine, Tian Hua Fen, which is prepared from
the root tuber of Trichosanthes Kirilowii Maxim

(Cucurbitaceae) and widely used in the folk remedy
for treating many diseases, in particular, for inducing
abortion[l]. It has been proven very effective in termi
nating pregnancy from as early as 5 weeks gestation to
mid term. It can also be used to treat cases of dead

fetus in uterus, hydatidiform mole, invasive mole, ec-
topic pregnancy, and even trophobleistic tumers. Re
cently some reports show it may be useful in treatment
of AIDS disease, which have widely attracted more at
tention to it.

Trichosanthin is a basic (p/~9.4) protein with a sin
gle chain and a molecular weight ~ 21kD containing
247 amino acid residues. The crystal structrue of a
C2 crystal form has been reported at 2.6A resolution
in 1987 [2]. However, due to the partly incorrect se-
cpience knowledge used in the interpretation of the elec
tron density map and the relatively low resolution, the
3-D structrue is not completely and not accurately de
fined. Furthermore, a high resolution structrue can pro
vide plentyful and precise information of stereochem
istry. not only for protein itself but also for water and
solvent molecules, to the structrue-function studies. So
far only a few protein structrues with middle size pos
sess a resolution higher than 1.3A even though 800 sets
of coordinates have entered into the PDB. Therefore the

study on the pricise structure of trichosanthin is obvi
ously significant in both structure-function relationship
and structural chemistry.

EXPERIMENT AND RESULTS

Crystals used in the data collection belong to a or-
thorhombic form with a space group P2i2i2i and pos
sess cell dimensions a=38.2A, b=76.5A, c=79.lA. The
crystallization was carefully controlled in a system which
was sirnillar to the recipe reported herebefore[3]. Three
very high quality crystals with the size about 0.7 x0.5x
0.4n7m^ selected from a batch crystals were mounted
along a, b and c axes, respectively, and used in the
whole procedure. The diffraction data collection was
carried out with a screenless weissenburg camera and
Image Plates[4] at the beam line BL6A2 of Photo Fac
tory in KEK. A wavelength of l.OOA and a film cas
sette with radius of 286.5mm were used in data collec

tion. The intensity were read out by Fuji Film BAIOO
scanner system and processed using the WEIS program

system[5]. The experimental conditions and data eval

uation are listed in Table 1. Three data sets with a, b
and c ratation axes were collected at first and then the

two best sets, data set 1 and 2 in Table 1, were selected
to combine so as to overcome the loss of reflections due

to the blind zones. A total of 190,598 were measured
which were merged into 67,327 independent reflections.
A statistical ajialysis of this data set is listed in Table 2
whch showsa high quality data with a very high resolu
tion of 1.1A has been available. The structrue analysis
is now in good progress.

We would like to thank Prof. Sakabe for the use

of camera and Dr. Nakagawa for the helps in the data
collection procedure.

REFERENCES

[1] Wang, Y. et a!., Pure Appl. Chem., 58(1986)789.

[2] Pan, K. Z. et a!., Sci. Sin., B30(1987)386.

[3] Ma, X. Q. et a!., Sci. Sin., B30(1987)692.

[4] Sakabe, N., J. Appl. Cryst., 16(1983)542.

[5] Iligashi, T.,J.AppI. Cryst., 22(1989)9.

Table 1. Experimental Conditions and Data Evaluation
Data set

1 2 3 4

Wave length(A) 1.00 1.00 1.00 1+2

Rotation axes a b c

Camera movemenit(mm) 7.5 3.76 3.62

Rotation speed(®/jec) 2.0 2.0 2.0

Coupling const.P/mm) 1.0 2.0 2.0

Oscillation angle(°) 7.5 7.52 7.24

u) range(°) 112.5 112.82 115.08

Repeat of oscillation 15 10 10

Collimator sizefmm X mm) 0.1 X 0.1 0.1 X 0.1 0.1 X 0.1

No. of IP used 16 16 17

Temperature! °C) 8 8 8

No. of reflections

Observed 119950 97133 104202 190598

Unique 48543 40671 38929 67327

Overloads 6625 9558 8769 16183

R-merge 0.0622 0.0551 0.0846 0.0590

Resolution(A) 1.0 1.1 1.1 1.1

Table 2. Statistical Analysis of the Merged Data
Ratio of

Re8olution(A) Possible Observed Obs./Poss.

316.-2.37 9978 9002 0.902

2.37-1.88 9608 9361 0.974

1.88-1.64 9516 8354 0.878

1.64-1.49 9498 7460 0.785

1.49-1.39 9460 6610 0.699

1.39-1.30 9443 6001 0.635

1.30-1.24 9379 5505 0.587

1.24-1.18 9422 5155 0.547

1.18-1.14 9386 4847 0.516

1.14-1.10 9367 4016 0.429

316.-2.37 9978 9002 0.902

316.-1.88 19586 18363 0.938

316.-1.64 29102 26717 0.918

316.-1.49 38600 34177 0.885

316.-1.39 48060 40787 0.849

316.-1.30 57503 46788 0.814

316.-1.24 66882 52293 0.782

316.-1.18 76304 57448 0.753

316.-1.14 85690 62295 0.727

316.-1.10 95057 66311 0.698
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Ribosome-inactiyating-proteins are
highly distributed in plants. They haye
been widely used in the design of immu-
notoxins and other therapeutic agents,
especially used as anti-AIDS agents [Ij.
Although they are known as specific N-
glycosidases which remoye a single aden-
ine base from the conseryed sequence of
-CGAGAG- within 28S rRNA, their detailed
molecular mechanisms are unknown.

Trichosanthin and Momorcharin are

two ribosome-inactiyating-proteins which
are isolated from the root of Tian-Hua-
Feng and seeds of bitter gourd. We haye
got crystals of these proteins and their
complexes with AMP ( or ATP ), dAMP and
formycin (named TCN, TCA, TCD and TCP for
Trichosanthin; MCN, MCA, MCD and MCF for
Momorcharin). We collected their X-ray
reflection data at high resolution (table

1) at BL6A2 be am 11 ne [2].
We determined MCA' s structure using

MIR method and see clearly the electron
density of the hydrolysised product of
AMP (ATP) (Fig. 1). The adenine base is in
8 hydrophobic pocket at the surface of
the protein. And it stack with Tyr70 and
Tyrlll. Compared with the structure of
MCN, the side chain of Tyr70 rotate into
the protein to form aboye interactions.
The N6. Nl and N7 atoms of the base act
as hydrogen bonds acceptors and donnors
of the main chain N and 0 atoms of pro
tein. These hydrogen bond patterns make
these proteins specifically recognize
adenine base. Model building suggests
that the CP and 04' atom of the ribose
moiety are positioned near the negatiye
charged OE atom of side chain of Glul60,
and the 02' atom of the ribose and the

N3 atom of adenine are near the positiye
charged side chain of Argl63. These two
residues are highly conseryed among all
RIPs proteins. So we suppose a mechanism
that when the glycosidic bond is cleft
the accumulated positiye charges of CP
and 04' atoms are stabilized by GluIBO
side chain and the accumulated negatiye
charge on the adenine rine is stablizied
by the side chain of Argl63. 02' atom of
the nucleotide seems to make the ribose
contact with those aboye two side chains
tightly.

Further work on structures of these

proteins are in progress.
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lljStirpe, F. , Barbieri, L. , Giulia,
M. , Soria, M. and Lappi, D. A. (1 992).
Bio/Technology, 10, 405-412.
[2]Sakabe, N. (1991). Nucl. Instr.
Meth., A303, 448-463

Table 1. Data sets collected at PF

1Cr y8 ta1| Space group iMeasurements|

1 TCN 1 P212121 1 49800 (1. 6A) 1
1 TCA 1 P212121 1 4864 2 (1. 6A) 1
1 TCD 1 P212121 1 49282 (1. 6A) |
1 TCF 1 P212121 1 4901 1 (1. 6A) 1
1 MCF* 1 R3 1 484 42 (1. 6A) |
1 MCD* 1 R3 1 30399 (2. lA) 1

» Some

porcess ing.
errors occur in data

Fig. 1 Actiye center structure of
MCA. Atoms of the adenine base are
superimposed by 2Fo-Fc electron
density with calculated phases.
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Introduction

Hemoglobin is the oxygen carrier in

vertebrate blood. It is an interesting

molecula to many protein crystallographers

because of its allosteric effect in bind

ing oxygen. It is a tetrameric protein

of M'W. 64500. and has a molecular dyad

axis which relates two dimers. Bar-heaaed

goose (Anser indicus) is a migratory

bird which inhabitates- around west China

Qinhai lake. On its migratory flight

over Mount Everest it is exposed to

ambient pO- of about 50mmHg which accounts

to 2Q0' of pO^ at sea level . The
hemoglobin of Bar-headed goose has high

sequence homology {10%) to that of human.

So the molecular replacement method was

used in crystal structure determination.

The work may partly elucidate the high

altitude respiration mechanism where the

air is extremely sparse and also the

affect of evolutionary pressure to the

protein molecular structure.

Experiment

Oxyhemoglobin was prepared from whole

blood of Bar-headed goose with cell

lysed with distilled water. The hemolysate

was centrifuged at 10000 r.p.m. for 50

min. and dialysed against double distilled

water for 48h at 4C . Oxyhemoglobin

crystals suitable for X-ray analysis

were grown from polyethlene glycol (PEG)

with average MW. 6000, at 40 , pH6.8

Crystals appeared after one week and were

transferred through a series of solution

of increasing pH and PEG concentration

to room temperature. The crystal belong

to space group P422^2 by precession
technique. Its unit cell parameters are

a=b=81.6A, c=107.5A, and all cell angles

90 degree. There is half tetramer per

asymmetric -init. The intensity datas were

collected on the screenless Weissenberg

camera (radius 450mm) for macro-molecular
(5)crystallography. Total independent

reflections were 18889 with the upper

resolution of 1.8jA., R merge value 5.12.

Result

The structure was solved by molecular

replacement method. The human oxyhemoglobin

was taken as model molecule Works

were done with AUTOMR program The

initial model molecule was rotated about

(50, 50, 40) degree (polar angle system).

Cross rotation function was calculated

using data between 10-4A resolution and

pattern cutoff radius 25A. The highest

peak appeared at (60.58, 175.75, 260.75)

and its translation result were (40.8A,

O.0A, 52.2A). Rigid body refinment of

the model from the initial position at

10-5A result in R value 0.47. Further

refinment work is under way.
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Bar-headed goose (Anser indicus) are
migratory birds. They migrate from ying-

Hai Pla-teau of China to southern habitat

over the Himalayas of 7,500 meters above

sea level in winter. They suffer the phy

siological press of low oxygen partial

pressure during migrating for a long time

dinates are horse methemoglobin(2MHB) re

fined to 0.2nm resolution taken from Pro

tein Data Bank. The best solution have the

final crystallographic R factors of 0,43,

0.46 and correlation coefficients of 0.56,

0.48 for 1.Onm-O.Bnm and 1.0nm-0.4nm data

respectively. And it showed that there is

and over a long distance. Their hemoglobin reasonable molecular packing by plotting.

molecules may have special and efficient

ly adaptive mechanism of binding suffi

cient oxygen. Crystal structure analysis

at high resolution may reveal the rela

tion between structure and function.

The sequnce of the hemoglobin of Bar-

headed goose has been determined(1). It

has 70'- homology to that of horse. We

have renorted(2) the crystallographic pa

rameters. The crystals belong to tetrago

nal crystal system with space group P4^,2
and a=b=8.1nm, c=10.7nm. There is a ha-lf

tetram-eric molecule including one ek and

one (5 subunits per asymmetric unit.

The 0.18 nm resolution data of the met

hemoglobin of Bar-headed goose was col

lected with a Screenless Weissenberg Ca-

mera(3) at the BL6A2 station at the Pho

ton Factorr. The radius of the film cass

ette was 430mn with Fuji imaging plates,

the wavelength was 0.1Onm, room tempera-
e

ture was about 10 C. A total of 32 sets

were digitized with a Fuji BA-100 reader

and processed using the program WFIS(4).

Total of 97774 reflections were measured

a t O.ISnm with independent reflections

of 19057 and giving the merging R factor

of 0.'^519.

The crystal structure of Bar-headed

goose methemoglobin was analysed by pro-

irra m. Al'JT0MR(5), an automatic processing

program system of the molecular replace

ment method, at Institute of Protein Re

search, Osaka University. The model coor-

Further refinement of the structure is

Under way.
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The growth of an epitaxial insulator on a semicon
ductor substrate and its subsequent overgrowth with
an epitaxial semiconductor is known to have lots of
important applications to the semi-conductor device.
However, there is little known about the morphol
ogy of the insulator/semiconductor interfaces from a
structural standpoint. Here we present the first ob
servation of the CTR scattering from the multi layers
of CaF2 and SrFj on Si(lll) substrate.

The samples were grown by the MBE method with
an apparatus described elsewhere^\ A multi-layer
film of CaF2 and SrF2 were grown on a clean Si(lll)
substrate by sublimation of each single crystal in
vacuum. It is represented by 3{SrF2;2monolayers
/ CaF2:lOmonolayers} / {CaF2;2monolayers} /
Si(lll).

The CTR meaisurement was carried out on the

beam line 6A2 by using a Weissenberg camera with
an imaging plate(lP) detector in atmosphere. Con
ventional oscillation photographs were taken so as to
be able to observe the 000, 111 and 331 points in
reciprocal space of the Si substrate; the oscillation
angle, speed, and exposure time were set to be about
40 degree, 2 degree/second, and 1 hour, respectively.

Figure 1 shows the observed integrated intensity
along the [111] direction from 0.1,0.1,0.1 to 1.1,1.1,1.1
point, obtained by scanning parpendicular to the
CTR. One of examples of such a scanning is shown
in Figure 2 on the imaging plate. The result shows a
characteristic intensity modulation around the Bragg
point of the Si(lll) substrate. A simulation of the
CTR intensity based on the several proposed struc
tural models of the interface, is in progress; up to
now, the intensity modulation close to the 111 point
appears to be almost reproduced by the structural
model proposed, but there seems to be still room for
improvement of this model, especially around the 000
point.

The same kind of complex intensity modulation was
observed at 311 and also at the |,|,y point. However,
the intensity of the latter was much weaker than the
former. The intensity modulation around the latter
point should be prohibited if the epitaxial insulator
layer is composed of a single phase. Thus some phase
distortion of the epitaxial growth exists in the present
sample.
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Throughout the present experiment, an interesting
feature was also observed. In a typical intensity pro
file across the CTR scattering at the 0.75,0.75,0.75
point. Figure 2, we can see a broader intensity en
hancement in addition to the sharp profile of the CTR
scattering. The origin of this 'diffuse like' scattering
is unknown. However, it is certain that diffuse com
ponent of the CTR scattering provides the lateral cor
relation of the atomic steps at the interface.

Reference

1) N.S.Sokoloff, E.Virgilio, S.V.Gastev, S.V.Novikov,
and N.L.Yakovlev. Fiz. Tverd. Tela(Leningrad)
31(1988) 75-79.

Figure 1. Integrated intensity of the CTR scat
tering from 0.1,0.1,0.1 point to the 1.1,1.1,1.1 point
obtained by an IP detector.
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Figure 2. Typical profile of the CTR scattering at
the 0.75,0.75,0.75 point.
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1. Introduction

We applied the EXAFS spectroscopy to Ianthanoid(III)chlo-
ranilate complexes (Lnj(CjO^Cl2)3/ifLO; Ln =La, Gd, Tb, Ho,
Er) for studying the lo^ structure of these complexes which
are not neat crystals but polycry stalline fine powders. The bond
distance between Ln and coordinated oxygen atoms in
Ln3(Cj0^Cl2)3 /iH20 decreases gradually from Ln=LatoLn=
Ho. TTiis tendency is correlated to the change of ionic radii of
the Ln(IlI) ions.'-^' The coordination number of these com
plexeswere notdetermined precisely. Herewesynthesizedsame
type of complexes such as La3(CjO^Brj)3-mHjO and
Lnj(CjO^H2)3 /H20 in order to obtain more refin^and precise
information of the local structure of these type of complexes.

Another type of complexes Ln(thd)3, thd = 2,2,6,6-
tetrametyl-3,5-heptanedione, were also synthesized. These
compounds have been studied by the X-ray diffraction method
and theircrystal aixi molecular structures were known exactly.*'
We use these complexes as standard ones for the analysis of
EXAFS.

2.Results and discussion

AlltheLn^j-edge absorption spectrawererecorded intrans-
mi.ssion mode at BL 6B or BL 7C.

The EXAFS interference functions, x('l). were extracted
from the absorption spectra and were Fourier transformed ac
cording to a procedure described in literature.''

Figure 1 gives the experimental x('l) and the Fourier trans
form ofxW oftheSm(Iir) complexes, i.e., Sm3(CgO^H3)3 /H^O,
Sm3(CjO^Cy3-nHjO and Smj(Cj0^Br3)3-mH20, respectively.
Ascompared with thespectra ofSmj(Cg0^H3)3-/H20, the peaks
at about 5.7 Ain Sm3(Cj0^Br2)3 mH20 and Sm2(Cj0^Cl3)3 nH20
are assigned from thescattering due to Brand C1 atoms, respec
tively. Of interest is the result of that the scattering amplitude
of Br atom is smaller than that of C1 atom. This tendency isob
served in all other bromanilate complexes of Ln(Ill).

Thecrystal structure of Er(thd)3 were determined from the

(b)

1 \aa ^ ~

r/A

FIr. 1. (a)FXAF.S fimrlions and (b) inagnilndcs
of Foiiiier (ransforins of FXAFS for Ln(III) I/m-pdgcs of
.'=m?((>,O^Br2)3 "1120(1), Sm2(C604Cl2)3 nll20(2) and
^'"2(060^112)3 • tiH20(3). h range for the Fourier transform
is 3-1 1

X-ray diffraction, i.e., the Er-0 distance is2.21 Aand the coor
dination number is six. We used these experimental values to
fit the xW curve of Eq.(l).®'

kr^
X sin(2kr + (f>(k,r) •¥• Q

expi-Trfr) exp(-2cj^k
0)

Table Igives thecurve fitting results of thecomplex studied here.
The Ln-0 distances of bromanilate complexes are almost same
as that ofchloranilate ones and are correlated to the ionic radii

of lanthanoid(III) ionsvery well. InLn(thd)3 complexes thecor
relation between the Ln-0 distance and Ln(in) ionic radius is
fourxl to be same as other two complexes.

Weestimated the coordination numberN of Ln(in) ions from
therelative scattering amplitude ofLn(thd)3 inwhich Nistaken
to be six. The results are given Table I along with that obtained
from the thermal analysis (Ntj«r). The agreement of two results
is fairly good through it may be fortunate. We can see that the
coordination number of Ln(ni) ions decrease from N=9-10 of
Nd(III) to/V =8ofEr(III) ions inboth Lnj(CjO^Brj)3-mHjO and
Ln2(Cg0^Cl2)3-nH,0 complexes.

We conclude that even if the neat crystal was not obtain the
local structures of polycrystalline powder samples are able to
be known semi-quantitatively by the EXAFS spectrometry.

Table I. Curve ntting results of 1^02(0604X2)3 kUjO
and F,u(liid)3 with one-sliell moclei.

1,11 X/tlid r/A rrViOU^ B /V")
Nd thd 2.37 9.4 3.4 6

Cl 2.-18 10.0 6.1 10.4 11

l)r 2.48 9.8 6.1 10.4 -

Sm thd 2.32 9.4 3.9 6 -

Cl 2.43 9.8 5.9 9.1 9

Dr 2.43 9.8 6.1 9.4 -

Gd thd 2.29 9.2 4.1 6 -

Cl 2.40 9.6 5.6 8.2 9

nr 2.38 9.0 5.6 8.2 -

Tl. thd 2.27 9.8 4.3 6 -

Cl 2.37 9.8 5.5 7.6 9

Br 2.37 8.6 5.4 7.5 12

Ilo thd 2.19 5.6 3.5 6 -

Cl 2.35 7.9 4.8 8.3 8

Hr 2.35 7.7 4.8 8.2 -

Er thd

Cl

2.2F'
2.34

7.6

8.1

3.8

4.9

6

7.7 8

Dr 2.34

OO
o6

5.1 8.1 8

a)The coordination number of Ln(thd)3 was fixed at six.
b).See ref. A. c)See ref. 5.
Experimental error for r is ± 0.01 A and that for A' is ±
1.0.
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Most of metallic amorphous alloys do not have
a wide supercooled liquid region and show good thermal
stability. Thus, they cannot be deformed into desired
shapes for convenience of practical use like oxide glasses
can. Recently, however, amorphous alloys with an extre
mely wide supercooled liquid region have been found in
Zr-Al-TM (TM = Mn, Fe, Co, Ni or Cu) systems. The
origin of such a wide supercooled liquid region and good
glass-forming ability have not been well understood yet,
particularly at a microscopic level. One of the common
features in the present system is that the atomic sizes of
the three elements are largely different each other. Thus,
no resolved first peak is observed in the ordinary radial
distribution function (RDF) which is a sum of six partial
RDFs. As a result, it is extremely difficult to determine
the local atomic structure in these amorphous alloy by
the ordinary x-ray diffraction. The environmental RDF
for a certain element obtained by the anomalous x-ray
scattering (AXS) method may break through such
inconvenience on the atomic structures in the present
system.

Amorphous ZrgpAljgNijg ribbonswere prepared
by a single-roller melt-spinning technique in an argon
atmosphere. Some of them were annealed in the
supercooled liquid region so as to study the structural
change of the as-quenched sample due to annealing.
Others were crystallized by annealing for a long time in
the supercooled liquid region, so that the structural
change for crystallization was also investigated. The AXS
intensities were measured below the Zr and Ni K-
absorption edges using the beam line 6B. The
environmental RDFs for Zr and Ni were calculated from

the differential intensity profiles obteiined at Zr and Ni
K-absorption edges. These environmental RDFs and the
ordinary RDFs obtained from the diffraction experiments
with Mo Ka-radiation are shown in Figure 1 for the as-
quenched and annealed amorphous .samples and for the
crystallized sample. The peak at r, is attributed to a Zr-
Ni pair since it is present in every RDF. Similarly, the
peak at is attributed to Zr-Al and Zr-Zr pairs since it
is only found in the environmental RDF for Zr. The
coordination numbers for Zr-Ni, Zr-Al, and Zr-Zr pairs
are estimated from the areas under the peaks at and

in all RDFs. Using these coordination numbers, the
fraction of each element around Zr summarized in Table

1 are estimated for the nearest neighboring pairs. It is
found in this table that the fraction of Ni around Zr is
unchanged by annealing, whereas the fraction of Zr
around Zr gradually decreases with annealing time, and
only the fraction of A1 around Zr shows a sudden
increa.se in the crystallized sample. Taking account of

these experimcnt£d data, especiallythe drastic change of the
fraction of A1 around Zr, it seems that the A1 atoms must be
rearranged around Zr for crystallization, which may retard
the crystallization in the present system. This result provides
the positive experimental evidence for the experimental fact
that the addition of A1 to the Zr-Ni binary system is
effective to good thermal stability for the ternary Zr-Al-Ni
amorphous alloy.

'g200
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Figure 1 (a) Ordinary RDFs and environmental RDFs (b)
for Zr and (c) for Ni in the as-quenched (solid) and
annealed (dotted) ZrgoAI,5Ni25 amorphous alloys and in the
cry.stallized alloy (broken).

Table 1 The fractions of the elements in the nearest

neighboring shell around Zr.

pairs as-quenched annealed crystallized

Zr-Zr 82% 72% 63%

Zr-Ni 18% 20% 18%

Zr-Al 0% 8% 20%
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Instability of the NiAs-type structure under pressure

Akifumi ONODERA and Kazuo SAKAMOTO*

Faculty of Engineering Science, Osaka Univeristy
Toyonaka, Osaka 560

Osarau SHIMOMURA* and Kenichi TAKEMURA

National Institute for Research in Inorganic Materials
Tsukuba, Ibaraki 305

The hexagonal NiAs-type structure is primarily

formed by monochalcogenides of the tansition

metals. One of the salient features of the NiAs

structure is that this lattice can be stablized

for a wide range in the axial ratio, c/a. In

fact the axial ratio varies from about 1.3 to

2.0.

Studies have recently been made as to whether

pressure can render a NiAs lattice towards the

ideal hexagonal one with the axial ratio 1.633.

In MnTe as well as a high pressure phase of

MnSe, both with the axial ratios near to 1.63,

the effect of pressure is to deviate from the

ideal value[l]. Also, CrSb exhibits a decrease

in the axial ratio from 1.32, again deviating

from the ideal value[l]. These changes are

shown in Fig. 1. Then an axial ratio with high

value remains unstudied.

In this work we have studied FeS in the

troilite-type structure, a distorted NiAs

D Mn 5e

o o

MnTe

C r 5b

10 20 30

Pressure GPa

Fig. 1. Change of axial ratios of MnTe,

MnSe, and CrSb with increasing

pressure (after Ref.[l]).

lattice with an axial ratio 1.96. This

material is one of the candidates for the

constituent of the earth's core.

The FeS sample with a small contamination of

Feo, gS was x-rayed at the BL-6B station while

being pressurized at room temperature in a

gasketed diamond-anvil cell. Diffracted x rays

were recorded on an imaging plate[2].

The axial ratio of FeS in the troilite phase

[FeS(I)] is shown in Fig. 2. It increases with
increasing pressure from the ambient value of

1.96.

2.00

0 12 3

Pressure (GPa)

Fig. 2. Change of the axial ratio of FeS(I)

with increasing pressure.

Table 1 gives values for the axial ratio at

ambient pressure and the pressure coefficient.

The coefficients are all in the order of 10"®

for the compounds shown in Table 1.

Table 1 Axial ratio and pressure coefficient

(c/a)o (c/a)o'' d(c/a)/dP

FeS(I) 1.96 3.57 X 10"®

MnSe 1.63' 4.60 X 10®

MnTe 1.62 - 7.67 X lO"*

CrSb 1.32 - 1.88 X 10"®

'Value at 21.3 GPa.

[l]A.Onodera and Y.Fujii,Proc.9th AIRAPT Conf.

(1989) p.114.

'Present address: Dainippon Screen Mfg. Co., Fushimi, Kyoto 603
"Present address: Photon Factory, National Laboatory for High Energy Physics, Tsukuba, Ibaraki 305
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Introduction

The development of the efficient cata
lyst for coal liquefaction is a very
important subject on the coal conversion
process. Because the efficient catalysts
ai'e often very expensive, the recovery of
the catalyst from the liquefaction residue
must be considered. At this point, the
information on the chemical form of cata

lyst in liquefaction residue is necessary.
X-ray absorption fine structure (XAFS) has
been used to investigate the local struc
ture of a specific element in coal-related
samples [1-4]. XAFS spect.roscopy can
provide direct information on the struc
ture even if the amount is very small and
crystallinity is very poor. In this study,
the chemical form of the iron catalyst, in
coal liquefaction residue has been inves
tigated by using XAFS.

Experimental

The residue was obtained in the lique
faction of Wandoan coal in It/d PSU at
450 °C under 170 kg/cm^G. The artificial
FeS2 prepared from FeS04 and Na2S at 50°C
were used as catalyst. EXAFS spectra at Fe
K-edge were recorded in a transmission
mode on a beam line BL-6B at KEK-PF at

room temperature using Si(lll) double
crystal monochrometer.

Results and Discussion

XAFS spectra of iron samples are shown
in Fig. 1. In the XANES spectra of the
residue (Fig. la), a broad peak was ob
served at ~7140 eV. A weak peak due to
neighboring S atoms (Fe-S) was observed at
~1.9 A and peaks due to neighboring Fe
atoms (Fe-Fe) were observed at ""2.6 and
3.4 A in FTs-EXAFS (Fig. lA). With the
ash obtained by using plasma-asher, a
shoulder peak due to neighboring O atoms
(Fe-0) was observed at ~1.5 A (Fig. IB),
indicating that the iron species was
oxidized to some extent. The artificial

FeS2 catalyst exhibited a sharp sub-peak
(I) at ~7129 eV in XANES spectra (Fig. Ic)
which did not appear in the residue sample
(Fig. la). This catalyst exhibited Fe-S
peaks at ~1.9 and 2.8 A and a Fe-Fe peak
at -3.4 A in Fts-EXAFS spectra. These
peak patterns are similar to those of
Pyrite, but the peak intensity was smaller
than those of Pyrite. Fig 1 e,E shows the
spectra obtained with commercial FeS
compound. The spectra were similar to
those of Iron species in liquefaction
residue. These results indicates that iron

species existed as Pyrrhotite in liquefac
tion residue.
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1) H. Yamashita et al.. Energy Fuels,
3, 686 (1989).

2) H. Yamashita et al., Energy Fuels,
5, 52 (1991).

3) H. Yamashita et al., Ind. Eng. Chem.
Res., 30. 1651 ( 1991 ).

4) H. Yamashita et al.. Energy Fuels,
6, 656 (1992).

a) /X/^

J

«\/\^

/

Enefgy / oV

I ' J ' j 'n ' I

Distance/A

Fig. 1. XAFS spectra at Fe K-edge.
(a,A) iron catalyst in coal liquefaction
residue: (b,B) ash prepared from the
residue by using plasraa-asher; (c,C)
artifical FeS2 catalyst; (d,D) Pyrite
(FeS2): (e,E) FeS.
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CoHo, NiHo and NiW/Al203 catalysts are used
for hydrotreating reaction. Especially,

NiW/Al203 catalysts have higher activity on
hydrogenation of aromatic compound and hydroge-

nolysis than that of CoHo and NiHo/Al203. We
will have to use much heavy oil in future, so

there will be a great demand for NiW/Al2U3
catalysts. But the structure of NiW/Al203 cata
lysts have not been known well compared with

that of CoHo and NiHo/Al203 catalysts. In this
report, we investigate the effect of Ni/H atomic

ratio (constant W content) and metal content

(constant Ni/H atomic ratio) on the structure of

sulfide NiW/A!203 catalysts by EXAFS spectrosco-
py.

The specification of catalysts studied in the
present report were shown in Table 1. The

catalysts were presulfided in a stream of 5 vol%

of H2S/H2 at 400'C for 4 hours. The H L-Ill
absorption EXAFS spectra were measured at BL6B
of the Photon Factory.

The Fourier transformation of the H L-111 edge

EXAFS data for all sulfide catalysts are similar

to that of HS2, so all catalysts probably have
WS2-like structure.

Table 1. The specification of catalysts.

Name
mol^

NiO WO^

«-t%

NiO IVO,

C-4' 2.8 5.5 1.9 11.8

C-7' 4.0 7.9 2.7 16.5

c-ir 5.1 10.2 3-1 20.7

c-14' 6.1 12.2 3.9 24.4

c-12 4.0 12.0 2.6 23.9

c-13 2.4 12.0 1.5 23.8

C-J8 -
18.0 33.3

Figure 1 shows the relationship between Ni/H
atomic ratio and coordination number of H-H and
H-S of the sulfide C-18, C-13, C-12 and C-14'.
Both coordination numbers increased as Ni/H
atomic ratio increased. It indicates that HS2~
like structure grow larger with an increase in
Ni/H atomic ratio.

Figure 2 shows the Fourier transformation of
the H L-lIl edge EXAFS data for the sulfide C-
4", C-7', C-II' and C-14'. The peaks at 1.9A
observed in this figure are corresponding to the
H-0. The Intensity of the peak decreased with
an increase in metal content. This result
indicates that it is hard to change catalysts
into sulfide state when metal content is low.

Figure 3 shows the relationship between metal
content and coordination number of H-0, H-S and
W-H of the sulfide C-4', C-7', C-11' and C-14'.
When metal content increased, the coordination
number of H-S and H-H increased, and that of H-0
decreased. Table 2 shows the value of
N(W) / (N(S)+N(0)) of each catalyst. This value
is proportional to the size of HS2-like struc
ture. This table indicates that the size of
HS2-like structure increased with an increase in
metal content.

He conclude that the size of HSj-like struc
ture grow larger as Ni/H atomic ratio or metal
content increased. As a result, HS2-like struc
ture grow larger with Ni content.

This work was a part of cooperative research
between Petroleum Energy Center and National
Laboratory for High Energy Physics.

A N(\V-0)
• N(\V.S)
• N{\V.W)

W-O « W.W

fe 9 • N(W-S) .
U • N(W-W)

q\
u.O 0.1 0.2 0.3 0.4

Ni/W Atomic Ratio

Figure 1. The relationsliip between Ni/W
atomic ratio and coordination number.

4 6 8 10 12 14

WO3 Content (wt%)

Figure 3. The relationship between
metal content and coordination number.

0 1 2 3 4 5

R/A

Figure 2. The Fourier transformation of the
W L-lIl edge EXAFS.

Table 2. The value of N(W) / (N(S)+N(0)).

fW)
N(S) + N(0)
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Introduction

There are a large number of dielectric

materials with hydrogen bonding. A typical example

is KDP. about which various experiments were

carried out in order to study the so called

'isotope effect". Since hydrogen bonds of almost

all these materials have networks with other

hydrogen bond, it is difficult to analyze the role

of hydrogen bond for the isotope effect.

In the material group K3(11D)(S04)2. a
hydrogen bond exists in a SO4 dimmer and is inde
pendent of others having a very simple structure.

Because of this reason, the system is called a zero

dimensional hydrogen bond system. As same as other

dielectrics with hydrogen bonds, this compound

shows a large isotope effect, that is. deuterized

compound K3D(S04)2 has a phase transition at
T(.(D)=84K. while a hydrogen compound has no phase
transition poi nt (T(. (H)<0K).

Some X-ray structural analysis of single

crystals had been carried out. including a precise

investigation of temperature dependence of bond

length. According to those experimental results,

the hydrogen bond length between oxygens Rqq
decreases when temperature is cooled down. Roo^^)
increases after the phase transition takes place.

On the other hand Roo(II) is approaching to the so
called critical bond length r(.(ll) and decrease fur
ther under rpdl).

The purpose of the present experiment is to

investigate behavior of hydrogen bond of KHS and

DKHS under high pressure at room temperature. In

this report, we show further experiments'^ of
hydrogen compound KHS as well as deuterized com

pound DKHS.

x-coordinate y-coordinate z-coordinate

0.05 0.24 0.39

0.04 0.23 0.38

Rxpcriients and Results

We performed X-ray powder diffraction ex

periments on BL6B with a diamond anvil cell and

image-plate at room temperature. Obtained data were

analyzed by a Rietveld method with a program

RIETAN.

Both on hydrogen compound and on deuterized

compound, the lattice constants decrease in propor

tion to pressure, and almost all bond lengths, such

as K-K. K-S and S-S between other SO4 ions, show
decreasing. On the other hand, anomalous behavior

was observed for the bond length within a SO4 dim
mer. Fig.1 shows coordinates of S atom in KHS. and

in Fig.2 the bond length Rgg of a SO4 dimer is
shown as a function of pressure. In these

figures, differences of the absolute value were

produced by each series of experiments as shown by

different marks. Open triangles in the figures in

dicate the value given by the conventional X-ray

structure analysis of single crystals, and the

solid line shows predicted distance between S-S

within a dimmer assuming that coordinates do not

change and only lattice constants shrink. The ob

served results indicate that the SO4 ions approach
each other until IGPa. and then go away when pres

sure is further increased. A hydrogen bond length

Rr as a function of pressure has a large error and

is very widely scattered. The bond length Rqo seems
not decreasing but constant or increasing.on in

creasing pressure though the data are scattered

with large error bars.

Reference

l)Y.Noda.S.Murakami.Y.Kuroiwa.H.Fujihisa and

Y.Fujii. PF Activity report 9.332(1991).
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DKHS R
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Fig.1 coordinates of S atom on hydrogen compound Fig. 2 Bond length RggdO and Rgg(D) of a SO4 dimer
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Boron nitride exists in various forms under

both ambient and high pressures. There occur

phase transitions among them as exemplified by

the pressure-induced one from the graphitelike
form (g-BN) into the wurtzitic modification

(w-BN). This transition can take place at room

temperature keeping the crystallographic

stacking sequences between the two forms, and

hence is believed to be of diffusionless type.

Such transition can also be expected to occur

between the rhombohedral (r-BN) and the zinc-

blende (z-BN) forms because these two modifica

tions are made up of threefold stackings.

This paper reports high pressure x-ray dif
fraction studies on r-BN at room temperature.

The r-BN sample prepared by CVD method was

pressurized in a gasketed diamond-anvil cell

and was x rayed at a wavelength of 0.6888 A
using the BL-6B station. An imaging plate[l]

was employed for recording the diffracted x

rays. Typical exposure time was 5 hr.

0 1 MPa tinloacJed

61,1 GPa

50 3 GPa

35 4 GPa

14 2 GPa

jl 1 ^ g
1 A
C / VA

5 21 GPa / \

10 15 20 25 30

20 ( ilegree )

Fig. 1. X-ray diffraction patterns taken at high

pressures. The small letters r and z

denote r-BN and z-BN, respectively.

The x-ray diffraction patterns shown in Fig. 1

indicate that the expected r-BN to z-BN

transition takes place at a pressure between

5.21 and 14.2 GPa.

Plots of the interplanar spacings. Fig. 2,
provided informations in more detail. The

(111) reflection of z-BN appears at 9 GPa and

the decrease of this spacing at higher pressures
is quite similar to that of authentic z-BN[2].

Although the (003) refelction of r-BN persists

to about 20 GPa, the r-BN to z-BN transition

unequivocally takes place at room temperature

around 9 GPa. The pressure for this transition

is very close to the g-BN to w-BN transition

taking place at 10-12 GPa[3].

[1]O.Shimomura et al.. Rev.Sci.Instrum. 63 (1992)

967.

[2]E.Knittle et al.. Nature 337 (1989) 349.

[3]A.0nodera et al.. High Temp. High Press,
press).

A r(003)

• r(lOI)

O r(T02)

unidenlined

2(111)

0.1 MPa unloaded

(in

0 10 20 30 40 50 60 70

Pressure (GPa)

Fig. 2. Change of the interplanar spacings with

pressure. The dotted line is after

Knittle et al[2].

'Present address: Sumitomo Metal Industries Co., Araagasaki, Hyogo 660
"Present address: Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305
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Introduction

In the last experiment, the spectral
sensitivity of various semitransparent
X-ray photocathodes of the X-ray zooming
tube was evaluated in 4-20KeV X-ray
region''. This time,we have made
experiments on the observation of
various samples in this region using the
tube. In this paper, the experimental
arrangement and the obtained results are
des c r i bed.

Experimental arrangement

Fig.l shows the experimental arrange
ment for the observation of various
samples with the X-ray zooming tube. As
a X-ray source, the beam line of BL-6B
(double crystal monochromator;4-22KeV)
are used. For the input window of the
tube, Be("0.5mm) is used, and material
of the photocathode is CsI(' 100-300nm).

Results

Fig.2 and Fig.3 show the output image
of a Fresnel zone plate(FZP) obtained by
the X-ray zooming tube where the magni
fication factor of the tube is ~240 and
X-ray energy are 3.6KeV(Fig.2) and
9.7KeV(Fig.3). The contrast of these
images are very low, because the thick
ness of the FZP is th i n ( ' 0 . 5/x m). The
limiting resolution of —0.7^1" is
obtained.

Fig.4 shows the output image of the
skeletal muscle dyed by IX uranyl
acetate, where the magnification factor
of the tube is ~125 and X-ray energy is
11. IKeV.

Acknow1edgemen ts

We wish to thank Prof. S.Ishiwata of
Waseda Univ, and Mitsubishi Electric
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Reference

1)T. Hatsumur a, K.Kinoshita, N.Hatanabe,
Y.Shimanuki, and ll.Kihara, Photon
Factory Activity Report 1901, No.9,
p207 (1991).
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Fig.l Experimental arrangemont

iiiS

Fig.2 Output image of a FZP obtained
by the X-ray zooming tube
(X-ray : 3.6KeV)

Fig.3 Output image of a FZP obtained
by the X-ray zooming tube
(X-ray : 9.7KeV)
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Fig.4 Output image of the skeletal
muscle dryed by IX urrnyl acetate
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Crystals or glasses containing
trivalent neodymium ions have excel
lent properties for solid-state laser
emitter. But, since neodymium ions
cannot emit light of short wave
length, it is necessary to transform
the wave length short by nonlinear
optical devices. B-BaBzOn has excel
lent properties as a second harmonic
generator. When neodymium ions are
solved in g-BaBzOu crystal, the light
of doubled frequency can be obtained
directly. The properties of the laser
emission and second harmonic generation
are largely affected by the coordina
tion state of the neodymium ion. It is
important to investigate the relation
between the concentration and the

coordination state of the neodymium ion
in 6 -BaB20'» .

In this study, we prepared samples
with the composition of Ba(i-x/i8)

(Nd*R)x/36 B2OU : R=K or Cs, x =1,2,3,
and 6. EXAFS of Nd L m was measured
by the fluorescence mode. Figure 1
shows the Fourier transform, |(l)3| , of
the EXAFS function of x = 6. Peaks be

tween 'vl.O to 'V3.0 A were attributed to

oxide ions surrounding the neodymium
ion. From the inverse Fourier transform

of this region, the coordination number
and bond length were calculated by the
least square fitting.^' Here, the total
coordination number was fixed to 6 and

the coordination number of each shell

was restricted to integer. NdAls (BO 3) 4
was used as standard for correcting the
phase shift. There observed 3 peaks in
the Fourier transform (Fig. 1), but any
3-shell model cannot give better fit
than 2-shell model. In table 1, the
coordination number and the bond length
were listed. The result of the fitting
for x=6 was shown in figure 2. Peaks in
Fourier transform is not the simple
addition of the contribution of indi

vidual shells but the absolute value

resulting from the interference of
vibrating waves. When the bond lengths
are close for each other, the interfer
ence will make phantom peaks at the
overlapped portions.

The bond lengths of the first
shell were similar for all samples, and
were very close to that of Nd-0 bond
length in NdAl 3 (BO a )'4 . But the dis
tinct difference was observed for the
second shell. For the samples of X42,
the bond lengths were greater than 3 A
and were rather compatible with the Ba-
O bond length in 6-BaB20M. On the

contrary, they were not so long for the
samples of x>3. It is concluded that,
when x<2, a part of the neodymium ions
substituted for barium ions and that

the neodymium ions became to occupy
the other site with the increase of the

concentration.

Reference

1) T.Yao, O.Imafuji, and H.Jinno,
J.Am.Ceram.Soc., 74, (1991) 314

Table 1 Coordination number and bond

length of samples.

Coordination number: Bond length /A
4: 2.37 2: 3.10

4: 2.38 2: 3.07

4: 2.39 2: 2.64

4: 2.39 2: 2.63
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Fig.1. Fourier transform of the EXAFS
function of x=6.

- 4 I I—I I I—I—I—[ > I I I—I I I I
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Wove Number /A"'
Fig.2. Inverse Fourier transform (solid

line) and the result of
parameter-fit (broken line).
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The Br-K edge XAFS spectra of Br~ Ion
in 23 solvents at O.IM concentration

were obtained. it had been expected
that the interaction of Br~ ion with
solvent molecule was so weak especially
i n organ ic solvents that the spectra
might not give any EXAFS oscillation
structure. In fact, the EXAFS oscilla
tions were found very weak. They appear
over only low k region and disappear at
the region k>6A . Quite interestingly,
we could observe strong mu1tielectron
excitation structures in the Br XAFS,
which are not easily detectable unless
monoatomic samples in gaseovis state are
measu red.

Experimental
The sample solutions were prepared

witii to t rabu ty 1ammon i urn or potassium
salt. The XAS of Br~ were obtained at
BL-6B and lOB with transimission mode.

The measurements were done at room tem

perature .

Resu1ts

A typical EXAFS spectrum is shown in
Fig.l, which is taken with Br~ in aceto-
nitrile. The arrows indicate the posi
tions of the electron binding energies
for Kr atom. It is easy to find the
mu1tie1ectron excitations of 3d and 3p
in the Br-K absorption spectrum. We
have to remove these mu1tie1ectron

structures from the XAFS spectra in
order to obtain structure information by
the EXAFS analysis. The solid curve in
Fig.l is the back ground spectrum which
leaves the EXAFS oscillation shown in
Fig.2.

It is found that the oscillations

correspond to the Br-0 distance for
protic solvents or Br-C for aprotic sol
vents, each placing hydrogen atom in-
between. The distances are almost con

stant for protic solvents at 3.3A except
for acetic acid, f ormami de, and water.
The distances for aprotic solvents are
around 3.8A. They are found not cor
relating with the solute-solvent inter
action strength.

It should be noted here, however,
that the EXAFS oscillation amplitudes
are found correlating with the acceptor
number , , of solvents. Figure 3
shows the correlation between the peak
height of the EXAFS Fourier transform
and A

N
It is quite interesting to

find that the empirical solvent para
meter by NMR spectroscopy is related to
the solvation geometry which determines
the EXAFS.

1) V.Gutmann, The Donoi—Acceptor
Approach to Molecular Interactions,
Plenum Press, New York, 1978.
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1)hexafluoro-
iso-propanol,
2) water, 3) tri-
fluoroethanol,
4)acetic acid,
5) e thy 1e n e
glyco1,
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7)formamide ,
8)ethanol,
9)i so-
propano1 ,
10) //-propanol,
11) /j-butanol,
12 ) tert-
bu tano1 ,
13)nitro-
me t ban e ,

14)aceto-
nitrite,
15)dimethyl
sulfoxide,
16)propylene
ca rbo n ate,
17 ) N,N,-
dimethyl-
folmamide,
18)nitroben-
zene ,

19)pyridine,
20 ) A', -di
me thylacet-
amide,
21) A'-methyl-
pyrrolidone,
22)acetone,
23)methyl
ethyl ketone.



proposal No 91-182

LOCAL STRUCTURE OF Cr(lII) POLYHYDRIC ALCOHOL COMPLEXES IN BASIC SOLUTIONS
REVEALED BY XAFS

Takashi WATANABE, Hideto SAKANE,* Iwao WATANABE,* Kazuo TANIGUCHI,
Toshio NINOMIYA,** and Shigero IKEDA***

Faculty of Engineering, Osaka Electro Communication University, Neyagawa, Osaka 572
^Department of Chemistry, Faculty of Science, Osaka University, Toyonaka, Osaka 560

**Forensic Science Laboratory, Hyogo Prefectural Police Headquarters, Kobe, Hyogo 650
***Department of Materials Chemistry, Faculty of Science and Technology,

Ryukoku University, Ohtu, Shiga 520-21

Introduction

Monohydric alcohols have been used to
produce alcoholates being raw material for
synthesis of functional inorganic materials. On
the other hand, alcoholates made from polyhydric
alcohols have been rarely reported. Wo have
found that some polyhydric alcohols such as
glycol coordinate to Cr(III) and Fe(IlI) in highly
basic solutions. It is expected that these
polyhydric alcohol complexes are also the useful
raw materials. We have applied XAFS to analyze
the local structure and the electronic state of

the Cr(III) alcoholates in solution.

Experimental

The polyhydric alcohols used were glycerol (Gly,
CH2OH CHOH-CH2OH), ethylene glycol (EG, CH2OH-
CH2OH), and l,3-propanediol(PD, CH2OH-CH2CII2OH).
Cr(IIl) nitrate hydrate were dissolved intowaterand
mixed with the alcohol. Aqueous solution of NaOll,
ammonia, or 2-hydroxyethylamines (mono-, bis-, or
tris-) were used to adjust pH > 10 of the solution
to give homogeneous solution. Cr203 was used as
a model compound. Cr K-edge X-ray absorption
spectra were obtained at BL-6B using a Si(lll)
double crystal monochromator and a quartz mirror.

Results and Discussion

.XANES spectra for some NaOH solutions are
shown in Fig. 1. The intensity of the shoulder on
the higher energy side of the white line (the
maximum peak) decreases and the shape looks closer
to that of Cr203 with increasing the hydrophobic
character of alcohol. Similar changes are observed
for glycerol NaOH solutions with increasing the
Cr/Gly molar ratio from 1/10 to 1/0.7.

EXAFS Fourier transforms of some NaOH solutions

are shown in Fig. 2. The second peak grows when
more hydrophobic alcohol is used. Figure 3 shows
Fourier transforms for glycerol solutions containing
amine type bases. The second peak at around
2.6 A become clearer in the order of mono- < bis-
< tris(2-hydroxyethyl)amine = ammonia.

The interatomic distances and the coordination

numbers were calculated for the first and the

second peaks in the Fourier transforms by the
filtering and curve-fitting procedures. Since the
coordination atom N gives quite the same EXAFS
as that for the atom 0, they are indistinguishable,
however, it is easily concluded that the second
nearest-neighbor is not C, N, or 0, but Cr. It is
suggested that the alcoholates take condensed forms
such as shown in Fig. 4. .From the calculations, the
first and the second nearest-neighbor interatomic
distances and the first nearest-neighbor
coordination number are concluded to be

1.99 2.01 A, 2.97-3.01 A, and 5.4 6.4, respectively.
The values for the first nearest-neighbors agree
with those of Cr203 within experimental error.
The second nearest-neighbor interatomic distance
is slightly larger than that of Cr203 (2.90 A).

alcohol =

5954 5988 6022 6056

E/eV

Fig. 1. XANES spectra
for Cr(III) polyhydric
alcohol NaOH solutions

and Cr203.
Cr/alcohol = 1/10.

base =

ammonia

alcohol =

VV

CroOs

Fig. 2. EXAFS Fourier
transforms for Cr(ni)
polyhydric alcohol NaOH
solutions and Cr203.
Cr/alcohol = 1/10.

Fig. 3. EXAFS Fourier
transforms for Cr(III)
glycerol solutions.
Cr/Gly = 1/10.

2-hydroxyethylamine

alcohol
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bis(2-hydroxyethyl)amine

tris(2-hydroxyethyl)amine

or N

or N
or N

alcohol

Fig. 4.
Suggested structure of
Cr(III) alcoholates of
polyhydric alcohol in
highly basic solutions.
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EXAFS Analysis of the Structure of Active Species on Supported PdCl2-CuCl2 Composite Catalysts
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It is of great importance for developing novel
catalyst system to disclose the origin of
catalytic synergies observed in composite
catalysts. The synergic effects are considered
to emerge from specific interactions among
constituent species. It is, however, usually a
difficult task to determine whether direct

interactions are formed and how the local

geometric and/or electronic structures of the
active species are modified. EXAFS techniques
would provide invaluable information on these
problems.

In the present study, EXAFS techniques were
applied to PdCl2-CuCl2 composite catalysts,
which show excellent activities for the oxida

tion of carbon monoxide at low temperature and
for the synthesis of dimethyl carbonate from
methanol and carbon monoxide. EXAFS analyses of
synergies and deactivation processes are partic
ularly important for these reaction systems.

Carbon supported PdCl2 and/or CuCl2 catalysts
were prepared by impregnating active carbon with
ammoniacal solutions of composite compounds. The
loadings of Pd and Cu were 1.0 and 1.2 wt%,
respectively. The XAFS spectra of Pd K-edge and
Cu K-edge were measured, respectively, on BL-lOB
and BL-6B instruments of Photon Factory in the
National Laboratory for High Energy Physics. The
XAFS spectra were obtained without exposing the
sample to air by using in situ EXAFS cell.

Figure 1 shows the XANES spectra of Cu K-edge
for Pd-Cu/C catalysts. After drying or a N2-
treatment at 473 K, a strong peak due to a ls-4p
transition appeared, indicating the presence of
Cu(l) species. The formation of Cu(l) species
may be induced by reactions of Cu(ll) with
reduction sites on the active carbon.

The ls-4p transition peak was considerably
intensified on a CO-treatment at 393 K. This is

considered to be caused by reduction of Cu(ll)
to Cu(l) with CO in the presence of adsorbed
water. A decrease in the number of coordinating
ligands around Cu(l) may also lead to an
increase in the ls-4p transition peak intensity.

After a contact with CH3OH and CO for 10 h,
the ls-4p peak characteristic to Cu(l) species
was found to significantly decrease in intensi
ty, indicating oxidation of Cu(l) during the
dimethyl carbonate synthesis. A prolonged
reaction completely oxidized Cu(l) to Cu(ll)
species with a concomitant activity decay. New
bondings of Cu-0 appeared during the reaction as
shown below. Chemical analyses of the PdCl2-
CuCl2/active carbon catalysts showed a decrease
in the chlorine content during the reaction.
This may suggest that Cl~ anions stabilize Cu(l)
species on the active carbon surface.

Table 1 summarizes the structural data as

derived from the Cu and Pd K-edge EXAFS anal
yses. The coordination number of Cu-Cl bondings
is ca.3 after the catalyst preparation or after
the CO-treatment, suggesting that Cu(l) species
is coordinated by three Cl~ anions on the carbon
surface in the presence or absence of Pd(ll)

species. The Cu-Cl bond distance is 0.211-0.215
nm in agreement with that for Cu(l)-Cl bonds.

It is apparent from Table 1 that the Pd(ll)
species is coordinated by 2-3 Cl~ anions,
indicating a possible loss of Cl~ anions on
adsorption of PdCl2 over the active carbon. As
aforementioned, a similar loss of ligands is also
observed for the Cu species. These modifications
of Cu and Pd coordination spheres are conjectured
to result from the interactions with the carbon

surface. This may be one of the reason why active
carbon is an excellent support for PdCl2-CuCl2
catalyst systems.

No Pd-Pd bonds were found for the fresh

catalyst, suggesting a high dispersion of Pd
species. This is consistent with EM observations.
It was found that during the reaction the Pd-Cl
coordination number decreased and the Pd-Pd

bondings due to metallic Pd appeared. These
findings indicate an agglomeration of Pd species.
In addition, the agglomeration of Pd was very
rapid without CuCl2. This suggests a stabilizing
effect of CuCl2 against reduction and sintering
of Pd(ll) species.

Further studies are needed to characterize the

synergic effects between CuCl2 and PdCl2
operating over carbon supports.

Table 1 EXAFS results of Cu and Pd K-edges

Catalyst Atom pair CN R/nm

Pd-Cu/C(dry) Cu-Cl 3.2 0.211

Pd-Cu/C(N2 at Cu-Cl 3.1 0.211

473 K) Pd-Cl 2.4 0.231

Pd-Cu/C(CO at Cu-Cl 2.9 0.215

393 K)
Pd-Cu/C(10 h- Cu-Cl 0.1 0.213

synthesis) Cu-0 5.1 0.198

Pd-Cl 1.3 0.232

Figure 1 Cu K-edge XANES spectra for Pd-Cu/C
catalysts, a) dried, b) N2-treated, c) CO-
treated, and d) used for 10 h.
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Local Structure around Rb and Sr in Crowned p-(2,4-Dinitrophenyi) azophenol
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Crowned p-(2,4-dinitrophenyl)azophcnol 1'̂ is a chromo-
genic ligand that can exhibit guest-selective color
complexation^' because of its characteristic binding and
color indicating abilities. Recently much attention has
been focused on such indicators as sensors for specific
ions." In a previous paper, we reported that Ca ion brought
about a remarkable blue-shift of a VIS absorption band
compared to Na ion in spite of their nearly equal ionic
radii." In order to understand the blue-shifts caused by the
alkaline earth metal ions, an attempt to estimate 0-M bond
distances in such pairs of colored species in the solution
was made by XAFS. In this report, we take up a pair of Rb-
Sr salts of 1 in pyridine solution for the XAFS study.

1: R=H

2: R=Rb

3: R=SrCI

C°
o on o

NO,

The Rb- and Sr- salts of crowned p-(2,4-dinitrophenyl)
azophenol 1 were prepared as follows. A large excess of
the metal chlorides was added to a solution of 1 (125 mg)
in 10 ml of chloroform. To the mixture were added 10 ml
of ethanol and 0.3 ml of tributylamine. After evatoration of
the deep color solvent in vacuo, the residue was triturated
with hexane, and heavy powder was collected, washed with
hexane, and dried. 2: deep violet crystalline powder ICX)
mg (69 %); 3: dark brownish red powder 120 mg (77 %).

XAFS measurements were performed at BL-6B in the
Photon Factory. Rb and SrK-^ge absorption spectra were
collected in a standard method. For dilute specimens (in
ethanol), the fluorescence mode was adopted. To reduce
the elastic and inelastic scattering of the incident X-rays
from air and the specimen, filters were inserted in front of
the Lytle detector. To obtain the high signal to noise ratio,
a low-pass filter was inserted in the electric assembly of the
BL-6B branch. The photon energy was calibrated by a Cu
foil by assigning 8.9788 keV to a pre-edge peak.

We first confirmed that no interaction between phenolate
oxygen atom and these metal ions takes place. The Fourier
transforms of the XAFS spectra observed in this study are
shown in Fig. 1 and the first nearest neighbor distances ri
and the second one X2 obtained from a curve-fitting method
are summarized in Table I. The Fourier transforms, (A) and
(B), of Sr salt 3 gave strong single peaks suggesting equal
bond distances between the metal ion and 4 unequivalent
types of 6 oxygen atoms of the ligand. In other words, this
means complex formation of the Sr ion with their oxygens
in the cavity of the ligand in the both states. On the other
hand, Rb salt 2 showed a few maxima in their spectra (C)
and (D) indicating inequality in bond length between the
cation and 6 oxygens. The shortest bond length r, should be
assigned to the bond involving the phenolate oxygen
because of its negatively charged character. In pyridine
solution, therj of 2 was found tobe longer by 0.04 A than
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Fig. 1. Fourier transforms of metal-K-edge XAFS oscillations
for metal salts of 1. (A):Sr salt 3 in solid state; (B): 3 in pyridine
solution; (C): Rb salt 2 in solid state; (D): 2 in pyridine solution;
(E): 2 in ethanol solution.

that of 3. Thus, it seems to be likely that no complexation
occurs in the pyridine solution of 2. In ethanol, the
observed r, and r? are so long that the metal ion may be
solvated.

The present XAFS experiments provided the evidence for
host-guest complexation between Sr and the chromogenic
ligand, by which the observed blue-shift can be interpreted.

Table I. The fu'sl and second nearest neighbor distances in the
metal salts of 1.

metal salt ri(M-0)/A r2(M-0)/A

3a) 2.64
3b) 2.74 .

2a) 2.78 3.07
2b) 2.78 3.07

2^) 2.87 3.46

a): in solid state; b): in pyridine solution;
c); in ethanol solution.
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The production of defects by
ionizing radiation in halogen core edge
region has been studied for several
decades. Recently, Sever et al. [1]
reported efficient production of F
center at the Br K edge in KBr at LNT.
However, according to Rabin and
Klick[2], the F center formation by
ionizing radiation is a bulk property
when the F-center concentration is 10

to 10 /cm^ and when the temperature is
as low as LHeT. It is, therefore, neces
sary to remeasure the F-center formation
efficiency in a sufficient concentration
at LHeT. Here, we report the spectral
dependence of the F-center formation
efficiency in the Br K edge region in
KBr at LHeT.

Beam line BL-6B which provided x-ray
flux of about 10^^ photons/sec between
13.0 and 15.0 keV at the beam current of

200 mA was used. The x-ray beam was
incident at an angle of 15° on a cleaved
surface of a KBr crystal. A probe
light, whose wavelength was tuned to the
peak energies of the F bands in KBr, was
incident at an angle of -15° on the
crystal. The number of F centers per
unit area was estimated from the attenu

ation of the transmitted probe light.
The x-ray fluorescence of Br was detect
ed by a windowless Shottkey-barrier type
photodiode.

Figure 1 shows a typical growth
curve of the F band induced by the x-ray
irradiation at 13.62 keV in KBr at LHeT.

As shown in Fig.l, the growth curve
consists of two stages: an early stage
of rapid growth and a latter stage, in
which the rate of the F-center formation

is almost constant. The formation effi

ciencies in the vicinity of Br K edge
region were estimated from the slope of
the latter stage.

In Fig. 2 relative F-center formation
efficiencies in KBr were plotted versus
x-ray energy in Br K edge region. The
excitation spectrum of K fluorescence of
Br is also shown in Fig. 2 in order to
locate the Br K edge. Fig. 2 shows that
the F-center formation efficiency in KBr
seems to be constant in the displayed
energy range and that no step increase
in the efficiencies is observed at the

Br K edge. Our results are clearly
different from those of Sever et al.[l];

a stepwise increase of factor 8 in the
F-center formation efficiency at the Br
K edge was reported.

[1] B. R. Sever, N. Kristianpoller and
F. C. Brown, Phys. Rev. B34 (1986) 1257.
[2] H. Rabin and C. C. Klick, Phys. Rev.
117 (1960) 1005.

Fig. 1. Growth curve of absorbance at 600 run
in KBr induced by irradiation of 13.62-keV x
rays at LHeT.

>- 0.15

500

TIME [s]

Fig. 2. Spectral dependence of the relative
F-center formation efficiency around the Br K
edge in KBr at LHeT. Closed circles show the
efficiency at each energy. The excitation
spectrum of the Br-K fluorescence is shown by a
solid curve.
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Pressre-Induced Phase Transition from p-Po Type to bcc Structure
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Synchrotron radiation source (SR) ena
bles us to carry out the structural stud
ies under pressure beyond 100 GPa. The
structural phase transition of an element
is the most fundamental issue in the
field of high pressure science.

In VIb group elements, selenium (Se),
and tellurium (Te), it has been known
that several phase transitions take place
up to 50 GPa. However, crystal structures
of these high-pressure phases in Se have
been still remained unsolved as contrast
ed with Te, in which the successive phase
transitions of hexagonal-monoc1 inic-
o r t hor h omb i c-/?-Po type-bcc have been
reported [1].

Recently, we have conducted a system
atic study on the crystal structure of Se
under pressure. Hexagonal Se(Se-I), which
is the most stable form with a spiral
chain structure at normal condition,
undergoes four-stages structural phase
transition up to 101 GPa: to an interme
diate phase(Se-II) at 14 GPa, to base-
centered monoc1 inic(Se-111 ) at 23 GPa, to
base-centered orthorhombic(Se-IV) at 28
GPa and further to a type primitive
rhombohedral phase(Se-V) at 60 GPa [2].

In this report, we present what the
crystal structure of the post Se-V is.

A diamond anvil cell (DAG) was used for
high-pressure generation. Powdered sample
was put into a 45 pm diameter hole of a
metal gasket, and was pressurized by
diamond anvils with a central flat of 75
pm diameter, a bevel angle of 1° and a
culet of 300 pm diameter. High-pressure
x-ray diffraction experiments were carri
ed out by an angle-dispersive method by
the use of an imaging plate(IP) detector.
Powder x-ray patterns were obtained at
BL-6B station. X-ray beam was monochro-
matized with Si(lll) double crystal to a
wave length of 0.68880 A and was radiated
to the sample through a pinhole collima-
tor of 40 pm diameter.

Figure 1 shows diffraction patterns at
several different pressures, which were
obtained at the pressure increasing cy
cle. G denotes the diffraction lines from

the gasket. At 101 GPa, selenium was
still in (3-Po type phase, but the reflec
tion indices are referred in a hexagonal
lattice. At 140 GPa, a new peak between

and (110), was appearred
At 150 GPa^ the diffraction

peaks from the P-Po type phase completely
vanished and only two diffraction peaks
remained within a half angle of 20 = 31°.
New two peaks can be assigned to (110)^^^
and (200), based on the body-centere§
cubic lattice. The relative intensity

(101).
1 bexc 1 e a r I V .

ratio of (110)^^^ to (200)^^^ peak in the
figure is in reasonable agreement with
the calculated one. Then, we can conclude
the phase transition from the /3-Po to the
bcc structure takes place at about 140
GPa. Atomic volume of the bcc phase also
satisfies with the volume-pressure rela
tion between the two phases.

The authors would like to thank K.
Takemura and H. Fujihisa for thier coop
eration in setting up the experimental
system.
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J. C. Jamieson and D. B. McWhan, J.
Chem. Phys. 43 (1965) 1149
G. Parthasarathy and W. B. Holzapfel,
Phys. Rev. B37 (1988) 8499.

[2] Y. Akahama, M. Kobayashi and H.
Kawamura, Solid State Commun. 83
(1992) 269 and 273
Jpn. J. Appl. Phys. in the press
Phys. Rev B in the press.

Figure 1. Diffraction patterns observed at
three different pressures. Reflection
indicies for f3-Po type(Se-V) and the bcc
(Se-VI) phases are based on the hexagonal
and the bcc lattices, respectively. G
denotes the diffraction peaks from the
gasket. A half angle of the reflection
window is 31°.
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Multicomponent
taining Bi203, SrO,
great interest
stated below,

cially of

Bi 2 S r2 Ca2 Cu3 Ox ,

oxide glasses con-
CaO and CuO are of

from the view points
First, this glass, espe-

the composition
is the precursor of

high-Tc g1 ass-ceramic superconductor of
lOOK class. Second, this glass does not
contain "so-called" glass network for
mers at all, and is classified as a

non-conventional glass. Therefore, it
is very important to investigate the
structure of this glass in order to
understand the nature of unconventional

glasses and to develop a new family of
non-conventiona 1 glasses, which may have
new functionalities.

In the Bi2Sr2Ca2CU3Ox glass, both
bismuth and copper atoms play an impor
tant role in the glass formation. To
elucidate the role, it is most helpful
to investigate the coordination states
of these ions, in other words, of their
local environments. However, it is very
difficult to achieve this with an ordi
nary X-ray radial distribution function

(RDF) analysis because of many kinds of
atomic pairs involved in this glass
sys tem.

present study, the anomalous
(AXS) technique^^ has been

obtain the environmental

around Bi and Cu atoms in

In the

scattering
ad opted to
structures

Bi2Sr2Ca2Cu30x glass.
Th e sample of

was prepared by
reagents of
(99.9%), CaC03
in an alumina

1150°C and by
brass plate.

Bi2Sr2Ca2CU3OX glass
melting thoroughly mixed
Bi203 (99.9%), SrC03
(99.9%) and CuO (99.9%)
crucible for 5min at

pouring the melts on a
immediately followed by

pressing them by another brass plate to
quench the sample. The obtained glass
plate of about 2 mm thickness was used
for the X-ray scattering measurements.

The AXS measurements were carried

out using the synchrotron X-ray radia
tion at the Photon Factory, Tsukuba,
Japan. The energies of incident X-ray
beams were selected with a double Si
(111) crystal monochromator installed in
the beam line 6B. Scattering intensi
ties were measured at energies of 25 and
300 eV below each of the Cu K- and Bi

Lj j I-absorption edges. The Cu K a and Bi
La fluorescent radiations from the

sample which are mainly arising from the

tail of the band pass of the monochroma-
tor were observed in the measurement at

energy of 25 eV below each edge. They
were separately collected from the
coherent intensity overlapping with the
Compton scattering, and the Cu K i? or Bi
LB fluorescent radiation. The amounts of
these Cu and Bi L0 radiations were
estimated from the observed Cu Ka and Bi

La fluorescent intensities and the

ratios of Cu KP to Cu Ka and Bi L ^ to
Bi La, respectively, and subtracted from
the coherent intensities. The Compton
scattering were collected by subtracting
the theoretical values.

The peak position and coordination
number of each atomic pair were deter
mined from the environmental RDF's

around Bi and Cu atoms. The Bi-0 dis

tance is 0.215nm and the coordination

number of oxygen is almost 6, showing
that Bi atoms are coordinated octahe-

drally by oxygens. The Cu-0 distance is
0.198nm and the coordination number of

oxygen is 4.03, suggesting that the Cu
atom takes a square planar coordination.

The more detailed structural analy
sis is under way with reference to
corresponding Bi 2Sr 2Cap,_ j Cu^Ox
crys tals^'.
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The Fe^^ hydroxide gel is often produced in
many industrial processes for refining non-ferrous metals.
Such as, purification due to hydrolysis reaction and due
to coprecipitation, etc. The present study aims at under
standing how these refining processes take place at the
atomic level. Our knowledge of the hydrogel is extremely
limited becau.se very few structural techniques are
sensitive to a certain cation in the solution. The anoma

lous X-ray scattering (AXS) method is one of the techni
ques capable of determining the local atomic structure
around a certain clement in the solution. In this study,
the local atomic structure around Fc^* in the Fe(OH)3
gel was determined by the AXS method.

The Fe^"^ hydroxide gelwas prepared byprecipi
tating from 1 mol/1 ferric nitrate .solution with 3 mol/l
NaOH solution. For x-ray diffraction measurements, the
hydrogel is contained in a cell with kapton windows in
both sides. The AXS intensities were measured below the

Fe K-absorption edge (7.111 keV) using the beam line 6B
where a Si 111 double crystal monochromator is installed.
Thu.s, the energy differential profile due to the real part
of the anomalous dispersion term of Fe is obtained.

Scattering intensity profiles observed at 7.086
and 6.811 keV are shown with dotted and solid curves in

Figure 1. Their fundamental profiles are identical to that
for water, except for a small shoulder at about 25 nm '
and diffu.sed peaks at 42 and 58 nm"\ At the same Q-
values in Fig.l, some prominent differences between the
two profiles are ob.served. In terms of the definition of
the differential intensity, these differences are ascribed to
some structural features around Fe^^ ions. This is also
supported by the profile of the environmental radial
distribution function (RDF) for Fe in Figure 2 (b) which
is calculated from the differential intensity in Fig.l. The
peak at 0.285 nm in the ordinary RDF (Fig.2(a)) ob
tained with Mo Ka radiation, whieh is attributed to O-O
pairs of water molecules, completely disappears in the
environmental RDF for Fe (Fig.2(b)). The peaks at about
0.2 and 0.34 nm in the environmental RDF for Fe are

attributed to Fe-O pairs, and Fe-C) and/or Fc-Fe pairs,
respectively.

It is found in Figure 3 that the differential
interference function QAi(Q) of the hydrogel computed
from the differential intensity in Fig.l resembles the
ordinary interference function Qi(Q) of the freeze-dried
Fe^"*^ hydroxide gel. This suggests that no significant
change is present whether the ferrie hydroxide is dis-
per.sed in water or not.
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Figure 1 AXS profile of Fe(OH)3 gel at the Fe K edge.
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Figure 2 (a) Ordinary and (b) environmental RDF for
Fe(OH)3 gel.
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Figure 3 Differential interference function of the Fe(OH)3
gel (solid) and interference function of the freeze-dried Fe-
(0H)3.
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I. Introduction

LiVOj has the trigonal a-NaPeOj or "ordered rock-salt
(ORS)" structure, and has been interested as a typical material
of two-dimensional triangular lattice. Bongers (1) first found
that this compound exhibited a first order phase transition at
the temperature Tt between 450 and 550K. Goodenough et
al.(2) suggested that the transition was a result of V^-V^
interaction which makes a triangular trimer of three ions
within the two-dimensional (OO.I) plane.

Recently, our group has succeeded to obtain large single
crystals of Li-deficient Li,^V02(3). The high temperature
X-ray work revealed that Lij.^VOj has ideal ORS structure
above Tt. At room temperature, however, the crystals showed
clear superstructure diffractions of /3a,, and 2coWith respect
to the hexagonal parameters of the ORS structure, suggesting
a formation of V,-trimers within the (OO.I) plane. Precise
crystal structure analysis, however, unsuccessful because of
anomalous behavior of superstructure diffractions (3). To
confirm the formation of Vj-trimers and to obtain more
infonnation of them, EXAFS experiment was attempted.

II. Experimental
Both LiVOj single crystals and sintered powders were

used for measurements. They were weighted and pressed
into disks with BN powder, and then measured. The EXAFS
experiments were carried out at BL-6B station of Photon
Factory in KEK. The absorption spectra near V K-edge
were measured at room temperature and 573K using a high-
temperature unit with Nj gas flow.

III. Results and Discussion

Figure I shows the Fourier transforms of EXAFS spectra
measured at (a) room temperature and (b) 573K. As seen in
these figures, the V-0 and V-V peaksare broadand overlapped
each other at room temperature, whereas they are separated at
573K. This fact well corresponds to the structural change
mentioned above. V ions occupy the ideal octahedral positions
in the high temperature phase, where each six equivalent V-0
and V-V distances are available. In the low temperature
phase, shift of V ions from the ideal position occur and
realize unequivalent interatomic distances, which cause the
broadening of peaks in the Fourier transform.

Least square refinements were performed for the low
temperature phase. Filtered x'(k) curve was fitted using the
following V-V distance models; (A) six-equivalent distance,
(B) a pair of two- and four-equivalent distances and (C) a trio
of two-equivalent distances. Typical results are shown in
Table 1 with that of the high temperature phase. As seen in
Table I, model (B) obviously gives low R-value compared
with other models, supporting the formation of V,-trimers.
Figure 2 shows a V-Iayer in (a) the high temperature and (b)
the low temperature phases. Fig.2(b) indicates a formation
of four-shorter and two-longer V-V distances, which
correspond to the model (B). Because the sample dependence
of V-V distances are apparent, the accurate value must be
detennined with combination of other analytical results. X-ray
diffraction study is currently under way.

Reference

(1 )P.F.Bongers, Ph.D. Thesis, Univ. Leiden (1957).
(2)J.B.Goodenough et al., Phys. Rev. B, 43, I0I70 (I99I).
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Fig. I Fourier transforms of LiVO2 (a) at room
temperature and (b) at 573K.

Table I Results of the least-square refinements.

C.N. r(A) R(%)

HT 6 2.908(2) 9.0

LT model (A) 6 2.942(3) 17.8

(B) 4 2.703(2) 6.2

2 3.090(2)
(C) 2 2.88(3) 17.3

2 2.95(11)
2 3.01(8)

HT : high temperature phase
LT : low temperature phase

Fig.2 A schematic view of a V-Iayer in (a) the high
temperature phase and (b) the low temperature
phase. Closed circles indicate V ions.



proposal No 92-007

AN EXAFS STUDY ON Rh SPECIES FORMED ON ACTIVE CARBON AFTER

EXPOSURE TO CARBON MONOXIDE

Nobuo TAKAHASHI, Toshiyuki FUJIMOTO* and Masaru ICHIKAWA*

Department of Industrial Chemistry, Kitami Institute of Technology, Kitami 090
• Catalysis Research Center, Hokkaido University, Sapporo 060

Transformation of rhodium species induced
by carbon monoxide has been observed in some

rhodium/oxide systems, e.g., smaU metal particles
into gerainal dicarbonyl species on Rh/Al203,D
and trivalent rhodium species into the
dicarbonyl species via formation of cluster-like
CO-Rh species on Rh/Y-zeoIite.^) The
interaction between rhodium species and CO,
however, depends on the support used. In the
present work, the transformation of rhodium
species on active carbon in CO atmosphere has
been studied by using EXAFS.

Rh/active carbon (2.0 wt%, 194xlQ^raol/g)
was prepared by a conventional impregnation
method from rhodium trichloride trihydrate and
active carbon (930 mVg). Treatment of the
sample with Hz at 573 K for 3 h was performed
by using a conventional flow system operated at
atmospheric pressure. The sample was then
exposed to CO at appropriate temperatures for 1
h. For EXAFS measurements, the sample treated
with Hz (and CO) was clushed into powder
under Nz atmosphere. Transfer of the sample
into an EXAFS ceU was also carried out under
Nz . EXAFS analysis was performed with
Program EXAFS2.')

The Fourier-transformed (FT) pattern of
the EXAFS spectrum [magnitude (| F(R)| for
k^*l(k)) vs. R, where R represents an
interatomic distance'''^)] of the sample treated
with Hz at 573 K for 3 h is shown in Fig.l-(a).
Th is pattern is similar to that for rhodium oxide
(RhzOs). The analysis of the spectrum showed
the presence of Rh-0 bond at 0.201 nm (ca. 0.15
nm in the figure without phase-shift correction).
This value agrees with that for Rh-0 bond on
RhzOs (0.201 nm).2) This indicates that Rh^
impregnated on the active carbon is hardly
reduced to metallic rhodium particles by Hz and
the rhodium species on the sample are present
in forms with Rh-0 bond(s).

FT-pattern (b) on the sample exposed to
CO at 3 53 K is different from (a). The
interatomic distance of Rh-Rh on this sample is
found to be 0.276 nm. EXAFS pattern (b) is
similar to that for Rh6(C0)i6 cluster.'''^) The
Rh-Rh distance on the cluster has been found

to be 0.276 nm,^'^' which well agrees with that
on the sample (b). These results suggest that
rhodium carbonyl cluster species, possibly
Rh6(CO)i6, was formed on the active carbon
support during exposure of the sample to CO at

353 K.

As shown by FT-pattern (c), on the
other hand, the pattern obtained from the
EXAFS spectrum for the sample exposed to CO at
473 K for 1 h is found to be different from that

for the sample exposed to CO at 353 K (pattern
(b)). This pattern is very similar to that on a
Rh foil. The distance between Rh-Rh on sample
(c) is estimated to be 0.267 nm. This vaJue
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(b) and (c), (a) followed by treatment
with CO at 353 K and 473 K for 1 h,
respectively.

agrees with the distance of Rh-Rh on a rhodium
foU.**'^!

Consequently, we have found that the
rhodium species partially reduced on active
carbon after the treatment with Hz were

transformed into Rh6(C0)i6 on the exposure to
CO at 353 K, which was subsequently converted
into metallic rhodium particles at 473 K.

1) H.F.J. Van't BHk, J.B.A.D. Van Zon, T. Huizin-
ga, J.C. Vis, D.C. Koningsberger, and R.
Prins, J. Phys. Cbem., 2264 (1983).

2) G. Bergeret, P. Gallezot, P. GeUn, Y. Ben Taar-
it, F. Lefebvre, and R.D. Shannon, J. CataJ.,
104. 279 (1987).

3) N. Kosugi and H. Kuroda, 1987, Program
EXAFS2/V03, Research Center for Spectro
chemistry, Univ. Tokyo, Japan.

4) K. Asakura, Y. Iwasawa, and H. Kuroda, Bull.
Chem. Soc. Jpn., 59, 647 (1986).

5) L.-F. Rao, A. Fukuoka, N. Kosugi, 11. Kuroda,
and M. Ichikawa, J. Phys. Chem., 94, 5317
(1990).
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BaBiO^ was reported to be a semi
conductor whose activation energy for

electrical conduction was about

0.3eV,[l] Upon Pb substitution for Bi,

temperature dependence of conductivity

changes from semiconductive to metal

lic. Simultaneously, generation of

electron carriers is also observed.

Superconductivity is observed for the

Bi composition region(x) of

0.l<x<0.35.[2]

My primary interest is in the

mechanism of generation of electron

carriers upon the substitution of Bi

with Pb in BaBiO 3-
From the chemical

viewpoint, there must be some change in

the chemical state, valence state and

local electronic structure of Bi upon

the substitution. X-ray absorption near

edge structure (XANES) reflects

sensitively characteristics of unoccu

pied levels of respective constituents.

In this work, XANES was used to identi

fy valence state of Bi in

BaPbi_^Bi^03_^.
The BaPb^_j^Bij^03_ ^ ceramic samples

were prepared by solid state reactions

from the mixtures of powdered BaC03,
Pb30,j and Bi203. The mixture was heated
at 720°C for 12h under O2 atmosphere.
The calcined sample was ground, pressed

into a pellet, and subjected to sinter

ing at 800°C for 12h in O2 atmosphere.
From X-ray diffraction, the sample was

confirmed to be a single phase. Oxygen

content of every sample was estimated

to be 3.00 by iodometric titration.

XANES concerning Bi was observed using

BL-6B beam line at Photon Factory of

Laboratory for High Energy Physics.

Estimated were the BiL absorption edges

of BaBi03, BaPbg ^^Big 5O3 and
BaPbg 8®^0 2®3* absorption edges of
Bi203, Bi2Sn207 were also measured as a
standard of Bi^^. BiL XANES of
NaBi03. 2H2O was employed as Bi^"*" refer
ence .

Figure 1 shows BiLjjj XANES of
BaPb^_j^Bij^03, Bi203 and NaBi03' 2H2O. A
bump peak indicated by arrows were

observed below the threshold for

BaPbj^_jjBij^03 and NaBi03 • 2H2O. BiLjjj
XANES of Bi203 and Bi-)SnT0-7 do not have2^7
the bump peak. The peak could be at

tributed to a transition from Bi2p

level to empty Bi6s level. The assign

ment can be confirmed by observing that

a bump peak appears in the BiLjj XANES
of NaBi03»2H20 and no peak appears for
Bi203 and Bi2Sn207. The fact that BiLj
XANES of all the samples show no extra

peak is the additional evidence. Ap

pearance of the bump peak in XANES of

BiLjjj of BaPb]^_jjBi jj03 indicates that
Bi6s level were partially unoccupied.
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Fig. 1 BiLjjj XANES of
(a)BaPbg,8®^0.2^3' (b)BaPbg _4Big ^5O3,
(c)BaBi03, (d)Bi203 and (e)NaBi03«2H2O.
Peaks indicated by arrows could be

identified as electronic transition

from Bi2s level to empty Bi6s level.
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Introduction

The fine structure near the ab

sorption edge (XANES spectrum) which

reflects the electronic state of a cen

tral metal ion has been Investigated by

various methods. Previously we studied

the correlation between the XANES peaks

and the redox potentials for a series of

copper(II) complexes. The results showed

that the peak position of some XANES

prepeaks is related to the electron-

donating ability of the ligands in the

complexes. In this report, we aimed at

analyzing the relationship between the

XANES spectra of square-planar copper(ll)

complexes coordinated with four nitrogen

atoms and their solvated structure in

aqueous solutions. The XANES peaks are

assigned on the basis of the results of

the molecular orbital calculations using

tiie DV-Xa method.

Experimental

A series of copper(ll) complexes

with four N-coordination were synthesized

using amines and tetraaza compounds as

iigands (Figure 1). The SO^" , CiigCOO" ,
Br", and Ci~ were used for counter anion.

The Cu K-edge XANES spectra were meas

ured in transmission mode at room temper

ature at the BL-6B station of tiie Plioton

Factory in National Laboratory for High

Energy Physics. The redox potential of

copper(Il) ion within these complexes
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Fig. 1. Molecular structure and XANES spectra
of the copper(ll) complexes

were measured by polarography. Molecular

orbital calculations by using the DV-Xa
method for the copper(ll) complexes were

performed with a FACOM VP2100/10. Molecu

lar models employed for the DV-Xa calcu

lations were constructed from reported
single crystal data for the copper(ll)
complexes.

Results

The XANES spectra of the copper(II)

complexes In aqueous solution are shown

in Figure 1. The first peak in the energy
range 8980-8990eV clearly shifts to the

lower energy side with increasing elec

tron density of the copper(ll) ion.

Figure 2 shows the result of a calcula

tion for an octahedral model (F) includ

ing two bromides at the axial sites. From

the DV-Xa calculation the first peak of

the measured XANES spectrum could be as

signed to the electron transition from

Culs orbital to molecular orbitals mainly

of Cu4p and/or Cu4s orbitals. The second

peak is assignable to the Is electron

transition to molecular orbitals mainly

composed of 2p or 3p atomic orbitals of

the ligand. Thus the difference in the

electronic structure for these complexes

will be revealed from the change of the

peak positions and/or the shapes of their

XANES spectra.

0 : N

Energy / eV

Fig. 2. Observed XANES spectrum (solid line) and
the theoretical spectrum (broken line) calculated
from DV-Xa method for F with two Br
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The binary Ge02-P205 glass system has received
much attention because of environmental change around
germanium atoms with increasing P2O5 content [1,2]. It is
well known that the distances and coordination numbers in

disordered systems can be obtained from the RDF (radial
distribution function) data obtained from X-ray diffraction.
However, the distances of tetrahedrally coordinated P-0
(0.150 nm) and Ge-0 (0.175 nm) pairs are so close that
the ordinary RDF analysis is difficult to separate the
information of these two atomic pairs. The use of the
anomalous X-ray scattering (AXS) method clarifies the
environmental structure around specific elements in the
disordered systems [3].

The three glass samples of (l-x)Ge02xP205 (x =
0.10, 0.18 and 0.28) were prepared by melting the mixtures
of germanium-dioxide (99.99 mass%) and orthophosphoric
acid (85 mass%). followed by the cooling into a graphite
mold. The AXS measurements of three samples were car
ried out at energies of 10.805 and 11.080 keV, which
correspond to 25 and 300 eV below the Ge K absorption
edgc( 11.103 keV) using the beam line 6B. The two
scattering intensity profiles of the 0.82GeO2 O.I8P2O3 glass
measured at the two energies are shown in Fig.l together
with the differential intensity profile, as an example. The
differential intensity profile contains only three partial
information on Ge-0 .Ge-P and Ge-Ge pairs, from which
the environmental RDF for Ge can be calculated.

The first peak at about 0.18 nm of environmental
RDFs in Fig.2 is the Ge-O correlation because the P-0
correlations are not included. The estimated coordination

numbers of oxygen atoms and their distances are plotted in
Fig.3 with those in pure Ge02 glass [4]. The distance of
the Ge-0 pairs and the coordination number increase with
PiO, content. This is consi,stent with the results obtained by
infrared absorption [I] and Raman spectroscopy [2]. Basing
on them, we can interpret the increase may be attributed to
the mixed state of the octahedral and tetrahedral coor

dination of germanium in the glasses. Considering that the
structure of pure Ge02 glass is known to consi.st of the
netvk'ork structure formed by the Ge04 tetrahedra joined at
their comers [4], some of germanium atoms in the Ge02
-P2O5 system seems to act as the network modifier with
increasing of P^O, content.
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The interesting superconductivity of
black phosphorus(black P) has been
studied at low temperatures and high
pressures{1,2). This superconductivity
is closely related to pressure-induced
phase transitions of the material. We
have already reported preliminary re
sults concerning the phase transitions
of black P at low temperatures and high
pressures(3). Recently, the x-ray dif
fraction study of black P have again
carried out with synchrotron radiation
at low temperatures and high pressures.
The detailed results on the phase tran
sitions have been obtained.

A new diamond-anvil cell was develop
ed for the x-ray diffraction measurement
which makes possible a continuous change
in the pressure at low temperatures(4).
The diffraction patterns of black P and
NaCl were recorded at 2 =21°. The dif
fraction lines of NaCl were used to de

termined the pressure value according to
Decker's scale.

Figure 1 shows energy dispersive x-
ray diffraction profiles of black P at
about 21 K and high pressures. A single
phase pattern of the orthorhombic form
was found at 2.3 GPa. Black P transform

ed from the orthorhombic structure to

the rhombohedral one at around 8 GPa and

then to the simple cubic one at around
12 GPa under 21 K. The transition pres
sures at 21 K increased several GPas

compared with those at room temperature.
These phases coexsisted over the wide
pressure range. The relationship between
the structure and the superconducting
temperature became clear for black P.

1) H. Kawamura, I. Shirotani and K.
Tachikawa, Solid State Commun., 49,
879(1984); 54, 775(1985).

2) I. Shirotani, H. Kawamura, K. Tsuji,
K. Tsuburaya and K. Tachikawa, Bull.
Chem. Soc. Jpn., 61, 211(1988).

3) I. Shirotani, K. Tsuji, M. Imai, H.
Kawamura, 0. Shimomura, T. Kikegawa
and T. Nakajima, Phys. Lett., A144,
102(1990).

4) K. Tsuji, Solid State Physics under
Presure, ed by S. Minomura(KTK
Scientific Publisher, Tokyo, 1985),
p. 375.
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Figure 1 Energy dispersive x-ray dif
fraction profiles of black P at 21 K
and high pressures: 0: orthorhombic,
R: rhombohedral, C: simple cubic.
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As we reported before,0 X-ray diffraction pat
tern of dimerized Langmuir-Blodgett (LB) superlattice
films showed oscillatory structure in diffraction pattern
at room temperature. The schematic representation of
the dimerized LB superlattice film is shown in Fig. 1.
The position of the diffraction spot deviates from the
Bragg point, and the direction of the deviation depends
whether the diffraction index is odd or even. Here we
present the structure of the LB superlattice film at low
temperatures with use of four-circle goniometer and
Joule-Thomson cryostat at Beam Line-6Ci.

As reported previously, the n-th diffraction vector
Dn of the superlattice film is expressed by

D„-={n-\- A(n))Ga

A(n) = (1) ,

where A(n) is the deviation from the Bragg point, Ga
is average reciprocal vector and an is the amplitude
of the oscillation. Mean amplitude of the oscillation
a was calculated by averaging On over all the indices
measured.

Figure 2 shows the temperature dependence of av
erage amplitude of the shift a and the thermal con
traction A(i/d260K of the unit length d for the super-
lattice film whose repetition number is 15. The oscilla
tory shift structure was enhanced monotonically with
decreasing temperature. The derived thermal expan
sion coefficient a = 4 x 10~® K~^ between 50 K and
260 K is four times larger than the value for homo
geneous Cd arachidate LB film.^1 Figure 3 shows the
temperature dependences of the width of (002) diffrac
tion spot and the thermal contraction Ad/(i255K de
rived from the (002) reciprocal vector length. The peak
width shows small dip around 110 K where the (002)
length also shows step like jump. This indicates that
probably a structural change occurs in this tempera
ture range. The derived thermal expansion coefficient

= 2 X10""® K~^ from the (002) reciprocal vec
tor length is about half of the coefficient from all the
indices measured. This is consistent with the growth
of the oscillatory shift structure at low temperatures.
The enhancement of the shift structure is equivalent
that the temperature dependence of odd index diffrac
tion vector length is stronger than that of even index.

To_ estimate directions of the deviations of the
diffraction spots from the Bragg points, we carefully
measured the peak positions of diffraction spots. Then
we found that directions of the deviations were almost
parallel to the accumulating direction within 0.01° an
gular deviation and that there was no temperature de
pendence in the range between 50K and room temper
ature.

We would like to express our thanks M. Yoshizawa
and S. Fukamachi for their help and permission to
use their operating system for four-circle goniometer
in Beam Line-6Ci.
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Fig. 1 Schematic representation of dimerized superlat
tice film. Long bar represents behenic acid and
short bar represents stearic acid. Closed circle
represents Cd ion. m is the repetition number

Fig. 2 Temperature dependence of the average shift am
plitude a and thermal contraction Ad/d260K of
the average unit length d.
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Fig. 3 Temperature dependence of the full width of half
maximum of the (002) spot and thermal contrew:-
tion Ad/d255K of unit length d estimated from
the (002) reciprocal vector length.
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Near the 6a K-absorption edge of a GaAs single

crystal, we have studied the anomalous dispersion

of the crystal structure factors by measuring the

PFXRS^'"' (PendelIbsung Fringe due to X-ray Resonant
Scattering) of the 200 reflection. The tc polarized
PFXRS was measured by the energy dispersive
diffractometer set up at BL6G1 beam line of the

Photon Factory, KEK. The samples were low Si-doped

GaAs single crystals and the EPD value was estimated

to be less than 500 cm"^. The samples were cut as
the parallel plates with the thickness of 209.0,

219.8, 224.2, 232.2 and 234.0fim, respectively.
In Figs.l (a) and (b), the solid lines are the

measured PFXRS for the sample of thickness 219.8Atm.

The energy steps of (a) and (b) are 4eV and 0.4eV,
respectively. The peaks 1,2 and 3 are those of PFXRS.

Fig.2 shows the values of iF""! which were deter
mined by the pendellosung fringe method^' at the
energy positions of peaks, dips and the middles of
the amplitude of the measured PFXRS for the various
thickness samples. Here F^ is the crystal structure

factor with the real part of atomic scattering

factor f'+f ( normal atomic scattering factor,

f :the real part of anomalous scattering factor).
The solid curve is obtained by connecting the

measured values smoothly after a statistical process.

The curve increases by increasing the X-ray energy

close to the K absorption. The dotted line is the
calculated values of (F""! with f values based on
the Parratt & Hempstead'' relation (PH). The dashed
line is those with f values by Sasaki"*' by using
Cromer & Liberman's^' method (CL). Around 40eV
below the K absorption edge, these calculated

values of the |F'| are 4~6X smaller than the
observed ones. Very near the edge, the calculated

values are 10~12X smaller than the observed ones.
The change of PFXRS due to the difference between
the calculated and the observed values of IF""! is
shown in F ig. 1.

-50
ENERGY(eV)

0
Ga K EDGE

-20 -10

ENERGY(eV)

In Fig.1, the dotted-dashed line is the reflec
tion intensities showing PFXRS, which was obtained
by using the experimental values of |F'[. This
shows a good agreement with the solid line (observed
PFXRS) in its peak positions and the amplitude. The
dotted line and the dashed line was obtained by
using the theoretical values of the anomalous

scattering factors by PH and CL methods, respective
ly. The energy position of peak 1 of the dotted

line shifts 15eV to the high energy side with
respect to the observed one, and that of the dashed

line shifts 23eV. The energy positions of peak 2
and 3 of the dotted and the dashed lines also shift

to high energy side and the peak heights are larger
than the observed one. Especially peak 3 of the

dashed line, which appears near the K-absorption

edge, shows higher intensity than the other three

curves and is very sharp. It is concluded that the

calculated anomalous scattering factors by either
PH or CL method do not give good values for the
real atom in a crystal near the absorption edge.

1) M. Yoshizawa et al., Acta Cryst. A44, 433 (1988).
2) T. Fukamachi et al., Acta Cryst. A^, 945 (1990).
3) L. G. Parratt & C. F. Hempstead, Phys. Rev.

1593 (1954).
4) S. Sasaki, Report 88-14 H/D, Photon Factory, KEK

(1989).
5) D. T. Cromer & J. Liberman, J. Chem. Phys.

1891 (1970).
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Fig.2 The crystal structure factors
near the Ga K-absorption edge of

the GaAs 200 reflection.

Fig.l The observed and the calculated PFXRS of 200
reflection for GaAs.
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By using X-ray from synchrotron radiation(SR), it is
possible to tune the X-ray energy near the absorp
tion edge of the constituent atom in a crystal. Near

the absorption edge, the scattering factor varies
largely, and the real part of the X-ray polarizabi-
lity can become even zero for some diffractions.
In some dynamical theories, however, the reflected
intensity diverges when the real part of X-ray pola-

rizability becomes zero. Fukamachi & Kawamura '̂ (FK)
have derived simple formulae for reflection intensi

ties which are applicable even when the real part

of X-ray polarizabi I ity is zero. The result shows
that the rocking curve due to only the imaginary

part of X-ray polarizabiI ity is sharper than that
due to only the real part in the Bragg case and that

a PendelI'dsung fringe should be observed in the
rocking curve in the Laue case.

In this paper, we have studied experimentaly the

rocking curve of the transmitted beam only due to
the imaginary part of X-ray polarizabiIity and
showed that the curve is symmetric as expected from

theoretical calculation by FK. The synmetric rocking

curve is quite contrary to general expectation that

the asynmetry of the rocking curve becomes large by
increasing the imaginary part of X-ray polari-
zability, which is a result of the dynamical theory
for an absorbing crystal.

Fig. 1 shows the experimetal setup at KEK-PF BL6C1
beam line. SR was monochromated by the two crystal

monochromator using Si 111 reflection. The intenst-

ies of the diffracted and the transmitted beam from

the sample were detected by an SSD. The thickness
of the GaAs sample was 62Atm.

If we define that Xhr and Xhi are the Fourier

transforms of the real and the imaginary parts of
X-ray polarizabiI ity, respectively, Xhr-kFhr and

Xhi^kFhi. Here the crystal structure factor F is
F=Fhr+iFhi, and k=-4 7c/va)- (v: the volume of the
unit cell, co:the X-ray energy). Fig.2 shows the
calculated values of |Fhrl/4 and |Fhi|/4 for 200
reflection of GaAs near the Ga and As K-absorption

edges. The anomalous scattering factors were calcu
lated by using the Parratt & Hempstead's^' relation.
In Fig.2, at the energy position A, the relation

IXhrl^lXhil is sat isf ied, and at point B x hr=0
is satisfied, i.e. only Xhi is not zero.

We have measured the rocking curves for the
diffracted and the transmitted beams at the energy

positions A and B. Fig.3 shows the measured rocking

MONITOR

SAMPLE

SR SLIT T(9

D

MONOCHROMATOR

Fig. 1 Schematic diagram of the measuring system.
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curves of the transmitted beam by open circles. The

Xhr=0 is satisfied in (b). The shape of the peak
and the background of the measured rocking curve is
asymmetric in (a). On the other hand, the shape is
symmetric in (b). We compared the experimental
results with the calculated results by using FK's
theory. The FWHM of the measured rocking curve was
3xlO~^(°) which was about ten times larger than that
of the calculated curve for the GaAs 200 reflection.
Since the divergence angle of the monochromated
X-ray beam corresponds to this FWHM 3x10"^("), the
solid lines in Fig.3 are convoluted rocking curves
of GaAs 200 reflection with the function whose FWHM
corresponds to the divergence angle of the monochro
mated X-ray beam. The solid lines are in good agree
ment with the experimented results. Then it is
confirmed experimentaly that the rocking curve for
the transmitted beam only by the imaginary part of
X-ray polarizabiIity is synmetric as expected by
FK's theory.

1) T. Fukamachi & T. Kawamura, Acta Cryst. in press
2) L. G. Parratt & C. F. Hempstead, Phys. Rev.

1593 (1954).
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Fig. 2 The anomalous dispersion for the GaAs 200
reflection near Ga and As K-absorption edges. The
curves a and b are |Fhrl/4 and |Fhi|/4, respectively.
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Fig.3 Transmitted rocking curves of the GaAs 200
reflection. (a):|Xhrl =lXhil and (b):Xhr-0. The
open circles are the measured results. The solid
lines are calculated results.
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Introduction

The electronic structure of synthesized single-crystal-
line graphite (Kish graphite) has been studied using a
display-type spherical mirror analyzer^^"^^. Graphite is
a typical two-dimensional material, and has two-dimen
sional band structure with small dispersion along the c
direction. Hence, this analyzer can display the contour
of the band structure. The results are compared with
those observed by Santoni et al.^^.

Experimental

The experiments were made at BL-7A. The graphite
was cleaved in the preparation chamber along the basal
plane at 1xlO~^ Torr, and inserted immediately into the
chamber. The typical crystal size is about 4mmx6mmx
0.2mm. The cleanliness was checked by LEED and UPS.
The sample showed a sharp LEED pattern. After mea
suring angle integrated spectra, the two-dimensional pat
terns were measured at energies which were determined
from the observed spectra. The base pressure was about
2x 10~'° Torr. Photons were incident normal to the sam

ple surface{s polarization). Photon energy was 50eV.
The photons are linearly polarized in the horizontal plane.
In this experiment the energy resolution of the analyzer
is about 0.4eV.

Results and discussion

The cross section of the band structure near the Fermi

level and below it were clearly observed. Symmetric and
distortionless patterns were observed to the extent of sec
ond Brilluion zone. Fig.l is the snapshots of the angu
lar distribution of the photoelectrons at the Fermi level.
This pattern shows a Fermi surface which consists of six
area at the corners K of the hexagonal Brillouin zone.
Fig.2 is that at EB=2.7eV. The upper and lower part
in these patterns were not observed in this experiment.
These results can be interpreted by the dependence of
photoelectron intensity due to the linear polarization of
the synchrotron radiation. The observed band structure
is in good agreement with those reported by other inves
tigators. Compared with the results of Santoni et al.^1,
non-distorted patterns were observed to the extent of
second Brillouin zone, and symmetry of the initial state
was clearly determined.

References

1) H.Daimon, Rev.Sci.Instr.59, 545(1988), ibid. 61,205
(1990).
2) H.Daimon and S.Ino, J.Vaccum Soc.Japan 31,954(1988).
3) H.Daimon, and S.Ino, Rev.Sci.Instr.61,57(1990).
4) A.Santoni, L.J.Terminello, F.J.Himpsel, and T.Taka-
hashi, Appl.Phys.A52,299(1991).
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Fig.l.Fermi surface of Kish graphite.

Fig.2.Cross section of x band at Es=2.7eV.
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Introduction

So far, the study of photoelectron diffraction required
tedious triai-and-error calculations for simulating obtained
diffraction patterns. Recently, Szoeke and Barton sug
gested that Auger and photoelectron diffraction intensity
maps can be viewed as holograms of the near-surface
region of a single-crystal specimen, and that in princi
ple such holograms can be inverted by performing two-
dimensional Fourier transforms to generate images of
surface atoms^^ This method is called "photoelectron
holography".

In the present study, two-dimensional diffraction pat
terns of Si(2p) photoelectrons from Si(lOO) surface have
been measured using a display-type spherical mirror an
alyzer The obtained patterns have been Fourier
transformed in order to test the vahdity of this method.

Experimental

The experiments were made at BL-7A. The base pres
sure was about 2x10"^° Torr. Clean Si surface was ob
tained by direct current heating up to 1250 T). The sam
ple showed a sharp 2x1 LEED pattern. After mecLSuring
angle integrated spectra, the-two dimensional patterns
were measured at energies Si 2p core. Photon energy
was varied so that the kinetic energy of Si(2p) photo
electron becomes 350, 450, and 650eV.

Results and discussion

The obtained patterns of Si{2p) corefrom Si(lOO) sur
face at kinetic energies of 450 and 650 eV are shown in
Fig.1(a), (b), respectively. The edge of the screen corre
sponds to 47.5" polar angle. The sample is rotated by
22.5° to avoid the shadow of electron gun on the screen.
Figure 2 shows the holograJic reconstructed image of real
space at the hight of 1.36Afor the 450 eV pattern. The
length of the side is SA. The crosses show the expected
position of atoms. The peaks in the image at the crosses
are weak. Perhaps more sophisticated Fourier transform
method, such as SWIFT or SWEEP^^ may improve this
image.

References

1) S.A.Chambers, Surf. Sci. Rept.16,261(1992).
2) H.Daimon, Rev.Sci.lnstr.59, 545(1988).
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Fig.l. The obtained photoelectron diffraction patterns
of Si(2p) core from Si(lOO) surface at kinetic energies of

(a)450 and (b)650 eV.

Fig.2. The holografic reconstructed image of real space
at the hight of 1.36A. The length of the side is SA.
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INTRODUCTION

Optical luminescence yield spectrum in the
x-ray region is called "optical XAFS". One of
the characteristics of the optical XAFS is the
appearance of bidirectional edge jumps, i.e. the
yield changes at the edge positively and invert-
edly depending on the sample. The spectrum of Ca
K edge of CaF2 is a typical example. '̂2) In
order to understand better the nature of the

yield spectrum, we performed the measurements on
CaF2 in a systematic way; with varying the
temperature of the sample, with the samples of
different thicknesses, and with the specimen
prepared in different ways.

EXPERIMENTAL

X-ray absorption and optical luminescence
yield spectra were measured on the BL-7C. Har
monics were rejected using a pair of grazing
incidence fused quartz mirrors. The x-rays
incident on the sample were monitored with an
ionization chamber with flowing N2+30%He gas.
Samples were CaF2 prepared as cleaved single
crystal, as powder layers with different thick
nesses (about 5 and 15 un) each heaped loosely on
a membrane filter, and as a pellet. The 5 ym
thick sample was used also for the absorption
measurement. The optical luminescence was moni
tored through a quartz window of the cryostat and
focussed with a quartz lens onto the entrance
slit of an analyzing grating monochromator (Jobin
Yvon H-20). The output signal was detected with
a Hamamatsu R928 photomultiplier in analog mode.

RESULTS AND DISCUSSION

Figure 1 shows the measured yield spectra
of the intrinsic luminescence of CaF2 at 297 nm
for various samples at 90 K. We have successful
ly simulated the spectra by taking into account
the yields of the excited electron from low-lying
core states of the optical luminescence and the
thickness of the sample.^) The results indicates
that the contribution of the K-electrons to the

optical luminescence is different from that of
the L-electrons. The dependence of the spectral
shape on the specimen which is observed in the
upper two spectra in the figure can be understood
as the difference in the escape depth of the
optical luminescence produced in the inner part
of the sample.

References

1) A. Bianconi et al., Phys. Rev. B j^, 2021
(1978).
2) J. Goulon et al., "EXAFS and Near Edge Struc
ture" (Springer, Berlin 1984) p. 490.
3) S. Emura et al.. To be published.
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Fig. 1 Luminescence yield spectra of CaF2 in the
Ca K edge region for various samples at 90 K.
The absorption spectrum of CaF2 at room tempera
ture is shown at the bottom.
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Supported bimetal clusters are used to reform the
catalytic properties. Two kinds of structures of
bimetal clusters are considered. One is core-shell

model where one component exists in the core of the
particle surrounded by the other component. The
other is solid solution model where two elements are

homogeneously mixed. PtPd particles are active for
hydrogenation reactions. Both structures are pro
posed for the supported PtPd bimetallic particle based
on the selective adsorption, IR, and ESCA data.

In order to settle this discrepancy, we have studied
the structures of the SiOo-supported PtPd bimetallic
clusters by means of EXAFS.

To prepare homogeneous bimetallic clusters we used
the polymer-protected PtPd colloidal particle di.s-
persed in ethanol-water .solution [1]. The support
SiOo(Fuji Davison 952) was impregnated with the
PtPd colloidal solution. The sample was calcined at
d7.3 K for 1 hour to remove the protecting polymer
and then reduced at 473 K. EXAFS spectra were mea
sured at BL-IOD for Pd K-edge and at BL-7C for Pt
La-edge, respectively. The measurement was carried
out at 200 K for Pd K-edge and at 50 K for Pt La-edge,
respectively. Data were analyzed by EXAFS program
"EXAFS2" [2]. VVeusedtheempirically-derivedpha.se
shift and backscattering amplitude functions. PtPd
foils with the compositions of 1:9 and 9:1 were used
to elucidatethe backscattering amplitudes and jdijuse
shifts for Pt-Pd and Pd-Pt.

The coordination numbers elucidated from curve fit

ting of PtPd bimetallic clusters on SiOo are given in
Table 1. The coordination numbers thus obtained are

well reproduced by the cluster-in-cluster model which
is shown in Fig. I, neither by the solid solution model
nor bv the core shell model.

References

[1] N.Toshima, H.Harada, T.Yonezawa
K.Kushihashi, and K.Asakura, J.Phys.Chem., 95,
7448(1991).

[2] N.Kosugi and H.Kuroda, RSC report 1985.

Table 1; Curve fitting results of PtPd clusters on Si02

edge pair Obs. S.S.'h C.S. C.C. *•'

4/1 Pd Pd-Pd 6.9 8.2 7.5 7.7

Pd-Pt 1.4 1.2 1.9 1.1

Pt Pt-Pd 6.1 4.7 7.5 4.5

Pt-Pt 4.1 5.2 1.9 7.5

2/1 Pd Pd-Pd 6.2 6.9 6.3 6.3

Pd-Pt 2.8 2.4 3.1 1.9

Pt Pt-Pd 5.0 4.7 6.3 3.8

Pt-Pt 5.7 5.0 3.1 8.2

1/1 Pd Pd-Pd 5.1 5.6 4.7 4.5

Pd-Pt 4.4 3.7 4.7 3.0

Pt Pt-Pd 3.2 3.7 4.7 3.1

Pt-Pt 6.5 5.9 4.7 8.3

1/2 Pd Pd-Pd 5.2 5.0 3.1 3.0

Pd-Pt 5.8 4.7 6.3 3.8

Pt Pt-Pd 2.7 2.4 3.1 1.9

Pt-Pt 5.6 6.9 6.3 8.9

*1 S.S. Solid solution model

♦2 C.S.

♦.3 C.C.

Core shell model

Cluster-in-Cluster model

Figure 1: Model
cluster(Pt/Pd = l/4)

structure for PtPd
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Introduction
The factors influencing the catalytic activity of

calcium in the carbon-gas reactions are numerous
[1]. In this study, the effect of the heating rate
on reactivity is analyzed by paying attention to
dispersion and structural changes caused during
the pyrolysis step of carbon samples with differ
ent calcium contents. Calcium dispersion is deter
mined from CO2 chemisorption data and the struc
ture is analyzed from XAFS spectra.

Experimental

A char from phenolformaldehyde polymer resin
has been oxidized with HNO3. Calcium has been
introduced by ion-exchange with calcium acetate
solution (A-2.9 wt%). Impregnation has been used
to obtain other calcium contents (B-6.0, B-9.4 wt%).
The Ca-loaded carbon were heat-treated in N2 up
to 1173 K under slow or fast heating rate (SH, 20
K/min and FH, ~300 K/min respectively). EXAFS
and XANES spectra at Ca K-edge were recorded in
a transmission mode on a beam line BL-7C at KEK-

PF at room temperature using a Si(lll) double
crystal monochrometei'. Mirror was used to remove
higher harmonics.

Table 1. A-3.0 characteristics.

sample R (h ') d R/d

FH 5.1 0.80 6.4

SH 3.2 0.55 5.8

Ca-Ca

Ca-Ca

Ca-0

Ca-Ca

4020 4060 4100 0 2 4 6

Energy / eV Distance / A

Fig. 1. XAFS spectra of SH samples: a,A) A-3.0:
b.B) B-6.0: c,C) B-9.4.

Results and Discussion

Table 1 presents the results of the calcium
dispersions measured by CO2 chemisorption (d),
the CO2 gasification reactivities at 1073 K (R) and
R/d ratio obtained for the two heating rates for
A-3.0 sample. The calcium dispersion of both
samples is quite high, however the FH sample has
a much higher value in agreement with its higher
reactivity. Fig. 1 and 2 show XAFS results of
calcium-carbon samples obtained using SH and FH,
respectively. The effects of the calcium content
and the heating rate are investigated. With in
creasing in calcium content, CaO spectral charac
teristics increased, indicating that higher crystal
line CaO particles are formed independently of the
heating rate. It is important to note that the use
of FH pyrolysis treatment produces, in all the
samples studied, weaker CaO spectral characteris
tics than those produced by SH, confirming that
the sintering process is much lower when a FH is
used. Further more, the sintering process, which
is favored with increasing the calcium content, is
partially counterweighted by the effect of the FH.

XAFS results are in good agreement with calcium
dispersion measured by CO2 chemisorption. Calcium
dispersion near to 80 % is found in the FH pyroly
sis treatment, while 55 % is obtained for the SH
sample. CaO particles with 80 % dispersion can not
form crystalline CaO particles, however, for a 55 %
dispersion the mean particle size estimated is 20 A
and from this value the number of Ca atoms form

ing each CaO cluster is calculated to be about 130.
In this case, the clusters can have some structural
order, as its is observed in Fig. 2a,A.

[1] H. Yamashita, M. Nomura and A. Tomita,
Energy Fuels, 6, 656 (1992).
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Fig. 2. XAFS spectra of FH samples: a,A) A-3.0:
b,B) B-6.0: c,C) B-9.4.
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Introduction

Mean square relative displacement in EXAFS may con
tain t he information of the dynamical properties of the
material in addition to the static disorder, however, we
have little knowledge about what the means chemi
cally.

It was reported by Miyanaga et al.^^ that the correla
tion between EXAFS amplitude and the water exchange
rat e exists not only for the EXAFS data of solution but
also for the solid-phase data.

In this paper, the EXAFS parameters determined for
(M= 3d metal ion) are collected over

the temperature range of 20 to 300 K by one shell curve-
fitting procedure. Thus, the temprature dependences of

and the third order coefficient C3 in cumulant ex
pansion of the EXAFS are examined for the metal-water
oxygen bond.

Experimental and Data analysis

All the K-edge absorption spectra were recorded in
transmission mode at BL 6B and BL 7C. Si(lll) dou
ble crystal monochromators were used.

The theoretical EXAFS function fitted with the exper
imental data is

\{k) = ^^j^^^exp{-2r/\)exp{ —2(7^ k"^)
Xsin(2tr -f <p{k, r) —̂ C^k^),

where r is the distance, and f{k.r) and (f>{k.r) are the
backscattering amplitude and the phase shift functions,
respectively, calculated by Mckale et al. using cuved-
wave method.A is the electron mean free path being fixed
as A= k/O.b. cr^ is the mean square relative displacement
and C3 is the third order coefficient of the cumulant ex
pansion. B contains the coordination number and the
reduction factor due to many body effects.

Results and Discussion

The values are plotted versus logki in Fig. 1 where
ki is the ligand exchange reaction constant. In the previ
ous work, the correlation of ki with only EXAFS ampli
tude was discussed.D Here, the relation between and
k'l is quite obvious.

-2 0 2 4

log(k,/ ••')

Fig. 1. Relation betweenthe mean square relative displacement <7^
and logki for (ajCr^"*", (blFe^"^, (c)Ni^"'', (d)Co^''', (e)Mn^''',
(flZn^"*" complexes. Open circle and closed circle denote the
solid and the solution, respectively. The error bars represent
the errors for the solution data.

The C3 in the EXAFS function reveals the asymmet
rical distribution and the anharmonic potential. Fig. 2
shows the temperature dependence of AC3 which is de
fined as the difference of C3 at a given temperature from
that at 20 K, ACsiT) = CsiT) - C3(20A'). We have no

so 100 150 200 250 300 350

T.mp.rdura I K

Fig. 2. Temperatm-e dependences of AC3 for (a)Cr^"'", (b)Fe^''',
(c)Ni2+, (d) Co2+, (e)Mn2+, (f)Zn2+.

theoretical ground about the temperature dependence of
C3 at low temperature. (At high temperature, C3 may be
proportional to T^.) It is found, however, that the higher
the ligand exchange rate, the more rapidly C3 increase
with temperature. The complexes with higher ligand ex
change rate constants seem to have higher anharmonicity
of the potential of metal-oxygen bond.

Reference

1) T.Miyanaga, I.Watanabe, S.Ikeda, Chem. Lett., 1988
1073.
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1. Introduction

The catalytic active site of vanadium
oxide is the exposed oxygen of V=0. The
surface structure is closely related to
the catalytic activity. It is expected
that the structure and the environment

of the protrude V=0 bond from the
surface influences to its catalysis.

In-sltu polarization dependent total-
reflection fluorescence yield XANES

(PTRF-XANES) is a powerful technique to
give the information about the geometry

of the surface species.
In this study, PTRF-XANES was applied

to determine the orientation of V=0 bond

of vanadium oxide on ZrOaClOO).

2. Experimental

Following V0(0C2115)3 was supported on
ZrO? (10*30*1 mm) in C?HsOH solution

with incipient wetness method, the
sample was annealed at 823 K. The in-
situ polarization dependence total-
reflection fluorescence yield XANES
spectra were measured with the
chamber[l] in BL-7C. The data were
taken at room temperature at X-ray

incident angles d of 90 deg (p-
polarization) and 0 deg (s-polarization)
with respect to the surface.

3. Results and discussion

The s- and p-polarized XANES spectra
for vanadium oxide on ZrO?(100) are
shown in Fig. 1(a) and (b). Both of them
have a pre-edge peak, which is
attributed to Is -• 3d transition. Its

intensity is enhanced by mixing of 2p
orbitals of the oxygen atom of V=0 and
3d orbitals of the vanadium atom. The

intensity showed maximum when electric
field vector (E) is parallel to the V=0
bond and decreased to zero when it is
perpendicular to the V=0 bond. The pre-
edge intensity is proportional to
cos^ e.

Fig. 1 shows that the pre-edge
intensity for s-polarized XANES of
VO,/ZrOs(100) is different from the one
for p-XANES. It means that the V=0 bond
is oriented to a particular direction.

The directions of the V=0 bond to

Zr02(100) surface were calculated for s-
and p-XANES based on the cos^ d relation
described above. The intensity was 0.34
and 0.69 for s- and p-polarized XANES of
the vanadium on ZrOadOO). For s-

polarization, the peak intensity was
integrated in every directions because
of equivalent positions. The term l/27r

cos^0 (0 is the bond angle in the
surface plane) is divided to s-
polarization. That is, the intensity
become 0.68 and 0.69 for s- and p-
polarization. It means that the angle
between the V=0 bond and ZrOgdOO)

surface was about 45 deg.
This work demonstrated that in-situ

polarization dependent total-reflection
fluorescence yield XANES can give the
information about the orientation of V=0

to the ZrOa(100) surface.

Reference

[1] M.Shirai, K.Asakura,
Y.Iwasawa,Activity Report, 9 (1991) 117.

Fig. 1 XANES spectra of vanadium oxide /
ZrOjdOO); (a) s- and (b) p-
polari zation.
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Adsorbed structure of copper and calcium

dipivaloylmethanates [MlDPMlg, M=Cu and Ca]
complexes (see. Fig.1(a)) on amorphous Si02 are
determined by EXAFS.

The Si02 sample (specific surface area
300 m^g ^) for EXAFS measurement was heated at
733 K under 1x10^ Pa oxygen for 2h, followed by
evacuation at room temperature. After this

pretreatment, the DPM complexes were evaporated
at 353 K [Cu(DPM)2] or 483 K [Ca(DPM)2].

The EXAFS spectra were measured on BL7C at

KEK-PF. Data were collected in transmission

mode for Cu K-edge measurements, isolated

Ca(DPM)2 and Ca(0H)2, and in fluorescence mode
for (Ca(DPM)2/Si02)• Further experimental con
ditions are appeared in Refs. 1 and 2.

Gaseous M(DPM)9 reacts with isolated OH's on
? —^

Si02 surface as shown in Fig. 1(a). An ad
sorption model can be figured out as shown in

Fig.1(b). In order to determine the local

structure around metal, the EXAFS study was
carried out. The adsorption model shown in

Fig.1(b), where four oxygens are coordinated to
center M, is confirmed by the Cu and Ca K-edge
EXAFS spectra of the isolated and the adsorbed

M(DPM)2.
The obtained distance and coordination num-

(CHj^Cv (CHj),

(a)

SiO,

(b)

SIO,

Fig.l. The adsorption model of M(DPM)2 (M=Cu
and Ca) on Si02: (a):before adsorption,
(b)rafter adsorption, where the bonding between
Si-0 and M(DPM)2 is ambiguous, (c):remained
species on Si02 after the adsorbed Cu(DPM)2 was
treated by H2O vapor at 673 K.
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bers around M by curve fitting analysis are

summarized in Table I. As shown in Table I,
there are no significant changes in the M-0 bond
length and the oxygen coordination numbers

around M between the isolated M(DPM)2 and the
adsorbed M(DPM)2. Furthermore clear existence of
Cu"- C coordination is observed for the adsorbed

Cu(DPM)2. Therefore, it is concluded that the
M-0 bond and the ring structure of DPM ligand
remain unchanged after the adsorption as shown
in Fig.1(b).

Table I. Distance (R) and the coordination
numbers (n) around Cu atom for the isolated
Cu(DPM)2 complex (a) and the adsorbed Cu(DPM)2
on Si02 (b), and those around Ca atom for the
isolated Ca(DPM)2 complex (c) and the adsorbed
Ca(DPM)2 on Si02 (d).

M-Q (first
coordination)

: M-C (second
: coordination)

R /A n : R /A n

(a)*l
(b)

[1.914]
1.92(1)

[4.0]
3.6(4)

: [2.84]
: 2.87(3)

[4.0]
3.6(6)

(c)*2
(d)

2.07(1)
2.08(1)

4.0(4)
4.1(4)

: no information

: no information

*1 Cu(DPM)2 was used as a model compound. The
values in the brackets are taken from the

structure of copper acetylacetonate. '

Ca(OH)p was used as a model compound.
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Introduction
Among the many heme enzymes, only

cytochrome P-450 can hydroxylate unactivated
alkanes although the heme parts are common
molecules and are mainly responsible for their
various activities. The distinct features on the
structure of P-450 is unusual because of the
thiolate coordination to heme and also the
extreme hydrophobicity of its active site. The
structure of the active intermediate of
cytochrome P-450 has not yet been clarified
although a high valent oxo-iron porphyrin
species has been proposed by the deduction
from its non-thiolate-axial-ligand model studies.
The iron porphyrin ligated by alkylthiolate anion
(SR complex) previously reported by us is the
first one which can maintain its axial
coordination during catalytic oxidation reactions
[1]. Here we have performed a fluorescence
XAFS analysis on the oxidation reaction of the
SR complex at low temperature in order to
investigate its active-intermediate structure.

SR complex
R=NHC0C{CH3)3

Experimental
X-ray absorption spectra near Fe K-edge

have been obtained in fluorescence mode at the
BL-7C. The high valent oxo-iron porphyrin
species were prepared as follows: To a 20 mM
SR in toluene-methanol (4:1) solution (0.4 ml)
2 equivalent of w-chloroperbenzoic acid in
toluene (0.1 ml) was added at 163 K in a
polyethylene bag, the solution mixture was
allowed to stand for 30 sec at 163 K, and then
immediately frozen by liquid nitrogen. The bag
was quickly fastened to a sample holder
attached to a liq. N2 cooling device and the
measurement carried out.

Results and Discussion
Figure 1 depicts the X-ray absorption spectra

of SR and the frozen reaction-mixture (upper

portion), along with their respective 1st
derivatives (lower portion). The XANES are
significantly different, indicating that the active
intermediate has been successfully detected.
The ls-3d transition energy (denoted by A) of
the reaction mixture is ~1 eV higher than die SR
complex, suggesting an oxidation state greater
than Fe(III). The intensity differences between
the SR and the reaction mixture spectra at the
shoulders B and D are due to the different
multiple scattering from the axial ligands and the
2nd neighbors, respectively.

Reference

[1] Higuchi, T., Uzu, S., Hirobe, M., J. Am.
Chem. Soc., 1990,112, 7051-7053.

reac

reac.

7100 7120 7140 71B0 7180 7200

Photon Energy /eV

Fig. 1. X-ray absorption spectra near Fe K-edge for the
SR complex [SR] and its active intermediate in a
catalytic oxidation reaction [reac.] (upper portion). Their
1st derivatives (lower portion). The absolute energy
calibration was not performed.
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INTRODUCTION

Gold and sulfer ions on the surface of

silver halide microcrystal are known to play
essential roles in the photographic sensitization
phenomena. Adding of these ions brings higher
sensitivity in the photographic film about. The
mechanism of the sensitization is suggested that
the AgAuS clusters formed on the silver halide
microcrystal act as electron traps which intensi
fy the combination yield of free electrons with
silver ions. However, the character of the
sensitization of the photografic film strongly
depends upon the condtion of the addtion of the
gold and sulfer ions. The relationship between
the structure of the cluster and its electronic

properties is not well undrestood at present.
Kanzaki suggested that the clusters which is
effective in the photographic properties are in
dimer form of silver sulfides.^) The role of
gold ions, however, is not well understood.
Therefore, it is important to determine the local
structure of clusters around the gold ions. We
investigated the structure of the AgAuS clusters
on the surface of silver bromide by the use of
EXAFS technique.

EXPERIMENTAL

Samples were gelatin membranes in which
silver bromide microcrystals were dispersed.
Microcrystals were obatained by adding AgN03
solution and KBr solution into gelatin slolution
using the controlled double jet method. Its
diameter was about 1 ym, and its shape was oc
tahedron. Silver gold sulfide or gold clusters
on the surface of the microcrystal were made by
adding Na2S203 and HAuCl^ successively or HAuCl^
only into the gelatin solution contained micro-
crystals, and digesting for 180 min at 50 °C.
Measurements were carried out at BL-7C EXAFS

station in a fluorescence mode at low tempera
tures. Signals were accumulated for 3 sec per
point. The measurements were repeated by three
times. Au metal foil and single crystals of
AgAuS and Ag3AuS2 were used as reference materi
als .

RESULTS AND DISCUSSION

Figure 1 and 2 show the magnitudes of the
Fourier transforms of the Au foil and the sample
with dispersed gold on the surface of AgBr,
respectively. The mol rotio of Au to Ag in the
sample is about 10~2. As shown in the figures,
the Fourier peaks in the region between 2.0 and
3.0 X in both spectra resembles with each other.

This fact indicates that the local structure

around Au atom in the cluster is similar to the

Au metal. The formation of small Au metal clus

ters on the surface of the AgBr microcrystal is
suggested. Further analysis is in progress.

Reference

1) H. Kanzaki, J. Soc. Photogr. Sci. Technol.
Jpn W, 160 (1990).
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Fig. 1 Fourier transform of k^ weighted xC^)
Au foil at room temperature.
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Fig. 2 Fourier transform of k^ weighted xC^)
Au cluster on AgBr microcrystal at 30 K.
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It has been revealed that amorphous LaNif films do
not disintegrate into fine particles after repeated hydrogen
absorption-desorption cycles and absorb hydrogen less than
a half of the amount taken up by the crystalline bulk. The
properties appear to be certainly related to structural
differences between the amorphous and crystalline alloys.

In this paper, we have investigated the change of
the local structures around La and Ni atoms in the

amorphous films with increasing hydrogen concentration by
means of EXAFS, and discussed the relationship between
the local structure and the hydrogen absorption
characteristics.

2. Experimental details
The LaNis.o amorphous films(ca. Ijim thick) were

deposited on a polyimide membrane(Kapton, 40}im thick) at
room temperature by means of a sputtering method. The
detailed procedure of preparation and characterization of as-
prepared and hydrogenated LaNis samples was described in
preceding papersL2. The samples prepared were transferred
under an atmosphere of argon gas (99.999% Ar) into a
stainless steel cell with X-ray transparent Kapton(75 fim
thick, Toray - du Font Co., Ltd.) windows.

The XAS data of as-prepared samples were obtained in
vacuo at 220K, and those of hydrogenated samples under
constant pressures of l.OxlO^ and 8.0x10^ Pa at 220K using
the cell mentioned above. The hydrogen content in LaNis
films was determined by a quartz-crystal mass-monitoring
(QCMM) method.

The EXAFS data were analyzed with a "KABO"
program.

3. Results and Discussion

Figure 1(a) shows Ni K-edge XANES spectra for

LaNif o crystalline bulk and its hydride. The difference in
the spectra is the decrease in area at the edge (shaded area),
resulting from less 3d-4p hybridization due to the narrowing
of the Ni 3d-band. Calculation have shown that the Ni 3d-

bands narrow from 3.2eV in LaNis to less than 2.5eV in
LaNisH? due in part to the large lattice expansion upon
hydrogenation.

The shape of the absorption edge for the hydrogenated
LaNif 0 amorphous film is almost the same as that for the
as-prepared amorphous film as shown in Fig. 1(b). Therefore,
it appears that hydrogen in amorphous film does not affect
the width of the Ni 3d-band, i.e. the shape of the absorption
edge, because a weakening 3d-4p hybridization had occurred
at the amorphizalion of LaNif.

The results of the Fourier analyses and the curve fitting
analyses on the Ni K-and La Lm- edges before and after
hydrogenation were described elsewhere.

It is well known that an interatomic distance in the

LaNis crystalline bulk increases owing to the phase
transformation from the a- to p-phase. This generates
microcracks, and then pulverization of the alloy occurs.
Figure 2 illustrates the dependence of hydrogen
concentration on the interatomic distance in the amorphous
film and the crystalline bulk using an example of Nij-Nin
pair. On the crystalline bulk, the P-phase appears at about
0.4./LaNi5. Subsequently, the sudden increase in Nij-Nin
distance is observed at the hydrogen concentration. The
increase in Nij-Nin interatomic distance with hydrogen
concentration for the amorphous film was in agreement
with that for the a-phase in the crystalline bulk, and the
tendency was maintained up to 1.2H/LaNi5. This appears
to be one of the reasons for which amorphous films do not
pulverize.
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Fig. 1. Ni K-edge XANES spectra for LaNif crystalline
bulk(a) and amorphous film(b):

As-prepared
Hydrogenated (S.OxlO^Pa H2)
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Fig. 2. Hydrogen concentration dependence of the Nij-Nn
interatomic distance:(n )Crystalline bulk, (•)Amorphous
film
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Introduction

It is well known that the elastic properties of the covalently

bonded tetrahedral compounds show a systematic tendency

towards lattice instability with increasing ionicity. The X-ray

diffuse scattering from the wurtzite-type compounds, the

origin of which is due to thermal vibrations is also known to

be strongly correlated with the ionicityu.

In this study, the thermal behavior of atoms in binary

crystals of was studied as the Debye-Waller factor

obtained by EXAFS for the first-shell is sensitive to short-

range correlations of the atomic motion.

Experimental and Results

The appropriate amounts of fine powders of Agl, CuCl,

CuBr, CdSe, CdS. and ZnO were pressed with powder of

boron nitride into pellets of 0.5mm in thichness and 13mm in

diameter. The X-ray absorption measurements near Ag, Cu,

Cd, Zn. Br ad Se K-edges in the temperature ranges 20K-

973K were made using the EXAFS facilities installed at the

beam lines 7C and lOB of Photon Factory in KEK. EXAFS

interference function was extracted from the measured

absorption data using standard techniques^). The Fourier

filtered EXAFS data were fitted using the least-squares

minimization technique with an analytical EXAFS formula

expressed by a cumulant expansion up to fourth-order

terms-

Xik) =^,{Wkrn\f,i7:.k)\

Xexp[-2(rj/ A}-2o o

Xsin(2ATj+ (J) ij(k)-[(4 a aj^A/rj)( I +rj / A)+(3/4) (7 ]).

Here Nj is the coordination number in the j-th shell at distance

fi. |fj( Ti ,A)| is the back-scattering amplitude of photoelectrons

and Oij(A) is the phase shift function. The amplitude |fj( n ,k)\
and the phase shift function Oi^k) employed here were the

theoretical curves tabulated by Teo and Lee-"^). of denotes the

n-th cumulant of the nearest-neighbor distance distribution.

Table 1. The MSRI7s (o a^), the MSDs (<u^) for the cation andanion, the DCFs and the ratios of the DCFto the MSD in binary crystals of

The mean-square displacement (MSD) of each atom in Agl,

CuCl, CuBr, CdSe, CdS and ZnO was calculated with the

data in the references'^"). The mean-square relative

displacement (MSRD), of the backscatterer atoms with

respect to the absorber atom, obtained from the EXAFS is

represented as follows:

cr2=<(Rab • 5Ub)2>+<(Rab • 5Ua)2>

-2<(Rab • (5Ub) • (Rab • (5Ua)>

Here the first and second terms represent the MSDs and the

third terms, the displacement correlation function (DCF). The

obtained parameters for the studied compounds are listed in

Table 1, in order of ionicity based on the Phillips scale, F'̂ ).

The lattice vabrations dependent on the bonding force and the

tendency toward the lattice instability result in increasing the

magnitude of the MSRD and MSD from ZnO to Agl.
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. AJI data were taken at room temperature. * : harmonic model

<u^>catg <u^>anig DCFg (DCF/MSD,

Agl 0.77 0.026(3) 0.081(2) 0.046(2) 0.051 0.63

CuCl 0.746 0.0j.5(1) 0.056(1) 0.030(2) 0.036 0.65

CuBr 0.735 0.013(1) 0.044(1) 0.028(1) 0.030 0.68

CdSe 0.699 0.009(1) 0.020(1) 0.016(1) 0.014 0.70

CdS 0.685 0.013(1 ) 0.018(1) 0.014(1) 0.010 0.56

ZnO 0. 616 0.0018(5 ) 0.0073(3) 0.0073(2) 0.0064 0.88
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Chemical short range order in amorphous
CuxTiioo-x alloys was examined by means of
EXAFS spectroscopy.The condition of EXAFS
measurement was described in previous
report.[l]Amorphous samples were prepared
by mechanical alloying (MA) and grinding
(MG). Coordination number of nearest
neighbour atoms around Cu was determined
by a curve fitting analysis.
The Cow ley chemical short range order

parameter(CSRO parameter) [2] was deduced
from coordination number using following
equat ion.

«= [NTi/(Ncu+NTi)a-X)]
where. Ncu and Nil are coordination numbers
of Cu around Cu , and of Ti around Cu,
respectively,and X is the concentratin of
Cu.When a is negative,unlike-atom correla
tion is dominant in CSRO, while like-atom
correlation is dominant for positive a
and CSRO is chemically random for null a.
Fig.1 shows Cow ley CSRO parameter a of

MA , MG and rapidly quenched (RQ) [3]

Fig.1 CSRO parameter of MA, MG and RQ
samples as a function of composition.
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samples, a of MA and MG sample changes
drastically from positive to negative as
Cu concentration increases,while a of RQ
sample changes less and remains negative.
This means that the difference of amor
phous state is evident between solid
state reacted amorphous and liquid
quenched one.

Fig.2 shows the ratio Ncu/Nii as a func
tion of composition X. The ratio Ncu/Nii
increases linerly in the range of 25<X<57
and satulates at nearly 2.1 above X=57.
This means that in the range of 25<X<57,
CSRO changes corresponding to the composi
tion towards a like-atom correlation and
CSRO is fixed to the form of Cu2Ti above
X=57. This suggests that CSRO of the form
Cu2Ti is the most preferable order of
solid state reacted amorphous phase and
this CSRO affects the amorphization
process. Interdiffusion of Ti into Cu may
be promoted in Cu-rich region and be
interfered in Ti-rich region.This tenden
cy makes CSRO parameter a positive in the
range of 25<X<67 and negative in the
range of X>67.

[1]K.Nakamura and M.Nagumo, J.Non-cryst.
Solids(in press)
2, J.M. Cowley,Phys.Rev. 77 (1950), 667
3JM. Sakata, N. Cowlam, and H.A. Davies, Proc.
th Int.Conf. on Rapidly Quenched Metals

(Sendai,1981)347

Fig.2 Ratio of
amorphous alloys.

Ncu/Nii for CuxTiioo-x
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The importance of cysteinyl
residues as metal binding sites in
proteins that contain copper as pros
thetic groups has been well recognized.
They are involved in metal storage-
transport and electron transfer proc
esses. Cu(II)-S(cysteinyl thiolate)
bond in blue copper proteins such as
plastocyanin is chemically stable and
characterized by X-ray crystallography.
In low molecular-weight complexes, the
Cu(II)-S bond, which is chemically
unstable undergoing oxido-reduction, has
not been characterized, except for the
bond in (dimethyl N,N'-ethylenebis(L-
cysteinato)(2-)-S,S')copper(II) (1).
We describe here characterization by
EXAFS of the Cu(II)-S bond in the ternary
complexes from Cu(II), a dipeptide and
cysteine or glutathione.

Since the ternary complexes examined
were chemically unstable, preparation of
the samples was carried out by a rapid-
freezing technique. Solutions of
Cu(II)-peptide and L-cysteine(CySH) or
glutathione(GSH) were mixed at room
temperature with a rapid-mixing appa
ratus, which had been reported (2), and
the reaction was quenched by rapid-
freezing at -200 °C. The solutions
flashed out from jets of the mixer were
frozen rapidly as thin films on the inner
surface of a copper cylinder immersed in
liquid nitrogen. Dead time of the
apparatus was less than 5 ms. The
sample produced on the surface of the
cylinder was collected and transfered
to an aluminum observation cell.

Measurement of X-ray absorption
spectra was carried out on the EXAFS
port(BL 7C) at Photon Factory (2.5 GeV)
of the National Laboratory of High-
Energy Physics (KEK)(3). The operation
current was 280-120 mA. The spectra
measured at -200 °C in the range of
photon energy from 8520 to 9980 eV were
registered in a transmission mode.

The coordination structure of the
ternary complex composed from Cu(II),
a dipeptide and CySH has been identified
as shown in Fig. 1 (4). The copper is
coordinated with a thiol sulfur and

three nitrogens. The EXAFS Fourier
transform for Cu(II)(H_.Ile-Gly)(CyS)
is shown in Fig. 2. The Cu(II)-S and
Cu(II)-N distances in the complex were
determined as 2.27 + 0.02 A and 2.06

+ 0.02 A, respectively, by least square
analysis.
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Fig. 1. Coordination structure
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Fig. 2. Fourier transform
for Cu(II) (H_j^Ile-Gly) (CyS)
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Introduction

Mechanical alloying (MA) is a new technique for
forming non-equilibrium phase by means of solid state
reaction. It has been found that MA facilitates the
formation of amorphous materials (Cu-Ta^^) and super
saturated solid solution (Cu-V '̂̂ ^), even when the
systems are immiscible and have a positive heat of
mixing. These results were obtained from conventional
MA in an argon atmosphere. In this study, CugQV.^Q
powders were mechanically alloyed in nitrogen
atmosphere and the structural changes were observed.

Experimental and Results

Pure metallic copper (fee) and vanadium (bcc) powders
were mixed to give the starting composition of Cu3qV.^q,
and were milled with the Cu-Be vial and balls in a

nitrogen atmosphere. EXAFS above the V K (5876.6 eV)
and Cu K (8980.3 eV) absorption edges were measured
with a Si(lll) double-crystal monochromator on BL-7C.
For V K EXAFS measurement, a platinum coated mirror
was employed to reject higher harmonic reflections on the
monochromator. Measurement was carried out at 30 K,
in order to sharpen EXAFS spectra by attenuating the
thermal oscillation of the system.

Figures 1 and 2 show the magnitude of Fourier
transforms of the k*xCk) above the Cu and V K edges,
respectively. At the early stage of MA (40h), the data are
quite similar to those for samples mechanically alloyed in
an argon atmosphere '̂̂ ^; vanadium K EXAFS did not

pure Cu . < 0.125

0.0750.15
40 h

200 h

change so much, while a change of atomic arrangement
around copper, especially, in the region of 3-6 A, was
clearly observed. It indicates that bcc Cu-V solid solution
was formed at this stage.

As the milling time increased, the structure around
vanadium atom significantly changed due to destruction
of bcc crystal structure by incorporation of nitrogen.
From the results shown in Figs.l and 2, it was found that
nitrogen selectively coordinates close to vanadium atom.
The structural change around copper was rather slight,
but peaks corresponding to bcc structure diminished.

At the final stage of MA, the powders got strongly
disordered, and became to have a short range structure of
V-N-V-Cu bonding. It was also confirmed that the x-ray
diffraction pattern of the powder was weakened and
reduced to a single halo. The quantity of nitrogen
absorbed was ca. 12 at. %.

In summary, the new Cu-V-N alloy has been
synthesized by MA in nitrogen atmosphere. First,
metastable Cu-V super-saturated solid solution, which is
as well obtained from the conventional MA in an argon
atmosphere, was formed, and then nitriding reaction
proceeded in the solid solution.

References
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Fig.l (Left)
Fourier transform of k*x(k) for Cu K
EXAFS. (k-range: 3.1-13.6 A'̂ ). The
asterisk shows the position of the 4th
neighboring atom for bcc copper crystal.

Fig.2 (Right)
Fourier transform of k*x(k) for V K
EXAFS.(k-range: 3.1-11.6A'̂ ).
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liitroductin ii

Many Ce compound system have been studied as
'Heavy Fennion' systems. Amorphous Ce-Cu alloys
are very unique ones because we can study effect of
random structure to the physical properties at low
temperatureU. Since 4f electrons of Ce atom play an
important roles in physical properties^). XFAS
experiments have been carried out to characterize the
local structure around Ce atom in amorphous Ce-Cu
alloys .

Experiinents

Amorphous CeCu, CeCu2 and CeCu6 films were
prepared by RF sputtering on a water cooled polyimide
substrate. The sample thicknesses were adjusted to be
optimum for transmission measurements. X-ray
diffraction spectra of these Ce-Cu alloys show halo
patterns . XAFS measurement were carried out at the
BL-7C Photon Factory in KEK with Si(lll) double
crystal monochromator. For Ce L3 absorption
edge(5.7KeV), a double mirror were used for
minimizing high -order harmonics. Both Cu K-edge
and Ce L3-edge XAFS measurements were done by
transmission mode at 20K.

Results and discussion

Fig. 1(a) and (b) show the Ce L3-edge XANES
spectra of crystalline and amorphous Ce-Cu alloys
respectively . The spectral difference is quite clear
among the crystalline samples, while that in the
amorphous samples is not so clear. As shown in
fig.2(a) and (b), Cu K-edge XANES reveals the trend
that of the Ce L3-edge. The Curve fitting results of Ce
L3-edge EXAFS for amorphous CeCu are listed in
table 1 together with the result of X-ray diffraction
analysis(XRD). the Ce-Cu and Ce-Ce distances
obtained from EXAFS and XRD analysis are close
each oilier. Difference in distance between amorphous
and crystalline CeCu are large, where the Ce-Ce
distance is extremely large.

Composition dependence of Ce-Ce distance
obtained from tJiese EXAFS analysis tends to decrease
in amorphous Ce-Cu alloys .

Table 1 Curve fitting results of amorphous CeCu.

Distance (A)

Ce-Ce Ce-Cu

EXAFS* 3.63 ± 0.02 3.00 ± 0.02

XRD 3.67 3.07

Crystal 3.96 3.12

present work.
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Fig. 1 Ce L3-cdgc XANES spectra for (a) crystalline
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Fig. 2 Cu-edge XANES spectra (a) for crystalline sample
and (b) amorphous sample.
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Introduction

PET(polyethy1ene terephthalate)
bottles are widely utilized for
containers of refreshing drinks.
Germanium oxide is commonly used as a
polymerization catalyst for these
containers. Although the PET
polymerization mechanism is still
obscure, metal glycolate, formed by the
reaction of metal oxide with ethylene
glycol, is probably the active catalyst

1 )species It is expected that the
germanium catalyst remaining in the
product does not have an oxide structure.
Our goal is to determine the structure of
germanium remaining in a PET bottle.
Since germanium catalysts remain in
polymers at very low concentration
levels, the fluorescence EXAFS method is
considered to be the only means of
structure analysis.

Experimental

A bottle for a popular refreshing
drink (oolong tea) was used to make a
sample. The concentration of germanium
contained in this sample was determined

to be 39 ppm (|ig g~l) using ICP-AES and
XRF. Crystalline Ge02 (hexagonal) powder
diluted with high-purity polyethylene
powder, and a nitric acid solution of the
Ge02 powder were used as reference
standard samples. To measure them by the
fluorescence EXAFS in the same geometry
that was used for the PET, Ge
concentration was adjusted to 1,000 ppm

Ge in HNO

Distance (A)

Fig.l. Magnitude of the Fourier transform.

in all reference samples. EXAFS spectra at
Ge K-edge were taken at beamline 7C. A
Si(111) double-crystal monochromator was
used. The second crystal was sagittally
focused, increasing beam intensities.
Fluorescent X-rays were detected with a
Lytle-type ionization chamber.

Results and Discussions

Figure 1 shows the magnitude of the
Fourier transforms of the k^-weighted
EXAFS ) spectrum for the PET, the

Ge02 and the nitric acid solution in the
k-space range of 4 to 15 A~l. The first
peak is due to oxygen distribution; the
second peak due to Ge distribution. As can
be seen, the Fourier transforms of the PET
and the Ge02 are quite similar. Hence,
this suggests that Ge in the PET has a
structure similar to that of the Ge02 .
Note that no peaks ascribed to Ge are
observed in the nitric acid solution
sample.

Table 1 Results of curve fitting analysis.

Sample Shell N r(A) cr(A)

Ge02 O(lst) 4.710.2 1.7510.01 0.03710.004

Ge(2nd) 7.210.9 3 .1510.01 0.04710.004

Ge02 O(lst) 4.810.2 1.7510.01 0.03810.005

in HNO3
- - - -

Ge O(lst) 4.910.2 1.7510.01 0.04010.004

in PET Ge(2nd) 6.910 . 8 3.1510.01 0.05210.005

Table 1 shows the results of curve-
fitting analysis. The values of phase
shifts and back scattering amplitudes were
quoted from Teo and Lee^) tables. As can
be seen in Table 1, the r- and N-values
for the first shell of all three samples
are almost the same. For the second shell,
the comparable values are also obtained
for the PET and the Ge02. These results
suggest that the Ge02 powder and its
nitric acid solution have different local
structure, and that the local structure
of the PET is quite similar to that of the
Ge02 .
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Introduction

An XAFS analysis of supported metal
oxides has an advantage that it pro
vides both structural and electronic

information. ^ We report XANES/EXAFS
analyses of highly dispersed phases of
supported titanium oxide species which
were prepared by a CVD(Chemical Vapor
Deposition) technique.

Experimental
Titanium oxide species supported on

Si02 and AI2O0 were prepared by the CVD
method. Ti(0Pr^)4 vapor was reacted with
surface OH groups of silica or alumina
at 423K which had already been evacuat
ed at 673K for 2 h. Isopropoxytitanium
species on a support was heated in air
at 673K for 4 h. Sample powders were
sealed into a Q-pack pouch in an Eikosha
dry box. X-ray absorption measurements
were carried out at the BL-6B and 7C by
using a fluorescence detector.

Results and Discussion

1. The structure of Ti02/Si02
The XANES spectrum of Ti K-edge of

Ti02/Si02 prepared by the CVD method (
Fig. 1) is different from rutile and
anatase Ti02 which are in octahedral
coordination. A sharp pre-edge peak is
very s.imilar to that of tetrahedral
Ti(0Pr^)4^ which is the source of CVD.
The structure is different from those of

Ti02/Si02 prepared by impregnating Si02
in an organic solution of Ti(0Pr^)4
which were shown to be anatase-like st

ructure.^ The FT spectrum of Ti02/Si02
gives a single peak attributed to Ti-0
bond whose length is shorter than that
of TS. '(Table 1) When water was adsorb
ed, both XANES and FT spectra were
changed into that of 5-fold coordina
tion. From these results Ti02/Si02 is
concluded to be highly dispersed in
tetrahedral coordination.

2. The structure of Ti02/Al203
The XANES spectrum of Ti02/Al203(Dry)

is different from that of Ti02/Si02 and
the pre-edge peak is less.(Fig. 1) The
spectrum is also different from those of
rutile and anatase Ti02. The XANES spec
trum of Ti02/Al203 is similar to that of
Ti(0Bu^)4 in 5-fold coordination. The
adsorption of water scarcely changed the
XANES spectrum differing from the case
of Ti02/Si02. There are two types of Ti-
O bonds in which one has the same bond

length with that of Ti02/Si02 and the
other longer bond length.

These structural changes between Ti02
/Si02 and Ti02/Al203 are reflected in
catalytic activity of epoxidation of
olefins which is now being carried out.

1)J.C.C.Bart, Adv. Catal., 34(1986), 203
ibid., 35(1987), 1. 2 )F.Babonneau et al.
Inorg. Chem., 27(1988), 3166. 3)T.M. Sa-
lama et al.. Surf. Sci. Lett., 227(1990)
L100;K.Asakura et al., PF Activity Rep.,
#7(1989), 18. 4)D.Trong On et al., J.
Mol. Catal. 74(1992), 233.
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Table 1 Curve-fitting for Ti-0 shells of supported TiO;
catalysts

Support Condition Structure parameter

R/A CN AoVIO'A^

SiO^ Dried 1.77 3.5 7.27

SiO^ Hydrated 1.77 3.2 15.0

1.93 0.63 4.19

AIA Dried 1.77 2.9 10.5

1.95 0.39 0.20

AI,03 Hydrated 1.78 3.7 14.3

1.98 0.66 0.37

Ti(OPr'). in xylene 1.77 4.0 9.82

R: Bond length. CN: Coordination number. Aa^: Debye-
Waller factor.
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Introduction

Recently high accumulation of vanadium in P. occelata
which is a polychaete worm living in a clean sea was dis
covered by Ishii et al. (1992).') The concentration of the
vanadium was remarkably high at crown-like radioles of P.
occelata and reached to 7.15mg/g on a dry weight basis.

Until our discovery of P. occelata, it was generally be
lieved that the ascidians were the only organisms which
accumulate vanadium at a high level in the Animal King
dom. The highest concentration of vanadium was reported
for blood cells of Ascidia ahodori and was 21mg/g on a dry
weight. Although a large number of studies on the ascid
ians have appeared since its discovery in 1911,2) none of
them have clarified clear biochemical significance of vana-
dium.-^'^-)

Knowledge of the oxidation state and coordination form of
vanadium in P. occelata is important to study the physio
logical roles of vanadium. Since XAFS is a useful method
for obtaining such information, we have applied the method
to this problem.

Experimental
XAFS spectral data of the living P. occelata were meas

ured on the BL-7C, using a Si(lll) two-crystal mono-
chromator and a fluorescence detector''). Measurement was
made using living P. occelata. The living samples were
kept in fresh sea water just before the XAFS measurements.
The whole bodies of the animals were placed in a polyeth
ylene bag and three radioles parts were subjected to the X-
ray irradiation. TTie animals were still alive even after the
X-ray irradiation.

For comparison, XAFS spectra of six vanadium com
pounds of known structures and chemical states, (V2(S04)3,
V(acac)v V0(acac)2, VOC2O4 nHjO, V2O5, NH4VO3) were
also measured.

Results and Discussion

Figure ! shows the vanadium K-edge XANES spectra of
the samples and reference compounds. It is found that the
K-edge spectra of certain compounds exhibit a strong pre-
edge peak at around 5.47keV. This peak is ascribed to the
Is to 3d transition, which is formally forbidden by dipole
selection rules if coordination about vanadium has octahe
dral (Oj,) symmetry with a center of inversion.2) When the
symmetry of the ligand is lowered from O^, the inversion
center is broken, and the pre-edge absorption becomes
dipole allowed due to a combination of stronger 3d-4p
mixing and overlap of the metal 3d orbitals with the 2p
orbitals of the ligand. Therefore, if a vanadium compound
contains a terminal 0x0 ligand (V =0) as in the
vanadium(lV) compounds, the octahedral symmetry is
broken and it exhibits intense pre-edge absorption. It is
reported that the intensity of the pre-edge absorption is
roughly proportional to the number of 0x0 groups present in
the molecule.8)

As can be seen in Fig. 1, the intensity variation of the pre-
edge peaks across the series of the reference compounds,
from V(III) to V(V) compounds is remarkable. On the
other hand, the pre-edge absorption in the spectrum of P.
occelata is almost negligible resembling to that of the
symmetrically coordinated Vn'(acac)3. This indicates that
vanadium exists in the V(III) state in the living condition
with lack of any significant quantity of VO2+ component.

It is also noteworthy that a significant increase in the pre-
edge intensity was observed for the dried radiole sample
(Fig. 1). A similar effect was obtained when the radioles

were removed from the body and ground in an agate motor
in air. This suggests that vanadium is easily oxidized by air
to produce VO2+ component. Therefore, in vivo measure
ment of the XAFS spectra is essential for the determination
of the chemical state of vanadium in P. occelata.

The Fourier transforms of the EXAFS oscillation gave a
single main peak with the absence of any ordered second
shell of scattering atoms at longer distance. Considering
from the result of the XANES analysis, this observation may
indicate that vanadium exists in ionic state with symmetri
cal octahedral coordination in a solution. A similar coordi
nation form of vanadium was also reported for ascidian
determined by the XAFS®) and NMR') analyses of the living
ascidian blood cell, i.e., the vanadium complex in living
ascidian blood cells was reported to be a simple
vanadium(III)-aquo complex, which contains another small
oxygen-containing ligand, possibly sulfate.'")
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Introduction
It has been known that several kinds of marine animals

ha\ e accumulating capability of specific elements. It is
reported that the kidney tissues of some marine bivalves
contain intracellular or extracellular gnmules'-^).

Ishii et al. determined the chemical composition of the
granules in the tissues of two marine bivalves, Tricacnidae
and Cydosuucfla menstrudis by ICP-AES'-^). The kidney
granules contained Ca and P in major amount and minor
Mg. Mn and Zn. The concentrations of these elements in
the kidney granules were up to ten times higher than those
in the kidney tissues, and were several thousands times
higher than those in ordinary marine organisms. Such
biogenic minerals should have several functional roles. It
has not been ascertained yet, however, what kind of biologi
cal functions the elements in the tissues of the seashells

ha\ c. hcnv these seashells accumulate the elements at high
concentration, and why these seashells select some elements
•specifically. The purpose of the present study is to investi
gate the chemical forms of manganese in the kidney gran
ules. Since the granules were X-ray amorphous, XAFS
.in.alysi's was performed in order to examine coordination
en\ irtmment about the manganese atoms. This is the first
.application of XAFS to the analysis of manganese in the
extracellular granules of the marine bivalve Cyclosunetta
nu'ii'^rriudis and that of the intracellular granules of some of
the giant chims. Tridacnidae.

Experimental
F(mr species of Tridacnidae, the fluted giant clam Tri-

dtu iui squamosa, the crocus giant clam Tridacna crocca, the
elongate giant clam Tridacna maxima, and the bear paw
clam Hippopiis hippopus. were collected from coral reefs
off Nhigaki Island. Okinawa, Japan. Cyclosunetta men-
srnuili-^ w.is collected from the nearshore area of Ibaraki

Prefecture. Japan. The kidney granules were separated from
the soft tissues of the kidney and were dried.

The Mn K-absorption spectra of the granules were
measured in a fluorescence mode on BL-7C using a fluo-
rc'icence detector of the Lytle type'') and a Si(lll) double-
crystal monochromator. During the measurements, the
kidney granules were held in a polyethylene bag. For a
comparison. Mn K-XANFS spectra of some Mn com-
p<Hinds were measured as standards of known chemical
formula and structures: i.e., Mn, MnO, Mn203, MnOj, and
Mn minerals: eosphorite (MnAl(P04)(0H)2Tl20), kutnohor-
ilc (Ca(Mn-'.Mg.Fe-*)(C03)2), purpurite ((Mn-^bFe-^^jPOJ.

Results and Discussion

The Mn K-XANFS spectra of the kidney granules are
presented in Fig. 1, and are compared with some of the
standard materials. 7die overall spectral shapes of the
kidne\' granules of the bivalves are similar to each other and
somewhat resemble that of eosphorite (MnAl(P04)(0H)2
•IKO). In addition, the positions of the absorption edge of
the granules also agree with that of eosphorite which con
tains Mn(ll). These results suggest that Mn exists as diva
lent state in the kidney granules of the bivalves examined.
The ob\ i(ms difference in the spectral shapes between the
kidney granules and the other standard materials demon
strates immediately that there is a certain difference in the
electronic states of manganese.

A comparison (T the curx'es of the kidney gran
ules with those of the standard materials showed that there
was an apparent similarity between the granules and eos
phorite. Therefore, it is expected that manganese in the

kidney granules has a similar bonding structure to eosphor
ite which has 6-fold oxygen coordination.

Radial distribution curves were obtained by the Fourier
transforms of 'Tjd are shown in Fig. 2. The first
intense peak at 1.70 A is ascribed to the bonds between
manganese(II) ions and oxygen ions in the first coordination
sphere. The positions and intensities of the first intense
peak of the kidney granules are also close to those of eos
phorite. On the other hand, IR spectra of the granules indi
cates that the metal ions exist as phosphates in the granules.
From these observations, combined with a preliminary result
of curve fitting analyses, it can be said that manganese in the
kidney granules may exist as a phosphate with 6-fold coor
dination of oxygen atoms.
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INTRODUCTION

Zeolites have attracted great

attention as containers to make low

dimensional materials wiiich will show

quantum size effects.

It is expected that the lowest excit

ation energy of electron-hole pair of

the semiconductor cluster with smaller

size than effective Bohr radius of the

exciton will be shifted to the higher

energy side, i.e., blue shift. Pt)l2 is
a compound semiconductor with the band

gap of 2.57 eV. The effective bohr
radius in bulk Pbl2 is 19 A, while the
diameter of c<-cage of LTA is ca. 11.4 A.

This is a good system to study by X-ray

diffraction, because both Pb and 1 atoms

iiave large scattering amplitudes. From

geometrical constraint, the maximum

number of molecules per oc-cage is

estimated to be less than six, and

observed average value is about four. We

confirmed clusters were formed in oi-cage

by HREM and observed superlattice

reflection in electron diffraction

f)attern obtained only from the specimen

of maximum loading of cluster. From

optical absorption spectra of Pbl2
clusters incorporated into LTA as a

function of loading density of Pbl2
molecules. several different sizes of

ciuster confined in the space were

confirmed. But it is very difficult to

explain X-ray powder diffraction
intensity and HREM images without

information on the clusters. Therefore

i'b atom suroundings such as nearest

neighbour distance and coordination

number, are very informative to solve

both structure of cluster and its

relation to the zeolite framework.

EXPERIMENTALS

After dehydration of LTA zeolite at 420

C for 2 hours, Pbl2 clusters were incor
porated into the spaces of zeolite

through vapour phase at 420 C for 20

hours. They were annealed at 350 C for

8 hours and cooled down gradually to
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room temperature. Pbl2 source( orange
colour) was distilled in vacuum prior to

the incorporation. The LTA powder

changed colour from white to light

yellow after the incorporation. The

average number of Pbl2 molecules per
cage is estimated by weight ratio of

Pbl2 to LTA. Adjusting the absorption
coefficient for X-ray by mixing

dehydrated LTA powder, EXAFS spectra for

L-cdges of Pb were observed at BL-7 and

10 lines from three specimens with

different loading density of Pbl2
cluster( 3.8, 3.3 and 0.95 molar ratio)

and the spectra of Pbl2 and PbO were
also measured for reference.

RESULT

We can observe Pb-I bonding ('^3 A)

In Pbl2. and Pb-0('-1.8 A) and Pb-Pb(
~3.4A) in Pb-0 from their profiles. From

these we can assign the peaks observed

from Pbl2-LTA specimens at ca. 3 and 2 A
as Pb-1 and Pb-0 bondings, respectively.

Both Pb-I and Pb-0 bondings are clearly

observed in PbI2(3.8)-LTA and Pbl2(3.3),

but number of Pb-I bonding for the

former is much larger than that for the

latter while there is no big difference

in number of Pb-0 bondings. There is a

little difficulty in assigning the peaks

in the profile of Pbl2(0.95)-LTA,
because it shows complicated profiles

with low S/N ratio, which may correspond
to several different bondings due to the

several different types of cluster

observed in optical spectra.

These suggest that the number of Pb-I

bonding becomes larger with loading

density of Pbl2 cluster as expected and
that Pb atoms have a bonding with

framework oxygen, which is especially
important at lower loading.
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Introduction

Small amount of additives play important roles in
controlling properties of materials. Fluorescent XAFS
measurement is one of powerful tool for studying the local
structure around these small additives'). In the case of
fluorescent measurement of additives included lower-Z
element matrix, the fluorescent from matrix make lower
signal/background ratio. Maximum counting rate of SSD
system is limited around 10'' counts/sec, thus it is very
important to reduce the fluorescent from matrix element. In
this study we tried filter method combined with SSD and
SCA detection system.

Experiments

Amorphous Fe73 5 ribbons
(FINEMET) were prepared by melt-quenching. These
samples are kindly offered by Hitachi Metals Ltd^). The
bcc-Fe supersaturated with lat%Cu (hereafter Cul%-Fe)
was prepared by water-quenching an arc melted ingot after
being annealed for 48 hours at 1173K.

All the XAFS measurements were done at the room

temperature using synchrotron radiation with Si(lll)
double crysLal monochromator in KEK PF BL-7C. For the
Cu K-edge we adopted tlie fluorescence method because of
the small amount in the sample. A solid state detector
(single element pure Ge SSD) was used as an energy
dispersive counter with SCA energy window opened at Cu
Ka. The detector was positioned at 90® with respect to the
incident beam direction and in the plane of the electron
orbit. Cr and Ni filters were used in order to reduce Fe
fluorescence and elastic scattering, respectively.

Results and discussion

Fig.l shows fluorescence spectra taken at the incident x-
ray energy just above the Cu K absorption edge(8.98keV).
The intensities of these spectra are normalized by Cu Ka
intensity. In the case of no filer, tlie intensity ratio between
Cu Ka and sum of the Fe Ka and the Fe Kp was 0.08.
Since the K absorption edge of Ni is below the Fe
fluorescence energy, Ni filter has higher absorption
coefficient at the Fe fluorescence energy than at tlie Cu
fluorescence one. Cr filter was used to decrease the elastic
scattering from tlie sample. Finally combined u.se of Ni and
Cr filters improves fluorescence intensity ratio Cu/Fe from
0.08 to 0.38; accordingly, the count rate of the Cu Ka was

increased. Total counting rate, including Fe Ka and Kp,
was lower than 10'' counts/sec which guarantees linearity
of detection system.

Fig.2 shows raw Cu K-edge XAFS spectra of
FINEMET together with that of the Cul%-Fe^). Each
spectra is the sum of 6 - 8 scans and each scan took about
1hour. Total counts for each step were around 10^.
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Fig. 1 Fluorescence x-ray intensity spectra.
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Fig.2 Raw Cu-edge XAFS spectra for FINEMET of as
quench, 783K anneal and Cu 1%-Fe.
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1 .Introduction

Recently a new approach has been developed for
producing nanocrystalline with excellent soft magnetic
properties through crystallizing amorphous materials
.(^•2)The small amount of combinded additives
Cu(1at7o) and Nb(3at7o) in Fe-Si-B amorphous alloy is
essential to form nano scale grains.In this study,XAFS
measurements have been made to study the local
structure change around Cu atoms during the
nanocrystal formation in Feya.sSiia.sBgCuiNba
amorphous alloy.
2.ExDeriment

A ribbon of the Feyg.sSiia.sBgCuiNbg alloy was
kindly supplied by Hitach foetal Ltd.lt was prepared by
rapidly quenched from the melt,5mm in width and
about 20mm in thickness.As-quenched ribbons were
annealed at 723, 743, 763,783 and 823K for Ihr. All
the XAFS experiments were carried out at the room
temperature using the synchrotron radiation with
Si(111) double-crystal monochromator in KEK PF BL-
7C.For the Cu K-edge we adopted fluoresence method
because of the very small constiuent in the sample.

Cul at%-FG

Pure Cu

- 823K

743

AS-Q

6 8

Wave Vector k / A
3.Result and Discussion

Fig.1(a),(b) and (c) show the XAFS spectra of K-edge
for Cu, Fe and Nb in the samples of the as-quenched
and the annealed at 743,783 and 823K.The results for
pure Fe,pure Cu and pure Nb are also shown together
with that for the bcc-Fe supersaturated with 1at7o
Cu(Cu1at7o-Fe) in these figures.The most remarkable
fact found from these XAFS results is that the local
structure around Cu changes quite differently with

Cu K-edge
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annealing temperatures.The transition from
amorphous to fee Cu environment around Cu atoms is
nearly completed at 743K which is lower than the
crystallization temperature by SOK.On the other
hand,no appreciable changes for Fe were observed
from the as-quenched until crystallization occurs.In
addtion, XAFS results for Nb show no change over the
whole annealing temperatures in this work.

Wave Vector k / A

- (c)

-Nb K-edge

LJ L

Fe K-edge

Pure Fe

743K

AS-Q

Pure Nb

743K

AS-Q ^

4 6 8 10 12 14
Wave Vector k / A

Figs.1 (a),(b) and (c) XAFS spectra k^tx) for Cu,Fe
and Nb K-edge of Feya.sSiig.sBgCuiNba
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There are two different type of behaviors on the

concentration dependence of lattice parameter in pseudo

binary R(A,.,B,)2 compounds,R=rare earth and

A.B=meta!s,with CIS structure,i.e. cubic Laves phase. Large

positive deviation from linear concentration

dependence,i.e.Vegard's law, is seen in the Er(Fe,.,Co,)j and

Ef(Fe,.,Ni,)2. On the other hand large negative deviation

from Vegard's law is found in the Ce(Ni,.,Fe,)j and Ce(Ni,.

,COj)j. Because CeNij is believed as mixed valence

compound,the characteristic behavior of such lattice spacing

change can be attributed to the valence fluctuation of Ce.

Our final goal in this work is to elucidate what makes such

a sharp contrast on the lattice spacing behaviors in these

pseudo binarj' alloys with CIS structure by investigating

their local structures.

At the beginning of this work we focus our attentions to

the lattice parameter change with concentration x for Ce(Ni,.

iFe,)^. The lattice parameter decreases sharply with

replacing small amount of nickel by iron in spite of a larger

atomic radius of iron than that of nickel. In this work we

try to know how much individual interatomic distance

contributes to such abnormal lattice parameter change in

Ce(Ni,.,Fe,)2 pseudo binary compound.

Samples of Laves compound Ce(Ni,.,Fe,)2 were prepared

by arc melting followed by annealing at 923 K for 7 days.

Cerium was refined by zone melting before alloying.

Homogeneous single Laves phase was confirmed by X-ray

diffraction.

XAFS measurements have been carried out at BL-7C with

using a total reflection mirror for Ce Lj-edge in order to

reduce high order harmonics and to focus the beam.

Absorption method was adopted for XAFS measurements

both of Ni K-edge and Ce Lj-edge and the temperature of

measurements was kept at 20 K. Samples were ground into

a fine powder and put on an adhesive tape.

The results of Fourier transforms F(r) of ;t:(k)*lc' for

Ni K-edge and Ce Lj-edge of CeNlj are shown in Fig.l

and Fig.2,respectively. The data for pure nickel and Ce are

also shown in each figure. The result of F(r) for nickel K-

edge shows well separated two peaks which correspond to the

Ni-Ni(=2.557A) and NI-Ce(=2.998A) first neighbors. An
advantage of this binary system Is a relatively large

difference of atomic radii between cerium and nickel, I.e.

'•cAm=1*46,which enables us to determine Ni-Ni and Ni-Ce

interatomic distances unambiguously. Because of the limited

available k region( 3<k<10 A) for cerium L,-edge, resolution
of F(r) is restricted. Nonetheless F(r) data for cerium shows

a satisfactory agreement with X-ray diffraction data.

Quantitative analysis and effects of iron substitution on the

local structure are now underway.
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Fig.l Fourier transforms of A:(k)*k:' for CeNl,
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INTRODUCTION

Preparation of oxide new materials using a
low temperature oxygen has been attracted
attention. In the present study, it was attempted
to prepare cobalt oxide catalysts supported on Zr02
by using oxygen plasma and to characterize these
catalysts by EXAFS. In addition, the catalytic
properties for oxidation of CO have been examined.
In our preliminary study, it was found that cobalt
oxide catalysts obtained by the oxygen plasma
showed high activities for oxidation of propane and
CO [11.

E?yEpiMENTAL
Zr02 (14.7 m g ) was prepared with an

aqueous solution of cobalt acetate. Then the
resulting powder was treated by oxygen plasma as
follows. The sample was set in a rotary tube and
oxidi^d by |ow temperature oxygen plasma (200W,
60cm' min of02,33cm min ofAr, total
pressure of 5 Torr) for 1.5 h. All samples were
mixed with cellulose powder as binder, and
pressed into disks in air. EXAFS was measured at
the Photon Factory (BL-TC) at room temperature.

RESULTS AND DISCUSSION

Figure 1 shows the Fourier transforms of Co
K-edge EXAFS. The data of spinel structure C03O4
and rock salt structure CoO as standard samples
are also illustrated in this figure. Figures la - Ic
show the changes of the spectra with the time of
the plasma oxidation. Before the plasma treatment
Co-0 bond of cobalt acetate appeared at around 2.05
A (Figure la). While the oxygen plasma treatment
for 10 min gave little change of the spectra (Figure
lb), a new spectrum with peaks at 1.91, 2.85 and
3.33A was obtained after 1.5 h (Figure Ic).

As shown in Figure Id, CogO^ had the peaks
at around 1.74 (Co-0), 1.95 (Co-0), 2.85 (Co-Co) and
3.36A (Co-Co). In the case of CoO, the main peaks
were observed at 2.11 (Co-0), 3.04 (Co-0) and 4.20A
(Co-Co). Therefore, the spectrum of Co oxides was
in agreement with that of CogO^ , indicating that
the Co oxides on Zr02 are present as CogO^ spinel
structure.

In conclusion, oxygen plasma brought about
highly dispersed Co oxides on Zr02, of which
structure was determined to be the spinel CogO^by
EXAFS.

[1] T. Okuhara, H. Watanabe, M. Misono, 61st

National Meeting of the Chemical Society of Japan,
1H237 (1991); G. Koyano, T. Okuhara, M. Misono,
Catalysis Society Meeting, 3F517, 1992.
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Distance / A

Figure 1. Fourier transforms of Co K-edge EXAFS
of (a)Cobalt acetate on Zr02, (b) After lOmin of
plasma oxidation, (c) Aflerl.5 h of plasma oxidation,
(d) CogO^, (e) CoO. Loading level ofCo was 5wt% as
Co atom.
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The micr0-structure of Co-Cr films

has been studied extensively for the
past decade because of the possible ap
plication as perpendicular magnetic re
cording media. Earlier observations
on the domain structure suggested the
segregation of Cr atoms along columnar
grain boundaries[1]I later studies by
electron microscope on the chemically
etched films revealed ch r ys a n t h emuni-
like patterns and brought a model con
sisting of Co-rich and Cr-rich portion
[2]. This model was supported by NHR
and some other experiments [3].

However, it has not been clear if
there are any non-magnetic layers of
10031 Cr, or more than 40X Cr, along the
grain boundaries. Therefore, it may
be appropriate to attempt EXAFS mea
surements which should be sensitive to

the local structure of atoms.

Co-Cr whose Cr content is between

about 13 to 2531 has hep structure with
a=2.512A and c=4.070Aj these lattice
constants do not change with Cr con
tent in the above range. The coordi
nation number is 12, out of which 6
atoms in the first subsheil are 2.499A

apart and the 6 in the second are 2.512
A apartl and the second nearest is

3.552A. On the other hand, should
there be lOOX Cr phase, it shall be bcc
with lattice constant of 3.512A with

nearest neighbour distance of 2.500A
and second nearest of 2.885A. There

fore, there is a possibility to dis-
tingwish the last 2.885A among others.

We used Co8p-Cr?0 films sputtered on

polyester substrates, some of which
were prepared by Thin Film Research Lab
of Teijin Lini ted.

EXAFS measurements were carried out

at BL-7C.

EXAFS analysis was made by a use of
a program developed by one of us (H.H.).

First, we determined the nearest

neighbour distances of a Co atom in

CogpCr??, from the s.pectrum near Co
edge, as 2.505A (1st subsheil) and
2.511A (2nd subsheil)! the reliability
factor (R-factor) was 0.027.

Using these values, we then obtain
ed the nearest neighbour distances of
the Cr atoms from the spectrum at Cr

edge assuming that all Cr atoms are
distributed on the lattices of hep! R"
factor for this fitting turned out to
be 0.12.

Since this was somewhat poorer than
the case at the Co edge, we tried the
similar analysis by 2 shell model,
neglecting the difference of first and
second subsheil and putting the nearest
neighbour distance as 2.508A. In this
case, R-factor was also 0.12.

Therefore, we utilized the latter mo
del and tried to add first (2.500A) and
second (2.885A) shells of bcc Cr on it;
where, the coordination number of the
first shell was 8 and that of the second
was 6. If there should exist addition
al bcc Cr phase in the samples of Co-Cr
films, the fitting after adding this
phase would bring about better R-factor.

In actuality, the results obtained by
the fitting for the cases of 2, 5, and 7
% of bcc Cr gave almost similar R-factor
as the case of no bcc Cr. Thus, we
could not get any affirmative evidence
of 100!K bcc Cr phase so far.

[1] S.lwasaki and K.Ouchil Trans. IEEE.
Hagn. Hag-16 (1980) 1111.

[2] Y.Haeda, H.Asahi and H.Seki! Jpn. J.
Appl. Phys. 25 (1986) L668.

[3] K.Yoshida, H.Kakibayashi and H.
Yasuoka! J. Appl. Phys. 68 (1990) 705.
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Various monorneric and polymeric manganese complexes
of different oxidation states have been synthesized and char
acterized by various methods in connection with investiga
tion of the redox systems in oxygen-evolving photosystem 11
(PSll) containing manganese ion cluster. In spite of various
X-ray absorption measurements of many manganese model
compounds so far reported, their solution structures have
not been investigated. In the present study, we have syn
thesized monorneric and dinieric manganese-(III) and ,-(IV)
Schiff-base complexes and measured their Mn iCedge absorp
tion spectra in solid and in solutions. Manganese complexes
of various oxidation states not available by visual chemical
synthesis have been prepared electrochcmicaliy by using an
in situ electrochemical cell. Structural characteristics for

the oxidation slate, polymerization, and solvation for the
manganese complexes have been examined in terms of the
Mn near-edge patterns and the local coordination structures
around Mn.

All manganese Schiff-base complexes investigated are il
lustrated in Fig. 1 with abbreviation of their names. Man
ganese complexes with asterisk were prepared electrochcmi
caliy by using the in situ XAFS electrochemical cell. Struc
ture standards employed were crystalline manganese-(II) and
-(III) acetates, MnCl2.4H20, Mn02, and Mn foil. Mn K-
edge absorption spectra were measured at room temperature
in transmission mode for solid samples and in fluorescence
mode for solution samples at BL7C station of the Photon
Factory, KEK. The XANES spectra for the manganese com-
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Figure 1: The manganese SchifT base complexes investi
gated .

plexes in solid atul in solutions arc very similar for manganese
complexes A-C, F, and G, and thus suggest that the solu
tion structures are not significantly altered from those in the
solid. For the monomcric manganese complexes the absorp
tion peaks shift to the higher energy side for higher oxidation

state of Mn. The dimeric Mn compounds of the oxidation
states III and IV (sample G) shows a very characteristic pat
tern, very different from those for dimers with two Mn(IV).
It should also be mentioned that the absorption pattern for
sample E containing two Mn(III) differs from those for sam
ples F and G. Insertion of the substituents to salpn ligands
for the dimeric complexes F, H, and I does not change their
spectra significantly. On the basis of the present result.s the
XANES spectral patterns are mainly characterized by the
oxidation state of Mn.

Background subtraction, extraction of EXAFS oscilla
tions, and Fourier transformation were performed in the usual
manner. All the Fourier transforms showed a distinct first

peak due to Mn-O/N interactions within the investigated
complexes. The second peak should arise from the second
neighbor interactions around Mn, however, the size of the
peak varies, depending on each sample. For dimeric com
plexes, Mn...Mn interaction was expected to contribute to
the second peak. Sample G showed a reasonably distinct
second peak.

A quantitative structure determination was carried out

by a least-squares fitting method applied to the Fourier fil

tered data in fc-space. The final values obtained successfully
are given Table 1. The Mn-O/N distances for the complexes
of Mn(lll) and Mn(lV) arc consistent with the values esti
mated from their ionic radii. Interestingly chloride ions bind

to Mn even in solution, which probably stabilizes the Mn(IV)
state in solution. However, it should be noted that addition

of moisture or water into the solution reduces Mn(IV) to
lower oxidation state. The Mn...Mn interatomic distance has

been determined to be 2.82 A for sample E' containing two
Mn(III) ions.

Table I. Results of the curve fits for the manganese SchifT-ba.se complexes.
Monomer Dimer

~A B C IT E' F
Solid Mn-O/N r/A 1.92 1.86 1.89 1.83

N 4 4 4 6

Mn-CI r/A
N

2.10

1

2.30

1

2.20 —

2 —

Mn-Mn r/A
N

— — —

Solii lion Mn-O/N r/A 1.89 1.89 1.77 1.82 1.90 1.81

N 4 4 4 4 6 6

Mn-CI r/A
N

2.21

1

2.32 2.25 -

2 1 - -

Mn-Mn r/A
N

—

:
2.82

1

♦ prepared electrochemically.
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Introduction

Recently, high optical nonlinear materials
have been actively searched for the use in
all-optical devices. The oxide glass is one of
the candidates for these materials because of

its tansparency, chemical durability, formability
and so on. We have developed the high optical
nonlinear glasses in the LizO-TiOz-TeOz and PbO-

TiOz-TeOz systems, and also studied the influence
of glass structure on the optical nonlinearity
for the NazO-GeOz glass[l] and the TeOz-based
glass[2]. Furthermore, it was found that the sol-
gel derived amorphous PbO-TiOz had the high
optical nonlinearity comparable to that of the
TeOz-basedglass and its third order nonlinear
optical susceptibility a: was increased with
increasing TiOz content. In this paper, EXAFS and
XANES studies of Ti K-edge were performed, and
the coordination state of Ti^* ions in the

amorphous PbO-TiOz was examined.
Experimental procedure

The amorphous PbO-TiOz was prepared using
Ti(0C3H7')4 and Pb (OOCCH3) 2•SHzO in the range
of 50-80molX TiOz via sol-gel process. X-ray
adsorption measurements around Ti K-edge were
carried out in transmission mode at BL-7C of PF.

The tetragonal PbTiOs (t-PbTiOs) and monomeric
Ti(0C3H7')4 were used as references of 6-fold
and 4-fold coordinated Ti"* ions, respectively.
The first-neighboring Ti-0 distance and coordi
nation number were extracted from the exprimental
spectra.

Resul ts and Discussion

Fig. 1 shows the Ti-XANES spectra of the 50PbO-
bOTiOz (mol?^) gels, the heated gels (amorphous),
Ti(0C3H7')4 and t-PbTi03. The similar XANES
spectra were also obtained for other amorphous
composition (40PbO-GOTiOz and 20PbO• SOTiOz). The

Ti(OPr')^.

PbliOi

^00°C

^.9^ A.98 5.02

Energy I keV

Fig.1 Ti K-edge XANES spectra of

the amorphous bOPbO-SOTiOz

position and intensity of the XANES prepeak
appear to indicate a 6-fold coordination of Ti"*
ions in the amorphous PbO-TiOz in referring to
t-PbTiOz (6-fold coordination). Fig. 2 shows the
Fourier transforms of Ti K-edge EXAFS weighed by
k^ of the amorphous PbO-TiOz and t-PbTiOz. Two
peaks corresponding to the Ti-0 distances in the
range of 1-2A are seen in the curve of the
amorphous PbO-TiOz in Fig.2. To obtain further
information on the coordination state of Ti"*
ions, curve fitting analysis were carried out.
The fitting results were as follows ; the first
peak for PbO-TiOz system was at 1.81-1.86A and
the second one was at 2. 27-2.32A independent
of the composition. However, information on the
coordination number was not clearly obtained.
It is known that Ti-0 distance is nearly 1. 8A
in the 4-fold coordination, while 1. 9-2. OA in
the 6-fold coordination in the SiOz-TiOz glass.
The short Ti-0 distance in amorphous PbO-TiOz
appears to correspond to 4-fold coordination,
but the long distance is a little larger than
that for 6-fold coordination. Although such two
Ti-0 distances cannot be assigned at present,
existence of two distances may be associated
with a largely tetragonal distortion in the TiOa
octahedron. The origin of two Ti-0 distances and
coordination number of Ti"* ions will have to be
confirmed, and change of peak height ratio with
heating temperature is another problem remaining
to be solved.

References

[1] O.Sugimoto, H. Nasu, J. Matsuoka and K.Kamiya
J.Non-Cryst.Sol ids (in press)
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Introduction

Zni-j-Muj-Te solid solutions belong to a group of ma
terials referred as semimagnetic semiconductors, because the
random replacement of the cation with magnetic Mn, leads
to novel magnetic and optical properties. Recently, we have
measured resonant photoemission spectra of Zni_xMnj,Te in
the Mn .3p-.3d excitation region and found that the Mn 3d
partial density of states (DOS) of Zno.7Mno.3Te is very simi
lar to that of Cdo.gMno.aTe.P For such a similarity, the con
figuration interaction (CI) theory^l requires that the Mn-Te
bond lengths in these alloys should be almost equal to each
other, though lattice constants of Zno.7Mno.3Te obtained
from x-ray diffraction measurements are fairly small com
pared with those of Cdo.gMno.iTe. In the light of this point
on the Mn 3d electronic states, we have made extended x-

ray-absorption fine structure (EXAFS) measurements, to get
information on the local structure around each constituent

atoms and report results of the EXAFS measurements for
Zni_xMnxTe and discuss the relation between the Mn-Te
local coordination and the Mn 3d electronic states.

Experimental

Zni_xMnxTe were prepared for x = 0.16,0.22,0.32,
0.47,0.60,0.65 using the Bridgman method. We confirmed
the samples forming homogeneous crystal phase of zinc blende
type by x-ray diffraction measurements. The Mn concen
tration was determined with the aid of electron-microprobe
analysis. The spectra of Zn K and Mn K-edge EXAFS were
obtained in the transmission mode at the beam line, BL-7C,
at room temperature.

Results and discussion

In Fig. 1. the Zn-Te and Mn-Te bond lengths in
Zni_xMnxTe are indicated by open and closed circles as
a function of Mn concentration, x, respectively. One no
tices that both Zn-Te and Mn-Te bond lengths show a little
change with x. The Zn-Te bond lengths are nearly equal to
those of pure ZnTe and the Mn-Te bond lengths are nearly
equal to those of Cdi_xMnxTe shown in Fig. 1 by dashed
line. The solid line represents cation-anion bond lengths in
Zni_xMnxTe obtained from x-ray diffraction measurements.
The mean square relative displacements of both Zn-Te and
Mn-Te bonds increases with increasing x. This suggests that
the replacement of Zn with Mn atoms produces the distor
tion in Zni_xMnj-Te lattice.

On the basis of the CI model,the spectral shape of
the Mn 3d partial DOS can be reproduced using paramerers
such as ed-Sp+U and (pdir), where Sd and Sp are energies
of unhybridized Mn 3d | and Te 5p orbitals (| and f) and
U is Coulomb correlation energy of Mn 3d electrons, {pdn)
exhibits p-d transfer integral ajid its value depends on the
Mn-Te bond length. Energies of Sd-Sp+U do not change be
tween Zni-iMn^Te and Cdi_xMnxTe. Thus the close sim
ilarity of the Mn 3d partial DOS is assumed to be due to
the almost equal Mn-Te bond lengths in Zni_xMnxTe and
Cdi_xMnxTe. The EXAFS results in the present study re
veal the main source of the similarty.

References

1) M. Taniguchi, K. Soda, I. Souma and Y. Oka : Phys. Rev.
B in press.
2) M. Taniguchi, A. Fujimori, M. Fujisawa, T. Mori, I. Souma
and Y. Oka ; Solid State Commun. 62 431 (1987).
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Fig. 1 The Zn-Te (open circles) and Mn-Te (closed circles)
bond lengths in Zni_xMnxTe as a function of Mn concentra
tion X.
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Transition metals are some of the most important
catalysts in current technology. The most common form
of metal catalyst consists of highly dispersed metal
clusters or particles supported on a high-surface-area
metal oxide. Supported metals are difficult to understand
because they have nonuniform structures. Therefore,
research has been done with model catalysts, such as (1)
oriented single crystals of metal that have well-defined
surface structures and (2) "molecular" organometallics
bonded to amorphous metal oxide supports. This research
combines these complementary approaches in an
investigation of "molecular" metal catalysts on single-
crystal supports.

Gates and coworkers have previously extensively
characterized rhenium carbonyls supported on amorphous
MgO and Y-AI2O3. The goals of this work were to
characterize surface structures formed by supporting
rhenium carbonyls on single crystals of MgO and AUOs-
Preliminary FT-IRAS characterization of Re carbonyls
supported on a thin layer of MgO on Mo(l 10) by Purnell
and Gates in collaboration with D. W. Goodman and
coworkers at Texas A&M University was successful. The
supporting of the rhenium precursors was done by vapor
phase deposition, whereby the vapor was introduced
through a dosing line with a nozzle near the crystal
surface. A similar experiment was planned for the
EXAFS characterizations to be carried out at the Photon
Factory. However, a MgO single crystal with the proper
geometry for the sample holder was not immediately
available. Thus, an AI2O3 single crystal was used as the
support.

Rhenium was chosen as the metal for the following
reasons: (1) Rhenium is a component of important
industrial catalysts, including olefin metathesis and
naphtha reforming catalysts. (2) The surface
organometallic chemistry of Re on amorphous metal
oxides has been investigated previously by Gates and
colleagues at the University of Delaware. (3) Re is
oxophilic and is known to form stable "molecular"
structures on the surfaces of metal oxides (e.g.,
|Re(CO)3{HOMg)2{OMg}]). where the braces denote
groups tenninating the bulk of MgO.

a-Al203 was chosen as the support for the
following reasons: (1) It is available in single crystal
form. (2) AI2O3 is an important industrial catalyst
support. (3) Re carbonyls supported on amorphous AI2O3
have been characterized by Gates and coworkers.

Previous EXAFS characterization of "molecular"
Re surface structures on amorphous metal oxides has led
to the proposal of structural models. However these
models are simplified and imprecise, especially in regard
to the precise structure of the surface sites where the metal
is bonded. Thus a single crystal with a defined surface
structure was chosen as the support. The results of the
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reflection EXAFS experiments were expected to provide
precise structural information characterizing the supported
"molecular" moieties and, specifically, the metal-support
interface.

The experiments were done at BL-7C with an in-
situ UHV chamber to contain the sample in a specified
environment and with a sample holder designed by M.
Shirai to allow measurement of polarized total reflectance
EXAFS in two orientations. Several different methods
were used in attempts to support the rhenium carbonyl
precursor on the a-Al203 single crystal. HRe(C0)5 was
dosed as a vapor into the chamber through a nozzle near
the crystal, with the crystal held at ambient temperature.
HRe(C0)5 was dosed similarly with the crystal held at 80
°C. Re2(CO)io was dosed into the chamber through the
nozzle assembly, both with and without heating of the
dosing line. Finally, a liquid phase deposition was
attempted with a dilute solution of Re2(CO)io in hexane.
After each deposition procedure, the sample was lowered
into the beam path and aligned for total reflectance. The
EXAFS signal was detected by a Nal scintillation counter
(90°).

The data have not yet been fully analyzed, but the
preliminary analysis indicates that each method yielded
data with a very small Re absorption edge compared with
the background noise level. It is not known whether the
data can be successfully analyzed.

The results suggest that (1) the amount of Re
supported on the crystal was too low to give a good signal,
possibly because the intrinsic reactivity of the AI2O3 face
was too low, or (2) the background noise level was
abnormally high, thereby obscuring the EXAFS
information. We are currently investigating the same
system with XPS to measure the amount of Re on the
surface of the crystal. If the Re loading is too low, we
must develop another way to support the rhenium on a
single crystal. However, if the Re loading is satisfactory,
the problem must have been in the experimental apparatus.

In the near future we hope to solve this problem
and make another attempt to characterize this important
catalytic system.
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In the present study, interatomic
distances and coordination numbers of

constituent atoms in a series of Te02-
ZnO glasses are obtained by X-ray
radial distribution function(RDF) and
EXAFS methods, and the local structures
in relation to the polyhedra of TeO^ or
Te03 in the corresponding glasses are
discussed by comparing with the struc
tural configuration and units found in
crystalline tellurite[I], paratellu-
rite[2], Zn2Te30g[3] and ZnTe03[4].

X-ray diffraction measurements were
carried out by monochromatized X-ray
wavelength of 0.7500A. Collected inten
sity of the corresponding glass was
normalized with Krogh-Moe and Norman's
method. The RDF, D(r) was obtained by
Fourier transformation of an interfer

ence function, si(s) deduced from the
normalization of the intensities.

Te K and Zn K absorption data in EXAFS
measurements were collected employing a
transmission mode. Oscillation curves

X(k)'s were obtained after subtraction
of the smooth background and normaliza
tion. A function K^x(k) was Fourier-
transformed to a correlation function,
F(r). The first peaks of the F(r) curves
were inversely transformed to get
K xj^(k) which were analyzed by the curve
fitting method. Absorption spectra of a
Zn Te Og was also measured to use as
reference sample in data analysis.

Figure 1 shows a RDF curve of the
85Te02-15Zn0 glass. From the RDF curve,
main peaks are found at 1.94A, 3.67A and
7.1A, and shoulder, in the range between
4A and 5A. The first peak found at 1.94A
corresponds to the first neighbor Te-0
interatomic distance. The second large
peak corresponds mainly to Te-Te intera
tomic distance and includes the Te-Zn

interatomic distance. The shoulder found

at about 4A is estimated to coexist to

third neighbor Te-0 distance and one of
two preferred set of Te-Te distances .

Figure 2 shows the F(r)'s around the
Zn atoms. The average Zn-0 distances
and the coordination numbers around the

Zn atoms for the corresponded Te02-Zn0
glasses obtained are listed in Table 2.

We compared the interatomic distances
of Te-0 and Te-Te in 85Te02-15Zn0 and
60Te02-40ZnO glasses with those found in
four types of crystalline states. The
Te-Te distance of the 85Te02-15Zn0 glass
is 3.67A and indicates almost the same
value of that of the crystalline
Zn2Te30g(Av. 3.60A). Furthermore the
present Te-Te distance is enough to
apart from that in crystalline tellurite
(the shortest:3.I7A) and to be far from

those of ZnTe03(3.84A ) and paratellu-
rite(the shortest: 3.74A). Taking
into account of the interatomic dis
tances of Te-0, the local structure of
the present 85Te02-15Zn0 glass consists
basically of the structural configura
tion and unit found at Zn2Te30g.

The Zn-0 interatomic distances in the
series of Te02-Zn0 glasses did not
change the values of about 2.OCA, even
increasing of ZnO contents. While the
average Zn-0 distances of the crystal
line Zn2Te30g containing TeO^ polyhedra
and ZnTeOg containing TeOg one are
almost the same values of 2.CM. There
fore structural change from TeO^ to TeOg
structural units by varying the ZnO
contents may not affect the Zn-0 dis
tance in the glasses.

[1]0.LINDQVIST, Acta Chem. Scand.,
22(1968) 977.

[2]H.BEYER, Z. Krist., 124 (1967) 228.
[3JK.HANKE, Naturwiss., 53 (1966)273.
[4]K.HANKE, ibid, 54 (1967)199.

Table 1 Compositions of glasses used
(mol%)

Component TZ15 TZ20 TZ25 TZ30 TZ35 TZ40

Te02 85 80 75 70 65 60
ZnO 15 20 25 30 35 40

Table 2 Atomic distances and coordina
tion numbers(CN) in the Te02-Zn0 glasses
obtained by EXAFS.

TZ15 TZ20 TZ25 TZ30 TZ35 TZ40
Zn-0(A) 2.06 2.04 2.05 2.05 2.05 2.04

CN of Zn 5.3 4.7 4.8 4.6 4.7 4.5

2.0 4.0 6.0

r(A)Fig. 1

ZnTcO",

8.0 10.0

Fig. 1 The RDF curve of 85Te02-15Zn0
glass, which include mainly the local
atomic arrangement around Te atoms.

Fig. 2 The F(k) curves associated with
local structures around the Zn atoms

in Te02-Zn0 glasses and of ZnTeOg.
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1 Introduction

A monolayer crystal of oxygen molecules(02)
(S= l) forms an ideal two-dimensional antiferro-
magnet by intermoleculaj direct exchange inter

action. This system has various phases depending

on coyerage(C) and temperature(T). In magnetic
susceptibility measurements of O2 monolayer on

h-BN, we have firstly observed a phase transi

tion of low density 6 phase(l.l < C < 1.6) at
Tat = 20 ~ 27K to low temperature 77 phase which
is speculated as a magnetic ordered state. The

aim of this experiment is to determine the struc

ture of this phase and to make clear the feature of

this phase transition.

2 Experimental

X-ray diffraction me£isurements were performed
at BL7C. Incident beam was monochromatized at

A = I.O30A by a Si(lll) double monochrometer
and scintilation counter was used for detection.

A powdered BN sample was pressed and cut into

about 5x10x1.2 mm^ and mounted to the cryo-
stat. O2 was adsorbed at T=:54K and cooled

slowly with annealing around each transition tem

perature. The signal of O2 monolayers is much

smaller than that of the substrate and can be seen

only by subtraction of the background (C=0).

3 Results and discussion

Fig.l shows the temperature dependence of

diffraction spectra at C=1.21. Two peaks at

Q=2.05A-i U(n)) and Q=1.67A-i ((5(20)),ob
served above T=23.8K, are shifted to higher

Q=2.13A~^ and lower Q=1.62A~^ respectively
below T=23.6K. This means that at T < 23.6K

the nearest neighbor distance of molecules be

comes shorter and one-dimensional nature of the

lattice is enhanced.

Fig.2 shows the spectra of dilute 8 phase

(C=0.81). Two peaks at Q=1.65A ^ and
Q=2.05A-^ correspond to 6(20) and 6(11), re
spectively.

In addition to above, we have succeeded in de

termining the 2D structures of C.f phase ajid we

confirmed the existence of new magnetic phcise at

dilute 6 region. c=i.2l

Fig.l
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Introduction

Three-dimensional information on chemical states
at high spatial resolution is required for understanding
heterogeneous surface and inteiface phenomena both in
surface science and in industrial applications.
Microscopic X-ray photoelectron spectroscopy (^i-XPS)
with an X-ray microbeam is expected to be an effective
method of providing such information.

We used depth profile analysis with XPS by
changing photoelectron escape depth• as the first step of
development of 3-dimensionalphotoelectron microscopy.
The photoelectron escape depth was tuned by changing
incident X-ray energy. This method dose not need to
measure the dependence of photoelectron intensity on
angle in contrast with the previous analysis using angle
resolved XPS^. Therefore, weak photoelectron intensity
due to reduction of X-ray beam size can be increased by
using a detector that has wide acceptance solid angle.
Calculation procedure for depth profiles

When the detector is positioned normal to the
sample surface, the normalized photoelectron intensity is
given by

/=- h

/(£o)T(t'Ar)(T(Eo)
r=B\ n

Jo

iz)exp(- ^)dz
X

(I)

where Iq is the measured photoelectron intensity, fl is a
constant,/fEo) is the intensity of incident X-rays with
energy Eq , T(Ek) is the detector transmission function
depending on the kinetic energy (Ek) of the
photoelectron, Ais photoelectron escape depth, a is the
photoionization cross section, n(z) is the number density
at depth z measured from the sample surface.

Equation (1) indicates that the normalized
intensity is described by the Laplace transform of n(z).
Thus, when the normalized intensity I is given as a
function of escape depth, the depth profile can be
obtained through the inverse transformof Eq. (1).

The inversion problem for Eq. (1) is well known
as "ill-posed problem". From previously proposed
methods for solving this problem, we have chosen the
method of Butler et al.^ because of the good stability of
the solution against signal noise.
Experiments

The depth profile was determined for two known
samples; one was a GaAs single crystal passivated by Se
(Se/GaAS) and the other was an oxidized Si thin film
(SiOySi). The XPS measurement was carried out in a
soft X-ray beamline (BL-8A). The incident X-ray was not
focused in this work. For the Se/GaAs sample, Se(3d)
and As(3d) XPS spectra were taken at four incident X-ray
energies from 72.5 to 85 eV for Se(3d) and from 60 to
72.5 eV for As(3d). The corresponding photoelectron
escape depths varied from 0.457 to 0.675 nm for the
Se(3d) photoelectrons and from 0.453 to 0.662 nm for the
As(3d) photoelectrons. In the case of the Si02/Si sample,
the incident X-ray energy varied from 149 to 119 eV, and
the corresponding escape depths were from 0.433 to
1.449 nm.
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Results and Discussion
The depth profiles calculated for Se and As are

shown in Fig. 1. The interchange structure between Se
and As is consistent with the previous analysis by
Takatani et al.^, although the depth resolution is rather
poor due to the narrow range of variation in the escape
depth.

The calculated depth profiles of Si02 and Si are
shown in Fig. 2. The resultant thickness of oxide layer is
1 nm. This value agrees with the thickness (0.7 nm)
determined by ellipsometry within experimental errors.
The surface region where Si02 and Si do not exist
appears to be a contaminated region, which probably
results from exposing the sample to the atmosphere
before the XPS measurement. The depth resolution
achieved 0.4 nm from the thickness of the interface
region between Si02 and Si.
References
1. M. Hasegawa and K. Ninomiya, in preparation.
2. B.J. Tyler, D.G. Castner and B.D. Ratner; Surf.
Interface Anal. 14.443 (1989).
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Fig. 1 Depth profiles of Se and As
estimated by tuning photoelectron escape
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estimated by tuning photoelectron escape
depth.
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Introduction

Insulators with high breakdown fields and high dielectric

constants are required for future ULSI devices. Silicon-

nitrides formed by LP-CVD (Low Pressure-Chemical Vapor

Deposition) are important as thin (<5 nm) capacitorfilms for

DRAM's (Dynamic Random Access Memory)'I
Native Si-oxides exists on a Si surface in an ordinary

nitridationprocess. Thus, the characteristics of the nitridefilm

are considered to be influenced by the nitridation of the native

Si-oxides. We have investigated the NH3 thermal nitridation

process of an ultrathin Si- oxide film on a Si wafer by in-situ

X-ray photoelectron spectroscopy.

Experiments

The experiments were performed at a soft X-ray beamline

(BL-8A) equipped with a grazing incidence monochromator.

The resolving power (E/AE) was about 1000 at 240 eV (Ar

Lj 3 absorption edge). A double-pass cylindrical mirror
analyzer (CMA) was used for detecting photoelectrons with

energy resolution of 0.2 eV when the electron pass energy of

the CMA was 10 eV. The total energy resolution of the

photoemission analysis system was evaluated from the Fermi

edge of gold to be higher than 0.3 eV

A 0.7-nm-thick Si-oxide film was formed on a Si wafer by

exposing the wafer to oxygen in the ultrahigh vacuum

chamber, which was maintained at a base pressure lower than

1.3x10'^ Pa to avoid surface contamination. Then, the oxide

film was exposed to NH3 gas at apressure of1.3x10^ Pa for

100 to 500 seconds. The substrate temperature was kept at

25i10

Nitridation Si"
500-L NH3 Peak Irom Si substrate

100-L NH3

Before NH3 Exposure

104 102 100

Binding Energy (eV)

Fig. 1 Si2p photoelectron spectra of Si-oxide films
exposed to NH3 at 800*C (h v =130eV).

800 "C during the NH3 exposure.

Results and Discussion

Figure 1 shows the Si2p photoelectron spectra of the oxide

films exposed to 100 L and 500 L NH3. Auger spectra

observed at the same time are shown in Fig. 2. For

comparison, photoelectron and Auger spectra taken just before

the exposure are also shown in both figures.

When the oxide film is exposed to 1(X) L NH3 nitridation

components denoted by Si'"^ to Si^"^ appear with no decrease

in the oxide components around 103-I04cV (Fig. 1). Here,

Si""^ represents the nitridation component with a Si atom

bonded to n nitrogen atoms. From the comparison of the Si2p

spectra measured at 130 eV and at 125 eV, these nitridation

components are formed by nitridation of a Si substrate near

the interface between the Si oxides and the Si substrate . As

the surface is exposed to the NH3 for a longer time (500 L),

the Si^"^ and Si'*'*' components increase (Fig. 1) and a Si-

nitride film with no oxygen atoms is formed. The thickness of

the Si-nitride film is estimated to be about 1 nm from the ratio

of the peak intensity of the Si substrate to that of the Si-nitride

film. It is suggested that a film thickness of at least 1 nm is

necessary to form a high quality Si-nitride film without any

oxygen atoms.
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Fig. 2 Auger electron spectra of Si-oxide films exposed
to NH3 at 800*C (h V=130 eV).

195



proposal No 90-Y015

INCREASE OF 0 2p UNOCCUPIED STATES OF YBa2Cu306.8 DUE TO SUPERCONDUCTING TRANSITION

Yasuharu HIRAI, Izumi WAKI, Atsushi MOMOSE, Tokuumi FUKAZAWA*,
Toshiyuki AIDA*, Kazumasa TAKAGI* and Tatsumi HIRANO**

Advanced Research Laboratory, Hitachi, Ltd., Hatoyama, Saitama 350-03
* Central Research Laboratory, Hitachi, Ltd., Kokubunji, Tokyo 185
**Hitachi Research Laboratory, Hitachi, Ltd., Hitachi, Ibaraki 319-12

Introduction

Hole doping into the Cu02 plane
induces high-Tc superconductivity of
cupreous oxides^. Furthermore, hole doping
creates 0 2p unoccupied electronic states
within the charge transfer gap as
observed by recent experiments^. Wagener
et al.^ have reported the increase of 0 2p
holes at 60K compared to 300K for Y-Ba-
Cu-0 and Bi-Sr-Ca-Cu-0 po1ycrysta 11ine
superconductors. In this report, we
present an experimental evidence that 0
2p unoccupied states of a single-
crystalline YBa2Cu306.8 film increase
an i sot rop i ca 11 y in the superconducting
state compared with those in the normal
conducting state

Experimental

We obtained the density of 0 2p
unoccupied states by measuring 0 /C-edge
absorption spectra, using fluorescence
yield (FY) detection. FY detection, which
is bulk sensitive, was indispensable
because the surface of superconducting
YBa2Cu307-y is unstable. Linearly
polarized x-rays was also essential,
because the change of 0 /C-edge FY
spectrum due to the superconducting
transition was only in the Cu02 plane.

The experiments were performed using
the soft x-ray analysis system'' at BL-8A.
O K-edge FY spectra were measured with a
thin-window Si(Li) detector. The samples,
YBa2Cu306.8 single-crysta11ine film, were
grown to 0.65|im thickness on 10mm square,
0.5mm thick SrTi03 (HO) substrates. We
monitored the sample resistivity in situ
by the dc four-probe method together with
the sample temperature during each
measurement. Tc, defined as the

resistivity midpoint, is 80K. The
temperature where the res
vanishes is 78K.

( a ) ^ ^
E//a.b

• o:113K Tc =80K
» : 68 K

•V

(b)

♦: 68 K- 95 mA

/ ^

:

L 1 1 L. 1 J 1 1 1 • i 1

526 528 530 526 528

PHOTON ENERGY (eV)

530

Results and Discussion

Figure 1(a) shows 0 K - e d q e
fluorescence spectra at 113K (normal-
conducting state) and at 68K
(superconducting state). The electric
field vector, E, of the incident x-rays
is parallel to the a(b)-axis. Within
~1.6eV (deconvolved value --1.4eV) above

the Fermi level, there is a significant
increase of absorption in the 68K
spectrum compared with the 113K spectrum,
as shown by the solid curve. In Fig.1(b),
the sample was brought into the normal-
conducting state by applying dc current
more than critical current so that finite

resistivity appeared, keeping T=68K. The
spectrum is the same as the normal-
conducting state spectrum at 113K.
Therefore, when E//a(b), the absorption
increases only in the superconducting
state. When E//c, there was no change
accompanying the superconducting
transition. We assign the absorption
peaks in Fig.l to the four oxygen sites
and their orbitals using the calculation
by Zaanen et al.^ and Ching et al.^ The
photon energy of the increased DOS
corresponds to the peak position of

0(2)2p(x) and 0(3)2p(y) states of O

symmetry. Therefore, we conclude that

excess holes are created in the 0 2po
orbitals in the Cu02 plane by the
superconducting transition.
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Fig.l. 0 /f-edge absorption spectra of
YBa2Cu306.8 sing1e-crysta11ine film
when the polarization E//a{b) . The
spectra at (a)68K (superconducting
state), and (b)68K with current flow
more than the critical current (95mA)
are shown by +. These spectra are
compared with that of normal-
conducting state at 113K (circles).
Solid curve in (a) shows the increase
from the spectrum at 113K.
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Introduction

It has been reported that defects in
Langmuir-BIodgett (LB) films accumulated to
more than several tens of layers were evaluated
by measurement of the reflectivity of soft X-rays
[1]. But there is no report on the defects
generated at the early stage of accumulation of
LB film, namely, the defects of one-layer or
two-layers LB film. We have obtained the
informations on such kinds of defects of LB

films on studying the attenuation of
photoelectrons from Si substrates within the LB
films.

Experimental
The sample used in this study was Poly-

[dibutyl-4,17-dioxo-5,16-dioxa-3,18-diaza-9,l 1-
eicosadiynedioate] (poly-3BCMU). The method
of fabrication of LB films using poly-3BCMU
was described elsewhere [2]. Tlie films on water
surface are transferred on to the Si surface. X-

ray photoelectron spectra were measured at BL-
8A. Monochrornatized soft X-rays were
irradiated on to the substrate at the angle of
45° . Emitted photoelectrons were detected by
using electron energy analyzer which was
located in front of the substrate.

Results and discussion

Figure 1(a) shows Si 2p photoelectron
spectrum of the substrate at the excitation energy
of 135 eV. Tlie peak around 99 eV is due to Si
and the peak due to silicon oxide is shifted to
lower energy of 4 eV. The large intensity of
silicon oxide is considered to be caused by the
oxidation when the substrate was exposed in the
air. Figure 1(b) shows Si 2p photoelectron
spectrum of the substrate covered with one layer
of LB film. Tlie intensities of two peaks become
very low, because the photoelectrons are
scattered within the LB film. Figure 1(c) shows
Si 2p photoelectron spectrum of the substrate
covered with two layers of LB film. The peak
due to Si disappears. It means that the
electrons having the energy of 99 eV cannot
transmit in the film with 5.8 nm thickness. On
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the other hand, the peak of silicon oxide is
observed and its intensity rather increases. This
result is explained as follows. Some parts of LB
film are missed on the thickly oxidized area. So
the transmission yield of electron seemingly
increases. It can be concluded that photoelectron
study is very promising to characterize defects in
LB films during the early stage of the
accumulation process.
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Figure 1. Si 2p photoelectron spectra at the
excitation energy of 135 eV.
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(b) substrate covered with 1-layer LB film,
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Photon-stimulated ion desorption (PSH) experiments
using SR have demonstrated that the excitation of core
levels plays a key role in the desorption process^).(2).
A major motivation of this work was to study the
PSD characteristics of GaAs surface, which is used for
semiconductor devices. We chose the adsorption
system of chlorine on GaAs. This system, which has
never been studied before, most closely matches
conditions after or during conventional dry-etching of
GaAs surface by chlorine-containing species''^

The experiment was conducted on beamline BL8A
which uses a varied-spacing grating monochromator,
with an energy range of about 125 eV to 1.5 keV.
Two detectors, one for electrons and another for ions,
were mounted on side ports of the experimental

chamber (base pressure = 1x10'^ Pa), at 45 degrees to
the incident SR beam axis. The electron detector was a

hemispherical electron energy analyzer (VG, CLAM2).
The ion detector was a quadrupole mass spectrometer
(ULVAC. MSQ-4()()) operating in pulse-counting mode.
The sample surface was oriented normal to the axis of
the electron analyzer or the mass spectrometer during
the measurement. In order to enhance the ion collection
efficiency, the sample was biased at -t-lOO V with
respect to the entrance of the mass spectrometer. The
distance from the sample to the entrance of the mass
spectrometer was about 5 cm. A GaAs sample with
(lll)B orientation was introduced into the experimental
chamber following conventional wet cleaning and then
annealed at temperatures ranging up to 600 *C The
adsorption of atomic chlorine (Cl) was achieved by
passing molecuhir chlorine (CI2) through a tungsten pipe
heated to about 1500 'C. At this temperature, the
dissociation ratio of Ch to Cl is estimated to be about
70 %. Exposure to molecular Ch of 15 Langmuir's

(L) was used ( L =1X10 Torr-s). Cl-exposed GaAs
(lll)B surface was characterized by photoelectron
spectroscopy of Ga- and As-3d core levels. About one
monolayer of Cl atoms are bonded to the outermost As
atoms and some Cl atoms are bonded to Ga atoms.

A PSD ion mass spectrum obtained with zero-order

light of the monochromator (h V ^ 1.5 keV) for the
Cl-adsorbed GaAs(lll)B surface is shown in Fig. 1.
The prominent peaks in the .spectrum are attributed to
^^Cl"*" and ^2(7]+ whose ion yield ratio coincides with
the isotopic ratio of ^•''Cl / ^^Cl. The mass spectra
obtained with monochromatic SR light (125 eV ^hV

= 1.5 k eV) for the same sample are quite similar to
the above spectrum except that they show a similler
ion yield. No compound ions like AsCfx"*" (x=l, 2, 3)
or GaCly"*" (y=l, 2, 3) were observed in this
experiment. These products for the most part may be
desorbed as neutral species.

The ion yield spectrum of ^-''CD as a function of
incident photon energy is shown in Fig. 2. The ion
yield was nonnalized by the incident photon flux. The
ion yield is gre;itl_\' increased at the ionization threshold
of Cl 2p levels (photon energy : ~ 200 eV), and the ion
yield is rather low, despite the high photo-absorption

cross-section by As 3p levels near 140 eV. These
results indicate that the photo-ionization of core-
electrons of Cl atoms is more effective for Cl"*"
desorption than that of substrate As atoms.
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1. Introduction

Muitielectron excitations in the EXAFS region requires
careful data analysis for getting a structure information of
amorphous Si (a-Si) and hydrogenated a-Si (a-Si:H)". A
small jump of X-ray absorption, observed at about 130eV
above the K edge of a-Si:H thin film was explained as a
muitielectron excitation, which is identified as a
\s2p- '̂ip'e'p transition". The Jump is called as KL
absorption edge. The K L absorption edge has been measured
precisely, in the present report.

2. Samples
Thin films of a-Si and a-Si;H were prepared by a

conventional radio frequency magnetron sputtering method.
The thin films with thickness of 2p.m were deposited on the
substrates of polyimide films with thickness of 10|im. Thin
films of single crystal Si were prepared by epitaxially
deposited layer on the (100) and (111) p-type doped Si wafers.
The substrate Si wafers were carefully removed by argon
sputtering after mechanical grinding. The sample thin films
were etched to remove damaged surface layer produced by
argon sputtering. The thickness of each sample (s-Si) is 3|im
and 5pm, respectively.

3. Experiments and Results
A measured EXAFS spectra of s-Si(l 11) and s-Si(lOO) are

shown in Fig.l. The sharp increase of absorption
coefficient at k=60, 136cV above K edge, in the s-Si(lll)
EXAFS is caused by the 0=90° diffraction of Si(lll). The
diffraction is not observed in the s-Si(lOO) EXAFS. The
diffraction profiles were measured with changing the incident
beam angle around 0=90°. The measured energy of the
steepestpoint of the profiles is naturally in good accordance
with the Bragg's law, A=2dsin0. The measured EXAFS
spectra of a-Si and a-Si:H thin films and subtraction spectra
of first nearest contributions from a-Si and a-Si:H EXAFS
are shown in Fig.2. The spectra are almost like simple
dumped sinusoidal shape,but there is a small jump at around

0.56

s-Si(111) thin film

s-Si(IOO) thin film

.^."XaAvva/^-

40 76 104 132

Wave Number K (nm-l)
Fig.l EXAFS .spectra of thin films of single crystal Si

160

k=60. The small jump was explained as double-electron
excitations".

KL absorption edge witli the initial state of ls2p has to
be observed in various silicon compounds. Many X-ray
absorption measurements have been done for various
amorphous and crystalline thin film materials of silicon
compounds for electronic deviccs^^ However, the KL edge,
stepi-like increase of absorption at about 13()eV above the K
edge, is not observed except for a-Si anda-Si:H. The energies
of the small jump are measured and determined as 136eV
above the K edge. The energy is significantly different from
the proposed muitielectron transition (122eV), but in good
accordance with 0=90° diffraction of Si(lll). These results
suggest that the small jump of X-ray absorption indicates the
existence of microcrystalline Si in the a-Si and a-Si;H thin
films.

4. Conclusion

The small but detectable kink in XAFS spectra of a-Si and
a-Si:H was explained by muitielectron transition, KL
absorption edge. The small jump is observed only in the
XAFS spectra of a-Si and a-Si:H. The energy of the small
jump is determined as 136eV above the K edge by XAFS
measurements using synchrotron radiation with high energy
resolution and precision. Main portion of the small jump in
the Si'X XAFS is explainedby 0=90° diffraction of Si(lll)
of microcrystalline Si in the a-Si and a-Si:H thin films.
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Fig.2 Subtraction spectra (dot) and EXAFS spectra (line)
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INTRODUCTION

I^attice-matched InGaAs/InP quantum well (QWs) and
heterostructures are important for optoelectronic and ultra-
high speed devices. However, it is difficult to control the
interfacial structures made by conventional MBE and
MOCVD. It has been reported that migration enhanced
epitaxy (MEE), which supplies 111 and V atoms alternately,
makes interfaces with high structural quality'̂

In this work, interfaces in InGaAs/InP heterostructures
were investigated by EXAFS analysis. EXAFS is a useful
method to analyze compound semiconductors because local
information around x-ray absorbing atoms can be
individually obtained.

EXPERIMENTAL

Two types of short period superlattices of
lno53Gao47As/lnP on semi-insulating (OOl)lnP substrate were
made by MEE for P-K XAFS studies as shown in Fig.l.
(a) has InGa-P interfaces and (b) has As-ln interfaces.
InGaAs buffer layers prevent fluorescent x-rays from the
substrates. As reference materials, Ino.ggGafl ijAsqjpPqsi on
InP substrate by gas source MBE and InP on GaAs substrate
by VPE were also prepared.

A gas source molecular beam epitaxy (GS-MBE) system
was used for the MEE growth. Elemental Ga and In were
used as group-Ill growth species. Arsine (AsHj) and
phosphine (PH3) were used as group-V sources and
decomposed to AS2 and Pj molecules in a low-pressure
thermal cracker cell at 1173 K. An RHEED system was
equipped to obserxx RHEED oscillations to optimize MEE
conditions of InP/InGaAs heterostructures.

P K-fluorescent XAFS of the samples were measured at
BL-8B. The incident angle of the MEE sample(a) and (b)
was set to 5.0". Therefore P K fluorescent x-rays from the
substrates did not contaminate the MEE layer. Tlie
polarization vector of the incident x-ray was parallel to the
<100> azimuth.

RESULT AND DISCUSSION

Fig. 2 shows the RDF of the MEE sample, lnGaAs/InP(a)
and (b). A wide peak is observed in (a) whereas a sharp

Table 1. Refined parameters by least-squares fittings.

sample

In-P

r^nm) N o(nm)

Ga-P

r(nm) N o(nm)

InP 0.2538(1) 4 0.005(3) _

InGaAsP 0.2571(4) 2.4(3) 0.001(3) 0.2380(4) 0.3(1) 0.001(3)

InGaAs'InP(a) 0255(84) 1.3(3) 0001(1) 0.238(76) 04(1) 0.001(1)

InGaA&'InP(b) 0.2542(3) 435(7) 0005(1) _ _ _

calc. value 0.25412 4 0.23601 4

Numbers in parentheses represent estimated errors in least-squares.

peak of In-P is observed in (b). It suggests that the
sample(a) has two kinds of coordinations, that is Ga-P and
In-P. The least-squares fitting were performed using
calculated values of fj(k) and «t)j(k) '̂ (Table I). The
coordination number (C.N.) of In-P bond was calibrated by
using the InP reference sample whereas the C.N. of Ga-P
have not been calibrated. Calculated values from lattice

constants are also shown in Table I. The refined bond

lengths of (a) and (b) show good agreement with the
calculated value, however the values of (b) have larger
errors because of correlations between 2 kinds of bonds in

the first shell. To estimate contents of Ga-P and In-P

bonds, more precise measurement, that means longer
measurement time, and analyses of reference materials are
necessary.

These analyses showed a consistent result with the Raman
studies^\ that is, spectra from InGaAs/lnP quantum well
structures suggested the formation of tailored
hetcrointerfaces.

Tlie authors would like to thank to Mr. H. Kashima and

K. Hosomi of Central Research Laboratory, Hitachi, Ltd. for
their help to the GS-MEE of InGaAs/InP SLs.
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3) H. Asahi et al., (to be published in Appl.Surf.Sci.)

200

inQ.iA) cap 3nm InGaAs cap

In.Ga
1 \

1
As

As

1 \ 1
In.Gn

In^Ga 1
As

As In G.I

In.Ga

1
P

0Oqrdes

I
As

in

In
1

P

P

1
In

In

1

1
P

P j In

InGaAs 200nm InGaAj

InP sub InP sub

(a) (b)

SOqrdej

Schematic illustrations of the MEE InGaAsP/InP

b

02 0.4
radial distance (nm)

Fig. 2 RDF of InGaAs/InP



proposal No 92-Y(X)6

EXAFS ANALYSIS 0FSi02/GaAs INTERFACE TREATED BY SELENIUM

Shinichiro TAKATANI, Kiyoshi OGATA*. Asao NAKANO* AND Takeshi KIKAWA

Central Research Laboratory, Hitachi Ltd. Kokubunji, Tokyo 185, Japan
*Production Engineering Research Laboratory, Hitachi Ltd, Yokohama 244, Japan

Introduction

A surface treatment using selenium (Se) has shown to
drastically improve the electronic properties of IIl-V
semiconductor surfaces '̂̂ . To stabilize the improved
properties, the treated surface needs to be covered with an
appropriate insulating film such as silicon dioxide.^ This
report presents the result of an extended X-ray absorption
fine structure (EXAFS) analysis on photo-CVD-
Si02/GaAs interface that has been treated by a Se-
rnolecular beam. Using an incident X-ray at a total-
reflection condition and collecting absorption spectra by
measuring fluorescence yield, the EXAFS analysis appears
to be very powerful tool to get information on the local
arrangements of atoms at buried interface.

Experimental

A Se-stabilized (2x1) surface was obtained by the
growth of epitaxial GaAs layer on a (001) substrate using
molecular beam epitaxy, followed by the exposure of the
surface to a Se-molecular beam with the flux intensity of
about 10'^ Torr at 400°C for 2 minutes. Before taken out
from the chamber, the sample was exposed again to the
Se-flux at the room temperature for depositing an
amorphous-Se film. The sample was heated again to
300°C in a photo-CVD chamber. This heating removed
the amorphous-Se Film, restoring the Se-treated surface.
SiH4 and O2 gases were then introduced to the chamber
under the illumination of a mercury lamp, in order to
deposit a Si02 film with the thickness of about 2 nm.

The EXAFS measurements were done at the branch

line SB. A monochromatized X-ray was incident on the
sample at a grazing angle for total reflection. A Se K-
edge absorption spectrum was obtained by measuring the
Se Ka fluorescence yield using a Si(Li) detector.

Results

Figure 1 shows the Fourier transforms of the Se K-
edge EXAFS's measured for the polarization vector of the
incident X-ray at two different azimuthal angles in the
(001) surface plane, [-1-101 azimuth and [1-10] azimuth.
A peak is observed for both angles around /?=0.2nm,
arising from nearest neighbor Ga atoms.

From curve fitting, the Se-Ga bond length is found to
be about 2.43 A for both direction, in agreement with the
previously reported value for an as-treated surface and a
bulk Ga2Se3. This indicates that the Ga2Se3 layer
formed by the Se-treatment is preserved at the interface
even after the deposition of the photo-CVD Si02 film. •

Although the clear first nearest-neighbor peak is
observed for both angles, its intensity is considerably
larger for the [-1-10] azimuth than the [1-10] azimuth.

This indicates that the Se-Ga bonds in the selenide layer
have the larger component parallel to the [-1-10] direction
than the [l-IO] direction. From the curve fit, the ratio of
the effective coordination number in the two directions,

^[1-10]"'^[-1-10]' is found to be about 1:2.
This difference in the effective coordination number

can be explained by a simple structural model, in which
Se atoms are assumed to bridge-bond to Ga atoms on the
(001) surface and also occupy As sites below the surface.
The bridge-bonded Se atoms have the effective
coordination number of zero in the [1-101 direction and 4
in the [-1-10] direction, whereas the Se atoms occupying
As sites below the surface have the effective coordination
number of 4 for both direction. Here, it is assumed that
Ga vacancies, which exist in a bulk Ga2Se3, are not
present within the surface selenide layer, and that the
bridge-bonded Se atoms on the surface do not form dimers.
Within this model, the observed ratio of the effective
coordination number is consistent with the case that the

numbers of bridge-bonded Se atoms and those occupying
As -site below the surface are both close to 1 monolayer.
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Fig. 1. Fourier transforms of the Se K-edge EXAFS.
The solid line is for the polarization vector // [-1-10], and
the dashed line for the polarization vector // [1-10].
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Introduction

Hybrid lithography using synchrotron
based X-ray lithography (SXL) and
conventional optical lithography (OL) is
one of the promising technology for
large volume production of ULSIs because
of its exellent critical dimension

control and low costings. The major
issue in this process is overlay
accuracy between OL and SXL, limiting
the practical application of the hybrid
lithography.

In this study, we have measured
overlay error between OL and SXL using a
several X-ray masks with X-ray absorber
patterns of 16 MDRAM test element group
(TEG).

Experiment

SXL was applied to three mask levels,
such as LOCOS (local oxidation of
silicon), gate, and contact. The X-ray
masks consisted of 0.8 pm thick gold
absorber patterns and 1 pm thick, 25 mm
X 18 mm SiN^ membranes. Examples of the
X-ray masks are shown in Fig.l. Only the
X-ray mask for LOCOS-level has a large
transparent area, while most of the
exposure area of the other masks is
covered with gold absorber patterns. Two
dies of 11.4 mm x 15.6 mm in size, are
fabricated on the each individual X-ray
mask. A wafer alignment mark, consisting
of a 4 pm pitch, 2 pm wide grating, was
prepared using an optical stepper (Nikon
NSR) .

SXL was carried out in open air at
the beam line 9A using a prototype SR X-
ray stepper (XPA-1)^ . The X-ray mask was
aligned by projection Fresnel zone plate
method using linear Fresnel zone plates
(LFZP) as X-ray mask alignment marks.
Alignment laser beams were focused onto
the wafer marks through the LFZPs having
40 pm focal length. The first order of
diffracted beams from the wafer marks

were collimated through the LFZPs on to
the photo-detector, thus the mask was
aligned throughout the X-ray lithography
process.

SXL/OL hybrid lithography was carried
out by aligning the X-ray masks to the
wafer marks prepared using an optical
stepper. The overlay error was measured
by means of verniers designed with 0.05
pm scale.

Results and discussion
A typical histogram for overlay error

between OL and SXL is shown in Fig. 2.
Deviation of the overlay error in gate
process by SXL to LOCOS pattern by OL,
was approximately 50 nm - 60 nm, almost

as same as that in contact (SXL) which
was aligned to Gate (OL).

The major reasons for these overlay
error are speculated to be as follows.
1) X-ray mask distortion.
2) Reticle rotation.
3) Degradation of S/N ratio of wafer
alignment marks due to deposition of
various films.

4) Wafer-to-mask gap setting error in
the shot near the edge of a wafer.
5) Inclination of alignment laser beams
and SR X-ray.

If every critical mask levels are
exposed only by X-ray lithography, the
overlay accuracy in the OL/SXL hybrid
lithograpy, achieved here, will be
acceptable for the fabrication processes
of 0.35 pm design rule devices, such as
64MDRAM. However, in order to apply the
present method to sub-quarter micron
device processes, above mentioned
problems should be improved.

Reference
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Fig.l Examples of X-ray masks.
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INTRODUCTION

In the study of SR irradiation effect in AI CVD using
dimethylaluminum hydride (DMAH), the growth was found
to be suppressed on a Si surface by its irradiation'- '̂. From
the LSI wiring application point of view, Al growth on a
SiOj surface is indispensable. As this surface is chemically
inactive, activation of it is needed for Al growth. We tried
to activate a SiOz surface by means of SR irradiation and
to grow Al spati^ly selectively.

EXPERIMENTAL

The CVD reaction of DMAH on a SiOj surface was
studied by using the supersonic molecular beam apparatus
connected to the synchrotron radiation (SR) beam line BL-
9B in the Photon Factory.

The DMAH molecular beam and SR crossed at a right
angle on the SiOz surface. The SR was incident on a
surface with an angle of 65°. SR below 300eV was
irradiated through a line-and-space stainless steel mask.
The thickness and composition of the grown film were
measured by a step-height meter and Auger electron
spectroscopy (AES).

RESULTS AND DISCUSSION

Figure 1 shows a photograph of a directly patterned AI
film on a SiOj surface after a 1.5 hour CVD. The substrate
was kept at 200°C, at which, no thermal CVD occurs. The
white stripes are Al films grown by CVD on the SR
irradiated areas and the dark areas are SiOj surface which
is not irradiated by SR. Since the substrate was exposed to
the DMAH molecular beam having a circular cross section
with a leaning angle, the envelope of the arc of white
areas was ellipsoid.

The selective growth on the irradiated area was verified
by the film profiles evaluation using step height
measurement (a-step) and the surface composition analysis
using in-situ AES. TTe thickness on the irradiated area was
65nm, while that of the non-irradiated area was too thin to
measure with a-step. Moreover, the width of white stripes
were identical to that of the used mask stripe. From the
results of AES analysis of the SR irradiated and non-
irradiated areas, it was found that the grown Al film was
pure Al on the irradiated area and the non-irradiated area
was the same for a SiOj surface. Therefore, it was verified
the occurrence of SR induced selective growth.

To clarify the role of the SR irradiation in this Al
growth, the dependence of film tirickness on the irradiation
time was examined. The thickness was 15nm for the case

of 90 minutes irradiation, and 65nm for the case of 10
minutes irradiation in 90 minutes thermal CVD. Since the

thickness was not proportional to the irradiation lime, it

was clarified that SR was needed to initiate the CVD

reaction but the Al growth after the initiation was
proceeded by thermal CVD.

To know the mechanism of the SR induced initiation,
the dependence of the film thickness on the 15 minutes
irradiation with and without 90 minutes CVD was studied.

The thickness was 65nm in the case of the 10 minutes
irradiation in the initial stage of 90 minutes thermal CVD.
On the other hand, no film grew in the case of the 10
minutes irradiation before the thermal CVD. Therefore, the
initiation is thought to be caused by the formation of an
active, namely catalytic layer made by SR irradiation. AES
analysis reveled that this layer consisted of AI and C and
its thickness was less than 0.5nm or so by Auger electron
escape depth.

Consequently, SR irradiation was found to have an
effect on the initiation of Al CVD on the chemically
inactive SiOi surfaces. The initiation was caused by the
SR induced formation of catalytic layer consisting of Al
and C, less than 0.5nm or so. Using this initiation effect,
positive-type CVD was successfully demonstrated.
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Fig.l A photograph of directly patterned Al film
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INTRODUCTION

In the previous study on the SR induced AI chemical
vapor deposition (CVD) on SiOj surfaces, SR was found
to have an initiation effect of CVD reaction'\ Using this
effect, positive projection patterning of Al was successfully
demonstrated. To clarify the phenomenon of the SR
induced initiation, the CVD reaction was studied in detail
using the molecular beam CVD (MB-CVD) technique.
Since the stagnation layer in conventional CVD does not
formed in the molecular beam condition, the gas phase
decomposition of DMAH was negligible. Then, pure
surface reaction of DMAH molecules can be studied. The

temperature dependence of SR irradiation effect was
examined.

EXPERIMENTAL

Experiments were carried out by using photochemical
beam line BL-9B. The SiOj substrate was equipped in the
reaction chamber of the supersonic molecular beam
apparatus. The base pressure of its chamber was 2x10 '°
Torr. The surface of SiOj was exposed to DMAH
molecular beam. Its flux intensity was 1x10"*
molecules/cm^s. Al growth was caused by 10 minutes of
SR irradiation in the initial stage of 90 minutes of thermal
CVD. The substrate temperature was changed over a range
from 100°C to 600°C.

RESULTS AND DISCUSSION

Figure 1 shows the temperature dependence of Al film
thickness with and without SR irradiation. Two features

were found: 1) The growth rate decreased from 250°C to
300°C. 2) The selective growth occurred in the range from
200°C to 500°C.

The decrease of the growth rate with increasing
temperature cannot be explained by Arrhenius type reaction
model, because the superposition of Arrhenius' equations
only results in the monotonous increase. Then, some kind
of reaction suppression mechanism is necessary to explain
the decrease of the growth rate in thermal CVD above the
initiation layer.

To clarify the initiation mechanism, the composition of
grown films and the initiation layer on the irradiated
surface were analyzed by in-situ Auger electron
spectroscopy (AES). From the results of the Auger
analysis, films grown below 300°C consisted of pure Al
including background level C and films grown above
500°C consisted of Al and C. On the other hand, the
initiation layer on the irradiated area consisted of Al and
C over a range from 100°C to 600°C. From these results,
the decrease of the growth rate can be explained as
follows: After forming the initiation layer consisting of Al

and C, Al growth occurs on it below 250°C. Above this
temperature, carbon contamination increases. Then, the
activation energy of CVD reaction might be heightened by
this change of the surface composition.

However, it is already known that AI CVD reaction
is suppressed on the block layer consisting of Al and C^- '̂.
This suppression layer has the same composition of the
initiation layer. Then, another mechanism of the decrease
of the growth rate can be ascribed to the change of the
chemical bonding of Al and C.

On the other hand, no films grew on the non-
irradiated area below 500°C. The composition of surfaces
exposed to DMAH molecular beam was confirmed to be
the same for the clean SiOj surface by AES. When the
temperature was raised to 600°C, films began to grow on
this surface and they consisted of Al and C. Then, it is
clarified that growing pure Al on SiOz surfaces is difficult
by pure surface reaction of DMAH parent molecules.
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INTRODUCTION

In the study of the reaction control of A! CVD
using SR irradiation, we have already found both
growth suppression on Si surfaces and initiation on
SiOz surfaces''^^ Moreover, using these effects, both
negative- and positive-type CVDs were demonstrated
successfully without photolithography.

Both effects remained after stopping the SR
irradiation. This result showed that these efkcts were

caused by thin layers formed by SR induced photo
chemical CVD. Auger analysis revealed that these
layers have the same composition consisting A1 and C
in spite of the opposite effects. The origin of
irradiation effects were studied.

EXPERIMENTAL

Experiments were carried out at the beam line
BL-9B. The photon energy of SR was below 300eV
and its beam flux intensity was estimated to be on the
order of 10'* photons/cm^s. The DMAH was supplied
as a supersonic molecular beam seeded in He gas. This
beam flux was evaluated to be on the order of 10'"

molecules/cm^s. The substrate temperature was 200°C.
Auger electron spectra of suppression layer on

Si surfaces was measured after the 90 minutes of SR

induced CVD. On the other hand, the initiation layer
on SiOi surfaces was formed by 10 minutes SR
irradiation under the DMAH supply. To clarify the
difference between the modified layer on Si and SiOj,
the chemical bonding states were analyzed by using the
chemical shifts of Auger electron spectrum.

RESULTS AND DISCUSSION

The AES spectrum of both the modified layer
on Si and SiO^ are shown in Fig.l. The elements of
Al, C, Si and O are related to the compositions of
modified layers and the substrate surface. However, the
chemical shifts of C and O are too small to detect.

Then, for precise detection of the chemical shift of
AIlw and SIlw AES spectrum below 140eV were
taken.

As shown in Fig. 1(a), Al has a peak at 64eV.
Si peak is not observed because the Si surface is
covered with tlie modified layer whose thickness is
more than the SIlw Auger electron escape depth. On
the basis of the known various chemical shifts^', 64eV
Al signal is found to be identical to the aluminum
carbide signal. Therefore, suppression of Al CVD is
found to be caused by the chemical inactivity of
aluminum carbide.

On the other hand. Fig. 1(b) shows that Al and
Si have a peak at 67.5eV and 92eV respectively. The
obser\'ed chemical shifts have two features. The first

is that Al has a peak at 67.5eV and is very close to
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68eV metallic state. The second is that Si has a peak
at 92eV, and is identical to the elemental state in spite
of the SiOj surface. Then, the SiOj surface is found to
be reduced to Si by DMAH through the SR induced
reaction. Therefore, the modified layer was found to
consist of metallic Al including C, elemental Si.

If the elemental Si is essential for the initiation, SR
irradiation causes the Al growth on Si surfaces.
However, this consequence is inconsistent with the fact
of the SR induced growth suppression on Si surfaces.
Therefore, it is thought that metallic Al catalytically
initiates the CVD reaction.

Consequently, it is revealed that the origin of the
opposite effects of the SR irradiation in Al CVD is the
difference of the chemical bonding state of Al in the
modified layer.
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Fig.l AES spectrum of the modified layer, (a) the SR
irradiated area on a Si surface, (b) the SR irradiated
area on a SiO, surface.
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INTRODUCTION

Aluminum chemical vapor deposition (CVD) has been
studied as an alternative to conventional sputtering, because
it has superior features such as step coverage and selective
growth. Recently, selective growth on Si/SiOj was achieved
by using dimethylaluminum hydride (DMAH). In that
work, the surface reaction and its control played an
important role. We tried to control the surface reaction by
SR irradiation and found that the A1 growth was
suppressed by the irradiation'\ The mechanism of this
effect was examined.

EXPERIMENTAL

Experiments were carried out by using the supersonic
molecular beam apparatus connected to the beam line BL-
9B designed for the study of photochemical processing.
DMAH molecular beam was introduced to a Si(lOO) clean
surface at a temperature of 200°C. Its beam flux intensity
was estimated to be on the order of 1x10'" molecules/cm^s.

The wavelength of SR used was longer than 4nm. Its
beam flux was evaluated to be on the order of 10'^
photons/cm^s.

The composition of the irradiated area was analyzed by
in-situ Auger electron spectroscopy (AES).

RESULTS AND DISCUSSION

Three plausible mechanisms of the growth suppression
can be considered: (1) surface modification, (2) photo-
stimulated desorption, (3) surface electrical modification. In
the first model, CVD is suppressed by reacdon block layer
formed by SR irradiation. In the second model, the
suppression is caused by the desorption of reaction
intermediates initiated by irradiation. In the third model, a
change of surface electrical state induced by photoelectron
ejection suppresses the reaction.

To determine the most plausible model, the duration of
suppression after stopping SR irradiation was measured. If
the duration is not zero, suppression is caused by model
(1). If the duration is zero, suppression is caused by model
(2) or (3).

Only 15 minutes irradiation in the initial stage of 90
minutes thermal CVD suppressed the A1 growth
completely. This shows that the suppression effect has
some duration even after the stop of the irradiation. Then,
it is revealed that this effect is caused by the surface
modification model.

To know the composition of the modified layer, in-situ
AES was used. As shown in Fig. 1, the Si surface is
changed to a layer consisting of A1 and C. Moreover, the
appearance of Si^u. signal shows that its thickness is less
than 2nm because of the escape depth of the Auger

electrons.

To estimate the duration of suppression effect, AI^ll
and SiKLL Auger signals were measured by AES as a
function of CVD time after 15 minutes irradiation. Since
the intensity of Si signal is almost constant for more than
90 minutes, as shown in Fig.2, suppression remains more
than 90 minutes after stopping irradiation.

On the other hand, A1 signal intensity increases
simultaneously with the stop of the irradiation and becomes
gradually saturated with CVD time. This means the growth
of A1 is gradual. If A1 grows layer by layer. Si signal
intensity should decrease with an Al layer growth. As such
dependence was not observed, it can only be explained by
the formation of islands of grown Al.

Consequently, the mechanism of growth suppression
is the formation of a reaction block layer by SR induced
surface modification. This layer consists of Al and C and
its thickness is less than 2nm. Moreover, the duration of
this effect is more than 90 minutes after stopping
irradiation.

REFERENCE
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Fig.l. AES spectra of (a) the SR irradiated area and
(b) the clean Si surface.

Fig.2. The time dependence of the surface composition
after stopping of SR irradiation.
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Introduction

We have modified Multiple-wavelength Anomalous
Dispersion (MAD),' a powerful direct method, and applied it
for the first time to an interface. This allows us to separate
heavy and light atoms in a model-independent fashion and so
deduce the structure.

Experiment

We have applied MAD to the reconstructed interface in
Si/n(V3 XV3)R307Ge.Si,.,(lll). This is an important material
which may exhibit delta-doping, in which the boron-produced
holes are trapped at the interface.

The experiment consisted of using grazing-incidence
diffraction techniques to obtain the integrated intensities of ten
x/3 reflections. These were measured as a function of x-ray
energy across the Ge K-shell absolution edge, as in Fig. 1.
Most of our data looks like Fig. 1(a) which shows a strong
peak tliat decreases in intensity near the edge, but notice Fig.
1(b) shows a very weak reflection that increases in intensity.

Analvsis

This sort of data lends itself very well to analysis by MAD.
By separating out the anomalous parts, the structure factor for
tiie boron and Si atoms and the structure factor for the normal

part of the Ge atoms are independently obtained through fitting
to the data.' These fits are shown in Fig. 1.

From th.e resulting set of fitted structure factors we
generated separate partial Patterson maps for boron and Si, Fig.
2(a) and for Ge, Fig. 2(b). The maps are quite different,
pioviding direct, model-independent evidence that Ge and Si
occupy different sites (Fig. 2(a) should be dominated by Si).
Interpreting the maps based on Fig. 2(c), it is apparent that sites
A and B are Si while sites C and D are mostly Ge.

11.00 11.05 11.10 11.15 11.20

X - RAY ENERGY ( keV '

11.00 11.05 11.10 11.15 11.20

X - RAY ENERGY ( keV )

Fig. 1 Intensity vs energy for the reconstructed reflections (a)
ihU) = 2/3(-220) and (b) (hkl) = 4/3(-220). The data (solid
circles), fit by the MAD analysis (line), and fit to the model
structure of Fig. 3 (open circles) are shown.

This interpretation leads to the model shown in Fig. 3 which
was refined by fitting to the data of Fig. 1. We find that the
boron is in a Si substitutional site (site A, the center of the
distortion in Fig. 2(c)) surrounded by four Si nearest-neighbor
atoms, with the other sites dominated by Ge. Note that both the
boron site and the distortion of the first layer Si are the same
as in the BV3/Si(lll) system.'

Due to size considerations, one might expect that boron
should be surrounded by Ge, not Si. However, binding-energy
effects combined with a kinetic, surface-strain mechanism may
explain this structure.'
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Fig. 2 Partial Patterson maps for (a) boron and Si and for (b)
Ge. Arrows indicate the unreconstructed in-plane bond length.
From these maps the distorted hexagon in (c) is inferred.
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Fig. 3 Model structure of the interface viewed from above (left)
and from the side (right). In-plane distortions are indicated in
units of angstroms.
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Since the discovery of superconductivity in alkali
metal doped C«, compounds with rather high
superconducting transition temperatures, much intense
effort has been directed towards understanding physics
and chemistry of these materials. Although the
superconducting transition temperatures (Tc) of doped C«,
superconductors depend on the kind of alkali metal
dopant, the structure is always fee. Furthermore, recent
observations have proven a monotonic relationship
between Tc and lattice constant[l]. It was suggested by
Oshiyama and Saito that there is a close relation between
Tc and the density of states at Fermi level calculated
from assumed crystal structure[2]. Therefore it is
necessary to know the crystal structures of doped C«)
superconductors.

From X-ray diffraction measurements, these
superconducting compounds have fee structure (Fm3m)
with the alkali metals dopants occupying tetrahedral (T-
site) and octahedral interstitial sites ( 0-sites )[3]. In
binary doped systems we previously found that the larger
ions preferentially occupy 0-sites[4]. In the case of
RhzKCeo, K ions are in T-sites and Rb ions occupy both
T- and 0-sites. However the detailed atomic arrangement
of alkali ions in T-sites of RbzKCjo is still an open
question, since it is difficult to identify the space group
of RbjKC^o by conventional powder X-ray diffraction.
There are two possible atomic arrangements of alkali
metals in T-sites. Therefore the aim of this experiment
was to determine the crystal structure of RhzKCgo by
anomalous X-ray diffraction. In one candidate, whose
space group is Fm3m, T-sites are occupied by Rb and K
ions randomly. In the other model, Jons in T-sites are
ordered with zincblende structure (F43m). RbCsjCso has
the same two possibilities. We determined the atomic
arrangements of these compounds using the anomalous
dispersion effect of Rb.

Samples were synthesized from stoichiometric
amounts of alkali metals and Cm- Sealed quartz tubes
containing C«,, the alkali metals and He gas were heated
in a furnace at 230-400'C for two weeks. For X-ray
diffraction experiments, samples were transferred to thin
glass capillary tubes. The existence of the
superconducting phase was confirmed by magnetization

measurements with a SQUID.
Diffraction experiments using the anomalous

dispersion effect were performed at BL-9C. The X-ray
energy was selected with a double crystal Si(lll)
monochromater and incident intensity was monitored by
an ion chamber filled with Ar gas. For RbjKCfto
diffracted intensities at (111) and (311) were measured
with a scintillation counter while for RbCs2C«, (311) and
(422) reflections were observed.

In the Figure observed and calculated energy
dependence of intensity ratio between (111) and (311) are
shown. By using the ratio of integrated intensities
between these two reflections we avoid the effects of
energy dependent detector sensitivity. In the calculation
C«) was treated as being spherically symmetric with a
radius of 3.54A and the anomalous scattering factors of
Sasaki were adopted[5]. Calculated intensities based on
the F43m model (dotted curve)_give large y} value of
5.4. On the other hand the Fm3m model (solid curve)
reproduces observed data very well, having of 0.41.
Therefore Rb and K ions in Rb^KCjo occupy T-sites
randomly and the space group is Fm3m. In the same
manner, the space_ group of RbCszCa, was also
determined to be Fm3m.

[1]K. Tanigaki et al.. Nature 356, 419 (1992).
12]A. Oshiyama and S. Saito, Solid State Commun
41 (1992).
[3]P. W. Stephens et al.. Nature 351, 632 (1991).
[4]1. Hirosawa et al., Solid State Commun. 82, 979
(1992).
[5]S. Sasaki, KEK Report 88-14, (1989).
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Intensity ratio of (111) to (311) reflections in RbjKCfio vs
incident X-ray wavelength. Solid circlesindicate observed
values and bars with circles show the standard deviation.
Solid and dotted lines were calculated from the Fm3m
and F43m models respectively.
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Introduction

An application of X-ray anomalous dis

persion to superstructure determination

has been made for PbZrO^single crystal.
The method was proposed by Soejima and

Fischer^ ^, and test experiment was car
ried out by Soejima, Fischer, Tomonaga,

2 )
Onitsuka and Okazaki . It was newly

found that the Zr atom had an anti

phase displacement along z direction;

this was in contradiction with the

structure model given by Jona, Shirane,

Mazzi and Pepinsky^^. To confirm that
point, the same experimental investi

gation in more accuracy than that by
2 )

Soejima et al has been made around

Pb L and Zr K absorption edges.

Experimental

Intensity was measured as a function of

incident energy in the region ±0.1 KeV

at Pb L and Zr K edges with the step

of 0.008 KeV. Measurements were made at

room temperature for 0012 and 0016

as fundamental, 1 120, 2150, 1 114

and 450 as superlattice diffraction

with 1 even and 227, 225, 265 and 421

as those with 1 odd. IF, (c) I ^ . was
' n ' obs

obtained from the integrated intensity

after the corrections for orbit current,

brightness of incident spectrum, Lorentz

factor and absorption coefficients.

Detail will be discrived in the refer

ence 4 ) .

Results and Discussions

The results on superlattice diffractions

are shown in the figures. As predicted

from the structure model given by Jona

et al^^, the diffractions with 1 even
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show remarkable change in | Fj^ (e ) | ^ around
the absorption edges. On the other hand,

those with 1 even shows appreciable

changes around the Zr K absorption edge;

this is in contradiction with the model.

The result predict that Zr atom has an

anti-phase displacement along z direction.

The displacement vector set will be made

clear by new Lambda Techniqueproposed by

Soejima and Fischer^^'
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Introduction Results and discussion

Since the discovery of high-Tc
superconductors, much effort has been
devoted to understand the mechanism of
superconductivity. The superconductivity
always appears associated with Cu atoms in
distorted perovskite structures. It is also
quite probable that coherent mobile object in
superconductivity is electron or electron-
related object. From the point of the
electron-density distribution around Cu-0
polyhedra, high-quality single crystals of
Tl2CaBa2Cu208 are examined by the X-ray
diffraction method at T < T^.

Experimental

Single crystals were synthesized from an
oxide melt of Tl203-2Ca0-3BaCu02 by the
slow-cooling method. The site occupancy
was refined with the chemical formula

(TIo.864,Cuo.i36)2(Cao,84,Bao.i6)Ba2Cu208.'^ The
SQUID measurement gave a superconductive
state below 108 K. The low-temperature X-
ray study was performed at BL-lOA, using a
four-circle diffractometer and a cold
nitrogen-gas stream directly blown onto the
sample. The wavelength X = 0.6 A was
chosen to reduce the absorption because the
Li absorption edge of TI atoms is 0.8081 A;
Si(lll) monochromator. A spherical crystal
of 80 [im $ mounted on a glass fiber was used
for the data collection. Integrated intensity
data up to sinG/X = 1.37 were collected at the

03-26 scan mode at 104 ±1.5 K. In order to

examine the electron density around Cu
atoms, it is very important to give the
realistic models for heavy atoms because of
the termination correction. The Gram-

Charlier anharmonic temperature factors up
to fourth-rank tensors of Tl and Ba atoms
were refined simultaneously with all other
parameters. Final R and Ry^> values were
0.014 and 0.016. The cell dimensions and
atomic parameters at 104 and 296 K were
already reported.2)

The atomic distances in the CuOs pyramid
were not changed significantly between 296
and 104 K (0.2 %). On the other hand, the
0(2)-0(2) distances between a pair of CuOj
pyramids shortened at the low temperature
(1.4 %). Temperature factors for all atoms
except 0(3) decreased 40 to 80 % at the low
temperature; that for Ot3) changes only 8 %
from 5.32(7) to 4.9(2) A^. In the difference-
Fourier map, two residual peaks of electron
density appeared at xi = 0.5 ± 0.13 around
0(3) but they were very weak (0.8 eA-3).
The split-atom model is not adequate. The
residual electron density taking away the
spherical distribution is shown on the CuOs
pyramids in Fig. 1. There are positive
residual peaks along the z direction. No large
residual peak was observed in the CUO4 basal
plane. It suggests the contribution of 3dz'^
and the presence of unoccupied 3dj}.y'^.

1) Sasaki, S., Kawaguchi, K. & Nakao, M. (1992) Jpn. J.
Appl. Phys., 31, L467-L470.

2) Sasaki, S., Mori, T., Kawaguchi, K. & Nakao, M. (1991)
Photon Factory Activity Report, 9, 144.
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Rg. 1. The (100) difference-Fourier map at 104 K, passing
the Cu atom, 0(2) apex and 0(1) basals of Cu-0 pyramids.
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Inference of the nuclear weight on the physical
property of crystalline substances instead of the electronic
state is a worth theme for crystallographic investigation.
Diamond with '-^C isotope doped has been paid a large
attention for the new material because of its enormous

extension of thermal conductivity. An extreme sensitivity
of '-^C concentration to the conductivity has been known.
The influence of the isotope concentration on the lattice
parameter and structure of diamond was investigated by X-
ray diffraction study. Differences in the lattice constant
between - He and '̂ He, ^ONe and 22Ne, '^C and '^C, '̂̂ Ge
and 22.6Qg have been reported. All isotope having a
greater atomic weight in every element is cluuacterized by a
larger lattice constant as shown in Fig. 1.

Sample preparation
Single-crystals of diamond solid solution composed of

'2C and '-^C isotopes were prepared. The samples with
various concentrations of isotope were synthesized
using flat-belt high pressure apparatus. The concentrations
of '2C in synthesized diamond specimens were analyzed
by secondary ion mass spectroscopy (SIMS).The samples
used in the present study were confirmed to have 1.0
±0.1. 18.3 ± 1.1, 48.1 + 1.0, 67..3+1.1 and 98.5±0.4wt%

of '-^c isotope. The synthesized crystals fall into the
maximum diameter of about 1mm. The specimens with the

size of about 20pm in diameter were used for the
diffraction studies.

Diffraction experiment
The lattice constants of these samples including natural

sample '^c were determined on the basis of 20 values of
25-30 independent reflections which were measured by
four-circle diffractometer using position synchrotron
radiation (2.5GeV 300mA) at BL-lOA in Photon Factory.
The circumfluous temperature around the sample was

precisely controlled to keep 26±0.5°C The radiation was
finely monochromated by Si (111) crystal plate and used

as the incident beam. The radiation was determined to be X

= 0.697148 ± 0.000028A with reference to diffractions of
standard silicon single-crystal having a lattice constant of a
= 5.430940(3)A. Diffraction profiles were measured by

the to -29 scan mode and scan speed of 0.01° / sec in 20.

Lattice constant

The influence of '-^C isotope concentration on the
lattice constant of diamond can be expressed by the
following binary equation as shown in Fig. 2;

a( A)=3.56712-0.00155x-r0.00066x-

where x='-^C / '-^C). The difference of the lattice
constant Aa between natural diamond and '-^C diamond is

Aa = ag 01 - ao.99 = 0.00086A. Previously Holloway et
al. (1991) reported a linear equation of the isotope
dependency as

a(A) = 3.567I5-0.00053X.
The linear function is, however, puzzled from the sense of
the lattice vibration observed by the Raman spectroscopy.

Anharmonic thennal vibration of atoms

Refinements of thermal parameters of atoms of the
natural diamond (IT) and '^c diamond (99%) have been

conducted in order to elucidate the isotope dependence on
anharmonic thermal vibration of atoms. Anharmonic

temperature factors of and '-^C are now evaluated by
the higher order tensors up to 4th orders and the
anharmonic potential also calculated.

The thermal conductivity is induced from the phonon
dispersion caused by the thermal vibration of atoms. Ar-
laser Raman spectroscope is the effective tool for the lattice
vibration. Raman peak shift of LO and TO proved that the
lattice vibration is varied with the atomic mass difference

between '^C and The shift is not a linear relation with
the reduced mass but is represented by a binary equation.
The lattice vibration gives an effect to the thermal atomic
displacement.

H.Holloway, K.C. Hass and M.A. Tamor
Phys. Rev. B. 44, 7133 (1991)
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Introduction

01i\ine(M2SiO^) contains non-equivalent Ml and
M2 cation sites and the investigation on their

intersite distribution of cations are of

importance in geoscience. An anomalous

scattering factor of synchrotron radiation is
effective for such case, but when only one

component of ternary cation system is very
smal1, the determination of distribution of the

small amount of ion by ordinary X-ray

diffr-action method remains much difficulty. We

tried to determine the M1-M2 intersite

distribution of only 1.4 mol% of Mn ion in

(Mg,pe,Mn)2^1^ by repeated data collection of
some particular reflections and with orxler-

disorder straictural models.

Experimental

The sample of natural crystal was shaped into
an ellipsoid with the size of 200x150x150 mm^.
Data collection was made by two wave length of

1.8993X and 1.9093X, which are close to the Mn-
O

absorption edge!1.8964A). The used monochromator
was Qz(lIO) crystal. After assuming an orxler

and a disorrler models about MI-M2 site

distribution of Mn ion, seven reflections were

selected from two group of calculated
reflections; in former four refractions, two

pair of differences between calculated

structural factors of two models in a wave

length wer-e almost zero, while in the later

t.hree ones, either differences is considerably
bigger than zero. The measured reflections are

sunmarized in Table I. The scintillation

counter were exchanged for a new one before the

measurement afraid that used counter might be

saturated against long wave length radiation.
Integrated intensities of seven reflection sets

were repeatedly collected 14 and 13 times in

1.8993^ and 1.9093X, respectively.

Results and Discussion

Data wer-e corrected by Lorentz-polarization

favtot and <lamping effect of the beam current

against time. From the comparison of R-factors
with two structural models, remarkable

difference between the two models were not

c?bseT'\ed.

As an explsmation for uncertainty of results,
the influence of second harmonics is considered.

In Table 2., the intensities of three

reflections with the wave length of 1.9093A and
their second harmonics are summarized. E is

a value for estimating the degree of errers.
Although, we carefully chosen the reflections
which components of secornd harmonic are

considerably smaller, the pereentage of second
harmonics of them are at least 50%.

If the second harmonic could be removed by
insertion of the total reflection mirrer, the
accuracy of intensity measurements will be
increeise about three tiirres, and we could obtain

sufficient result.

Table 1. Measured reflections

calculated structure factor.

and their

ORDER MODEL DISORDER MODEL

h k 1 F(s) F{1) DF F(s) F(1) DF

0 5 1 27.20 27.20 .00 27.22 27.22 .00

6 3 -2 20.56 20.56 .00 20.37 20.35 .02

7 2 I 15.08 15.14 .06 14.54 14.55 .01

8 2 1 26.45 26.45 .00 26.43 26.43 .00

6 4 0 9.32 9.38 .06 8.96 8.99 .03

8 I 2 21.83 21.82 .01 21.63 21.60 .03

9 0 1 8.70 8.76 .06 8.25 8.26 .01

s - As =1.8993A 1 -PIL =1. 9093A

Table 2. The intensities of three reflections

with wave length of 1. 9093A and their second

harmonic (1.9093/2 A).

INDEX INTENSITY (cps)

h k 1 P S total E

6 4 0 452 447 899 0.50

8 I 2 1415 3924 5339 0.38

9 0 1 325 2498 2823 0.27

P = 1.9093A

S = second harmonic:

E = /F/CJP +J^ )
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Introduction

There are several materials which are

called a composite crystal. The composite
crystal is called when two or more different
systems interpenetrate each other and form a
crystal^^'. It is very different from a long
period modulated structure. The long period
modulated structure has a single periodicity,
for example, in the c* direction which form
fundamental reflections. However, the composite
crystal has two or more periodicities, for
example, in the c* direction. Diffraction
patterns from the composite crystal look like a
superposition of two or more independent dif
fraction patterns from each subsystem. It is
necessary to discuss an interference effect of
superposition of those two or more subsystems.
However, the interference effect of two subsys
tem has not been discussed yet. We will discuss
the effect somewhere' '. The purpose of this
study is to observe a contribution of each
subsystem in the composite crystal.

The Nd|<^Fe^gB^i is reported to be a compos-
witn Nd subsystem and Fei t e crystal

subsvstem*^"'^'.

fS f6

No one, however, examined the
effect on diffraction from Nd and Fe subsystem.
So the diffraction profiles along c* were meas
ured utilizing an absorption edge wave lengths
of Nd and Fe in order to see Nd subsystem and Fe
subsystem separately.

Experimental

The specimens NdjgFe^gB^j^ were provided
from Sumitomo Special metals Company Ltd. Wave
lengths used were chosen to observe an effect
from Nd subsystem and Fe subsystem separately;
that is, Nd absorption edge (1.7412 A) and Fe
absorption edge (1.748 A). The crystal orienta
tion was determined at first at the wave length

}7 ta fS 20 2t

Fig. 1. Diffraction profiles of 001 along the
c*. Full line represents the profile from Nd
edge and dotted line represents that from Fe
edge.

of Fe absorption edge. The crystal was not
removed when the wave length was changed. The
diffraction profiles along c* axis were measured
at those two wave lengths.

Results and Discussion

The lattice parameters in this experiment
were determined as follows; a=7.114 c=35.172
A. When we observe the peak positions along c*.
we find that reflections appear at irrational
position; that is, incommensurate reflections.
The reflection profiles near 1=18 and 20 of 001
are shown in Fig. 1. In order to see the effect
from Nd subsystem and Fe subsystem, a ratio

Iw,j/lFe ^6^6 calculated and shown in Fig. 2. In
this lattice parameters, it is considered that
l =9n reflections come from Fe subsystem and
l =10n reflections from Nd subsystem; that is,
F(l =9n)~Fpg and F(I=10n)-Ffjj. Since the atomic
scattering factors, f, or each atom at each
absorption edge become smaller minus than ordi
nary values, the structure factors become small
er than the ordinary value. Thus the ratio of

iNd/Ipe becomes larger when the contribution
from Fe subsystem is dominant and the ratio
becomes smaller when the contribution from Nd is
dominant. Figure 2 shows these situation clear
ly.

References
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(2) T. Ohba, M. Takata and Y. Komura, To be
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Fig. 2. The ratio of Ifj^/Ipe c* axis
of 001.
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This report describes tTie results of

crystal structure analysis of CaF2 at 7

GPa. Two single crystals of

fluorite,CaF2 from Hoei mine, Oita,
Japan were used. The first crystal

(0.035x0.035x0.030 mm) was placed in the

modified Merri11-Bassett type diamond

anvil pressure cell [1] and mounted on

the vertical type four circle diffrac-

tometer- at the beam line BL-IOA. The

pressure was calibrated using the ruby

fluorescence method. A set of X-ray

diffraction intensities up to sin0/;^

= 0.71 were measured witfi the monochroma-

tized synchrotron radiation of the wave

length of 0.700 A by the Si(lll). After

Lorentz, polarization corrections,

intensities of symmetrically equivalent

reflections were averaged and intensi

ties of 21 independent reflections were

obtained out of 105 reflections meas-

ured. No corrections were made for

absorption ( p =31.2 cm"^ at A=0.700 A

) and extinction effect.

The unit cell parameters of the second

crystal (0.047x0.047x0.047 mm) were

measured at room pressure without dia

mond anvil cell. The results (a=5.469(1)

A, V=163.6(l) f '̂̂ ) are in close agreement
witfi those reported by Hazen and Finger

[2] .

The final parameters obtained in re

finements are listed in Table 1. Since

both Ca and F atoms are in fixed posi

tions in tfie Fm3m f luori te structure,

the results provide the means to esti-

Table 1. Refined parameters for CaF2 at
7 GPa.

Unit cell parameters

a=5.388(1) A V=156.4(l) A^

Temperature factors

Bca=0-A6 A^ Bp=0.49 A'

Residual indexes

R=0.033 wR=0.036

mate the accuracy of the intensity meas

urement. Tfie accuracy of tfie present

work at 7.0 GPa, 296 K (R =0.033,

wR=0.038, No. of Fo=21) is comparable

with that at 0.69 GPa, 296 K by Hazen

and Finger [2] (R=0.025, wR=0.019, No.

of Fo =24 ) .

Pressure induced phase transition of

CaF2 from cubic fluorite structure to

the a-PbCl2 structure below 8.3 GPa

have been shown by X-ray powder method

[3] and Raman spectroscopy [4]. The

results of present work at 7.0 GPa

indicate the reduction of the unit cell

volume by 4.4% and that of Ca-F distance

by 1.5%.

[1]Y.Kudoh and H.Takeda, Physica

139&140B (1986) 333.

[2]R.M.Hazen and L.W.Finger,

J.Appl.Cryst. 14 (1981) 234.

[3]C.Jamieson and D.P.Dandekar ,

trans.Am.Crystallogr.Assoc. 5 (1969) 19.

[4]G.A.Kourouklis and E.Anastassakis,

Phys.Rev. B34 (1986) 1233.
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We have determined the distribution
of Co, Ni and Zn between the Ml and M2
sites of (Co,Ni,Zn)2Si04 with an x-ray
single crystal method employing the
anomalous dispersion effect. The
compound has a olivine structure with
the metals distributed over two
octahedral sites. Ml and M2. The M2
sites are large, distorted and more
ionic compared with the MI sites. We
will discuss the relation between the
partition coefficients and the nature of
the cations and the cation sites.

To determine a ternary system cation
distribution, we need to collected two
sets of intensity data measured at two
different wavelengths. Ternary-system
cation distribution of (Co,Ni,Zn)Si03
pyroxene was determined with the two
wavelength technigue[1].

Single crystals of (Co, Ni , Zn)2Si04
were synthesized at 1600K from the
mixture of Co, Ni, Zn and Si02 in Pt
capsule. Metal ratio in the crystal was

Fig.l. Triangle diagram of Co-Ni-Zn system that
shows the chemical composition of the Ml sites.
Smallest Rw value of each data set (Co and Ni K

absorption data) is shown in a line. We have

refined the occupation parameters by using the Co
and Ni K absorption data alternatively.

Ml Site

position

Zn Initial position Co
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determined as Co:Ni:Zn = 0.377 : 0.396 :
0.227 with EPMA. The cell dimensions (a
= 4.7564(3), b = 10.2283(8) c =
5.9696 (6)) and the positional and
thermal parameters were determined with
MoKa radiation.

The cation distribution between the

Ml and M2 sites were determined from the
data sets measured at 1.6168 and 1.4968
A with the four-circle diffractometer at
BLIOA station of the Photon Factory. The
wavelengths are 0.01 A longer than Co
and Ni K absorption edges, respectively

We have refined the occupation
parameters by using the Co and Ni K
absorption edge data alternatively
(Fig.l). This study also shows that we
need two sets of intensity data measured
at different wavelength to determine a
ternary system cation distribution. The
metal ratio in the Ml sites was
determined as Co:Ni:Zn
0.334:0.270:0.063. Co atoms prefer the
Ml sites, while Zn atoms prefer the M2
sites.

Because the M2 sites are more ionic
than the Ml sites [2], the cation with
small electronegativity should prefer
the M2 sites. Because,
electronegativities of Co, Ni and Zn are
1.70, 1.75 and 1.66, Zn should prefer
the M2 sites. The cation distribution of
olivine is well explained by the
electronegativity of cations (Fig.2).

[1] K. Tsukimura, S. Sasaki and H.
Ohashi, Acta Cryst. B46 (1990) 493-
497 .

[2] 0. Tamada and K. Tanaka, Mineral J.
14 (1988) 12-19.

Fig.2. Partition coefficient versus
difference of electronegativity
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Introduction

The carbon fulierene Ceo has the structure
like a soccer-ball. The discovery and the
efficient synthesis have stimulated a variety
of studies on its physical, chemical and
electric properties: e.g. superconductivity,
organic molecular ferromagnetism, trapping
atoms inside of the carbon cage. There exists
structural phase transition on orientational
ordering at a temperature of about 250 K
reported from NMR and specific heat
measurements. Molecular-dynamics and
lattice-dynamics calculations have been
reported on the orientational freezing.
Further detailed studies on the crystal
structure and the phase transition for high-
purity Cgo are needed.

Experimental

The sample of Cgo was prepared by arc-
evaporation of graphite rod in a helium
atmosphere and purified using a preparative
liquid chromatography with benzene solvent.
The solvent was removed in a rotary
evaporator and the crystal was dried by
heating to 700 K in vacuum. The benzene
residue was less than 1 wt %.

Single crystals of 0.1x0.1x0.01-0.03 mm
were selected from the polycrystalline
aggregate. The single-crystal x-ray
experiments showed for the first time that fee
and hep Ceo crystals coexist in a single sample.
The cell dimensions of fee and hep phases are
a = 14.13(2) A and a = 9.98(2), c = 16.30(5) A,
respectively. Because the diffracted
intensity was very weak, intensity data were
collected using synchrotron x-rays
monochromatized by Si(lll). A vertical-
type four-circle diffractometer and a cooling
device to generate a cold and dry gas stream
from liquid nitrogen was used at the BL-IOA.
Intensity profile data for each Bragg
reflection in a hemisphere of reciprocal space
were collected at the to-20 step-scan mode

within sin0/X < 0.25 A '. The intensity data
were collected at the reciprocal lattice points

observable for a simple cubic phase at T < T^.

Results and discussion

The molecular scattering factor was
introduced to describe the Ceo fulierene.
When electronic charge distributes over a
spherically symmetric field, the carbon atoms
are considered to concentrate only on a shell
of the radius, r, of the fulierene. Then, the
molecular scattering factor was defined as / =
sin(5r)/5r, where s = 47tsin0/X and c =

constant. The residual factors IWi(|Fobil-
IFci I)^ were obtained in the least-squares
calculation by changing r where the scale
factor and Bj.o were simultaneously refined.
Figure 1 shows the relationship between the
residual factor and r for the fee phase. There
exists a minimum at r = 3.52 A, where the Bj.o,
R and wR values were 8(1) A^, 0.05 and 0.03,
respectively. The same refinements were
performed at various temperatures above
and below the phase transition: 266, 240,
180, 298, 220, 180, 142 and 107 K. There is
a significant misfit from the free rotation
model of fulierene molecules at lower

temperature, having too small Bj.o and large R
and wR values. The refinements for the hep
phase suggests that the z position of one
fulierene deviates -0.04 from ideal 1/2.

-a 1000

3.4 3.5 3.6

Fulierene Radius (A)
Fig. 1, Relationship between the fulierene radius and the
residual factor of the least-squares refinement for the fee
phase at 266 K.

r = 3.52 A

216



proposal No 90-003

In-situ EXAFS STUDIES ON HIGHLY ACTIVE Rh-Sn/SiOz CATALYSTS

FOR NO-Hz REACTION

Keiichi Tomishige, Kiyotaka Asakura and Yasuhiro Iwasawa

Department of Chemistry, Faculty of Science, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113

1. Introduction

Recently we have found that Rh-Sn/SiOz catalysts
prepared by the reaction between (CH3)4Sn and Rh metal
particles supported on SiOz have much higher activity for
NO-Hz reaction and NO dissociation than Rh/SiOz and

coimpregnation Rh-Sn/SiOz. The steady-state activity for
catalytic NO-Hz reaction on Rh-Sn/SiOz increases with a S-
shape dependency as a function of Sn quantity in the range
of Sn/Rh^ 0.4 and becomes constant in the range of Sn/Rh
^ 0.4 (1). The addition of Sn to Rh promotes NO-Hz
reaction and NO dissociation drastically. In this article the
promoting effect of Sn was investigated by EXAFS.

2. Experimental

Rh/SiOz is prepared by conventional impregnation method
from RhCl3 • 3HzO methanol solution. Rh-Sn/SiOz

catalysts are prepared by the reaction between Rh/SiOz
reduced at 573 K and vapor (CH3)4Sn in closed circulating
system at 423 K. The catalytic reaction is carried out under
NO : Hz = 2.66 kPa : 13.3 kPa at 373 K. The pretreatment
of catalysts for NO-Hz reaction is Hz reduction at 573 K for
1 h. Rh K-edge and Sn K-edge EXAFS spectra are
measured at the BL-lOB and BL-6B in KEK-PF.

3. Results and discussion

Fig. 1 shows the Fourier transforms of Sn K-edge
EXAFS spectra on Rh-Sn/SiOz (Sn/Rh=0.45) under
different conditions (reduction at 573 K, NO exposure at 373
K and N0-H2 reaction at 373 K). After Hz reduction, only
Sn-Rh or Sn-Sn bonding is observed, indicating that Sn is
alloyed with Rh . The Sn-0 bonds appeared with the sample
exposed to NO or during NO-Hz reaction, while Sn-Rh or
Sn-Sn bonding retained almost completely. It has been
reported that on Rh/SiOz NO dissociation occurs by assist of
adsorbed H atom, which is a rate-determining step. But on
Rh-Sn/SiOz. NO decomposes into NzO and Nz without Hz
at only initial stage rapidly, and oxygen atoms are deposited
on the surface. Under NO and Hz, the catalytic reaction
proceeds, during NO-Hz reaction Sn-O bonding is observed
and disappears after evacuation and exposure of Hz at 373
K. From this result, oxygen atoms are present on the
surface during steady-state catalytic reaction. From these
results, the step of oxygen atoms removed by Hz is rate-
determining. And since Sn-Rh or Sn-Sn bonding is
retained, the surface structure under NO-Hz reaction is

thought to be same as after reduction. After Hz reduction,
according to the measurement of average particle size by
TEM observation and the uptake of CO adsorption, the
surface composition of Rh-Sn bimetallic particles is
estimated to be Rh ; Sn = 1; 3. By FT-IRof CO adsorption
on Rh-Sn/SiOz, only linear CO is observed in the range of
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Sn/Rh ^0.2. This means that Rhatom is isolated bySn
atoms. From these results and curvefitting results of Sn K-
and Rh K-edge EXAFS, a bimetallic surface model structure
of Rh-Sn/SiOz (Sn/Rh=0.4) assuming fcc(l 11)surface is
shown in Fig. 2. Sn atoms can not interact with NO
molecules, but with oxygen atom. NO molecules adsorbed
on Rh atom dissociate into nitrogen and oxygen atoms, and
oxygen atoms adsorb on Sn atoms. Therefore on Rh-Sn
bimetal ensemble structure, NO dissociates rapidly.
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Fig. 1. Fourier transforms of Sn K-edge EXAFS spectra on
on Rh-Sn/SiOz (Sn/Rh=0.45);
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Fig. 2. A model surface structure of Rh-Sn/SiOz
(Sn/Rh=0.40).
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It is well known that IV-VI (averaged V) compound
semiconductors such as SnTe, GeTe, PbTe and their ternary
alloys exhibit an apparent ferroelectric phase transition,
with a structiu-al change from a high-temperature NaCl
structure to a low-temperature rhombohedral structure.!"^)
The phase transition is discussed in terms of the interband
electron-soft optic phonon coupling.'̂ -^l

In the present paper, we report a possibility of the
ferroelectricity in II-VI (averaged IV) ternary alloys like
Cdi.,Zn,Te with a zinc-blende structure. In the pure CdTe
and the pure ZnTe crystals (x=0.0 and 1.0) the phase
transition does not occur down to low temperatures,
however the phase transitions are found in the mixed
crystals Cdi.,ZnjTe^\ in which there is a fairly large
difference of the ion radii; 1.03A for Cd^^ ion, 0.83A for
Zn^^ ion. The XAFS study is powerful to determine the
local structure in the mixed crystal. Especially, it is
interesting to know the position of the samll Zn^"^ ion,
which is expected to be in a disordered state or a tunneling
state, as discussed in a glassy state. Furthermore it is
important to examine the bonding nature in a zinc-blende
structure of averaged IV compounds, comparing with that in
a NaCl structure of averaged V componds.

In order to clarify the local structure in Cdj.^Zn^Te
crystals, we carried out the XAFS study around Zn K- and
Cd K-absorption edges in the temperature range of 20K to
300K. The sj)ectra were measured at BL-IOB. The k^x(l^)
XAFS signals and the Fourier transformed radial
distribution functions were obtained. The filtering technique
was made to determine the nearest neighbor distance, the
Debye-Waller factor, the mean free path of photo-electron.
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Fig. 1 Temperature dependence of the Cd-Te and the Zn-Te
distances in Cdo.3Zno.7Te. The broken line shows the distance
determined by the Vegard's law.
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the energy of the absorption edge and the scale factor.
Temperature dependence of the Cd-Te and the Zn-Te
distances in the sample with x=0.7 were shown in Fig. 1.
No anomalies were found in the sample. The broken line
gives the averaged distance estimated from the Vegard's
law."^)

From the results of the previous XAFS studies^\ the
local structures around the Zn-atom and the Cd-atom are

different with each other. In the mbced crystals Cdi.^Zn^Te
(0<x<l), the Cd-Te distances are almost the same of the
pure CdTe crystal and the Zn-Te distances, also, are almost
the same of the pure ZnTe crystal. Both tetrahedrons are not
distorted. The difference between the Cd-Te and the Zn-Te

distances corresponds to the difference of the ion radii of
Cd^^ ion and Zn^* ion.This differencedoes not change from
20K to 300K.

In the region smaller than the coherence length of the X-
ray scattering, the Cd-Te and the Zn-Te distances may be
similar ones of the CdTe crystals(x=0.0) and the ZnTe
cryslals(x=1.0), respectively. However, the average structure
in the region of the coherence length of the X-ray scattering
is the zinc-blende type. The characteristics of the structure
are seen in the glassy states. It is noticed that near Tc, the
dielectric constant of Cdi.^Zn^Te shows a round anomaly
which is characteristic to the glass transition.'-'®) More
detailed experiments are necessary to clarify the mechanism
of the phase transition. Especially, the pressiu-eeffect on the
phase transition is interested to confirm tha glass transition.
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Ultra-fine gold particles with a diameter
smaller than 2 nm could be deposited on magnesium
hydroxide by adding Mg citrate to the aqueous
HAuCl^ solution dispersed with fine MgO powder
and then by washing and calcining in air. This
Au/Mg(0H)2 system shows the highest activity in
the catalytic oxidation of CO and H2 at -70°C
among the supported gold catalysts.

We have already made the Au L3 XAFS study of
ultra-fine gold particles supported on beryllium
hydroxide prepared by calcining in air the
coprecipitates obtained from an aqueous solution
of HAuCl^ and Be(N03)2. The results show that
the presence of metallic gold is the main origin
of the activity for CO and H2 oxidation.

The present study deals with the Au L3 XAFS
analysis of Au/Mg(0H)2 to elucidate the relation
between the local structure of Au atom and the

catalytic activity.
We made the XAFS measurements of the gold

catalysts in powder form, which were packed into
thin plastic cells, at BL-lOB station in the
Photon Factory by means of transmission mode.

Fig.l shows the Fourier transforms of
Au/Mg(0H)2 calcined at different temperatures in
the range of 80-400°C; the Au-0 peak diminishes
and the Au-metal peak, which is probably mixture
of the Au-Au and the Au-Mg bonds, increases very
slowly as the calcination temperature rises in
the range of 200-300°C, and finally only the
Au-Au peak can be found at the calcination
temperature of AOO°C. This indicates that there
is very stable local structure around the Au atom
of Au/Mg(0H)2 at the temperatures between 200°C
and 300°C. Some of us have reported elsewhere
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Fig, 1. Fourier transforms of k^-weighted EXAFS
oscillation measured at 300 K around Au
Li-edge of Au/MgCOH), catalysts(M: metal
atoms, Au or Mg). Calcination temperature
is described for each transform.

that the Au/Mg(0H)2 catalyst shows the maximum
activity for CO oxidation at calcination
temperature of 280°C and has relatively high
activity at the calcination temperatures between
200°C and 300°C. Overlapping of the calcination
temperature ranges of the stable local structure
and of the high activity may mean that the stable
local structure is related to the activity for CO
oxidation.

We made the Au L3 XAFS measurement of
Au/Mg(0H)2 treated in CO, in H2-CO and H2 to
examine whether the stable structure does not

change in such reducing atmosphere. The Fourier
transforms obtained from the measurements show

that the Au-0 peak almost disappears after the
treatment in H2(Fig. 2. C) and in H2-C0(Fig. 2.
b). This indicates that the local structure is
completely rearranged to the structure mainly
composed of Au-Au bonds in an atmosphere
containing relatively high concentration of H2.
On the other hand, no change is observed for
Au/Mg(0H)2 treated in CO(Fig. 2. a). However,
the samples reduced in both cases still have
catalytic activity to give 100% conversion for
the oxidation of CO at 0°C.

We concluded that the presence of the Au-0
coordination is not so decisive on the oxidation

activity in this Au/Mg(0H)2 and that the
generation of the activity for oxidation is
accompanied by the presence of the Au-Au
coordination.

Au-Au

Au-Au

0.0 2.0 4.0

Distance ^[A]

Fig. 2. Fourier transforms of k^-weighted EXAFS
oscillation measured at 300 K around Au

edge of Au/Mg(0H)2 catalysts treated under
three different conditons(M: metal atoms,
Au or Mg).
a) at 250"C, under CO atmosphere,
b) at 250'C, under H2-CO atmosphere,
c) at 250'C, under H2 atmosphere.
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Introduction

Fluctuations in the exchange interaction AJ/Jo
has been introduced into describing magnetic
txihaviors of amorphous materials wliere Jo is the
average of the exchange interaction and AJ is its
standard deviation [11.

Wfe have proposed a new way of obtaining AJ/Jo
of Heisenberg-type magnets experimentally in wliich
the structural parameters, that is, the coordination
number, the interatomic distance and the mean
square relative displacement around magnetic atoms
are important factors [21. Tlie purpose of the work
is to obtain the structural parameters of an
Heisenberg-t)pe ferromagnet Gdr^sCusz for
determining AJ/Jo experimentally.

Experimental technique and data analysis

An alloy GdesCusz was prepared from 3N Gd
and 4N Qi by argon arc melting. Amorphous
ribbons of about 1 mm wide and about 10 /iin thick
was made by quenching the melt onto a rotating Cu
disc.

The EXAFS measurement was performed at the
BL-lOB station of Photon Fadory (KEK, Tsukuba),
The X-ray absorption spedra were taken in the
transmission mode at 25 K near a Gd Lm edge. We
made the nonlinear least squares analysis [3] for
EXAFS spedra to obtain the structural parameters.

Results and discussion

Figure 1 shows the imaginary part (thick line)
and the magnitude (thin line) of the radial strudure
function <t> (R) derived from the EXAFS spedrum
around a Gd Lm edge of the amorphous ferromagnet
GdesCuaz at 25 K.

To determine the strudural parameters, we have
attempted to apply three kinds shell models to the
Fourier filtered EXAFS spedrum. Tliey are two
shell, three shell and four shell nxxlels. Finally the
three shell model give the best fit. Tlie strudural
parameters thus obtained are tabulated in Table I.

The main results in the work are as folknvs. Tlie
first is that there exist two different values for the

Gd-Cu interatomic distance. On the other hand, Gd
atoms around a central Gd consists of one shell
only. It is found from the fitting that the nearest
nei^bor Cu, the next nearest neiglibor Cu and the
nearest neiglibor Gd stand in three peak positions
for the imaginary part of (f>{R) as illustrated by the
arrows in Fig.l. The second feature is that the
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central Gd atom is surrounded by 12.2 neighboring
atoms. The total coordination number is almost
equal to that of a close packed structure. The last
result is about the mean square relative displacement.
Since the measuring temperature is 25 K, large a
values come from strudural disorder of the
amorphous state.
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Introduction

Inorganic caion exchager, titanium antimonate
(TiSbA, Ti02*xSb205*nH20 ) showed high selectivity
for alkali metal, transition metal and trivaleni
metal ions in comparision with organic ion exchange
resines'"^). The TiSbA with Sb/Ti rations of 0.28-
0.87 showed weak rutile patterns in the X-ray
diffraction study.

The objective of the present work is to study the
configuration of antimony atom in the crystal
structure of TiSbA by EXAFS method.

Experimental

The TiSbA with different mole ratios were

prepared as described previously H.
The samples (0.02-0.09g) were mixed with

polyethylene powder (O.lg) and pressed at
500kg/cm2 for the measurements (1cm i. d., 2rnm
thick). The X-ray absorption around Sb K-edge was
measured with BL-lOB beam line.

The EXAFS data were analyzed by a program
EXAFS4 (N. Kosugi and H. Kuroda, Research Center
for Spectrochemistry, the University of Tokyo).

Results and Discussion

Figure shows the raw data of Sb-K edge EXAFS and
their Fourier transforms with transformation region
of k=0.22-1.3nm for TiSbA (Sb/Ti ratio =0.69) and
LiSbOs. Table summerrizes the results of curve-
fitting analyses for TiSbA (Sb/Ti ratio =0.28-0.87)
and LiSbOs.

The bond distances Sb-0 and the coordination

numbers of Oxygen atom around one antimony
atom in TiSbA with Sb/Ti ratios of 0.28-0.87 were
found to be similar values of 0.1989-1.1996nm and
5.6-6.6, respectively.

These results suggested that TiSbA has octahedral
coordinated Sb. The bond distance Sb-0 is similar to
that of Ti-0 in rutile, so it is supposed that SbOH
was substituted from Ti and distributed

homogeneously onto the Ti02 matrix by the
dehydrated condensation. The theoretical capacity
of TiSbA can be calculated from the experimental
formula on the assumption that one Sb gives one H"^
available for ion exchange.
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Fig. EXAFS spectra and fourier transforms of Sb K-edge for
TiSbA and LiSbOj

Table Curve Fitting Resuils of Sb K-Kdge E.XAFS

Sb/Ti in CX r / nm D.W. / nm R-Factor

TiSbA Sb-O

0.28 6.17 0.1996 0.00455 0.0600

0.32 5.55 0.1994 0.00364 0.0692

0.48 5.99 0.1992 0.00456 0.0626

0.62 5.97 0.1990 0.00480 0.0641

0.69 5.92 0.1989 0.00486 0.0634

0.87 6.64 0.1991 0.00578 0.0297

LiSbOy 6 0.1996 0.00442 0.0627

C.N.: Coordination Number, r: Interatomic Distance.

D.W.: Debye-Waller factor, R-factor: Reliability Factor
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Much atl.ention has been focused on

the preparation of heterogeneous rhodium
catalysts for olefin hydroformylation by several
groups. Few studies concerning the preparation
of solid catalysts containing transition metals
other than Rh, however, have been reported.
Palladium supported on Si02 has been found to
be active for ethylene hydroformylation.D In
the present work, we have studied the effects
of Pd dispersion on the activity and selectivity
of Pd/Si02 cabalysts for gas-phase ethylene
hydroformylation.

Catalysts were prepared by a conventionaJ
impregnation method. The reaction was carried
out by fixed-bed type reactor with a continuous
flow at. atmospheric pressure. The pretreatment
of the catalyst with oxygen-flow (50
cm'(STP)min"') at 573 K for 3 h was followed by
reduction with hydrogen (50 cm^(STP)min~' at
673 K for 3 h). EXAFS measurements were
performed at Bl-IOR in KEK-PF.

Two Pd/Si02 catalysts, A (17%-dispersion)
and B (83%-dispersion), were used. The
reaction products during ethylene
hydroformylation on both catalysts were
obtained as propionaldehyde and ethane. The
cataJytic activities for propionaldehyde formation
(evaluated in terms of the turnover frequencies
for time on stream of 10 h, TOF(PA)) are
2.2x10"^ min"' on A and 30.6x10"^ min"^ on R.

Namely, highly dispersed Pd/Si02 was thus
found to be much more effective for ethylene
hydroformylation than a catalyst with low
Pd-dispersion.

Fourier transforms of k^i (A) of Pd K-edge
EXAFS spectra on A (low dispersion) and B
(high dispersion), which were stored under an
air atmosphere, are shown in Figs.l-(A) and
1-(B), respectively. The EXAFS spectrum I-(A)
for A showed an appreciable contribution of Pd
backscatter at 0.26 nm before the phcise-shift
correction. A curve-fitting analysis (by the
EXAFS2 program by Kosugi and Kuroda^))
provided the dist.ance between Pd-Pd as 0.272
nm with a coordination number (CN) of 7.6.
These values resemble those on a Pd foil
(Pd-Pd:0.272 nm and CN:I2). It suggests that
(he predominant Pd species on A is relatively
large Pd metal particles. On the other hand,
the EXAFS spectrum I-(B) for B showed the
contribution of O(oxygen) backscatter
(Pd-0:0.199 nm, CN:2.0), indicative of PdO-Iike
species as the predominant Pd species on this

sample. Under the exposure of samples A and B
to air, it was found that Pd particles on B are
much more easily oxidized than those on A due
to the higher exposure of Pd atoms. The
absence of PdO-like species on A under an air
atmospher is based on a lower metal dispersion,
where only the surface layer of Pd particles is
oxidized.

The increase in the dispersion results in
an increase in number of protruding atoms,
such as those at corners and at edges on the
surface of metal particles. Consequently, the
enhancement in TOF(PA) on highly dispersed
Pd/Si02 should be attributed to an increase in
the number of protruding corner and edge-site
Pd atoms located on the metal particles.
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and EXAFS2/V03, Research Center for
Spectrochemistry, Univ. Tokyo (1987).
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INTRODUCTION

The platinum cluster catalyst prepared by using

[Pt4(// -CH2;C00)g] as a precursor shows very high activity

in formic acid decomposition. The decomposition of formic

acid on the PI4 cluster catalyst has a characteristic induction

period after which the catalytic reaction proceeds explosively

at room temperature. The cluster structures after supporting,

in the induction period, and in the steady-state reaction are

interesting in relation to the reaction mechanism as well as

genesis of metal catalysis. In this paper we will report the

characterization of the platinum /Si02 by means of in-situ

EXAFS.

EXPERIMENTAL

The cluster catalyst was prepared by impregnation of

Si02 (Fuji-Davison#952) with a CH2CI2 solution of [Pt4(;/

-CH^COOg] in Ar atmosphere, followed by evacuation to

remove the solvent. EXAFS spectra were measured at BL-

lOB.

RESULTS AND DISCUSSION

Fig.1 shows the Fourier transform of Pt L[jj edge data

(FT) for (a) [Pt^C-CH3C00)g]/Si02 and (b) the catalyst

during the induction period of formic acid decomposition.

These two spectra resemble each other, suggesting that the

framework of the platinum cluster is maintained during the

induction period. IR studies and the chemical analysis

revealed that the composition at this stage is [Pt4(/i-

CH3C00)4(^/-HC00)4] .

Fig.2 shows the FT of the EXAFS spectrum

measured at 77K at the point where the explosive

decomposition begins. There is the only Pl-0 peak at

R=0.165nm (the peak at R=0.2-0.3nm is in a noise level). It

was found that the cleavage of Pt-Pt bond occurs in the

induction period, which means that platinum monomer might

be active site for the decomposition.

Fig.3 shows the FT for the catalyst after 1-h reaction,

when the activity is lost. The EXAFS data demonstrate that

platinum grew up to small particles. Aggregation of platinum

atoms occurs during formic acid decomposition and

eventuallv causes a decrease of the activitv.
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Fig.l. (a) -CHjCOOgJ/SiOj; (b) in the induction period.
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Introduction
Formazan compounds (Ri-N=N-CR2=N-NHR3)

tend to react with transition metal ions to form
stable metal chelate complexes. This type of
reaction is usually accompanied by a
bathochromic color change and therefore
formazans have been utilized as analytical
reagents. The coloration of the chelate complex
varies depending on the substituents on the Rj,
R2 and R3 positions, suggesting that the
substituents perturbs the chelate structure. In
this study XAFS analysis has been performed
to compare the structures of various Zn-
formazan complexes with each other.

Rin. 1 C.R3

•I I

R,

R

QNaphPF 2-quinolyl
QAnihPF 2-quinolyl
PAnthPF 2-pyridyl
QPPF 2-quinolyl
PHF 2-pyridyl

R2
1-naphthyl
9-anihryl
9-anlhryl
phenyl

R3
phenyl
phenyl
phenyl
phenyl

phenyl 2-hydroxyphenyl

Fig. 1. Molecular structure of formazans used.

Experimental
The formazan compounds (Fig. 1) were

prepared in the same manner as described
previously [1]. The powder samples of the Zn-
foimazan complexes used for the analysis were
obtained by mixing the zinc perchlorate aqueous
solution with the formazan dioxane solution.
X-ray absorption spectra near the metal K-edge
were obtained in transmission mode by using
the XAFS facilities BL-IOB. Each sample was
pressed into a disk shape, whose thickness was
adjusted to make the absorption edge jump fall
within the range of 1-2.

Results and Discussion
Figure 2 represents the absorption spectra

near the K-edge for various Ni-formazan
complexes, Zn(acac)3 [acac = acetylacetone],
Zn(TPP) [TPP = tetraphenylporphyrin],
Zn(PHF)2, Zn(QPPF)2, Zn(PAnthPF)2,
Zn(QAnthPF)2, and Zn(QNaphPF)2.

The ls-3d pre-edge transition is weak if
observed at all in any of the Zn-formazan

complexes. It is considered that the octahedral
arrangement of the ligand nitrogens about the
Zn atom possesses a high centrosymmetry
despite the bulky substituents to the formazan
skeleton.

In the Zn(QNaphPF)2 Zn(QAnthPF)2
complexes, large shoulder peaks can be seen
around 9670 eV on their absorption spectra.
These two complexes have been shown to be
different from the other Zn-formazans in terms
of the shift of the visible-absorption spectra on
chelate formation [1].

A quantitative analysis on the XANES and
EXAFS is now in process to elucidate their
structural characteristics.

Reference
[1] A. Uchiumi, A. Takatsu and H. Tanaka,

Anal. Sci., 459 (1991)

Zn(QNapWT)

Zn(QAnWF)

Zn(PAntHT)

Zn QPPF

ZnTPP

Zntscac);

9S50 9670 3690 9710 9730 9750

Photon Energy /eV

Fig. 2. X-ray absorption spectra near Zn K-edge for
various Zn complexes. The absolute energy calibration
was not performed.
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INTRODUCTION

The development of hydrodesulfurization catalyst
(HDS) with excellent activity is a key to solve
env ironmental problems.

Many investigations have been performed for the
preparation of HDS catalysts and the correlation between
the structure of supported metals and HDS activity has
been estimated. The knowledge regarding the active sites
is, however, insufficient to design and prepare the
desirable HDS catalysts.

In the present study, we investigated the local Mo
atom structure of Co-Mo/Al^Oj catalysts with various
Co and Mo contents.

EXPERIMENTAL

C0-M0/AI2O3 catalysts with various Co and Mo
contents were prepared by the impregnation of cobalt
and molybdenum salt solution on Y-AI2O3. The catalysts
were presulfided at 673 K for 1 h in a stream of 5%
HjS/Hj prior to EXAFS measurements. The Mo K-edge
spectra were observed using EXAFS apparatus at BL-lOB
in Photon Factory.

RESULTS AND DISCUSSION

Two peaks assigned to Mo-S and Mo-Mo
coordinations were observed in the fourier transforms

of Co-Mo/AljOj catalysts with various CoO and M0O3
contents. The coordination numbers around Mo atom,

N(Mo-S) and N(Mo-Mo), and the nearest neighbour
Mo-S and Mo-Mo atom distances, R(Mo-S) and R(Mo-

Mo), were determined on the basis of MoS^ crystal,
respectively.

Table 1 shows the coordination number of Mo atom

and the nearest neighbour Mo-S and Mo-Mo atom

distances for Co-Mo/Al^Oj, where the molar ratio of
Co to Mo atom was controlled to 1/2. The Mo-S and

Mo-Mo atom distances were independent on the CoO
and MoO, contents, 2.43 - 2.45 A and 3.23 - 3.26 A,
respectively, which were equivalent to those of MoS^.
On the other hand, the ratio of the coordination numbers.

N(Mo-Mo)/N(Mo-S), increased with the increase of CoO
and M0O3 contents, suggesting the aggregation of Mo
atoms. The coordination numbers of Mo-Mo were,

however, much smaller than those of MoS^ crystal.
Hence, the formation of highly dispersed MoSj-like
species, strongly interacted with Y-AI2O3, wassusp)ectcd.
Table 2 shows the N(Mo-S), N(Mo-Mo), R(Mo-S) and
R(Mo-Mo) of C0-M0/Y-AI2O3 catalysts withvarious CoO
content, where the M0O3 contents were 12 mol.% in all
these catalysts. The number of coordinated S atoms with
Mo atom increased from 4.23 to 4.56, suggesting the
sulfuration of M0O3 becoming easily with the increase
of CoO content. In this case, the produced MoS^-like
species wasdispersed highly since thenumbers of nearest
neighbour Mo atoms with Mo atoms, 1.81 - 1.89, were
smaller than that of MoSj crystal.

Table 1 EXAFS analysis for C0-M0/AI2O3 Catalysts

with various CoO and M0O3 contents

CoO M0O3 Mo-S Mo-Mo N(Mo-Mo)/N(Mo-S)

(mol%) (mol%) r/A n R/A N

3.0 6.0 2.43 3.53 3.26 1.37 0.39

4.5 9.0 2.44 4.00 3.24 1.69 0.42

6.0 12.0 2.45 4.28 3.21 1.75 0.41

9.0 18.0 2.45 4.69 3.23 2.19 0.47
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Table 2 EXAFS analysis for C0-M0/AI2O3 Catalysts
with various CoO contents (Mo03:12mol%)

CoO Mo-S Mo-Mo N(Mo-Mo)/N(Mo-S)

(mol%) r/A n r/A N

4.0 2.45 4.23 3.24 1.81 0.43

6.0 2.45 4.28 3.21 1.75 0.41

12.0 2.44 4.56 3.25 1.89 0.41
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1. INTRODUCTION

Catalysts based on Mo and promoted by Ni or Co are
widely used for the hydrodesulfurization (HDS) of
petroleum feedstocks. The promoter effect on the
structure of Mo phase in sulfided catalysts is a
important subject.

For Ni promoted catalysts, Kemp et al. '̂̂ have
reported promoter effect of Ni on local structure of Mo
phasein Ni-Mo-P/Al203 catalysts using HRTEM. They
have observed a decrease in the length of Mo layers.

In this study, Ni promoter effect on the structure and
the sulfiding state of Mo phase in Ni-Mo/Al203 system
were studied using XAFS.

2. EXPERIMENTAL

Nipromoted M0/AI2O3 catalysts were prepared byco-
impregnation method of 7-AI2O3 (surface area
:214m^/g,total pore volume:0.8cc/g). The Mo content
in the catalysts was held constant at 9mol%(Mo/7-
AI2O3 molar ralio= 0.09). The Ni content was varied
from 0 to 4.5mol%. These catalysts are designated as
Ni(X)-Mo/Al203, where X refers to Ni mol%. The
catalyst precursors were dried at IlCC for 1 hour and
subsequently calcined at 5(X)°C for 3 hours in air.

The catalysts were pressed into self-supporting disks
to give a d/tt=1.5 at Mo K-edge. Sulfidation of these
disks were using in-situ cells conducted in the sulfiding
mixture gas [H2S/H2''Ar(3/23/74%)j at a flow rate of
2Ck:c/min under atmospheric pressure. TTie sulfiding
temperature was linearly increased from room
temperature to 377°C with 10°C/min and kept at 377°C
for 3 hours. The sulfided catalysts were purged with Ar
for 1 hour at 377°C and cooled to room temperature.

The Mo-K edge EXAFS measurements were carried
out at room temperature on beam line lOB at PF in
KEK with ring energies of 2.5 GeV and ring current
about 250-350niA. Oscillatory EXAFS function x(k)
versus k was Fourier transformed of the k weighted
fine structure over a k range of3 to 16A'' (Mo-K edge)
to obtain a radial distribution function.

3. RESULTS and DISCUSSION

Fig.l and Table I show the Mo-K edge EXAFS
spectra and data of the Ni(X)-Mo/Al203 catalysts
sulfided at 377°C. The coordination distances of the

first Mo-S and Mo-Mo shell are equal to the

corresponding distances in M0S2, indicating the
presence of MoS2-like particles.The intensity of Mo-S
and Mo-Mo peaks for first shell depend on the
formation of MoSj structure in the horizontal direction
to the surface. The intensity of these peaks is not
significantly affected by Ni addition of 1.5mol%.
However, the intensity increases for higher Ni loadings.
These results indicate that Ni addition (>3mol9ci)
promotes the formation of MoS2-like species in the
horizontal direction.

X=4.5

0.1 0.2 0.3 0.4 0.5 0.6

Distance /nm

Fig.I llie Mo-K frfge FXAF.S rniirlrr trniisrnrni< for
Ni(X)-Mo/Al20j cntnly*!* «iiin»lrfl nl .177"C

Effect ofNi emitcut of NifXJ-Mn/AljO, on
.structure of Mo iiliasc in Mo-K edge
EXAFS inea.sni'cmcnl

NI content Mo-S I'enk Mo-Mo pcnk
/inol % iiilcn.<;ily In.11. inten.^it}' /n.ii.

0 17.6 7.2

1.5 18.5 7.0

3.0 19.9 8.0

4.5 19.9 9.1

MoS, 30.8 41.4

This work was carried out under the collaboration

between KEK and Petroleum Energy Center.
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reaction and that some oxygen and/or

Introduction

A synthetic inorganic ion-exchanger,
tantalic acid (HTaO^), which belongs
to a cubic crystal system, showed high

selectivity for lithium ion-exchange

among other alkali metal ions. During
the Li^/H^ ion-exchange reaction, the
lattice constant decreased with

increasing the amount of exchanged

lithium ions. In order to give light

to this phenomenon, EXAFS was

employed.

Experimental

The synthetic inorganic ion-

exchanger, tantalic acid (HTaOg), was
prepared by Li^/H^ ion-exchange from
LiTaO^ in conc. H2S0^. The ion
exchange reactions were carried out at

60°C in a LiOH solution. The amount of

Li^ adsorbed was measured by flame
spectrochemical analysis.

The Li exchanged samples were mixed

with polyethylene and pressed at 500
kg/cm" for the EXAFS measurement (1cm

i.d., 2mm thic). The X-ray absorptions
around Ta k-edge were measured with

BL-lOB beam line.

The EXAFS data were analyzed by a

EXAFS4 program (N.kosugi and H.kuroda,
Research Center for Spectrochemistry,

the University of Tokyo).

Resuits and Discussion

Figure I, 2 and 3 show the Fourier

transforms of the Ta k-edge EXAFS for

HTaO^i Li"*" ion-exchanged tantalic acid
fLi^Hj_^Ta02) and LiTaOg,
respectively. The peak of the band

around 1.7A for the three materials

did not shift at all. In the case of

HTaO^, there were two peaks at 3.4A
and 3.8A and their intensities were

almost same. In the case of Li^
exchanged sample, Li^Hj_^Ta02, and
LiTaO^ there were two peaks at 3.6A
and 3.9A and the intensity of the

former peak was stronger than that of

the latter. According to Weller and

Dickens^ \ HTaOg is composed of TaOg-
octahedra units and the bond distances

Ta-Ta and Ta-0 in HTaOg are 3.797 and
I.981A, respectively. Our results
suggested that TaOg-octahedra were
stable in the Li /H ion-exchange

atoms were located at 3.7A distance

from the Ta atom. Taking into

consideration these results and the
structure of HTaOg and LiTaOg, a
plausible explanation is that some

TaO0 octahedra rotated during the ion-
exchange reaction.
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Fig.l Fourier transform of Ta K-edge
EXAFS data of HTaOo

Fig.2 Fourier transform of Ta K-edge
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Fig.3 Fourier transform of Ta K-edge
EXAFS data of LiTaOo
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1. Introduction

Eor more than ten years, we have heen engaged in the structural
studies of proteins concerning the energy melaholisin in sulfate-
reducing hacleria, Desnlfovihrio. .Sulfale-reducing bacteria are strictly
anaerobic. We have reported the structure of cylochrome c^ frotn
Desnlfovihrio vulgaris Miyazaki e'^ and then cylochrome c-?.S3^^
from same species, and cytochrome c from Desnlfovihrio vulgaris
Uildenborough."^^ The hydrogenase (hydrogen:ferricylochrome-c-^
oxidoreductase, EC 1.12.2.1) of the sulfate-reducing bacteria,
Desnlf<n ihrio. is vital to Ihe anaerobic melabolistn, and catalyze the
bidirectional activation of molecular hydrogen. The enzyme is
membrane-bound in Desnlfovihrio vnlgaris Miyazaki E. We can
solubilize hydrogenase by treating the paniculate fraction of the
bacterial sonicate with trypsin. About 90 "/r of the activity remains
in the soluble part of the enzyme. This implies the active site of the
enzyme is located in the solubilized part. Many attempts to
crystallize hydrogenase in the earlier days failed. We have tried further
purification of solubilized enzyme, and found that it is the mixture of
several components. It is quite natural that the position of the
peptide bond attacked by trypsin is not specified. Thus we obtained
the mixture of peptides of different amino acid residue numbers. We
have fractioned each component, PI, P2 and P.3, and used them
separately for the crystallization experiments.'̂ ' An X-ray studies
have been going on.

.Meanwhile hydrogenases may be divided into three classes based on
the composition of their inorganic cofactors. These classes are the
Ee-only. Ee-Ni. and Fe-Ni-Se enzymes. The question is which class
does the hydrogenase from Desnlfovihrio vnlgaris Miyazaki E belong
to. '̂agi, Kimura and Inokuchi" ' examined the active center of the
enzyme by electron paramagnetic spectroscopic method, and did not
find the signal corresponding to Ni atom. Nevertheless they
estimated the nickel contentent to be 0.16 atotn per enzyme molecule
by atomic absorption spectroscopy. On the contrary, the hydrogenase
from Desnlf<<vihrio gigas is believed to be Ni-Ee hydrogenase. An
f-,PR signal is observed with g'=l l.3.'i. Moreover plasma emission
spectroscopy was used to determine a nickel content of 0.73 g-atom
per 89300 g-atom of enzyme. .Scott et al^' have carried out X-ray
absorption Spectroscopic studies of Ni atom, and suggested that most
possible ligands of Ni were sulfur atoms.

Here we vs ish describe our EXAFS study of the hydrogenase from
Desnlfovihrio vnlgaris Miyazaki E in order to examine the presence
of the nickel atom and also to obtain the informations on the iron-

sulfur clusters involved in active center.

2, Maleriais and Method

Preparation of enzyme samples. The enzyme solution were
prepared according to the method described before.'̂ ' The
concenntration of the purified hydrogenase was estimated by the
absorbance at 400 nm, where the millimolar absorbance coefficient

was assumed to be 47. The concentration of specimen solution was
estimated to be 13% (1.46mM). 500pl of solution was used for a
single experiment. In order to properly analyze the F-.XAES data, two
model compounds were examined. (Ph4P)2|Fe4S4(SPh(CH^)T)4l
and (Et^N)2|Fe^S^(SCH2Ph)4l were kindly prepared and supplt'ed by
Dr. N. Ueyama of Osaka University.

Measurement of X-ray Absorption Spectra. XAFS
measurements were performed by the EXAI-S facility at beamline
7C of the Photon Factory, National Laboratory for High Energy
Physics. KEK. with a positron beam energy of 2..3 GeV.
Measurements were carried out both in transmission mode and in

fluorescence inode with a Si(I 11) double crystal monochromator. '̂
The data reduction and curve-fitting were performed as described
elsewhere. '̂ The specimen holders were kept at IO Cwith cold air
stream. The photon energy, E, was calibrated with a Cu foil by

assigning 8.9788 KcV to a pre-edge on the absorption edge.

3. Results and Discussion

The Ni and Ee K-absorption .spectra of hydrogenase solution were
taken at 10" C. The ratio of the content of Ni atom and Ee atom was

estimated to be 1:15 based on the ratio of the edge jutnp magnitudes.
Thus Ihe presence of Ni atom in hydrogenase from Desulfovibrio
vulgaris Miyazaki E is established by EXAFS measurement.

The EX AES oscillations, x(k), where A: is the photoelectron wave
number, was extracted from the spectrum using standard procedure, '̂
After subtraction of a four-segment cubic spline background and
multiplication by k^. the data were Fourier transformed, Fourier filter
(Ni window: 1.10 - 2.74 A; F-e window: i.lO - 3.02 A), and fit in k

space using theoretical amplitudes and phase functions. '̂ TFie
references samples, (Ph4P)2|Fe4S4(SPh(CH2)3)4l and
(Et4N)2|Fe4S4(SCH2Ph)4l, were similarly analyzd and used to
determine metal-sulfur distances and the coordination numtiers of S in

hydrogenase. The structure of the model compounds were established
by X-ray analysis. The structure of Fe^S^ cluster is distorted
octahedral, Ee and S occupying an alternating sites of the distorted
cube. The Fe-S and Fe-Ee distances are 2.3 and 2.7 A, respectively.

The number of bonds are 16 and 12. This structure is found in
10)Peptococns aerogenes ferredoxin Therefore an analysis was

concentrated on the first and second shell interactions. For a Fe^S^
cluster, there is no known systetic model compound. One example
ofFe^S^ clusters is found in Azolohaeter vinelandii ferredoxin. '
In contrast to the bridging sulfur atom is coordinated to only
two Fc atoms in Fe^S^ clusters. The Ee-S and Ee-Fe distances are
the same in Fe^S^ cluster. Only the difference is the number of
bonds. The numbers of Fe-S bonds and Fe-Fe bonds are 12 and 6

respectively. In these circumstances it is no meaning to try to
determine the structure of the active center is Fe^S^ or Fe^S^.
Therefore we analyze the EXAFS data on the assumption of the
presence of the same number of Fe^S^ and Fe-^S^ clustes. Theradial
distribution function calculated based on this assumption coincide
with observed curve. The model which the Ni atom lies in the

coordination sphere of Fe atom was not in good agreement with
observed data.
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Metal clusters have an advantage of defined metal
framework struct\are for synergetic catalysis on
multimetal sites. We have recently reported
specific catalysis in OO/H2 with ruthenium
carbido-cluster [RugC(00)i 5Me]~(J^) supported on
inorganic oxides.^ This paper reports the
reversible structure transformation of

[RugCCOO)-! 6Me]~/MgO and /La203 in ambient 00 + H2
and evacuation.

The Ru-K edge EXAFS spectra were measured in a
transmission mode at beamline 10B and analyzed by
the curve-fitting method on the basis of the
fomrula of plane-wave single scattering theory
using model parameters of phase shift and
amplitude functions of crystal (1^) for Ru-C and
Ru(-C-)Ru, [RuCl2(CD)3]2 crystal for Ru(-C-)0,
Ru02 powder for Ru-O, Ru powder for Ru-Ru
(metallic), and the subtraction between the
superimposing peak of Ru-Ru + Ru(-C-)0 of (X) and
the peak of Ru(-C-)0 of [RuCl2(00)3]2 for Ru-Ru
(cluster) bonding.

The methyl ligand of crystal (J^) formed
equimolar of methane with the surface hydroxyl
group of MgO (Fig. 1(a)) or La203 at 290 K.
Fig. 2(b) shews the EXAFS spectrum of the
[RugC]/MgO heated at 623 K. Its curve-fitting
analysis indicated shrunk [Ru6C(^-0)3] species
with dpy_i^,j = 0.263 nm on MgO. A peak around
0.37 nm (phase shift uncorrected) in the Fourier
transform (c2) for [RugCl/MgO in OO/H2 at 523 K
appeared again at the same position as (a2), and
was fitted well as the Ru(-C-)Ru bonding.
Detailed curve-fitting analyses in Table 1
indicated the expansion (Fig. 1(c)) and shrinkage
(b) of [RugC] framework in OO/H2 and evacuation
at 523 K. This transformation between (b) and
(c), which mimiced "CO breathing", was found to
be reversible by EXAFS, IR, and CD uptake
measurements. As La203-systen showed a similar
breathing cycle (Table 1 ) and 623 K-reduced
[RugCJ/MgO was transformed to another shrunk
structure (d) in CD/H2, carbido-carbon and the
coordination of surface oxygen atoms on basic
oxides should be pertinent to breathing cycle of
[RugC] framework.
Reference
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Table 1. Results of curve fitting analysis of Ru-K edge EXAFS for supported

Figure 1. The EXAFS spectra for [RugC(CD)-| gMe]"/
MgO; incipient(a), evacuated 623 K in vacuum(b),
and in CD(14.6 )cPa) + H2(14.6 kPa) at 523 K for 1
h(c); (1)k3-weighted EXAFS oscillation (smoothed),
(2)its associated Fourier transform, and (3)curve
fitting analysis (inversely Fourier transformed),

: observed, : calculated.

(o)

y//M,oy/y

290 K

623 K cvac.

0-5JMfe=-0

'/y/«y/y

CO + H,

523 K

523 K

y/yMgo y//

523 K CO + Hj

623 K

y/y^^^^y//

support Ru-C Ru-Ru Ru(-C-)0 Ru(--C-)Ru Ru-O Ru-Ru Rf

N R N R N R N R N R N R /%
/rm /nm /nm /nm /nm /nm

M^ a 2.1 0.190 4.1 0,291 2.2 0.301 1 .0 0.410 1.7

b 4.2 0.263 1.1 0.212 3.2

c 1.6 0.188 3.9 0.287 1.7 0.299 0.8 0.410 0.8 0.204 2.6

d 1.0 0.187 4.2 0.269 1.2 0.300 0.7 0.211 1.0 0.381 1.7

La203 b 3.3 0.262 0.7 0.209 3.7

c 0.9 0.188 3.1 0.277 0.9 0.301 0.5 0.198 lU
XRD*1 2.8 0.190 4.0 0.290 2.5 0.302 ItO 0.410

Figure2.The structure transformation of breathing cluster

a: incipient, b: evacuated at 623 K,
c: b was in 00(14.6 kPa) + H2(14.6 kPa) at 523 K,
d: b was in H2(14.6 kPa) at 623 K and in 00(14.6 kPa) + H2(14.6 kPa) at 523 K;
*1: X-ray diffraction for [PhCH2NMe3]''"[RU5C(CD)•]gMe]".
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Introduction

The colloidal dispersions of the poIy(N-
vi nyj-2-pyrroli done)-protected rhod1um/plat inura
bimetallic clusters can be prepared by alcohol
reduction method. The colloidal dispersions
thus obtained are stable and composed of the
fine metal particles with average diameter 4 nra
on the basis of the TEM observation and the
electron microprobe analysis. Colloidal
dispersions of the bimetallic clusters are of
interest from a viewpoint of a model for a
het erogeneous catalyst of multi-components .
However, few have been reported on the colloidal
dispersions of the bimetallic clusters. " '
Here we would like to report the structure of
the Rh/Pt bimetallic cluster obtained from the
EXAFS measurements associated with the K-edge of
rhodium and the Lg-edge of platinum of the
bimetallic clusters.

Experimental

The Rh/Pt bimetallic clusters were
prepared by refluxing the ethanol/water(1/1 v/v)
solution containing rhodium(Ill) chloride and
hexachloroplatinic acid in the presence of
poly(N-vinyl-2-pyrrolidone) under nitrogen. The
obtained bimetallic clusters were concentrated

under reduced pressure, and the solutions were
sealed in the 50 mm (for rhodium) and 5-10 mm
(for platinum) cells under nitrogen. The EXAFS
spectra were measured in a transmission mode at
room temperature on a BL-lOB station of the
Photon Factory, KEK.

Results and Discussion

Figure 1 shows the Fourier-transforms of
Rh K-edge EXAFS of the Rh/Pt bimetallic clusters
at the various ratio. Decreasing the Rh
content, the main peak splits into two. This
can be attributed to a Rh-Pt bond as well as a

Rh-Rh bond because of the phase shift arising
from the interference between the Rh and Pt

atoms. Similarly, in the case of the Pt Lg-edge
EXAFS of the same bimetallic clusters, the
height of the main peak of the Rh/Pt(l/4)
bimetallic cluster is the same as that of

Rh/Pt(4/1) one. However, the position of the
main peak shifts to the left side. This
suggests that the bond distance of the Pt-Pt
and/or Pt-Rh decreases gradually, with

TABLE 1: Coordination Numbers of the Rh/Pt(l/1)
Bimetallic Cluster, and Those Calculated for the
Models

Edge Bond Coordination Number N

Observed Pt core Random

Rh-K Rh-Rh 2.6 10.5 3.1 3.9

Rh-Pt 3.1 ±0.8 3.0 3.9

Pt-L3 Pl-Pt 6.3 ±1.0 6.6 3.9

Pt-Rh 1.7 ±0.8 2.9 3.9

decreasing the Pt content.
Table 1 shows the structural parameters

of the Rh/Pt(l/1) bimetallic cluster. The sum
of the coordination numbers is 6.85 in average,
and corresponds to the microcluster of about 1.4
nm in diameter.^' This expected particle size
is different from that obtained from the TEM
observation. Moreover, the coordination number

of Pt atoms around the Pt atom indicates that
the Pt atoms are located at the center of the

microcluster. Therefore, it could be concluded
that the Rh/Pt bimetallic cluster particle is
composed of several microclusters, which have Pt
core structure, as shown in Figure 2.

Reference

1)N. Toshima, M. Harada, T. Yonezawa, K.
Kushihashi, and K. Asakura, J. Phys. Chem.,

7448(1991).

2)N. Toshima, M. Harada, Y. Yamazaki, and K.
Asakura, J. Phys. Chem., in press(1992).
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Superconductive property of Bi 2212 system is
known to depend on the Sr to Ca ratio and the
oxygen content of the system. In order to

elucidate the cause of the changes in the physi

cal property, local structure around Cu atom is
examined by means of EXAFS.

The samples of Big 9-y^®^y^ .0
Ob 1+2 y=0, 0.25, and 0.4 were sintered in
dry air for 144-240 hours at 810-840°C as previ
ously reported^. Some of the sintered samples
were annealed in Ar at 600°C for 48 hours and

others in Og at 600°C for 48 hours. The result
ing samples were confirmed to be single phase by
XRD method.

The Cu K-edge EXAFS spectra were measured on
BLIOB at KEK-PF. Data were collected in trans

mission mode at 30 K using a specially equipped
cryostat. Powdered samples (ca. 15 mg) of
Bi 2212 phase were pressed (400 kgf/cm^) into
d=13mm pellets with dry BN (ca. 100 mg).

The rdf curves of the samples with y=0.4, (a)
Og annealed and (b) Ar annealed are shown in
Fig.l. The first peak labeled by Cu-0 in Fig.l
mainly consists of Cu-Q pairs in CuOg plane

(Opiane^ and may consist of small components of
Cu and 0 in Sr-0 layers • The second
peak labeled by Cu-Sr(Ca) correspond to the Cu-
Sr(Ca). The third peak may be due to Cu-Cu
pairs, Cu-Bi, Cu-Qpi, where Ogi denotes the
oxygen in Bi-0 layers. Single-shell fittings or

c
3

-e
CO

J*:
X

X

o

LL

M
^ (b)Ar

Wv 1^
rj O
o i

Jvi
A ^^^02

1

0 0.1 0.2 0.3 0.4 0.5 0.6

Distance / nm

Fig. 1. The rdf curves of
the Big gSrj gCaj B CugO^.

two-shell fittings are adopted to analyze the
first peak. As to the second and the third

peak, we cannot determine the reliable distance

or coordination numbers in this report. The

numerical results of single-shell fitting analy
sis are summarized in Table 1. For every i.e.,

the Og annealed and the Ar annealed samples with
y=0.0, 0.25 and 0.4, gives the nearly same Cu-Q

distances, 1.89-1.95 A. Therefore, the distance
between Cu and Opj^^^g scarcely changes by an
nealing atmosphere and by the Sr ratio to Ca.
By the two-shell fitting analysis we cannot
obtain meaningful result. The r-factors are
little bit decreased from those by single-shell

curve fitting analysis and no coordination bet
ween Cu-0„„„„ are obtained, different from other

n S.p6X

studies . The reason for that the bond Cu-Qg^pg^^
is not observed in this study, is thought to be
as follows: the pressed sample with BN is highly
oriented with Cu-O^^pg^^ bond perpendicular to
electric vector of incident light beam.

References

1)S. Kambe, T. Matsuoka, M. Takahashi, M. Kawai,
and T. Kawai; Phys. Rev. B, 41 (1990) 6418.
2)Y. Uehara et al., Jpn. J. Appl. Phys., 29
(1990) L1419; A. Koizumi et al., Physica C, 190
(1992) 338; N. Kuriyama et al., Jpn. J. Appl.
Phys. 30 (1991) L1462.

Table 1. Distance and the coordination numbers
around Cu atom for the Bi 2212 samples with
different Sr/Ca ratio and treatment atmosphere,
obtained from a curve fitting analysis.
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Sr/Ca annealing Ou-Opi ane ,
ratio atmosphere distance/A coordination

nunber

1.8/1.2 0? 600*0 1.89(3) 2.2(2)

Ar 600*0 1.91(3) 2.0(2)

1.8/1.0 0? 600*0 1.95(1) 2.1(1)
Ar 600*0 1.93(1) 2.2(2)

1.3/1.5 0? 600*0 1.92(1) 1.9(1)
Ar 600*0 1.91(1) *.9(1)

1.0/1.8 0? 600*0 1.89(1) 2.2(1)
Ar 600*0 1.94(1) 2.3(1)
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1. INTRODUCTION

Liquid Se-Rb system has a miscibili-
ty gap on the Se rich side. It may
give helpful information on the misci-
bility gap in liquid cha 1cogen-a 1ka1i
mixtures to see how the chalcogcn chain
structure is modified by adding the
alkali metals. We measured EXAFS for
1-SeRb, l-TeNa, 1-TeK and 1-TeRb.

2. EXPERIMENTAL

Since alkalis react strongly on
chalcogens, the samples were prepared by
exposing liquid chalcogen kept just
above the melting point to alkali vapor
in a Pyrex tube sealed under vacuum.
EXAFS measurements were carried out on
the Se, Te and Rb K-absorption edges at
BL-lOB station. The sample cell for the
measurements was made of quartz. The
optimum values of the sample thickness
were ranged from 60 to 120 um.

3. RESULTS AND DISCUSSION

Fig.l shows EXAFS spectra on the Rb
edge for I-TCq oRbQ 2 ^nd I-Scq ^Rbg 2-
The amplitude of tne EXAFS oscillation
for I-Toq gRbg 2 is larger than that for
I-SOq gRlio 2 • Rl&-2(a) and (b) show
EXAFS spectra on the Te edge for 1-
Teo.gNa 1 -Te,

0.0^

0.02

0

-0.02

0.02

0

-0.02

-OM

,K, and 1-Te,

l-Te80Rb20

«|l>.

l-Se80Rb20

6 8 10 12 K

k(A'')

Q.l' '"=Q.9"0.1 ^ *^0.9 ^
at 440'C and their Fourier transforms
The main peaks around 2.6A indicate the
Te-Te intrachain covalent bond. For 1-

,Rb
0 . 1

Fig.l EX.AFS siiectra on the Rb edge for 1-

Teo s'̂ '̂ O 2 310"C and l-Se^ oRbn o al 160'C.•O.S'^'^O. 2

Toq gRbg ^ a hump is seen at 3A, though
it Is less pronounced for I-Toq gNao ^
and I-Toq qKq . As a results or analy
sis using'a usual curve fitting method,
t is found that longer bond and shorter
bond can be distinguished in 1-Te and
the difference of the length between
longer bond and shorter bond become
small by adding Na or K atoms, as seen
in Fig.3. It is considered that Te
atoms keep the chain structure and
alkalis are surrounded by Te chains.
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The elucidation of interactions between carbohydrates
and metal ions has became important subject in inorganic
chemistry as well as organic chemistry. We have studied
the synthesis and characterization of nickel(II) complexes
containing N-glycosides derived from the reaction of
sugars and diamines.^^ Here, we prepared and
characterized new nickel(II) complexes containing N-
glycoside ligands derived from disaccharides and 1,3-
diaminopropane (tn) by EXAFS analyses.

Nickel(II) complexes of N-glycosides, [Ni(D-a!dose-
tn)2]Br2 (D-aldose = maltosyl (1), lactosyl (2), cellobiosyl
(3), and melibiosyl (4)), were prepared by the reaction of
[Ni(tn)-,]Br2 with disaccharides. [Ni(L-Rha-tn)2]Br2 (5)
was used as a reference compound. X-Ray absorption
spectra near Ni K-edge were measured at room
temperature in transmission mode with synchrotron
radiation (FF) using EXAFS facilities installed on the
Beam Line lOB. EXAFS analysis were carried out by the
use of theoretical least-squares curve-fitting techniques for
Fourier filtered waves with the program EXAFSl. ^ The
structure of 1 was determined by X-ray crystallographic
analysis.

The Fourier transforms of the raw EXAFS oscillation

(U\(k)) are shown in Fig 1. The Fourier transforms of1
and 5 showed an intense peak at about 1.7 A and a
moderate peak around 2.7 A (before phase-shift
correction), which were back-Fourier transformed by the
use of proper window (1.1-3.2 A) to produce abstracted
EXAFS oscillations subject to the curve-fitting analysis.
The structural parameters from the two-terms curve-fitting
techniques, =K\^iQ{k) + are in good
agreement with those from X-ray crystallographies (Fig.
2), and indicated that the first large peak is attributable to
the nitrogen and oxygen atoms directly coordinating to the
nickel and the second peaks are ascribed to the
contribution of the carbon atoms in the chelation rings.
The other three Fourier transforms for 2, 3, and 4
exhibited closely similar patterns to that of 1, and the
structural parameters also indicated the octahedral
mononuclear nickel(II) structure.

From the X-ray absorption analyses as well as the
other spectroscopic data, it was concluded that the
disaccharide complexes 1—4 have an almost identical
structure in geometrical, configurational, and
conformational modes around the nickel atom. These

EXAFS data will be useful information to explore the
chemistry of transition-metal - sugar complexes.

I I '

Figure I. EXAFS Fourier tiansrorms;

(a) S. (b) 1, (c) I, (d) 3, and (e) 4.
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p-os;,.= N(2),

C(13) /C(12}

^ -Qc(13)
0(5) \

(10) poii) P
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Figure 2. Perspective drawitig of the complex cation of 1.

1) S. Yano, Coord. Chem. Rev. 92, 113(1988) and
references cited therein. 2) N. Kosugi and H. Kuroda,
EXAFSl, Research Center for Spectrochemistry, the
University of Tokyo (1985). 3) This work was partially
supported by Proposal No. 90-165.
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Introduction

Recent observation of solid-state amorphization by
mechanical alloying (MA) in immiscible Cu-Ta system '̂ ^
is quite significant, since the ease of interdifTusion
between different atomic species has been considered to
be indispensable so far. It suggests that MA might have
a potential capability of synthesizing novel alloys even for
immiscible systems. In this study, Cu-M (M=Fe, Ag, Mo)
powders were prepared by MA and the structure was
examined by EXAFS.

Experimental and Results

Pure metallic Cu and M (M=Fe, Ag, Mo) powders were
mixed to give the starting composition of Cu3QFe.^Q and
Cu^^Aggp CuggMo^^Q Cug^Mo^Q and were milled with the
Cu-Be vial and balls in an argon atmosphere. EXAFS
above Cu K and M (M=Fe, Ag, Mo) K absorption edges
were measured at room temperature with a Si(lll)
double-crystal monochromator on BL-7C as well as a
Si(311) channel-cut crystal monochromator on BL-IOB.

Figures 1 and 2 show the Fourier transformed results
of CugQFe.^Q and Cu^y^AggQ, respectively. As for Cu3QFe.7Q
powders, a significant structural change around the
copper atoms was observed as the milling time increased.

while the iron K EXAFS (not shown in Fig.l) did not
change so much. This means that copper atoms dissolve
into a bcc iron lattice. The peak position marked with the
asterisk in Fig.l coincides with that of the 4th
neighboring atoms when the bcc lattice is assumed for
copper (hard sphere model).

From the analysis of Fig.2, it was found that a solid
solution was also formed in Cu-gAggQ powders. Since
both metallic copper and silver nave the fee structure,
real change of atomic arrangement around each atom by
dissolution is rather small. Conspicuous changes due to
MA appeared in both copper and silver K EXAFS were
explained by differences in phase shifts and back-
scattering amplitude between copper and silver. As a
result, a p>eak of Cu-Ag pair was clearly observed.

Foimation of such a super-saturated solid solution in
Cu-Fe and Cu-Ag was also confirmed by angular shifts of
X-ray diffraction peaks. On the contrary, in Cu-Mo
system, reaction did not seem to proceed even at the final
stage of mechanical alloying.

References

1) K.Sakurai et al., Appl. Phys. Lett. 57('90)2660.
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The Debye-Waller (DW) factor determined by
EXAFS for the first-shell is sensitive to short-range
correlations of the atomic motion; the mean-square
relative displacement (MSRD) of the backscatterer
atoms with respect to the absorber atom can be
determined by EXAFS. It is interesting to make a
comparative study of the temperature dependence of
MSRD between crystal and glass states of the same
type material because a larger static disorder is
expected to be revealed in addition to dynamic one
especially in glass state.

Here, we present a comparative study of the effects
of DW factor (ihenual disorder) on EXAFS in crystal
Agl (c-AgI) and glass Agl (g-AgI) : here the glass
state Agl was prepared in the composition of
55mol%AgI and 45mol%CsI.

Below 420 K, c-AgI is dimorphous, the hexagonal

p phase coexisting with the cubic y phase[l,2]. At 420
K, c-AgI transforms to the superionic a phase[3].
EXAFS study of thermal disorder for the first shell (I-
Ag) and the second shell (I-I) in c-AgI (p and y phase)
are presented by several authors[4,5]. The results are
satisfactorily explained by a mixed model (Debye
-i-Einstein) in both shells (especially in the second
shell) taking into account the phonon eigenvectors of
the low frequency optical modes calculated at the
center of the 1 st Brillowin Zone of P-Agl.

The fine powder sample of c-AgI were pressed and
sealed with polyethylene films and was confirmed to

be in the p phase by X-ray diffraction. To prepare the
g-AgI sample, purified anhydrous Agl and Csl were
used as the starting materials. Batch mixtures of 55
mol% Agl and 45 mol% Csl were melted in a silica
glass crucible at about 500 C and then quickly cooled
down to room temperature. The glass was ground and
sealed with polyethylene films for X-ray absorption
measurements.

X-ray absorption measurements were made in Ag
K-edge of c-AgI and g-AgI in 20 K, 50 K, 80 K,120 K
170 K and 300 K respectively at Beam line lOB of the
Photon Factory , National Laboratory for High Energy
Physics (KEK, Tsukuba), proposal No. 91-022.

Data analyses were made according to a standard
procedure[6]. EXAFS oscillation out to a maximum k
of 13.0 A-1 could be used, while usable EXAFS
started at 2.5 A'C The Fourier filtered EXAFS data

were fitted using the least-squares minimization
technique with analytical EXAFS formula. The
amplitude and the phase function employed here were
the theoretical curves tabulated by Mckale and
Knapp[7]. Here, the coordination number around Ag
atom were fixed to the value of 4 in the whole

temperature range in common with curve fitting
procedures. In Fig. 1 the obtained Debye-Waller
factors of c-AgI and g-AgI were plotted against
temperature.

The temperature dependence of a2(T) in Fig. 1 in
c-AgI exhibits similar results with previous papers
(Debye -i-Einstein model)[4,5]. It is interesting that
smaller slope of the a2(T) curve and larger disorder
factors are obtained over the studied temperature range
in g-AgI, indicating that there will be large static
disorder and smaller dynamic disorder factors in g-
Agl.
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G.Dalba, P.Fomasini, S. Mobilio and F. Rocca,
Phys. Rev. B41,(1990)9668
G. Dalba, D. Diop, P. Fomasini and P. Maistrelli:
X-ray Absorption Fine Structure ed. S.S.
Hasnain (Ellis Horwood Ltd.,(1991))p.408
H. Maeda, J. Phys. Soc., Jpn., 56,(1987)2777
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Fig.1Temperature dependent EXAFS Debye-Waller
factorsat the edge of Ag K in c-AgI and g-
Agl. Open and solid circles indicate those in
c-AgI and g-AgI respectively.

235



proposal No 91-164

EXAFS Characterization of Attached Mo Dimer on Si02, AI2O3 and NaY

KazuhiroTAKAHASHI, Takafnmi SHIDO and Masani ICHIKAWA

Catalysis Research Center, Hokkaido University, Kita-ku, Sapporo 060,Japan

Introduction

Dinuclear Mo species attached on metal oxides
derived from Mo2(OAc^ exhibited high activity and
selectivity for propylene metathesis reactionl). HSRand
IR data suggested that radical [Mo=Mo]v species was
active for the propylene metathesis reaction. We
performed Mo K-edge EXAFS measurement to
characterize the zeolite and oxide-attached Mo species.

Experimental
Mo2(OAc)4/Si02, Mo2(OAc)4/Al203 and

Mo2(OAc)4/NaY was prepared by mixing of
molybdenum acetate dimer, Mo2(OAc)4 (Strem
Chemical Co.) with oxide support in Ar atmosphere at
room temperature, followed by evacuation at
300K~723K. Loading of molybdenum of the samples
are 4wt%. Tlie EXAFS spectra were measured at BU
lOB.

Figure. 1 shows Fourier Transform of Mo K-
edge EXAFS function (x(k)*k3) of Mo2(OAc)4 crystal
a n d M02(OAc)4/Si02 evacuated at various
temperatures. Tlie peak of multiple bond of Mo-Mo was
observed at 2.1lA for samples evacuated at 300K and
623K. This distance is similar to that of reference
Mo2(OAc)4 crystal obtained from XRD. The peak
intensity of multiple Mo-Mo bond decreased at above
723K and another peak appeared at 2.80A, which can be
assigned Mo-Mo distance of MoO^. Tliese data suggest
that multiple bond structure in Mo2(OAc)4 was broken
above 723K and converted to MoO^ species.

Table.1 shows EXAFS parameters of
Mo2(OAc)4 crystal and Mo2(OAc)4/Si02, Mo2(OAc)4
/AI2O3 and M(^(0Ac)4/NaY. On Mo2(OAc)4/Al203,
the distance of multiple bond of Mo-Mo was not
observed and that of MoOx was observed when the
sample was evacuated at 623K. These data implies that
Mo dimer bonding of Mo2(OAc)4/Al203 was unstable
and converted to MoO^ species by the evacuation at
623K. On the contrary, Mo-Mo species in Mo2(OAc)4/
NaY kept their structure unchanged below 573K. Tlie
catalytic activity for propylene metathesis reaction on
Mo2(OAc)4/Al203 and Mo2(OAc)4/NaY were as Kh-
and 103 as those of Mo2(OAc)4/Si02. In the case of
Mo2(OAc)4/Al203, the decomposition of Mo dimer
species may cause the low activity. For Mo2(OAc)4
/NaY, on the contrary, the attached Mo2(OAc)4 was too
stable to produce the active radical of [MosMo]^. This
is also supported by ESR measurement. In this study
we also demonstrated that ESR active [Mo=Mo]v

species is the active site for propylene metathesis
reaction.

Reference

1) Q Zhuang, A Fukuoka, T Fujimoto, K Tanaka and
M Ichikawa J.Chem.Soc. chem.commun. 1JU745
(1991)
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Figure 1 Fourier Transform of EXAFS function of
(a) Mo2(OAc)4 and Mo2(OAc)4/SiC)2 evacuated at (b)
300K, (c) 623 K and (d) 723 K

Table. 1 EXAFS parameters of attached Mo dimers

Sample
(Evac.Temp) C.N. r(A)
M02(OAc)4

Mo-Mo 0.8 2.11

Mo-0 1.3 2.12

M02(OAc)4/S iC>2

RT Mo-Mo 0.8 2.10

Mo-O 1.2 2.11

623K Mo-Mo 0.5 2.11

Mo-0 0.6 2.06

M02(OAc)4/Al203
RT Mo-Mo 0.5 2.12

Mo-0 0.8 2.18

623K Mo-Mo 0.3 2.57

Mo-0 0.8 2.00

M02(OAc)4/NaY
RT Mo-Mo 0.6 2.12

Mo-0 1.0 2.19

573K Mo-Mo 0.5 2.11

Mo-0 0.8 2.19
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FT-k range 4~16(A)
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Introduetion
We have synthesized metal carbonyl clusters such

as Rh5(CO)i6 in NaY supercages (13 Adiameter) and
characterized by using EXAFS spectroscopy. Platinum
carbonyl clusters (Chini type anion cluster) have pillared
sturcture of Pt3(CO)6 triangle ([Pt3(CO)6]n2' (n=2-5)). It
is interesting to synthesize non spherical clusters such as
Chini type Pt clusters. We tried to synthesize Pt carbonyl
clusters in NaY supercages and tried to obtain bare Pt
metal clusters by the reduction of Pt carbonyl clusters.

Experimental
Pt carbonyl clusters in NaY supercages were

synthesized by reductive carbonylation of [Pt(NH3)4]2+
/NaY or PtCh/NaY (sample A and B, respectively)[l]

Reduced Pt clusters were prepared by the oxidation (C>2

573 K, 2 h) of sample A or B followed by reduction (H2

593 K, 2 h) (sample C and D, respectively). EXAFS
spectra were measured at BLIOB.

Result and Discussion

Figure 1 shows Fourier Transform of EXAFS
function (x(k)*k:3) of sample A (Pt9(CO)i8/NaY).
Table 1 summarized EXAFS parameters of Pt foil,
[NEt4]2 lPti2(CO)24] , sample A, B, C, and D,
respectively. On sample A and B, three Pt-Pt distance
were observed at 2.64, 2.99 and 3.87 A, which is almost
the same as that of [NEt4]2 [Pti2(CO)24h Hence, it

can be concluded that Chini type anion clusters were
synthesized in NaY supercages. This is also supported by
the results of IR and UV-vis spectroscopy[11 and sample
A and B was assigned to Pt9(CO)i8/NaY and

Pti2(CO)24/NaY, respectively. Pt-Pt distance of sample

C and D were observed at 2.74 A, which is almost the
same as that of Pt foil (2.76 A). Coordination number of
sample C and D suggest that small particle of Pt9/NaY,

Pti2/NaY remained after reduction. This is also supported

by the H/Pt stoichiometry in the measurement of
adsorbed amount of hydrogen.

Reference

[1] Guan-jin Li, Toshiyuki Fujimoto, Atsusi Fukuoka
and Masaru Ichikawa, Chem. Commun. 1337 (1991).
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Table 1. EXAFS parameters of Pt clusters

Compound/bond R/A C.N.

[NEt4]2[Pti2(CO)24]

Pt-Pt 2.65 2.0

Pt-Pt 2.99 1.5

Pt-Pt 3.88 3.0

Pt foil

Pt-Pt 2.76 12

sample A(Pt^(CO)j^g/NaY)

Pt-Pt 2.64 1.9

Pt-Pt 2.99 1.7

Pt-Pt 3.85 3.0

sample B(Ptj^2(LO)2^/NaY)

Pt-Pt 2.64 1.7

Pt-Pt 2.99 1.7

Pt-Pt 3.87 2.9

sample C(Pt^/NaY)

Pt-Pt 2.74 3.8

sample D(Ptj^2/N3^)

Pt-Pt 2.74 4.2

2 3

DISTANCE

Figure 1. FT of EXAFS function (x(k)*k^) of sample A
(Pt9(CO)i8/NaY).
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Introduction

The electronic properties of the metal particles are one of
the most important ingredients for the understanding of the
genesis or the mechanism of noble-metal catalysis.The change
in the density of d electrons should affect the metal catalysis
since the adsorption or activation of reactants arises mainly
from the interaction of d electrons with frontier orbitals of

reactants. The environment of d electrons may be modified by
changing the size of the supported Pt particles.The unoccupied
density of d electrons of Pt particle under in .situ conditions is
experimentally estimated by the intensity of the white lines
earned from XANES spectra [1]. Hydrogenation reaction was
chosen to examine the particle size effect since it was said that
hydrogenation is structure insensitive but opposite result is
proposed in recent year.

Experimental

Pt/SiOj were prepared by the ion exchange or impregnation
method, followed by various pretreatment temperatures to
change the Pt particle size. XANES measurements of the
catalysts at Pt andL,, edge were performed at BL-lOB
under vacuum. H2 8.0 kPa and 8.0kPa. Data analysis
was perfomied as follows, I) the back ground removal with
Victoreen equation. 2) the nonnalized data was fitted with
arctangent and Lxtrentzians at around white line [2]. The
amount of unoccupied d electron density, hj, wasexpressed in
the following equations [1].

/v = ('+/A
fd = «A„| - A„„)+ I. IUA„ - A,„)) / (A,|„+ 1. 11 A,„) (2),
where was the amount of unoccupied d electron density of
the reference Pt reported to be 0.3-0.4 as foil. Am and A,, were
the white line intensityat L,,, and L,, edge, respectively. Thus,

reflects the unoccupied d electron density of Pt sample.

Results and Discussion

Particle size of Pt catalyst was changed in the range of 1.0-
5.0 nm. Activation energies for ethene hydrogenation were
varied from 16kJmol"' for thesmallest particles to 33kJmol"'
for the largest particles showing the particle size dependency.
Figure 1showed thefor Pt/SiOj under various conditions.
Thefj was almost equal over the particle size of 1.5 nm under
vacuum. However, the smaller the particle size became below
1.5 nm. the more the Pt particle became electron deficient, from
/^of 0.07 for 1.5 nm to 0.12 for 1.0 nm. It has been reported
that the binding energy (BE) of supported Pt particles were
increased below particle size of 2 nm by XPS suggesting the
differences in electronic state of the smaller Pt particles and the
bulk Pt. Though the change in the particle size may affect the
XANES spectra, especially the shape of the white line, the
particle size dependency ofwas not erroneous. To consider
the electron transfer between Pt and adsorbate, A/^y was
defined as follows.

A/^=/^under gas) -ffin vacua) (3)

A/^divided by adsorbed H2 orC2H^ were demonstrated in
figure 2. A/^of H2 was negative showing the H2 was electron
donor to Pt.On the contrary to the case of H2, adsorbed C2H4
increased themeaning the electron acceptor from Pt. But the
tendency of the particle size effect of the amount of electron
transfer from/to adsorbates was almost the same. These

phenomena may be explained by the change of BE under
vacuum. For smaller particles of Pt below 2.0 nm possessed
the larger BE, showing that interaction for smaller particles and
adsorbates was weaker than the case of larger particles.

Figure 3 demonstrated the back ground subtracted XANES
dataat L„, edge under Hj and its fitting data for the smallest
particle. The 2nd Lx)rentzian was need to fit the white line well
below the particle size of 1.5 nm since the peak was broadened
in this region.These phenomena were also observed in Lj,
edge. The peak position was independent of particle size and
the edge to be ca. 6 eV higher from the edge. The areas of 2nd
peak normalized by the amount of adsorbed hydrogen were
almost equal for smaller particles suggesting that the peak was
due to the direct interaction between Pt particles and adsorbed
hydrogen.
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Fig. 3. Normalized XANES spectra at Pt edge under 8.0 kPa of Hj.
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INTRODUCTION

Metal oxide electrodes have usually been used as
dimensionally stable anodes in which the catalyst layer is
spread on the base metal such as titanium. This kind of
electrode has been developed in order to lengthen the life time
and, consequently, molded to have good mechanical and
electric contact to the base against the corrosion. Fine control
of the structural and electronic characteristics of the oxide

surface are yet important but it is rather difllcult to obtain the
microscopic structural information in situ. In this study, we
simplified the system and applied X-ray spectroscopy to
investigate the alternation of the structure in-situ; namely,
that of Ru-cluster on carbon model oxide electrode at several

potentials was explored by XAFS spectroscopy. Additionally,
highly dispersed oxide has potential function for the
electrocatalysis and it should be noted that the structural
study of it is Important for the development of the optimized
electrode.

Ru3(CO)12 supported on carbon electrode has Tafel slope
of 160 mV/decade for /-propanol oxidation while Ru oxide
impregnated on carbon electrode has 260 mV/decade for it We
report here the structural difference of these two electrode.

EXPERIMENTAL

Ru3(CO)12 was impregnated on high surface area carbon
at 313 K in distillated pentane followed by heating up to 423 K
to remove the unreacted cluster. The powder was then molded
into discs of 5 mm diameter in air. Ru impregnated on carbon
was prepared with RuCl3 aqueous solution and carbon
powder. EXAFS spectra were measured at BL-lOB station at
room temperature. Each spectrum was recorded after
keeping the sample at 1.2 V vs SSCE for 30 min in order to
remove CO by electrolytic oxidation.

RESULTS AND DISCUSSION

The Fourier Transforms of EXAFS spectra measured at

several potentials were shown in Figure 1 with those of Ru
powder (a) and Ru3(CO)12 (b) for the convenience of
comparing. The spectra of Ru impregnated on carbon (c-e)
showed peaks originated from Ru-Ru bond and Ru-O bond
but the latter almost disappeared at 0.6 V vs SSCE (e). On the
contrary, the spectra of Ru-cluster supported on carbon (f-j)
were almost identical which showed peaks from Ru-Ru bond
little even at the reductive potential at -0.4 V. It is to be noted
for Ru-cluster supported electrode that Ru is oxidized for
every potential and no order structure as for Ru-Ru bond
while the Ru impregnated electrode has a metallic state at 0.6
V.

Fig. 1 Fourier Transform of ruthenium in various potentials

versus SSCE; a, Ru powder; b, Ru3(CO)i2; c, impregnated

Ru/C at 1.2 V; d, impregnated Ru/C at 1.0 V; e, impregnated

Ru/C at 0.6 V; f, Ru3(CO)l2/C at 1.2 V; g, Ru3(CO)t2/C at
0.6 V; h, Ru3(CO)12/C at 0.2 V; i, Rifi(CO)l2/C at-0.4V; j,
Ru3(CO)l2/C at 0.6V after the potential sweep turn.
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d-Stale of the noble metal surface of the electrode is

considered to be closely related not only with the charge
transfer process but also with the electrocatalytic properties of
the electrode material. Since most electrochemical processes
f>ccur in the interface of the condeased phases, it is difficult for
spectroscopies to investigate the electronic structure of the
surface in working state. This can reasonably explain why
photon probes are generally preferable. Among them XANES
of Pt L edges is suitable for the measurement of these systems
and the intensity of the white line appearing at the threshold
connects with the unoccupied density of 5d-state directly. We
measured white line of platinum dispersed on high area
carbon for the elucidation of the d-electronic state of Pt

electrode under various potentials and intended to add the
information of the metal surface in constructing a model of the

electric double layer structure. Highly dispersed system is one
of the possible objects to gain a signal of near surface. Fine
particles are easily mobile and the structure of the Pt particles
is important as well as the electronic state. EX APS spectra
were measured to determine particle morphology.

Electrodes were prepared by ion exchange method to avoid
the size variation of the particles; HN03-oxidized carbon

(Darco G-60) was mixed witb [Pt(NH3)4]^''', washed, reduced
by hydrogen and molded into disks. The binder was used for
molding. X-ray absorption spectra were recorded in Photon
Factory in National Laboratory for High Energy Physics
(proposal No.91-174) using electrochemical cell illustrated in
Figure 1. Data processing of the white line intensity followed
ref, 1; the total density of unoccupied d-state of the sample hT
is represented by that of the reference hr by the equations
hT=(l+fd)hr. fd= (5A3+l.ll5A2)/(A3r+l.llA2r)

8A3=A3-A3r, 6A2=A2-A2r

where Aj is the intensity of Lj edge of the sample and Ajr is
that of the reference. The reference used was Pt foil. EXAFS

spectra were analyzed by using the phase-shift and amplitude
functions derived from Pt foil. An X-ray absorption spectrum
generally reflects the average structure of the element and the
comparison between two spectra separately recorded is
difficult, especially for the assessment of the d-state.[2] In our
experiment the particle size was not distributed much
(confirmed by TEM) and the comparison was made for the
variation of the electrode potential. Thus the danger of the
mistake in the comparison is thought to be small.

The variation of the intensity of the white lines in 0.26 M
II2SO4 was represented by fd versus potential plots in Figure
2. fd increased according as the electrode potential and it was
always smaller during the positive sweep than during the
negative sweep. Thus the hysteresis appeared in this fd
voltammogram. The coordination number in the first Pt-Pt
shell was also plotted in the same way in Figure 3. The
changes by the potential seem to correspond to that in Figure
2: N decreased when the potential increased and curve for the
p(>sitive sweep was always higher than that of the negative

sweep. Change in the coordination number suggests the
morphological change of the Pt particle: size, roughness,
shape, etc. On the contrary, many possibilities explaining fd
voltammogram can be assumed but the similar response of fd

and N reas»)nably explains that the change in the particle
morphology causes fd change.
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Figure 1. Spectroelectrochemical cell for the transmission X-
ray spectroscopy
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Figure 2. The relation of fd with electrode potential (vsSSCE)
in 0.26 M H2S04. Sweep rate: 2.7mVmin"'.
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E/V vs SSCE

igure 3. The coordination number in the first Pt-Pt shell in
0.26 MH2SO4. Sweep rate: 2.7mVmin-'. Data for Ptfoil was
used for the reference (N=12).
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Introduction

In six-coordinate Cu(II) nitro complexes,

mI2M^I[Cu(N02)6] (mI = K, Rb, Cs, TI, = Ca, Sr,
Ba, Pb), Cu(II) ion is expected to take distorted
octahedral structure because the o® electronic
configuration of Cu(II) often exhibits Jahn-Teller
distortion. A number of crystallographic
analyses have been made for the Cu(II) nitro
complexes to study the Jahn-Teller effect on the
coordination structure of Cu(II). It was, then,
found that the two Cu-N bonds (axial sites) are
longer than the others (equatorial sites) in most
cases. However, some crystals show no
distortion and some others show shrinking of the
axial bonds. Furthermore, a few exhibit phase
transitions among these three states at around
room temperatures. The shapes of the thermal
ellipsoids for these systems indicate that the
regular octahedral structure is due to dynamic
Jahn-Teller effect that the axial sites momentarily
change in turn.

Crystallographic technique gives an average
structure over many lattices for dynamic Jahn-
Teller distortions. In contrast to this, EXAFS
method gives the average of interatomic
distances from the absorbing atoms. Therefore,
even for the cases of the dynamic Jahn-Teller
distortions, this method may distinguish the two
equilibrium distances.

Experimental

Cu K-edge X-ray absorption measurements
were performed at BL-IOB. Powdered solids were
mixed wit. h BN and pressed into a disk.
Temperatures were 20, 160, 250, 298, 323, and
420 K. The phase shift and the back-scattering
amplitude were corrected using tables by Teo
and LeeO and McKale et al.2).

Results and Discussion

XANES spectra for Cs2Pb(Cu(N02)6l three
temperatures are shown in Fig. 1. There are few
differences among them. EXAFS Fourier
transforms are shown in Fig. 2. The height of
the first peak decreases with temperature.

K2Pb[Ni(N02)6l shows the same trend and this is
a general temperature dependence. The unusual
is that the peak position for the Cu complex
moves to shorter distance at higher temperature.
The Ni complex shows no such trend. This could
be due to the difference in temperature
dependences of the thermal disorders for the
Cu-N bonds at equatorial and axial sites. The
Cu-N bond length at the axial sites may be
longer and its thermal disorder be larger than
those for equatorial sites. The difference in
thermal disorders for the axial and equatorial
sites becomes larger at higher temperature. The
position of the first peak indicates the weighted
average of axial and equatorial bond lengths
approximately and the weight depends on the
magnitude of the disorder. The higher the
temperature, the larger the thermal disorder of
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axial Cu-N bond compared to the equatorial one.
Thus, the EXAFS method gives the peak position
closer to the equatorial Cu-N bond length, the
shorter bond, at the higher temperature.

It was reported^) that Cs2Pb[Cu(N02)6l exhibit
successive phase transitions at about 280, 300,
and 390 K, which are induced by static and
dynamic Jahn-Teller effects. There was no
apparent variation in XANES and EXAFS Fourier
transforms at these temperatures.
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Fig. 1. Cu K-edge XANES spectra for

Cs2Pb[Cu(N02)6]-
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Many cubic perovskite crystals undergo phase
transitions, where they transform to slightly
distorted structures from the ideal perovskite
structure. The phase transitions are concerned with
the condensation of phonon modes. However, an
overdamping of the phonon mode and central peak
suggest that these phase transition cannot be
regarded simply as displacive type ones. Recently,
structure refinements by diffraction study on some
pcrovskites of single crystals ( BaTi03, SrTi03 and
PbTi03 [1. 2] ) suggest the disorder of atoms. The
purpose of this work is to study local structures and
reveal whether or not there is a disordered nature in

the crystals by EXAFS ( Extended X-ray Absorption
Fine Structure ) technique. We measured EXAFS
spectra for several kinds of powder samples; CsPbBr3,
KTa03, KNb03. SrTi03 and PbTi03. Preliminary results
of CsPbBr3 and KTa03 are shown here.

In CsPbBr3, successive phase transitions occur at
403 and 361 K, and caused by the condensation of the
zone-boundary mode associated with the rotation of
the PbBr6 octahedra [3]. The powder of CsPbBr3 was
pressed into pelletes. X-ray absorption spectra near
the Cs-K edge of CsPbBr3 were obtained using an
EXAFS facilities installed at the beam line 14A at RT,
573, 523, 423 and 383 K. Figure 1 shows x-ray
absorption spectrum at RT, in which scarcely any
fluctuation of the absorption coefficient can be seen.
We could not find well defined EXAFS signals at all
these temperatures.

In KTa03, no phase transition occurs since long-
range ordering of dipole moment is suppressed by
quantum fluctuations at very low temperatures. It
was reported that dielectric constant increased to a
saturated value with decreasing temperature below
100 K. We can expect a local atomic displacement
from the ideal perovskite structure. EXAFS
measurements near the Ta-Lm edge of KTa03 were
carried out at the beam line lOB at RT, 160, 80 and 32
K. Figure 2 shows x-ray absorption spectrum at 32 K.
The EXAFS function xC') extracted from the
spectrum in the usual way. Figure 3 shows the radial
structure function around Ta atom at 32 K calculated

by Fourier transform of kx(k). The correction of
phase shifts is not taken into account. These three
peaks can be assigned to O, K and Ta atoms.

?S.«0 16 90 16-20 36 60 37.00 _37.10 37.00
PHOTON ENERCY/KEV

Fig. 1. X-ray absorption spectrum near the Cs-K edge
of CsPbBr3 at RT.
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respectively from diffraction data. The broad
distribution of the O atom is notable in comparison
with that of the Ta atom. This broad distribution at

very low temperature will result from not a large
Dcbyc-Waller type factor but a displacement of the
atom; the broad peak of the O atom consists of several
shells with different distances. An atomic vibrational

analysis by neutron diffraction implies that the mode
of KTa03 at RT is of the Slater type [4]. We can assume
that Ta atom displaces from the center of 06
octahedron along <001> directions. The peak of O atom
consists of three shells and the peak of K atom also
two shells. We will confirm the direction of atomic

displacement and the distance from the center of the
0 6 octahedron by least-square calculations under
restricted conditions.

The authors thank Dr. Hirotsu for kindly offer of
CsPbBr3.
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Fig. 2. X-ray absorption spectrum near the Ta-Lm
edge of KTa03 at 32 K.
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Fig. 3. Fourier transform of kx(k) for KTa03 at 32 K.
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INTRODUCTION

Recently, the splice method has been proposed for EXAFS
analysis to obtain a correct PDF(pair distribution function)
directly'We iiave applied this method to solid Kr as a
practical example and verified its applicability.

EXPERIMEITTAL

Kr K-edge EXAFS spectra of solid Kr deposited on Al foil
were taken al several temperatures (24~43K) with the
transmission mode at RL-IOE. Temperatures were monitored by
use of silicon diode with accuracy of ±1K.

THEORY AND DATA ANALYSIS

Based on the plane-wave and single-scattering

approximations, the EXAFS oscillation function k^fk) is
expressed as

JtU) pir)

Jo r

.2ikr
dr (1)

where p(r) is the radial distribution function around the X-ray-
absorbing atom. In the splice method, an experimentally-
obtained kx(k) is converted into a reduced EXAFS oscillation

function kx'(k), which is defined by

(2)kxW=\°
Jo

•sin 2kr dr = A'(^)sin rl>'(^)

The modulus A"(k) and the phase <b'(k) arc obtained

experimentally in the range of k=k^in-kn„,. On the other hand,

A'(0) and ^ (0) are given as N/R^ and 0, respectively, where N is
coordination number and R is interatomic distance, so that we

can estimate A'(k) and <I>'(k) between 0 and kmjn through the
interpolation. Consequently, an imaginary part of the Fourier
transform of kx (k) (k=0-k„,,j) should directly provide a PDF.

RESULTS AND DISCUSSION

Figure 1 shows the experimentally-obtained k^x(k)s al
24K and 38K between k^jn and k^j^. EXAFS spectra of Kr al 6
different temperatures have been analysed with the splice
method. The spliced kx'(k)'s for the first nearest neighbor shell
were Fourier transformed and the resultant PDF are shown in

Fig.2. The width and the degree of asymmetry become larger
with temperature.

Thermal expansion coefficient n and Debye temperature

0f) were estimated from the obtained PDF. (X was determined to

be 1.7 x10"''K ' from the temperature dependence of mean
square relative displacement (MSRD) and mean cubic relative

displacement (MCRD). 0|) was calculated to be 61 K from
MSRD. These values are in good agreement with the reference
dataof 2.2xlO"'' K ' and 63 K, which were obtained from X-ray
diffraction and measurement of heat of sublimation,
resjiectivcly^-''' . Our results demonstrate the reliability of the
splice method.
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The monoclinic phase of arsenic tritelluride (c-
As2Te3) consists of the array of ribbons. Three- or six

fold coordinated As and three-fold coordinated Te are co-

valently bonded to each other. Due to the covalent bond
between As and Te atoms, c-As2Te3 behaves as a semi

conductor. In the liquid (1-) phase, As2Te3 undergoes the

semiconductor-metal (SC-M) transition near the melting
point. Recently, we have measured the density of 1-
As2Te3 in a wide temperature-pressure range up to

1600®C and 700 bar, and found that volume contraction
occurs on the SC-M transition. This suggests that a large
change in the local atomic arrangements are expected in
the temperature range where the SC-M transition occurs. It
is obvious that the EXAFS measurements give useful in
formation on the local environment around each of the

central constituent atoms in the metallic l-As2Te3.

The sample must be contained in a cell made of a spe
cial material which is transparent to x-rays and resistant to
chemical corrosion by hot l-As2Te3. For the measure

ments, we have developed a sample cell made of polycrys-
talline sapphire [1]. Two sapphire tubes with closed-ends
were prepared and inserted into another open tube in such
a way that the closed-ends of the inner tubes faced each
other with a narrow and uniform gap between them. The
closed-ends were polished to a thickness of 250 |im in
order to improve the efficiency of x-ray transmission. The
measurements were performed, using the spectrometer in
stalled at the beam line, BL-lOB, of the Photon Factory at
the National Laboratory for High Energy Physics.

Figure 1 shows the selected x(k) spectra of l-As2Te3
around As K-edge at various temperatures. In order to de
termine the structural parameters such as bond length, co
ordination number, we used a standard technique of Fouri
er filtering. At first, the curve fitting was carried out on the
assumption that there exists only Te atoms around the cen
tral As atoms. However, the agreement is not satisfactory.
Next, we have performed the curve fits assuming that
there are two kind of sites in the nearest neighbors around
cenu-al As atoms; the Te site and a new As one, which
lead us to a satisfactory result. From the analysis, we con
cluded that there exist As neighbors together with Te ones
around As atoms in metallic l-As2Te3.

Recently, we have measured EXAFS specffa of 1-
As2Se3 around both the As and Se K-edges in the temper
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ature-pressure range up to 1400°C and about 60 bar [2]. L-
As2Se3 near the melting point exhibits a semiconducting
nature, but the SC-M transition occurs at high temperature
of about 1000°C, which is accompanied by a large volume
contraction [3]. From the results of the EXAFS measure

ments for l-As2Se3, we have found that when the SC-M

transition occurs, the local environment around central As

atoms substantially changed and a new As site is induced
around the As atoms in addition to the original As-Se
bond. Metallic nature in these liquid chalcogenides may be
closely connected with the appearance of the new As-As
bonds.

We have also measured EXAFS spectra for l-GeTe2
around the Ge K-edge up to 1000°C, and found that su-ong
Ge-Ge bonds exist in metallic l-GeTe2.

[1] K. Tamura, M. Inui, M. Yao, H. Endo, S. Hosokawa,
H. Hoshino, Y. Katayama and K. Maruyama, J. Phys.;
Condens. Matter 3 (1991) 7495.

[2] K. Tamura, S. Hosokawa, M. Inui, M. Yao, H. Endo
and H. Hoshino, J. Non-cryst. Solids, in press.

[3] S. Hosokawa, Y. Sakaguchi and K. Tamura, J. Non-
cryst. Solids, in press.
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Introduction

It is known that several Co(II) complexes can bind
molecular oxygen reversively. Recently, we have synthesized
a new Co(II) polyamine complex; N,N'-bis(3-aminopropyl)
13propanediamine Co(II) complex (Co-APPD), which has
the ability of separating oxygen from air." This complex has
been developed as a carrier of the oxygen transporting
system. The crystal structiu-e of the complex has been already
determined by X-ray diffraction analysis.^' However, the
structure of the complex reacted with oxygen (Co-

APPEXO^)) has not been clarified yet since it is difficult to
prepare a large single crystal.

The purpose of this study is to get information about the
local geometrical structure and electronic stmcture around
Coin Co-APPDIO^) complex byuse of XAFS analysis.

Experiment
Co-APPD complex and Co-APPDCO^) complex were

prepared by the method described elsewhere." All solid
samples were mixed with cellulose powder and pressed into
disks for XAFS measurement.

All Co K-edge XAFS measurements are carried out in
transmission mode at BLIOB of Photon Factory in KEK.
EXAFS data analysis is based on the curve fitting calculations
by use of the empirical parameters for Co(II)-N, Co(III)-N
extracted from solid Co-APPD '̂ and [Co(NHj)^]Cl^,^>
respectively. The program EXAFS P" was used for data
analysis.

Results and Discussions

The molecular structure of Co-APPD complex^' which has
the slightly distorted octahedral structure around Co is shown
in Fig. 1. The Co K-edge XANES spectra of the Co-APPD and
the Co-APPDIO^) are shown in Fig.2, where we find
significant difference in these two spectra. A single peak is
observed at 7.722 keV in Co-APPD, whereas Co-APPDfO^)
has two peaks at 7.724 keV and 7.731 keV. The K-edge
energy position of Co-APPDCO^) is about 3eV higher than
that of Co(ll)-APPD. Figure 3 shows the XANES spectrum of
the Co-APPDCO^) compared with that of [CoflllXKHjl^jCl^.
The feature of Co-APPD(02) spectrum is similar to that of
[ColNH^lgJCl^ spectrum, and both threshold energies are
almost the same value. These results indicate that the Co

atom of Co-APPDfO^) is in higher oxidation state than that
of Co-APPD, and is close to be trivalent.

The Co-N distances and the coordination numbers of N

atoms obtained from curve fitting calculation are shown in
Table 1. In Co-APPDfOp complex, the Co-N distance is
0.21A shorter compared withthat in Co-APPD complex and
is the same as that in [Co(NH-),]CL. The coordination

3 o 3

number in Co-APPDIO^) is close to 6. These results show
that Co-APPDIO^) has the octahedral cluster (CoN6) like
[Co(NH3ya3.
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Table 1. Co-N distance (R) and coordination number (CN) from
curve fitting calculation. The values of R and CN for Co-APPD
and [CofNHjlgJClj are given by X-ray diffraction analysis.

Co — N

Sample R(A) CN

Co-APPD 2.173 6.0^^

Co-APPD(02) 1.96 6.1

[Co(NH3)6]Cb 1.963 6.0^^
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INTRODUCTION

The Anderson-type heteropolyanion, which

possesses unique structure, will provide well-defined

bimetallic sites. We have already investigated

[PtMo^024]^" hetropolyanions supported on Si02 and
Al20:^. and found that activesitescomposed of Pt-Mo
ensambles are formed on the catalysts reduced by

hydrogen at 823 K. The Pt-Mo ensambles thus obtained

showed much higher activities for ethene hydrogenation

and hydrogenolysis than conventional Pt-Mo

coimpregnation catalysts. On the other hand, the catalysts

oxidized below 473 K showed a high activity for NO

decomposition.but its activity decreased when oxidized at

higher temperatures than 523 K. In this report, we

investigate the structuresof Al20-5-supported
heteropolyacid catalysts treated at various temperatures in

order to obtain the information about the relation between

catalyst structures and NO decomposition activity.

EXPERIMENTAL SECTION

PtMo^024 / AI2O3 catalysts were prepared from
aqueous solution of (NH4)4[H4PtMo^024] and AI2O3
(Allon-C) by a conventional impregnation method: the Pt

loading was always I wt%. The Pt L[||-edge and Mo K-
edge EXAFS spectra at room temperature were collected

at BL-7C of Photon Factory. The EXAFS analysis was

performed by a curve-fitting method. K2M0O4 and
(NH4)4[H4PtMo^024] were u.sed as model compounds for
Mo-O and Pt-Mo, respectively. Prior to the measurements,

the catalystwas pretreated under 100Torrof O2 for an
hour at given temperatures.

RESULTS AND DISCUSSION

Fig. I shows the Fourier-transform of /;-^-weighted
EXAFS spectra: a; precursor, b; after impregnation, c;

oxidized at 373 K, d; oxidized at 423 K,^; oxidized at 523

K. Each spectrum possessed a strong peak around 0.17

nm corresponding to Pt-O. Additional weak peak was

observed at 0.29 nm attributed to Pt-Mo as shown in fig.

lb and Ic. The results of the coordination number obtained

by curve fitting analysis for b and^suggest that Mo was

bonded to Pt below 373 K,though the octahedral structure

of MoO(^ partlychanged into the tetrahedral structure of
M0O4 When the sample was oxidized at 423 K, the peak
at 0.29 nm due to Pt-Mo disappeared and Mo species was

transformed to a tetrahedral structure,indicating the
destruction of the heteropolyacid framework. After

oxidized at 523 K,R-Pt bonding appeared at 0.27 nm in

Fourier transform spectrum as shown in fig. le. The curve
fitting analysis confirmed the assignment to Pt-Pt bonding

at 0.277 nm.which is similar to Pt-Pt bond length in Pt

metal foil. Pt started to aggregate to Pt metal particles, and
M0O4 tetrahedral structures retained on the alumina

support. In summary, we found that the heteropolyacid

stmcture was distorted after impregnation, and was
completely decomposed to form platinum oxide monomer

and M0O4 afteroxidizing at 423 K. When oxidized at
higher temperatures than 523 K, Pt aggregated to form

platinum metal particles. These results suggest that the

dstorted heteropolyanion and Pt oxide monomer on

alumina support are probably the active sites for NO

decomposition, and the aggregation to Pt metal particles

causes a decrease in the activity for NO decomjxisition.
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Introduction

It is reported that Rh4(CO)i2 is unstable and

decomposed to Rh6(CO)i6 and/or Rh monomer species
on Si02 surface which exhibit the catalyticaliy modest
activity. On the contrary, we demonstrated that attached
Rh4(C0)i 2 on THP (P(CH20H)3) modified Si02
surface remain their cluster framework and exhibit high
catalytic activity of olefin hydroformylation [1].

Experimental
THP was impregnated on Si02 surface by ethanol

solution (THP/Si02). R h4(CO)i2 was attached on

THP/Si02 surface from hexane solution. The loading of
THP was 6.2wt% (THP(6.2)/Si02) and 1.6wt%

(THP(1.6)/Si02). respectively and Rh loading on

THP(6.2)/Si02 and THP(I.6)/Si02 were 2-5 and 1.5
wt%. respectively (Rh4/THP/Si02). Hydroformylation of

olefin were carried out at 300-373 K. Rh K-edge EXAFS
spectra were measured at BLIOB.

Results and Discussion

Figure 1 shows Fourier transform of EXAFS
function (x(k)*k3) of (a) Rh4(CO)i2, (b) Rh4(CO)8
(P(OPh)3)4, and (c) Rh4/THP(6.2) /Si02. On spectrum
(a). Rh-Rh. Rh-C, and Rh-0 distance were observed at
2.7. 2.0. and 3.2 A. respectively. On spectra (b) and (c),
Rh-P distance were observed at 2.3 Abesides these peaks.
Table 1 shows EXAFS parameters of Rh-Rh, Rh-P, Rh-0
and Rh-C distance of (a) Rh4(CO)8(P(OPh)3)4, (b) Rh4/

THP(6.2)/Si02 and (c) Rh4yTHP(1.6)/Si02. Rh4 frame
work of both Rh4ArHP(6.2)/Si02, Rh4yTHP(I.6)/Si02

were remained after impregnation. The Rh4 framework in

the phosphine-rich Rh4/rHP(6.2)/Si02 is substantially

distorted by the coordination of two adjacent THP grafted
on Si02, whereas Rh4 framework in the phosphine-

diluted Rh4/rHP(l .6)/Si02 was not distorted due to the

mono-substitution by THP and the Rh-Rh and Rh-P
distance were similar to that of the reference compound.

Rh4/THP(6.2)/Si02 exhibited much higher activity
for hydorformylation than Rh4/THP(1.6)/Si02 and

Rh4(CO)io(THP)2. From EXAFS analysis, it became
evident that the distortion of the Rh4 framework played an

essentially important roll for active and selective hydro
formylation.

, Sapporo 060, Japan
Japan.
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Table 1. EXAFSparameters of attached Rh clusters
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Compound/bond R/A C.N.

Rh4A'HP(6.2)/Si02
Rh-Rh 2.78 2.84

Rh-P 2.31 0.45

Rh-C 2.01 3.03

Rh-0 3.16 1.36

Rh4A^HP(1.6)/Si02

Rh-Rh 2.76 2.20

Rh-P 2.25 0.16

Rh-C 2.01 3.14

Rh-0
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Figure 1. FT of EXAFS function (Xfkj'k') of (a) Rh4(CO)j2,
(b) Rh4(CO)g(P(OPh)3)4, and Rh4miP(6.2)/Si02.
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INTRODUCTION

Some oxides such as SiOz, BzO,-, and
AlzOa form various oxide mixtures with
other metal oxides, and it is useful to
arrange such oxide mixtures by a concept
of acid - base relations. SiOz, BzOg are
typical acidic oxides, and they react
with basic oxides like NazO or KzO in
arbitrary ratio. Some properties of
these oxide mixtures reflect their

basicity, and added metal ions in the
oxides are also affected by the
basicity^'.

We have investigated redox property
of Cr®"^/Cr^* in alkali silicate melts
and been interested in acidic behavior

of Cr ion'^'. It is expected that Mo and
W ions also behave like Cr ion, because
these ions can take similar, several
oxidized state as Cr ion and form

various complex oxides.
In this work, we measured EXAFS

spectra of Mo and W in binary alkali
silicate glasses, which have various
basicity, and will discuss about change
of coordination number and distance

about central ions.

EXPERIMENTAL

Sample glasses were prepared by
quenching of the melts. SiOz, AzCOg (A =
Na, K), and NazMO,i or MOg (M = Mo, W)
powders were used to obtain appropriate
compositions. Composition of the glass
is represented by

(l-y){xAzO-(l-x)SiOz}-yMOa,

and X = 0.20, 0.25, 0.33, 0.40, and y =
0.01. The glasses were ground to powder,
and pressed in or attached to a sample
holder, to have 3 mm thickness. The
EXAFS spectra were obtained by
conventional transmission method at room

temperature.

RESULTS

Fig.l shows a Mo K-edge EXAFS
spectrum of NazO-SiOz-MoOg glass (a),
and a spectra of W Lm-edge of NazO-
SiOz-WOa glass (b). Typical EXAFS
oscillations k2-x(k) of W and Mo in
glasses are displayed in Fig.2.

The coordination numbers and

interatomic distances around Mo and W
atoms will be analyzed using these data.
The structural behaviors of these ions
in binary xAzO-(l-x)SiOz glasses as
functions of binary composition (x) and
alkali ion species will be discussed

1) Q.Xu,T.Maekawa,K.Kawamura,T.Yokokawa,
Phys.Chem.Glass., 3^, 10 (1990)

2) K.Suzumura,K.Kawamura and T.Yokokawa,
J.Chem.Soc.Faraday Trans., 87, 307
(1991)
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Fig.l (a) Mo K-edge spectrum of the
glass sample, A=Na, x=0.33 and y=0.01.
(b) W Lyii-edge spectrum of the glass
sample, A=Na, x=0.33 and y=0.01.

Fig.2 EXAFS oscillation k®'x(k) of
the glasses, A=Na, x=0.33, y=0.01.
(a):M=Mo, (b):M=W.
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1. Introduction

Rh-Sn/Si02 catalysts prepared by the selective bimetallic
reaction between (CH3)4Sn and Rh metal particles on Si02
exhibit much higher activity for NO dissociation and NO
reduction with H2 as compared with Rh/Si02 and Rh-Sn/Si02
due to particular bimetallic ensemble structures[ I].

We have prepared Pt-Sn/Si02 catalysts in a similar
manner to the case of Rh-Sn/Si02. It was found that the Pt-
Sn/Si02 catalyst has also much higher activity for NO
dissociation than Pt/Si02. Catalytic NO reduction with alkanes
such as CH4, C2H6 and C3H8 was investigated in relation to
environmental problems. When C3H8 was used as a reducing
agent, N2 selectivity was 100 % on Pt-Sn/Si02, while 50 %
on Pt /Si02. In this study, the Pt-Sn/Si02 catalyst was
characterized by EXAFS.

2. Experimental
A Pt/Si02 (1.7 wt% ) catalyst was prepared by a

conventional impregnation method with aquaous solution of
H2PtCl6 • 6H2O, followed by dry at 373 K, calcination at 773
K in air, and reduction with H2 at 673 K. Pt-Sn/Si02
catalysts were prepared by the reaction at 323 K between
(CH3)4Sn vapor and Pt/Si02. 2CH4 per Sn were evolved
during the reaction. No (CH3)4Sn reacted with Si02 at this
temperature. All residual carbon species were removed as
CH4 by reduction with H2 at 473 K. The catalysts were
reduced again at 673 K in situ before each run. NO reduction
by alkanes was carried out in a closed circulating system.
EXAFS spectra of these catalysts were measured at BL-lOB
(Sn-K edge and Pt-Liii edge) and BL-6B (Pt-Liii edge).

3.Results and discussion

Fig. I shows the Fourier transforms of k-^xC^) Pt-Liii
edge EXAFS data for Pt/Si02, Pt-Sn/Si02 (Sn^t =0.1 in an
atomic ratio) and Pt-Sn/Si02 (Sn/Pt = 0.3). The main peak is
assigned to Pt-metal bonds. As Sn/Pt ratio increased, the peak
intensity decreased.

Fig. 2 shows the Fourier transforms of k^xC'̂ ) Sn K-
edge EXAFS data for Pt-Sn/Si02 (Sn/Pt = 0.5). After
reduction at 673 K, it seems that there is no bond between Sn
and surrounding atoms. When NO was admitted to the
catalyst at 573 K, a peak corresponding to Sn-0 bond
appeared at 0.1-0.2 nm. Tbe intensity of this peak decreased
by CH4 exposure at 573 K.

When H2 and CO are adsorbed on reduced Pt/Si02
catalyst and Pt-Sn/Si02 catalysts with varying Sn/Pt ratio, the
adsorbed amounts gradually decreased up to Sn/Pt = 0.26. At
this point H/Pt and CO/Pt were 0 and 0.14, respectively, while
0.35 and 0.29 for Pt/Si02, respectively.

The adsorbed amount of CO was constant at Sn/Pt >
0.26. Sn atoms block CO adsorption sites at Pt particle
surfaces. These results suggest the fonnation of Pt-Sn
bimetallic ensembles on Pt particles.

But, the peak intensity attributed to Pt-M(M = Pt or Sn)
decreases as Sn/Pt ratio increases. There are three ways of
interpretation; (l)the decrease of the coordination number
around Pt (i. e. PI particles get smaller by the addition of Sn.)
, (2)the increase of the Debye-Waller factor due to the

formation of F*t-Sn alloy phase, and (3)the interference of
oscillation due to a variety of Pt-M bond lengths.

The peak intensity in Sn K-edge EXAFS Fourier
transform for Pt-Sn/Si02(Sn/Pt =0.5)is very weak in Fig. 2.
Recently, Overbury et al. have shown that Sn atoms on Pt
(III) protrude outward from neighboring atoms[2]. That is,
the bond lengths for Sn-Pt (1st layer) and Sn-Pt (2nd layer)
are different (0.278 nm and 0.296 nm, respectively). Sn
atoms inthe I^-Sn/Si02 catalysts may beina similar situation.
Further discussion is needed for the precise characterization of
the catalysts.

After exposing Pt-Sn/SiOz to NO at 573 K, Nz and NzO
were produced by NO dissociation and Sn-0 bonds were
formed. The bonds reduced, when exposed to CH4,
evolving COz and HzO, suggesting that the SnOx species is
reactive to CH4 at 573 K.

References
[1] K. Tomishige, K. Asakura and Y. Iwasawa, J. Chem.
Soc. Chem. Comm., in press
[2] S. H. Overbury and Yi-sha Ku, Phys. Rev. B 4 6, 7868
(1992)
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1. Introduction

Synthesis of well-defined active sites is one of
the most important themes in surface

organometallic chemistry. It has been reported
that surface Zr monomer hydrides show high

activity for hydrogenation, polymerization and
isomerization of olefins, and for activation of C-

H bonds of methane and other olefins.

Zirconium hydride dimers on oxide-supports may

be expected to do the direct coupling of two
methyl groups to make ethane or ethylene. Also,

oxidized Zr-dimer structure are expected to have

new catalytic reactivity.

In this study, the supported Zr dimer catalysts
were characterized by EXAFS spectroscopy.

2. Experimental

Two kinds of supported catalysts were prepared

by the reaction between [(/-PrCp)2ZrH()i-H)]2
and silica(200 m^g"') dehydrated at 673 K in
hexane solution, followed by chemical treatments.

Structure of the dimer complex is shown in

Figurel. The Zr monomer catalyst was also
prepared by the reaction between /-PrCp2ZrCl2
and silica. The Zr loadings were 1.5 wt% for

both catalysts.

Zr K-edge EXAFS spectra were measured in a
transmission mode at BLIOB with a Si(3l I)

monochrometer. The spectra were recorded at 70

K. To extract the empirical phase shift and
amplitude functions, model compounds, BaZrO^
and l(/-PrCp)2ZrH(|i-H)]2. were used for
analysis of Zr-O, Zr-Zr and Zr-/-PrCp.

3.Results and Discussion

The k-^-weighted EXAFS raw data of the
supported Zr dimer catalyst and its Fourier
transform are shown in Figure 2 and Figure 3.

There are three peaks at 1.6, 2.1 and 1.1 h in
Figure 3. The first peak was attributed to the
bond of Zr-0(surface oxygen atom). The

existence of Zr-O bond means that the precursor

{(i-PrCp)2ZrH(|i-H)]2 reacted with OH groups of
SiO-) surface. Moreover, the reduction of Si-OH

stretching peak (3745 cm"') in IR spectra and

hydrogen formation during the sample preparation

indicate that hydride groups of the dimer species

reacted with surface silanol groups. The second

peak was attributed to the Zr-C bond by the

EXAFS analysis, showing the retention of the Cp

groups on Zr. The third peak is similar to the Zr-

Zr peak in Fourier transform for EXAFS spectrum

for [(/-PrCp)2ZrH(p-H)]2. Thus the dimer
structure was supported on the silica surface. The

bond length Zr-O-Si is close to Zr-Zr length.So
this peak may contain the Zr-O-Si bond signal.To

determine the accurate structure, we are now

progressing the detailed EXAFS analysis.
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Structural information on solvated metal
ions in nonaqueous solvents is quite important
since kinetic and theimodynamic behaviors of the
solvated metal ions cannot be well understood

without structural information. The EXAFS

spectroscopy has been a powerfull tool for
obtaining structural information such as the
solvation number and the bond length between a
TTietal ion and a solvent donor atom.

1.1.3.3-Tetramethylurea (TMU) is much
bulkier than the familiar solvents such as water,
methanol, and acetonitrile. In these familiar
solvents, all of titled metal ions are octahedrally
solvated [1,2]. In TMU steric repulsion among
solvent molecules in the first coordination sphere
around the central metal ion must be larger than
that in other solvents. In this report, we
investigate the steric effect on TMU solvated
complexes of Mn(II), Fe(II), Co(II), Ni(II),
Cu(ll), Zn(II), Cd(II), and In(III) ions.

EXAFS spectra for TMU and aqueous
solutions of these metal ions were measured

around the K edge of each metal in transmission
mode. The structure parameters obtained are
listed in Table 1 together with the effective ionic
radii reported by Shannon [3].

For divalent metal ions in TMU, the
coordination number of the smaller Mn(II),
Fe(II), Co(II), Ni(II), Cu(II), and Zn(II) ion is
less than 6, whereas that of the larger Cd(II) ion is
6, which is the same in water. The reduction of
coordination number for the smaller metal(II)
ions is due to the bulkiness of TMU molecule.

Thus the M-O bond length is shortened to gain the
larger solvation energy. For the larger Cd(II)
ion, the bulkiness effect of TMU molecule is not
effective and the reduction of coordination

number is not observed.

It is interesting to compare the structure of
TMU solvated complex of In(III) ion with that of
Mn(II) ion. TTie value of n is 6 for In(III) and 5
for Mn(II), and /? is 213 pm for In(III) and 209
pm for Mn(II). The effective ionic radius of
in(III) ion is smaller than that of Mn(II) ion, then
the contribution of steric effect of the solvent

molecule to In(III) ion is expected to be larger
than the contribution to Mn(II) ion. For the triply
charged In(lll) ion, the 6 coordinated solvation
structure obtained here seems to be more

advantageous rather than the structure with the
shortened M-O bond accompanied by the
reduction of coordination number.

It has become apparent that the conflicting

two effects, shortening of the M-O bond length
and increasing of the coordination number,
contribute to determine the solvation structure of

metal ion.

[1] Marcus, Y. Chem. Rev. 1988, <?<5, 1475.
[2] Ohtaki, H.; Yamaguchi, T.; Maeda, M. Bull.

Chem. Soc. Jpn. 1976, 49, 701.
[3] Shannon, R. D. Ada Crystallogr. 1976, Ai2,

751.

Table 1. The structure parameters for Mn(II),
Fe(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), and
In(III) ions in aqueous and TMU solution.

Metal n /? / pm (7/ pm / pm

Mn(II)
4.9(0.2)

217(1)

209(1)

7.4(0.1)

6.7(0.2)
97d),e)

Fe(II)
6 '̂)

4.9(0.2)

211(1)

205(1)

7.4(0.1)

7.6(0.1)
92d).e)

Co(II)
4.1(0.2)

208(1)

200(1)

6.8(0.1)

6.5(0.1)

g9d),e)

Ni(II)
4.8(0.2)

205(1)

200(1)

6.4(0.1)

5.9(0.1)

4b) 197(1) 5.7(0.1)

Cu(II) 2b) 229(1) 12.4(0.4) 7l0

3.9(0.2) 192(1) 4.6(0.1)

Zn(II)
3.8(0.2)

207(1)

195(1)

8.1(0.1)

5.8(0.1)
88^

Cd(II)
5.9(0.2)

227(1)

228(1)

8.0(0.1)

9.8(0.2)
109^

In(III)
b^)

5.8(0.2)

214(1)

213(1)

3.8(0.2)

4.3(0.2)
94d)

Upper row is in water and lower is in TMU for
each metal ion. Fixed value. The effective

ionic radii. Coordination number is 6. High
spin. ^ Coordination number is 4 in square
planar.
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Uniform and well defined surface oxide species
are anticipated to form when uniform supports
and well characterized metal precursors are
employed in the preparation of catalysts.
Zeolites are widely appreciated as potential
supports for these purposes because of their
uniform, homogeneous crystalline structures
having unique, ordered pore systems on a
molecular level.

In the present study, we report the
fabrication of molybdenum oxides in zeolite
using Mo(CD)g encapsulated therein by a photo-
oxidaticn or thermal oxidation procedure.

After an evacuation at 673 K, NaY zeolite was
exposed to a Mo (00 >5 vapor at room temperature
for 16 h. Photooxidation of Mo(C0)5/NaY was
conducted in an atmospheric oxygen stream using
a high pressure mercury lixnp. When no evolutions
of CO and CO2 were observed (ca.60 h), the
reaction was regarded to cease. Thermal
oxidation of Mo(00)6/NaY was carried out without
irradiation using a closed circulation system at
the oxygen pressure of 150 Torr and 343-373 K.
Complete oxidation of Mo(GO)g took ca.30 h at
358 K, but another oxygen treatment of several
hours was conducted for caution's sake.

The Mo-K edge EXAFS spectra for molybdenum
oxide/zeolite systems were measured at room
temperature with the BL-10B instrument of the
Photon Factory in the National Laboratory for
High Energy Physics. The EXAFS spectra were
obtained without exposing the sample to air by
using in situ EXAFS cell having Kapton windows.
[)ata analysis was carried out using a plane wave
approximation.

Figure 1 illustrates FTs of molybdenum oxides
produced by photooxidation and thermal
oxidation. The FT for MolCOIg/NaY is also
depicted for comparison. Both FTs for the
molybdenum oxides prepared in NaY are very close
and consist of two peaks at 0.13 and 0.28 nm
(not corrected for phase shift). The FT peak at
0.13 nm is unambiguously attributed to Mo-0
bondings. On the other hand, the assignment of
the FT at 0.28 nm to a Mo-Mo bonding is not
straightforward, since back scatterings frcm the
oxygen atom in Mo-C bond causes the FT peak at a
close distance as shown in Fig.1. However, the
calculated bond length of 0.328 nm for the Mo-CD
bonding is not acceptable, since the bond length
is considerably longer than that for Mo(CD)5 or
subcarbonyls in NaY [1]. In addition, the
findings that the FT peak remained after heat-
treatment at 673 K in the presence of gaseous
oxygen entirely excludes the possibilities of
the assignments of the peak to Mo-carbonyls
species, indicating the formation of molybdenum
oxide clusters in zeolite cages rather than
moncmeric species.

The structural data derived from EXAFS
analysis are summarized in Table 2. The Mo-0
region was reasonably curve-fitted only by
assuming two Mo-0 bondings. The shorter Mo-0

bonds at 0.175 nm are ascribed to Mo=0 double

bonds, while the longer ones at 0.193 nm to Mo-0
single bonds, The coordination nanber of Mo-Mo
bondings is close to unity, suggesting the
formation of Mo20g dimer oxide species. It is
evident that photo- and thermal oxidation
procedures provide the oxides with the identical
structure. It is deemed that the structure of Mo-

oxide dimer species emerging from the EXAFS
analysis is close to the structure proposed for
(WD3)2 encaged in zeolite [2].

Thermal stability of Mo-dimer species, which
had been thermally fabricated at 373 K, was
examined in brief. When the sample was evacuated
at 673 K, the intensity of the FT peak at 0.28 nm
due to Mo-Mo bondings was significantly reduced,
suggesting degradation of the molybdenum oxide
dimer species to monomeric molybdenum oxide
species or to disordered Mo-oxide clusters. On
the other hand, the Mo-dimer species was found to
be stable at 673 K in the presence of oxygen.
Further works concerning reduction behaviors and
catalytic properties are
now under way.

[1] Y.Okamoto, T.Imanaka, K.Asakura, and
Y.Iwasawa, J.Phys.Chem. 95 (1991) 3700.
[2] K.Moller, T.Bein, S.Ozl<ar, and G.A.Ozin,

J.Phys.Chem. 95 (1991) 5276.

Table 1 Structural Data as Derived from EXAFS

Analysis

Sample Atom pair CN R/nm
Mo-oxide/ Mo-0 2.7 0.175
NaY(photo) 3.2 0.193

Mo-Mo 0.7 0.320

Mo-oxide/ Mo-0 2.4 0.175

2.7 0.193

Mo-Mo 0.8 0.322

Mo(00)g/NaY Mo-C 6.3 0.207

Mo-OO 5.7 0.322

Fig.1 Magnitude of the k^-weighted FTs of
Mo(CD)g/NaY (a). Mo-oxides in NaY fabricated by
photooxidation (b), and thermal oxidation (c).
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Presently the conversion of infrared radiation to
shorter wavelengths, i.e. frequency upconversion lumi
nescence. by rare earth-doped glasses receives much in
terest since the development of near-infrared semicon
ductor diode lasers has made the upconversion pumping
of rare-earth laser systems possible. Among various
glass-forming systems, heavy metal fluoride glasses are
considered to be the best candidate as hosts for produc
ing upconversion luminescence glasses of high emission
efficiency.

The present authors are advancing a series of experi
ments as to how the upconversion luminescence of Er3+
ions in fluoride glasses is affected by the kinds and
quantities of glass-constituents. As one of them, differ
ences in Er-^"^ upconversion characteristics with glass-
forming fluorides have been examined on the MFn-
BaF2-YF3-ErF3 (M: Zr. Hf, Al. Ga. In, Sc, or Zn)
system glasses 11 ]. This study suggested that the F-
coordination environments around Er3+ ions are largely
different with the kinds of glass-forming fluorides,
giving critical influences on upconversion efficiency.
Thus, a close examination on the F- coordination
environments around Er-'^ ions has been performed with
fluorescence specroscopy and molecular dynamics
simulation by employing Eu3+ ions as a probe of Er3+
ions.

The present EU-L3 EXAFS experiment was under
taken to obtain more direct evidence for differences in the

F- coordination environments around Eu3+ ions in
glasses MFn-BaF2-YF3-EuF3. Samples subjected to the
EXAFS measurement are glasses 50ZrF4*30BaF2
•15YF3*5EuF3. 50HfF4-30BaF2*15YF3-5EuF3,
45AlF3-30BaFv20YF3*5EuF3, 45ScF3*40BaF7M0YF3
•5EuF3. 45GaF3-3()BaF2-20YF3-5EuF3, 45InF3
•30BaF2-20YF3 •5EuF3 and 55ZnF2*30BaF2-10YF3
•5EuF3 in mol%. and crystalline EUF3 and EuZrF?.
Data analyses were made according to a standard
procedure 12]: The energy of absortion edge for EU-L3
was taken as 6.9800keV. After the substraction of a
Victoreen-type base line in a pre-edge region, EXAFS
oscillation. k^x{k). was extracted using the automatic
background removal method 13). Then, informations
about the F- coordination environments around Eu3+
ions were obtained by performing Fourier transformation
in the k range from 3.50 to 8.OOA-I, Fourier
backfiltering in the r range from 0.80 to 3.20A and
curve-fitting by a one shell model in the k range from
4.00 to 7.50A-'. The phase shift and backscattering
amplitude values were obtained by using the Ga glass (
rEn-F=2.393A and CNf=8.48. which were obtained by
molecular dynamics simulation) as a reference specimen.

Fig. I shows the EXAFS oscillation and Fourier
transform magnitude curves obtained for the Al glass, as
an example. Fig. 2 show^s the correlation between the
rpii-r values obtained by molecular dynamics simulation
and those obtained by the present EXAFS experiment. It
can be seen from Fig. 2 that there is a fairly good corre
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lation between both results. Unfortunately, however,
the present EXAFS spectra were not so high qualities
enough to obtain definitive conclusion about the F- co
ordination environments around Eu3+ ions. Such poor
qualities may be attributable partly to low EUF3 contents
in glasses. Therefore, re-examination with glasses of
higher EUF3 contents would be necessary in order to ob
tain more reliable conclusions.

[ 11 K. Takahara, R. Kanno, Y. Kawamoto, S. Tanabe
and K. Hirao, Nippon Kagaku Kaishi (1992) 1220.

(21 H. Maeda, J. Phys. Soc. Jpn. 56 (1987) 2777.
[31 J.W. Cook, Jr and D.E. Sayers, J. Appl. Phys. 52

(1981) 5024.

Fig. 1. The EXAFS oscillation and Fouriertransform
magnitude curvesobtainedfor the Al glass.

2.41

2.40

2.38

2.39 2.41 2.43

rE^.p (EXAFS) / A

Fig. 2. The correlation between the rE„-F values
obtained by molecular dynamics simulation and those
obtained by the present EXAFS experiment.
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Wfe have found from an EXAFS analysis of
amorphous GdevNias around the Gd Lm edge that
there exist two different values for the Gd-Ni
interatomic distance while Gd atoms around a
central Gd consists of one shell only from EXAFS
measurements at 300 K [1]. To make the result sure
and to obtain the structural disorder due to the
amorphous state, we have measured temperature
dependence of EXAFS for the Gd Lm edge of
amorphous GdevNiaa below 300 K.

An alloy Gd<5vNi33 \vas prepared from 3N Gd
and 3N Ni by argon arc melting. Amorphous
ribbons of about 1 mm wide and about 10 /zm thick
was made by quenching the melt onto a rotating Cu
disc.

The EXAFS measurement was performed at the
BL-lOB station of Photon Factory (KEK, Tsukuba).
The X-ray absorption spectra were taken in the
transmission mode from 22 K to 300 K near the Gd

Lm edge. We made the nonlinear least squares
analysis [2] for EXAFS spectra to obtain the
structural parameters.

In Fig.l we present temperature dependence of
the interatomic distance between Gd-Ni and Gd-Gd
pairs for amorphous GdGvNi33, wliich shows that Gd
has two different kinds of Ni atoms. It should be
noted that these Gd-Ni distances are very close to
those of Y-Ni of amorphous YGvNi33 found by
Maret et al. [3] The Gd-<jd distance is close to the
distance estimated from metallic radii (3.60 A),
wliile one Gd-Ni distance is much shorter and the

other is much longer than the distance calculated
from metallic radii (3.05 A).

Figure 2 shows the mean square relative
displacement for Gd-Ni and Gd-Gd pairs of
amorphous GdG7Ni33. It does not decrease with
decreasing temperature too much and remains in a
considerable order of magnitude even at the lowest
temperature. This is much different from crystalline
materials.

As shown in Fig.3, the coordination number for
each pair is independent of temperature. In
conclusion w^ can describe the local structure for
amorphous Gd67Ni33 that the central Gd is
surrounded by 2.0Ni, 2.0Ni and 8.3Gd.

References

[I] I. Nakai and R Maeda, Prcx:. XAFSMI (Kobe,
1992).
R Maeda, J. Phys. Soc. Jpn. 56(1987)2777.
M. Maret, M Belakliovsky, F. Merdrignac and
AM. Flank, J. Phys. (Paris) 46(I985)C8-2II.
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The valence state of Cu in DCNQI-Cu
system has been discussed by many authors
to explain the electronic properties.(1 ]
The DCNQI-Cu system is important because
Cu atoms play intrinsic roles in the
transport properties. The Cu atoms bridge
the conducting chains along c-axis formed
by the stacking of DCNQI molecules. The Cu
atoms sit in the center of the distorted

tetrahedral symmetry. There are two
groups in the DCNQI-Cu salts. The group I
salts show metallic behavior down to the

lowest measurable temperatures, and the
group II salts show sharp metal insulator
transitions. We have already reported on
the temperature dependence of the XANES
spectra at ambient pressure in both groups
[2]. In group II salts, it has been shown
that clear changes in the valence state
exist through the metal-insulator
transitions. We have seen no clear change
in the valence state in the group I salts.
It is well known that one of the group I
salts(DMe-DCNQI salt) shows a very strange
behavior under soft pressure (below 100
bar). The salt shows metal-insulator

transition similar to the group II.
Moreover, the system shows another
insu1ator-to-metal transition at the lower

temperature. Therefore the system shows an
re-entrant behavior. The schematic phase
diagram has been shown in Fig.l.[l] The
mechanism of the re-entrant behavior has

not been clarified. Therefore, we have

proposed XAFS measurements under pressure
in DMe-DCNQI-Cu. Some difficulties exist
in the XAFS measurement under pressure due
to the extra absorption by the pressurized
cell. The pressure cell which enables
temperature dependent XAFS measurements is
now under construction. We need only
comparatively low pressure, therefore He
gas pressurized cell should be the best
way to study the XAFS under pressure. At
present we tried a different approach.
Single crystals are immersed in the epoxy
resin, and the thermal contraction of the
epoxy has been used to pressurize the
samples. We have seen substantial changes
in the XANES spectra probably due to the
thermal contraction of the system.(Fig.2)
As the polarization of X-ray is
perpendicular to the conducting chains of
DCNQI molecules, the spectra should be
related to the inter-chain coupling due to
Cu ions. Though the assignment of the
transition is not possible at present, it
seems that a slight pressure can change

the electronic state of Cu. From the
super-structure study in the insulator

METALLIC

£ CRITICAL PRESSURE

INSULATING

REENTRANT

PHASE

PRESSURE

Fig.l Schematic diagram of the re-entrant
phase of DCNQI-Cu system.

phase, it has been considered that Cu has
formal charge of +1.3 in the metallic
phase. And the charge ordering occurs in
the insulating phase with the ratio
Cut:Cu2 + =2:1. [1 ] Judging from the
temperature dependence of the spectra, it
seems that the electronic structure of Cu

changes even in the metallic phase in the
fairly wide temperature range.

Recent study in the DCNQI-Cu system made
possible to study the pressurized state
using deuterized DCNQI molecules. A slight
change of the lattice structure due to the
chemical modification has resulted in a

drastic effect on the transport behavior.
We can now study the re-entrant behavior
without pressure[3]. The study of the
electronic states in the re-entrant phase
is now in progress.

[1]H.Kobayashi, Butsuri 47(1992)889
[2]K.0shima et al., PF Activity report

#9(1991 )159.
[3]R.Kato, private communication.

!.97 . . J.M , , 901
photon energy (kev;

Fig. 2 XANES spectra of DMe-DCNQI salt for
the polarization perpendicular to c.
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It is well known that La2-xSrxCu04 is one of the oxide
high-Tc superconductors and has a variety of phases
changed by temperature and Sr content x. From the
discovery of the superconductive state in this material,
many studies for the experimental and the theoretical
viewpoints were performed to clarify the mechanism of the
superconductive state and its variety of phase
transformations.

Recently, Sugai et a/.'^ investigated phonons in
La2.xSrjCu04 systematically by means of Raman and
infrared spectroscopy, covering the insulator,
superconductor, to normal metal compositions. It was
found that only at superconductor compositions the
inversion symmetry of phonons was broken by the doped
carriers. XAFS studies on La2.xSrjCu04 were reported and
no structural transition occurred in the temperature range
between 4K and SOOK.^^ But the anomaly of the Debye-
Waller factorat Tc was reported in YBa2Cu307.y In their
XAFS study, the polarization character of the SOR beam
was skillfully used. In this work, we carried out the
polarized XAFS study to investigate the local structure of
the Cu02 plane in La2 ,tSr^Cu04crystal near Tc.

The polarized XAFS experiments around Cu K-
absorption edge in La2.xSr^Cu04 with x=0.0, 0.09, O.IO
and 0.14 were carried out at the BL-IOB. In order to

measure the polarized XAFS spectrum by means of the
transmission method, the sample was shaped to c-plate
with the width of several pm from a single crystal and held
on the Be-plate. The optical geometry employed the
polarization vector of the SOR beam being perpendicular to
the c-axis and the a-axis of the tetragonal system.
Measurements of the XAFS spectrum from the c-plate
single crystal were carried out at temperature range from
300K to I5K.

XAFS signal k^x(^) Ihe Fourier transformed radial
distribution functions were obtained. The least-squares fit
using the Fourier filtered k'xO^) <^3ta is made. Three models
are assumed, i.e., one shell-model for to the non-broken
inversion symmetry in the undistorted CUO2 plane, two
shell-model for to the non-broken inversion symmetry in
the orthorhombic distorted CUO2 plane and three shell-
model for to the broken inversion symmetry in the
undistorted CUO2 plane. In order to determine accurately the
temperature dependence of the bond length and the Debye-
Waller factor, the other parameters are first adopted as the
values best-fitted for the spectrum at room temperature and
then they are fixed the spectrum at the lower temperature.

The obtained bond length between the Cu- and 0-atoms
in CUO2 plane, assumed the one shell-model and the two

shell-model, are shown in Fig. I. The discrepancy factor
(R-factor) was not different in the three models. The
temperature dependences of the Cu-O bond length show the
peculiar behavior. At the structural phase transition
temperature T,, which is transformed from the tetragonal to
the orthorhombic crystal system, the obtained bond lengths
are contracted. At the temperature ranges from the Tt to
60K which is an orthorhombic normal metal state, the Cu-
O bond length is not changed. Below 60K, it suddenly
extends and saturated at 30K. The superconductive
transition temperature Tc is 25K. It is supposed that this
extension of the Cu-O bond lengths in CUO2 plane is
related to the occurrence of the superconductive state.

1) S.Sugai, S.Shamoto, M.Sato, T.Ido, H.Takagi and
S.Uchida: Solid State Commun. 76 (1990) 371.

2) J.B.Boyce, F.Bridges, T.CIaeson, T.H.Geballe,
C.W.Chu and J.M.Tarascon: Phys Rev B35 (1987)
7203.

3) H.Maruyama, T.Ishii, N.Bamba, H.Maeda, A.Koizumi,
Y.Yoshikawa and H.Yamazaki: Physica C 160 (1989)
524.

Lai.9Sro.iCu04

Cu-O

-O.aa

rn 1-shell

100 200 300
Temperature (K)

I 2-shell

Fig. 1 Temperature dependence of the bond length between the
Cu-atoms and the O-atoms in Laj 9Sro.iCu04. The ro is the result
of the one shell-model. The ri and r2 are the result of the two
shell-model. Solid line gives the guide for eyes.
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INTRODUCTION

Calmodulin is a ubiquitous calcium
binding protein in eukaryotic cells,
which modulates various Ca^-activated
processes through Ca^ -dependent binding
to target enzymes. Small-angle X-ray
scattering (SAXS) studies have shown
that calmodulin takes a dumbbell shape
in solution near physiological condi
tions (1), which is expected from
crystalline structure.

Calmodulin undergoes a large,
Ca^ *-dependent conformational change on
binding to bee venom melittin, a calmod
ulin binding peptide (2). This fact
suggests that the linker region is
highly flexible, enabling the calmodulin
molecule to bend and enfold the target
peptide. In order to reveal the struc
tural role of the central helix, we have
examined solution structure of deletion

mutants of calmodulin, which lack two
(Glu83 and Glu84) or four amino acid
residues (SerSl through Glu84) from the
central helix. The study revealed that
the effects of the deletion are ex

plained reasonably based on the struc
tural parameters of a -helix. While
melittin binding causes a similar dumb
bell-to-globular transition to wild type
calmodulin (3).

Recently, Kretsinger and coworkers
solved a crystal structure of the mutant
calmodulin which lacks Glu84 from its

central helix. We extended our SAXS

study to the Glu84-depleted mutant
calmodulin to compare the solution
structure with the crystalline struc
ture .

EXPERIMENTAL

The Glu84-deletion mutant (des84
CAM) was expressed in E. coli and puri
fied as described by Persechini et al.
(4). The protein was a kind gift from
Prof. Kretsinger and Dr. Persechini.
SAXS measurements were performed with
SAXES installed at BLIOC. The final data
for processing were obtained by extrapo
lation to zero concentration using a
series of scattering curves at different
protein concentrations in the range of 3
to 30 mg/ml.

RESULTS

Figure shows Guinier plots of des84
CAM in the presence of Ca^and in the
presence of both Ca^ and melittin. The

plot for Ca2'^-des84 CAM can be approxi
mated by two straight lines. This fact
indicates that des84 CAM takes a dumbbell

shape in solution. The radius of gyration
is 20.4+O.3A in the presence of Ca^ ,
The Rg's for wild type and des83-84 CAM
were 22.1+0.2 and 21.2+0.3A, respec
tively, indicating that the one residue
deletion is sufficient to cause a short

ening of the molecule. Note that the
one-deletion mutant is smaller than two-

deletion mutant.

Melittin binding causes a
dumbbell-to-globular conformational
change in des84 CAM similar to wild type
CAM, which is clearly seen from Figure.
This change was also calcium-dependent.
Comparison between crystalline structure
and solution structure is now under way.

Q2 (A-2)

Figure: Guinier plots for des84 CAM in
the presence of Ca^ ••• ( O ), and in the
presence of both Ca^ and melittin ( <^ ) .
Protein concentrations are 6mg/ml for
both cases.
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Introduction

In binary polymer blends, phase separation between
components may intervene in the morphology formation
when the constituent polymer crystallizes, and eventually
a complicated morphology is formed by a cooperative effect
of phase separation and crystallization. We have recently
investigated the final morphology of such a system, poly(e-
caprolactone) (PCL) and polystyrene oligomer (PSO).' In
the present study, the process of morphology formation in
the PCL/PSO system at various PCL compositions {(Ppcl)
and crystallization temperatures (Tc) has been investigated
by SAXS with synchrotron radiation (SR-SAXS).^

Experimental

The PCL was purchased from Scientific Polymer Prod
ucts Inc., and and A/„,/Af„ determined by gel perme
ation chromatography were 13,700 and 1.44, respectively.
The PSO was purchased from Tosoh Corp., and A/^t and
A/„,/A/„ were stated to be 950 and 1.13, respectively.

The process of morphology formation was observed by
SAXES facility at BL-IOC. The wave length was 0.1488
nrn and the distance between the sample and detector was
about 2,000 mm. Details of the optics and instrumentation
are described elsewhere.^

Results and Discussion

The time-resolved SAXS curves show an intensity max
imum arising from the crystalline region at s ~ 0.07nm~'.
The SAXS curves for the blend have an increasing inten
sity toward smaller angle in addition to the intensity max
imum. The intensity at smaller angle is attributed to a
mosaic structure (or two-phase structure) consisting of the
crystalline and amorphous regions.

Figure 1 shows the time t dependence of the normalized
intensity maxima for the blends with various (fpcL at var
ious Tr, where the abscissa is the reduced time. Although
the t dependence of the intensity maximum shows differ
ent curves according to 4>pcL and Tc, they coincide with
each other and make one master curve, suggesting that the
overall feature of morphology formation in the blend is the
same as that of crystalline homopolymers. That is, the
crystallization of PCL controls the whole rate of morphol
ogy formation in the blend.

The tirne-re.solved SAXS curve was interpreted with a
combination of the paracrystalline lattice model and the
two-phase model. The result is shown in Figure 2, where
the peak intensity is proportional to the crystalline region
in the blend at 1 and is proportional to the crystalline
region in the two-phase structure. The peak intensity in
creases abruptly with increasing t and eventually level off
at a constant value. The value of t5(t), on the other hand,
is almost constant throughout the morphology formation.

This means that on the morphology formation the two-
phase structure grows directly from the homogeneous melt
of PCL and PSO, and the amorphous regions (and also
crystalline regions) appear with a constant proportion in
the two-phase structure. Figure 2 suggests that in the
present PCL/PSO system the morphology is formed si
multaneously by a cooperative effect of liquid-liquid phase
separation and PCL crystallization.

References

1. S. Nojima et. al., Macromoiecules, 24, 942 (1991).
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n

Figure 1 Normalized intensity maximum plotted against
reduced time, t/t\i2. In the upper curve, the data are ob
tained from the blends crystallized at 40 °C with 4>pcl —
1.0 (O), 0.9 (•), 0.8 (O), 0.7 (•), and 0.6 (•). In the
lower curve, the data points are from the blend with (f)pcL
— 0.8 crystallized at Tc = 30.0 (O), 35.0 (•), 39.5 (C>))
41.0 (•), and 42.5 °C (•).

0 1000 2000 3000

Time (sec)

Figure 2 Intensity maximum {s^I)max (•) and i^(t) (O)
plotted against time for the blend with fpcL = 0-6 at Tc
= 40.0 "C.
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This study aims at investigating the kinetics
of crystallization in crystalline / amorphous
polymer blends by small angle X-ray scattering
measurements of polyethyleneoxide (PEO) /
polymethylmethacrylate (PMMA) blends in the

crystallization process. In this study, PMMA
molecular weight dependences of the rate of
crystallization and of the long period of the
structure formed in blends and these origin will
be discussed.

PEO used was the products of Wako Pure
Chemical Ind. Ltd. with nominal average molecular
weight M = 50,000 P 10,000. Six PMMA samples
having different Mw's were used. The values of
the weight average molecular weight Mw, Mw/Mn,
which were determined by gel permeation
chromatograph (GPC) using polystyrenes as the
standards, are Mw = 22,000, 23,000, 160,000,

170,000, 770,000, 1,100,000 and Mw/Mn = 1.6, 1.4,
1.7, 1.7, 2.1 and 2.0, respectively. Blend samples
were obtained by casting from chloroform solution.
The composition of blends studied here was 20
PMMAwt%. SAXS measurements were carried out

using BL-IOC beam line. Crystallization was induced
by temperature jump method, which was made by
transferring the sample to the heating block
controled at a temperature below melting point.
The temperature of samples was controled within
f O.IP^ .

PMMA molecular weight dependence of the
long period L of crystallized blends is shown in
Fig.l. Large values of L were obtained in the low
molecular weight region of Mw ~ 20,000. The
reason why large values of L were observed in
low PMMA Mw region may be as described below.
Namely, PMMA chain with low Mw is trapped in
the amorphous region between crystal lamellae
because of the small value of the radius of

gyration. However, the PMMA chain with high
Mw(S; 100,000) is excluded from the amorphous
region, since the radius of gyration become large
with PMMA molecular weight increases. Therefore,
we think that the small values of L were observed

in the high molecular weight region of PMMA.
As for the crystallization dynamics, the rate

of crystallization of blends became slow with the
increase of PMMA molecular weight. Crystallization
time tf. which was the time required to complete
the crystallization, was evaluated as the time at
which the increase of the scattered intensity Im
ended. Mwfmma -dependence of time tf is shown
in Fig.6. The molecular weight dependence of tf
was around t; ~ Mwpmma"-^ . If the interpretation

that the Mwpmma -dependence of L is due to the
exclusion of PMMA during crystallization is correct,
the crystallization process is delayed because of
the exclusion process of PMMA chain from the
amorphous region between lamellae. Diffusion of
PMMA chains with relatively high molecular weight
is considered to follow the Einstein-Stokes law,
because the PMMA chain is long enough relative
to PEO chain. Therefore, Mwpmma -dependence of
the diffusion coefficients is D ~ kT/67r r? RgpMMA
~ Mwpmma"'^^ . If PMMA chain must diffuse over a

constant distance I in order to go out of the
amorphous region between crystall lamellae, Mwpmma
-dependence of the time te , which is necessary
to exclude a PMMA chain from the amorphous

region, is te ~ /p Mwpmma^^^ . It is not in

conflict with Mwpmma -dependence of tf .

500

< ^00

300
-

5 10

'O '

Fig. 1 Mwpmma -dependence of L at Crystallization
temperature T=321K.

Fig. 2 Mwpmma -dependence of tf at T=321K.
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INTRODUCTION

We have analysed the SAXS (small-angle X-ray scat
tering) behavior from the gelling system by end-crosslink-
ing, following a model derived from the cascade theory
Here the scattering is essentially due to the intrachain
spacial correlation, and is also model-dependent. In the
present report, we discuss the scattering behavior from
the gelling system in terms of the correlation length ^ for
densitv fluctuation:

Hq)
ce

[l-h(D-h 1)^973]^/'
(1)

Here a fractal argument introduced a fractal dimention
D^\ and eq. (1) reduces to a Lorenzian form when D =
2:

i{,) = (2)

where the reduced density fluctuation correlation func
tion follows the Orstein-Zernike form.

EXPERIMENTAL

The time-resolved SAXS was observed with the

SAXES optics installed at BL-IOC from the system form
ing network by hydrosilylation of VT-M and F4-C in the
presence of H2PtCl6- 6H2O. The strong X-ray source of
synchrotron radiation enabled to take the scattering data
in the q range from 6.61 x 10~^ A to 0.33 A with three-
minute resolution. The sample solution (20 wt.% stoi-
chiometric mixture of VT-M and F4-C in toluene) was
prepared at 0°C, and the SAXS measurement was started
immediately after the solution was put into the cell ther-
mostated in advance. The 3-minute measurement was

repeated 98 times with an appropriate interval, and the
total measuring time was 5 to 8 hours, depending on the
reaction temperature.
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Fig. 1: Double-logarithmic plots of time-resolved SAXS
dming polysiloxane network formation.
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Fig. 2: The correlation length ^ and the inhomogen-
ity size a as a function of time.

RESULTS and DISCUSSION

The system forms gel by end-crosslinking as moni
tored by the upturn of q^I{q) m q —* 0^^ Fig. 1 shows
the time-course of the SAXS profile in double-logarithmic
plots, where the deviation from the Lorenzian behavior is
marked at g —♦ 0 when gelation occures. The correlation
length was estimated from the Lorezian part according
to eq. (2). Gelation results in inhomogenities, which can
be characterized by the size a yielding the g-dependent
excess scattering as

Iex{q) ~ a^/(l + q^a^y (3)

which corresponds to D = 4 in eq. (1). Assuming the
total scattered intensity is given by the sum of two con
tributions eqs. (2) and (3), the inhomogenity size was
evaluated as shown in Fig. 2. The correlation length ^
evaluated from eq. (2) is almost invariant (~ 8 A), but
the inhomogenity size increases with the process of gel
formation.

T. Ando et ah, PF Activity Report, 9, 194 (1991)
K. Kajiwara, S. Kohjiya, M. Shibayama,
H. Urakawa, in Polymer Gels; Fundamentals and
Diomedical Applications, (ed. by D. DeRossi, K.
Kajiwara, Y. Osada, A. Yamauchi), Plenum, New
York, 1991
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The purpose of this work is to examine the phase
beha\ ior of photo-reactive polymer mixtures before and after
irradiation by using small-angle X-ray scattering (SAXS)
\sith synchrotron radiation as a light source.

I. Materials: Polymers used in this work are poly(2-
chlorostyrene) (P2CS, Mw= 2.1 x 10^' Mw/Mn = 1,8),
polystyrcne(PS, Mw=3 x 10^, Mw/Mn =1.11),
polybutadiene{PB, Mw = 1000, Mw/Mn = 1.2) and
poly(\'inyl methyl ether) (PVME, Mw = 6.8 x 10"^, Mw/Mn
= 2.5). PS/PB mixtures possess an upper critical solution
temperature (UCST) whereas P2CS/PVME has a lower
critical solution temperature(LCST).PS and P2CS chains are
chemically labeled with anthracene by the procedure reported
pre\iously'). The labeling ratio is 2.1 for PS and 16
anthracene groups/chain for P2CS. The binodal
temperatures of these mixtures were obtained by using light
scattering after extrapolating to zero-heating rale. On the
other hand, the spinodal temperatures were determined by
SAXS using synchrotron radiation at the BL-IOC station.

II. Results and Discussion:

A) PS/PB mixtures: All the scattering functions of
PS/PB can be u ell expressed by the OZ function;

S{q)/S(0) = l/{l + ^2q2} (])
where S(q) is the scattering intensity at the scattering vector

q which is given by Iqi = (4n/X) sin(q/2). Here X is the
wa\ elength of the incident X-ray and q is the scattering
\ec(or amplitude. The Ornstein-Zemike (0-D) plot of a
PS/PB(70/30) blend before irradiation is shown in Fig.l.
By assuming that the mean field theory is valid for these
mixtures, the spinodal temperatures (Ts) were obtained by

extrapolating 1/|2 to zero. The dependence of Ts on
irradiation time which is proportional to the cross-link
density of PS chain is shown in Fig. 2. Obviously, Ts
increases with increasing irradiation time and eventually
tends to approach a constant value after 30min of irradiation.
These results imply that the miscibility of the blends decrease
by photo-cross-link reaction of PS chains. It is worth
noting that the PS/PB blend of this particular composition
does not undergo phase separation after irradiation in the
one-phase region. However, for PS/PB blends with lower
PS composition, the sample became cloudy after irradiation.
The SAXS scattering profiles of several PS/PB blends with
different compositions which were photo-cross-linked under
different conditions does not exhibit scattering maxima The
morphology obser\ed by a phase-contrast optical
microscope exhibits the typical spinodal structures with
internal domains in the micrometer range^).which are far
beyond the q range of the SAXS instrument. These
experimental results reveal the complicated coupling between
the photo-cross-link reaction kinetics and the thermodynamic
interactions in binary polymer mixtures which can be used to
design multiphase polymer materials with novel
morphologv.

B) P2CS/PVME mixture:
From the \'iewp>oint of polymer-polymer miscibility,

it is of great interest to understand the effects of chemical
labeling the polymer chains with pholoreactive groups on the
miscibility of the mixtures. For this purpose, P2CS/PVME
blends were used as a model mixtures. The effects of
chemical labeling of P2CS chains with photo-reactive

anthracene on the phase behavior of the unlabeled
(P2CS/PVME) and the labeled (P2CS/PVME) blend with the
same molecular weight were investigated. From the
spinodal temperatures estimated using the correlation length

the phase diagrams for these two blends are constructed.
These results are shown in Figure 3. It was found that in
comparison to the unlabeled blends, the miscibility of the
labeled ones does not only decrease but its phase diagram
exhibits the typical behavior of the polymer systems with
polydispcrsity.originating from the inhomogeneous
distribution of the anthracene label due to the labeling
reactions. Furthermore, it was found that both the unlabeled
and labeled blend follows the mean-field behavior with the

critical exponent v = 1/2 and y = 1 3). Based on these
fundamental informations, further experiments are currently
in progress to elucidate the correlation between photo-cross
link reaction and the corresponding morphology in both
micrometer and sub-micrometer range.using synchrotron
radiation.
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Fig.l. Onistein-Zemike (O-Z) plot for the scattering profile at 180"^C
ofaPS/PB(70/30) blend photo-cross-linked in30min. 22.9 K.
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INTRODUCTION

Almost all of collagenous tissue have been

known to have a hierarchical structure". It is

important to know the contribution of each

structure in hierarchy to mechanical properties

of collagenous tissue as a whole. At the macro

scopic level, collagen is viscoelastic. In this

work, in order to investigate the molecular ori

gin of the viscoelasticity of collagen, time re

solved structural measurements at the fibril lev

el were made by using an X-ray beam generated

by a synchrotron orbital radiation. Small angle
X-ray scattering (SAXS) method was employed.

EXPERIMENTAL

Collagen vised was from bovine Achilles ten
don (BAT). All the measurements were performed

for swollen specimen at room temperature. The

SAXS measurements were made using synchro

tron radiation by the instrument BL-IOC which

was installed at the Photon Factory of the

Research Institute of High Energy Physics,

Tuskuba.

The 5 seconds of counting was made with

intervals of (1) 5 seconds for initial 2 minutes,

(2) 55 seconds for next 8 minutes, (3) 295 sec

onds for 20 minutes, (4) 595 seconds for 30

minutes, (5) 1195 seconds for 1 hour, and (6)

1795 seconds for 2 hours. The creep process

begins in the initial 2 minutes.

RESULTS AND DISCUSSION

Figure 1 shows the time dependence of the

meridional SAXS diffraction spacing correspond

ing to the Hodge-Petruska (HP) D-period by the

application of a stress of 15.7 MPa. Figure 2

shows the time dependence of the intensity ratio

of the third order diffraction of the HP D-period

to the second one, la/I^ (=Ir). The HP D-period

increased by the addition of the stress in at

least 5 seconds after the application of the

stress. Over this period, the HP D-period did

not change up to almost 10"* sec after the stress
application. After about 10" sec, the HP D-period

begun to increase again. On the other hand, Ir

decreases monotonously with time. The decrease

in Ir indicates the decrease in the ratio of the HP

overlap-region to the HP gap-region, 0/G^'.
There are three possible modes for a collagen

fibril to be deformed®" (1) the elastic deforma

tion of molecule and fibril, (2) the change in 0/G

and (3) the slippage of a molecule against the

neighbor ones. If the deformation is cased by

the mode 1 deformation, the HP D-period will do

increase but Ip will not change. The mode 2 de

formation will result only the change in Ir. The

mode 3 deformation will result the change both in
the HP D-period and Ir, where the change in the
latter occurs to the inverse direction as in the

mode 2 deformation.

The results obtained here suggest such a de
formation scheme of collagen as follows. At the
application of the stress, the mode 1 and 2 defor
mation occurs. Up to about 10" sec after the

stress application, the deformation is caused by
the mode 2. After the mode 2 deformation-period,
the deformation of the type of mode 3 is added,
where the HP D-period increases again and Ir
levels off by the balance of the deformations of

mode 2 and mode 3.
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Figure 1. The Hodge-Petruska D-period plotted

against time after the stress application (at the
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Figure 2. The logarithm of the intensity ratio Ir

plotted against time.

262



proposal No 91-061

Farfornanc* of Spatially Dasi^nad Paraanant Na^nat for Saall-angla
X-ray Scattaring using Synchrotron Radiation Sourca

Mltsuhiro Hirai,^* Sadato Yabuki,^ Toshiharu Takizawa,'- You Sano,^ Toshihiro Hlrai ^
Ken Ohashi,^ Kazuyoshi Kakuno,'' Katsumi Kobayashi,^ and Tatsuo Ueki ®

^Faculty of General Studies, Gunma Univ., Maebashi-shi 371, ^National Food Research Inst.,
Tsukuba-shi 305, ^Faculty of Textile Science and Technology, Shinshu Univ., Deda-shi 386,
''shin-Etsu Chemical Co., Takefu-shi 915, ^Photon Factory, KEK, Tsukuba-shi 305, ^Division of
Biophysics, The Institute of Physical and Chemical Research, Wako-shi 351-01, Japan.

He have designed and constructed a
special permanent magnet for a small-angle X-ray
scattering spectrometer (SAXES) installed at
BLIOC line of PF at KEK. As described bellow,
the magnet has several prominent characteristics
for structural studies of macromolecular

assembles under magnetic field using small-angle
X-ray scattering methods.

The critical characteristic of the

present magnet is that the rectangular hole,
which is used for the entrance of X-ray beam,

with 5x8 mm^ in cross section runs through the
entire pole pieces. Qwing to this hole, the
direction of the incident X-ray beam can be
selected parallel or perpendicular to that of
the magnetic field (Photo 1). Because the

presence of the hole in the pole-piece is
expected to cause a serious dip and
inhomogeneity in field strength near the center
of the gap, it may be difficult to realize the
above two alignments between the incident beam
and the magnetic field by using a single magnet
based on ordinary designs. To conquer above
difficulties and to perform prominent
characteristics, the magnet is constructed by 8
parts with different axis of magnetization
(Figure 1) . According to this design, the
magnetic flux can be concentrated along the axis
of the pole-piece to obtain high field strength.

As shown in Figure 2, the magnitude of
magnetic flux density at sample position in a

volume of about 4x10x10 mm^ can be continuously
adjustable from 2.0 T (at 8 mm pole-piece gap)
to 0,7 T (at 35 mm pole-piece gap). The

uniformity of magnetic flux density, AB/B, in

the volume (4x10x10 mm^) at 8 mm pole-piece gap
is achieved below 4.0x10"^. Such a large
volume with uniform magnetic field is not only
useful to arrange accessories around samples
but also important to eliminate the
inhomogeneity of the orientational distribution

NdFeB magnets

: York

Pole piece with ^
rectangular hole

Fig.l. Overview of the present permanent
magnet

Fig.2. Half model of the magnet. The
directions of magnetization and incident beam
flux are indicated by thick arrows.

« 2 i— 1 —! ^

E

a
tq 0.6

pole piece gap (mm)

Fig.3. Dependency of maximum magnetic flux
density at sample position on pole-piece gap
(measured) .

and the translational migration of macro-
molecules by the effect of field gradient. The
maximum dimension of the magnet including a
handle for pole-piece gap control is about
9x14x20 cm with 13.5 kg in weight. The 0-shaped
brass york holds the magnets. The pole pieces
are made from low-carbon steel. The magnets
used are produced by Shin-Etsu Chemical Co.
(N42H; Br =13.2kG, (BH ] x'°4 2MG0e) . More

detailed chracteristics will be described in
another report.

By using this magnet, we have studied
the orientational process of biological
macromolecules as described in the reference 1.

1) M. Hirai, Y. Yabuki, T. Takizawa, Y. Sano,
T. Hirai, K. Kobayashi, T. Ueki. PF Activity
Report 1992.
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Tntrndiictlnn

The single crystal structural analysis
using X-ray is the most powerful way to deter
mine the macromolecule structure. In gener
ally, it is also well known that the crystal
lization of macromolecules with three dimen

sions is very difficult for such analyses. On
the other hand, although the impressive
progress of multi-dimensional NMR method has

shown one of the solution to the problem of X-

ray crystallography, it seems that there are
some limitations on the complexity of the
signal analysis. In contrast, in spite of the
low resolution on the structural determination,

the solution scattering method has been still
one of the most convenient and powerful methods

for macromolecule studies. The information

content obtained by solution scattering is
limited because the macromolecules are gener
ally randomly oriented and therefore the data

are spherically averaged.
As the scattering from oriented macro-

molecule assembles is expected to provide the
structural information much more, we have
designed a special permanent magnet to utilize
solution X-ray scattering method using syn
chrotron radiation source further more. By
using this magnet, we have measured the orien
tation process of the ideal model system of
hard rods.

F.xperl mental

The samples used for the present experi
ments were TMV (Tobacco Mosaic Virus) and CGMMV

(Cucumber Green Mottle Mosaic Virus), both of
which are known to have the cylindrical struc
tures with height 300 nm and diameter 18 nm as
the ideal model system of hard rods. These
viruses were dissolved in 10 mM phosphate
buffer at pH 7.2, The solute concentration was
2.03 mg/ml for TMV, 2.21 mg/ml and for CGMMV,
respectively.

Small-angle X-ray scattering measure
ments were performed by using synchrotron radi
ation X-ray scattering spectrometer for enzymes
(SAXES) which is installed at BLIOC line in the

Photon Factory of KEK. The wavelength used was
1.49 A and the sample-to-detector distance was
195 cm. The exposure time was 60 s for each
measurement. The strength of magnetic field
was from 0.85 to 1.7 tesla at sample position.
The characteristics of the magnet are explained

in the reference.

Results and Discussion

Below the strength of magnetic field

0.85 tesla, we could not observe any critical

change of scattering profiles. Figure 1 shows
the time course of the change of the scattering
profile from TMV at the strength of magnetic
field 1.4 tesla, where the direction of mag

netic field was selected to be perpendicular to
that of the incident X-ray beam flux. In
Figure 2 the magnetic field was applied to be
parallel to the incident beam. As shown in the

above figures, we could also measure the time-

dependency of the scattering profiles on the
orientation process of CGMMV at the same mag
netic field strength. The changes of total
scattering intensity were also measured. The
detailed analysis is in progress.

90 rmn

/
_ 0 mm

q (*•')
Time-dependency of the scattering

curves of TMV exposed to magnetic field 1.4
tesla. The magnetic filed was applied
perpendicular to the incident X-ray beam.

90. rrwi

rig.2. Time-dependency of the scattering
curves of TMV exposed to the same magnetic
field strength. The magnetic filed was
parallel to the incident X-ray beam.

RF.FF.RF.NCF.

1) M. Hirai, Y. Yabuki, T. Takizawa, Y.
Sano, T. Hirai, K. Ohashi, K. Kakuno, K.
Kobayashi, T. Ueki. PF Activity Report 1992.
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Introduction

In order to explore the structural
change of c-Ha-ras gene product, ras p21
during GTP hydrolysis, we have measured
s 01u t ion

finished

truncated

and its

G12V(G 1 y

resultant

X-ray scattering. We have

static experiment using
ras p21 (GDP and GTP bound)

mutants Q61L(Gln to Leu),

to Va1), A59T(Ala to Thr). The

values show that very little
change between wild type (16.89 A of Rg)
and mutants (17.0 A of Rg) are
recognized although distinguishable

difference is seen between GDP bound and

GTP analogue (GDPNHP) bound ras p21

(17.46 A of Rg) [11 .

We measured time resolved experiments
on ras p21 during GTP hydrolysis using

stopped flow apparatus 121.

Exper imen t

For stopped flow experiment 8.6 mg/ml
of ras p21 in the presence of both GTP

and EDTA was mixed with equivalent
volume of MgClz buffer, which causes the

binding of GTP to ras p21.

Since sufficient statistical precision

is required for Rg determination we

employed one shot of 30 sec. Six shots
of injection was measured until 40 min.

The accumulation of each six frames gave

about 1% of standard deviation on Rg.

Experiment was measured at about 5 C,
and camera length was 50 cm.

Results and Discussion

The samples, wild type, G12V, A59T
showed no change. Only Q61L showed
slight decrease in Rg. Apparent radius
of gyration, Rg«pc. is defined by
following equation.

Rg ^GTP + ktRg ^CDP

\ + k t
Q ^app

where t is time(min): k is time constant

(min"^): RgGxp is initial Rg: Rgaop is
last Rg. Using this equation k was
determined to be 0.1 min

square fitting (Fig 1).
Compared it to 400 min~^

by fluorescence [31, ras
to hydrolyzes faster than

by ea s t -

of k reported

p21 waS found
expected.

The over expression vectors are
generous gift from Dr. Nishimura. The
coordinates are from Dr.Kim 141.

111

[21

[31

[41

F i g

with GTP hydrolysis
mutant (Q61L).
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INTRODUCTION

The structural information of unfolded

state is essential for the understanding of
protein folding and stability, since the stabil
ity of protein native structure is given by a
free energy difference between folded and un
folded state. We have shown that solution X-ray
scattering is useful and essential for the
characterization of unfolded state^"^. We have
also shown that the Staphylococcal nuclease
(SNase) fragment, which lacks the C-terminal 13
amino acids, can be regarded as the unfolded
state under near physiological condition, and is
much different from the urea-denatured state of

SNase^•^.
Shortle et al. demonstrated that some

effects of amino acid substitution in SNase are
appeared in its unfolded state^: One type of
mutation (class m') decreases the solvent acces
sible surface area in the unfolded state, while
the other type (class m'^) increases the solvent
accessible surface area. We have studied some
mutant fragments of SNase classified into these
categories to see the effect of amino acid
substitution on the unfolded state.

EXPERIMENTAL

SAXS measurements were performed with SAXES
installed at BLIOC. Both wild type and some
mutant SNase fragments were expressed in E.
coli. Examined amino acid substitutions were
V66L and V66L+G79S+G88V (class m") and L25A and
A69T (class m^).

RESULTS

The effect of amino acid substitution on

the SNase fragment is dramatic. Figure 1 shows
the distance distribution functions of mutant
fragments. As is clear from the figure, class ra"
fragment is more compact than wild type frag
ment, while class m* fragment is significantly
expanded. Although the shape of P(r) function
suggests that the fragments have bi-lobed struc
ture, the interpretation should not be straight
forward and careful examination of scattering
function is required. The wild type fragment has
the Rg of 22X. The m" mutants have smaller
than wild type fragment (20A for V66L and 19
for triple mutant), while Rg of m^ mutants are
larger than that of wild type (about SoA for
A69T and L25A). These results strongly support
the idea of Shortle et al. that the unfolded

state of class m" has smaller solvent accesible
surface area than the unfolded state of wild
type, whereas that of class m^ is larger.

Kratky plot of the scattering functions
from mutant fragments give additional informa
tion (Fig. 2). Class m" fragment is globular,
which is comparable to the wild type whole pro
tein. On the other hand, class m^ fragment has a

chain-like conformation, which is similar to the
urea-unfolded state. Wild type fragment has an
intermediate feature. The scattering curve of
wild type fragment cannot be constructed by the
combination of the folded state and the unfolded

state. Wild type fragment clearly has some com
pact structure, and this is neither globular
conformation nor random coil.

Comparison of P(r)

Fig. 1: The distance distribution functions of
SNase fragments. ( • ) wild type, ( ♦ )
V66L+G79S+G88V, (A) A69T. For comparison, wild
type whole protein (O) is also depicted.
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Fig. 2: Kratky plots of scattering curves from
SNase fragments. Curve 1, wild type; curve 2,
V66L; curve 3, L25A.
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The semiconductor surfaces

reconstructed by metal adsorption
have attracted attention because of

scientific interest and technologi
cal necessity. With regard to the
Si( 111 )/3^x/3'-Au system, many inves
tigation results have been

-I _c \

reported '. Although most of them
proposed the Au atoms form trimer on
the surface, the structure has not
been completely determined. There
fore we investigated the structure
of this system using X-ray diffrac
tion method which is effective to

determine the three dimensional

atomic arrangements precisely.
The experiment was performed at

BL-IOC of the Photon Factory. We
used a specially designed ultrahigh
vacuum chamber equipped with a
semicylindrical beryllium window
through which we could detect X-rays
at any scattering angle. We pre
pared the sample by Au atom deposi
tion on the clean Si surface which

had showed a clear 7x7 LEED pattern.
A /3x/!J structure was obtained after
the sample heating at 700K for 10
min.

The diffracted intensities were

measured along (00),(10) and (11)
rods. The diffraction peaks of (10)
and (11) rods were very obscure.
The reason is discussed later.

The intensity variation along
(00) rod is shown in Fig.l. We made
least squares fitting to this data
on the assumption that Au atoms form
trimer structure, which is supported
by other authors. The best fitting
result was obtained by the missing
top-layer model in which additional
three Si atoms per v^x/3 unit cell
exist between the Au trimer layer
and bulk like Si substrate. The

calculated fitting curve is drawn by
the solid line in Fig.l. From this
fitting it is concluded that the
distance between the Au layer and
the additional Si layer is 0.9A and

that between the additional Si layer

and the first bulk like Si layer is
2.2A.

Unfortunately our measurement
data is less effective to determine

lateral atomic arrangements because
diffraction intensities other than

(00) were very weak. This may be
the structural inhomogeneity of the
system. Actually recent STM ob
servation of this system revealed
that the surface contains many small
\/^xvA3 domains^ Therefore it may
be necessary to make least squares
fitting by the model consists of

more than two kinds of coherent

domains.

1.7 1.9 2.1

WAVELENGTH (A)
2.3 2.5

Fig. 1. Measured intensity distribu
tions and calculated fitting curve
of (00) rod.
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INTRODUCTION

Tamarind seed polysaccharide (TSP) is isolated from
the seed kernels of a tree, Tajnarindus indica, growing
mainly in South East Asia, and is applied widely in food
processing industry as a viscosity enhancer. The primary
structure of TSP consists of a cellulose type spine with
o-D-xylose (1 —> 6) linked to the glucose residues where
a part of xylose residues are substituted in C-2 position
by /?-D-galactose.

TSP exhibits a high degree of chain persistence. Two
possible causes are considered to be responsible for the
high chain persistence, as due to i) the intrinsic nature
of the polymer chain having bulky side chains, or ii) the
formation of multi-stranded chains.

The small-angle X-ray scattering (SAXS) was ob
served from the TSP aqueous solution, and the molecular
origin of this high chain persistence is discussed, based
on the analysis of the SAXS results complimented with
the light scattering measurements.

EXPERIMENTAL

TSP was chromatographically purified (provided by
the courtesy of Dainippon Pharmaceuticals & Co., Os
aka, Japan). The SAXS was observed from the TSP
aqtieous solutions (4 concentrations from 0.029, 0.059,
0.088 to 0.118 mg/ml) with the SAXES equipment in
stalled at BL-IOC of the Photon Factory. Static light
scattering measurements were performed on the same
TSP solutions with a commercial equipment of Sofica.
A mercury high pressure lamp was used as a light source
of A = 435.8 nm coupled with a filter. All solutions were
prepared in 5 niM NaNs at least a week prior to the mea
surements. The solutions were diluted from a stock and
filtered through 0.45 /xm directly in the measuring cells.

Table 1

Experimental data on Tamarind Seed Polysaccharide

Mw *10"^ (g/inol) 2.5

Lc (nm) 746.2

Ml (g/(moUnm)) 3350

Rgc SRS (A) 5.8

Rg (nm)

Ijc (nm)

U= Mw/Misj

148.2

150

2.0

RESULTS AND DISCUSSION

Fig. 1 exhibits the SAXS results for a series of TSP
aqueous solutions, and one extrapolated to the zero con
centration in the form of Zimm plots. The cross-sectional
radius of gyration was estimated to be R^jc —6-0 d: 0.3
A from the Guinier plot for the cross-section. Since the
cross-sectional radius of gyration is in the range of 2.4 ~ 3
A for a single polysaccharide chain, the observed cross-
section accounts only for multi-stranded chains. For ex
ample, the cross-sectional raxiius of gyration is reported
to be 5.5± 0.5 A for the triple helix of Schizophillan.

In order to evaluate the number of chains involved in

the multi-stranded conformation, the light scattering ex
periments were performed on the same solutions of TSP.
The results were analyzed by the hybrid theory of ran
dom coil and rigid rod with three parameters of the Kuhn
statistical segment length 1^, the contour length Lc and
the polydispersity U = Mxi,/Mn as summarized in Table
1. Since the plateau value of qRc • P(q) plotted against
qRc yields the weight average contour length Lc^w, the
mass per unit length (linear mass density) Mi is calcu
lated as Ml = Mfj,/Lc^tv = 3350 g(mol-nm)~\ which is
approximately five times larger than the value allocated
to a single chain calculated from the primary chain. Thus
the high chain persistence of TSP is due to the multi-
stranded chain conformation, where probably five chains
are involved in multi-strands.

¥•••••

0.00 0.04 0.08 0.12

k^c+q (A )

Figure 1
Zimm plot of the synchrotron radiation scattering data
on a concentration series of TSP solutions. Open circles
represent scattering data extrapolated to zero
concentration at fixed scattering vector. Tite shift factor

is k=100 cm-^/g.

0.16
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Introduction

Segmented polyurethanes arc now widely usedas biomedical
materials. It is one of the important problems to elucidate a
fatigue mechanism of the biomedical material involved in the
periodically mechanical deformation. The microdomain
structure in an as-prepared polyurethane film should be first
characterized. However, the microphase separation in the
segmented polyurethanes was shown to be not highly regular.'
This was because the length of the hard segments was not well
controlled in the synthesis of the segmented polyurethanes. In
this study, we analyzed the microdomain structures of the
poly(tetrahydrofuran) ionene containing vioiogen groups
(PTV) by synchrotron small-angle X-ray scattering (SR-
SAXS). PTV can be considered as a model for the segmented
polyurethanes having well defined block lengths for both soft
and hard segments.

Experimental
The living polymerization of the tetrahydrofuran (THE) was

employed to synthesize the ionene polymer containing
poly(tetrahydrofuran) (PTHE) segments and vioiogen groups.
The synthetic routine is shown inScheme I and the details are
described elsewhere.^ Film specimens were prepared by
casting ca. 3 wt% PTV solutions in methanol at 2fC for about
1 week. The obtained films were thoroughly dried under
vacuum and then subjected to the SR-SAXS measurements.
SR-SAXS measurements were performed at BL-IOC at ca.
30'C.

Results and Discussion

Fig. 1 shows a logarithm of a Lorentz-corrected scattered
intensity as a function of the magnitude of the scattering
vector,q. q = (4rrA) sin(B/2) w he re X a n d 0 are the
wavelength of the X-rays (X = 0.1488 nm)and the scattering
angle, respectively. The first alphabetical abbreviation and the
following four digits in the sample code indicate the kind of a
counter anion and the number-average molecular weight of
the PTHF segments in the PTV, respectively. Since the first
and second order scattering maxima were observed for all
specimens, the lamellar microdomain structure can be
considered. It is noted that the scattering profiles are almost
identical for the specimens with Mj^^hf = 1800 irrespective of
the kind of the counter anion, where Mpj-HF's the molecular
weight of the PTHF blocks. It is also noted that the position of
the first order maximum is identical for all specimens, which
is q = 0.798 nm ' giving the interdomain distance of 7.87 nm.

Fig. 2 shows the plots of ln[q''l(q)] vs. q^ so as to evaluate
the interfacial thickness t, by means of the following equations;

l(q) =* q"'exp(- a^q^) for q >>1 (1)
with

t| = (2)
The least-square fitting analyses in the region of q^ s 3 gives tj
= 1.1 - 1.2 nm for MpT^p = 1800 and t, = 1.6 nm for Mpjnp =
2900.

It is striking to find that the interdomain distance is identical
for the specimens having MpxnF = 1800 and 2900. In order to
explain this, we explore the chain stretching of the PTHF
block chains. It is reasonable to consider that the vioiogen
groups form disklike microdomains by means of the counter
anions through the ionic attraction. The vioiogen groups may
be packed in such the way that their longitudinal directions are
parallel to the axis of the disklike microdomain. Therefore,
we assume that the thickness of the vioiogen microdomains,
D„, is approximately 1 nm. Using the following equation;

D = z^b + D„ (3)
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the exponent V is estimated, where D,z and b denote the
interdomain distance, degree of polymerization of the PTHF
block chain and the statistical segment length of PTHF,
respectively. The literature value for b is0.730nm.' Then v
= 0.71 for MpTHF = 1800, whereas v = 0.61 for MpxnF =
2900. It is concluded that the PTHF block chains aremore
stretched for Mpjup = 1^00 than for Mpthf = 2900.

We are in the position to explain the difference in the chain
stretching with MpjnF- The PTHF chains are forced to be
stretched normal to the vioiogen microdomain in the vicinity
of an interface. This is because the distance between the
nearest neighbors of the chemical junctions on the interface,
which is determined by the packing of the vioiogen groups, is
much smaller than the unperturbed chain dimension of the
homopolymer having the identical molecular weight with
MpTHF- For MpTtiF = 1800, the constraint for the chemical
junctionsmay result in the chainstretchingof the PTHFblock
chains. On the other hand, the requirement to increase the
conformational entropy causes the lowering of boththe degree
of the chain stretching of the PTHFchains and one-
dimensional regularity of the microdomain structuresand the
thickening of the interface for Mpxhf= 2900.

References
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Scheme 1. Synthetic routine of PTV.
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Fig. 1. Logarithm of a Lorentz-
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function of the magnitude of the
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Fig. 2. Plotsof ln[qM(q)] vs. q^ so
as to evaluate the interfacial
thickness t, by means of eqs. (1)
and (2).
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Introduction

The conformationaI behavior of small

chromatin oligomers ( poIynucIeosomes) to
variation in ionic strength is useful information
to determine the higher order of chromatin
structure. So fa.r we studied the structures of

chromatin fibers ' and its subunits , nucleosome

core particles, in solutions by means of X-ray
small-angle scattering (SAXS). However, the
arrangement of the subunits in chromatin fibers
is not still clear. This report describes the
results of SAXS measurements on solutions of

polynucleosomes at different ionic strengths.

Exper i menta1
Mononuc1eosomes and polynucleosomes (di-,

tri-, tetra- and pentanucleosomes) were prepared
by the micrococcal nuclease digestion of
chromatin (rat thymus) followed by a purification
by centrifugation in a 5-20%(w/v) sucrose
gradient. The SAXS measurements were done on the
SAXS equipment installed in BL-IOC. The camera
length is about 75cm and the wavelength 1.48A.
Typical exposure time is 900 sec.

Results and Discussion

Figure 1 shows the Guinier plots of
scattered intensities from the monomer and

oligomers at OmM NaCl. The Guinier plots for
the oligomers exhibit two linear reeions. In the
small angle region of S <~2xlO A the slope of
the curve becomes steep with the number of
subunit, while outside this region all curves
give the same slope. This feature is similar to
that observed among the scattering curves for
rod-like particles having different lengths. The
radii of gyration, Rg, were calculated from the
slopes of the inner parts. Obtained values of Rg
are listed in Table 1. The distance, D, between
centers of two adjacent subunits was calculated
according to a simple model that the subunits are
linearly aligned by an equivalent space in
oligomers. As shown in Table 1, the distance
between subunits was found to be in the range of
53-70A and no dependence on the number of subunit
was observed. At 5mM NaCl, a slight increase in
Rg and no change in the forward scattered
intensity, 1(0), were observed with all types of
oligomers, except dinucleosomes, suggesting the
conformationa1 changes of the oligomers. The
dinuc1eosomes exhibited a strong tendency to
aggregate in solutions of more than 2mM NaCl. At
25mM NaCl, the data showed the occurrence of
aggregates in all the sample solutions.
Linker DNA of rat thymus chromatin has a length
of 10-50 base pairs (140-170A) and disk-shaped

nucleosome core particle has dimensions of about
110*110X57A. This implies that the adjacent
subunits are almost in contact with each other

even at low ionic strength (<5mM NaCl).
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Fig.l. Guinier plots of scattered intensities,
1(S) (S=2sin^A). from the solutions (3-4mg/ml) of
small chromatin oligomers at OmM NaCl. The used
buffer is ItnM Tris-HCl (pH7.5), 0.2mM EDTA.

Table 1

the number of subunit in oligomer

n= 1 2 3 4 5

Rg (A) 4.7 . 2 56 .1 63.9 90 . 9 98.5

d(A) 60.9 52.7 69 . 5 61 . 6

Rg: radius of gyration; D: distance between two
adjacent subunits
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Xanthan is an extracellular poly-
saccharide produced by the bacterium
Xanthomonas Campestris. The primary
structure contains a cellulosic back
bone of 1 .4-/9-D-glucose residues and a
trisaccharide side chain attached at
C-3 to alternate glucose residues of
the main chain. Xanthan molecules in an
aqueous solution shows double helical
conformation [1]. Differential scanning
calorimetry (DSC) studies of xanthan
solution show the order-disorder tran
sition at around 50 ''C [2,3]. Some
researchers attributed this transition
to heiix-slngle coil transition [2].
Recently, Kitamura et al [4] repoted
that both temperature and heat of
trans!ton depended on the pyruvate
content of the sample. In this study,
the conformational mechanism of transi
tion of xanthan aqueous solution was
investigated by the combined DSC/SAXS
measurement.

Sodium salt of xanthan used was
supplied from Mitsubishi Co. Ltd. Dry
xanthan was dissolved in deionized
distilled water. Clear soution was
obtained by annealing at 40'^C for 24
hrs. Concentration of solution was 0.9
wt%.

DSC heating curve of 0.9 wt%
xanthan solution is shown in Fig.l.
'Ihree endothermic peaks were observed
at 40, 55 and TO'^C. The heat of transi
tion of the main peak at 55 ""C was 10
.)/g which showed a good aggreement with
the value reported for the transiton
due to conformational change of xanthan
I 2-4].

Fig.l i)SC heating curve
xanthan aqueous solution.

100

wt%

Scattering function from xanthan
was analyzed using Guinler equation for
rigid rod. The observed Rg values
corresponded to the cross section of
rigid rod are shown In Fig.2 as a
function of temperature. Rg value at 30

"C was 2.8 nm and Increased gradually in
the transition temperature region, and
then reachched to 3.8 nm at 70 °C.

According the crystal structure of
xanthan [5], the diameter of molecular
cross section of double helix comforma-

tion is 2.2 nm. TrIsaccharlde side

chains are aligned paralle to the main
chain because the side chain forms
hydrogen bonding with cellulosic back
bone. Molecular comformation of xan

than in dilute solution at room

temperature was similar to the molecu
lar conformation in the crystal. After
the transition, diameter of molecular
cross section increased to 3.8 nm. If

the free rotation of the side chain is

assumed, the calculated diameter of
molecular cross section Is about 4 nm.

The Rg value at 70 "C suggested that the
cellulosic backbone has double helix

comformation and the trlsaccharide side

chain rotats freely. The heat of tran
sition per repeating unit of xanthan
was about 8 kJ/mol, which was suffi
cient to break two hydrogen bondings
per repeating unit. The transition at
50 is considered to be due to the
conformational change of the side chain
not to the conformational change of the
double helix.

OO cpcPoo

40 00 OU 100

TIC

Fig.2 Relationship between Rg value and
temperature for 0.9 wt% xanthan aqueous
soi ut ion.

271



proposal No 91-220

DEVELOPMENT OF THE COMBINED THERMAL ANALYSIS / SMALL ANGLE X-RAY
SCATTERING MEASUREMENT SYSTEM USING SYNCHROTRON RADIATION

Hirohlsa Y0SHIDA»1, Masato TAKAHASHI»2, Tatsuko HATAKEYAMA»3.
Francis X. QUINN*3, and Hyoe HATAKEYAMA*4

•1 Department of Industrial Chemistry, Tokyo Metropolitan Univer
sity, Hachiouji-shi, Tokyo 192-03, *2 Department of Fine Materi
als, Shinsyu University, Ueda, Nagano 386, *3 Research Institute
for Polymers and Textiles, Tsukuba, Ibaraki 305, *4 Industrial
Products Research Institute, Tsukuba, Ibaraki 305

Differential thermal analysis
(DTA) and differential scanning calo-
rimetry (DSC) are well established
method for determining phase transi
tions of materials. Recently, conforma-
tional changes of proteins and polysac-
charides in dilute aqueous solutions
have been investigated using a highly
sensitive differential scanning calo
rimeter. Their calorimetrlc character
istics of the above biopolymers are
defined by DSC, however, microscopic
characteristics of systems are carently
investigated by spectroscoplc and
diffractions measurements. Several

attempts to combine DTA with micro
scope, light scattering and wide angle
X-ray diffraction (WAXD) simultaneous
measurements were carried out. However,
these simultaneous measurements were

not accurate in meas were not accurate

in measureing the sample temperature
and the temperature distribution in the
sample, because the window of the cell
adversely affected the adiabatic condi
tion of the sample.

For polymeric materials, it is
difficult to combine DSC data and WAXD

or small angle X-ray scattering (SAXS)
data which were measured individually,
even if WAXD and SAXS measurements

were carried out under an adiabatic

condition. As DSC data obtained under

dynamic conditions with scanning tem
perature and WAXD or SAXS data are
obtained statically at constant temper
ature, not only kinetic processes but
also phase transition processes of
polymeric materials are easily Influ
enced by thermal history. SAXS measure
ments under dynamic condition using
synchrotron radiation (SR) such as
temperature scanning and time resolu

tion method is comparable with DSC
measurement. In this study, the simul
taneous DTA/SAXS measurement system was
developed in order to combine both DSC
and SAXS data.

Principles of the simultaneous
DTA/SAXS measurement system are as
follows.

1) Accurate measurement of the sample
temperature.
2) Minimize the temperature distribu
tion in the sample.
3) Precision methods for scanning and
controlling temperature as the same
conditions as DSC.

DTA/SAXS sample cell is shown in Fig.l.
Sample holder (1) made of poly(tetrafu-
loro ethylene) (10 mm diameter and 1 mm
thickness) is mounted at the center of
the furnace (2) which is equipped in
heat sink (3) with fitting ring (4) and
adjusting screw (5). X-ray is intro
duced in the sample cell through a 2mm
diameter hole (6). Solution sample (7)
is sealed by poly(imide) films (8).
Sample temperature is detected by two
sets of thermocouples (9) which are
located symmetrically at the sample
side of heat sink. Another two sets of
thermocouples (10) are located at the
opposite side of the heat sink. Tmpera-
ture difference between sets of thermo
couples (9) and (10) is detected as a
DTA signal. The temperature of the
furnace is detected by thermocouple
(11) and is controlled by Seiko Thermal
Analysis System SSC5200 which can
control two kinds of DSC and DTA/SAXS
instrument at the same time.

Using DTA/SAXS measurement, SAXS data
are obtained as a function of sample
temperature. Temperature of DTA/SAXS
instrument is calibrated by the same
method as DSC. The DSC data obtained
separately under the same scanning
condition are comparable with SAXS data
obtained by the simultaneous DTA/SAXS
system as a function of sample tempera
ture .

The combined thermal analysis /
SAXS measurement system is applicable
for dynamic analysis of phase transi
tion in solid state, phase separation
process of polymer blends, formation
process of liquid crystalline state,
gellation process and conformational
transition of polysaccharides and
proteins in dilute solution.

Fig.l Sample cell structure of DTA/SAXS
instrument.
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Sodium laurodcoxychorate (NaTDC), sodium taurour-
sodeoxychorate (Na'PUDC), and sodium taurochenodeoxy-
cholate (NaTCDC) are isomers which contain two hydroxyl
groups, but their binding sites and directions differ individ
ually. In particular, NaTUDC and NaTCDC, in which two
hydroxyl groups occupy the same sites, but are oriented in
different directions (see Fig. 1), show very different physico-
chemical solution properties. Recent ESR and light scat
tering experiments'^ of aqueous solutions of the three bile
salts have suggested the formation of disk-like micelles con
taining intermolecular hydrogen bonding, in particular, the
most rigid micelles of NaTUDC. In the present study, small-
angle X-ray scattering experiments have been performed for
aqueous solutions of the bile salts with different bile salt con
centrations, added NaCl concentrations, and temperatures to
reveal the aggregation behaviors of the three bile salts.

Figure 1: (ihemical .structures of NaTUDC (above) and
NaTCDC (below).

The bile salts were prepared by recrystallization from wa
ter several limes, followeil by freeze-drying. The concentra
tions of the bile salts in aqueous solutions were varied from
0,05 to 2.0 M (M= mol/dm'^), the concentrations of added
NaCI from 0.05 to 2.0 M, and temperatures measured were
25, 35, and 45 "C. Small-angle X-ray scattering measure
ments were made at HLlOC of KEK-PF. The aggregation
behaviors were estimated in terms of the radius of gyration
(Rg) and that of the cross section (Rr).

In Fig. 2, when sodium chloride was added gradually into
aqueous solutions of 100 mM bile salts at 25 "C, the Rg of
NaTDC and Na'PCDC shows a very similar behavior, i.e. in
creases slightly from 19 A at 0.05 M NaCI to 22 A at 0.5 M
NaCI, and then increases steeply with increasing NaCI con
centration, 40 A at 1.0 M NaCI. For NaTUDC, however, such
molecular aggregation has not been observed even at. 1.0 M
NaCJl, Rg being 18~24 A. At a very high NaCI concentration
of 2.0 M (GO "C) the formation of NaTUDC micelles has been

O# NafDC

AA NafUDC

• • NafCDC

1.0 2. 0

Cone.NaCI (mol/kg)

Figure 2: Effecl. of added NaCI concentration on Rg
(open circles) and Rc (filled circles) at Cfc,|p = IOOinM and
25 °C.

observed {Rg = 55 A). With increasing temperature both Rg
and Rc values decrease for the three bile salts. These results
are interpreted in such a way that at low NaCI concentrations
disk-like micelles are formed, whereas rod-like micelles grow
at high NaCI concentrations.

When the bile salt concentration {Cb) is varied from 5
to 100 mM in aqueous solutions containing 1.0 M NaCI at 25
°C, the Rg values of NaTDC and NaTCDC increase from 25
A at Cn=5 mM to 41 A at Cd = 100 mM, showing progressive
formation of micelles with concentration. On the contrary,

NaTUDC micelles are not grown in the concentration range
investigated with almost constant Rg value of 25 A.

In conclusion, a rod-like micelle of NaTUDC is difficult
to grow, compared with NaTDC and NaTCDC. This is prob
ably due to hydrogen bonding between NaTUDC molecules
in micelles.
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Introduction

Crystallization of block copolymers is complicated by
the inherently existing microphase structure when they
are cast from a good solvent or quenched from a high tem
perature. In our previous study, ^we investigated the pro
cess of morphology formation in a crystalline-amorphous
diblock copolymer, e-caprolactone-t/oc/r-butadiene (PCL-
6-PB) by small-angle X-ray scattering with synchrotron
radiation (SR-SAXS). The morphology formation was
characteristic because of the appearance of microphase
structure during a short period until crystallization of the
PCL block started. In the present study, we analyze the
early and late stages of crystallization of PCL-6-PB pur
sued by SR-SAXS. The analysis elucidates the similarity
and dissimilarity of the crystallization behavior between
the PCL homopolymer and PCL-fc-PB copolymers.

Experimental

The PCL-6-PB copolymers used in this study were
synthesized by a successive anionic polymerization under
vacuum. The total molecular weight is about 10,000 with
the PCL content ranging from 20 % to 66 %. The copoly
mers show various microphase structures (sphere, cylin
der, or lamella) depending on the PCL content just before
crystallization.

The process of morphology formation was observed
by SAXES facility at BL-IOC. The wave length used was
0.1488 mm and the distance between the sample and de
tector was about 2,000 inm. Details of the optics and
instrumentation are described elsewhere.^ The SAXS in
tensity was collected as the sum of the intensity during
10 sec from the beginning of temperature drop, and the
measurement was continued until the overall scattering
profile has no more changed.

Results and Discussion

The early stage of crystallization for the PCL-6-PB
copolymers as well as the PCL homopolymer was ana
lyzed by the Avrami equation. The Avrami exponent n,

which expresses the mode of crystallization, ranged be
tween 2 and -3 irrespective of crystallization temperature
Tr and PCL content in the copolymer. This value is com
parable to n evaluated for the crystallization of the PCL
homopolymer and general homopolyrners widely reported,
suggesting that the existing microphase structure of the
copolymer does not affect the early stage of crystallization
and the crystallization takes place within this structure.

In the late stage of crystallization, on the other hand,
the crystallization behavior was significantly different from
that of the PCL homopolymer. Figure shows the time
dependence of the normalized intensity majdmum arising
from the crystalline region, where the abscissa is reduced
time, i.e., the time is divided by the half time of mor
phology formation ti/2. The increasing rate of the crys
talline portion in the copolymer was significantly reduced
compared with that in the PCL homopolymer at the late
stage of crystallization. This rate is also dependent on
the initially existing microphase structure. Figure indi
cates that the late stage of crystallization proceeds due to
both the effects of crystallization of the PCL block and
rearrangement of the microphase structure into the crys
talline morphology consisting of the alternate structure of
the lamellae and amorphous layers.

References
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Figure Normalized intensity maximum plotted against
reduced time, The data points are obtained from
PCL-6-PB crystallized at Tc —26.0 (A), 26.7 (•), 28.4
(O), 31.3 ° (O)- The solid curve represents the result
for the PCL homopolymer crystallized at various temper
atures.
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INTRODUCTION

Protein folding problem has been a major
challenge in biological science. Since all the
required information to form a protein native
structure is contained in its amino acid se

quence, great efforts have been poured to under
stand the folding mechanism. One important
approach is to identify the folding intermedi
ates. Molten globule (MG) state is the most
likely candidate of such an intermediate.

The term, "molten globule", is proposed for
the compact denatured state which retains a most
part of the secondary structure but loses its
tertiary structure. Therefore, the compactness
or globularity of the molecule is an essential
property to define the MG state, as well as the
content of the secondary structure which is well
characterized by CD. Nevertheless, only a few
techniques have been employed to describe the
compactness or globularity. Solution X-ray
scattering is probably the best technique to
describe such a feature.

In this report, we describe the effective
ness of solution X-ray scattering to distinguish
different conformational states of cytochrome c.
Through the measurements, we find that the
Kratky plot is a novel and important method to
apply to protein folding study.

EXPERIMENTAL

Small-angle X-ray scattering (SAXS) meas
urements were performed with SAXES installed at
BLIOC. Horse cytochrome c was purchased from
Sigma. The solvent condition for the various
conformational states are as follows: native

folded state, lOmM sodium phosphate buffer (pH
7); NaCl-induced MG state, 20mM HCl and 0.5M
NaCl (pH 2); acetylation-induced MG state, 9-
acetylated cytochrome c in 20mM HCl (pH 2); acid
denatured state, 20mM HCl (pH 2). The extrapo
lated scattering curve to zero protein concen
tration was obtained through the measurements at
at least 5 different protein concentrations
between 5 and 30mg/ml.

RESULTS

Figure A shows Guinier plots of cytochrome
c in three different conformational states. The

Rg values are 13.5+O.lA for native state,
17.4+0.lA for NaCl-induced MG state, 17.0+0.lA
for acetylation-induced MG state, and 24.2+0.3A
for acid-unfolded state, respectively. Two MG
states, thus, have a similar Rg values. These
states are expanded slightly compared to the
folded state, and are much more compact than the
acid-unfolded state. No tendency to aggregate
was observed for any of the states.

Figure B shows Kratky plots of cytochrome c
in the native state, the MG states and the
acid-unfolded state. We can see clearly the
differences in global structure among these

states. There are no substantial differences

between the NaCl-induced and acetylation-induced
MG states. It is clear that the acid-unfolded

state has a chain-like conformation, while the
native state and the MG states are globular.
Moreover, the difference in the scattering curves
between native and MG states (0.16lC<0.22)
suggests that the MG state is not simply an
expanded form of the native state, but that there
are significant differences in the structure near
the surface. Detailed analysis is in progress.

We convince that solution X-ray scattering
is unique and important method to characterize
the different conformational states of protein
during folding.

.006 .008

0' (A-')
Figure A: Guinier plots of cytochrome c in native
state (O), NaCl-lnduced MG state (O ) > acetyla
tion-induced MG state ( A ) and acid-unfolded
state (•).

.25 ' .3

Q ( = 4lls i n0/X) (A ' )

Figure B: Kratky plots of cytochrome c in native
(curve 1), NaCl-induced MG (curve 2), acetyla
tion-induced MG (curve 3) and acid-unfolded
(curve 4) states.
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INTRODUCTION

Ultraviolet light causes formation of
pyrimidine diraers between adjacent pyrimidine
bases in DNA. The dimer, if it leaves
unrepaired, shows fatal effects. DNA photolyase,
so-called photoreactivation enzyme (abbreviated
as PRE hereafter), is an enzyme to eliminate
pyrimidine diraers from DNA. PRE requires light
for its catalytic activity, but not for binding
to pyrimidine dimer. PRE from Escherichia coli
is a 54 kDa protein with two chromophores, 1,5-
dihydroflavinadenine dinucleotide (FADHz) and
folate. In order to understand the light-
dependent repair mechanism, the spectroscopic
studies of PRE have been carried out intensively
to reveal its photochemnical properties. The
recent progress of molecular cloning technique
led to the elucidation of its primary structure.
However, there are few information on the
tertiary structure. We have started solution
scattering studies on E. coli PRE to
characterize its solution structure and light-
induced structural change.

PRE is a kind of DNA binding proteins.
Some of bacterial DNA binding protein, such as
represser, cro and restriction enzymes, are
existed as a dimer in solution. The dimeric

structure is responsible for the recognition of
palindromic sequence of DNA. It is of great
interest whether PRE is a dimer in solution.

SAXS can readily give an answer through the
intensity at zero angle, 1(0), which is a
measure of molecular weight.

EXPERIMENTAL

Solution scattering measurements were
performed with the SAXES installed at BL-IOC.
Sample to detector length were usually 90 cm and
occasionally a 50cm-length setting was used.
Exposure time was lOmin or 15min depending on
the protein concentration. SAXS was measured at
at least 5 different protein concentrations
ranging between 1 to lOmg/ml to obtain the
extrapolated scattering curve to zero protein
concentration.

PRE was purified from E. coli and stored
in a buffer containing 50raM Tris-HCl, 50mM NaCl,
ImM EDTA, lOmM dithiothreitol and 50% (v/v)
glycerol (pH 7.4).

RESULTS

Figure shows Guinier plots of PRE in 50%
glycerol buffer. At higher protein concentration
than 6mg/ml, there observed a small tendency to
aggregate. However, the Guinier plot of the
scattering curve extrapolated to zero protein
concentration is not affected significantly by
aggregation, and thus gives the radius of
gyration of 25.0+0.2A. The value is natural for

a globular protein with MW of 54 kDa. The
measurements of l(0)/c suggest that PRE is
monomeric in 50% glycerol solution.

Addition of glycerol causes an increase of
the average electron density of solvent, and thus
a decrease of contrast. The radius of gyration is
a function of contrast (contrast variation).
Therefore, we examined the effect of glycerol on
solution structure of PRE. The radii of gyration
were 24.7+0.lA and 24.5+0.2A for 20% and 30%

glycerol solution, respectively. However, when
glycerol concentration was reduced to 10%, PRE
was aggregated to produce white precipitate,
suggesting a removal of chromophore. We are now
examining the stability of PRE solution
structure.

a

.002 .004 .006 .008

Q2 (A-2)

Figure: Guinier plots of solution scattering from
PRE in 50% glycerol solution. Protein
concentrations are 2mg/ml ( O ), 4mg/ml ( <> ),
6mg/ml , 8mg/ml (X) and lOmg/ml (Q).
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Introduction

PIP2 (phosphatidylinositol-4, 5-bis-
(phosphate)) is an acidic phospholipid existing
at high contents in the cell membranes of
brains and kidneys, which exhibits a high solu
bility in water. From view point of physiolog
ical function of this lipid, many biochemical
studies have been extensively promoted in con
nection with nerve excitation and with the

source of the second messenger in cell sig
nalling after.

We have been studding the structure and

function of phospholipids, especially PIP2.^
According to the previous results obtained by
using differential scanning calorimeter, PIP2-
water system has a broad endothermal peak. Our
NMR study of an aqueous dispersion of PIP2 re

vealed that the endothermal transition cannot

be attributed to a gel to liquid-crystal trans
formation. We have postulated a thermal dehy

dration mechanism for PIP2-water system, based
on the model of the internally hydrated PIP2

bi 1 ayer.

Experimental

PIP2 used for the present experiment was
obtained from bovine brain by Floch method.
The crude extract was further purified by DEAE-

cellulose chromatography. Small-angle X-ray
scattering measurements were performed by using
synchrotron radiation X-ray scattering spec
trometer for enzymes (SAXES) which is installed
at BLIOC line in the Photon Factory of KEK.

The wavelength used was 1.49 A and the sample-
to-detector distance was 85 cm. The exposure

time was 100 s for each measurement. The

temperature of samples was controlled by water
bath circulator with the precision of about 0.1
degree in the range of 10-55 °C. The water
content to PIP2 was varied from 0 to 2.

0.1 0.2 0.3

q

rig.l. Dependence of scattering profile
of PlP2-water system (1/0) on temperature.

55.0 deg

0 0.1 0.2 0.3 0.4

q (A"^
Fig.2. Dependence of scattering profile of
PlP2-water system (1/0.6) on temperature.

'——' '

10.5 deg

52.0 deg

Fig.3. Dependence of scattering profile
of PlP2-water system (1/1) on temperature.

Results and Discussion

The temperature dependence of scattering
profile for each PIP2 sample with different water
content is shown in Figure 1, 2, and 3,
respectively. The decrease of intensity below

0.02 A~^ was resulted from the beam stopper. By
increasing water content, the third peak at

around 0.3 A~was gradually appeared and
shifting to high q with rising temperature,
suggesting that the change of both the lamella
distance and intra-bilayer structure was induced.

The broad peak at around 0.35 A~^ can be assumed
to be attributed to another origin. The detailed
results and discussion will be press.
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EXPERIMENTAL

For the first trial, change of the
scattering Intensity for Al-15at%Zn
binary alloy near the absorption edge
of Zn has been observed. Samples were
solution treated at 523K for 1.8ks and

aged at 313K for 86.3ks to form CP
zones. ASAXS measurements were

performed at the photon energies of
25,.50,75, 100,200,300eV lower from the
absorption edge of Zn Ka. We tried on
the lower energy part of the edge since
we used a proportional counter which
counts fluorescence as well. The

anomalous dispersion term around the K
edge of Zn Is shown In Flg.l. From the
figure, the scattering factor of Zn,

^Zn' vary from 27.0 to 24.4 as
the energy of photon Increased from
300eV to -25eV from the absorption

>

9.2 9.4 9.6

ENERGY / keV

Flg.l Anomalous dispersion term, f'and
f' around K absorption edge of Zn

9.8

edge. It suggests that the scattering
Intensity should decrease due to the
decrease In the contrast of average
scattering factor between Zn-rlch GP
zone and the Al-rlch matrix.

RESULTS AND DISCUSSION

The scattering Intensities were
corrected with respect to the
absorption (of the sample, Kapton
window, and the air path). Incident
beam Intensity as monitored by Ion
chamber, and exposure time. Figure 2
shows the ASAXS profiles after
background subtraction. Since this
sample has a simple two-phase binary
structure, the scattering Intensities
agreed with each other except that they
decreased by almost

X = (4f(E) / ^KEq))^

times as the photon energy Increased,
where jf Is the difference In the
average scattering factor between
precipitates and matrix at energy E or
the reference point ,Eq.

In summary, reasonable ASAXS
Intensity was obtained for Al-15at%Zn
alloy. In order to apply ASAXS to the
alloy systems such as the one with less
scattering contrast (e.g.,
precipitation In Fe-Cu, Cu-Co and Fe-
Cu-Nl systems) or ternary/quaternary
alloys. Improvement of the slit would
be needed to decrease parasitic
scattering.
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Fig.2 SAXS Intensity for Al-15at%Zn
binary alloy obtained below the
K-absorptlon edge of Zn.
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160OC to 870C (the melting point is about 1IQOC). Each
data was collected by a time interval 2 seconds and the
total measurement time was 120 seconds.
In a few seconds after jumping, the zero-angle scattering
begins to appear and increases its intensity. After ca. 20
sec, this scattering decreases in intensity and the hump
begins to appear, which corresponds to the formation of
the so-called long period within the spherulite. Then the
peak shifts gradually toward the higher angle side. These
observations are consistent with those published in the
literature'^. We have now a plan to measure the
crystallization behaviour of the D/H blend systems by
using the present apparatus.
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In a series of papers'we have found that when cooled
slowly from the melt, the blend samples between deuterated
and hydrogeneous polyethylene (PE) exhibit the
cocrystallization and/or phase segregation phenomena
depending on the degree of branching and the blend
content. In order to clarify the origin of these phenomena,
we should trace the crystallization kinetics of the blend
samples at the molecular and crystal structural levels
through the measurement of small-angle (SAXS) and wide-
angle (WAXS) X-ray scatterings, for example. However
the crystallization of PE occurs very fast, an order of msec
to sec, and a conventional X-ray diffraction technique is
difficult to apply to this problem. One of the best ways
may be a coupled utilization of the extremely intense
synchrotron-sourced X-ray beam and the fast data-
accumulation system installed on the well collimated optical
instrument. Another and more significant problem is how
to achieve the sharp jump from the melting point to a
certain fixed temperature in which the crystallization occurs
isothermally. In this report we will describe the way of our
approach to this problem and some of the pleriminary
experimental results.

Construction of Fast Temperature Jumping Cell
In the present experiment we needed to change the

temperature of the PE samples from IGO^C (above mp) to
1lO^C, for example, in several seconds at least, although
the crystallization rate may be controlled by changing the
depth of temperature jump (AT) so as to adjust the
experimental system. We have already some experiences
to construct the temperature jumping cell for the infrared
spectral measurement.^ Then based on these experiences,
we made the apparatus by hand as illustrated in Figure 1.
The sample of ca. 2mm in diameter and 0.5 mm thickness
is set into the metal holder and kept inside the tube (a)
heated up to ca. IGO^C. By a motor-driven screw
mechanism, the metal holder is dropped into the oil bath
(b) kept at a predecided temperature. On the way of
jumping from the position (a) to (b), the holder is stopped
for 1 - 2 seconds and exposed into a flow of the
compressed air and then dropped down to the bath
quickly. By this method we could attain the jumping rate
of ca. 6(X)OC/min as illustrated in Figure 2. A couple of
the compressed air and the oil bath is needed to increase
the rate of the thermal dissipation from the sample and to
keep the temperature as constantly as possible.

Preliminary Measurement of the SAXS during
Crystallization

By using thus developed temperature jumping cell we
checked the SAXS changes during the crystallization of
the PE samples. The SAXS instrument (enzime
diffractometer) installed in the beam line IOC was utilized
here. Figure 3 reproduces one of the experimental data
measured during the isothermal crystallization of the
linear low-density PE sample which was jumped from

oil bath 120
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Figures 1 (left) and 2. Temperature jumping cell and one
example of the measured temperature change
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Introduction

Soft x-ray reflectivity measurements have
been performed on the grasshopper monochro-
mater beamline BL-llA with the precise graz
ing incidence reflectometer(l). A beam inten
sity monitor was installed between the refo-
cusing mirror and the entrance slit(2). Inci
dent x-ray intensity was usually normahzed
with an output of the monitor.

We sometimes observed that the intensity
of the incident monochromatic beam changed
irregularly during reflectivity measurements.
This change is presumably due to the beam
position change against the sht. It is, there
fore, necessary to monitor the intensity beliind
the entrance slit to avoid such instabihty. We
have developed a new beam intensity monitor
placed between the entrance slit and samples.

Experiments

The beam intensity monitor was equipped
behind the entrance sht of the reflectometer.
The \\*idth of the sht was 0.2mm. An x-ray
beam passes through the monitor, is reflected
by a sample and is detected by a i)hotomulti-
pher.

Figure 1 shows a schematic view of the
beam intensity monitor. It is composed of a
nickel mesh as a transmission photocathode
and a head-on type 23-stage electron multi-
pher (Hamamatsu Photonics Co., Ltd. R2362).
The nickel mesh is ^ 750 and has 54% trans-
mittance. The electric potential of the mesh
is -200V' to the first dynode of the multipher.
The mesh is surrounded by a shielding plate,
the potential of which is equal to that of the
mesh. A typical output current of the electron
multipher was around 50n^ for monochromatic
x-rays (A=4-20 nm) and the dark current was
less than 0.5p4.

Figure 2 shows the variation of the nor
mahzed x-ray intensities which were measured
with the photomultipliers two times with a
time interval of 80 minutes. The sohd line
denotes data normahzed with the beam in
tensity monitor output, and the dashed one
denotes data normahzed with the stored cur
rent. The data normahzed with the beam in
tensity monitor shows excellent stabihty with
3 % variation. The observed smah variation is

probably due to positioning error of the pho-
tomultiplier.

Conclusion

We have developed a beam intensity mon
itor placed behind the entrance sht. For x-
ray reflectivity measurements, the utihzation
of the monitor is found to be very effective.
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Introduction

Mo/Si multilayers have high reflectivity in the
\va\elength region longer than the silicon L-absorption edge at
I23A. They arc suitable for use as multilayer mirrors for soft
x-ray projection lithography. It was expected that the heating
caused by the adsorption of high intensity x-rays might
destroy the multilayers. We examined the heat resistance of
Mo/Si multilayers and the cause of the decrease of their
reflectisity.

Experiment
Mo/Si multilayers, with the layer period of 74A and

the number of layer pairs of 50, were deposited by ion beam
sputtering on silicon wafers. These multilayer samples were
heated in a vacuum for 1 hour at several temperatures with
infrared rays that passed through a quartz window. The
pressure was kept at less than IxlO'̂ 'Pa during the heating.

We measured hard x-ray reflectivity and wide-angle x-
ray diffraction with CuKnr radiation. And we measured soft x-
ray reflectivity for s-polarized x-rays in 100-150A region
using a high-precision reflectometer'^ at the beam line BL-
11 A. The wavelength resolution was 0.4A with a grating of
1200 lines/mm and the slit width of lOO/tm. Beryllium filter
was employed to screen higher order diffraction.

Results

Figure 1 shows the hard x-ray reflectivity. The
reflectixities of unheated, heated at 200^2, at 500^ were
72^r. 65T. 6T. respectively, and the ratio was 1: 0.90: 0.08.
The peak positions of heated samples shifted to lower angle,
indicating the decrease of layer period, which were 3% for the
sample heated at 20()X" and 12% at 500T' compared with
unheated sample.

Figure 2 shows the soft x-ray reflectivity. The
reflectivities around 130A of unheated, heated at 20()X?, at
5(K)'C were 57%, 41%. 0.5%. respectively, and the ratio was
1: 0.72: 0.01. It was found that the decrease of reflectivity is
larger in soft x-ray region than in hard x-ray region. This
property coincided with the calculated reflectivities of Mo/Si
multilayers ami MoSi.VSi multilayers qualitatively, suggesting
that the decrease of reflectivity is caused by the silicidation of
Mo layers due to heating.

Figure 3 shows the pattern of wide-angle x-ray
diffraction of MtVSi multilayers. While only a broad peak of
Mo was obser\ed for unheated sample, several peaks were
(observed for the sample heated at 4003C. These peaks
corresponded to hexagonal MoSiz

Through these results, it has become clear that the
silicide formation in Mo layers causes the decrease of their
reflectivity in Mo/Si multilayers.
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1. INTRODUCTION

Inner shell spectroscopy has been applied to
several basic subjects of chemical bonding, such
as delocalized conjugated n electron systems.'-®'
Here we report XANES spectroscopic study of
resonance and tautomerism by proton transfer in
several amides and related compounds.

In amides, resonance between the neutral amide
(a) and zwitterion form (b) is known, as shown
below:

(I) !? H
-C-N-

(la)

? H.
-C=N-

(Ib)

OH

-C=N-

(Ic)

We can also consider the possiblity of tautomer
ism to the hydroxyimine form (c), where proton is
transferred from N to 0 atom. In (a) we expect
strong 01s -> k' and weak Nls -> tt" absorption,
respectively, while in (b) and (c) their relative
intensity is expected to be reversed. Although
contribution from OH form (c) is known to be
small," it can be completely eliminated for com
pounds substituted at N atom, enabling simple
interpretation.

2. Experimental
The specimens were prepared by vacuum deposition

on copper substrate except for that of Nylon 6 by
spin coating on stainless steel substrate from
formic acid. XANES spectra were measured at beam-
line llA of Photon Factory, using a Grasshopper
monochromator in total electron yield mode.

3. Results and Discussion

In Fig.l we show the N K-edge XANES spectra
which include those for formamide"' and oxydiani-
line^'. The spectra of isocyanuric acid for
normal and grazing (10°) incidence indicate
significant angular dependence for the polarized
synchrotron radiation, from which, we can assign
the peaks at 402.4 and 405.5 eV to Is -> k'
resonances. The peaks in this energy range of
other compounds can be also assigned to tt '
resonances. We note that N-substituted cyanuric
acid also shows a clear k' resonance, indicating
significant contribution from the resonance
structure 1(b) in Scheme I. The ionic form in the
resonance in oxydiani1ine, CeHs^-N'Hs, is differ
ent from (lb). Yet the excitation energies are
similar with that of amide.

In the 0 K-XANES spectra of amides, not shown
here, a clear tt ' resoncnce peak at the carbonyl
group appears at around 532 eV. Thus the spectra
of amides are consistent with the picture of reso
nance between 1(a) and 1(b), giving direct evi
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dence of the double bond nature of the CN bond.

Such studies of resonance and tautomerism by
XANES will be also useful for studying other
systems e.g. ultrathin films or amorphous states
to which other methods such as X-ray diffraction
or IR spectroscopy are difficult to apply.
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N K-XANES spectra of (a) isocyanuric acid, (b)
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1. INTRODUCTION

Recently, N-salicylideneaniline derivatives
attract attention due to the possibility of
controlling electronic structure by proton
transfer.) as seen below, the protonic

motion causes three structures. Difference

synthesis(DS) of X-ray diffraction indicated
that location of proton depends on compounds,
and also in on temperature. ^"3) For example,
N, /V'-disalicylidene-l, 6-pyrenediamine (DSPY)
is primarily in the OH form and di(2-hydroxy-
1-naphthylidene)-p-phenylenedimine (DNP) is in
both OH and NH forms. These results, however,
rely on the delicate results of OS, and inde
pendent examination. We examined the tautom-
erism in DSPY and DNP by N and 0 K-edge XANES
spectrocopy.

OH
N-

0

OH form
b

NH form

2. Experimental

zwitterion
form

The specimen were prepared by vacuum deposi
tion to about 100 nm thickness on copper
substrate. XANES spectra were measured at
beamline llA of Photon Factory , using a
Grasshopper monochromator in the total elec
tron yield mode using a channeltron. For the
study of temperature dependence dry ice -
aceton mixture was used as coolant.

3. Results and Discussion

N K-XANES spectra of DSPY and DNP at room
temperature are shown in Fig.l, which also
the spectra of polyaniline(PA)^) at different
pHs and that of oxidianiline(ODA) ^) , which
indicate that tt resonance at amino-type N (-
NH-) occurs at 403-405 eV, while that of
imino-type N(-N=) appears at ca. 399 eV. The
spectrum of DSPY in this energy region is
dominated by a sharp peak A at 398.6 eV,
indicating that DSPY is primarily in the OH
form.

On the other hand, spectrum of DNP shows two
peaks at 398.5 eV (A) and 400.0 eV (B) in the
imino-N region, with a shoulder C at 406.5 eV
in the amino-N region. These results indicate
that DNP contains contribution from both OH

and NH forms.

Corresponding information is obtained from 0
K-XANES by comparison with the spectra of
phenol and p-benzoquinone®'.

These results are agree well with the estma-
tion from X-ray diffractioni"^) and NMR^) that
DSPY is primarily in the OH form, while DNP is
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in an equilibrium among four states from the
two NH..CO systems in a molecule, i.e.
[OH,OH], [OH,NH], [NH,OH], and.[NH,NH] forms.
Reflecting small energy difference among
these states, DNP shows thermochromism.^"2)
Correspondingly, N and 0 K-XANES of DNP shows
enhancement of peak B in both edges at -60 "C.
Thus the peaks A and B may corresponds to
[OH,OH] and [OH,NH] forms.
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Introduction

One of the advantages of X-ray microscopy
in observing cellular structure is to visualize
the intracellular localization of constituent

elements such as calcium in human skull

tissue''. In the present study, we have obtained
images for the constituent elements of HeLa
cells (derived from human cervical cancer) by X-
ray contact microscopy using an X-ray zooming
tube^' , over a wide range of photon energies
covering the absorption edges for the main
components in cellular elements.

Materials and Methods

HeLa cells were grown on an organic film
with a Csl photocathode for a zooming tube on
the other side. Exposure to monochromatic X-rays
were at BL-llA ranging from 1.6 nm to 10.5 nra.
The range includes absorption edges of Fe(1.72
nm). 0(2.33 nm), N(3.10 nm), Ca(3.51 nm), C(4.37
nm) and P(9.4 nm). X-rays, after being
transmitted through the cells, were led to the
zooming tube, an X-ray image readout system
(ilamamatsu Photonics). Details of the system
were described previously^' . The subtraction of
images was performed with an image processor
(Argus 50, Hamamatsu Photonics) by dividing an
image at the longer wavelength by that at the
shorter one of the absorption edge.

Results and Discussion

We have obtained the images of HeLa cells
at every wavelength tested. Figure 1 shows a
typical example of an image at 2.9 nm. The
nucleus, a dense area, and nucleolous, a denser
region in the nucleus, are evident. Also
microvilli along the cell surface were
identified. A distinct difference in the images
of both sides of an absorption edge was observed
in the case of carbon as expected. Below the
absorption edge (4.0 nm), strong absorption of
carbon allowed visualization of the structure of

10 iJm

a cell (Fig. 2a). On the other hand, above the
absorption edge (4.5 nm), a rather faint image
was obtained (Fig. 2b). These results indicate
that the image of the dried cell was mainly
formed by the contrast of its carbon content.
This was further supported by the subtracted
image (Fig. 2c); A very similar image to Fig. 2a
was observed. Subtracted images of other
elements, P, Ca, N. 0 and Fe, however, were
unexpectedly reversed. Carbon absorption
possibly covers up the images produced by those
elements. Currently efforts to correct this
problem are under way. The present results are
promising. Future work will be to develop this
method between the more closely adjacent
wavelengths across the absorption edge to allow
imaging with other elements.
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Fig. 1. Image of HeLa cells at 2.9 nm.
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refers the subtracted image between panel a and panel b.
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Introduction
The electronic structure of silicon oxide of

non-stoichiometric composition (SiO^, 0<x<2.0) is
of great importance, since the electrical
property of this material strongly depends on the
composition (x). Especially the electronic
structure of unoccupied orbitals in conduction-
band region is essentially significant. In the
present study, the measurements of X-ray absorp
tion near edge structure (XANES) have been ap
plied to the elucidation of the electronic struc
tures in unoccupied orbitals for SiO^, which was
produced by low-energy ion implantation method.

Experimental
The ion implantation and XANES measurements

were carried out in the s^e vacuum chamber with
a base pressure of 5 x 10'' Fa at the BL-llA beam
line. The Si(lOO) single crystal was annealed
at BGCC and slightly sputtered with 3 keV Ar"*"
ions. An ion gun of Penning-ion-gauge (PIG) type
was used for the ion implantation. The ac
celerating voltage of molecular ions (02"*") was 10
keV, which corresponds to 5 keV of atomic ions.
The incident angle of the ion beam was 25° from
the surface normal. The beam current was fixed
to be 4 (2.5 x lO^^ atoms/cm^ • sec).

The XANES spectra were taken by recording
the total electron yield (TEY) as a function of
photon energy. The TEY was normalized by the
photon intensity which was monitored by a copper
mesh located in front of the sample. The polar
angle of the electric vector of incident X-rays
was fixed to be 90° , and the takeoff angle of
the secondary electron was 45° .

The X-ray photoelectron spectra (XPS) for
the same samples were also measured in a separate
apparatus.

Results and discussion
Fig. 1 shows the TEY at the Si2p and Si2s

edges as a function of photon energy for the
Si(lOO) implanted with 02''"-ions of various ion
doses. The surface 0/Si ratio (x) measured by
XPS is indicated in each spectrum. Considering
the dipole-selection rule, the peaks A and D for
x=0 are assigned to the transitions from Si2p to
ai(3s) and t2+e(£ d) states, respectively. The
peak F is virtually assigned to the transition
from Si2s to 3p-derived state.

The XANES structures of O2"'' implanted
Si(100) are similar to those reported for SiOy
produced by the thermal oxidation of Si(100).
The XPS observation revealed that the binding
energy of the Si2p peak for the Si(lOO) shifts to
higher energy by 3.9 eV after the 02"*" implanta
tion,therefore the peak A' for the 02"*" im
planted Si can be assigned to the transition from
chemically-shifted Si2p to ai(3s) valence orbi
tal. The energy shifts about 4 eV are also ob
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served for the peaks D and E after the 02^ im
plantation.

For the structure of Si02, the tetrahedrally
coordinated and strongly electronegative oxygen
atoms change the symmetry of the crystal field to
enable the dipole-forbidden transitions. There
fore the peak B is assigned to the transition
from Si2p to 3p-derived valence orbital.

The similarity of the XANES structures of
the 02^ implanted silicon with those of the
Si02^^ indicates that the electronic structure in
conduction-band region mainly consists of the
components of the orbitals of Si02. This finding
suggests that the micro-structure of the SiO^
layer is a mixture of the Si and Si02 islands.
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The present work has been planned to
investigate unstained bacterial flagel
lar filaments dried without fixative,
and to compare the x-ray images with
and without immunogold labeling on the
contrast by x-ray contact microscopy.

Bacterial falgella, the organelles of
locomotion, are helical 20 nm in diame
ter and around 10 m long. The cell
achieves translatlonal movement by
rotating its flagellar filaments. The
flagellar filament of Salmonella typhi-
mirium is composed of a single kind of
protein (flagellin) with a molecular
weight of 53,000 and takes on left-
handed helix with a pitch of 2.3 m.
Electron microscopic studies have shown
that it is a cylindrical structure
composed of a regular helical array of
flagellin subunits.

Flagellar filaments from Salmonella
were prepared as described elsewhere
II]. A droplet of the bacterial flagella
in buffer solution was put on a PMMA
resist, was washed by distilled water
and was dried without fixation.

The experiments were done at beam
line llA at Photon Factory. The PMMA
resist with flagellar filaments was
exposed to monochromatic x-rays (around
3 nm) in a vacuum chamber. Exposures ex
pressed as ring current (mA) x time (h)
were 223-363 mA.h. The exposed speci
mens were removed with sodium hypochlor-
ite from PMMA. The PMMA was developed
with a mixture of methylisobytylketone
(MIBK) and isopropanol (IPA). The de
veloped images were observed with trans
mission electron microscopy by the use
of replica method with the plasma poly
merization-film in a glow discharge made
of the mixture of methane and ethylene
[2].

Results show that the single flagel-
lum (20 nm in diameter) could be taken
without fixative (Fig. 1). Two individu
al flattened flagellar filaments gave
high contrast images of sinusoidal wave
form specific for curly type of bacteri
al flagella. Their thickness was c.a. 20
nm, and their pitch was c.a. 1.3 m.

Effect of immunogold on the image are
not clear (Figs. 2, 3). It is likely
that the immunogold does not absorp
well on antibodies of the flagella.

[1] H. Hotani (1982) J. Mol. Biol., 156,
791-806.

[2] K. Shinohara, H. Nakano, M. Wata-
nabe, Y. Kinjo, S. Kikuchi, Y. Kagoshi-
ma, K. Kobayashi, and H. Maezawa (1988)
in "X-Ray Microscopy II (ed. by D. Sayre
et al.)" pp.429-432, Springer-Verlag,
Berlin.

Fig. ^ Flagellar image taken by x-ray
contact microscopy. Wavelength, 2.1 nm.
Ring current, 319-312 mA. Exposure time,
65 min. Development, MIBK:IPA = 3:1, 10
s. Replica: methane:ethylene = 1:3 (3 ml:9^ ml/^in^ ^0^^
Fig. ^ Flagellar image with antibody.
Wavelength, 3 nm. Ring current, 230-226
mA. Exposure time, 65 min. Development.
MIBK:IPA = 3:1, 15 s. Replica: methane
:ethylene = 1:3 (9ml:12 ml/ min). 30 s
glow discharge.

* - V.;
Fl^ 3 Flagellar image with antibody
labelled by immnogold. Wavelength, 3 nm.
Ring current, 226-223 mA. The others are
the same with Fig. 2.
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Introduction

A soft-x-ray transmission multilayer
has been expected to be a good phase
shifter^'^'. Our theoretical study showed
further possibility as a good polarizer.
In this experiment, we have examined the
polarization performance (relative
transmittance r /T^ and relative phase
shift A between p- and s- polarization)
of transmission multilayers as a function
of the angle of incidence.

Experimental

Transmittance and polarization
measurements to evaluate transmission
multilayers were carried at beamline llA.
Perfect linear polarization of 45°
azimuth was produced with a double
crystal type multilayer polarizer^' and
was incident to the reflectometer

chamber. In the reflectometer, an
analyzer unit consisting of a reflection
multilayer polarizer and a micro-channel
plate detector was mounted behind the
sample to carry rotating analyzer
ellipsometry'".

Results

Figure 1 shows measured average
transmittance a) and polarization
performance b),c) of the 81-layer sample.
Solid curves in b) and c) show the
theoretical best fit obtained with the

optical constant of 89% dense Mo and with
98% period length. These curves well
explain measured variation of the
polarization performances. The
polarization performance of this sample
can be summarized as follows.

1. Around 42° incidence, a polarizer with
99.2% polarizance and 14% transmittance
is realized.

2- Around 46 incidence, a X/4 phase
shifter with 10% average transmittance
and 3:5 transmittance ratio is realized.

These prove that the transmission
multilayers have very high performance
for practical uses.
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Introduction

For a short period soft-x-ray
multilayer of a photon energy above
lOOeV, Ni/C is one of the best material
combination from an optical point of
view . We have fabricated Ni/C
multilayers by ion-beam sputtering.
Reflectances of the multilayer mirrors
were measured for evaluation.

Fabrication

Our ion beam sputtering system is of
ECR (Electron Cyclotron Resonance) type
manufactured by Elionix Co. Ltd. Japan.
The system is evacuated by a turbo-
molecular pump to a base pressure better
than 10 Pa and Ar gas is introduced
through a flow controller to keep the
pressure at 4.0x10 Pa. Under the stable
sputtering rate, layer thicknesses are
controlled by the sputtering duration.

Experiments

Soft-x-ray reflectances were

measured with a precision reflectometer^'
at beamline llA, Photon Factory, KEK.
Beamline optics were adjusted for the
best linear polarization to measure s-
polarization reflectance. Filters of C,
Ag, and Cu were used for rejection of
overlapping higher order diffraction from
a grasshopper monochromator.

Results

Figure 1 shows s-reflectance spectra
of two Ni/C multilayer samples measured
at various angles of incidence. The 155-
layer sample with a 2.5nm period shows
peak reflectance of 4% at 25 incidence
(Fig.l-a). The 41-layer sample with 5. Onm
period shows peak reflectance of 14% at
45 incidence (Fig.l-c), which is useful
as a polarizer.

The observed peak reflectances of
the 155-layer sample above 500eV are much
smaller than those of the 41 layer sample
though the FWHM is much smaller. A
detailed study with measured optical
constants and interface roughness is
necessary.
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Fig.l. Measured s-reflectance spectra of
two Ni/C multilayer samples. Angles of
incidence from sample normal are shown in
the figures.
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Introduction

At a photon energy region below
lOOeV, Mo/Si multilayers are well
developed as reflective mirrors^'. These
mirrors can be used as a reflection
polarizer at angles of incidence around
45 since s- polarization reflectance can
be increased to above 50% by the
constructive interference whereas p-

2)
reflectance remains very small . We have
fabricated some Mo/Si multilayers
designed for high performance polarizers.
Reflectances of these multilayers for s-
polarization are thus measured for
evaluation.

Fabrication

Multilayers were fabricated by a
magnetron sputtering system having been
modified with a commercial model SPL-500

ANELVA, Japan. The chamber is evacuated
by a cryogenic pump down to a base
pressure better than 10' Pa. Ar gas
pressure during sputter deposition is
kept at a programmed level by a pressure
controlling baffle. Multilayers were
deposited at Ar pressure of 0.27 Pa. The
system is fully controlled by a sequencer
for stable and easy operation.

Experiments

Soft x-ray
multilayers have

reflectances

been measured

precision reflectometer^' at beamline IIA,
Photon Factory, KEK. A Be-filter was used
for rejection of overlapping higher order
diffraction from a grasshopper
monochromator.
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Results

Figure I shows measured s-
reflectances of Mo/Si multilayers of 41,
81, and 161 layers deposited on Si
wafers. At the designed photon energy of
97eV and the incidence angle of 45 , high
reflectances were achieved. These

multilayers were fabricated under the
same condition except the total layer
number. Detailed inspection of the
reflectance spectra as a function of the
number of layers is now underway.
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Fig.l. S-reflectance spectra of a)41-
layer, b)81-layer, and c)161-layer
samples measured at various angles of
incidence.
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Introduction

Polyimides are known to be a class of high temperature
polymers that exhibit a unique combination of thermal
stability, high softening point and easy processibility into
coatings or films. Recently,it is found that polyimides can be
formed by annealing the deposited film of ODA
(oxydianiline) and PMDA (pyromellitic dianhydride).0

We have investigated the polyimide formation process
from the deposited film by use of the XANES spectroscopy.

Experimental

XANES experiments were performed at BL-llA by the
total electron yield method. The sample was prepared by
depositing ODA and PMDA one after another on a Mo metal
foil, and then,C,N. and O K-XANES spectra were measured
at several temperatures up to 300"C. Energy calibration was
carried out by using the reference materials,such as
hcxatriacontane,TCNQ and K2SO4.

Results and Discussion

Figures 1.2 and 3 show C,N and 0 K-XANES spectra of
the ODA/PMDA film (topmost layer is ODA), heat treated
at several temparatues in vacuo, respectively. The distinct
change occurs at 7(TC and 100°C in C K-XANES, where
peak B decreases and peak C increases instead.Peak A at

285.2 eV is assigned to C Is to rr*(benzene ring) transition.

Peak B at 286.8 eV is to rr *(ODA carbons bonded to 0 or

N) and peak C at 288.3 eV is toJt: *(C=0). At
7()°C,interdiffusinon occurs and polyamic acid might be
formed as an intermediate product. Inbetween 100°C and
13()°C, the second change occurs, where peaks B,C,D
disappear and new peaks E and F appear. Further heating
does not change the spectrum. On the other hand, the N and
O K-XANES spectra exhibit similar behavior: drastic
change occurs at 70"C and then, at 130°C. Each of the
spectra at 13O'C is in good agreement with the
corresponding spectrum of polyimide prepared by the
solution film formation method. Accordingly, it can be
concluded that the film has been completely converted to
polyimide at 13(rC.This result is also in agreement with the
FTIR experiment.
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INTRODUCTION

In the gas phase experiments, the photoion-photoion
coincidence (PIPICO) measurements have been
extensively used. The coulomb explosion processes
resulting from the rapid ionic dissociation of multiply
charged ions in the core excitation region have been readily
studied using the PIPICO measurements.

In this experiment, for the first time the PIPICO
measurements were applied to investigate the detailed
mechanism of photon stimulated ion desorption (PSID)
process.

EXPERIMENTAL

The experiments were carried out on BL11A, using a
grasshopper monochromator, in the photon energy range of
500-750 eV. The experimental details have been described
in previously^PIPICO spectra were obtained using a
modified TOP techniques in which the TAC was started and
stopped by signals from the same ion detector. The Si(IOO)
sample was cleaned with standard procedures and exposed
to 10L H2O at room temperature.

RESULTS AND DISCUSSION

Previously we described the study of PSID from Si(IOO)-
10L H2O in the photon energy of 500-750 eV'L^L We found
that not only H"*" but also 0+ ion desorbed from this system.
PSID yield spectra of these ions indicate characteristic

behavior near and above the 0-K edge; H+ ion exhibits
sharp rises at ca. 530 eV and two broad peaks below (ca.
533 eV) and above (ca. 555 eV) the O- K edge, while O"*"
exhibits a delayed threshold at ca. 570 eV and gradual
increase up to 700 eV.

It is particularly interesting to know whether the O"'" and
H"*" ions are produced simultaneously from the surface OH
molecule or not. PIPICO measurements were carried out for
this purpose '̂. PIPICO spectrum obtained at photon energy
of 750 eV is shown in Fig. 1. PIPICO signal was obviously
observed at the time of flight difference between 0+ and H"*"
ions (790ns). This result is one possible evidence for
simultaneous desorption of O"*" and H"*" from the surface OH
molecule.

PIPICO yield spectrum is shown in Fig. 2 together with the
PSID yield spectrum of 0+. From the figure. PIPICO yield is
found to follow the PSID yield of O"*" qualitatively. As OH is
bound with the O atom pointing to the surface, the
probability of neutralization of O"*" is assumed to be much
higher than that of H"*". Then, even if O"*" is formed by the
primary process, it may be immediately neutralized and
desorbed as neutral O atom or be recaptured by the surface.
Consequently, the delayed threshold of 0+ can be explained
by the mechanism in which the precursor ions such as O^"*"
and O^"*" survive the neutralization and are detected as O"^

ions. PIPICO results support this mechanism in which
simulations formation of H"*" and 0+ from OH"^"*" (m>3) is
included.

In this experiment, PIPICO were applied to relatively
simple system in which only H"^ and O"*" ions are concerned,
but this technique seems to be more useful for complicated
system.
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1 . In t roduct ion

In sil'>-er halide photography, many
sulfur-containing organic compounds play
important roles. Since the.N' are used in
adsorbed states on silver halides, it is
important to studj' their adsorption geo
metries. • ' Spectrally sensitizing dyes,
v.'hich extend the photosensitive wave
length range, and antifoggants form
important classes of photographic materi
als. In this work, we studied the ad
sorbed states of five merocyanine dyes as
t\pic.al sensitizing dyes and an antifog-
gant pheny1mercaptotetrazole (PMTZ) by
sulfur- K-Edge XANES (X-ray Absorption
.Near Edge Structure) spec t roscopy.
Information about the adsorption site was
fdatained by comparing the spectra of
adsorbed d%'es with those of neat solids.
2. Experimental

XANES spectra were measured on BL-llB
and a soft X-ray undulator beamline BL-2.A
at the Photon Factory in the National
Laboratory for High Energy Physics (KEK-
PF) r^-ith double crystal monochromators .
An InSbllll) (BL-llB) or a Si(111) (BL-
2A) crystal was used with energy resolu
tion of about 1.0e\" and about 0.3eV.

respect i\'el;s'. in the S K-edge .X.ANES
region ( 2460-251 Oe\') . The photon energy
was calibrated by taking the lowest
energ\' peak of K-SO., to be at 2481.TeV.

Samples of d,%'e and antifoggant solids
v-ere prepared by rubbing dye powder on
Ag sheets or by vacuum-vapor deposition
on Cu sheets, and the spectra were meas
ured in the total electron yield mode.
Samples for the adsorbed states were
prepared by pressing .AgCl powder with ad
sorbed organics into disks, and the spec
tra were measured in the X-ray fluores
cence yield mode using a proportional
counter.-^' Samples were cooled with a
LN;- cooling system to pe\'ent radiation
damage by X-ray irradiation.
3. Results and Discussion

3.1 Adsorbed Dyes
We reaffirmed the following results

observed for two of these merocyanine
dyes' also for other three merocyanine
d,\-ec;. On adsorption, the spectrum of the
d.N'e 'VMitaining thia type .S shows almost
no change, suggesting that this type of
dye adsorbs at other part of the dye than
sulfur. On the other hand, the spectrum

of the d\'e with thioketone type S shows

a drastic change from that of solid with
a decrease in intensity of peak corre
sponding to the 71* resonance.""
3.2 PMTZ

Figure 1 shows the spectra of the
ant ifoggant phenylmercaptotetrazole
(PMTZ) in the solid state and the ad
sorbed state on AgCl. The deposition of
PMTZ on AgCl also causes significant
spectral change, indicating strong inter
action of PMTZ with AgCl at the C=S site.
This result is consistent with previous
results from X-ray photoelectron spec-
troscopy and IR spectroscopy. ' '

Thus we conclude that the thioketone-

type sulfur in organic additives in siver
halide photography acts as an effective
adsorption site, while thia-type sulfur
does not.
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The adsorption structures of S and C1 on clean sin
gle crystal metal surfaces are systematically studied
by surface analysis techniques. Many superstructures
and reconstructions accompanied with the ad.sorption
of S and Cl have been reported. On the other hand,
the adsorption structure of P, a neighboring atom of
S and Cl in a periodic table, has rarely been studied.
This may be due to the amorphous structure or com
plex structure of the adsorbed P on single crystal. In
this report the surface structure of P on Ni(lll) was
studied by means of surface EXAFS.

P was adsorbed on Ni(lll) by exposing Ni(lll) to
IQ-s 'porj. . 1Q-' Xorr of PIIs gas at room temjier-

ature in a UHV chamber. LEED observation indi

cated the formation of the amorphous structure of
P on Ni(Ill) (amorphous P/Ni(lll)). A complex
LEED pattern appeared as shown in Fig. 1 when the
amorphous P/Ni(lll) was annealed at 873 K for 10
mill. Analysis of the complex LEED pattern indicated
that the surface of the annealed P/Ni(lll) was recon
structed to the rectangular lattice of 3.49 A x 2.75
A.

EXAFS measurement was carried out at BLUB by
fluorescence detection using the InSb(lll) double cry-
tal monochromator. The angles 0 between electric
field vectors and crystal surface were varied to be 30,
45, and 90°. EXAFS analysis was carried out by the
curve fitting method.

Table 1 shows the curve fitting results of P K-edge
EXAFS spectra of the annealed P/Ni(lll).

Table 2 shows the calculated effective coordination

numbers(N*) based on several adsorption site mod
els. The angle dependency of the effective coordina
tion number could be reproduced best by the struc
ture as shown in Fig.2. In this structure two Ni layers
are rectangularly reconstructed and P was adsorbed
at the center of the topmost rectangular unit of the
reconstructed Ni(lll). There is a Ni atom just under
the P atom. Consequently P is coordinated by 5 Ni
atoms.

In summary the P adsorbtion produces the recon
struction of two-layer of Ni surface. This might be due
to the large covalency in P-Ni bonding which causes
the surface reconstruction and produces surface NiP
compounds.

Table 1: Curve fitting results for P/Ni(lll)

9 N*(6') r/A
30 4.0 2.21

45 4.5 2.20

90 5.3 2.21

Table 2; Calculated effective coordination number

N*(f?)
0 atop bridge' 4-fold site modeP

30 2.3 3.7 1.2 3.75

45 1.5 3.0 3 4.5

90 0 2.6 6 6

' Long bridge site. Ni-Ni distance is 3.49 A.
" the strucuture shown in Fig. 2

Figure 1: LEED patterns for P/Ni(lll)

• P O Ni
Figure 2: model structure for reconstructed P/Ni(lll)
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Introduction

II is very powerful lo combine surface EXAFS and back-
lerieclion x ray standing wave (BRXSW) metiiod in the study of
adsnrption iruliiccd metal surface reconstruction. We have

studied surface structure of (V7xV7) R19.1" S/Cu(lll) system
by surface EXAFS and proposed a complicated structure

model.') To confirm the model, the same system is studied by
BRXSW mcthod.2)

Experimental

Procedure for sample preparation is described in detail in ref.
1. Bragg reflectivity and standing-wave absorption profiles for
substrate Cu and adsorbale S were measured at BL-llB on Cu

111 back reflection in tlie same way as our previous study.
The procedure of the SW data analysis is identical lo that in ref.
4.

Results and Ulscussiun

From the analysis of incident angle dependence of Bragg
reflectivity curves, the energy width of the incident x rays and
the mosaic spread of the sample crystal are obtained to be
l.beV and 0.4", respectively. These values are used in the
following analysis. Figure 1 shows the observed sulfur K
riiioresccnce yield spectrum at the incident angle of 86". In the
analysis of this profile, we assumed that there are three sites
(SI. S2, S3) of sulfur atoms and that the difference of the

vertical displacement between S2 and SI (A7TS2)-A/.fS 1)) is

10 -5 0 5 10

RELATIVE PROTON ENERGY (eV)

fig. 1. Db.xcrvcd and calciilalod sulfur K
fluorescence yield profiles of

(>/7xV7)R19.1" .S/Cu(l 11) at the 111
Bragg condition. The doited line is
calculated for tlie three-site model siiown

in Fig. 2.

Top View

Side View

d2 =1.47A

d3-1 r,6A

?-2 2GA

1.47A, which was calculated for the model proposed by the
EXAFS results. The best fit of a profile yields Az(S1)=0.20A,
A7.(S2)=1.67A, A7.(S3)=1.69A and Fco=0.85, where Fco means
the coherent factor of each site and is assumed to be equal for
the three sites.

Combining the results with SEXAFS one, the structure
model is refined as shown in Fig. 2. The separation parameter z
between Cul and Cu2 is determined to be 2.26A. It is so large
that it is better to regard Cul and Cu2 as a new fu-st and second
layer, respectively. Though one might be suspicious of such a
drastic reconstruction, this structure model is reasonable from
the standpoint of chemical reaction of sulfur and copper. As
shown in Fig. 2, there arc three Cul and three Cu2 atoms
bonded with sulfur atoms and another Cu2 atom in the unit cell

and the total number of copper atoms is unchanged from the
original top layer. In other words, it is a reaction of three sulfur
atoms and six copper atoms on the Cu(lll) surface to form a
"surface sulfide" CU5S3.

TTiis model is basically consistent with a recent observation
of the STM image for the same system, where only one
profusion per unit mesh was found.^)
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R2=2.31A

ni=2.22A
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(1121

Az(S2)=1.67A

I Az(S1)=0.20A
dtltj Az(S3)=1.69A
dl1l=2.09A

Fig. 2. Surface structure model for (V7xV7)R 19.1 ° S/Cu(lll). Seven copper atoms of
the original toj) layer in the unit cell are separated to three Cul atoms in the first layer
and four Cu2 atoms in the second layer, and three adsorption sites of sulfur atoms exist;
SI is embedded in the Cul layer, S2 is three-fold hollow on Cul, and S3 is tliree-fold
hollow on Cu2.
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Irradiation with soft X-rays selectively absorbed by
the K-shell of phosphorus in DNA is considered to
cause serious damage to DNA. The aim of this study
was to clarify whether the Auger effect induced by
monochromatic X-rays around the K-shell absorption
edge of phosphorus enhances the induction of
strand breaks in DNA in solution; the DNA was
irradiated in a buffered aqueous solution in order to
simulate the condition in vivo around the DNA.
Single-strand breaks (SSB) and double-strand
breaks (DSB) in plasmid DNA were measured by
agarose gel electrophoresis.

Col El plasmid DNA was purchased from Takara
Co. Ltd and irradiated in solution. The DNA

concentration was 1 mg/ml in a buffered solution (pH
8.0) comprising 10 mmol/dm^ Tris-hydroxymethyl-
aminomethane (Trizma base) and 1 mmol/dm^
ethylenediamine - tetraacetic acid (EDTA).
Synchrotron radiation (KEK-PF, beamline. 11B) was
used as the source of soft X-rays. The energies
selected for irradiation were 2.103, 2.147, 2.153,
2.159 and 2.215 keV. 2.153 keV correseponds to the
resonance absorption peak of phosphorus and
2.147 keV and 2.159 keV correspond to slightly
below and above the peak energy, respectively. The
exposure rate was 15.5 C/kg per min. The three
forms of DNA (I, II and III), which were supercoiled
closed circular, open circular and linear,
respectively, formed well-separated bands in
agarose gel. From the fraction of form I DNA (f|) and
form III DNA (fm), the numbers of DSB (n2) and SSB
(ni) per molecule of Col El DNA were calculated

using equations (1) and (2) described below"'):
f||| = n2exp(-n2) (1)
f| = exp {-{m-Hn2)} . (2)

First, 02 was determined by fm using (1); ni was then
determined using (2). G values, which are defined
as the number of SSB or DSB in an irradiated
solition per absorbed energy of 100 eV, were
calculated on the basis of the estimated absorbed
dose.

ni and n2 increased linearly with the absorbed
dose at all of the X-ray energies. (Figures were not
shown). In Fig. 1-a and 1-b, the G values of SSB and
DSB were shown, respectively, as a function of X-ray
energy for irradiation. The G values of SSB and DSB
clearly depended on the X-ray energy. The
maximum G value of SSB was observed at 2.159
keV (slightly above the peak energy) and that of
DSB at 2.153 keV (resonance peak of phosphorus
K-shell). The difference between these
dependences may reflect the difference between the
mechanisms for the production of SSB and DSB. It
was notable that the ratio of the G value of DSB to
that of SSB
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(shown in table I) was fairly higher (0.243 - 0.350) in
the case of irradiation with monochromatic X-rays
around 2.1 keV, compared with that with Co-60 y-
rays2).
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Fig.1 Dependence of the G value of SSB (a) and
DSB (b) on the X-ray energy for irradiation.

Table I G values for SSB and DSB induced by
X-rays around the phosphorus K-shell.

GSSB gdsb gdsb/gssb

X-rays
2.103 keV 0.00404 0.00129 0.319

2.147 keV 0.00459 0.00138 0.301

2.153 keV 0.00551 0.00193 0.350

2.159 keV 0.00643 0.00156 0.243

2.215 keV 0.00552 0.00138 0.250
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Total reflection x-ray photoelectron spectroscopy
(TRXPS), which has been proposed byHenke [l], is one of
the surface characterization methods. If the excitation x-
rays impinge on a specular surface under a total reflection
condition, then the x-rays only exist shallower than the
evanescent length from the surface. In this condition, the
incident and reflected x-rays form a standing wave on the
surface. The standing wave intensity on the surface is at
most four times as strong as the incident x-ray intensity as
was numerically simulated by some of the present authors
[2]. Therefore the TRXPS will be a powerful tool of
surface characterization.

We have designed a prototype TRXPS spectrometer
(Fig.l), and measured the photoelectron intensity including
Auger and scattered electrons using synchrotron radiation
on the BL-1 IB (10-^ Torr) at the Photon Factory. Usually,
when one measures the XPS spectra, one does not measure
the sample current, because it was believed to have no
physical meanings. However, we have added a circuit to
measure the sample current in the prototype TRXPS
spectrometer as shown in Fig.l

Amp

Copper
plate

HI——I SCAlHcounteH

Anode
Retarding
potential

Copper
grids

Sample X-ray

Monochromator

_jfcs
I

sih

Fig.l Schematic illustration of the experimental .setup.

We measured the sample current during the TRXPS
measurement. The sample current was measured as a
function of the glancing angle of the x-rays to the sample
surface. The sample was GaAs single crystal wafer, and the
beam size was approximately 5.0 x 0.2 mm^. The x-ray
energies were 2.00 and 3.00 keV monochromatized by the
BL-1 IB monochromator (InSb). The sample current had a
maximum at the critical angle of the total reflection as
shown in Fig.2. This is the first observation of the existence
of the sample current maximum at the critical angle. The
sample current was of the orders of 10'" - 10''0 A when
the ring current was about 300 mA.

The electron energy analyzer used in the present
experiment was similar to a LEED spectrometer except that
the four grids in the spectrometer were flat and thus it was
bright but low energy resolution. Therefore we have tried
to measure high resolution TRXPS spectra using a CMA
analyzer (<I) 10-155). However the detector of the CMA
was not electron counting type, thus we could not measure
high resolution electron spectra till now. The spectral

intensity measured by the flat grid type spectrometer was
very high that the electron countings saturated when the
incident beam size was larger than 5 x 0.2 mm^. Therefore
if the detector in the CMA is replaced by an electron
counting type, then the high resolution TRXPS spectra will
be obtainable.

(a) Incident photon energy 2 keV

' I '—I • I

5

Glancing angle [degree]

Photoelectron

Reflectivity

Sample current

' I ' I—i—r

(b) Incident photon energy 3 keV

Photoelectron

Reflectivity

Sample current

—t—•—1—'—I—•—I—•—r—"—I—

5 10

Glancing angle [degree]

Fig.2 Glancing-angle dependency of reflected x-ray intensity,
sample current, and photoelectron current for (a) 2 keV and (b)
3keV x-ray beam impinging on GaAs wafer.

It has been found in the present study that the sample
current measurement is a very useful technique to determine
the critical angle of the x-ray total reflection. If we use this
technique for measuring the x-ray absorption fine structure
[3] by measuring the total electron yield through the sample
current measurement, then it will be a powerful technique to
characterize the surfaces.

In conclusion, though we have not yet obtained high
resolution TRXPS spectra, it has been found that the sample
current has a maximum at the critical angle of the total
reflection.
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Introduction

A number of different methods for the fabrication of SiC or

SiiN^ are now being investigated to improve the properties of the
final products with several forms, such as thin films or fine
powders. Structural studies on the laboratory prepared substances
with low crystallinity are of great interest from both scientific and
practical points of view. The XAFS analysis is one of the best
characterization technique for materials with low crystallinity,
however, the XAFS technique have not been used extensively for
the structural determination of the silicon compounds. This is
mainly because the Si K-edge (ca. 1840 eV) is located in the soft
X-ray region where high vacuum is required for the entire
measurement system.

Experimental

The Sic and SisNa thin films fabricated by a CVD technique
on thick substrates were used for XAFS measurements. The SiC

thin film {ca. 25 /r m in thickness) was deposited on a sintered
SiC plate using SiCL and CH^ as source gases at 1360 "C and 60
kPa. The SisNa thin film {ca. 25 // m in thickness) was fabricated
on a sintered Si3N4 plate using SiCU and NHa as sources at
1450 "C and 7 kPa. a -SiC, 0 -SiC, a -SisN^, and 0 -Si3N4
were used as standard samples. Each powder was confirmed to be
a single phase by X-ray diffraction.

All the XANES and EXAFS measurements were performed at
BL-llB. The total electron yield method has a difficulty in the
measurements of insulators because of charging of the sample. To
overcome the difficulty, the CVD thin film of SisN^ with poor
conductivity was covered with a Cu mesh in the measurement.
Powder samples of SijNj were homogeneously dispersed on Cu
meshes using ultrasonic cleaner.

The intensity of the incident beam(Io) was monitored using a
Cu mesh. Total electron yields from the sample(Is) were
measured using Channeltron. Data were collected every 0.5 eV in
the XANES region and every 2 eV in the EXAFS region. Signals
were accumulated for forty or sixty seconds at a point.

Fourier transformation of EXAFS data was performed to
obtain radial distribution functions around Si atoms. The phase
shift and back scattering amplitude were corrected using the
theoretical value.')

Results and discussion

Figure 1 shows the lo, Is, and absorption spectrum of SiC.
The lo and Is exhibit significant drops at about 2150 eV due to the
absorption by the platinum coated mirrors of the beam line. As
shown in the absorption spectrum, the absorption by the mirrors is
almost completely compensated by dividing Is by lo.

From the absorption spectra EXAFS were extracted with high
signal to noise ratio. That enables Fourier transformation over a
range of 2.5 A i < 11.5 A which results in radial
distribution functions with high resolution. Radial distribution
functions of CVD thin film of SiC and a - and 0 -SiC were
compared and all the functions have two notable peaks at the same
distances. This indicates the thin film has basically the crystalline
SiC structure.

The XANES of the SisN^ thin film and a - and 0 -SisN-i are
compared in Fig. 2. Three peaks are observed only for 0 -SisN^
within 15 eV from the absorption edge. According to multiple
scattering calculations in SiC clusters, these peaks in the spectrum
are likely to reflect a long-range structural order up to sixth or
seventh shell from the absorption atom.^) 0 -SisN^ may exhibit
these three peaks because of higher crystallographical symmetry
than a -Si3N4. The XANES of the thin film has no peak as
shown in that of 0 -Si3N4 and resembles that of a -Si3N4. This
indicates that the local structure around the Si atoms of the thin
film resembles that of a -Si3N4.

Figure 3 shows the Fourier transforms of the EXAFS
oscillations for the Si3N4 thin film and a - and 0 -Si3N4. Both
a - and 0 -Si3N4 exhibit peaks at 1.8 A and 3.0 A • a - and 0
-Si3N4 have the almost same local structure around Si atoms
although X-ray diffraction patterns are quite different. The first
peak is assigned to the nearest Si-N scattering and the second
peak to the nearest Si-Si and the second nearest Si-N scattering.

The spectrum of the Si3N4 thin film gives a lower Si-N peak
at 1.7 A than thoseof crystal powders together with a minor peak
at 2,2 A, which has not been identified. This might suggest the
presence of other silicon compounds than silicon nitride.
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Introduction

In the last experiment, the spectral
sensitivity of various semitransparent
X-ray photocathodes of the X-ray zooming
tube was evaluated in the energy range
of 0.08-0.BKeV'' and 4-20KeV^', and some
biological samples were observed In the
energy range. This time, we have made
same experiment in energy range of
1.6-3.SKeV at KEK-PF, BL-llB. In this
paper, the experimental arrangement and
the obtained results are described.

Experimental arrangement

Fig.l shows the experimental arrange
ment for the observation of various
samples with the X-ray zooming tube. As
a X-ray source, the beam line of BL-llB
(double crystal monochromator:1.75~
3.6keV) are used. In the evaluation of
X-ray photocathodes, the opaque Au
photocathode( ' 3Onm) is used for calibra
tion of the input photon number, and it
has been calculated based on the data of
lienke^ ' .

Resu 1 ts

2 and Fig.3 show respectively the
image of a Fresnel zone plate(FZP)

atom observed by the tube at the
energy of 2.0KeV. In Fig.2, the
of the finest zone is O.S^tm, and
clearly observed.
4 shows the spectral sensitivity
various photocathodes. Csl (^300
the best material in this energy
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INTRODUCTION

We have studied characteristics of molecular

changes in biological systems irradiated with
monochromatized soft X-rays to clarify the enhancement
mechanisms of radiobiological effects at the K-edge of a
specific atom. Previously we reported that the
degradation-product spectra of sulfur-containing amino
acids in solid state irradiation change with the sulfur K-
shell excitation^Further study has been planed to know
whether the product spectra of the amino acids irradiated
in aqueous solution, that is more close to the physiological
condition, change at the sulfur K-edge or not. In the
present study, we tried to detect the products from an
amino acid, cystathionine (Fig. 1), irradiated in aqueous
solution. In this condition, a largo number of water

radicals, such as hydroxyl radical (*OH), are produced by
the energy of X-ray photons. The soft X-ray irradiation in
the solution could produce fragments having the OH group
besides the products observed in the solid state irradiation.

MATERIALS AND METHODS

Forty |il of cystathionine solution (10 mg/ml in
double-deionizcd, distilled water) were irradiated with

monochromatized synchrotron soft X-rays at BL-llB in the
aluminum sample chamber with mylar (5 pm thickness)
window. The depth of this chamber was 200 pm. The
photon energy used was 2472 eV that corresponds to the
sulfur K-shell resonance absorption and the exposure was
60 MR. After the irradiation, the products were analyzed
by high performance liquid chromatography (HPLC).

RESULTS AND DISCUSSIONS

The HPLC chromatogram of the irradiated
cystathionine solution was shown in Fig. 2-a with that of
solid state sample (Fig. 2-b). Seventeen peaks of the
products appeared along with those of remaining
cystathionine and impurities originally included in the
sample. By comparing the retention times of the peaks
with those of authentic amino acids, 4 peaks, homoserine
(Hser) which has a OH group (Fig. 3), glycine (Gly), alanine
(Ala) (or ethylcysteine (Ecys)) and a-aminobutyric acid
(aAba), were identified. The spectrum of the products was
different from that obtained in the solid state condition.

Hser that was not detected in the solid samples might be
induced through two processes. One is S-C bond (shown
by • in Fig. 1 and named S-C*) cleavage with direct
photoexcitation of sulfur K-shell followed by the extraction
of a OH group from a water molecule. The other is the
attack of a *OH to the S-C* bond. Unidentified peaks
numbered form 1 to 9, which do not appear in the solid
condition, were also supposed to be the hydroxyl fragment.

The ratio among the yield of the Gly, Ala (or Ecys) and

aAba, (1:9: 22) was different from that in the case of solid
state (1 : 24 : 18). This may indicate that new reaction
pathways mediated by water radicals contribute to the
degradation of the amino acid.
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Adsorption and Decomposition of Silane on Cu(lll)
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Recently, we have studied the adsorption behavior of
molequies on metal by use ofS K-XAFS '̂̂ 1. This report is to
investigate the adsorption and decomposition of silane on
Cu(l 11) by use of Si K-edge XANES and EXAFS. The
silicon/metal interface is important both in catalytic reaction
mechanism and in electronics device technolog)'̂ ^

The clean Cu(lll) surface was cooled down to lOOK and

was subsequently dosedwith 0.67x10"^ PaxfOOs of pureSiH4
gas. X-ray absorption measurements were performed at the
BL-1 IB by the Si K-fluorescence X-ray detection mode. To
avoid the influence of electron stimulation, XAFS spectra
were measured for fresh sample before LEED observation
and AES measurements.

The silane saturated surface at lOOK displayed a

(v(3xV3)R3t)° LEED pattern which is in agreement with the
work by McCash et al.,'*) although, the extra spots turned
obscure immediately during the LEED observation.
Polarization dependent Si K-edge XANES spectra at lOOK
are shown in Fig.l for four incident angles. The normal
incidence spectrum closely resembles one of the gas-phase
SiH4-^) which is shown in the bottom of Fig.l. This result
indicates that the adsorbed species still retains the molecular
character. As the incident angle decreases, the spectrum
deviates more from that of silane and reflects the metal-
adsorbate interaction more distinctly. The first peak "a" at
1841.1eV is attributed to a transition to the unoccupied metal-
adsorbate band. Its significant polarization dependence

suggests aCT-bonding character between Si and Cu in the
substrate.

Si K-edge SEXAFS spectra also show significant
polarization dependence. EXAFS oscillation at the incident
angle of 30° is much more enhanced than that of 90°. Fourier

transform of kx(k) at the grazing incidence spectrum shows a
strong peak which is assigned to Si-nearest neighbor Cu,
while that at the normal incidence has no distinct peak as
shown in Fig.2, indicating clearly that the adsorption site is
atop. We have adopted the theoretical parameters by Rehr et
al. '̂l for curve fitting analysis. And the Si-Cu distance is
determined to be 2.48±0.02A. XAFS results indicate that Si
atom sits on atop site and forms a single bond with Cu.
Combining these results, it is elucidated that the adsorbed
species is SiH3. whose Si atom is on top of Cu with the
distance of 2.48±0.02A

Si K-edge XANES spectra for annealed sample indicate
the structural change of the adsorbed species. By raising the
temperature, the molecular-like structure gradually turns to a
silicide-like structure. No critical temperature of
decomposition is found but a drastic spectral change occurs at
about 200K. The spectrum of 300K-annealed sample is
similar to that of NiSiz. We could also observe a stable

(V3xV3)R30° LEED pattern at 300K, although spots were
diffused. It is noteworthy that XAFS spectra of 300K-
annealed sample do not show any significant polarization
dependence in both XANES and EXAFS regions. The
EXAFS spectra of 300K-annealed sample can not be analyzed
with a single Cu shell and at least two different shells of Si-
Cu and/or Si-Si must be taken into account. Detailed analysis
will be published later.

1)
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figure^).

-•--90

2 3 4 5 6

Distance (A)
Fig.2 Fourier transform of kx(k) at the grazing (30°) and

normal (90°) incidence.



proposal No 92-039

EXAFS STUDIES ON THE ADSORPTION STRUCTURE OF Cl/Ni(7 9 11)
SURFACE

K.Asaku^a^ H.Ishii', T.Ohta', Y.Kitajima", and H.Kuroda^
^Department of Chemistry, Faculty of Science, the University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

' Photon Factory, National Laboratory for High Energy Physics, Oho, Tsukuba, Ibaraki 305

' The Research Institutes for Science and Technology, the Science University of Tokyo, Yamazaki, Noda, Chiba 278

We have found that S and P adsorb selectively on
the step 4-fold site of Ni(7 9 11)surface.[1, 2] P induces
the (1 3 5)-f(1 1 1) faceting. In this work we have
extended this work to adsorption of C1 on Ni(7 9 11)
and compared the adsorption structure with those of
S and P.

The clean Ni(7 9 11) surface was do.sed with CU at
room temperature, using the electrolysis of sintered
AgCl. The coverage of chlorine was determined by
AES and the long-range order structure was detected
by LEED.

EXAFS experiments were carried out at BLllB us
ing the InSb(lll) double crystal monochromator. C1
K-edge EXAFS data were accumulated at room tem
perature by recording C1 fluorescence. EXAFS oscil
lations were obtained with two polar angles(15® and
75°). Electric field vector was set perpendicular to the
step direction(//[101]). Effective coordination num
bers and interatomic distances were obtained by curve
fitting analysis. The backscattering amplitude and
phase shift, functions were obtained from CuCl EX
AFS.

LEED patterns changed as follows with the increase
of C1 coverage.

1. no superstructure appeared below 0.15 ML

2. the mixture of p(2x 2) and (\/3 x \/3)R30° LEED
pat terns was obtained between 0.19 ML-0.25 ML.

3. (x/3 Xv/3 )R30° LEED pal lern was observed i)e-
tween 0.25 -0.3 ML.

EXAFS spectra were taken for 0.1 ML and 0.3 ML
Cl coverages. Curve fitting results for 01 K-edge EX
AFS of 0.1 ML Cl coverage were shown in Table 1.
The similar results were obtained also for 0.3 ML

Cl/Ni (7 9 11) system.
The interatomic distance was determined at about

2.33 A for all polar angles. This value was almost
the same as that of (v/3 x \/3)R30° Cl/Ni( 111 )(2.33
A). It was sharp contrast with the S/Ni(7 9 11)
and P/Ni(7 9 11) where S-Ni and P-Ni distances
were somewhat longer than those on S/Ni(lll) and
P/Ni(lll). [1, 2]

By comparing the observed effective coordina
tion numbers with calculated ones, step 4-fold and
step 3-fold sites were clearly excluded unlikely to
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Table 1: The curve fitting results for the EXAFS spec
tra of Cl/Ni(7 9 11).

0 R/ A N*

15 ° 2.33 ± 0.03 6.0 ± 0.6

75 ° 2.34 ± 0.03 2.8 ± 0.5

N*(75 °)/N*(15 °) — 0.46 ±0.10

Table 2: The calculated effective coordination num

bers N*

terrace step

0 3-fold 4-fold 3-fold

15 ° 5.22 4.19 1.84

75 ° 1.96 4.02 3.51

N*(75 °)/N*(15 °) 0.38 0.97 1.89

S/Ni(7 9 11) and P/Ni(7 9 11). Rather Cl was lo
cated at the terrace 3-fold hollow sites. Cl seems to

adsorb on every available adsorption site. This may
ari.se from the large ionic character in the Ni-Cl bond
ing, which does not require any directionality in the
chemical bonding.
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The biological effects of any types of ionizing
radiations stem mainly from the ionizatlon along
the path of recoiled electrons, particularly those
slowed down and of low-energy components. In this
context, the experimental approaches to the pri
mary processes of damage formation, fixation and
biological effectiveness in relation to the electron
energy has long been a matter of interest in radio-
biology. The development of synchrotron orbit
radiations made it possible to study the biological
effects of low-energy electrons generated within
living cells.

Since the total energy of low-energy X-rays is
absorbed by atoms and generates photoelectrons and
associated Auger electrons, the initial energy of
photoelectron is strictly defined by the quantum
energy of X-rays, i.e.. X-ray energy minus electron
binding energy. In the biological material irradiated
with soft X-rays, photoelectrons generated from
photoabsorption of oxygen atoms play a major role
in the biological effects because of their relative
abundance and high photoabsorption cross section.

In order to define the energy of photoelec
trons, monochromatic soft X-rays obtained from the
synchrotron-produced radiations were used in this
experiment. The freshly prepared human peripheral
blood lymphocytes were exposed with monochromat
ic X-rays with different energy, and the frequency
of chromosome aberrations (dicentrics and rings)
were studied in the first post-irradiation mitoses in
culture. The dose-response relationships of chromo
some aberrations were established by iteratively re-
weighted least square fit to the linear-quadratic
model, Y=-iD+^D^, for absorbed dose D in Gy.

The chromosomal effectiveness was dependent
on the X-ray energy. The energy dependence was
more pronounced for the dose-linear terms while
the dose-square terms stayed rather constant. The
dose-linear terms increased with the decrease of X-

ray energy reaching a maximum value at around
5keV and then decreased with further decrease of
X-ray energy. This led us a generalized model that
the biological effectiveness is in a function of
linear energy transfer but has a limitation deter
mined by the range of charged particles and spatial
proximity of target molecule within the cell nucle
us, notably spatial proximity of elementary fibers
as a unit of damage interaction. The present model
poses a limitation of the use of linear energy
transfer (LET) as a simple index of radiation quali
ty in the evaluation of biological effectiveness.

The energy dependence of the biological ffec-
tiveness of the photoelectrons at low energy range
made it possible to estimate the biological effqc-
tiveness of low-energy beta-rays, for instance, H
beta-rays, which has long been a matter of discus
sion because of the Intrinsic uncertainties of dose

to the target molocules. Primary electrons from

the decay of H have energy in a wide range from
0 to IBkeV. Figure 1 shows the electron source
density from the decay of H, and initial slope
(dose-llnear term) of dicentric aberrations per cell
per unit absorbed dose (Gy) plotted against corre
sponding energy of photoelectrons. When the ener
gy-dependent change In the chromosomal effective
ness was applied to the electron source density of

H, the relative biological effectiveness in terms of
chromosome aberration formation at low doses or

low-dose rates can be estimated as follows.

ff(B) a (E) dF
tta = J

JfiE) dE
where d(E) is the initial slope of chromosome
aberration formation for electrons with energy E,
and f(E) is electron source density from a decay of

The ci (E) was obtained by interpolating the
experimental data on photoelectrons by the use of
least square fit to polynomial function of energy.
By doing so, ^=0.105/cell/Gy was obtained for the
initial slope of the induction of dicentric aberra
tions. This corresponds to the limiting relative bio
logical effectiveness (RBEq) of about 5 for cobalt-
60 gamma-rays and about 2 for 250 kV X-rays.

Fig. 1. Initial slope of chromosome aberration
formation in a function of energy of photoelectron
from oxygen (A) and electron source density of
beta-rays (B).
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QUANTITATIVE MEASUREMENT OF DOUBLE STRAND BREAKS IN
CHROMOSOMAL DNA INDUCED BY PHOSPHORUS K-SHELL

PHOTOABSORPTION USING REPAIR DEFICIENT MUTANT OF YEAST
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INTRODUCTION

Irradiation with monochromatized soft X-

rays at the resonance absorption peak around the
phosphorus K-edge showed enhanced biological
effects such as cell killing or induction of genetic
changes in viable cells^^ Photoabsorption of
phosphorus atom which make phosphodiester bond
in DNA backbone was considered to lead DNA

strand breakage, which might result in reproductive
death or other biological consequences of the cells.
We tried to measure double strand breaks (DSB) in

yeast chromosomal DNA produced by phosphorus
photoabsorption by using pulse field gel
electrophoresis, to know the mechanisms of
enhancement. The evaluation of this new method

as a quantitative measurement of DSB was already
reported^\ In this report we discuss yields of DSB
under the condition where DSB cannot be repaired
at all.

MATERIALS AND METHODS

DSB repair deficient strain {rad 54-3) of
diploid yeast, Saccharomyces cerevisiae, was
irradiated with monochromatized soft X-rays
around the phosphorus K-absorption edge, 2153 eV
(at the resonance peak'^) and 2147eV, at BL-llB.
Synchrotron X-rays were monochromatized by
InSb(lll) double crystal monochromator and then
led out to the atmosphere through 25 )im Kapton
and 5 pm Mylar window. After irradiation yeast
cells were embedded into agarose plugs, and
enzymatically digested to remove proteins.
Remaining yeast chromosomal DNA was separated
into several bands by pulse field gel electrophoresis
with 250 V and 60 sec pulse, depending on the
length of each chromosome. Separated
chromosomal DNA in the gel was stained by
ethidium bromide and amount of DNA in each

band was determined by fluorescence intensity
from intercalating ethidium. Detail of the
procedure to get the yield of DSB from the
fluorescence patterns was previously reported^^

RESULTS AND DISCUSSIONS

Dose response curves of induction for DSB
in yeast rad 54-3 strain by irradiation with 2153 eV
and 2147 eV of monochromatic soft X-rays are
shown in Figure 1. Yields of DSB f)er unit exposure
(kR) per cell were calculated from Figure 1 and
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shown in Table 1. The third column of Table 1

represents the lethal exposure (D37) obtained from
survival curves of this strain^\ at which one lethal
event is produced within one cell. Yields of DSB per
lethal exposure were also calculated to be 1.9 and
1.7 at 2153 eV and 2147 eV, respectively. These
results mean that about two DSBs may lead to cell
killing in the repair deficient yeast strain at both soft
X-ray energies, and that the DSB produced by
phosphorus photoabsorption may lead to cell killing
with almost same efficiency with the DSB produced
by other processes.
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Figure 1 Dose response for DSB induction in
rad 54-3 by monochromatic soft X-rays
around K-absorption edge of phosphorus.

Table 1 DSByield and D37 of rad 54-3 yeast cells.
Ratios of enhancement by photoabsorption
of phosphorus are also presented.

Energy DSB yield O37 DSB yield
(eV) (/cell/kR) (kR) (/cell/D37)

2153 0.83 2.28 1.9

2147 0.52 3.33 1.7

Ratio 1.57 1.46
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INTRODUCTION

Recently a sulfur treatment by

(NH4)2Sx solution has been shown to
effectively passivate a GaAs surface.
But the sulfur passivation overlayer
needs to be removed from the GaAs

surface, because sulfur atoms on the
GaAs surface may behavior as dopants or
interfere with subsequent epitaxial
growths when semiconductor device is
fabricated on this surface.

In this study, changes of surface
stolchiometry and chemical bonding
character of sulfur were investigated by
synchrotron radiation photoelectron
spectroscopy (SRPES) when the sulfur
overlayers on the (NH4)2Sx~treated GaAs
surfaces were desorbed. In result we

identified the dependences of the
surface stoichiometry and the effect to
remove the sulfur overlayer on the
removal methods.

EXPERIMENTAL

Experiments were performed at beam
line IID of Photon Factory. Samples are
Sn-doped p-type GaAs(lOO) wafer. They
were dipped into the (NH4)2Sx solution
for 1 hour at 60" C after they were
etched by H2SO4 : H2O2 :1120 (5 ; 1: 40)
solution. The methods for removing the
sulfur overlayer are as follows.
(A)Low temperature annealing at 400' C.
(B)Irradiation of atomic hydrogens

dissociated by heated tungsten wire
onto the surface at room temperature.
The hydrogen gas was introduced at
the pressure of 5x10"^ Torr.

(C)Irradiation of unmonochromatized SR-
light onto the surface at room
temperature.

RESULTS and DISCUSSION

First, we investigated SRPES signal
intensities of As-3d and Ga-3d core

(a) p-GaAs(IOO) As-3d Core Level

annealed at 400°C

annealing 30min

as-treated

p-GaAs(100

H 20nnin

as-treated

levels. It was clearly found that all
of the three methods have an effect on
the removal of the sulfur overlayer
because the As-3d and Ga-3d intensities
were enhanced by all of the methods.

In order to investigate the surface
chemical bonding in detail, we compared
spectral line shapes before and after
removing the sulfur overlayer. These
results are shown in Flg.l {the Ga-3d
spectra not shown). The As-3d spectra
as treated by (NH4)2Sx consist of some
surface components occurred due to
combine with a sulfur or an arsenic
atom. On the contrary, it is found that
the As-3d after annealing at 400' C shown
in Fig.1(a) consists of only bulk
component, and the Ga-3d hardly even
changed before and after annealing.
These results indicate that the arsenic
atoms desorb with the sulfur atoms from
the GaAs surface by annealing at 400" C.
The As-3d after H-irradiation shown in
Fig.Kb) also changes similar to that
after annealing, although the change is
smaller. After irradiating SR-light
shown in Fig.1(c), the surface component
around at leV of the As-3d increases.
From a relation between the
electronegativity and the chemical
bonding shift, we assigned this surface
component to the As-As bonding. This
result indicates that the arsenic atoms
on the surface increase by irradiating
SR-light. From these results, we can
infer that the GaAs surface turns the
As-rich by irradiating SR-light and the
Ga-rich by annealing or H-irradiation.
Finally, we suggest that by a
combination of our used methods (A)-(C)
one would be able to not only remove the
sulfur overlayer effectively, but also
control the surface chemical bonding and
the surface stoichiometry.

As-3d Gore Level

irradiated tiydrogen
p-GaAs(IOO) As-3d Gore Level

irradiated SR-light

SR-hght 10min
as-treated

6 4 2 0
Relative Binding Energy (eV

FIG.l As-3d core
energy is 90eV.

4 2 0 -2 6 4 2 0

Relative Binding Energy ( eV) Relative Binding Energy ( eV)
level spectra for the GaAs surfaces. Exitation photon

Each spectrum is normalized as the spectral areas are in
agreement each other. The binding energy is relative to that of bulk As-3d
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Until recently, It has been believed that CaVOs.s is a typical
metallic oxide. From our detailed x-ray diflraction, dc-corxluctivity
and magnetic susceptibility measurements, however, we have
found that the stoichiometric material is an insulator [1], In
contrast, SrV03 remains metallic even with the stoichiometric
oxygen content. To understand why oxygen vacancies induce a
metal-insulator phase transition in CaVOs.g but not in SrV03.5, it
is important to study how the changes in the electronic structure
due to oxygen vacarrcies differ between the two compourtds.

In this report, we report the results of photoemlsslon
spectroscopy (PES) study of CaV03.5 and SrV03.5 with some
oxygen vacancies (5=~0.1) arxJ wittx)ut vacancies (5=0) [2].

Single crystals of CaV03.5 and SrV03.5 were made by an
image fumace of infra-red light with double halogen lamps [1].
The oxygen content (3-6) of the obtained as-cast CaV03.5 and
SrV03.5 samples were evaluated as 2.9 and 2.85, respectively,
by thermogravimetric analysis. Electrical resistivities of both as-
cast samples show metallic temperature dependence. However,
after oxidation by annealing in the air at 660°C for 1 hour, the
CaV03.6 sample becomes an insulator. The oxygen content (3-
5) in this insulator phase is exactly 3.0. On the other hand,
SrV03.5 remains metallic even after oxidation (3-5=3.0).

Experimental were performed at Photon Factory (Beam Lines
11C arxJ 11D), National Latwratory for High Energy Physics. The
samples were cleaned insHu by scraping with a diarrorid file. The
PES spectra were measured at room temperature. The
cleanness of the sample surfaces was confirmed by checking for
the absence of extra features arising from contamination by
Auger electron spectroscopy and PES.

Figure 1 shows the PES spectra of as-cast Ca\/02 g (upper
side) and SrV02 35 (lower side) taken with photon energies (hv)
in the V3p -> 3d core adsorption region (hv=50 and 51.5eV for
CaV02.9 ^''^02.85> respectively; crosses) and out of it
(hv=45eV for both oxides; open circles). Figure 2 shows the
PES spectra taken with hv=50eV in the V3d-band region of
CaV03.5 (upper side) arxJ SrV03.5 (lower side) with oxygen
vacancy (5=0.1 and 0.15 for CaV03.5 arxJ SrV03.5, respectively;
solid circles) and without it (5=0; open circles). In the spectra, a
peak less than ~1eV below Ep with a sharp Fermi cut-off and a
broad one centered at ~1.6eV are observed. Moreover, it is clear
that the relative intensity of the peaks near Ep in CaV03.5
becomes drastically weak wrth decreasing oxygen vacancy (5) but
does not change in SrV03.5. This difference between SrV03.5
and CaV03.5 is the first PES observation of the change in the
electronic structure induced by oxygen vacancy and reflects the
fact that the CaVOj.^ exhibits a metal-insulator phase transition
with increasing oxygen content (5).

From the PES spectra in Fig. 1, one can tell that the emission
within -3eV of Ep shows clear enhancement at the V3p core
adsorption threshold. This resonance behavior indicates that the
emission within ~3eV of Ep results from the occupied state of the
V3d band. It is suggested from the calculated band structure [3]
that, in the higher binding energy region of the valertce barid,
strong txjnding bands between V3d/4s and 02p orbitals exist
and the valence bands in the lower binding energy region
consist of alnrxDst nonborxling 02p band. The PES spectra of
the valence band agree with the calculated band structure
except for a slight difference in the energy position between the
calculated and measured valence bands.

There are two alternative explanations for the spectral feature
near Ep of metallic oxides: one is the coherent band model [4]
and the other is "in gap" state model [5].

In stoichiometric oxvoen region, it has been shown from x-ray
diffraction measurements [1] that the metallic SrVOg has a cubic
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perovskite structure and the insulating CaV03 is
orthorhombically distorted one. The orlhortiombic distortion in
CaV03 will give rise to a narrower one-electron d-band width (W)
compared with that of the cubic SrV03 . Assuming that the d-d
Coulomb repulsion energy (U) are the same for both oxides, the
ratio U/Wfor CaV03 is larger than for SrV03. Then, the coherent
band model [4] predicts that the spectral weight in SrV03 will be
more strongly transferred from the upper and lower Hubbard
bands to the region near Ep.

In off-stoichiometric oxygen region, on the other hand, we can
not clearly give an answer to the origin of the spectral feature
near Ep of CaV03.5 and SrV03.5, i.e.. an coherent band state
or/and an "in gap" state. Assuming that the spectral feature near
Ep consists of an coherent d-band state, the spectral shape
centered ~1.6eV, which is a remnant of the lower Hubbard baixl,
should change by the magnitude in the ratio U/W, and the
spectral feature just below Ep should exhibit the rigid band
behavior. However, these changes in the observed PES spectra
of the V3d-band region have r>ot t)een observed, as shown in
Fig. 2. Therefore, we think that the spectral feature near Ep may
be an 'in gap" state induced by oxygen vacancies.

1 F. Iga and Y. Nishihara, J. Phys. Soc. Jpn. 61,1867 (1992).
2 Y. Aiura, F. Iga, Y. Nishihara, H. Ohnuki, and H. Kato, Phys.
Rev. B (1992) to t5e published.
3 K. Takegahara, private communication.
4 A. Fujirrxjfi, I. Hase, H. Namatame, Y. Fujishima, Y. Tokura, H.
Eisaki, 8. Uchida, K. Takegahara, and F. M. H. de Groot, Phys.
Rev. Lett. 69, 1796 (1992).
5 For example, W. Stephen and P. Horsch, Dynamics of
Magnetic Fluctuations in High Temperature Superconductors,
edited by G. Reiter, P. Horsch, and G. Psaltakis (plenum. New
York, 1990).
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FIG. 1. Photoemlsslon spectra of as-cast CaV02.9 (upper side)
and SrV02 85 (lower side) samples taken with ptx)ton energies
inside the the V3p -> 3d core adsorption region (fTv=50 and 51.5
eV for CaV02 9 and SrV02 as- respectively; crosses) and
outside it (hv=45eV for both oxides; open circles).

FIG. 2. Photoemlsslon spectra of CaV03.5 (upper side) and
SrV03.5 (lower side) samples wKhoxygen vacancies (5=0.1 and
0.15 for CaV03.5 and SrV03.5, respectively; solid circles) and
without vacancies (5=0; open circles) in the V3d-band region
(hv=50eV).
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Introduction

With lowering the growth temperature in the
chemical vapor deposition (CVD) process of Si,
the rate-limited reaction in crystal growth is
governed by surface adsorbates. To activate
such a rate-limited reaction, therefore it is
necessary to identify the adsorption species and
clarify its desorption kinetics.

In this study, we have measured the
temperature dependence of the adsorption species
and amount on a crystal-growing Si(100) surface
with SiH2Cl2 using photoelectron spectroscopy of
Si-2p and valence band.

Experimental
The crystal growth experiments were carried

out at beam line BL-llD. The reaction chamber

with facilities of electron spectroscopy and gas
handling was attached to the monochromator
through a differential pumping unit. As a
result, we could measured photoelectron spectra
of crystal-growing surfaces under a pressure of
IxlO-^Torr.

The samples were p-Si(lOO) wafer and the
reactant gas was SiH2Cl2 of 99%. The SiH2Cl2
gas was introduced to the chamber through a
variable leak valve. The substrate temperature
was elevated by direct resistive heating.

Results and Discussion

Figure 1 shows a Si-2p spectrum for a
crystal-growing Si(100) surface at 500°C and
lxlO~^Torr. In the figure, the chemical shift
of mono-(Si-Cl), di-(Si-Cl2), and
trichloride(Si-Cl3) reported by Schnell et al.U
is indicated by arrow. It is clear that there
is no Si-Cl2 and Si-Cl3. To extract
informations of the adsorption species and
amount, we performed a curve-fitting analysis
using a Lorentzian convoluted by a Gaussian.
Then components due to monohydride(Si-H) and
surface atom with dangling-bond(Si-db) were
necessary in addition to Si-Cl. The best
fitting is represented in Fig.l. According to
the fitting, it is understood that a
considerable area of the crystal-growing Si(lOO)
surface at 500°C is covered by chlorine with a
very small amount of Sl-U but a significant
number of dangling bonds appear.

The temperature dependence of the adsorption
species and amount over a wide range from R.T.
to TOQOC is summarized in Fig.2. At R.T. the
surface is completely covered with the almost
equal amount of Si-H and Si-Cl. This indicates

that there is no desorption of adsorbates. With
increasing the temperature above 200OC, the Si-
Cl coverage increases but suddenly starts to
decrease above lOO^C, and finally disappear
around 750°C. In the other hand, the Si-H
coverage decreases monotonously and reaches zero
at 6OOOC.

The quite different temperature dependence of

the Si-CI and Si-H is interpreted well by the
desorption kinetics of adsorbates. Coon et
al.2) reported that the H2, HCl and SiCl2
desorption is initiated one after another with
elevating the temperature. The H2 desorption at
low temperature leads to the increase of Si-Cl,
because further adsorption of SiH2Cl2 takes
place at H2-desorbed sites. After the HCl
desorption, the Si-Cl amount significantly
decreases together with the Si-H. At a
relatively high-temperature surface with only
Si-Cl adsorbates, the SiCl2 desorption is
responsible for the decrease of Si-Cl above
6OOOC.

In summary, we identified the adsorption
species on a crystal-growing Si(lOO) surface
with SiH2Cl2 to be monochloride and monohydride.
The temperature dependence of the adsorption
species amount presently obtained is well
consistent with the desorption kinetics of
adsorbates.

<References>

DR.D.Schnell et al., Phys. Rev 832(1985)8057.
2)P.A.Coon et al.,J.Vac.Sci.Technol.A10(1992)324.
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Fig.l Photoemission spectrum of the Si2p for a
crystal-growing surface at 500OC and
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1. Introduction

Synchrotron radiation (SR) under the single bunch mode
has attracted much interest because of usefulness in the

time-resolved experiments. A time-of-f1ight (TOE) mass spec
trometer with SR is very effective, especially to study

photostimmulated desorption (PSD) of ions[l].
In this report, we present the characteristics of the

focusing-type TOP tube developed for the analysis of SR-
assisted chemical, vapor deposition (SR-CVD) and the TOF-PSD
results for the SiH2Cl2-adsorbed Si (100) surfaces.

2. Experiments

The TOF-PSD experiments were performed at the BL-llD in

the Photon Factory under the single bunch mode. The reaction
chamber with the facilities of TOF-PSD. photoelectron spec-

troscopy and the gas inlet system was attached to the

monochrometer (22-^140eV) through a differential pumping unit.
The sample was p-type Si(100) wafer and was heated resis-
tively. The reactant gas was SiH2Cl2 of 99.99%. The gas ad-

-6
sorption was made at RT under 1 x 10 Torr for BOOsec. The

light of SR for PSD was unmonochromatized.

In order to measure TOF-PSD spectra during the crystal
growth at the relatively high gas pressure in SR-CVD. we

have developed a focusing-type TOP drift tube by using the

electrostatic lens with the three cylindrical electrodes. As
a result, although the high mass resolution is degraded, we

can increase the TOP intensities of PSD ions. Furthermore we

employed the secondary electron multiplier (SEM). called
R.

Ceratoron . that has high resistivity for reactant gases.

Fig. 1 represents a schematic illustration of the tube. As

the length from the sample to the SEM is very long (360mm).
we can keep the drift tube, that is an obstacle for the gas
supply and photoelectron spectroscopy. at a large distance

with the high collecting efficiency of the PSD ions.

3. Result and Discussion

Figure 2 shows the accelerating voltage dependence of the
PSD spectrum from the SiH2Cl2-adsorbed Si (ICQ) surface. The

focusing voltage V2 is set at the theoretically-calculated

value. In the figure, a very sharp peak showing no TOP drift

on VI is the prompt due to the reflected SR light. In all
spectra, two peaks appear and show the strong VI dependence

of the peak position. Based on the calculated TOP and VI de

pendence. the sharp peak is assigned to H and the broad one

to cf.
Figure 3 represents the focusing voltage V2 dependence,

when the accelerating VI is fixed at 2.6kV. It is observed

that the intensity of both H and C1 peaks strongly depends

on V2. The highest intensity is obtained around 1.IkV. which

corresponds well to the calculated value. With respect to

the peak position, the small shift to the short TOP side is

observed as V2 increases. Since the PSD ion energy in the

tube is larger at higher V2. then the drift time becomes

short. Thus it is concluded that the present tube has a

highly collecting efficiency, irrespective of its long

length.

From Figs. 2 and 3. it is seemed that the PSD yield of H

and C1 is almost the same. On the SiH2Cl2-adsorbed Si(100)
surface at RT. there are adsorption species of hydride and
chloride whose amount is nearly equal [2]. Accordingly the

PSD yield of H and C1 corresponds to the surface coverage
of each adsorbate. This indicates that the chlorine adatoms

can be removed effectively by the SR irradiation at the low

temperature, while the Si-Cl bond is thermally very stable

compared to Si-H. Therefore it is concluded that SR irradia
tion could lower significantly the growth temperature in Si-

CVD with a chlorine-contained gas such as SiH2Cl2.

References

[1] T. E. Madey. D. E. Ramaker and R. Stockbauer. Ann. Rev.
Phys. Chem.. 35(1984)215.

[2] T. Hori. et al.. Photon Factory Activity Report in
this volume.
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Oscillating structures in the UV and VUV
florescence excitation spectra of CH^ in the 55 - 65 nm
incident wavelength range coinside well with those
observed in photoabsorption cross section curve.Since
such structures have not yet been observed in a
photoionization mass spectrum,^^ Lee et al. have
concluded that neutral dissociation is preferred to
autoionization in the decaying precesses of superexcited
CH4 in this energy range.^ In the present investigation,
however, we have observed the strong competition
between autoionization and neutral dissociation of the

superexcited states in this wavelength range.
The experiment was performed at BL-12A using a

cylindrical ioni^tion chamber combined with a metallic
thin film window. A monochromatized light entered into
the ionization chamber through the Te (for the incident
light wavelength of 44 - 54 nm), Sn (52 - 77 nm), or
In (74 - 92 nm) thin film window of about 100 nm
thickness. These metallic film windows enabled exact

measurements by eliminating higher order components
of the dispersed light and by preventing from sample gas
effusion into the optical path. A typical wavelength scan
step was 0.05 nm with a bandpass of 0.2 nm.

Figure 1 shows the photoabsorption cross sections
(Oj), photoioniztion cross sections (oj), photoionization
quantum yields (r|), and neutral dissociation cross
sections (oj) of CH^ in the 52 - 97 nm range.
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Fig.l Photoabsorption cross sections (o,),
photoionization quantum yields (r)), photoionization
cross sections (Oj), and neutral-dissociation cross
sections (oj) of CH^ in the 52 - 97 nm range.

0.5

90
0.0

>-

E
2
c
«

0.5 O

Oscillating structures at 55 - 65 nm, which
correspond to the Rydberg structures observed in the Oj
spectrum, are clearly revealed in the present t), Oj, and
Oj curves (Fig.2). This indicates the existence of the
strong competition between autoionization and neutral
dissociation of the superexcited states. The positions of
the structures in the curve coincide well with those

in florescence excitation curves by Lee et al}^
Cross sections of CCl^ shown in Fig.3 indicate

complicated structures.

[1]L.C.Lcc et ai, J.Chem.Phys. 67, 1237 (1991).
[2]J.Bcrkowilz, Photoabsorption, Photoionization, and photoelectron
spectroscopy, (Acadcrak, New York, 1979)
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In the present investigation, the absolute
photoabsorption cross sections (o^) and photoioniz^tion
quantum yields (ri) ofsilicon tetrafluoride (SiP^), silicon
tetrachloride (SiCl^), and tetramethyl silane (81(0113)4)
have been measured in the 50 - 100 nm range, from
which we have evaluated the absolute photoionization
cross sections (Oj) and the total cross sections for
non-ionizing processes, i.e. the neutral-dissociation
cross sections (a^) following superexcitation.

Competition between autoionization and neutral
fragmentation processes following superexcitation plays
an important role in the photon-molecule or
electron-molecule interactions. For understanding these
jjrocesses, the absolute Oj, Oj, and therefore r) (= Oj / Oj)
are essential, and have been compiled mainly for atoms
and relatively simple molecules. In the wavelength range
shorter than LiF cutoff of 105 nm, however, the absolute
cross section data were scarce for polyatomic molecules
because of experimental difficulties such as the lack of
appropriate window materials and a continuous light
source in this wavelength range. We have recently used
metallic thin films as a window of a multistage
ionization chamber and have made possible reliable
absolute measurements of photoionization quantum
yields in this wavelength range.[1]

The experimental setup at BL-12A has been
described in detail in our previous paper.[l] A typical
wavelength scan step was 0.05 nm with a bandpass of
0.2 nm. SiF^ and SiCl^ of research grade with the
purities of 99.999 % supplied by Takachiho Shoji Co.
were used without further purification. Si(CH3)4 with
the purity of 99.7 % delivered by Merck was thoroughly
degassed by freeze-pump-thaw cycles.

In addition to broad structures in the Oj curve of
SiF^ around 95, 83, 78, 74.6, and 70 nm, oscillating
structures which have not been found previously are
revealed around 65 nm (Fig.l). These structures also
appear in the present Qj curve, and are tentatively
ascribed to the vibrational progressions of Rydberg states
converging to the (4t2)~^C ionic state. Another
oscillating structures in the 57 - 62 nm range are
ascribed to the Rydberg states converging to the
(5aj)~^D ionic state.

Broad peaks around 95, 92, 75, and 58 nm are
observed in the Oj and o. curves of SiCl^ as shown in
Fig.2. Rydberg structures shown in both Oj and Oj
curves of the 68 - 74 nm range of SiCl^ are ascribed to
7aj -♦ np (n = 4-9) transitions.
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It has been found that the general appearance of the
cross sections of Si(CH3)4 resembles that of CH^.

[1] K.Kameta et al., J.ChenuPhys. 95, 1456 (1991).
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Fig.l Photoabsorption cross sections (Oj),
photoionization quantum yields (ri), photoionization
cross sections (oj), and neutral-dissociation cross
sections (o^j) of SiF^.
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Fig.2 Photoabsorption cross sections (a^),
photoionization quantum yields (ri), photoionization
cross sections (oj), and neutral-dissociation cross
sections (a^) of SiCl^.
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INTRODUCTION

The importance of molecular superexcited
states in the processes following photoabsorption
has been clarified in detail from the view point
of neutral photodissociation above the first
ionization potential of a molecule.However, it
should also be emphasized to consider the impor
tant role of superexcited states in photoioniza-
tion, especially, in partial channels.^'"

Electron spectroscopy in the study of partial
photoionization of gas phase molecules in the
extreme-UV region is one of the conventional
experimental techniques of great importance.
However, the weakness of synchrotron radiation
intensity in this region has caused a restriction
in order to employ this technique. Recently,
several efforts of obtaining photoelectron spectra
have been made by employing integral spectrum mea
surement techniques instead of the differential
dispersion.

This is the first report of the performance of
a magnetic bottle electron spectrometer®'® (MBES)
which we have recently constructed for the study
of partial photoionization of gas phase molecules.

The advantage of MBES exists in the 2n-
steradian collection efficiency. Photoelectrons
emitted in a half region of solid angle is focused
in a dispersive magnitic field without changing
their inital kinetic energy, and their spectrum
is obtained by their time-of-flight (TOF). This
not only increases but stabilizes a collection
efficiency to the half of unity. This also implies
that the electron spectra obtained using MBES is
free from the angular anisotropy of photoemission
depending on the polarization degree of the
incident SR beam and each spectrum intensity is
directly propotional to the patial photoionization
cross section.

EXPERIMENTAL SETUP

The present MBES is constructed of a single-
pole SmCo permanent magnet to produce a dispersive
field, a yoke cone with a high permeability to
sustain the field strength, a zero-electric field
drift tube, and a microchannel plate (MCP). A gas
beam through a SOpm nozzle apperture effuses in
the Y-direction in Fig.l. The SR beam in the X-
direction from a VUV monochromator at BL-12A inter

sects the gas beam perpendicularly. The strength
of a magnetic field is 3kG at the intersection
region (IR) and is rapidly reduced to lOG at 10mm
from IR. In order to achieve a continuous relaxa

tion of the field strength in the Z-direction into
the drift tube region, a static solenoidal field
is applied. TOF spectra for photoelectrons are
obtained using a conventional delayed coincidence
technique with 1/312 divided 500 MHz RF pick-up
signal at a single bunch operation.

RESULTS

A collection efficiency of electrons has been
tested at a normal multi-bunch operation. An
example of an electron yield spectrum for O2 with

a SR band pass of 0.08 nm is shown in Fig.2. This
spectrum is very similar to the previous ion yield
spectrum"' and suggests that the efficiency is so
high as to achieve near half of unity value for
energetic electrons. However, the applicability of
this spectrometer for near zero energy electron is
a remaining problem, because the focusing condi
tion for near-zero electrons in a magnetic field
is not good. Fig.2 shows a slight difference from
the ion yield spectrum mainly at the partial ioni
zation threshold regions.

An electron TOF spectrum for Ar"(^Pi/2, ^Pa/a)
at the incident SR wavelength of 68 nm is measured
using a single-bunch operation. The doublet peaks
of Ar" shown in Fig.2 indicate the present achiev
able resolution of 70 meV.

We thank Dr.T.Tsuboi for discussion and tech

nical assistance in constructing the present MBES.
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INTRODUCTION

It has generally been believed that highly
lying superexcited (doubly excited) states dis
sociate or autoionize so rapidly that they do not
give rise to observable resonance structures in
photoabsorption or photoionization spectrum due to
a great majority of direct ionization. This has
caused a considerable difficulty in studying
doubly-excited resonances (DER's) even of well
known simple molecules such as Na. Multiple cor
relations among each two of core holes and excited
electrons are expected to make the nature of DER's
quite complicated.

This paper presents the observation of the
neutral decay of DERs of Nz by measuring the vuv-
fluorescence excitation spectrum (FES) from photo-
dissociation fragments' as,

Nz + hv ^ Nz'"'(nx)"'(n'X')"'(n^X")'(n^'X*" )'
N- + N"

•* N + hu' ,

where nx denotes a quantum state of an electronic
orbital. These fluorescences are originated from
initially induced superexcited states being their
minor decay channel but free from continuum
ionization. This can overcome the spectroscopic
difficulty according to continuum ionization. We
stress an importance of measuring FES emitted from
neutral fragments, which can provide a sensitive
tool in the spectroscopy of DER of Nz.

EXPERIMENT

The experiment was performed using an extreme-
uv synchrotron radiation (SR) at BL-12A. FES mea
surements were performed with a 14 meV resolution
at 24 eV. Undispersed vuv fluorescences in the 105
-180 nm region were detected using a Csl coated
microchannel plate (MCP) through a LiF window.

RESULTS AND DISCUSSION

Figure 1 presents the FES of Nz in the
incident 20-38 eV region. The FES shows the first
rise at 20.1 eV where the lowest dissociation

limit of N(3s''P)+N(''S°) for the vuv fluorescent
products lies. In the region between this lowest
dissociation limit and the lowest dissociative-

ionization-excitation limit of N(3s''P)+N*(^P) at
34.6 eV, the vuv fluorescence is originated from
neutral superexcited states via predissociation.
No other structure is initiated at other dissocia

tion limits indicating that the present spectrum
reflects the formation process rather than predis
sociation mechanism.

The FES presents several broad peak structures
centered at around 23.5, 26.5, 28.5, and 31 eV
(numberred as 1, 2, 3, and 4 in Fig.l, respective
ly). The peaks appear to be based on an extremely
broad enhancement in the 25-33 eV region.

In the region just above the threshold at 20.1
eV, several sharp peaks are shown, which corre
spond to the vibrational progressions of two
Rydberg series converging on the Nz*(D^n^) state.^

Sharp spikes are also observed in the 21-26 eV
region. Some of them were assigned^ to the DER's
of the (C^Xu")4st7, and Sscr,^ Rydberg series
converging on the Nz*(C^Eu*,v") state. Further
revealed sharp spikes are presently assigned by
the vibrational Rydberg series of the principal
quantum numbers of 5-10 with almost the common
value of 0.95 for the quantum defect which
predicts the majority of the nsa«r character.

The broad peak 1 around 23.5 eV is superposed
with the above-mentioned sharp spikes. It is
proposed from an analysis of a partial ionization
cross section of N2*(B^E*u) that a strongly repul
sive valence excited DER of (l7ru"'3(T."'7r«:C^E*u)Tr«
with a small amount of configuration mixing from
(2c7u"':B^E*u)7r« exists in this region," which
provides the observation of a peak structure in
the B^E*u partial ionization cross section as a
result of the ^E*u final states correlation. It is
clear, however, that the appearance of a neutral
decay in the present FES is driven from the
strongly repulsive (l7ru~'3cT«"'7r,:C^E*u)nx charac
ter of double-holed DER.

Nothing which can explain peaks 2-4 is
obtained. It is natural, however, that these broad
peaks represent the strongly repulsive DER's whose
cores correspond to the satellites in the binding
energy region of 23-45 eV. An extremely broad en
hancement in the 25-33 eV region reminds us of the
Nz* (X^E*,)f7u shape resonance. The broken single
particle excitation in the shape resonance and the
nature of multi-electron transition in such an

inner-valence-excitation region of mixed configu
rations with the CTu"' (the inner-valence-holed Nz*
(B^E*u) state) induces rearranging correlation to
provide a coupling with other partial channels.
In exciting DER's, these natures in shape
resonance can give rise to an effect similar to
the collective effect.

'M.Ukai et al. Phys.Rev.k46(1992) in press.
^C.Y.R.Wu et al J.Chem.Phys.80,4682(1984).
^K.Codling Astrop/jys.J. 143, 552(1966).
"A.Tabche-Fouhaile et al J.Chem.Phys. TJ,182(1982).

Fig.l

vuv(l05-180 nm)-FES of Nz in the 20-38 eV region.
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In this study, a high-reso1ution single-

photon ionization result of Xe^ near the

adiabatic ionization threshold was reported

for the first time.the vibratonal levels of

the ground state of Xet beginning at v=0
was clearly observed in the threshold elec

tron spectra. The experimental apparatus

consists of a Im monochroraator which has a
o

resolution of 0.4A,a 30A<ffl diameter nozzle,

a threshold electron and photoion tiroe-of-

flight spectrometer. The VUV light was pro

vided by the synchrotron radiation from the

BLI2A at the Photon Factory of the KEK. The

Xenon dimers were produced by the nozzle at

a stagnation pressure under 1.5 atra. The DC

drawout field in the ionzation region was

].5V/cni. The spectra of the threshold elec

trons.total ions and the coincidence of Xet
with the threshold electrons were measured

simultaneously. With such conditions no

heavier clusters of Xe was found in the TOF

spectrum.

The threshold electron spectra of Xet
obtained in our study are shown in Fig.I

and Fig.2. We can see that a long progress

ion of the vibrational structure starts at

1109.0^. Xenon has nine naturally existed
isotpes with an average mass of 131.3 amu.

From these 9 species, 45 different dimers

can be formed. The isotopic shifts in the

vibrational levels could not be resolved

due to the limit of resolution power. The

average mass was used in calculating the

spectroseopic parameters. Since the vibrat

ional structure above v=28 in our spectra

were inexact due to the limited energy res

olution, and consider the high precision

spectra of Tonkyn et al(I)in the region of

V-56-69, we use both our data (v=0-28) and

their data (v=56-69) to perform the least-

square fitting according to the equation:
f\{v) = Tf* p-^ f ( V+I / 2) - f.) r X p(V +I / 2) - -

- I /2 P.J ft) <° "+ I /4 " ft) p X p"
The ionization is assumed to be from v"= 0

level of the ground state of Xet under the
condition of the supersonic expansion. The

vibratioinal constants of the ground state

of XetfZ'flSI.Samu.) species are yielded as:
- 1 2 2 . 9 ( ± 0 . I) c m ' , ft) f> f- 0 . 4 8 I ( ± 0 . 0 0 I)

cm ' . .9r=79 I0( ± 9)cm^ , 7849 ( ± 9) cm ^ ,
7"/^= 9 0 11 9 ( ± 8 ) c m ' , and the adiabatic ioniz

ation threshold is 90I70(±8)cm^'. For Xe't

(2'!'I36amu.) species, (jo e will be 120.8 cm'''
and (m) pX e be 0.465 cm'.The correctness of

the assignment of the vibrational quanta of

the spectra was confirmed by the value of

Z- = 2(vobs-vcal)-,it will be greatly inc

reased for any other numbering. The peak at

1024.4^ is considered to correspond to the
state of Xet-The broad peak near

I03oX is considered to correspond to the
^-0/1/2)6 state of Xet. There are two ser
ies of autoionizing Rydberg states observed

in the total ion spectrum of Fig.2.

[I]R.G.Tonkyn et al J.Chem.Fhys.95(I 991 ) 5582

Fig.l. The threshold electron spectrum of
Xei'Cfull curve) and the total ion spectrum

(dotted curve) in the region of 1116-1066^.

1005 1095

Wavelength (A)

Fig.2. The threshold electron spectrum of
Xen'^Cfull curve) and the total ion spectrum
(dotted curve) in the region of I023-I066L
The vibrational levels of v=44-57 indicated
by the short bars represent the calculated

peak positions.
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INTRODUCTION

We have measured the absolute photoabsorption
cross sections for rare gases, Ar, Kr and Xe in
their autoionization regions with high
resolutions of 4.5 mA for Ar and 7.4 mA for Kr

and Xe. This report gives for the first time the
resonance widths of ns' series which vary slowly
as a function of photon energy.

EXPERIMENTAL

The measurements were carried out at Photon

Factory by the high-resolution facility, which
consists of a 6.65-m spectrometer and a zero-
dispersion tandem concave-grating predisperser.
The 6.65-m grating, having 1200 grooves/mm and
blazed at 5500 A, was used in the 7-th order for
Ar and in the 6-th order for Kr and Xe. The
spectrometer was operated in the focal plane
scanning mode, in which an exit-slit/photon-
detector moves along the focal plane. The
entrance and exit slit widths were 10 urn.

The main spectrometer tank was used as an
absorption cell, which is 1.58 m^ in volume and
approximately 12.6 m in optical length. The gas
pressures were 9.5xlO^"-3.8*10" Torr and the
corresponding column densities are from 3.9x10"
to 1.6x10 Mb" .

RESULTS

A profile of absolute photoabsorption cross
section a for ns' and {n-2)d' resonance pair can
be described by the following expression[1],
which is based on MQDT and has a form analogous
to Fano's resonance formula[2]:

(1+g- (l +q-) =
+ CT„d + (Tb, (1)

l + £,^ 1+E<i^

where c, is a periodic energy scale as given by

£, =tan[7r(v/w2 +(j,) l/k'i for 1-s and d. (2)

In Eq.(l), q, and are Fano's profile indices
for s' and d' resonances, respectively, (t„. and
fT„<, represent the portions of the cross section
describing the transitions to open channels that
interact with the closed s and d channels,

respectively, and ot, is a nonresonant portion of
the cross section. In Eq.(2), m/'s are the
quantum defects, V,'s are the width parameters,
and = and Ry being
the upper threshold energy, the excitation energy
and the Rydberg constant, respectively. The width
parameter W, is related to the resonance width
r„, through the relation[l]

r„, 2RyW,
= — . (3)

2 TT{n-ui)^

To obtain the natural line-shape parameters
in Eqs.(l) and (2), one must deconvolute the
observed spectrum with the finite instrumental
resolution. In our case, the absorption data

J„(X) are fitted with

/»(x) = exp[-cT, h{K+dX)N]F(S\)d5X , (4)

where is expressed by Eq.(l), N is the column
density, and the response of the instrument to
monochromatic radiation, f(5X), is assumed to
have a Gaussian profile of a FWHM of 4.5 mA for
Ar and 7.4 mA for Kr and Xe. The range of
integration, 2AX, was taken to be 4.4 times as
wide as the FWHM.

In Table 1, the width parameters W, corrected
for the instrumental effect can be compared with
the original ones which are not corrected for the
instrumental effect. The original W, for Kr and
Xe increases rapidly with an increase in n for
n>ll, whereas the corrected W. decreases very
slowly with an increase in n. The abrupt increase
in the original W, is therefore attributed to the
lack of instrumental resolution in dealing with
the width of ns' resonances. The corrected W,
values for Ar are fairly smaller than the
original ones.

The 11s' resonance width of Xe was measured
by Bonin et al with a resolution of 2 mA and was
estimated to be 2.57 cm" [3]. According to
Eq.(3), this value corresponds to W,=0.0063 and
is in excellent agreement with our value. Klar et
al carried out the intensive ab initio
calculation for 10s' resonances of Kr and Xe, and
obtained the W., values of 0.00948 and 0.00754,
respectively[4]. Their results are in good
agreement with our values.

Table 1. Measured width parameter W. for the
ns' resonances of Ar, Kr and Xe.

8

9

10

11

12

13

14

15

16

Argon

A" B'

88

67

8.15

9.93

11.74

14.34

5.44

5.24

4.38

4.61

4.37

4.42

"Original values.
''Values corrected

resolution.

W, (xlO-^)
Krypton
A B

9.97

9.66

9.82

10.09

10.83

11.38

13.47

15.24

17.75

9.89

9.52

9.49

,38

,42

11

,67

9.53

9.48

Xenon

A B

7.34

6.63

6.77

6.90

7.50

8.20

9.18

11.11

12.49

7.32

6.57

57

42

51

45

6.53

6.95

6.98

for the finite instrumental
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Molecular nitrogen plays a central role in the
energetics of the Earth's upper atmosphere (Meier 1991)
and is the major constituent of the atmospheres of the
planetary satellites Titan (Strobel li. Shemansky 1982) and
Triton (Broadfoot et al. 1989). Analysis of observations
of these atmospheres and modelling the conditions therein
requires accurate values of spectroscopic parameters, in
particular, of photoabsorption cross sections, or molecular
band oscillator strengths. Despite considerable experimen
tal and theoretical efforts over the past few decades, large
discrepancies existed in the literature data for the relevant
extreme ultraviolet (EUV) bands of N2. Therefore, we
have remeasured some the EUV spectrum of N2.

We used the 6V0PE spectrometer on beam line 12-
B; the vacuum tank of the spectrometer was used as the
absorption cell. Most of the measurements were made on
a flowing sample of gas and using the pressure, or column
density, measurement technique described by Stark et al.
(1992). The instrumental resolution was 6.2x10"'' nm,
considerably smaller than that used in measurements by
others. Consequently, bandwidth offocts (Hudson 1971)
were minimized in our work.

Photoabsorption cross sections for seven bands at
wavelengths between 95.8 nm and 99.4 nm have been
determined. Integrated cross sections and band oscillator
.strengths are presented in Table 1.

Table 1: Measured integrated cross sections and
hand oscillator strengths for EUV bands of Nj.

Band Integration limits /(7(A)dA /(v',v")
(nm) (10"'^cm'nm)

b(0)-X(0) 99.182-99.386 0.19(2) 0.0022(2)
b(l)-X(0) 98.558-98.802 0.82(9) 0.0096(10)
b(2)-X(0) 97.880-98.119 1.9(2) 0.022(2)
b(3)-X(0) 97.196-97.524 4.2(4) 0.051(5)
b{4)-X(0) 96.560-96.784 5.0(5) 0.061(6)
c,(0)-X(0) 96.014-96.204 4.6(6) 0.056(8)
ciO)-X(O) 95.812-95.978 11.8(23) 0.145(28)

(.a) Uncertainties (1 a) are given in parentheses in units of the
last quoted decimal place.

(b) Band oscillator strengths calculated from
/=113/((7(A)/A |̂dA, where (7(A) is in units of 10"'^ cm^, A
is in nm, and the integral is over the wavelength range of
the band.

Our results do not agree with the absorption meas
urements of Carter (1972) or of Gurtler et al. (1977).
We speculate that these measurements were not completely
corrected for the effects of inadequate spectral resolution.

Our results agree well with the measured values of
Lawrence et al. (1969) for three of the bands and with the
relative values of Geiger Ar Schroder (1969), from electron
energy loss measurements, and of Stahel et al. (1983), from
a diabatic basis calculation of vibronic band strengths.
Our agreement with the results of Stahel et al. (1983) for
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wavelengths greater than 95 nm suggests that the band
strengths of Stahel et al. are similarly reliable for shorter
wavelengths. We suggest that these values be used until
measured values are available.

This work has been published in the Journal of
Chemical Physics, Volume 97, pp.4808-4814 (1992).
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In the 91-100 nm spectra! region, where absorption
of photons by interstellar CO usually leads to dissociation,
laboratory spectra obtained at ~295 K show that most CO
bands are both overlapped and perturbed. Reliable band
oscillator strengths cannot be extracted from such spectra.

In order to simplify the spectra, we used the
supersonic free jet (SSJ) expansion technique (Levy 1980),
first applied to extreme ultraviolet molecular absorption
spectroscopy by Huber Aj Jungen (1990), to produce mole
cules at very low temperature. Rotational temperatures
down to ~10 K can easily be achieved, so the method has
two advantages; ({), complex spectra are simplified by the
reduction in population of higher rotational levels, and, (it),
absorption cross sections that are very similar to those
under interstellar conditions can be measured.

Small quantities of CO were added through a needle
valve to a flowing supply of He at about 1.0 atm that was
then expanded through a 50-/im diameter stainless steel
nozzle into a chamber maintained at low pressure. The jet
nozzle was mounted approximately 2 mm above the optical
axis of the synchrotron radiation and approximately 60 cm
from the entrance slit of the 6V0PE on Beam Line 12-B. A

diff,crential pumping system isolated the SSJ chamber from
the beam line. Instrumental linewidth was approximately
5.5xlO~* nm (5.5 mA).

Figure 1 compares room temperature and 20 K
spectra for the K-X band of CO and demonstrates typical
changes and simplifications that result from cooling the
absorbing gas. Figure 2 compares modelled and measured
spectra of the W-X band at 97.25 nm; the similarity
confirms our estimate of temperature (20±5 K) and dem
onstrates that there is no significant quantity of warmer
gas in the absorbing column.

Our results are very different in appearance from the
synthetic spectrum for the L-X, L'-X, and K-X bands
shown in Fig. 1 of Eidelsberg Az Rostas (1990). A new
synthetic spectrum of '^C'®0 at 50 K has been calculated
by Eidelsberg et al. (1991). It reproduces, reasonably well,
the main features of our measured 20 K spectra.

Because the bands are unblended in our low-temper
ature spectra, we have made the first unambiguous deter
mination of oscillator strengths for the K-X, L'-X, and L-X
bands. We have also obtained low temperature spectra of
the J-X and W-X bands, as well as revised room tempera
ture measurements of integrated cross sections for the K-X,
L-X, and L-X bands. In the latter measurements, distor
tions in the measured spectra due to insufficient instrumen
tal resolution have been minimized.

A paper describing this work has been accepted for
publication in The Astrophysical Journal. Comparison
with previous measurements of these cross sections by
Stark et al. (1991), Letzelter et al. (1987), and Rostas
(1991) are presented therein.
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Figure 1: Photoabsorption cross section of the K-X band of CO
at 295 K and at ~20 K. Note that, because of instrumental
bandwidth effects (Hudson 1971), the peak absolute cross sections
for sharp lines must be interpreted as lower limits.
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Figure 2: Measured and modelled, 20 K spectra of the W-X
band. The modelled spectrum is offset by 25 units. The
integrated cross sections of the two spectra have been set equal.
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The Hopfield series of N2 converging at 66.1
nm (Hopfield 1930; Ogawa and Tanaka 1962) are
the best known examples for the electronic
preionization of a series of molecular Rydberg
states. Theoretical calculations by Raoult et al.
(1983) have confirmed that the diffuse

absorption peaks and window resonances of the
two Hopfield series arise in the transitions from
the ground state to s and d Rydberg levels built

on B N2"'" and interacting with ionization
continua that are associated with lower-lying
vibronic levels of the ion. In order to facilitate

the comparison with the calculations which
neglect the rotational motion of the molecule, we
have generated absorption spectra of very low
rotational temperature through the use of
supersonic jet expansion techniques.

Absolute cross section measurements of room-

lemperature as well as of jet-cooled nitrogen have
been carried out on the 6V0PE facility of the PF,
logeihcr with photographic recordings that
complement similar experiments performed at
the HIA in Ottawa. The interfacing of the jet
expansion with synchrotron radiation on the
6V0PE allows nitrogen at pressures of 1 to 2
atom to discharges from a 0.25-mm diameter
nozzle directly into the intake of a
turbomolecular pump.

Figure 1 displays some of the results and
compares, for n=5. the experimental absorption
cross sections at a rotational temperature of
about 20 K with the calculated ionization cross

sections of Le Rouzo and Raoult( 1985). The good
agreement with respect to the continuum levels

150000 . U9S00 Vtcm-l)

60

50- J«l \

n= 10 9 e

Room Temp.

o 40

66.8 66.9 Xnm)

show that pholoionizalion occurs with close to
unit efficiency and that photodissociation is
negligible in the region of the Hopfield series.
The absorption peak is better reproduced than
the window resonance, the former representing
the transition to the 'd'o component of the s-d
supercomplex, the latter being a composite
feature that depends strongly on the relative
positions of the two contributing 's'a and dn
components.

The strong temperature dependence of
absorption features above n=10 is fully
compatible with the rotational structure of s-d
supercomplexes. In particular, the complexity of
the room temperature spectra is rotationally
induced and does not call for an interpretation in
terms of strong interactions with an unidentified
perturber state as suggested by Baig and
Connerade( 1986). The rotationally cold spectra
give no evidence for the existence of an
additional Rydberg series which Ogawa and
Tanaka(1962) believed to have identified in the

room temperature spectrum.

M. A. Baig and J. P. Connerade, J. Phys., 1119,
L605 (1986).

J. J. Hopfield, Phys. Rev., 3 5, 1133; 36,
789( 1930).
H. Le Rouzo, and M. Raoult, unpublished, (1985).
M. Ogawa, and Y. Tanaka, Can. J. Phys.., 40,
1593(1962).

M. Raoult, H. Le Rouzo, G. Raseev and H. Lefevre-

Brion, J. Phys., B 1 6 , 4601(1983).

H7000 V(tm''| K6000

Fig. 1 Absolute photoabsorptin cross sections for the Hopfield resonances from n=5, 8-10. The jet
absorption cross sections are offset by -1-20x10"^^ cm^. For n=5, the jet absorption cross sections are
compared with the photoabsorption cross sections of Le Rouzo and Raoult (1985).
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New attention has recently been
paid to the Stark effect of iiigh lying states
of atoms, owing to the development of
high-resolution laser spectroscopy. As for
heavy rare gases, few systematic
investigations have been done, mainly
because of insufficient tunability of laser
frequencies. In this report, we have
investigated the effect of external electric
fields on the Kr Rydberg series below the
ionization threshold, by using continuous
synchrotron radiation as a background
source of absorption measurements.

The absorption measurements for Kr
Rydberg states were carried out by using
the 6V0PE facility with a high resolving
power (= 2.5 x 10^). An absorption cell of
16.5-cm length was installed in a vacuum
chamber between the predisperser system
and the main spectrometer. The distance
between the two electrode was 5 ± 1 mm

along the light path. The sample gas
pressure in the cell was estimated to be 0.5
- 0.05 Torr.

At zero electric field, three Rydberg
scries arc seen to converge to the ^P3/2
limit. nd[l/2,3/211 and ns[3/2]l. Figure 1
shows spectrum in electric field of 2000
V/cm. The direction of the electric field is

parallcl(a) and perpendicular(b) to the
polarization of incident synchrotron
radiationfSR). The main features are the

hydrogen-like Stark manifold which arise
from mixing of high-orbital angular
momentum states with negligible quantum
defects, and a number of lines belonging
to the np series, the appearance of the
latter being strongly dependent on the
direction of the Stark field respective to
the SR polarization.

The simulation of the Stark spectra
was carried out for a better understanding
of the observed spectra. Figure 1 shows
the results of the simulation based on the

matrix diagonalization of a basis set
including more than 450 configuration.

The present simulation properly
reproduce the spectral line positions in
the observed spectra. However, the
absorption intensities in the simulation
are not always in agreement with those in
the observed spectra. The assignments
given in Figure 1 are based on the
correlation of the zero filed states with the

eigenstates from the diagonalization.
The term values of the zero field

states are obtained by extrapolation of
observed energy values to the zero electric
field. A MQDT analysis has been carried
out for the J=1 even-parity energy levels
to derive the eigenchannel quantum
defects and transformation matrix

elements.
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Figure 1. Densitometer traces of the
observed nad simulated spectra observed at
an electric field of 2000 V/cm. The
direction of the electric field is (a)parallel
and (b)perpendicular respective to the SR
polarization. The assignments for the
spectral lines are reduced from the Stark
matrix diagonalization.
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INTRODUCTION

SR-excitedetching is expected as a promising techniqueat

low temp>erature and with little damage for producing nanometer

devices. We have studied SR-excited etching of single crystalline

n-Si[100](c-Si)by using microwave(MW) discharge as a generator

of reactive species." In this work, we tried to depress the reaction

of the nonirradiated area byintroducing O^ molecules and success
fullyrealizedhighly area selective and anisotropic etching.

EXPERIMENTAL

The experiments were carried out using the BL-12C

equipped with the plane grating monochromator. Mixed gasesof

SF^ and Ar were excitedin thequartz tubeby 2.45GHzMW

discharge and then fed into the reaction chamber(RC). Ojwas in
troduced to the RC through the separate gas inlet line without acti

vation. Gases were evacuated by the differential pumping system

via capillary and the total pressure was kept at 72 Pa. The SR beam

(0th. order, E<800 eV) was introduced perpendicularly to the

surface of c-Si at room temperature. The dose of SR beam was de

fined as the product of the average ring current and the real

irradiation time.

RESULTS & DISCUSSION

Area selectivity(S) was obtained as the ratio of etched

depth of the irradiated area(Di) to that of the nonirradiated

area(DN) in tliis work. Figure 1 shows the dependence of etch

rates(ERi,ERN) and S as a function ofmole percent O^. It is found
from Fig.l that ERn decreases dramatically from 3.7nm/min to

0.71nm/min with increasing content from 0 to 2%, and reaches

to 0.15Tun/min at 19%and S increases by an orderof magnitude.

Photographs in Figure1 are thecross sections of Si afteretching
with and without O, molecules. The doses were KX) and40AXmin

respectively. In the case of Fig.1(a) without addition, the under

cutting was considerable which meant the etching reaction was iso-

Cropic. On the other hand, when was introduced as shown in

Fig.1(b), the sidewall of Si was vertical andthe edge profile of a

chromium mask was faithfully replicated. It is clear that the differ

ence of the features was attributed to the addition of molecules.

It is assumed that sidewalls and the nonirradiated area of Si were

protected by a kind of oxide films formed by the addition of

molecules and therefore they were not etched.

In order to investigate the effects of the addition of mole

cules, Si surface was analyzed by total electron yield(TEY) spec

trum which was measured as a function of photon energy from

400eV to 600eV in vacuum of about 6.7 X 1O^Pa. First, this meas

urement was done before exposing to gas ambient activatedby

MW (TEY-1). Secondly, TEYwas measured after exp>osing to the

gases for 30 min without SR irradiation (TEY-2). The condition of

the exposure, the partialpressureof SF^ and Ar, were5.3 Pa and53
Pa respectively andOj molecules were added separately at 13 Pa.

Comparing these two TEY near the energy of the core excitation of

oxygen atoms 532eV, TEY-2 increased more abruptly than TEY-1.

We consider that nonirradiated area was covered by an oxide layer.

SUMMARY

The area selectivity S was increased by an order of magni

tude and the edge profile of the mask was copied to Si. Therefore,

it is concluded that the introduction of0^molecules is effective to
depress the reaction of the nonirradiated area and successfully

realizes highly area selective and anisotropic etching of c-Si.
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There are many small particles of ice in the space,
which are irradiated with soft X-ray and vacuum ul
traviolet light and complicated photochemical reactions
occur on their surfaces. However, few studies have
been carried out about the photochemistry on the ice
surface and its mechanism is not revealed. To clarify
the photoreactions on the ice surface, we have studied
the photochemistry of adsorbed water molecules on a
cold gold base in the high vacuum with irradiation of
soft X-ray through a grazing incidence monochoroma-
tor from PF-1 2C.

Amorphous ice deposited on cold gold at 80 K
uas used as a sample. DjO was used to eliminate
effects of ILO remaining in the chamber. The neutral
species eliminated from the surface were detected with
a quadrupole mass spectrometer. The weak uv and
visible emission from the sample was observed with a
multichannel emission spectroanalyzer. The absorption
spectrum of the ice was obtained from total current of
photoelectrons ejected from the irradiated ice surface.

An adsorbed DjO layer (1000 L) at 98 K was
irradiated with soft X-ray corresponding to the 01s
inner shell electron excitation (hv = 570 eV). Mass
spectra obatained are shown in Fig.l. The peak at m/e
= 4 does not come from desorbed DjO because no
signal was obtained in DjO gas. The action spectrum
of desorbed Dj was measured around the threshold
energy for the 01s ionization, and is shown in Fig. 2,
together with the absorption spectrum of ice. As the
action spectrum is almost same as the absorption spec
trum. the formation of Dj is initiated by the ionization
of the 01s electron. The photolysis of 1:1 mixed
amorphous ice of HjO and D2O indicates that Dj is
formed through bimolecular reactions.

The emission spectrum in Fig. 3 was obtained
with 560 eV excitation corresponding to the 01s inner
shell electron excitation. The spectrum shows :i broad
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peak between 350~550 nm. The peak intensity dras
tically increased above the threshold energy of the
01s electron ionization. This indicates the ionization

of the 01s electron concerns with this emission. Figure
3 also shows the reported emission spectra obtained
under different excitation conditions. The A^Z""—*

X^n emission (280 ~300 nm) of trapped OH radicals
and the excimer emission (around 385 nm) of the IdjO
C'B,—^X'B, transition were observed with 20 eV
electron impact of ice at 77 K [1 ]. These bands were
not recognized in our spectrum. The irradiation at
higher energy yielded emission bands with peak at
shorter wavelength; 370 nm band 50 keV X-ray [2]
and 400 nm band vyith 0.53 MeV electron impact (3].
These bands do not appear in our spectrum. These
facts indicate that the mechanism of emission strongly
depends on the excitation energy.
111 D.F. Sangster et al., J. Chem. Phy.s. 95 (1991) 7313
12] H.B. Steen et al., J. Chem. Phys. 6 3 (1975) 2690
[3] P.B. Merkel et al., J. Chem. Phys. 5 4 (1971) 1695
14] R.H. Prince et al., J. Chem. Phys. 6 4 (1976) 3978
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We measured photon energy dependence of photoions
from solid films of PMMA using ion time-of-flight (TOP)
method combined with pulsed synchrotron radiation. The
results demonstrate that the energy dependent decomposi
tion takes place by carbon Is electron excitation.

The experiments were carried out at the beam line BL-
I2C at Photon Factory of National Laboratory for High
Energy Physics during single-bunch mode of the storage
ring. The ion spectrometer used was a simple TOF one
consisting of an accelerating plate, a drift tube of 9 cm in
length, and a multichannel plate (MCP) detector. The
spectrometer was mounted in a UHV chamber at an angle
of 15^ with respect to the incident photon beam. The soft
x-ray pulse with a turn time of 624 ns and a width of 100
ps was incident on the sample at the incidence angle of 75°
through the beam flux monitor of Au coated W mesh. The
photoions were detected by the TOF spectrometer in the
normal direction to the sample surface. Time resolution of
TOF spectra was about 2 ns, and energy resolution was
about 3-4 eV.

Thin films of PMMA were spin-cast on Au-evaporated
Si(lOO) wafer. The thickness of the PMMA films was
determined so that both charging of the film and contribu
tions from the substrate did not affect the final results. The
film thickness (T) was estimated to be T<10() A with a
multiple interference microscope. The surface contamina
tion of the film prepared in this way was not found by
photoelcctron spectroscopy.'

The \ acuum condition during the TOF measurements
was 1 XlO '̂̂ Torr. The measurements were performed at
room temperature.

The photon energy dependence of each ion yield [par
tial ion yield (PlY)] as well as that of the total ion yield
(TIY) and carbon Is electron energy loss spectrum (EELS)
measured by Ritsko et al.^ are shown in Fig. I. From top
to bottom, EELS near carbon K-edge, TIY, PlY of H^
PlY of ClU, PlY of CH/, PIY of and PlY of
COOCH,^ are shown. EELS reflects the absorption spectra
of the film. In EELS, tu'o peaks are found at 285 and 288.4
eV. These peaks were ascribed to carbon Is - ji' and
carbon Is - :n:'+c7' resonance transitions, respectively.^ In
the second sharp peak at 288.4 cV, the transition channel of
Is - a:* is localized at C=0 part in the side chain COOCHj,
whereas Is - a' is mainly at the back-bone carbon atom to
which CH, and COOCHj are bonded.' In PlY's of CH^
and CH^L a sharp peak is found at about 288 eV. This
peak agrees excellently with the EELS maximum at 288.4
eV. This peak is not clear in other PlY curves. This finding
suggests that the emission of CH^ and CH2^ occurs by the
excitations of Is - a* which are localized at the back
bone carbon atom. Further, it is interesting to note that the
there is no apparent feature in PlY and TIY at 285 eV.
TTese results indicate that ion-emissive molecular decom
position takes place more effectively by a* resonance
excitation than n' resonance excitation. Similar results
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were obtained for TIY measurements of polyethylene and
polystyrene.^
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Fig. 1. Photon energy dependencies of partial ion yields
(PlY's) for H^ CH^ CH,^ CH,^ and COOCHjL and total
ion yield (TIY) for thin film of poly(mcthyl methacrylate).
Electron energy loss spectrum (EELS)^ is shown for
comparison.
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1. Introduction

The selective deposition of Cu and the influence of SOR
light irradiation on selectivity have been studied. As previously
reported[l]. Cu film can be deposited on n"*" Si and Si02 with
and without SOR light irradiation. However, a Cu film does
not deposit on the p"*" Si substrate without SOR light irradiation,
but deposited only on an irradiated area when SOR light is
irradiated.

In order to clarify the mechanism on the selective
deposition of Cu, especially on the difference between n"*" Si,
SiO, and p"*" Si, the chemical species which were transported
onto the substrate surface and their adsorption were studied
using the mass analysis of gas phase species and FTIR
absorption spectrum, respectively. This article briefly reports
the mechanism of the selective Cu deposition.

2. Experimental
The precursor for Cu deposition used in this work was

cyclopentadienly-trietyl-phosphine copper adduct. This
precursor was heated in a stainless steel vessel at 200 C and
gas generated species were transported to the deposition
chamber. The species in the gas phase were analyzed using a
quadrapole mass analyzer which was attached to the deposition
chamber. And the adsorption of the species on the sample
surface was analyzed by FTIR spectrometer. The samples used
in this study were n and p type Si(lOO) and lOOOA thick
thermally grown SiOj.

3. Results and Discussion

Figure 1 shows the mass spectrum of the species
transported to the substrate surface. The peak of the initial
precursor was not detected, but some fragments such as Cu-
C5H5 and CuP(C^H5)^ (x=l-3) were observed. Thepeak height
of CuP(C2H«;)^ (x=1-3) normalized by the peak height of Cu-
C5H5 was examined as a function of the vessel temperature, in
order to clarify whether these species were produced by thermal
decomposition of the precursor in the vessel or generated
through cracking by the electron impact in the mass analyzer.
If these fragments were generated through cracking by electron
impact in the mass analyzer, the peak height ratio must be
constant being independent on the precursor temperature. The
normalized peak height of CuP(C2H5) and CuP(C2Hj)2
increased with the vessel temperature, while that of CuP(C2H5)3
decreased with the raise in the temperature, These individual
changes in individual peak heights indicate that these fragments
were mainly produced in the vessel by the thermal
decomposition of the precursor.

Next, the interactions between these species and the
substrate surface were studied using FTIR. Figure 2 shows the
FTIR spectrum of the gas phase. Peaks at 2970, 2890, and
3100 cm"^ were able to be attributed to the stretching vibration
of C-H in C^H5 and respectively. In addition, the peak
at 670 cm"' was attributed to be the vibration ofC^H^. Figure
3 shows the FTIR spectrum when the SiO, sample was placed.
The absorption by SiO., itself and the gas phase species were
already subtracted. The peak at 670 cm"' disappeared, while

the peak due to Si-O-C and olefmic C-H peaks appeared at
1010 and 730-870 cm"'. This result indicates that the C^H^ ring
was broken to give a linear olefmic group. A similar change
was observed in the case of n"*" Si, but no change was observed
in the p"*" Si case. Therefore, it is speculated that the opening of
C5H5 ring is the first stepof Cu deposition and thisreaction was
assisted by electron which was localized on the oxygen atom or
contained in n"*" Si. No opening of the C5H5 ring resulted in the
no deposition of Cu, in p"^ Si which is a poor electron donor.

4. Summary
The mechanism of Cu selective deposition was studied using

cyclopentadienyl-triethyl-phosphine Cu adduct. This precursor
decomposed thermally, and fragments produced in the vessel
were transported to the deposition chamber. The interaction
between the fragments and the surface through electron can be
considered to be the initial step.
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A soft x-ray beamline has been installed at BL13 with an
insertion device of a 13-period multipolc wiggler/undulator. The
beamline (BL13C) is designed to achieve high resolution and high
flux at the same time using the undulator mode (K=0.3-8.4). The
design is based on a cylindrical element monochromator (GEM)
concept proposed by Chen et al}\ The photon energy range of the
monochromator is 200-1000 eV which covers the core level

excitation energy of carbon, nitrogen and oxygen. Ray tracing
simulation shows that the resolving power (X/AX) is over 12,000 at
30A with a throughput of 25% when the opening of the exit slit is
10 pm. '̂

The optical adjustment of the beamline almost finished. In the
present report the spectra of the undulator light source of the BL13
obtained by the monochromator are shown.

Figure 1 shows the schematic diagram of the BL13C. A planar
mirror (MO) which is located 13.56 m from the source center
deflects x-rays horizontally from the main beamline (BL13A and
B) at 3°. The second mirror (Ml) which is cylindrical with a radius
of 441 m is located 14.58 m from the source center. Ml deflects

at 4° and horizontally focuses X-rays on the sample position
located 31 m from the source center. The third mirror (M2) is
located 19.00 m from the source. M2 is mechanically bent by a
radius of 125 m and vertically deflects up at 3.76°. The focus of the
M2 is on the entrance slit (SI) which is located 21.3 m from the
source center. The grating (G) located 23.3 m from the source
center is cylindrical with a radius of 50 m. The deviation angle of
the grating is constant at 173.2°. The groove density of the grating
is 750/mm and the blaze angle is 1°. The exit slit (82) is movable
along the optical axis to follow the focus of the grating with the x-
ray wavelength. In the present report it is fixed at the center and the
openings of the entrance and exit slits are 100 pm. A refocusing
mirror system (M3), which is located 29 m from the source center,
consists of a cylindrical mirror with a radius of 50 m (M3-1) and
two planar mirrors (M3-2 and M3-3). In the present report only
the first mirror (M3-1) is used.

Figure 2 shows the spectra of the undulator radiation (Ring
current=300 mA) for typical MPWAJ operation with field
parameters (a) K=1.68 (Gap=160 mm) and (b) K=2.52 (Gap=140
mm) obtained by the monochromator of BL13C measured with a
copper mesh (80%' transmission) photocathode. The numbers in the
figures indicate the harmonic order of the respective peaks.

The maximum photocurrent is 2 nA and the photon flux
estimated roughly from the photocurrent is ca. 6xl0' photons/s.
This value is under estimate without correction of photoemission
yield. The photon flux will be much higher than those of
conventional soft x-ray sources, though the resolution has not been

evaluated yet. This suggests that the beamline will supply intense x-
rays with very high resolution which are able to be applied to XAS
and XPS measurements.
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Fig.l The optical arrangement of BL13C.
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Fig.2 The spectra of the undulator radiation (Ring current=300 mA) for
typical MPW/U operation with field parameters (a) K=1.68 (Gap=160 mm)
and (b) K=2.52 (Gap=140 mm) obtained by the monochromator of BL13C
measured with a copper mesh (80% transmission) photocathode.
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Inlrodjictlon

Archaebacteria able to live in the severe

environment that normal organisms do not
live. These bacteria are often get biological
energy by means of oxidation and reduction
of inorganic materials. The specificities of
the metabolic system and the evolutional
locations of the archaebacteria are very
interesting research targets. Among them,
Sulufolobus acidocaldarius is a one of
interesting bacterium. It able to grow in the
abnormal conditions that is pH 2 and 75°C.
The key for the survival protocol of this
bacterium is unique ether-type mono layer
plasma membrane. The membrane has
pumping function that discharging the H+ in
compensation for consume of energy by an
influx of H+. The inflow of the H+ is

synthesis of ATP and outflow of H"'" is
respiration chain. A pyruvate dehydrogenase
system of S. acidocaldarius is important in
the citrate cycle. Ferredoxin is iron-sulfur
protein that acts as electron carriers in the
system. The ferredoxin is harboring 9.6
molar iron and 5.5 molar sulfide per 1 molar
protein.
We started structural studies of the
ferredoxin from view of the crystal structure.
The crystal of ferredoxin is belongs to
tetragonal space group P4i2i2 or P432]2
with cell dimensions of a=b=49.8A,
c=69.5A'). Asymmetric unit contains one
molecule of ferredoxin with molecular
weight of 12,000, the Vm value is calculated
to be 1.88 A3/dalton. The previous studies at
BL-14A in Photon Factory reveal the
crystals of the ferredoxin have specific
absorption of X-ray near 7118 eV^). It is
indicated that possibility of application of
MAD method in the structure analysis.

Experimental

PF experiments have been done by a mirror-
monochromator optics at the end of beam
line 14A. The diffraction images on IP were
recorded by the oscillation method at wave
length 1.740 A, 1.743 A, 1.500 A, and 1.800
A. Imagines of IP were digitized with the
BAS2000 system. The all of X-ray
diffraction image sets were collected from a
single crystal.

Resuils

Collected intensities were processed to
obtain atomic scattering factor by
Rossmann's program (Table 1). In order to
apply the multiple wavelength anomalous
dispersion method on the structure analysis
of ferredoxin, a program system "MAD"
was newly developed. The program system
is consisting by three programs: part 1,
making data files; part 2, determination of
normal scattering term of all atoms
containing anomalous scattering atoms (FT),
normal scattering term of anomalous
scattering atoms (FA), and phase of
anomalous scattering atoms (DPHl); part 3,
refinement of scales, temperature factors, f
and f" (the real and imaginary components
of the anomalous scattering). The further
analyses are now underway.

Table 1. Summary of data collection.
SR operation (mA) 331 - 231

Crystal size (mm) 0.3 X 0.15 X 0.1

Resolution (A) 10-2

WavelengthO 1.740 1.743 1.500

Exposure time (sec) 66 96 48

No. of Imaging plates 22 16 16

Rmerge {%) 9.99 9.91 9.64

Completeness (%) 79.8 80.0 81.1

rms(ldFI)/rms(F) 5-2 A 0.083 0.077 0.083
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1. Introduction

The reduction of nn distance of nano-phase particles
has been discussed experimentally^"'̂ and theoretically^^ for
several metals. Supported clusters or clusters in Ar gas
matrix have been used mainly to obtain the number
concentration of clusters large enough for the EXAFS
measurement. However, it requires complex equipments
and handling of particles. A new particle generation
method developed by our group'^ makes it easier to
measure EXAFS function of such nano-phase particles.

2. Experimental
K-edge fluorescence EXAFS spectra of silver particles

at room temperature were recorded at beam line BL-14A.
The diameter of silver particle in the paste'̂ ranged from
2.7 to 20 nm. A typical condition of particles for EXAFS
measurement was shown in Fig.l. A sheet of silver foil
(purity > 99.98%) of 10 gm thick was used as a refer
ence. The particles and foil were supported by a silicon
plate. The incident angle of the synchrotron beam was set
to almost total reflection to avoid strong diffraction from
silicon plate. For each sample, accumulation of fluores
cence spectrum was performed until a good signal to noise
ratio was obtained. The phase shift was calibrated with the
Ag foil. The method of analysis of the data was similar to
that by Teo.

Fig.l Dispersoids of 2.7 nm Ag particles for EXAFS.

3. Result and Discussions

The EXAFS of silver foil and particles (7 nm and 2.7
nm) are shown in Fig.2. The nn distance estimated from
the EXAFS were 0.289 (±0.002) nm for all cases, and
there were no notable changes from the bulk value within
the experimental errors. In the present size range, our
result coincides with those by Montano, et al.'̂

Fig.3 summarizes the changes of nn distance from bulk
Cu and Ag estimated by several authors. From theoretical

analysis for Cu particle, Hansen et al.'̂ concluded that
there is only smaD changes in bond length with particle
size at low temperature (lOOK), but exists considerable
changes in those at room temperature (300K) even in 7nm
in diameter. However no reduction of atomic distance was

found out from the present measurement at room tempera
ture for the size range less than 7nm. As the difference of
material is not so important for the theoretical analysis
with the pair-distribution functions for EXAFS calculation,
a further discussion on this discrepancy should be contin
ued.

— Bulk(IOum Fall)

- UFPtTnra)

- UFP(2.7nm)

25.45 2S.S 25.55 25.6 25.65 25.7 25.75 2S.S 25.85 25.9 25.95

E(keV)

Fig.2 K-edge fluorescence EXAFS of nano-phase silver
particles and 10 [xm thick silver foil.
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Fig.3 The change in the average nn distance in Cu and Ag
particles.

1) G. Apai, et al., Phys. Rev. Lett., 43, 165(1979).
2) P.A. Montano, et al., ibid., 56, 2076 (1986).
3) P.A. Montano, et al., Z. Phys. D, 12, 103 (1989).
4) L.B. Hansen, et al., Phys. Rev. Lett., 64, 3155 (1990).
5) S. Tohno and M, Itch, J. Aerosol Sci. (1993, in

printing).
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Introduction

In contrast to the perfect AgBri-xIx solid

solution, the AgBri-xIx constitutes an imperfect

solid solution series with a limited x up to
0.4'\ Silver halides are characterized by
bonding nature®^;they have both ionic and cova-
lent bond character, with Agl most strongly ori

ented to the covalent bond nature. Yokoyama et
al.®^ investigated the temperature dependence of
the nearest neighbor distances of the AgBrxCli-x

system, and showed that the x dependence of the
Br-Ag distances was more significant at low

temperature than at room temperature (RT).
Yoshlasa et al."^ analyzed the Br K-edge EXAFS of
the AgBri-xIx system to show the Br-Ag distance
to slightly decrease with increasing x.

In the present study, three sets of EXAFS

measurements, i.e. I, Br, and Ag K-edge, of

AgBri-xIx solid solution were conducted to relate

the change of the interatomic distance with the

compositional variation of the solid solution and

with temperature.

Experimental

A series of AgBri-xIx solid solutions was

prepared by a conventional method for photo
graphic emulsion grains. The EXAFS spectra at

various temperature in the range of from lOK to
RT were obtained at BL-14A. The X-ray was mono-

chromatized with Si (111) crystals for the Br
EXAFS measurement and Si (553) for the Ag and I

EXAFS.

The EXAFS analysis was performed by the
4th-order cumulant expansion/ratio method as well

as the conventional curve-fitting method. All of
the data analyses were performed using the

EXAFS-2 Program Package.

Results

The I K-absorption spectra of AgBro. alo. a

measured at various temperature are given in Fig.

1. The amplitude of the EXAFS oscillation is

larger for a lower temperature. This temperature
dependence of the oscillation amplitude is
ascribed to the anomalous thermal vibration of

the silver hallde lattice and to the strong
anharraonicity.

The obtained Br-Ag and I-Ag Interatomic dis

tances are shown in Fig.2 as a function of the

composition of the solid solution at lOK and RT.
The average interatomic distance for Ag- (Br,I)

obtained by XRD is also shown in the Fig.2. It
can be seen from Fig.2 that the I-Ag and Br-Ag

distances are different from each other at any

temperature; neither of them coincide with the

average Ag-(Br,I) distance. At low temperature,

the Br-Ag distance significantly increases with

increasing iodide content, and the same tendency

can be observed for the I-Ag distance. This

tendency is, however, less significant as

temperature increases, and at RT both the Br-Ag

and I-Ag distances are almost independent of the

iodide content. This suggests that bonding nature

of the AgBri-xIx solid solution is rather ionic
at low temperature, while it is rather covalent

at RT.®-
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Preliminary study was made for production of ultra-
fine particles of individual compounds and measurements
of temperature dependent EXAFS spectra of standard
references. First, Bi microclusters from granular bismuth
(99.999%) were generated with the aerosol process in
helium gas (99.995%) and isolated in hexane with
calionic surfactant. Figure 1 shows theTEM micrograph
of the produced Bi microclusters, and the geometric
mean diameter and standard deviation are 1.7nm and 1.5,
respectively. Each particle was separated from each other
and did not contact any other particles even after the
concentration process as in the case of Ag particles'^ Te,
Cu and Pd ultrafine particles can be easily produced by
ihe same method and production of the particles of
binary compounds are in progress.

Measurement of temperature dependence of EXAFS
of ultrafine particles is useful to study thermal vibrations
and structural disorders as well as to determine the

interatomic distance more correctly. For comparison
with the EXAFS spectra of nano-phase Ag particles at
room temperature^^ temperature-dependent Ag K-edge
EXAf^ spectra were taken in the transmission mode for
10^,m thick Ag foil (99.98%) at several temperatures at
the beam line BL-14A of KEK. The EXAFS signals at
different temperatures are shown in Fig. 2. Temperature
dependent EXAFS measurements were also performed
for Pd foil (5|im thick), Cu foil (10p,m thick), Te thin
film (8^-m thick) and Bi thin film (17|xm thick) as
standard references. The latter two films were prepared
on silicon wafers.

Figure 3 shows examples of K-edge transmis-sion
EXAFS of the Pd foil at different tempera-tures. The
amplitude of the peaks at higher energy levels decreases
continuously with increasing temperature. Quantitative
analysis of the EXAFS data such as calculation of the
Debye-Waller factor and further experiments relating to
the EXAFS measurements of ultrafine particles are in
progress.

1)S. Tohno, M. Itoh and K, Takahashi, J. Aerosol Res.,
Jpn., 6, 373 (1991).
2)M. Itoh, S. Tohno, M. Adachi, T Yamamoto and S.
Tsukni, Jpn. J. Appl. Phys. (1993). in press
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Fig. 1 TEM micrograph of Bi microclusters generated
with aerosol process.
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Fig. 2 Temperature dependence of K-edge transmission
EXAFS from 10p,m thick Ag foil.
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Fig.3 Temperature dependence of K-edge transmission
EXAFS from 10p,m thick Pd foil.
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1. Introduction

Anisotropic environments of solid
surfaces can Induce anisotropic or
asymmetric growth of surface materials
which provide unique catalytic
properties. Anisotropic characterization
of active site at surfaces are,
therefore, necessary to design new
efficient structures and phases with a
particular orientation. Active metal and
metal oxide sites are usually highly
dispersed on inorganic oxide surfaces
and this situation has made the
structural analysis difficult. EXAFS is
a powerful tool to study the local
structure of dispersed active sites. In
this study, a total-reflection
fluorescence method is adopted to
determine active sites of metal oxide
surface.

2. Experimental

The sample were prepared with using
the reaction between Co?(CO)? and a-
AlaOslOOOl). Co?(00)8 vapor was
deposited on a-A 1?O3 (0001) (30«10»1 mm)
for 2 h at room temperature, followed by
evacuation at 313 K under vacuum to

remove the physisorbed carbonyl cluster.
Then, 0? was introduced at 300 K for 5 h
to form the sample. The ratio of Co
atoms to surface oxygen atoms of a-
A1?03(0001) was one-third. Four-axis
goniometer equipped at BL-14A was used
to set the sample at a particular
orientation against the polarization
direction of incident X-ray and at a
total reflection angle. The beam size
was 0.1 mm0 in order to prevent the
undesirable irradiation to other parts
than the sample. The angles between
crystal surface and polarization
direction were set at 90 deg and 0 deg.
The incident X-ray was monitored by an
ion chamber filled with N?. The
fluorescence was detected by a
scintillation counter(Nal). Fe foil was
used as a filter for an elastic

scattering from the sample. The position
of the scintillation counter was

adjusted to remove the Bragg-diffraction
of X-ray.

3. Results and Discussion

The Fourier transforms of s-polarlzed
and p-polarized total-reflection
fluorescence EXAFS spectra of the sample
are shown in Fig. 1 (a) and (b),
respectively. One peak between 0.1 and
0.2 nm was obtained in both Fourier
transforms, it was ascribed to Co-0
bond. There was no peak ascribed to Co-

Co, suggesting the distribution of Co as
a monomer form. The curve-fitting
analysis revealed that the Co-0 bond
lengths determined by both polarization
are 0.208 nm, with the effective
coordination number of Co-0 are 3.3 and
3.9 for s- and p-polarizations,
respectively(Table 1). Assuming the
ideal the 0-0 distance of 0.275 nm in
A1?03 and using the Co-0 bond length of
0.208 nm determined by the EXAFS
analysis, the effective coordination
number N* of Co-0 bond is calculated
based on the three typical structures,
"on-top", "two-fold bridge site" and
"three-fold hollow site" on a-
A1?03(0001) (Table 1). The experimental
values are in agreement with only the
values of the three-fold hollow site
model.

/yy^A/yw^

r I id'n

Fig. 1 EXAFS Fourier transforms
for (a)s- and p-polarization.

Table 1 Experimental results and
model calculations of the effective

coordination for CoOx/a-Al?Oa (0001)
Pol. Exp. On-top Bridge Three-fold

p 3.9 3 3.3 3.7

s 3.3 0 1.3 2.6

N* (p)/N-(s) 1. 2 00 2.6 1.4

p ^
0.275 nm 0.275 nm

Fig. 2 The metal structure of
CoOx/a-Al?03(0001).

0.208 nm
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Introduction

Poly vinyl alcohol (PVA) is known to form a blue
complex with iodine. Stretched PVA-iodine complex films
have the property of polarizing visible light and are utilized
as polarizing films widely. Iodine in PVA is supposed to
form polyiodine and to align along the stretching direction of
PVA'I The PVA-iodine complex has been studied by
N'isible-UV spectra", resonance Raman spectra '̂, X-ray
diffraction-^', and some other methods. Several structure
models have been proposecP-''', but the detailed structure of
the PVA-iodine complex has not been determined yet. The
purpose of the present study is to investigate the local
structure around I atoms of PVA-iodine polarizing films bv
EXAFS.

Experimental
The samples were stretched PVA films containing about 2

wt% of iodine. I K-edge EXAFS spectra were measured at
BL-14A for the stacked sample of 200 pieces of films with
the polarization vector E of the incident beam parallel (£//)
and perpendicular (E-L) to the stretching direction of PVA at
100 K and 300 K. As a standard material, l2hexane solution
was measured at 300 K.

Results and Discussion

Figure 1 shows the normalized I K-edge EXAFS
oscillations x(k) for the PVA-iodine films inE// and El at
100 K. The EXAFS oscillation in El is very weak. The
Fourier transforms of k^-weighted x(k) are shown in Fig. 2.
The main peak in EH is a.ssigned to the first nearest 1-1, while
the corresponding peak is absent in El. This shows that the
1-1 bond is highly oriented along the stretching direction of
PVA. The phase shift and back scattering amplitude of I-l
were obtained from the EXAFS analysis of h, whose bond
length is known to be 2.67 A. As the result ofcurve fitting in
EH. the average 1-1 distance is 2.88 A and the effective
coordination number is 1.6. The 1-1 bond length of the PVA-
iodine complex is longer than that of I2 by 0.21 A. This
suggests the formation of polyiodine in PVA and the
decrease of 1-1 bond strength. Generally, the 1-1 bond length
of polyiodine is longer than that of K*"'. 1-C, I-O, and the
.second nearest l-I of polyiodine can not be clearly observed
in this measurement. At present, it is difficult to determine
whether polyiodine is I3', Is" or more longer chain. Further
analysis is now in progress.

1)

3)

4)
5)
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Introduction

Ta22W4067 is the W-rlch end-member of the solid
solution (l-x)Ta205.xW03, 0 S x ^ 0.267. Its structure was
previously determined [1] using X-ray diffraction data
(MoKa) from a single crystal. While the positions of
Ta/W were accurately determined, the refined oxygen
positions and occupancies were clearly implausible based
on the calculation of bond-valence sums [2]. Not
surprisingly Ta and W could not be resolved.

Recently the solid solution (l-x)Ta205.xW03, 0 S x 5
0.267, has been redescribed as modulated variants of an
average a-U03-type structure, whose periodicity can be
either commensurate or incommensurate with respect to
the average structure {Cmmm : a = 6.14, b = 3.66, c = 3.85
A) [3]. Consequently, Ta22W4067 is described as a
commensurately modulated a-U03-type structure with
modulation wave-vector q = 8/13 b*.

To understand in crystal chemical terms why the
crystal structure of (l-x)Ta205.xW03 is able to adapt
continuously across the composition range 0 S x S 0.267 it
is necessary to have very accurately determined structural
models which include both Ta/W ordering and oxygen
vacancy distribution. Using conventional X-ray sources
and 5 X10^ pm^-sized irregular crystals such accuracy and
information is unattainable due to high absorption
(670cm"^ for MoXa), problems with secondary extinction,
poor counting statistics on weak satellite reflections,
dominance of scattering by the heavy metal atoms and
negligible scattering contrast between Ta and W.

For this reason we have undertaken the present study
using the 4-circle diffractometer on the vertical wiggler
BL14A at the Photon Factory to overcome most of these
problems.

Experimental

Single crystals of Ta22W4067 were grown by heating
2:3 mole ratio W03:Ta205at I600°C in sealed Ft tubing for
3 days. A microcrystal of Ta22W4067 of approximate
square p)Tamidal morphology (25 x 25 x 22 pm = 4 x Kp
pm 3) was cut from a larger single crystal and was
mounted on a 25 pm diameter quartz fibre. Using such a
small crystal the problems with absorption and extinction
have been minimised.

Prior to data collection EXAFSspectra were recorded to
accurately locate the Ta L-Ul edge both for a 10 pm Ta foil
and Ta22W4067 powder. In eachcase the edge occurred at
9869 eV (1.2562 A). A hemisphere of data to 140° 20 were
collected at 146 eV below the edge (X = 1.2740 A), with
quarter spheres of data also being collected at 26 and 8 eV
below the edge, i.e. at 1.2594 and 1.2572 A. For selected
reflections intensities were measured at 10 wavelengths,
each progressively closer to the Ta L-ill edge.

Results and Discussion

As one of the primary objectives of this project is to
accurately determine Ta/W ordering the choice of
wavelength close to the Ta L-II! absorption edge is critical
in achieving this objective. A measure of scattering
contrast between two elements is given by (fa - fb)^ where

fa and fb are the complex atomic scattering factors of
elements a and b. In earlier laboratory experiments using
MoKa the scattering contrast between Ta and W was 0.32
at 90° 20 By performing the experiment at wavelengths
approaching the Ta L-III absorption edge (~ 8eV below) the
scattering contrast increased to 64.7, greater than two
orders of magnitude improvement.

This large change in the scattering contrast is associated
with corrections to the atomic scattering factor of the Ta
atoms (due to resonance effects) when the wavelength is
tuned close to the absorption edge. Only small shifts in
the incident X-ray energy can create large changes in the
scattering amplitude of the Bragg reflections. This effect is
clearly illustrated in the figure below where the structure
amplitudes of two average structure reflections (2 52 3)
and (1 65 1) are plotted as a function of X-ray energy. The
structure factor of these two reflections have changed by
nearly a factor of two when the wavelength was changed
by only 138 eV.
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When the data have been corrected it is intended to

solve for the Ta/W and oxygen vacancy ordering and
refine the structural model using the data at all three
wavelengths simultaneously. Preliminary inspection of
the weaker satellite data at the three wavelengths indicate
that the information necessary to solve for the Ta/W
ordering is significantly present. The refinement will be
performed using the comprehensive least squares
refinement program RAELS92 (School of Chemistry,
UNSW, Australia).

[1] N. C. Stephenson and R. S. Roth, Ada Crystallogr. Seel.
8.27,1010(1971).
[2] I.D. Brown and D. Altermatt, Ada Crystallogr. Sect. B.
41, 244 (1985).
[3] S. Schmid, R. L. Withers and J. G. Thompson, /. Solid
State Chem. 99, 226 (1992).
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Introduction

High precision x-ray diffraction
experiments have the potential to
provide detailed electron densities for
inorganic compounds containing one or
more heavy atoms. Accurate vibration
amplitudes and one electron density
functions for the structurally
isomorphic compounds K2PdClg and K2SiFg
were measured using O./A and 0.9A
radiation from a Si (111) monochromator
and focussing mirror[l]. Similar
measurements were also made on the
structurally related compound K2PdCl^.

Results

Deadtime corrections were
significant for some high intensity
reflections,requiring remeasurement of
data at lower beam intensity. Extinction
corrections were estimated by comparing
absorption-weighted mean pathlengths
with the intensities of equivalent
reflections. For most reflections
extinction corrections were negligible.

Vibration parameters, Ap maps and
charges for the K2SiFg benchmark study
are internally consistent. Noise in the
synchrotron 0.9A Ap maps is very low
(Fig 1(a)). Corresponding sections in
the isomorphic compound K2PdClg show
similar topographic features(Fig 1(b)).
Away from the nuclei the electron
density is low and generally positive,
except for areas of electron depletion
at the structural cavities. Electron
density is anisotropically distributed
around K in both compounds, with regions
of strong depletion along the vector
joining K to the cation. This suggests
that second-nearest neighbour
interactions between K and the other

cation are significant.
Vibration amplitudes for K2PdCl^

synchrotron datasets and previous Mcma
tube experiments agree well[2]. The Ap
maps for the synchrotron datasets are
consistent and away from the Pd nucleus
agree approximately with MoKa maps.
There is marked depletion near the Pd
core and substantial movement of

electron density towards a structural
cavity. The Pd atom charge is
approximately +2, but the K atom charge
is significantly negative, resulting
from a transfer of electron density from
tightly packed to more open regions of
the structure. This does not necessarily
reflect atomic electronegativities.

Conclusions

Use of synchrotron radiation to compare
isomorphic species has led to
consistent, accurate and informative
electron density distributions when one
or more of the compounds contains a
heavy atom.
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Introduct ion

In the previous report, we de
scribed the results used the devices of

Hamamatsu S2384, S2383 and S2385, which
were commercially available. In the

present report, we have used some new

devices of S2384T which have thicker

depletion layers to improve the intrin
sic efficiency of the device. One has
been designed to have a 50-micron of the

depletion layer and the other has been
designed to have a 200-micron layer. We
also have used the APD device which has

a different structure, that is, p +-n;-p-
n+ from the incident side. The device

was C30872E (EG&G Optoelectronics).

Exper imental

The performance of the APD detec
tor has been tested at BL-14A during
single-bunch runs and partly at AR-NE5A.
We used the APD devices of S2384T (3mm
in diam. . designed to have a 50-micron
depletion layer or a 200-micron layer)
and C30872E (3mm in d i am. , designed to
have a 100-micron depletion layer). The
monochromatic X-ray beams of 14.4 keV or
8.0keV were defined by slits to less
than 0. 2X0. 2 mm and were incident on the

detector. The electronic system for
timing measurements was an usual system
using a time-to-amp 1itude converter

(TAG) and a mu1ti-channe1 analyzer
(MCA) .

Results and Discussion

The measured spectrum with S2384T
(50-micron type) was just like the one
of S2384, as shown in Fig. 1(a). The
time resolution of 0. 23ns (FWHM) was
obtained at the ring current of 33mA.
While in a 200-micron type, the peak
profile was rather different from that
of 50-micron type and had a wide FWHM of
2ns, as shown in Fig. 1 (b) . Figure 1 (c)
shows the time spectrum used with
G30872E. The peak profile relatively
1ooks 1 i ke F i g. 1 (b).

The wide width of the time spec
trum, as in Fig. 1 (b) or (c) , can be
explained with the distribution of the
drift time which the carriers take to
move from the generated points to the
multiplication region in an APD. It is
considered that the undesirable tail
part of each profile was formed by the
carriers which velocity is not saturated
in passing through a week electric
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field. The distribution of electric

field depends on the impurity diffusion,
that is, on the production process of
the device, so that we are preparing for
more desirable devices from that point.

The intrinsic efficiencies depend

ing only on the detector properties were
measured at 14.4keV. As the results,

(10±0. 1)H with S2384T (50-micron type),
(34±1)5« with S2384T (200-m i c ron type),
(19±1)5i with G30872E were obtained.

The variations of the observed

rates with the APD detector as a func

tion of the true rates were investigated

in multi-bunch runs. Though we used the
paralyzable model in the previous re
port, it was found that the nonparalyz-
able model was more suitable for the

present results. The dead time of the
detector system was obtained as 13ns on
the case of G30872E at 8. OkeV from the

curve fitting used with the nonparalyza-
ble model.

The explanation in more detail on
the profiles of the APD time spectrum
and the precise experiments of the count
rate property are now on progress.

References

1) Photon Factory Activity Report 1991.
p. 236.

2) Photon Factory Activity Report 1990,
p. 285.
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Introduction

Despite of recently devclopenent of grwetli technique concern
ing the GaA.s/Si hetero intcrface[l], it is still important to determine
the initial structure of GaA.s grown on Si substrate. For thi.s pur
pose. the X-ray standing wave techniciuc is applied to analyze the
initial GaAsoverlayer .structure on singledomain Si(l(K)) substrate.
This report rlescribes preliminary results obtained from an X-ray
standing wave analysis of an GaAs/Si(100) sample.

Experimental

An GaAs/Si(100) sample was prepared by an MOMBE tech
nique. After thermal cleaning at 900 "C, one monolaycr As was

adsorbed on a single domain Si (100) surface at 400 "C. A sharp
(2x 1) RHEED pattern was changed to (1 x2) after Asadsorption,
suggesting bond breaking of Si-Si dimers and formation of As-A.s

diiners. When As adsorption was finished, a 3ML quantity TEGa

was provided under As beam injection at 40n*'C. The RHEED pat

tern became slightly spotty, maintaining the (2x1) pattern. After
GaAs growth, the substrate was cooled down to 2n°C, and an aiicii-

tional 0.50 nm As layer was deposited for protective layers.

The experiment was carried nut at BL-14B under the .same

optical arrangement as reported previously[2]. To measure the (111)
reflection of Si(lOO), the .sample was inclined by 55.5° relative to the

reflection piano. The wave length was set at 0.080 nm to avoid dis

turbance by elastic and Conipton scattering. Figure 1 sliow.s the

fluoro.sreiice yield profilesof Ga and As Ka, and the Si(lll) n^flec-
thm curve. Observed A.s Kft fluorescence profile is similar to the

Si(lll) curve, due to the amorphous As protcirtivc layer. Measured
Ga Ka signals were corrected i)y .siihtraetiiig Compton and clastic
signals around Ga Ka.

Results and Discussion

Figure 2 shows the Ga Ka fluorescence yield profile and the

calculated results which were achieved by varying the ratio of Ga

atnins between sites A and B. Tho models of site A and B arc also

sliown in the figure 3. In the case where site A=1.0 and site B=1.0,

all Ga atoms existed at one site with As atoms on the other site.

This situation was expected from the single domain and the single

phase of GaAs ovcrlayers. However, the experimental Ga Ka fluo-

re.scence yield profile suggests that half of the Ga atoms exist at one

site and the rest at the other site. This suggests the existence of an

anti-phase domain during the initial stage of GaAs growth.

Reference

[1] M- Tamiira. r.t al: SSDM 1992(1992) 638.

[2] T. Kawaniura. rt al. : Surf. Sri., 251/252 (1991) 185.
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Fig. 1 Fluorescence yields of Ga and As Ka from 3ML

ovcrlayers on Si(lOO) substrate, and Si(lll) reflection of Si(lOO)
substrate.

SiteB=1,0
site AiO.6, site B=0.4

slteA=1.0

Ga K

/

-4 -2 0 2 4
W (normalized angle)
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Introduction

Porous silicon (PS) layer is a monolithic
single crystal with a lattice spacing slightly
larger than that of the original silicon
substrate in the direction normal to the

substrate. The authors have already provided a
consistently adequate explanation of the
relationship between the lattice expansion and
microstructure of PS layers formed on p-type
silicon wafers. Recently, isolated fine silicon
rods In PS layers were reported to be used as
quantum wire arrays. The microstructure of such

PS layers, however, has not been investigated
directly, although a model of microstructure
was proposed for PS layer. Such a structure

model has not been confirmed yet. In fact,
proposed structure was very different from that
previously observed by the present authors. In

order to use PS as such quantum devices,
further detailed features of microstructure and

lattice distortion of PS layers as well as
preparations conditions suitable for defining
networks of isolated silicon rods in PS layers
must be investigated. In this study, we examined
X-ray intensity distribution around the
reciprocal lattice points for various PS's by
means of well-collimated X-ray dlffractometry.

Experimental

PS layers were prepared on p-type
boron-doped Si (100) wafers of 0.020 cm under
the same preparation conditions as in our
previous studies. The PS layers showed color

changes from bluish-gray to dark golden brown
with increasing the porosity. 400 reflection
curves from the lattice plane parallel to the
Si(lOO) surface were mainly measured using X-ray
multi-crystal dlffractometry of a (111,400,
400,400) setting, with the specimen as the third
crystal and the analyzer as the fourth crystal,
using Synchrotron Radiation (14BL).

Results and Discussion

PS layers composed of large pores showed
slightly larger lattice distortions than those in

PS layers composed of small pores: the smaller
in diameter the remaining silicon parts were, the
larger the lattice distortion was. This was

also confirmed by investigating X-ray Intensity
distribution around the reciprocal lattice
points for PS layers, as shown in Fig.l, indicat

ing that the lattice relaxation easily takes
place with decreasing the mean radius of
remaining silicon part. Fig. 2 reproduces an
X-ray intensity distribution from a self-
supported PS layer, suggesting that the crystal
lattice of self-supported PS layer is relaxed
Just after being ripped out of the silicon
substrate. In order to explain such large

stress relaxation for self-supported PS layer,

a structure model was proposed, as shown in Fig.
3, on the basis of a mosaic structure resulting
from stress relaxation. Remaining silicon parts

are composed of many small crystallites which
are mutually orientated with angular
distributions as a result of the stress

relaxation from the silicon substrate.

(a) A (0 (d)

normol lo
the surface

2xlO"^a

Fig. 1 X-ray intensity distribution around the
reciprocal lattice point for PS layers.(a)10,
(b)30. (c)60, (d)lOO mA/cm^.

Fig. 2 Intensity distribution for a self-
supporting PS layer.

Fig. 3 A structure model of self-suppoting PS.
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Introduction

For the purpose of producing filters
for monochromatization of synchrotron
radiation of bandwidth of 10~^-10~® eV by
nuclear-resonance scattering, a new
interference technique for X-ray optics,
grazing-incidence antireflection (GLAR)
film, was proposed and then, theoreti
cal and experimental investigations
were performed. The film is designed to
surpress enormous electronic background
reflection in the angular region where
nuclear-resonant reflection amplitude is
large near the critical angle of total
reflection. The GIAR-films, however,
are still far from practical use.

The purpose of this study is to
prepare and develope GIAR iron films by
an investigation of X-ray interferences
between reflections from the film as well

as the structures.

Experimental
Natural iron of purity 99.999% was

evapolated in the vacuum of about 10
Torr. An about 250A thick Fe film
coated with about 90A thick Al film was
deposited on a 30xl00mm^ flat surface of
a quartz glass plate with thickness 10mm.
The reflectivity curve of the specimen
was measured by means of the optical
system installed on the BL-14B shown in
Fig.l and 0.86025A radiation monochro-
matized finally by the 10 6 4 double=
reflections from a channel-cut Si

crystal. The horizontal divergence of
the incident beam is about 1".

Result

Figure 2 shows the reflectivity curve
of the specimen. Open circles show the
experimental result and solid curve show
the theoretical calculation made by
using model parameters shown in Table 1.
Each row in Table 1 indicates parameters
of three layers from the top surface of
elements in the second column. The

fitting parameters are electron densities
n, thickness 1 of the layers and standard
deviations 0~ indicating surface rough
nesses and boundary roughnesses between
the layers obtained on the basis of the
Nevot-Croce method.

Summary

It is made clear by experiment of
X-ray grazing incident reflection that a
GIAR film with low reflectivity minima
less than 10"^ around glancing angle 5

mrad. can be produced by deposition of
aluminum-iron film on the quartz glass
surface. Good simulation of the curve
fitted to an observed interference pattern
is obtained by assumuing a three-layer
model. The boundary roughnesses 10-20 A
between the layers are required.
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sdnlfflalion

elemeol •(A*) 1(A) o(A)

layerl AI.O 0.78 70
16

16
Iayer2 Fe 2.0 243

12

Iayer3 Fe 1.6 15
7

substrate SiCh 0.69 CO

Table 1. Model parameters of specimen.
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1. Objectives
This project aims at the development of X-

ray stj^nding-wave (XSW) techniques using the
grazing-incidence diffraction geometry for the
determination of crystal surface structures.
XSWs created by the coherent interference of the
incident, specular reflected and Bragg diffracted
X-rays have an intensity modulation parallel to
the surface. Monitoring secondary emissions from
surface atoms in the XSW field provides informa
tion on the in-plane position and ordering of
these atoms. While in the conventional XSW tech

nique triangvalation experiments are needed, the
present technique can directly, more accurately
determine the two-dimensional arrangement and
registry of the surface atoms.

We are currently interested in arsenic mono-
layer atoms chemisorbed on clean Si(lll) surface.
A UHV XSW study using the conventional geometry
revealed the As atoms occupying the upper half of
the silicon (111) double layer at a slightly in
creased vertical distance [1]. Bond consider
ations favored the three-fold T sites for the As

atoms, but this has yet to be confirmed.

2. Activities in 1992

Our As/Si(lll) samples are prepared by mole
cular-beam epitaxy. Mirror-polished silicon sur
faces are chemically treated using the Shiraki
method and heated in UHV up to 850°C to remove
protective oxide layers. The clean Si surface is
then exposed to a beam of As molecules for 25 min
during which time the sample is cooled down to
400°C. A sharp (7X7) RHEED pattern changes in
to a (IXI) pattern after the As deposition. The
purity and conductivity of water for rinsing the
silicon substrate in the pre-deposition treatment
was critical to avoid the formation of SiC at

high temperatures, which was checked by carefully
monitoring the RHEED pattern.

The samples are placed in a UHV chamber
with 20 m beryllium windows for X-ray experi
ments, mounted on the Kohzu goniometer at the BL-
14B station {Fig. 1). The vertically polarized
synchrotron X-rays available from the wiggler
source allows the sample surface to be oriented
in the horizontal position. The chamber is
designed to be used with the massive BL-14B base
table lowered by 10 cm to accept the beam on the
sample surface. In the 1992 June/July beam time
we mounted a sample in the vented chamber and

learned how_to control the crystal orientation to
excite the 220 Bragg reflection at specified
grazing incidence angles. As emission signals
from an As/Si(lll) sample were detected with a
Hp-Ge detector placed in the horizontal plane
outside the chamber. A typical count rate was 10
cps at 7 cm from the sample. Tests showed that
the chamber can be pumped down to 10"^ Pa.

As/Si(l]l) samples prepared at TIT were
transported in a pumped vessel to the BL-14B sta
tion over a distance of 80 km. The vessel is

equipped with a 1 m-long bellows housing a sample
transfer rod. The vibrations of the car trans

mitted to the rod on the highway resulted in a
demounted sample holder. We decided to redesign

the vessel to mount a sample clump and an anti-
vibration holder for the bellows. A new vessel

was evidenced to hold a base pressure better than
10'^ Pa with an 8-litter ion-sputter pump powered
by the car battery. The whole system is being
tested in the 1992 December beam time.

3. Preliminary results
In Fig. 2 the intensity profiles of the spe

cular reflected and the Bragg diffracted beams
show features of a perfect-crystal rocking curve
with half widths 50 % larger than the calcula
tions [2]. The peak-valley profile of ksK emis
sion is characteristic of a disordered structure.

Exposure to air for 4 days destroyed the original
registry of the As atoms to substrate Si atoms.

[1] J.R. Patel, J.A. Golovchenko, P.E. Freeland
et al.: Phys. Rev. B 36, 7715 (1987).

[2] H. Kurashina, O. Sakata and H. Hashizume:
Talk 14Z-3, AsCA'92, Singapore, 13-16 Nov.
1992.

Fig. 1 UHV chamber for grazing-incidence X-ray
diffraction, mounted on the BL-14B goniometer.

I I 2 5 rad

DEVIATION ANGLE

Fig. 2 As emission (Ri), specular reflection
{7s) and Bragg reflection (7h) profiles ob
served from an As/Si(lll) surface with incoming
17 keV photons at a glancing angle of 2.3 mrad
to the sample surface.
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Among the various polymorphs of silica,

shishovite is about 60 % denser than quartz.

In fact stishovite can be prepared by heating

quartz to 800 "C or higher at pressures greater
than 9 GPa. When silica glass instead of

quartz is treated at such conditions, the

formation of stishovite will obviously involve

crystallization which may occur directly into

stishovite or into some other phases. Indeed,

silica glass under the coesite stable conditions

crystallizes into both a -quartz and coesite

[1] .

This study aimed at knowing the process of

crystallization from silica glass under condi

tions where stishovite is thermodynamically

stable. Powdered silica glass was pressurized

to 10.5 GPa in a cubic anvil press, MAX 90.

After the sample was heated to a predetermined

temperature, time-resolved x-ray diffraction

was undertaken at the BL-14C station while the

temperature was being held constant.

It turned out from x-ray diffraction patterns

Fig-
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that both stishovite and coesite crystallized

concurrently from silica glass. Figure 1 shows

time-dependence of the intensities of the two

phases with time.

The amount of each phase was fitted with

Johnson-Mehl's equation

X = 1 - exp { - (kt)" }

where x is the amount of the phase, n is the

time constant, and k is the rate constant. Table

1 gives n and k for coesite and stishovite.

Table 1 Fitting parameters for Johnson-Mehl's

equation.

Coesite phase Stishovite phase

n k(10"^/sec.) n 1(10 ^/sec.)

600°C 1.52 3.84 1.43 0.32

700°C 0.88 5.38 0.97 0.23

900°C 0.92 96.1 0.97 2.84

Arrhenius plots of the rate constant yield
activation energy and frequency factor A* .

Table 2 shows such parameters.

Table 2 Activation energies and frequency

factors for crystallization of coesite

and stishovite.

Ea (kcal/moi) Aa (10^/sec.)

Coesite phase 22.6 28.9

Stishovite phase 15.6 4.23

[IjA.Onodera et al., PF Activity Report 1984/85,
VI-22

•Present address: Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305
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1 Introduction

A perfection tungsten single crystal can be a promising X-
ray monochromator. Crystal perfection of tungsten single
crystals, grown by the secondary recrystallization (SRC)
method [l], have been studied by the X-ray topography
and the rocking curve measurements with CuKcr radia
tion [2] and with synchrotron radiation [3] [4]. Dimen
sions of the SRC-grown crystals were enlarged, from a few
cm squared plates to 10 cm squared plates, by applying
a stronger load to the raw materials in a hot-rolling pro
cess. In this report, X-ray reflectivity of the SRC-grown
tungsten single crystals are shown.

2 Experimental

Specimens were grown by the SRC-method from hot-rolled
tungsten plates. X-rays of 60 keV from BL-TIC were
monochromatized by using a asymmetrically cut Si crys
tal with 220 reflection. Rocking curves of W 200 and 400
reflections were measured in non-parallel setting in
Bragg case by using a conventional double axes dilTrac-
tometer.

[3] S. lida et al.,
(1990) 295.

S. lida et al.,
(1991) 247.

Photon Factory Activity Report ^8

[4]

3 Results and Discussion

Figure 1 shows the rocking curve profiles of W 200 and of
Si 400 reflections measured with 60 keV X-rays. Figure 2
shows the rocking curve of Si(3] 1)-\V(200) nearly parallel
(-!-, —) setting in Bragg case with Cu Ka radiation. Mo
saic spread of the tungsten crystals was about 40", small
enough for the monochromator for low energy X-rays(Cu
Ka), however, not for high energy X-rays(60keV). The
present results, compared with the previous results [2] [3]
[4], show that crystal perfection of the tungsten crystals
was improved appreciably by optimizing the conditions of
hot-rolling process in the SRC-rnethod. Further improve
ment on the crystal perfection is desired so as to apply
a SRC-grown tungsten single crystal to a monochromator
for the synchrotron radiation of the next generation.

References
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A modification to a general purpose
Monte Carlo electron-photon transport
code EGS4^ has been made in order to
include linear polarization in /tbe
simulation of photon scattering^^^.
Energy deposition to matters from scat
tered linearly polarized photon is meas
ured at BL-14C as benchmark experiments
on linearly polarized photon transport.
The measured energy deposition is simu
lated successfully by the modified EGS4
code calculation.

1. Modification of EGS4 code

The Compton and Rayleigh scattering
routines were modified to properly
account for the electric-field vector of

the photon. This vector is calculated at
each photon scatter and passed along
with the photons in the radiation trans
port, thereby allowing for precise
simulation of polarized multiple scat
tering.

2. Absorbed Dose Distribution in Phantom
Mono energy linearly polarized

photon beam (30keV, P=0.84, ^6 =5.03mm)
incidents on a soft tissue equivalent

phantom (30x30x30cm, p=1.072 g/cm^,
Weight percents= H(8.4), 0(15.5)'
C(68.2), N(3.76), Cl(3.2)) as Shown in
Fig.l. The absorbed dose distribution in
the phantom measured by two kinds of
thermolumi nescent dosimeters(Li 2B407(Cu)
and LiF) is shown as symbols in Fig.2.
Calculated absorbed dose by the EGS4
code is shown as curves in Fig.2. The
calculation simulates dose distribution
in azimuth direction, radius direction
and z direction well.

3. Absorbed dose in Si disks

TLDs(LiF and 03804) are inserted
between the sliced Si disks of 1 or 2

mm. The verticaly polarized photons of
4Gk6V are incident perpendicularly onto
the bunched Si disks. Fig.3 shows the
measred absorbed dose at angles of 45xn
along circumference(r=2cm) at several
depth. The EGS4 agree well at deep
place, whereas the agreement becomes
worse near the front surface(Not shown).

References
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Fig.l The experimental arrangement for
the measurement of absorbed dose in a

soft tissue equivalent phantom.
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We have measured X-ray anomalous scattering(XAS)

in AJPdMn icosahedral single quasicrystal to study the

structure of tlie quasicrystal. In the present study, XAS is

quite useful to obtain Pd environmental informations.

The quasicrystal that is identified by the symmetry and

quasiperiodicity of their diffraction pattern was first

reported as a metastable phase in a rapidly solidified Al-

Mn aIloy[l]. Since then, many experimental studies have

been devoted to clarify atomic arrangements of

quasicrystals. Recently, thermodynamically stable

icosahedral (I-phase) and decagonal (D-phase)

quasicrystalline phases have been discovered. With these

discoveries, a great progress in the understanding of

quasicrystals is going to be made.

The essense of the icosaiiedral quasicrystal structure

can be described on the basis of the quasiperiodic three-

dimensional Penrose tiIing(3D-PT), which can be described

periodic six-dimensional hypercubic lattice.

A master alloy of

nominal compositions of (£)
AlTgPdjgMng was prepared by

measured with a four-circle diffractometer for the incident

beams of 23.948keV and 24.298keV.

418 independent orbits have been measured in the 120

elementary sectors of the reciprocal space. Figure 1-a is a

2D cross-section of total Patterson contours obtained with

418 orbits and contains two five-fold and a two-fold axes.

A rhombus of quasilattice is drawn in solid lines. Fig.I-b

shows the Pd environmental Patterson contours for the

same orientation. In Pd-environmental structure(Fig.l-b)

some peaks around two-hold axis is almost disappeared.

They correspond to a edge site of the 3D-PT(Mrs inner

shell).

It has been proved by the present result that the Mi's

inner shell was occupied by A1 atoms.

[1] D.Schectman, I.Blech, D.Gratias and J.W.Cahn,

Phys.Rev.Lett.,53(1984)195I.

(b)

pn I'Jiimm

arc melting tiie pure elements.

After casting, tlie alloy was

remelted and slow

cooIed(2K/h) from 1I93K

during SOhours in a BN

crucible. A 0.5mm diameter

spherical single-quasicrystal

specimen was used for tJie

data collection. At BL14C tlie

diffraction intensity was
^ IIA] ° 20 0

[r/A]

Figure 1; Quasiperiodic 2D sections of tlie 6D Fourier function of icosaliedral AlPdMn.
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Introduction

In as-grown CZ silicon crystals, a
great interest has been focussed on how
to evaluate microdefects which are

invisible in the topographic sense.
Since these defects are very small and
few, it is not easy to detect and
measure quantitatively their size and
number density. We have worked on the
development of the high energy x-ray
topography using 60 keV x-radiation.
Higher energy x-radiation has a greater
sensitivity to strain field of micro-
defects, because it gives a smaller
angular range of reflection for a given
diffraction condition. In this study,
two kinds of as-grown CZ crystals were
investigated; crystals grown under very
slow (0.4 mm/min) and usual growth rate
(1.4mm/min) .

Experimenta1

Section and traverse topography were
carried out using 60 keV x-radiation
monochromated with a silicon crystal
under the condition of the 220

reflection and the asymmetric factor of
11. Topographs were taken in the 4 4
0 to 10 10 0 or 12 0 0 to 16 0 0

reflections.

Results

Fig.1(a) is a 12 0 0 topograph of the
0.4 mm/min wafer, showing microdefects.
A topograph obtained for the 1.4 mm/min
wafer is given in Fig.1(b), where only
heavy contrasts caused by growth
striations are observed. The density
of microdefects measured are given in
Table 1 together with the data obtained
by diffrent characterizing techniques,
modified Secco preferential etching
("flow pattern technique") and IR light

scattering tomography. The defect
strength, C, of the microdefects
observed in Fig-l(^) was estimated to
be C=(2-40)xl0 /m , assuming a
spherical displacement field around the
microdefect, u=C/r , and the kinematical
diffraction theory. The reason we
failed to observe individual micro
defects in the 1.4 mm/min wafer is that
there are so numerous microdefects to
resolve individualy and due to the small
magnitude of the strain field of micro-
defects. Topographs taken by MoKa did
not show any defect image.

[a) 0.4 mm/min,

(b) 1.4 mm/min.

Fig. 1. 12 0 0 topographs of the
as-grown CZ wafers.

Table 1. Number densities of microdefects in the 0.4 mm/min wafer as measured
by x-ray topography, flow pattern and light scattering tomography.

Growth Rate X-Ray Topog.

(mm/min) (/cm^)
600-1100

Flow Pattern Light Scatt. Tomog.

(/cm^)
3.5x10-

5.6x10-
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Introduction

A scanning type K-edge energy subtraction coronary Rssuits
angiographic system using synchrotron radiation(SR) was Using the dog heart, images of coronary arteries were
constructed, and human studies were actually performed in obtained by this stereo SR angiographic system. The beam
USA and Germany[l-4]. In Japan, two-dimensional image si2e was 40X70 mm. All structures of the coronary arterial
acquisition techniques are being developed, and the coronary tree were demonstrated stereoscopically(Fig.2). The
arteries in aiiimals(rabbits anddogs) were revealed[5-9]. diameter of thecoronary artery is narrow(< 0.7 mm), so the

The actual shape of coronary stenosis varies from image is insufficient. The image contrast was also reduced
eccentric to concentric, so many projection images mustbe by the overlapping scatter radiation from the
obtained to clearly identify diseased arteries. However, in monochromator(>40%). Methods of redacting the scatter
intravenous coronary angiography with SR, the number of radiation are studied,
injections corresponding to projection numbers is limited to
3 or 4. To obtain sufficient anatomical information in a References
single injection, stereo image acquisition is required and a l)Rubenstein E,etal; SPIE 314{1981)42.
stereo system was constructed. This new stereo 2)Thompson AC, ei al: Rev. Sci. Instrum. 60(1989)1674
angiographic system is described. 3)ThomIinson W,eLal.:Rev. Sci. Instrum. 63(1992)625

A new type of cine K-edge subtraction angiographic
system was reconstructed using the vertical wiggler beam
line of BL14C at the Photon Factory in Tsukuba. This
system consists of an iodine filter for energy exchange, a
movable silicon(3] 1) and silicon (511) monocrystal with an
asymmetric cut, an image intensifier(Il)-TV, and a digital
memory system(144 MB)(Fig.l). X-ray TV images are
digitized on a 1024x1024 pixel matrix with al2-bit depth

using a 12-bit AD converter(Fig.l). X-ray flux is 1.2x10^
photons/mm^/sec( 3 pole wiggler 5T, 2.5 GeV 300 mA).

Si(311) and Si(5Il) monocrystals produce two
monochromatic X-ray beams with a difference in reflection
angles(7.5 degrees) to obtain the stereo image. Each of the
crystals intercepts half of the vertical white X-ray beam
profile. The energy of the beams produced by the two
crystals, is precisely adjusted to be both higher and lower
than the K-edge energy. When the iodine filter is not
inserted in the SR beam path, a mixed-energy X-ray image
is taken. When the filter is inserted, the high energy
component of the Xray is blocked, and a lower-energy X-
ray image is obtained.

A dog heart was used for this study. The coronary
arteries were filled with iodine contrast material(14.8
mg/ml), and the hean was placed under water 10 cm deep.

1)Rubenstein E, etal; SPIE 314(1981)42.

2)Thompson AC, ei al: Rev. Sci. Instrum. 60(1989)1674

3)ThomIinson W, eLal.:Rev. Sci. Instrum. 63(1992)625

4)Dix WR, et.al:Mecl. and Biol. Eng. and Computing.
29suppi(1991)862

5)Akisada M, et al: Nucl. Insir. and Meth. A246(1986)713
6)Ueda K, et al: Rev. Sci. Instrum. 60(1989)2272.

7)Takeda T, et al: J. Cardiovascular Technology 9(1990)203

8)Umetani K, et al: Nucl. Insu. and Meih. A301(199l)579

9)Umetani K, etal.:Rev. Sci. Instrum. 63(1992)629
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Fig.i SR stereo angiographic system

Fig.2 Stereo image of coronary artery (stereo
angle is 7.5 degrees).
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Potassium-feldspar, sanidine (KAlSi.tOg), is the
most abundant mineral host for potassium in the
earth's crust and the uppermost mantle. It has been
known that sanidine transforms with increasing
pressure as follows; sanidine (KAlSi308) — ca. 6
GPa ^ wadeite-type K2Si409 + kyanite (Al2Si05)
-I- cocsite (Si02) — ca. 9 GPa hollandite-type
KAlSi^Og around 1000°C [1, 2\. However, the
detail of stability field of these high pressure phases
has not been clear, yet. In this study we have
investigated the phase boundary including melting
curve of KAlSi^Og by in situ high-P and high-T X-
ray diffraction method using synchrotron radiation.

High-P and high-T experiments were carried out
by using MAX80 installed at AR-NE5 and MAX90
installed at BL-14C. High pressure cell assembly is
illustrated in Figure 1. Boron combined with cpoxy
resin is generally used for pressure medium owing
to its high transmittance for X-ray. But the epoxy
resin is not stable at the higher temperature than
I0()0°C to react with sample. In order to avoid this
chemical reaction, we chose the magnesia as
pressure medium, although it had relatively high X-
ray absorption coefficient. We could successfully
perform X-ray diffraction experiments up to
ISOO^C at 11 GPa by using this cell assembly.
Starting materials were the crystalline sanidine
synthesized at 4.5 GPa and 1400°C for 2 hours, and
the dehydrated 'gel' with KAlSiyOg composition.

The stability field of each phase assemblage was
determined by the change of diffraction patterns
along the P-T path traversed the phase boundaries.
Sanidine decomposed into three phases at 6.5 GPa
and 1200 ~1300°C, and hollandite-type KAlSi.^Og
was made up of three phases at 9.2 GPa and 1300
~1400°C. The melting was judged by the diagnostic
features that the diffraction peaks diminished and
the background halo increased. Sanidine was melted
at 1600°C and 6.7 GPa. Eutectic temperature of
three phases coexisting field ranged from 1400°C to
1500°C, which was lower than the melting
temperature of low pressure phase sanidine. Melting
point of hollandite-type KAlSi^Og was 1800°C at
11.2 GPa. These results are summarized in Figure
2. This study shows that wadcite-type K2Si409 and
hollandite-type KAlSi^Og are regarded as the
candidates of the potassium host phases in the

earth's deep mantle because of wide range of their
stability fields.

References

[IJ Kinomura N. et al., Proc. 4th Inter. Conf. on
High Pressure, pp.21 1-214, Phys. Chem. Soc.
Japan, Kyoto, 1974.
[2] Yagi A. and M. Akaogi, Program and abstracts
of Papers The 32th High Pressure Conf. Japan,
pp.70-71, 1991.
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Figure 1. High pressure and high temperature cell
assembly.
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A charge coupled device (CCD) can be
used to detect both the X-ray image and

the X-ray spectrum at the same time. One

of the biggest advantages of using CCD in
the X-ray region is that it achieves good
energy and spatial resolution. The pri
mary charge-cloud produced in the silicon

spreads to some extent. In some cases,

the charge is collected in single-pixel

event while in others the primary charge-

cloud forms spread events.

The photoelectrons are mainly
ejected to the direction parallel to the

electric vector of the incident X-ray.
While the single-pixel event has nothing

to do with the information of the charge

cloud, the spread event can have.
Fraser'" mentioned the possibility for the
CCD to work as an X-ray polarimeter if the

initial cloud shape could be measured.
We used a CCD system in a beam line,

BL14C in the PF. The Bragg angle of the
crystal is between 3® and 10® that does
not affect the polarization degree seri
ously. Since we selected the beam size to

be about lOxlOmm', we could expect the
linear polarization degree of the inci
dent beam to be 60-75%''', depending on the
X-ray energy and the beam position.

The CCD chip we used was TC213, a

product of the TI Japan corp. It is a
frame transfer type CCD developed for

optical use with 1024x1024 pixels each of
which is 12xl2mm'. Therefore, the deple-

Fig.l. Pulse height distribution for
single pixel events obtained with a CCD.
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tion region of this chip is about a few
gm. Fig. 1 shows the pulse height distri
bution of single-pixel events we obtained
at an energy of 24 keV.

While single-pixel events have no
information of the structure of the pri
mary electron clouds, spread events will
contain information about the initial

charge cloud structure. There are mainly
two types of two-pixel events; one is a
vertically spread event while the other is
a horizontally spread event.

We set the CCD chip at various angles
with respect to the polarization plane of

the beam. We calculated the number ratio

of the vertically spread event against the

sum of vertically spread two-pixel events
and horizontally spread two-pixel events
according to the tilt angle of the chip.

Fig. 2 shows an energy dependence of

the amplitude of the number ratio against
the polarized X-rays. The higher the X-

ray energy is, the longer the range of the

photoelectron produced in the CCD. The

number ratio becomes bigger as the X-ray

energy increases. The important point is

that the CCD can function as X-ray imager,

as X-ray spectrometer and as X-ray polari
meter at the same time. The details of

this technic is described in ref.[3].

Reference

[IJG.W.Fraser,Proc.SPlE1140 (1989) 50.

[2] H.Kitamura,KEK Report89-24 (1990)108.

[3] H.Tsunemi et al.,N.1.M.A321(1992)629.

Fig.2. Energy dependence of the fraction
of two-pixel events for polarized X-rays.
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Introduction
To evaluate the internal fine structures and the density

of materials and in vivo tissues we have developed a high
resolution monochromatic x—ray computed tomography
(CT) system using synchrotron radiation (SR). Monochro
matic X—ray CT can offer a K—edge subtraction method
which is very useful to quantitatively and nondestructively
measure the distribution of a specific element in the object.
We have succeeded in using the K—edge subtraction method
in the high energy region unobtainable by conventional
methods.

Experimental
Our system is installed in a vertical wiggler beamline

(BL14C) at the Photon Factory of the National Laboratory
for High Energy Physics (KEK) that can produce high
brilliance x—rays in the high energy region. The system
consists of a specimen scanner, crystal monochromator, x~
ray detector, and signal processing unit. Enlargement of
projected images and production of monochromatic x—rays
are simultaneously achieved by the use of asymmetric Bragg
reflection of crystals to improve spatial resolution and
contrast resolution. The SR is collimated by slits and
irradiated onto the rotating specimen. The x—ray beam
transmitted through the specimen is passed through the
crystal monochromator and measured with a one—dimen
sional or two—dimensional x-ray detector that consists of a
phosphor and a CCD array detector. In the case of a two-
dimensional X—ray detector, projected images can be
demagnified using a lens corresponding to the size of the
specimen (Fig.l). The CT images are reconstructed using
transputers that are high—speed parallel coprocessors.

Results
Fig. 2 shows the schematic illustration of a sintered iron

ore and vertical section of its three-dimensional CT image.
The three—dimensional CT image was reconstructed from
40 sections, and the CT image of each section was taken
with a slice width of 20 urn. This image provides such
information on the inside of sintered iron ore that is not
obtainable by conventional surface observation alone.

To evaluate the contrast resolution using the K—edge
subtraction method we have made use of iodine and
gadolinium solutions. Iodine (K—edge : 33.17 keV) is often
used as a contrast medium in angiography in which x—rays
are utilized to obtain information on blood vessel form and
blood flow in living organisms. Since gadolinium has its K
—edge at 50.2 keV, it can improve x-ray transmission and
allow the radiation dose to be reduced compared to the
iodine[l].

In the case of iodine the correlation between the
concentration and the CT value was good, and iodine
concentration could be quantitatively determined to about
0.1.wt% from the subtraction CT images with a pixel size of
about 25 Mm and with a slice width of 40 mni[2 —4]. In the
case of gadolinium the concentration could be quantitatively
determined to about 3 wt% from the subtraction CT images
with a pixel size of about 24 pm and with a slice width of
240 Mm (Fig.3)[5].

We can thus quantitatively and nondestructively mea
sure the distribution of iodine and gadolinium in a sample.
In future we intend to apply the system to in vivo tissues.

Reference
1. H.D.Zeman, F.A.Di Bianca and W.C.Thomlinson, IEEE

Trans. Nucl. Sci. 38 No.2 (1991) 641.
2. Y.Nagata, H.Yamaji, K.Hayashi, K.Kawashima, K.Hyo-

do, H.Kawata and M.Ando, Photon Factory Activity
Report, 9(1991) 250

3. Y.Nagata, H.Yamaji, K.Hayashi, K.Kawashima, K.Hyo-
do, H.Kawata and M.Ando, Nondestr. Test. Eval., 7(1992)
299

4. Y.Nagata, H.Yamaji, K.Hayashi, K.Kawashima, K.Hyo-
do, H.Kawata and M.Ando, Rev. Sci. Instrum., 63 No.l
(1992)615

5. Y.Nagata, H.Yamaji, K.Hayashi, K.Kawashima, K.Hyodo
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Introduction

Many experimental and theoretical studies
have been reported on the behavior of graphite
under high pressure at room temperature, and
it has become clear that graphite undergoes
transformation to hexagonal diamond structure
at 14GPa. But this hexagonal diamond formed
at room temperature converts to graphite on
the release of pressure and cannot quenched to
the ambient condition. In order to clarify the
pressure and temperature condition in which
hexagonal diamond can be synthesized and the
quenchability of the hexagonal diamond, in
situ X-ray observation under high pressure and
high temperature was carried out.

Experimental
Experiments were made using MAX90 system,

which is installed at BLI4C. By using the sintered
diamond as an anvil material, pressure more
than 20GPa could be successfully generated.
Crashed kish graphite was used as a starting
material, and the powder X-ray diffraction
measurement by the energy dispersive method
was carried out using the white beam from the
vertical wiggler.

Results and discussion

Eig.I shows the variation of the X-ray
diffraction profiles of the sample. When
temperature was increased under IVGPa, the
intensity of graphite peaks decreased and the
diffraction peaks of hexagonal diamond were
strongly observed. The phase transformation
from graphite to hexagonal diamond occurred
by the room temperature compression, but it
was accelerated rapidly by the increase of
temperature. Although the (002) peak of graphite
was still observed, hexagonal diamond was a
dominant phase at 15.5GPa and 1000°C. When
the pressure was decreased to 0. IMPa, the
diffraction lines of hexagonal diamond were
still observed strongly, and thus the hexagonal
diamond could be quenched to the ambient
condition.

345

Observed d-spacing value of (002) of the
quenched hexagonal diamond in the present study
is meaningfully larger than that reported by
Bundy and Kasper, and thus c axis of hexagonal
diamond is slightly larger than the ideal value.
This expansion of c axis is probably due to the
repulsion between the carbon atoms which are
aligned along the c axis.

0.1 MPa 25 C

15.5 GPa 1000 "C

17.0 GPa 25 "C

d - V A L U E (A)

Fig. I Variation of the X-ray diffraction profiles
due to the transformation from grphite to
hexagonal diamond
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INTRODUCTION

Bacteriorhodopsin (bR) is a sole
protein found in the purple membrane of
Halobacterium halobium. BR is composed
of 248 amino acid residues and the

chromophore retinal. BR is folded into
seven helices spanning the lipid bilayer
and additional segments in the aqueous
regions. bR forms trimers which arrange
in a hexagonal lattice in the purple
membrane.

On absorbing light, bR undergoes a
photoreaction cycle. Coupling with M
intermediate in the cycle, bR actively
transports a proton from the inside of
the bacterial cell to the outside. In

order to analyze the structure of the M
intermediate, we used two kinds of bR
preparations. One is an arginine-treat-
ed bR, which is prepared by drying the
suspension of purple membrane in argi-
nine solution, and another was a mutant
bR with the single amino acid substitu
tion, Asp-96 to Asn(D96N). In both of
them, the M intermediate is stably
accumulated at alkaline pH at room
temperature. The arginine treatment
does not affect the lattice structure of

the purple membrane^'. Also, the mutant
bR takes the same lattice structure as

the wild type bR. Thus, both are found
to be suitable for the X-ray diffraction
study. The structure of M intermediate
was analyzed by X-ray diffraction^'.

EXPERIMENTAL

Purple membrane was isolated from
H. halobium. M intermediate was produced
by irradiating the arginine-treated bR
or D96N with yellow light.

X-ray diffraction experiments were
performed with the MUSCLE Diffractometer
installed at BL-15A. The X-ray wave
lengths was tuned to 1.5 A. The sample
was mounted on a sheet of myler with its
plane normal to the incident X-ray beam.

RESULTS AND DISCUSSION

The X-ray diffraction profile of the
purple membrane which contains the M
intermediate under continous illumina

tion (A>530nm) shows small but signifi
cant differences in the intensities of
some Bragg reflections, as compared with
that of the original purple membrane^ ' .
Both the arginine treated bR and the
mutant bR, D96N, show essentially the
same changes in diffraction patterns.
The changes are comletely reversible
and reproducible. The structural changes

which occured at the M intermediate were

found around helices B, F and G by difer-
ence Fourier transform, suggesting that
the shifts or tilts of these helices^> .
Time-resolved measurements during the
decay of the M intermediate were carried
out to examine whether the N and 0 in

termediate are structurally definite
states. Using a PSPC, a change in the
diffraction pattern was measured with a
low time resolution (1 sec/frame-20
sec/frame) (Fig. 1). Consequently, the
structure of bR changed only from the M
intermediate form to the original form,
and the hexagonal arrangement of the
trimer of bR was maintained during the
reaction. The time-resolved study using a
streek camera with an imaging plate is
under way.

REFERENCES
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Figure 1: The change of the (2 0) Bragg
intensities from time-resolved X-ray
diffraction diagrams recorded during the
regeneration of bacteriorhodopsin from M
intermediate, which was obtained by the
use of mutant purple membrane (D96N).
Recordings were repeated 20 times for cla
sample and the obtained profiles were
added. In each cycle, samples were
exposed to X-ray after complete accumula
tion of M intermediate and the illumina

tion light was turned off at second frame
(indicated by an arrow).
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♦The Photon Factory, Kek

Data have been collected on the low-angle facility at the
Photon Factory from skin and hair samples taken from
normal and diabetic adult humans. The normal skin

speciments were obtained from subjects extending over an
age-range from 27 to 78 years; with one exception, the
diabetic patients had been suffering from the disease for
many years and with the same exception were insulin
dependent. From the x-ray diffraction patterns
measurements were made of the meridional reflections to

obtain the "gap-overlap" spacing (d), which is of the order
of 650 Angstroms (A); and also of a rather diffuse
reflection in the equatorial direction, which is related to
the lateral packing of collagen fibrils, corresponding to a
spacing of about 15A.

The accompaning Table shows that there appears to be
little, if any, variation with age in the normal specimens,
and such variations noticeable within the diabetic samples
could well be due to experimental error, or other
extraneous factors. However, altliough there appears to be
no significant change in the meridional reflections, the
e.quarorial values for the diabetic specimens appear to have
increased slightly from a mean of 14.5 to 14.9, in keeping
with a previous study of tendons [1].

HUMAN SKIN 1

IMERID ONAL [EQUATORIAL NAME MERI0K3NAL EQUATORIAL COMMENTS

i SI 6^ '"S.S
• 650 ! S2 651 . \Aj
r_J_2 _ j' 15^8 !' S3 I _G50 1 j_S_
' |] S4 "I 6^ I u.s ^
1 "" T" 14.3 " ; SS 1 650"" ; 'i:8 1.1

- 14.8 S6 646 ! 14,8 BELOW KNEE
= ---,^4- 11 6^7 I lis BELOWKNEE

" I $7 ! 647 i 14.9 BAUOFfOOTj. r *64"7 T 14.9 HEEL"

An unexpected and exciting feature of the skin patterns
was noted in the first batch of exposures and studied in
greater detail in the second. This was the recording of two
long periodicities in and near the equatorial direction.
Data from the diffraction spectra are recorded on a
sensitive image plate which is later scanned electronically
and recorded on a computer. One such pattern is
reproduced here in black and white, revealing a number of
discrete peaks along the equatorial axis, within a steady
intensity decrease as one moves away from the origin.
Intensity plots by computer along the equatorial axis
confirmed these peaks and gave more accurate figures for
their positions.

Such pictures were then produced and studied for a
range of specimens, comprising skin, breast duct, artery
and tendon, from humans and baboons, both healthy and
diseased. All of these, with the important exception of
tendon, exhibited the above pattern with varying degrees
of clarity. It was noted, however, that the distances of the
peaks from the origin differed between specimens by a

factor of more than 3. But on examining the peaks
obtained from all specimens, it was found that they could
be indexed in terms of a single parameter, corresponding
to a periodicity of about 3,500 A. In addition to those
obvious peaks as shown in the figure, many more were
found by traversing with a "mouse", with the lowest order
observable having index 4 and the highest 45. This figure
of 3,500 A is close to the length of the collagen molecule,
and electron micrographs [2,3] of collagen specimens
show blocks of such molecules with their ends in register.

JMr
T J

For any one specimen, the obvious variation like that
visible on the photograph corresponded to periodicities of
between 400 and 1400 A , and are most likely due to the
lateral packing of microfibrils of collagen. Electron
micrographs of sections of collagen tissue [4] exhibit
evidence of such packing within the range mentioned.

Data analysis has removed any possibility that these
results are artefacts.

Results for keratin have been equally exciting. A set of
some twenty of more equatorial reflections that were
revealed after background was removed is being indexed
and modelling has begun to interpret the spacings
obtained. It is hoped to extend the sample range to
determine whether the results are specific to hair. Diabetic
samples have shown consistent changes in interfibrillar
spacing from those obtained for normal samples. An in-
vitro experiment using samples, incubated in various
sugars, is planned for December 1992, to determine
whether these changes are related to glycation effects.
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Synchrotron Time-resolved small-angle
x-ray scattering (SAXS) is capable of probing
a protein's dimensions during refolding. We
describe here a study of the refolding
pathway of horse muscle myoglobin on a
STib-second time scale.

60 mg/ml horse muscle myoglobin samples
were rapidly diluted from 7M urea to 1,2 and
3M urea, in 50mM Bis-Tris-propane buffer at
pH 9.1 with salt concentrations of lOOmM NaCl
and 40mM NaCN. No aggregation was observed
in any of the protein samples.

Measurements were made at the Photon
Factory small-angle scattering beam-line 15A.
An x-ray stopped-flow rapid-mixer, developed
in collaboration with Unisoku corporation was
used. The mixing dead-time of the mixer is
10ms.

Time-resolved protein data were
accumulated for 5 mixing events at a time,
and at least 10 separate accumulations were
collected for each condition, for a minimum
of 50 mixing events.

A non-linear least-squares fitting routine
was used to obtain the radius of gyration
(R ) and forward-scattered intensity (lO) for
each time-frcime of data emd for the static
data. lO showed a strong time-dependent
signal (figure 1). Initial and final state
R values of 32+3 A and 20+2 A respectively
were obtained. The native value of R was
measured to be 18+1 A. ^

Comparison of inital state Kratky plots
with static data showed that the initial
state is not the unfolded state of the
protein, but is rather a globular state.
Since it is far larger than the native state,
we conclude that during mixing the protein
forms small oligomers, which disappear by the
end of the experiment. 10 is observed to
decrease with time, and in all cases the
total decrease is about a factor of two. We
hypothesize that the signal we observe in 10
reflects the dissociation of the entire
protein population from dimers to monomers.

If the dimer dissociation rate constant is
rate limiting, then it equals the measured
apparent rate constcir±. _We _^timate a lower
limit of about or 10 s M for the dimer
association rate constant. The equilibrii^
association constant is then about 10 M
This value is similar in magnitude to values
reported for similar proceses in carh>onic
anhydrase B and bovine growth hormone [1,2].
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Because no aggregation is observed in
either the initial or final conditions of our
experiments, our result implies the existence
of an associative intermediate in the
refolding pathway of myoglobin. Such an
intermediate may have been observed in [3].
We speculate that in this intermediate, most
of the native myoglobin helical structure has
formed, but that the helices have not yet
arranged themselves correctly. Because the
helices are highly anphipathic, this could
leave the extremely hydrophobic interior
regions of the helices exposed, and
inter-protein helix interactions could lead
to the observed association.

[1] J.L. Cleland and T.W. Randolph. 1992.
Biotechnol. Prog. 8:97-103.

[2] D.N. Brems, S.M. Plaisted, H.A. Havel,
and C.-S. C. Tomich. 1988. Proc. Natl.
Acad. Sci. USA. 85:3367-3371.

[3] J.C. Phillips, A.D. LeGrand, axxi W.F.
Lehnert. 1988. Biophys. J. 53:461-464
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Figure 1: A representative plot of the
forward-scattered intensity (ID) vs. time
after mixing. The protein concentration
after mixing was 0.48mM. The urea
concentration was 7M before mixing and 1.9M
after mixing. The temperature was 15°C. The
data was fit by a single exponential, giving
an initial ID of 513, final ID of 254, and
a decay rate of 1.12 S
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The structure of muscle during shorten
ing is important in understanding the molec
ular basis of the sliding mechanism. We have

already studied the structure of frog skeletal
muscle during unloaded shortening (Yagi et
ah, 1991) and found an interaction between
actin molecules and myosin heads which is

different from the one normally taking place
during isometric contraction. In this study,
we extended our investigation to the struc

ture of frog skeletal muscle during shortening

with a 25-50% maximum shortening velocity
(with a load of 10-20% maximum isometric
tension).

Materials and Methods

Sartorius muscle from bullfrogs {Rana
Catesbeiana) was used as a specimen. It was
placed in a specimen chamber through which
an oxygenated Ringer solution (4 ° C) was
circulated. The sarcomere length of the mus
cle was adjusted to approximately 2.6/im

using laser diffraction. The tendon end of the

muscle was connected to a solenoid with a

thread. An light-emitting diode was attached
to the tendon. The tendon was also con

nected to a weight by a thread. A stopper

attached at the tendon prevented the muscle
from being stretched by the weight. The

other end of the muscle with a piece of a

pubic bone was attached to a force trans

ducer. The muscle was stimulated with a

1.1-sec train of 20llz supra-maximal electrical

pulses with a duration of 0.5 msec. When the

tetanic tension reached a plateau, the

solenoid was activated and the thread was

slackened. Then the muscle shortened by

dragging the weight until the thread became
taut again. The muscle shortened apparently

from an sarcomere length of 2.6/im to 2.2/im.

The weight was 10-20% of the meiximum
isometric force of the muscle. The shortening

speed was 25-50% of the velocity of the
unloaded shortening. The X-ray diffraction
pattern of the muscle was recorded using an
imaging plate exchanger (Amerniya & Waka-
bayashi, 1991). A fast shutter was opened
30-70msec after the solenoid was activated.

Exposures were also made in a resting state
and isometric states before and after the

shortening. The experiments were made at
the beam line 15A of Photon Factory.

Results

The intensities and spacings of the
main reflections in the X-ray diagram from

frog skeletal muscles (namely, (1,0) and (1,1)
equatorial reflections, 21.4-, 14.3- and 7.15-

nrn myosin meridional reflections, 43-nm

myosin layer-line, 5.9- and 5.1-nm actin
layer-lines) were measured. The intensity and
spacing changes found upon shortening were
similar to those observed during unloaded

shortening. Some of the changes were smaller
compared with those during unloaded shor
tening. The results show that the intensity
and spacing changes observed during
unloaded shortening are not specific to the
unloaded condition but represent structural
changes that take place upon filament sliding
in general.
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Introduction

Human a 2~macroglobulin (q:2M) is a protei-
nase inhibitor present in human plasma. Unlike

other proteinase inhibitors, 0:2^ does not block
the active site of the proteinase but rather

engulfs the whole enzyme molecule by "trap
mechanism". A proteinase hydrolyzes a peptide

bond or peptide bonds in so-called "bait re
gion" in 0:2^' which causes a rapid and large
conformational change of the inhibitor and an

entrapment of the enzyme molecule within a2M
molecule. Thus, the entrapping conformational

change is the key to the proteinase inhibitory

reaction of The difference of the con

formations before and after trapping proteinase

has been observed by X-ray solution scattering

(small angle X-ray scattering, SAXS). The

radius of gyration (Rg) of a 2^ known to
become shorter during this conformational

change.

Methods

X-ray solution scattering experiments were

performed at BL 15-A small-angle installation.

The mixing ratio (vol.:vol.) of stopped-flow

apparatus was 1:1. The temperature of the

apparatus was kept at 5°C with a Peltier cool

ing device. Data of 50 to 300 shots were

Time [sec]

Fig.l, Plot of tbe calculated Rg^ of a 2M {7.0«M) and
trypsin f70/iM) mixture as a function of time. o:ZM was
mixed with trypsin at 5.0 °C in PBS. Bach shot with a time
—slice of 100 msec had a total volume of 180 nl, and 66
shots were accumulated. Five data points were averaged
and plotted. Solid curve is a fitting curve with an apparent
rate constant of 0.89 sec~^.

accumulated for each condition.

Excess amount of proteinases was reacted

with a 2M to make a second order reaction to
pseudo-first order reaction. RgS of each time
slice were calculated from Guinier plot and

Rg^s were plotted against time'̂ ^^.
Results and Discussion

The time course of the decrease of Rg^ of
a:2M showed a single exponential curve. One
example of the result for trypsin reaction is

shown in Fig.l. As summarized in Table 1, the

apparent first order rate constant was
—1 ^PPabout 0,5 s in the reaction with chymotrypsin

and 0.8 to 0.9 s ^ in the reaction with trypsin.
Concentration dependency of k„.^„ was not

^PP
observed for both proteinases, which suggested

that the rate limiting step of this conformation-

£il change was first order reaction under the

experimental condition. Encounter of a2M with
proteinase and the first reaction between them

might be faster.

The direct observation of the rate of confor

mational change of a:2M by SAXS will give a
clue to understand how OgM keeps enzymes
from escaping the trap. Further information is

expected to be get in other conditions.

[l]Wang,Z.-H. et al., Biophysical Cheaistry (1989) 33, 153

Table 1. Rate constants from time
resolved SAXS.

Concentration of proteinase

kapp (s~^) 21 fiM 70 UhA. 210 ifAj

Chymotrypsin 0.50 0.54 0.44

Trypsin 0.82 0.89
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Introduction
We have studied the structure change and the phase

behavior of acidic phospholipid bilayers in the presence of
poIy(L-lysine) in order to get a general aspect for the
interaction between water-soluble proteins and lipid bilayers
on biomembranes. The results of differential scanning
calorimetry (DSC) for dipalmitoylphosphatidylglycerol
(DPPG)/poly(L-lysine) system indicate that even in the
presence of poly(L-lysine), the DPPG bilayers form the
subgel (Lc) phase after long incubation at low temperature.
In this work. X-ray diffraction study was performed to
conform the formation of the Lc phase for DPPG/poly(L-
lysine)!).

Experimental
An ammonium salt of dipalmitoyl-L-a-phosphatidyl-

DL-glycerol (DPPG) and a hydrobromide salt of poly(L-
lysine) were purchased from Sigma Chemical Co., and they
were used without further purification. DPPG/poly(L-
lysine) system was formed by mixing the DPPG dispersion
and poly(L-lysine) .solution in 50 mM Hepes/1 mM EDTA
buffer (pH 7.3) with a vortex mixer. X-ray diffraction
measurements were carried out at the station 15A of the
Photon Factory in National Laboratory for High Energy
Physics. X-ray diffraction patterns were recorded with an
imaging plate.

Results and Discussion
The small-angle X-ray diffraction patterns of

DPPG/poly(L-lysine) are shownin Fig. 1. The sample was
incubated at 4°C for two months. The lamellar spacings of
DPPG/poly(L-lysine) complexes are 5.93, 6.13 and 5.45
nm at 15°C, 40°C and 60°C, respectively. Generally, for
phospholipid multilamellar system, the lamellar spacing is
almost constant within same phase. Therefore, the X-ray
result indicate that DPPG/poly(L-lysine) has three different
phases; subgel (Lc), gel (Lp) and liquid-crystalline (La)
phases. At 15°C. the peak (denoted by arrowhead) observed
around S=l.2 nm"' is not higher order lamellar reflections
but the reflections due to the specific lattice appearing in the
Lc phase (see Fig.2 in detail).

The wide-angle diffraction patterns for pure DPPG
vesicles and DPPG/poly(L-lysine) shown in Fig. 2 A and
B, respectively. These were obtained at iB^C after
incubation at 4°C for two month. The both patterns contain
a series of additional sharp and broad reflections different
from lamellar reflections. In the Lc phase, in addition to the
reflections corresponding to the lamellar spacing and the
spacing of hydrocarbon chain packing, several reflections
emerge in the range of 0.9-0.2 nm, because the Lc phase is
more ordered than the Lp* phase.These results conclude that
the Lc phase is formed not only in pure DPPG vesicles but
also in DPPG/poly(L-lysine). These detailed structures,
however, are not identical with each other. The
conformation of poly(L-lysine) molecule changes from
random coil to ordered structure when it binds to the surface

of DPPG bilayers^-^). Suppose poly(L-lysine) in the ordered
structure has a regular distribution of the positively charged
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lysine residues, itcauses that a regul^ electrical potential is
formed on the surface of DPPG bilayers. This periodic
potential ofpositive charges will affect the lateral packing of
DPPG molecules in theLc phase because theheadgroup of
DPPG has a net negative charge.

1) H.Takahashi. S.Matuoka, S.Kato, K.Ohki and I.Hatla,
Biochim.Biophys.Acla, 1110. 29 (1992)

2) K.Fukusihma, Y.Muraoka, T. Inoue and R.Shimozawa, Biophys.Chcm.
21,83 (1989)

3) D.Carricr and M. Pdzolet, Biophys.J. 497 (1984)

6 i3nrn

Fig.l Temperature dependence of the small-angle X-ray
diffraction patterns of DPPG/poly(L-lysine) system after
storage at 4°C for two months. The patterns above the 2nd
order lamellar refections are inserted in expanded scale in the
ordinate.

Fig.2 Wide-angle X-ray diffraction patterns of (A) pure
DPPG vesicles and (B) DPPG/poly(L-lysine) system at
15°C after storage at 4°C for two months.
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Introduction
It is important to know the degree of extensibility of the

muscle thin filaments under active force-generation. We exam
ined the spacing changes of the thin-filament reflections when
five frog muscles contract isometrically. We detected the spac
ing changes of the 2.7 run meridional reflection (0.2% increase)
and the 5.1 nm layer line (0.4% increase) during contraction.
The results indicate that the whole length of the thin filament
(~ 1/rm) is elongated by about 2 run.

Experimental
The X-ray dif&action has been done using a small-angle

diffractometer at BL-15A1. Frog live semitendinosus and sar-
torius muscles at full-, half- and non-overlap lengths were used
for studies. The muscles were stimulated with electrical pulses
for 1.3 s at lO'C. Diffraction patterns fcom the same muscles
were measured for 1 s in the resting state and at the plateau
phase of isometric tension or on activation of non-overlap miis-
clel, respectively. This was repeated 10 ~ 20 times, diuing
which the diffraction patterns were sununed on the same imag
ing plate. The specimen-to-detector distance was set 150 cm
to include the 2.7 run meridional reflection. At this distance,
the spacing change, if there is any, should be detected with
an accuracy of 0.1% (correponding to one pixel). High qual
ity paired patterns having orientation of thin filaments in the
muscle within 3.5 — 4° were treated.

Results

The axial spacings of the thin-filament layer lines were ex
amined in the radial range where they were observed sharply
in the axial direction. In this range the intensity distributions
across the several layer lines were measured in a direction
parallel to the meridian in the resting and contracting states
The 5.9 nm layer line overlapped partially with the 7th order
thick-filament layer line (~ 1/6.1 run"'), but the 5.1 nm layer
line and the 2.7 nm meridional reflection which correspond to
the pitch of a right-handed genetic helix and the axial rise per
residue of the actin filament, respectively, were well- separated
from the neighboring thick-filament reflections. Thus, the pre
cise analysis of the spacing changes were done on the 5.1 nm
and 2.7 run reflections. During contraction of the overlapped
muscles all the thick-filament reflections systematically shifted
towards the equator as shown previously, but no such a large
change was observed on any of the thin- filament reflections.
However, careful examination of the position of the center of
gravity of the reflections revealed that small but distinct shifts
towards the equator were observed for the 5.1 nm layer line
and 2.7 nm reflection. Alternatively, the axial intensity pro
files produced by a sum of four radial pixel data of these two
reflections were measured in turn in the radial direction and

the positions of the center of gravity of each profile above the
background were plotted as a function of the radial coordi
nate (Fig. 1). Dming force generation of the overlap muscles,
the positions of the 5.1 nm layer line and the 2.7 nm reflec
tion shifted towards the equator in the whole range examined
and no appreciable change was observed on activation of the
non-overlap muscles. Fig. 2 shows the percentage change of
the spacing of these two reflections in the transition from the
resting to the activated states of three different overlapping
muscles. In the force- generating state of full-overlap muscles,
the spacing of the 5.1 nm and 2.7 nm reflections increased by
about 0.4% and 0.2%, respectively, indicating that the helical
symmetry of the thin filament altered slightly (0.2% unwind
ing of the right-handed genetic heUx) and the whole length of

the filament is elongated by about 2 nm.
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Fig. 1. Plots of the center of gravity of the axial profiles of
the 2.7 nm and 5.1 nm reflections against the radial channels.
Solid lines show the axial range of intensity integration.
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5.1 nm reflections on the filament overlap during contraction.
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Introduction

The initial step of the visual process is
the absorption of light by the visual pigment.
The squid visual pigment is located in
microvilli which are cylindrical extensions of
the cell membrane, arranged hexagonally within
the rhabdomes. The retina fixed by glutar-
aldehyde was used in the structural study of
invertebrate rhabdomes with the conventional

x-ray apparatus, because this tissue
disintegrated within 1 hour of dissection.
Previously, we have reported that the recording
of the x-ray diffraction pattern from unfixed
retina could be done by the use of the
synchrotron radiation and a storage phosphor
screen, the imaging plate^^. Then, the
structure analysis of the photoreceptor has
been done based on the model Patterson function.

The highest peaks in the observed Patterson map
(Fig. 1) suggested the existence of massive
materials at (1/3,2/3) and (2/3,1/3) positions.
As described in the previous report^), a good
agreement was obtained between the observed and
the model Patterson maps by assumming the inter-
microvillus materials. In this study, we have
investigated the possibility of the hexagonal
microvillus model without the inter-microvillus

materials, since this model could have some

electron density around (1/3,2/3) and (2/3,1/3).

Results

Figure 2 presents the Patterson functions
calculated on the circular and the hexagonal
microvillus models. Both maps showed a similar

Figure 1. The Patterson map calculated from
the observed x-ray diffraction intensity.
The lattice constants are a=60 nm, b=60 nm

and y=120°. Negative contours are shown as
dashed lines.
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feature as a whole and no characteristic positive
peaks at (1/3,2/3) and (2/3,1/3), which existed
in the observed map. Also, both models exhibited
the like dependence of Patterson maps on the size
of microvilli. This may confirm the previous
conclusion that the prominent positive peaks in
the Patterson map indicates the existence of
inter-microvillus materials.
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Figure 2. The comparison between a circular
and a hexagonal microvillus models.
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Introduction

ir ATPase is an enzyme that uses trans-
membrane proton motive force to play a role
in ATP synthesis and hydrolysis. The enzyme is
composed of a proton channel portion, F., and
a catalytic portion, Fi (Fi-ATPase) that has
a subunit s to ichiometry of a ;t/3 T 5 e . The
studies by small-angle X-ray scattering (SAXS)
and gel permeation chromatography have showed
that each subunit of the a ahexamer, re
constituted from the Fi ATPase of thermophilic
bacterium PS3, arranges with a 3-fold rotation
symmetry and dissociates into three active a i
0 1 hetero-dimers in the presence of Mg^^'-ATP
and Mg^'-ADP'• .

The time-resolved SAXS measurements using
synchrotron radiation at the Photon Factory
(BL 15AI) and a stopped-flow mixing chamber
allowed us to detect a steady state of the
«a^ a hexamer excited during the course of
ATP hydrolysis, when the a a/I a hexamer was
mixed with Mg^- ATP'" . The excited hexamer
then disscociated into the hetero-dimers
according to a pseudo-first-order reaction
after all the ATP species added were converted
to ADP. In contrast, when the a a iS a hexamer
was mixed with Mg'^'-ADP, the hexamer simply
dissociated with the first-order reaction
kinetics into the dimers without observation
of the excited hexamer. Moreover, these hetero
dimers re-associated to form the hexamer upon
their further mixing with Mg^'-'-ATP.

So, we here report the interpretation of the
reaction scheme by a non-linear chemical
dynamics considering a dissipative structure
as a model for the excited hexamer hydrolizing
Mg2'-ATP.

Interpretation and Res u IJL s

We interpretated the reaction scheme by
solving the following non-linear equation of
chemical dynamics for hexamer to dimer
dissociation reaction.

dCn/dt - -k,C„N„ + k^Cn-'No f knCnN-r t k4C„''NT
where Ni,, Nr, Cm and Ci, are concentrations of
Mg^' ADP, Mg^ ' ATP, a .t ^ .t hexamer and fx i jS i
dimer, respectively. The first two terms,
which were both introduced from the simply
dissociation equilibrium by Mg^^-ADP between
hexamer and dimer, show the dissociation of
hexamer into dimer by Mg '̂-' ADP and association
of the dimer into the hexamer by Mg^'^-ATP,
respectively. The third term shows the holding
of hexamer by Mg'^^-ATP, and the final term

association of dimer into hexamer by Hg^'^-ATP.
The final term was introduced from the
re-association of dimer into hexamer by adding
Mg^^-ATP to the dimer solution.

The non-linear equation was solved using
forward scattering intensity, 1(0), which was
obtained from Guinier plot, by simulating the
observed time dependency of 1(0) (Fig.l-(a))
with the calculated one. The most excellent
consistency between observed and calculated
time dependency of 1(0) is shown in Fig.l-(b).
These results show that the present non-linear
chemical dynamics considering a dissipative
structure as a model for the excited hexamer
hydrolizing Mg'^^-ATP is effective for the
interpretation of the reaction scheme.
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When ATP is photoreleased in muscle
cells, the muscle contracts transiently in

the absence of Ca^^ jj^e rigor cross-
bridges, like Ca^ , seem to turn the
regulatory mechanism on. Poole ef al.
examined the X-ray equatorial reflections
on this transient activation, and suggested
that there was a large discrepancy between
the time courses of [1,1] intensity change
and force transient.

✓ [11]

^ "t

O 200 400 600 ms

Fig. 1. Changes in force (F) and equatorial
[1,1] intensity on photorelease of 0.7 mM ATP
at 24°C in the absence of Ca^"". The signals
are offset and scaled so that they are naught
at the full relaxation, and unity at the
maximum active contraction. Average of 25
runs with 5 muscle bundles. The unity level
for force was determined with each muscle

bundle by application of Ca^^ solution. The
unity for the [1,1] intensity was determined
in a similar, but separate photorelease
experiment in the presence of Ca^^ (10 runs
with 10 muscle bundles).

Figure 1 shows our data obtained on
photorelease of 0.7 mM ATP at 24°C. The
[1,1] intensity rapidly dropped halfway
within 20 ms, but then its decrease became
very slow (ti/2 « 0.1 s). The force record is
superimposed on the intensity record in the
same figure, where both signals are
normalized to the values at the maximum

active contraction. The peak of the force
transient was small, which was consistent

with our previous data 1^]. On photorelease.

the force signal increased to the peak
during the rapid phase of the intensity
drop. Probably, the cross-bridges exited the
rigor state with ATP, and some of them
entered the reaction cycle to generate
force. In the deactivation process after the
peak, the force declined in parallel with the
equatorial intensity, and reached the final
relaxing level.

We, thus, found no great discrepancy
between the time courses of force and the
equatorial [1,1] intensity. The different
impression of the previous data [^] was
probably the result from the different
scaling of the signals. They normalized
both force and intensity signals to the pre-
photorelease values, and compared the
rapid drop of the [1,1] intensity on the
binding of ATP, with the slow decrease of
force during the deactivation after the ATP-
induced contraction. This was why force
appeared to be very delayed behind the [1,1]
intensity.

The present transient contraction in the
absence of Ca^"*" is an active contraction
induced by ATP [n. Thus, we should
compare this transient with the maximum
active contraction, not with the pre-
photorelease, rigor state, where force is
only passive and depends on the strain
applied on the muscle. Poole ef al. [^-5]
examined effects of Pi and ADP on the
transient contraction, monitoring the [1,1]
intensity and force. Because they did not
normalize the records to the maximum

active contraction, their data are difficult to
evaluate.

[1] Y. E. Goldman ef al. (1984) J. Physiol. 354,
577-604.

[2] T. Sakoda & K. Horiuti (1992) J. Muscle Res.
Cell Motil. 13, 464-472.

[3] K. j. V. Poole et al. (1988) Adv. Exp. Med. Biol.
226, 391-404.

[4] K. Horiuti et al. (1992) J. Muscle Res. Cell
Mo til. 13, in press.

[5] K. j. V. Poole et al. (1991) Adv. Biophys. 27,
63-75.
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Weak Diffraction from Biological Specimens
In experiments on biologically interesting
materials, it is not always possible to obtain a
specimen suitable for X-ray diffraction. There
are several reasons: (1) Biological materials
such as proteins, nucleic acids and lipids are
mostly composed of light atoms (H, 0, C, N) and
therefore diffract only weakly. (2) Except
single crystals, they are not regularly packed
and the diffraction pattern is made of diffuse
scattering rather than sharp peaks of Bragg
reflections. (3) The concentration of the
proteins etc. is not high enough. (A) The size
of the specimen is sometimes so small that it is
difficult to obtain a diffraction pattern with a
high contrast.

While making experiments on single skeletal
muscle fibers at Photon Factory, we found these
problems quite serious. Weak diffraction from
single fibers tends to be obscured by the high
background. Thus we investigated the origin of
the background.

Background Measurements Using Single Muscle
Fibers

We used single fibers from bullfrog sartorius
muscle whose diameters were about 100 &Lm. The

fiber was treated by a detergent (Triton-XlOO) to
remove its cell membrane and placed in a specimen
chamber with 6 &Lm-thick Kapton windows. It was
filled with a salt solution containing ATP and
EGTA (relaxing solution). Experiments were made
at the beam line 15A in Photon Factory using a

small-angle camera (Amemiya et al., Nucl. Instr.
Metb. 208, A71-A77, 1983).

In a usual setup, most of the beam path of this
camera was evacuated. The beam enters the air

only after the last slits and the specimen was
placed in the air. The background intensity in
this setup was tolerable when the specimen dif
fracted strongly. However, when the specimen
diffracted only weakly, the background intensity
was too high. Most of the intensity was not from
the specimen chamber because removing the chamber
from the X-ray path did not decrease the total
scattering.

To get rid of the air scatter, a vacuum tight
specimen chamber was used. It was carefully
filled with a salt solution and sealed with 0-

rings. Even a small bubble inside the chamber
may make the window convex, or ruptured. The
chamber was placed on a remote-controlled
micrometer stage that operated in the vacuum.
Then the entire camera was evacuated. To replace
the specimen, the gate valve just upstream to the
final slits was closed and a part of the camera
downstream to the gate valve was opened to the

Small Angle Scattering from Water
In the evacuated camera, the background intensity

was drastically reduced: without the specimen
chamber, the background intensity was only 10% of
that with the air in the path. When the specimen
chamber was placed in the beam, the background
intensity increased. It was lower than that with
the specimen chamber in the air. However, it was
still higher than the scattering power of the
single muscle fiber itself. This was evident in
the observation that the specimen chamber filled
with the salt solution without the fiber also

gave a high background (Figure; "buffer" in
vacuum). The origin of the background is not the
Kapton windows: when two sheets of Kapton (6 &Lm
thick) were placed on the beam instead of the
specimen chamber, the background was as low as

that in the blank exposure. Thus most of the
background intensity was due to small-angle
scattering by the salt solution (or most probably
water) in the specimen chamber.

These results of this study show that, to
reduce the background intensity, it is desirable

to remove not only the air but the water in the
X-ray path. Since the muscle fiber has to be kept

in a salt solution, what can be practically done
is to (1) make the gap between the Kapton window
and the fiber as small as possible, (2) match the
size of the beam to the width of the fiber. In

this study, the vertical size of the X-ray beam
was much larger (0.9 mm) than the diameter of the
fiber (0.1-0.2 mm) and this was the cause of the
high background intensity. However, since reduc
ing the size of the beam makes it difficult to
place the fiber on the beam using a telescope,
some compromise is necessary in actual experi-

Figure The background intensity in diffrac
tion patterns under various conditions. A to
tal intensity in the region 0.2-0.1 nm""^ was
integrated. "Blank" indicates that nothing
was on the beam and "buffer" means a specimen
chamber filled with a salt solution. The

fibers used in the "air" and "vacuum" experi
ments were different from each other, but with
a similar diameter.
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When =1 mM of ATP is liberated by
photolysis of caged ATP in rigor muscle
fibers in the absence of Ca^'*', the fibers
lose their rigor tension and come to a
complete relaxation. The process of
relaxation is not monotonic as expected
from the simple detachment of rigor
bridges, but contains a few distinct
phases. Immediately after photolysis of
caged ATP, the tension briefly stays in a
plateau or even rises, depending on the
initial strain (phase 1) . This phase is
considered to involve active crossbridges
as indicated by an increased amount of
quadrature stiffness^). This phase is
followed by a monotonic relaxation toward
zero level (phase 2). The kind of
actomyosin intermediates involved in the
whole process of photolysis-induced
relaxation remains unclear. To obtain

information about the properties of
intermediates which appear in the course of
relaxation, we applied quick releases at
various timings and observed the tension
responses of the fibers.

A quick release (0.5% fiber length,
complete within 1 ms) had little effect
when it was applied before photolysis of
caged ATP or in phase 2. A release applied
in phase 2 retarded the later relaxation.

Dantzig et al.^' also found a similar
retardation effect in the presence of added
ADP and explained it on the basis that a
reduced tension per crossbridge prolongs
the life of the bridges. One of the
alternative explanations is that a release
detaches the active crossbridges from
actin, but they can reattach and assume
another active cycle. This will be enabled
by the remaining rigor bridges which keep
the actin filaments on^' .

The 1,1 equatorial reflection
intensity decreases monotonically after
photolysis of caged ATP under isometric
condition (Fig. la), but after a release
applied in phase 1, the 1,1 intensity seems
to show a further decline followed by a
partial recovery (Fig. lb) . This result

seems to support the release-induced
detachment and reattachment of the
crossbridges, but more data are required to
improve the counting statistics.

References

1) Goldman, Y.E. et al. (1984) J. Physiol.
(Lond.), 354, 577-604.

2) Dantzig, J.A. (1991). J. Physiol.
(Lond.), 432, 639-680.
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Fig. 1. a. Time course of the 1(1,1)
(filled circles) and 1(1,0) (open circles),
together with the tension (solid line) .
Isometric control. Average of 4 muscles.
The arrow indicates the timing of Xe flash,
b, 0.5% release (double arrow) was applied
15 ms after the photolysis of caged ATP.
Chemically skinned rabbit psoas fiber
bundles, at 25°C.
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Muscle contraction takes place by
the cyclic interaction of crossbridge
(myosin head) with actin filament
hydrolyzing ATP [1]. However the
underlying molecular mechanism of force
generation and sliding movement of
actin and myosin filaments is still to
be clarified.

Recently a technique has been
developed to produce ATP quickly in
muscle fiber by use of the photolysis
of caged ATP [2]. By use of this
technique, we can estimate how far a
muscle fiber can slide by hydrolyzing
definite amounts of ATP [3,4].
Interestingly our study indicated that
unloaded muscle fiber shortens about 10

nm per half sarcomere when ATP equal to
the myosin head concentration in muscle
fiber is photo-released. As this
shortened distance is comparable to the
distance of myosin head rotation over
actin filament, we here studied how
crossbridges in muscle fiber change
their structure under this situation by
use of X-ray diffraction technique.

Single glycerinated muscle fibers,
prepared from rabbit psoas, were
mounted horizontally and isometrically.
Muscle fiber were immersed in bathing
solutions filled in experimental
chambers which could be moved
horizontally as well as up and down.
Thus muscle fibers could be transferred
from a bathing solution to another by
moving the chamber by use of a remote
control device. After putting muscle
fibers in a caged ATP solution, the
fibers were exposed in air and the
equatorial X-ray diffraction pattern
measured by use of X-ray genarated from
the synchrotron installed at the Photon
Factory (Tsukuba). The fibers were
then irradiated by a strong flash light
of Xe lamp which released ATP in muscle
f iber.

When 500 pM of ATP was photo-
released in rigor muscle fibers in the
absence of Ca , the fibers transiently
produced tension and then quickly
relaxed as reported [5]. However when
the amount of photo-released ATP was
about 75 pM (i.e., about half the

concentration of myosin head in muscle
fiber), the fiber produced tension in
the presence as well as in the absence
of Ca . And the tension level was
maintained over minutes. The

equatorial X-ray diffraction pattern of
muscle fiber before the light flash was
typical of rigor muscle fiber.
Interestingly however about 1 s after
the light flash (producing 75 ^M ATP)
when the photo-released ATP was
completely hydrolyzed by contracting
fibers, the equatorial X-ray
diffraction pattern was different from
that of rigor muscle; i.e., the
intensity of [1,1] significantly
decreased and [1,0] increased slightly.
This equatorial X-ray diffraction
pattern was rather similar to that of
contracting muscle fibers. As the
crossbridges are not cycling at this
stage, they may be fixed at a state(s)
which might be directly related with
the force producing or sliding state in
the crossbridge cycle. In the future
project we therefore want to extend the
present study to further investigate
the meridional X-ray diffraction
pattern of these muscle fibers to
relate the structural changes of
crossbridge with force generation and
sliding movement in more detail.

358

References

[1]

[2]

[3]

[4]

[5]

A.F. Huxley and R.M. Simmons,
Nature 233, 533-538 (1971).
Y.E. Goldman, M.G. Hibberd, J.A.
McCray and D.R. Trentham, Nature
300, 701-705 (1982)
H. Higuchi and Y
Nature 352, 352-354
T. Yamada, 0. Abe,

J.and H. Sugi,
press).
Y.E. Goldman,
D.R. Trentham,
577-604 (1984),

M.G

J.

E. Goldman,
(1991).
T. Kobayashi

Physiol. (in

Hibberd

Physiol.
and

354 ,



proposal No 91-225

AN X-RAY DIFFRACTION STUDY ON MAMMALIAN VISCERAL SMOOTH MUSCLE

IN RESTING AND ACTIVATED STATES

Masaru WATANABE, Shigeru TAKEMORI and ^Naoto YAGI

Department of Physiology, The Jikei University School of Medicine,

Minato-ku, Tokyo 105

and ^Department of Pharmacology, Tohoku University School of Medicine,
Aoba-ku, Sendai 980

X-ray diffraction experiments on intact

mammalian smooth muscle were performed at BL-I5A

to study structural changes of contractile ele

ments associated with muscle contraction. The

diffraction patterns were recorded on Fuji imag

ing plates with a specimen-to plate distance of

110-250 cm. The diffraction pattern of the

guinea pig taenia coli equilibrated at 25°C in

the normal external solution (150 mM NaCl, 4 mM

KCI, 2 mM Ca(methanesuIphonate)2, 1 mM
Hg(methanesuIphonate)2. 5 mM HEPES-Tris buffer
(pH 7.4), Ig/I glucose) in the resting state
showed the 3rd, 5th and higher reflection from

collagen, the I4.4-nm myosin reflection (Fig. a),

the 5.9-nm act in layer-line and a diffuse

equatorial peak at I/II.4 I Upon application

of carbachol, the muscle contracted and the in

tensity of the I4.4-nm reflection showed a

concentration-dependent decrease: the maximum

decrease was 24 % at 2XI0~^M (Fig. b), while its
spacing was not significantly altered. Such an

intensity decrease was not observed in the con

traction induced by high K"*" solution (150 mM NaCI
in the normal external solution was replaced by

150 mM K-methanesuiphonate), although the active

Guinea pig 200

taenia (xili

Rat

anococcygeus

Intensity

100

0.00

40

0.00

0.05

(a)
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(c)
RELAX

Heridiona! spacing (nm )

force reached about 80% of that induced by 2X 10~

^M carbachol. The intensity of the 5.9-nm actin
layer-line and the reflections from collagen did

not change appreciably upon activation. The

equatorial peak became broader during contraction

indicating that the packed arrays of thin fila

ments are more disordered.

The 14.4-nm myosin reflection of the rat

anococcygeus muscle was weaker than that of

guinea pig taenia coli (Fig. c). Its intensity

increased by 106 % during contraction induced by

2X10~^M phenyIephr ine and by 75 % during high K"*"
contraction (Fig. d). These results suggest that

the number of myosin filaments may increase

during contraction of rat anococcygeus muscle but

not guinea-pig taenia coli.

Figure

Typical meridional intensity profiles.

(a) Guinea-pig taenia coli in the resting state.
(b) Guinea-pig taenia coli during contraction by
2x10"^ Mcarbachol. (c) Rat anococcygeus muscle
in the resting state. (d) Rat anococcygeus

muscle during contraction by 2XI0~^ M phenyleph-
r i ne.
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Introduction

Inhomogeniety at heterolnterface
between materials with lattice mismatch,
such as GaAs/Si and Si/Ge is an important
and interesting topics to inquire. Small-
angle scattering measurements in the
transmission geometry have been performed
for GaAs/Sl samples in order to
investigate the inhomogeniety parallel to
the substrate.

Experimental
SAXS measurements have been performed

at BL15A. In order to suppress parasitic
scattering. the beam path was fully
evacuated up to the detector. The sample
holder with two axis of rotation (axis
perpendicular to the beam and in-plane
rotation) was Installed in the vacuum
chamber. Samples were grown either by
conventional MOVPE or ALE on Si 001
substrates. The Si substrates were thinned
down to 30-100 microns to obtain favorable
transmission. Thin silicon is used as a
background data.

Results and Discussion
Two types of small-angle scattering

patterns were observed in this
experiments. One is a streak pattern
running in fllO] direction. The other is a
rather isoLropic scattering pattern which
decreases monotonically with the
scattering vector, k. The former one is
observed only for the thick samples grown
by conventional MOVPE. The latter one Is
always observed. At present. It has not
been made clear yet whether it is
essential that streak is not observed for
the GaAs/Sl grown by ALE, since the off-
angle of SI substrates for ALE growth is
less than that for conventional CVD.

Figure 1 shows the SAXS intensity along
the streak obtained for 3 microns of
GaAs/Si layer grown by conventional MOVPE.
It is seen that the origin of the streak
is the inhomogeniety which has nearly two-
dimensional character, because the
scattering Intensity decrease rapidly with

Fig.l

Change of the
scattering in
tensity along
the streak.
The position
of the streak
didnot change.

sample rotation around the rotation axis
parpendicular to the incident beam.
Several candidate can be considered as the
origin of this scattering. For example,
micro cracks in GaAs layer due to the
thermal strain after crystal growth,
stacking faults near the interface, misfit
dislocations, and interfacial steps would
be possible. Since no crack is observed in
the angstrom SEM micrograph for the sample
shown in Fig.l, the origin must be related
to the lattice defect in GaAs layer, or to
the interfacial steps. Although a model
calculation for steps yields similar
scattering pattern, supplemental
experiments on the ALE-grown GaAs/Si for
large off-angle is needed. Figure 2 shows
the almost-isotropic part of SAXS obtained
for ALE grown samples. It is seen that the
intensity contour is elongated in the
direction perpendicular to the rotation
axis.

REFERENCES
1. H.Okuda, PF activity report #9, 256.
2. H.Okuda, V.Vezin, K.Osamura, and
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Fig.2 SAS around the direct beam for
the sample grown by ALE. Before
(above) and after (below) 55 deg.
rotation.
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Introduction

Metastable delta prime precipitates
formed during aging at 423K show L12 type
ordered structure. We found that the
dissolution kinetics of delta prime
precipitates above the phase boundary is
quite different from that of CP zones in
Al-Zn alloys(1)-(3), and the difference
is closely related to the thermodynamlcal
nature of these alloys. Since Al-Zn
binary system is a rather simple phase-
separation system, dissolution process of
CP zones was well understood in terms of
a diffusion controlled process with local
equilibrium at zone/matrix interface. In
contrast, delta prime is a ordered phase
formed by segregation, and the reversion
process of Al-Li alloys is ratiier rate-
controlled by the decomposition rate of
the ordered precipitates.(3),(4) In the
present experiment, reversion kinetics of
delta prime precipitates at low
temperature as well as at high

Is examined, and a
model applicable to both

above the phase boundary Is

temperature
dIssolut ion

below and

di scussed.

Experimental
Al-7.9 and 11.8at%Li alloys were used in

the present experiments. Samples were
solution treated at 773K in sealed PYREX

tube filled witii Ar gas for l.Sks, and
then aged at 423K for 86.4ks after
(pienchlng Into iced water. In-situ SAXS
experiment was performed at BI.ISA.

Results and Discussion

Relative change of the integrated
intensity, x=Q/QO, is shown for Al
ii. 8at%Li in FIg.l. Since the range of
the reversion temperature covers both
above and below the phase boundary, the
integrated intensity converged to a
finite value when reverted at lower
temperature. In the previous report, we
have shown that the reversion process of
Al-8.1at%Li above the phase boundary is
well described by the equation obtained
for the reaction rate controlled kinetics
as (4)

dR/dt = - k (1)

I ^ 0

0. 8
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0. « •
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Fle.l Integrated
Intensity as a
function of time

for Al-11.8Li.

f(x) = (ux/v+x) 1/3
1 - kt (2)

The rate factor in (1) , k, was assumed
to be constant during dissolution in the
analysis. This assumption should be
modified in the present analysis since
the reversion kinetics near and below the

phase boundary is also examined. For the
reversion below the phase boundary, the
rate factor, k, should decrease and
eventually vanish when the matrix
composition reaches the phase boundary.
The most simple approximation is given by

k(t) ^0 (Cm(t) eq (3)

where Cjj,(t) is the average composition in
the matrix at time t during reversion and
Cjjj®^ is the composition at the phase
boundary. Equation (3) is applicable both
above and below the phase boundary, and
the kinetic equation corresponding to (2)
is :

g(x)=A(q-l)-B(In|(q +e)^(l +e^)/(q^-^e^)

/ (1 +e)^|)+C( tan\ 2q-e/3e) - tan\ 2-e/3e))

= k' t
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are constants. As shown in Fig.2, good
linearity is obtained below and near the
phase boundary. The function is slightly
concave for high temperature, suggesting
that the rate factor, k'(c,T), is a
convex function against the composition,
c.

(4)
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The isometrically-contracting anterior bys-
sus retractor muscle (ABRM) of Mytilus edulis was
studied by X-ray diffraction for examining
changes in the small- and medium-angle patterns
from the thin filaments. In the ABRM, a myosin-
regulated molluscan smooth muscle, structural
change of the thin filament is probably caused by
interaction with myosin heads. For activating
the thin filaments almost over the total length,
the muscle bundles were fixed at a natural length
at which the thin filaments fully overlapped the
thick filaments ^ and stimulated bv strong ace-
tylcholine (Ach) solutions (10~ -10" M) to pro
duce high tensions.

Figure i shows X-ray patterns from the same
part of a muscle bundle in the resting, active,
and catch states. The patterns were recorded on
imaging plates by 10 s X-ray exposure using
point-focusing camera at BL-15A1. The small- and
medium-angle parts are shown at different inten
sity levels. The pattern of the active state was
taken at the tension maximum, 12.2 kg/cm during
stimulation with Ach solution. The pattern of
the catch state was taken 8 min after the end of
stimulation while tonic tension was maintained at

9.2 kg/cm . The innertness of the specimen was
confirmed by a quick-release experiment just
after the X-ray exposure

Layer-line reflections from the thin fila
ments change in intensity during contraction in
both of the small- and medium-angle regions. The
intensity of the 195 A layer line in the active
state is as high as A8 % of the intensity of the
59 A layer line in the resting state, but it de
creases by 42 % with transition from the active
to the catch state. The intensity distribution
along the 59 A layer line is almost unchanged in
the height and position of the intensity peak,
but the intensity decreases a little in the
active and catch states on one of the sides of
the peak which is closer to the meridian.
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11 6 6 7
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13.8 56 (

19. 0 41-1-
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59,8 13-1

195 4 4.
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Fig. 1

Although very weak, three reflections which cor
respond to the axial periods 71, 86, and 111 A
appear near the meridian in both of the active
and catch states. These reflections resemble to

a series of reflections in the ladder-like pat
tern of the rigor muscle. In the medium-angle
pattern of the active state, the 9.3, 6.9, and
11.3 A layer lines decrease in intensity, and new
reflections which correspond to the axial periods
9.5, and 11.6 A appear under the 9.3, and 11.3 A
layer lines. The new reflections are from left-
handed helices with a large radius, 50-60 A. The
intensities of those five layer lines partially
recover in the catch state toward the values in

the resting state.
Apparent intensity changes of the layer lines

in the small- and medium-angle regions with tran
sition from the resting to the active state sug
gest occurrence of structural change of the thin
filaments which involves change in the internal
structure of actin, especially in the outer part
of the thin filament. Appearance of weak rigor-
like reflections in the small-agle patterns of
the active and catch states, and intensity change
of the 59 A layer line suggest association of
myosin heads with actins in a statistical ar
rangement according to the symmetry of the two-
stranded 2/1 helix with a pitch of 780 A. The
partial intensity recovery with transition from
the active to the catch state is probably due to
fixed association of actin and myosin head only
at selected sites on the two-stranded helix.

Actins are made free from myosin heads in the
other sites, and the actin-tropomyosin complex
partially returns in structure to the resting
state. Then, the intensity changes of the layer
lines which are mainly caused by structural
change of the actin-tropomyosin complex decrease.

1) F. Cornelius and J. Lowy, Acta Physiol.
Scand., 102. 167(1978).

2) B. R. Jewell, J. Physiol., 149(1959)154.
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Introduction

In multibilayers of Phosphatidylcholine with hydro
carbon chains of more than 13 carbons, the ripple
phase (P^.) to liquid crystalline phase (LJ transition
takes place associated with melting of the hydrocarbon
chain. However, Finegold et al. have found that the
new phase named exists between the P^. phase and
the L„ phase in dilauroylphosphatidylcholine (DLPC) with
hydrocarbon chains of 12 carbons '̂. They have
observed the sharp endotherm due to the P^. to
phase transition at -TS^C and the broad endotherm
due to the to L„ phase transition at 4.5 "C using
differential scanning calorimetry (DSC). In this report
we focused on the structure of this new phase in
DLPC.

Experimental
Fully hydrated multibilayers of DLPC were prepared

by the conventional methods. DLPC was obtained from
Avanti Polar Lipid Inc. (Birmingham, Al, USA). These
samples were hydrated by distilled water and no buffer
was used. X-ray diffraction measurements were
carried out at the BL-15A station. Diffraction profiles
were successively recorded during the temperature
scanning as previously reported

Results and Discussion

In the temperature region of the L^ phase, small-
angle X-ray diffraction peaks due to the lamellar
structure is observed confirming the L^ phase has
multibilayer structure. The wide angle diffraction due
to the interchain spacing exhibits a broad peak in these
temperatures. This exhibits the hydrocarbon chains are
melting, that is, the L^ phase is a liquid crystalline
phase.

Below -1.5"C the (01) peak due to the ripple
structure appears indicating the existence of the P^.
phase. In Fig.la the lamellar (10) spacings are plotted
as a function of temperature in heating. At the P^. to
Lx phase transition temperature (-1.5°C), the lamellar
(10) spacing increases and the ripple structure
disappears. In the L^ phase region the lamellar spacing
gradually decreases and an inflection is seen near the

to L„ phase transition temperature (about S^C).
Fig. lb shows the interchain spacings as a function

of temperature in heating. Discontinuities of interchain
spacing at -1°C and 5 "C corresponds to the P^. to L^^
and the L^ to L^ phase transition, respectively.
Although both the L^ and the L^ phase are the liquid
crystalline phase, further increase of the interchain
spacing is observed in the L^ to L^, phase transition
(0.429 nm at the L^ phase, 0.445 nm at the L^ phase).

This suggests that the melting of the hydrocarbon chain
is hindered in the L^ phase and its order is higher than
that in the L^ phase. This might be related to the fact
that the polar head group in DLPC is more effective than
in PC with more than 13 carbons.

The increase of the lamellar spacing in the phase
seems unusual because bilayer thickness decreases
when hydrocarbon chains are disordered. We are now
investigating the electron density profile in the direction
normal to the bilayer surface of the L^ phase.
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Muscle contraction is believed to the

result from cyclic reaction of cross
links between the myosin head (subfrag-
ment-1, S-1) and thin filament, the
energy for contraction being supplied
by ATP hydrolysis. Since the ATPase
activity and actin binding site are
localized in the S-1 region of myosin,
S-1 is normally believed to play a major
role in the muscle contraction. However,

it is not clear whether the myosin sub-
fragment-2 (S-2) region plays an impor
tant role in living muscle contraction
or not.

First we studied the contraction

characteristics and Mg-ATPase activity
using glycerinated rabbit psoas muscle
fibers in the presence and absence of
antibody against S-2 region of myosin,
to give information about the role of
myosin S-2 region in muscle contrac
tion. We found that (1) the antibody-
induced decrease of Ca^*-activated
isometric force development was always
accompanied by a parallel decrease
of muscle fiber stiffness obtained by
sinusoidal vibration. (2) force-velocity
curves, obtained by applying ramp dec
reases in load from steady isometric
force to zero, indicated that the anti
body had no effect on the maximum
shortening velocity and shape of the
force-velocity curve. (3) simultaneous

Mg-ATPase activity ob-
decrease of NADH and

isometric force showed

activity of the fibers
remained unchanged despite the antibody-
-induced decrease of isometric force

even to zero. These results indicate

that if antibody attaches to the S-2
region of myosin, their heads still
hydrolyze ATP without contributing both
muscle force generation and muscle
fiber stiffness, in other words, myosin
heads can not attach to the thin
f i1ament (Fig.1) .

To observe behavior of myosin heads
anti S-2 antibody attached to S-2 region
of myosin, we intended to study the
effect of anti S-2 antibody on the
X-ray diffraction pattern in the rest
ing and Ca^*-activated muscle fibers. We

measurements of

tained by the
Ca^ *-activated
that Mg-ATPase

noticed equatorial reflections from 1,0
and 1,1 hexagonal lattice planes. Inten
sities of these reflections have been

interpreted as a result of myosin heads
approaching to the thin filament. Experi
-ments were made at the beam line 15A of

Photon Factory, the position sensitive
counter and Fuji imaging plate were
used. The ring current was 350-250mA.
Distance between specimen and detector
was 2300mm. The muscle fibers were

mounted in a specimen chamber at room
temperature. In the resting muscle
fibers with anti S-2 antibody, both 1,0
and 1,1 reflections became gradually
diffuse with treated time of antibody
and finally these reflections disappear
ed. This might be due to disordering of
hexagonal lattice structure related to
antibody-induced charge unbalance since
molecular size of anti S-2 antibody is
comparable to that of myosin heads.
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In 1949 A.V. Hilli' reported that a
stretching of of a skeletal muscle at the
onset of a twitch contraction

instantaneously enhances its force to the
level of tetanus plateau. To investigate
the mechanism of this force enhancement, we
have recorded the time courses of

equatorial X-ray intensity changes during
twitch contractions with or without

stretch^). We have found that the stretch
does not affect the time course of
equatorial intensity changes in spite of
the large difference in force development.
As the equatorial reflection intensities
are regarded to reflect the movement of
myosin heads within the myofilament
lattice, the results led us to an idea that
a large fraction of myosin heads are
already close to the actin filament but not
force-producing, and that the stretch
accelerates the conversion of the heads
from non-force-generating to force-
generating states^).

However, whether the length change
applied at the end of the muscle is fully
transmitted to the X-ray-irradiated region
of muscle remained to be studied. Therefore

we measured the length of the segment of
muscle at which X-ray was irradiated.

Two strips of aluminum foil was placed
on the surface of the living sartorius
muscle of the frog at an interval of =3 mm.
A laser beam, emitted from a semiconductor

laser (X = 780 nm) was scanned along the
axis of the muscle at a constant rate. A

photodiode was placed on the other side of
the laser. The length of the segment was
measured as the time for the laser beam to

travel from one marker to the other. A ramp
stretch (3.5% bundle length, duration = 40
ms) was applied at 20 ms after a single
pulse stimulation. Time-resolved X-ray
measurements were made as described^) . All
experiments were done at 5-6°C.

The results are summarized in Fig. la.
The length of the segment between the two
markers changed according to the stretch
applied at the end of the muscles. The
stimu1 ation-induced change in the
I(1,0)/1 (1, 1) intensity ratio, which is
taken to reflect the mass transfer from

thick to thin filaments, was not
accelerated by the stretch, confirming the
previous result^). The absolute amount of
I(1,0)/I (1,1) change was reduced by the
stretch. This reduction of I (1,0)/1(1,1)
change could be explained by the reduced
amount of overlap between the actin and
myosin filaments. The direction of change
is also consistent with the result of

Amemiya et al.^K The full width at half
maximum of the reflection changed in a

305

manner expected from the constant volume
behavior of the myofilament lattice.

The present results show that the lack
of change in the equatorial reflections
upon stretch is not due to the inadequate
transmission of externally applied length
changes but reflects the true properties of
the muscle.
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f'iU- 1- Top, time course of the
I (1,0)/I(1,1) change (Thick line ), segment
length (medium line) and tension (thin
line). The externally applied length change
(3.5% muscle length) is also shown
(uppermost solid line). Bottom, full width
at half maximum (FWHM) of the 1,1
reflection. The solid lines indicate the
records with stretch, and the broken lines
show the records for isometric control.
Tension and I(1,0)/I(1,1) change are
normalized to the maximal values for
isometric control. The segment lengths and
FWHM are normalized to the value before
stimulation. I (1,0)/1 (1, 1) change and
tension are the average of data from 7
muscles. Segment lengths are recorded from
a single muscle.
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The folding of a globular protein is
known to occur through definite kinetic
stages, including a process of protein
globularization. This process seems to
be located at an early step in protein
folding but Just after formation of some
secondary' structure elements, as
suggested by some indirect physico-
chemical studies.

X-ray scattering is a
to monitor changes in the
of a protein molecule,
during its folding
particular, combination
scattering technique with stopped-flow
method enables us to study these
processes kinetically. The present
study was made at the beaml ine 1,6A of
the Photon Factory with a stopped-flow
attachment developed by one of us [1].

Five monomeric globular proteins
(human a 1pha- 1actaIbumin, horse apo-
myoglobln, beta-1actoglobu I in , bovine
carbonic a n h y d r a s e (CAB) and yeast
phophogly cerate kinase (I'GK)) were
stud i ed.

X-ray scattering was measured for
the proteins in the globular (native)
and in the unfolded (coil-like) states
and also within the transition zone

between the two states. Urea and

guanidine hydrochloride (Gu-HCl) were
used to unfold proteins into coil-like
state. The integral intensity of the x-
ray scattering was corrected for
absorption of x-ray by denaturants.

Unfolding of proteins wore well
characterized by Kratky plot, as
reported by Kataoka [2]. An example for
CAB is shown in I-" i g. 1. The unfolding
transition was also well monitored by
the change in the integral intensity as
well as radius of gyration. Results show
that unfolding of ail tfie jiroteins
studied gave dramatic changes in the x-
ray scattering parameters, the integral
intensity of the scattering as
the shapes of the Kratky and
plots. The integral intensity
for all proteins decreased drastically,
probably due to change in the inner
density of proteins. The unfolding
transition of monomeric globular
proteins monitored by the integral
intensity was found to be coincident
with the unfolding transition monitored
by other methods (fluorescence or
circular dichroism).

direct method

inner density
which occur

process. In
of the x-ray

well as

G u i n i e r

measured
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Both unfolding and refolding
processes were monitored by stopped-flow
x-ray scattering methods. Refolding
of I'GK could be monitored, but not for
ail cases because of poor S/N ratio.
Figure 2 represents a time course of the
refolding of PGK. It is clear that the
gl oh ulization process of the I'GK
molecule during its refolding is not a
single cooperative process.

These experimental results
demonstrate usefulness of x-ray
scattering for studying the protein
folding, in particular, if it is
combined with stopped-flow apparatus .

[1] H. Tsuruta et al. (1989) Rev. Sci
Instr., 60, 2356-2358.
[2] M. Kataoka et al. (1991) PF activity
report, 9, 189.
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The strength of contraction in heart
muscle is related to intracellular free Ca^"*"
concentration. We have shown by varying
the intracellular Ca^"'" concentration that the
relationship between the developed tension
and the crossbridge formation is not linearly
correlated in "skinned" cardiac muscle

preparation in which the sarcolemma was
chemically disrupted (Matsubara et a!.,
1989). The results indicated the presence of
non-tension-generating crossbridges at low
Ca^"*" concentration. In the present study, we
employed an alternative method to change
the intracellular Ca^"'" concentration. A car
diac muscle, pretreated by 5/iM ryanodine,
was tetanically stimulated by electrical
pulses. The intracelluar Ca^"*" concentration
and the tension during stimulation can be
varied by changing the extracellular Ca^"*"
concentration (Yue et al., 1986).

Materials and Methods

Hearts were excised from ferrets that

had been anesthetized with sodium pentobar-
bital. Papillary muscles 0.3-^0.5mm in exter
nal diameter were dissected from the right
ventricle and placed in a specimen chamber
for X-ray diffraction experiments. The ten
sion was measured by a Kulite force trans
ducer. After mounting the specimen on the
X-ray camera, the cell was perfused with a
Tyrode solution and the muscle was condi
tioned by single stimuli given every 2
seconds. When the twitch tension became

steady, 5//m ryanodine was added to the
superfusion solution and the muscle was
paced by a 10-Hz train of 40-msec rectangu
lar pulses given for 8 sec every minute. The
temperature of the specimen was 28" C. The
experiments were made at the beam line 15A
at Photon Factory. The intensities of the
equatorial {1,0} and (1,1) reflections were

mectsured by a one-dimensional detector.

Results

The papillary muscle sustained tension
during the 8-sec stimulation. Figure 1 shows
a typical change in the Ij ^ intensity ratio
during tetanus in the presence of 2 mM
extracellular Ca^"'". The muscle was stimu
lated between 4 and 12 sec. The intensity
ratio decreased upon contraction and stayed
almost constant during the tetanus, as has
been found in skeletal muscles (Yagi et al.,
1977). Cardiac muscle has an advantage
that the intracellular Ca^"'" concentration can
be manipulated by changing the extracellular
Ca^"'" concentration.

References

Matsubara, I., Maughan, D.W., Saeki, Y. and
Yagi, N. (1989) J. Physiol. 417 555-565.

Yagi, N., Ito, M.H., Nakajima, H., Izumi, T.
<k Matsubara, I. (1977) Science 197, 685-687.

Yue, D. T., Marban, E. and Wier W. G.
(1986) J. Gen. Physiol. 87 223-242.

Figure 1

[Ck] - 2 bM

6 e

Tin* (sac)



proposal No 92-078

Solution X-ray scattering studies on the dodecamers of arthropodan hemocyanin

Kazumoto KIMURA', Yoshihiko IGARASHI^ Kaoru ICHIMURA^ Akihiko KAJITA^
Yoshiyuki AMEMIYA' and Hiroshi KIHARA'

1) Division of Medical Electronics and 2) Department of Biochemistry,
Dokkyo University School of Medicine, Mibu, Tochigi 321-02, Japan.

3) Photon Factory, National Laboratory for High Energy Physics, Tsukuba 305, Japan.
4) Jichi Medical School, School of Nursing, Yakushiji, Tochigi 329-04, Japan.

Arthropodan hemocyanins (Hcs) are well known to be
multimers of fundamental submultiple which comprises
six subunits. Four classes of the hemocyanins are
known to occur in the arthropods, i.e. spiny lobster
Fanulirus interruptus (6-mer), crayfish Astacus
leptodactylus (12-mer), scorpion Androctonus australis
(24-mer) and horseshoe crab Limuhis polyphemus (48-
mer). Studying on the molecular architecture of L.
polyphemus He with solution X-ray scattering, we
succeeded in describing the structure of He (48-mer, 24-
mer and 12-mer) by using a large sphere model which
was composed of a sphere (similar to a submultiple)
having a radius of 58 A [1].

In this study, X-ray scattering patterns of the
dodecamer Hcs of Procambarus clarki and Macrocheira

kaempferi were analyzed and compared with the
theoretical pattern simulated with two models, one was
12 sphere model where 4 trigonal layers composed of
3 spheres with a radius of 29 A were superposed in a
staggered configuration and the other was a multisphere
model where two hexamer configuration had two types,
one is the same as 12 sphere model, the other is
Lamy's model [2] where the side edge of upper
hexamer superposed on the side edge of lower hexamer
and twisted 90° each other. We have compared the
architecture of three molecules; native P. clarki, M.
kaempferi (crustacea) and dissociated L. polyphemus
(chelicerata) 12-mer Hcs.

The scattering pattern of P. clarki almost coincided
with that of M. kaempferi (Fig. la). P. clarki He
showed that the Rg was 63.2 A and that the maximum
dimension and maximum distance distribution were

found to be 190 A and 70 A, respectively. The Rg
of P. clarki He was smaller than that of L. polyphemus
He (77.3 A). A shoulder at 140 A in the P(r) function
of both crustacean Hcs was very faint, while that of L
polyphemus was distinct (Fig. lb).

In the case of crustacean Hcs, the theoretical
scattering pattern of the 12 sphere model was in good
agreement with the experimental result. The P(r)
function of the this model fitted well (Fig. 2). The 12
sphere model was not good for the 12-mer of L.
polyphemus. These results showed the molecular
architecture of crustacean Hcs was different from 12-mer

of L. polyphemus in piled style of hexamer. We
adapted a multisphere model (r = 1.9 A) to the three
arthropodan Hcs by using the alpha carbon coordinates
of P. interruptus [3]. The P(r) functions of this model
showed good fitting to three experimental results of
arthropodan Hcs (Fig. 3).

We conclude that the crustacean dodecamer He

architecture was really different from chelicerate
dodecamer at the point of superposed hexamer.

[1] Kimura, K. et a/.,(1990) Biophys. Chem. 38, 23-32.
[2] Lamy, J. et a/.,(1982) Biochemistry 21, 6825-6833.
[3] Gaykema, W.P.G. et a/.,(1984) Nature 309, 23-29.
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Fig.la Scattering patterns and Fig.lb p(r)
function of arthoropodan hemocyanins. (1)
L.polyphemus, (2) M.kaempfreri . (3) P.clarki

Fig.2 Theoretical pattern of P(r) function
simulated with 12 sphere model.2

Fig.3 Theoretical patterns of P(r) function
simulated with multisphere model. Configuration
type; (1) C(j-12 sphere model and (2) Lamy's model.
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In the dipalmitoylphosphatidylcholine(DPPC)-

water system, four multilamellar phases appear
when the temperature is varied; in order of
increasing temperature they are crystalline phase
Lc, non-rippled gel phase Lp', rippled gel phase Pp'
and liquid-crystalline phase Lj. There are three
phase transitions; the subtransition at TjilS'C), the

pretransition at TpCBS-C) and the main transition at
Tnj(42°C). This system has a temperature hysteresis.
On cooling, the metastable rippled gel phase Pp'(mst)
appears below T^i and the Lp' structure appears below

28°C. The relaxation time for ordering of the Lp'

structure is about 100 min.

In order to study the effect of salt on the
structural phase transition in the DPPC-water
s>stem, we measured the small angle X-ray
scattering in the DPPC-water system at various
concentration of Ca^* ions and at various

temperatures using BL-15A in Photon Factory, KEK.
Figure 1 shows the x-ray diffraction pattern

from the DPPC-water system with the addition of Ca2+
ions at the concentration of 0, 5, 30 and 500 raM/liter.
The X-ray scattering intensity is displayed as a
function of the scattering vector q at various
temperatures covering the Lp' phase below Tp, Pp'
phase betv\een Tp and T^ , La phase above Tj^ and
finally Pp'(mst)phase, which is obtained by cooling
the sample from above T^ into the middle

temperature region.
For 5, 30 mM/liter Ca2+ concentration every

diffraction peak is shifted toward the lower angle as
compared with 0 mM Ca-* concentration. This means
that the repeat distance d is larger in 5,30mM Ca2+
sample than in 0 mM sample. We observed something
like metastable Pp'(mst) phase in 0 mM Ca^* sample

b> lowering the temperature in 5, 30 mM Ca^*
sample. In the metastable Pp' phase we observed the
peak at q=0.05A'^ corresponding to the rippled
structure, that was not observed in the stable Pp'
phase, because it is hidden b>' the lamellar peak. For
SOOmM/liter Ca^* concentration we observed very
sharp peaks in every temperature region.

Figure 2 shows the temperature dependence of
the lamellar repeat distance d for the six DPPC
samples in the solution 0, 2, 3, 10, 30 and
SOOmM/liter. For 0 mM Ca^* solution d expands in the
middle temperature of the Pp' phase at around 65 or
70 A. For 30mM Ca solution d is of the order of 115 A,
which decreases as the temperature increases. For
5(X)mM Ca-* solution almost constant value of d

around 65 A was observed with varying temperature.
The repeat unit of the metastable rippled

structure is about 250 A. It is about twice that of the
stable rippled structure. The similar situation was
also observed in OmM Ca^^ sample.

The lamellar repeat distance d depends
strongly on the Ca2+ concentration, but the period of
the rippled lipid bilayers varies little with the Ca2+
concentrations. This result shows that the rippled
structure originate mainly in the intra-layer
interaction.

Fig. 1 X-ray diffraction pattern from the DPPC-water
system with the addition of Ca^* ions at the
concentration of 0, 5, 30 and 500mM/liter at typical
temperatures.

0 O.M 0.1 0.1S0.2 0.2$ 9 O.OS 0 1 D.lS 0.2 0.2S 0 O.OS 0.1 O.IS 0.2 0 2$ 0 O.OS 0.1 0.1S 0.2 0.2$
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Fig.2 Temperature dependence of the lamellar
repeat distance d in the DPPC-water system with Ca^*
ions. O ; OmM/liler , • ; 2mM/Iiter , • ; 3mM/liter ,|
; lOmM/liter , A ; 30mM/liter , • ; 500mM/Iiter
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Stopped-flow X-ray scattering study on the allosteric transition ofE. coli aspartate transcarbaraylase.
Concerted structural change shown in the radius of gyration andin the scattering peak.
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In a series of time-resolved X-ray scattering studies
on the quaternary structure change of aspartate
transcarbamylase (ATCase)^), the characteristic middle
angle scattering peak around the s (=2sin0/X) range of

0.012-0.024 A*^ has been extensively studied because of
the large change in the scattering peak intensity and
position associated with the allosteric structural transition.

In order to collect data with a high signal-to-noise ratio at
this relatively large angle, it is necessary to utilize highly
concentrated enzyme solutions. The use of high enzyme

concentrations, however, precludes the analysis of data at
very small angles, where one evaluates the radius of

gyration. This is because interparticle interference effects
and high counting rate beyond the dead time of the data

acquisition system are limiting at high enzyme
concentrations.

It is of great interest to understand the correlation

between the changes in subunit configuration observed in
the middle angle scattering peak and the change in radius of
gyration observed at very small angles. We have therefore

performed stopped-flow X-ray scattering experiments in
which both the ATCase concentration and the configuration
of the small angle scattering camera at BL-15A were

carefully chosen such that both the radius of gyration and
the position of the middle angle scattering peak could be
evaluated simultaneously over time.

An ATCase solution (30 mg/ml) was mixed in a 1:1
ratio with a substrate solution containing 50 mM carbamoyl
phosphate and 50 mM aspartate at -5 °C in the presence of
20% ethylene glycol. Immediately upon mixing, a series of
time-resolved scattering measurements was conducted with
a 2 second exposure per frame. The experiment was
repeated 35 times for better counting statistics. Figure 1
shows the scattering patterns taken at 0-2 seconds and 12-
14 seconds after mixing. For every time-resolved pattern,
the radius of gyration and integrated scattering intensity in
the middle angle region (s=0.012-0.024 A"^) were
evaluated and the results are plotted versus time in Figure
2. We are able to conclude from this preliminary
experiment that the time course of the structural change is
similar in both small and middle angle regions. Thus it
appears that the rate of structural changes on the level of
the individual subunits is similar to that observed on the

global level, illustrating the concerted nature of the

allosteric transition.

We plan to use an imaging plate drum scanner^) to
improve the quality of data especially in the middle angle
region and for advanced capabilities of the time-resolved
measurements. We also hope to apply the imaging plate
drum scanner for time-resolved X-ray scattering studies on
the isolated catalytic trimer of ATCase.

The authors thank Dr. K. Wakabayashi, Osaka University for
his help in configuring the small angle scattering camera. H.T. thanks
E.R. Johnson and H.K. Schachman, University of California at
Berkeley, for helpful suggestions.

1) Tsuruta, H. et al., FEES Letters 263 (1990) 66. Also see PF activity
report #7-#9.
2) Amemiya, Y., et al., Rev. Sci. Instrum. 60 (1989), 1552.

370

X 20

1.2 1 0

C 9.0 1 0

6.0 1 0

0.005 0.015

Figure 1. Time-resolved scattering patterns during theenzyme reaction
of ATCase. Broken and solid curves represent the scattering patterns
taken at 0-2 s and at 12-14s,respectively after starting the reaction.
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Figure 2. Time course of thestructural change shown in the radius of
gyration (solid circle) and in theintegrated intensity (open circle).
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If nearly perfect aluminum single

crystals are heated up to a temperature

higher than 250 * C, interstitial type

dislocation loops (I-lpop) are formed

and grow emitting vacancies. At the

present, however, the mechanism of I-

loop formation is not clear.

The purpose of the present experiment

is to investigate the change of size of

the I-loop. Therefore the temperature

of specimen was raised to 285 * C from

room temperature in the rate of 500

'C/h, and the monochromatic X-ray of 0.7

A in the wave length was used to get a

good resolution for the size

determination. The sample preparation

and the other experimental procedures

have been reported previously (Activity

Report No.6, p.201). Changes of size

distribution of I-loops are shown in

Fig. 1. Numbers in upside are the

elapsed time after the temperature rise.

It is clear that small loops grow to

larger ones gradually, and that the

total density of loops larger than 10 ym

in diameter becomes over 10® cm-^ around

1 hour after the temperature rise.

Concentration of vacancies emitted

from I-loops was estimated from the

number density and the size of the

loops, and the change is shown in Fig.
2. Generation rate of vacancies becomes

slow at around 1 hour after the

temperature rise. This seems to means

that the vacancy concentration becomes

the same order of the thermal

equilibrium concentration at 285 *C
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It is well known that urea crystal is a potentially
useful nonlinear optical.material with excellent proper
ties, e.g. its transparency extending to ultraviolet. Such
properties are greatly influenced by lattice defects in the
crystal. However, very little is known of the nature and
properties of defects in urea crystals grown by various
methods [1,2].

X-ray topography, especially synchrotron radiation
(SR) topography, is one of the most powerful methods to
characterize individual defects in organic crystails. So far
we have examined lattice defects, especially dislocations,
in some organic molecular crystals by X-ray topography

[3].
This report describes the characterization of disloca

tions in urea single crystals by X-ray topography.
Urea crystals were sufficiently stable in high photon

fliLxes provided by SR source and could not suffer ra
diation damages. Figure 1(a) and 1(b) show X-ray to-
pographs of the typical urea crystal grown from ethanol
solution. Two kinds of predominant dislocation struc
tures were observed on the topographs. One at X in fig.
1(a) is long straight line and lies parallel to [001] growth
direction. The other at Y in fig. 1(b) is short straight
and lies perpendicular to [001].

According to the extinction criterion of the dislocation
image [4,5], the dislocation contrast is proportional to
a scalar product g • b, where g and b ate diffraction
vector and Burgers vector, respectively. The extinctions
of dislocation images at X and Y due to g • b=0 are
seen in fig. 1. According to dislocation theory [5,6], the
self-energy of a dislocation is proportional to the square
of the magnitude of the Burgers vector. Consequently
the shorter lattice translationaJ vectors are favoured as

Burgers vectors.
From these extinction experiments and dislocation

theory, the grown-in dislocations at X are character
ized as pure screw dislocation with Burgers vector [001].
Moreover it is suggested that the possible Burgers vec
tors of dislocations at Y are to be [100], [010] or
i(iio]+i[no].

References

[1] R J. Halfpenny and J. N. Sherwood: Phil. Mag.
Lett. 62 (1990) 1.
[2] M. Tachibana, S. Horiuch, J. S. Wang and K. Kojima:

J. Rhys. D (to be submitted).
[3] M. Tachibana, S. Motomura, A. Uedono, Q. Tang
and K. Kojima: Jpn. J. Appl. Rhys. ^ (1992) 2202.
[4] H. Klapper: Crystals, ed. H. C. Freyhardt (Springer-
Verlag, Berlin, 1991) Vol. 13, p. 109.
[5] K. Kojima: Prog. Crystal Growth and Charact., ed.
N. Niizeki (Pergamon press, Oxford, 1991) Vol. 23, p.
369.

[6] J. P. Hirth and J. Lothe: Theory of Dislocations (Wi
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Figure 1. X-ray topographs of a polished (110) section of
the typical urea crystal grown from ethanol solution, (a)
(002) reflection and (b) (110) reflection. Cracks are seen
along the [001] direction through the center of specimen
in both reflections.

t On leave from: Department of Basic studies, Shanghai University of Technology, Shanghai, China
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Introduction
It has been confirmed by our previous studies [1,2]

that self-diffusion in ice Ij, is caused by migration of self-
interstitial (SI) water molecules. It was also found that the
SI has a negative formation volume Vp and a positive
activation volume for the migration [3], Since the self-
diffusion coefficient Dg is equal to a product of the SI
diffusion coefficient Djand the equilibrium concentration of
SI Cj, the activation volume for the self-diffusion Vg is
equal to VpfVj^.Using this relation, a positive value of Vg
was predicted. However, no experiment has been carried
out so far to determine Vg. The present study aims to
determine Vg directly from shrinkage velocities of faulted
dislocation loops under hydrostatic pressure. The shrinkage
velocity was measured by the X-ray topographic
observations of the dislocation loops.

Experimental
A single crystal of ice was fixed in a pressure cell

together with pressure transmitting liquid, and the cell was
compressed by a specially designed oil actuator with a
hollow piston of which detail was given in the literature [4].
The oil pressure was automatically kept constant by a
pressure controller [5]. The cell was cooled by blowing
cold nitrogen gas evaporated from liquid nitrogen. In-situ
X-ray topographic observations were carried out by a high
speed X-ray topography camera installed at BL-15B of the
Photon Factory.

The dislocation motion observed was driven by two
different driving forces: (1) osmotic force due to excess (or
shortage) of SI caused by temperature change or by
pressure change, and (2) line tension of the dislocation or
surface tension of stacking faults with no excess (or
shortage) of SI. As was described in the literature[2], Dj
was determined under (I). Dgcomes under (2). Since the
driving force (2) is very low compared to (1), long term
obsen ations under constant temperature and pressure were
carried out in the present study.

Present address

* ShinEtsu Handotai Co. Ltd.
** Ricoh Co.Ltd.

Results and Discussion
Figure I shows shrinkage velocity of the faulted

dislocation loops as a function of pressure. Since the
shrinkage velocity is proportional to Dg, the slope of this
plot is equal to Vg. Then, we obtain Vg=(0.5±0.2)x 10"

This value is equal to 0.15 times the molar volume of
ice Q. Since we have preliminary determined Vf --0.26Q
and V^-'0.40Q , the value of Vg obtained satisfies the
relation Vg=VffVjjj.

References
[1] T.Hondoh, K.Azuma and A.Higashi, J.Phys.(France),
48 Cl,183(1987).
[2] K.Goto, T.Hondoh and A.Higashi, Jpn.J.AppI.Phys.,
2^351(1986).
[3] S.Kinpara, MS thesis of Hokkaido University (1992).
[4] T.Hondoh, R.Hoshi, A.Goto and H.Yamagami,
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Introduction

Optical rotatory prawers appearing on a transmitted light
and a scattered light have been widely applied to study
of the magnetism. These rotatory powers are named the
magnetic Faraday effect and the magnetic Kerr effect.
In X-ray transmission, the rotatory power named the X-ray
Faraday effect has already been observed at the cobalt
K-ab.sorplion edge on cobalt and its compounds^'\ The
existence of the rotatory power on X-ray scattering named
the X-ray magnetic Kerr effect is theoretically predicted^^).
The X-ray resonant exchange scattering causes the rotatory
power, which results from the phase difference of the
scattering amplitude between the right and left circularly
polarized X-ray.

We have made a new polarization analyzing system for
measuring the X-ray magnetic Kerr rotation. This system is
characterized by introducing no repeat of the flipping
magnetic field on a sample, and a 45 degree linearly
polarized X-ray incident beam. A design and performance of
the system are described.

Design of the system

The plane view of the experimental apparatus, about 2m in
length and 1.5m in height, is shown in Fig.l. It comprises
(A) a polarizer-monochromator, (B) a 2-axis diffractometer
equipped with a magnet and (c) a polarization analyzer.

Fig.l. The plan view of die experimental apparatus.

Experimental

An experiment has been performed at beamline 15B of the
PP. A schematic experimental arrangement illustrating the
polarization analyzing system is shown in Fig. 2. The
polarization states of the X-ray are also shown in the figure.
The polarizer device is the channel cut crystal, where the
Bragg angle and the azimulhal angle are nearly equal to 45
degrees. A sample crystal is held between the magnet poles.
To measure the orientation of the major axis of the diffracted
X-ray, the crystal analyzer (the same type as the polarizer)
is placed after the sample. The intensity variation of the
diffracted X-ray versus various azimulhal angles of the
analyzer crystal is a function of the cosine shape. The X-ray

magnetic Kerr rotation is measured as the difference of the
phase between two cosine functions corresponding to the
magnetic field up and down to the plane of incidence.

Magnet

Storage ring Polarizer

Ion

Chamber

, HitO

Analyzer

Detector

Fig.2 A schematic experimental arrangement illustrating
the polarization analyzing system

The sampleis an oval shapedGd (001) faced singlecrystal
with the size of 8mm x 5mm and 1mm in thickness. The
orientation of the majoraxis of (004)diffracted X rays were
measured under the sample temperature of 140K. The
applied magnetic fields are H=4kG up and down to theplane
of incidence. The rotation was observed with precision of
0.2-0.3 degrees in the energy range between -6eV and +6eV
of the Ls absorption edge with leV increment as shown in
Fig. 3. The maximum rotation is about -2 degreesobserved
at about 4eV below the edge. The peak width is about 2eV.
This spectrum corresponds to the 4f-state. The magnitude
of the rotation between 3eV below the edge and 5eV above
the edge is about 1 degree. The sign of the rotation change
from plus to minus at the vicinity of the edge. This
spectrum corresponds to the 5d-band structure. These
features agree fairly well with thetheoretical prediction.

Energ7(ev)

Fig,3 Observed X-ray magnetic Kerr rotation plotted vs the
incident X-ray energy. Energy 0 means the position of
the Fermi edge.

(1) D.P. Siddons, M. Hart, Y. Amemiya and J.B. Hastings:
Phys. Rev. Lett., 64, 1967 (1990)

(2) K. Namikawa (unpublished)
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Introduction
Piezoelectric constants can be determined by direct

measurements of a lattice strain induced by an application
of an electric field. Such strain measurements using X-ray
diffraction have been carried out on a-quartz by many
differentauthors.^) However,the X-ray diffraction method
requires application of a static electric field which may
introduce space charges in the specimens. This requirement
is due to a considerably long measurement time for the
precise X-ray diffraction. In recent years, many different
methods for time resolved X-ray measurements have been
developed. The photon counting method is one of the
promising method for the study of time dependent
phenomena.^) In thepresent study, we aimed todetermine
the piezoelectric constants of a-quartz under an AC field
by the use of the photon counting method.

Experimental
The X-ray data was collected at BL-15B of Photon

Factory. The a-quartz plate with dimensions IlxlOxl
mm^was prepared from a hydrothermally grown large
single crystal, the square wave voltage up to lOOOV at
200Hz was applied in the direction normal to the plate. The
diffracted intensity changes as a periodic rectangular
function of time corresponding to the applied ficld.Those
intensities were measured by 'Non-Stop-Multichannel
analyzer' developed by Gouhara et.al.^) However it was
difficult to clarify the time dependent phenomena on the
real time scale in the diffracted intensity from a crystal
because of a statistical fluctuation introduced in the

counting data. It has been established,however,that this
difficulty can be overcome by calculating the auto
correlation function between pairs of photon numbers
stored in each memory channels.

I I AI 1

0 r sec 1

Fig.l A diffracted intensity I vsdiffraction angle 0 curve.

In order to use the most simplified arrangement of the
X-ray optics, white X-ray radiation filtered by Mo plate
was irradiated on the specimen. Fig. 1 shows a diffracted
intensity I vs diffraction angle 0 curve. The photon
counting measurements were carried out by setting 0-9o in
order to obtain the maximum sensitivity of intensity change
against the lattice strain A0. A typical example of the auto
correlation function calculated is shown in Fig.2. From the
amplitude of this function, the amplitude of intensity
change AI was derived, and therefore the strain A0 was
obtained. Finally we calculated the piezoelectric constant d
from the equation d=A0/E (E- electric field).

Results
The piezoelectricconstantd j i of a-quarlz determined

from the slope of the A9-E plot is (2.26+0.^x10*^2 ni/v.
(Since this value is in good agreement with the earlier
works, space charge effect can be ignored in those static
measurements. However,it should be emphasized that the
present method brings us precise data with a very simple
X-ray optics. The present method must be a powerful tool
for the measurement at an elevated temperature where the
space charge effect cannot be ignored due to higher
mobilities of the charge carries. In addition, when the
present method is combined with the precise X-ray optics,
much higher sensitivity for the strain can be achieved. Such
measurements using monochromatic X-rays are now
underway.

References
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Fig.2 An autocorrelation function of intensity obtained
for the square wave functionof an appliedelectric field.
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Recent papers (1,2) reported
from an MIT group on the x-ray
energy response of partially-
depleted silicon surface-barrier (SS
B) diode detectors in a current-mode
operation claimed that the SSB
response is determined from its
silicon-wafer thickness, and is
contrary to the commonly-he1d
belief that the x-ray sensitive
region is the depletion layer.

This difference requires
serious corrections for previously-
estimated values of plasma-electron
temperatures and the resultant
physics discussions using SSB data.
After the publications of these
papers, researchers have been left
in serious confusion. In this
report, therefore, the detailed
x-ray energy-response data on SSB
detectors (3) and the comparison
between the data and our newly-
proposed theory (4) are represented
to reconstruct the principles for
the SSB data analyses.

The experiments have been
carried out in the following:
Incident photon energy is
monochrometized using a computer-
controlled double-crystal (Si (111))
monochromator with an energy
resolution of a few eV. X rays
ranging from 5 to 20 keV are
incident in the shape of 2X5 mm on
SSB detector surfaces with 19. 5 mm
in diameter. The x-ray flux is
monitored by ionization chambers
using nitrogen or argon gas.

In Fig. 1, the data on the
ratio of the detection efficiency of
two different SSB detectors for a
unit incident x-ray flux divided by
its energy, 7 ssb/E, (5) are plotted
as dots. The solid curve stands for

the calculated value from the
conventional theory; that is, 7 ssb
is determined from the total amount

of x-ray created charge in the
depletion-layer thickness dd.p
alone. The dashed curve is

calculated from the recent MIT
prediction (1,2); that is, 7 ssb is
determined from the total charge
created all through the wafer
thickness dw.f. A clear discrepancy
between the data and each
theoretical curve is found in Figs,
la and lb. On the other hand, our
new theoretical formula for the SSB

response is obtained after lengthy
calculations (4) using a three-
dimensional diffusion equation, and
is utilized for the data fitting; an
essential point of our new theory
on 7 SSB is the inclusion of

thermally-diffusing charge created
by X rays in a field-free substrate
region of an SSB detector. The
formula is described as follows:

-^^oc(i -cxp(-/ip</dep)l+ i cxp(-fipdacp)

(2)

(3)

(5)

•+ In(l +fipL)
ppL +1

where p. and p denote the silicon
mass-absorption coefficient and the
mass density, respectively. In Fig.
1, as we expected from the above
discussions, the calculated curve
using L=75 p m (the diffusion length
L estimated from SSB wafer property)
fits the data in Fig. 1.

This evidence and our new

theory can also be extended to the
responces of charge-coupled (CCD)
devices, photodiodes, and the other
p-n junction based semiconductor
detectors not only for x-ray but
for particle detection efficiencies.

(1) K. W. Wenzel et al.. Rev. Sci.
Instrum. 59, 1380 (1988).

(1)

X.Chen et al

(1990).
T. Cho et al.

3024 (1992).
(4) T. Cho et aJ. , J.

72, 3363 (1992).
T. Cho et al. , Nucl. Instrum.
Method A 2^, 317 (1992).

>1.0

ibid. 61, 2815

Phys. Rev. A 46,

J. Appl. Phys.

our

theory.

conventional

our

theory.

8 10 15 20
E (keV)

Fig. 1 Energy responses of SSB
detectors having (a) do.p, dw.f=218
p m, 360p m, and (b) 180p m, 510p m.
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Introduction

Fluctuations of lattice strain and of interstitial oxygen
(O;) concentration in an as-grown rapidly cooled
Czochralski-grown silicon (CZ Si) wafer have been mea
sured; the former by plane-wave x-ray topography using
extremely collimated x-rays " and the latter by micro-
Fourier transform infrared spectroscopy (micro-FTlR). As
a result, we show that the total strain distribution cannot be

explained solely by Oj fluctuation. By comparing with a
regularly grown CZ Si wafer, this remaining strain in the
rapidly cooled wafer is found to be compressive, implying
the presence of vacancy type defects.

Experimental

An undoped <001> oriented CZ Si crystal with a
diameter of about 80 mm was pulled at a rate of 1.3
mm/min, and detached from the melt when it grew by 355
mm from its flat shoulder. After detaching, the ingot was
cooled rapidly in the growth puller by pulling at a rate of
about 10 mm/min. Semi circle shaped wafers were sliced
from the ingot perpendicular to the growth direction.

In the x-ray topographic measurements, we employed
an ultra-plane wave rnethod.^^ In this arrangement, the
angular divergence of the incident x-rays was about 0.01 arc
sec (X=0.072 nm). The sample was aligned to give 220
diffraction in symmeuic Laue geometry for a nondispersive
parallel setting. Topographs were taken with llford L4
nuclear emulsion plates at several offset angles from the
exact Bragg condition. Typical exposure times were about
10 minutes while the storage ring was operating at an
energy of 2.5 GeV with an average beam current of 300
mA.

The oxygen concentrations were determined from the
strength of the 1107 cm ' peak by micro-FTIR measure
ments. The absorption spectra were taken at room tempera
ture with a mercury cadmium telluride detector cooled by
liquid nitrogen. The diameter of the measurement area was
set for 100 |im. The measurements were performed at a
resolution of 4 cm ' and repeated 100 times. The samples
were mounted on a computer controlled x-y table and
shifted in 200 jim steps along a radial direction from the
wafer edge.

Results

In Fig. 1, the spatial Ao) (Ao) represents the deviation
from the exact Bragg condition) deviation, 5co, is shown for
(a) the regularly grown wafer and for (b) the rapidly cooled
wafer. The 5(0 results were derived by analyzing the
topographs obtained in this experiment. In these figures, the
Oj concentrations measured by micro-FTIR are also plotted.

• 1

S 10 IS 211

DISTANCE FROM WAFER EDGE (mm)

Fig. 1. Comparison of 5(0 (solid line) and the Oj concen
tration (solid circle), (a) for the regularly grown wafer and
(b) for the rapidly cooled wafer.

Both 5(0 and 0| concentrations are plotted taking the position
of 0.2 mm from the wafer edges as the zero point. This is
reasonable because O; atoms and other point defects diffuse
out from the ingot surface. Actually, the Oj signal at this zero
point was below the detection limit for the micro-FTIR
apparatus. Notice that Figs 4(a) and 4(b) can be compared
quantitatively for both 5(0 and 0| concentrations. The
fluctuations of 5(o for the regularly grown wafer show fairly
good agreement with the O; fluctuations (Fig. 1(a)), indicat
ing that most of the lattice strain is caused by Oj atoms,
which expand the Si lattice. In contrast, the fluctuations of
5(0 for the rapidly cooled wafer show large differences from
the Oj distribution (Fig. 1(b)), especially for the region more
than 4 mm from the wafer edge. For this region, 5(0 shows
less strain than in Fig. 1(a). This indicates the existence in
the rapidly cooled wafer of some type of defect which
relaxes the lattice strain caused by the Oj atoms. Since Oj
atoms tend to expand the silicon lattice, vacancy type defects
must exist in the rapidly cooled wafer.

References

1) S. Kimura et al., J. Cryst. Growth, 116. 22 (1992).
2) T. Ishikawa, Rev. Sci. Instrum., 2490 (1989).
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Introduction

Minute strain fields in a float zone grown silicon (FZ
Si) crystal containing D-defects were precisely measured by
means of plane wave x-ray topography using highly
collimated x-rays with an angular divergence of less than
0.01 arc sec. As a result, we could observe for the first time
the D-defects region in an "as-grown" FZ Si wafer; previ
ously this has only been observed by x-ray topography in
Cu decorated samples.

Experimental

We examined a (111) wafer prepared from an undoped
FZ Si crystal with a diameter of about 50 mm, grown at a
rate of 3 mm/min. The resistivity was about 2000 D-cm. It
is well known that D-defects are formed under these growth
conditions,.'^ We confirmed existence of the D-defects by
taking a Lang topograph of a copper-decorated wafer cut
from an adjacent position of the same ingot. In the x-ray
topographic measurements, we employed an ultra-plane
wave method. '̂ In this arrangement, the angular divergence
of the incident x-rays was about 0.01 arc sec (X= 0.0735
nm). The sample wafer was aligned to give 220 diffraction
in symmetric Laue geometry for a nondispersive parallel
setting. Topographs were taken with Ilford L4 nuclear
emulsion plates at three offset angles from the exact Bragg
condition. Typical exposure times were about 10 minutes
while the storage ring was operating at an energy of 2.5
GeV with an average beam current of 300 mA. Before the
topographs were taken, a rocking curve of 0.02 arc sec step
size was obtained at the defect free part of the sample.

Results

Figure 1 shows the measured rocking curve of a
sample wafer. As expected from the dynamical theory of x-

.5-4-3-2-1 0 1 2 3 4 5

A ctj ( )
Fig. 1. Rocking curve of a sample with thickness 393
|im.

ray diffraction, this curve clearly shows an oscillatory profile,
indicating that the sample wafer is nearly perfect. However,
the measured topographs reveal strain patterns which are
caused by local variation of the AcD parameter corresponding
to the distribution of D-defects . In Fig. 2, a typical ultra-
plane wave topograph was compared with a Lang topograph
of a copper-decorated wafer cut from an adjacent position of
the same ingot. It can be observed that abrupt change of
contrast in Fig. 2(a) occurs at a boundary where the D-defeci
concentration varies as seen in Fig. 2(b). A quantitative
analysis of Fig. 2(a) suggests that in the D-defects region,
tensile strain with tidid less than 1.5x10'^exists and that such
strain is caused by a non-uniform distribution of micro-
defects.

References

1) P.J. Roksnoer et al., J. Cryst. Growth, 563 (1981).
2) T. Ishikawa, Rev. Sci. Instnim., 2490 (1989).

10 mm
Fig. 2. (a) An ultra-plane wave topograph of the sample
taken at Aco= -0.28". (b) A Lang topograph of a copper-
decorated wafer cut from an adjacent position of the same
ingot.
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Introduction

The time-resolved measurement of x-ray
diffraction has been carried out to investigate
the lattice deformation of silicon crystal under
pulsed laser irradiation. In our previous
work^\ we used ordinary Bragg reflection to
sample geometry,therefore a change on thick
layers below the surface was measured

because the extinction length was O.Sp-m in
asymmetry reflection with b= 12.
It has been important to know the surface
deformation when the laser process is applied
to the semiconductor fabrication. Under

grazing incidence conditions the

penetration depth ofx-rays (X=0.9 A) for
silicon crystal was almost 10 nm at near
critical angle, and it was suited to the study
of the surface and the interfaces. The first
time-resolved measurement of surface
diffraction of evanescent x-ray under grazing
incidence conditions was performed to
observe the surface lattice deformation of
silicon perfect crystal due to frequency-
doubled Nd:YAG laser irradiation

(X=0.53tim) using synchrotron x-ray source
at the BL-16 (MPW-beamline).

Experimental

TTie sample we used was non-doped (110) FZ
silicon crystal and its thickness was 10mm.
Under grazing incidence conditions the sample
geometry was "out of plane" arrangement and
then the net plane was normal to the surface. In
order to maximize the surface diffraction
intensity, a grazing angle to the sample was fixed
on 2.3mrad which was about critical angle.
Nd:YAG laser with SHG unit was used. Laser
intensity was 80mJ/pulse with 20Hz repetition
and its diameter at the sample surface was about
8mm. The time-resolved measurement was

carried out by the TAG technique and it took
about 8 hours to measure time-resolved rocking
curve.

Results and Discussion

As shown in Fig. 1, the increment of diffraction
intensity at the lower angle side of the Bragg peak
was observed at the time of 25ns after laser
flashing. But the Bragg peak shift which was
expected from numerical calculations was not
observed. The time-resolved rocking curve at the
time of 1ms after laser flashing was same as that of
the intrinsic. No change was observed at the time of
50ns after laser flashing. This result suggests that a
rapid cooling at the surface occurs and it is
necessary to take a heat flow from the surface into
account.

References.

1) S.Kojima el a!.,Rev. Sci. Instrum. 6 3, 1164 (1992).
2) W. C. Marra et al., J. Appl. Phys. 5 0, 6927 (1979).

Fig. 1 Time-resolved X-ray rocking curve
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INTRODOCTION

Rpcrnlly. several x-ray eiission threshold studies have
been reported especially with respect to satellite
structures associated with x-ray eiission spectra usins

xionochrowatizcd synchrotron radiation . However, there have

been few threshold studies in the K-region for low atoiic
nuiber eleients such as boron, carbon, and nitrogen because
of their low fluorescent yields and lack of suitable

excitation x-rays in the VUV/soft x-ray region. The aii of
this study is to investigate the satellite structures in the

BKa eiission spectra of boron coipounds using highly
brilliant undulator radiation as an excitation source.

In this report, the nature of the high-energy satellite
in BKa eiission spectrui of B20t is described, which is
elucidated by leasuring selectively excited eiission spectra
using lonochroiatized undulator radiation.

EXPERIHENTAL

Spectroscopic leasureients of solid BnO-i were carried

out witb a fluorescent x-ray spectroieter 01 a novel design
installed on an undulator beailine (BL-16U). The spectroieter
utilizes a variable-spacing grating and entrance-slitless

optics. The lonochroiatic or quasiionochroiatic undulator
beai is norially incident to the saiple for BK excitation.
Both BKa eiission spectra and x-ray absorption near edge
structure (XANES) spectra with fluorescent x-ray detection
can be obtained by combining the fluorescent x-ray
spectroieter.^ j|jth a 2-i grazing incidence lonochroiator on
the beailine'" . The optical design and perforiance of this
systei are described in detail elsewhere .

RESULTS AND DISCUSSION

Figure I shows the BKa eiission spectra leasured by
varying the excitation peak energy of the quasiionochroiatic
undulator first harionic. The fluorescence XANES spectrui and
individual spectral distributions of the incident undulator

beai are also included. An increase in the high-energy
satellite peak height was clearly observed as the first
harionic energy for excitation was varied froi 271 eV to 191
eV. The peak height of the low-energy satellite reiained

constant despite varying the first harionic energy froi 271
eV to 185 eV. Although the contribution of elastic
scattering cannot be clearly evaluated froi this

leasureient. the high-energy satellite at 193 eV is

ascribed to resonant reeiission due to a^ transition
between B(ls) and an unoccupied anti-bonding p JT orbital.

Figure 2 shows the BKa eiission spectra excited with a
lonochroiatized beai at 215 eV that exceeds the threshold

energy and with the beai at 193 eV in which resonant
reeiission occurs. The peak height of the resonant reeiission

was observed about six tiies higher than that of the lain
peak. The lain peak of the spectrui excited at 193 cV shifts
about 2 eV to lower energy with respect to the case where
excitation occurred above threshold. The energy shift is
attributed to Couloib repulsion between the excited electron
and valence electrons prior to electron decay associated with
x-ray eiission. The FKHHs of the lain peaks were about 7.5 eV
for excitation above threshold and about 6.5 eV for 193 eV
excitation. The narrowing of eiission peak features is
attributed to lifetiie broadening of an inner shell
vacancy. The energy shift and the narrowing effect have been
recognized as characteristic of resonant inelastic (Raian)
x-ray scattering. Therefore, the observed energy shift and
narrowing on the BKa eiission spectrui of B2O2 excited at
193 eV provide further evidence that the high-energy
satellite is due to resonant reeiission and not froi

elastic scattering. The resonant reeiission process is
thought to occur as follows. The first step involves the
excitation of an electron froi B(ls) to p Tt at 193 eV.
This is followed by the transition^of the excited electron
froi the p 7t orbital to the B(ls ) core hole.

1)N.Nassdahl et al.: Proc. of 15th International Conference on X-ray
and Inner-Shell Processes, 451(1990).

2)Y.Huraiatsu et al.: Rev.Sci.Instr. (in press).
3)Y. Huraiatsu and H.Haezawa: Rev.Sci. Instr.. 60(7), 2078(1989).

4)Y.Huraiatsu et al.: Rev. Sci. Instr., 63(1), 1305(1992).
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INTRODUCTION

Recently, the nature of satellites in the BKCX eiission

spectrui of boron coipounds has been elucidated by •easuring

selectively encited eiission spectra using lonochroiatized

undulator radiation. The authors first demonstrated that the

origin of the high-energy satellites in boron oxide (B2O2) is
attributed to resonant reeiission due to a Bdsl-pTT -B(ls ')
transition1). The same resonant reeaission is also expected
for boron nitride (BN) because the nature of the covalant

cheiical bond of B-N is siailar to the B-0 bond. In this

report, the nature of the high-energy satellites in BKa

emission spectra of BN is described and elucidated by

measuring the selectively excited emission spectra using

monochromatized undulator radiation.

EXPERIHENTAL

Spectroscopic measurements of solid h-BN mere carried
2)out with a fluorescent x-ray spectrometer of a novel design

0 i \

installed on an undulator beamline (BL-16U)'^-''d The

monochromatic or quasi monochromatic undulator beam is

normally incident, to the sample and is used for BK

exci tation. The experimental procedure is as same as for

RESULTS AND DISCUSSION

Figure 1 shoms the BKa emission spectra excited by

quasimonochromatic undulator radiation. varying the

excitation first harmonic energy from 271 oV to 185 eV. The

fluorescence XANES spectrum and individual spectral

distributions of the incident undulator beam are also

included. Absorption peaks are observed at 191 eV and 198 eV

in the XANES spectrum. Small high-energy satellites are

observed in the BKa emission spectra at the photon energy

corresponding to the absorption peaks. Figure 2 shoms the

satellite peak ratio to the main peak against the excitation

first harmonic energy. An increase in the high-energy

satellite peak heights mere clearly observed as the first

harmonic energy for excitation mas tuned at 191 eV (for S2-

satellite) and 194 eV (for S3-satel1ite). Homever. the

peak height of the lorn-energy satellite (SI) remained

constant despite varying the first harmonic energy from 271

eV to 185 eV. This phenomenon is the same as observed in a

prior experiment of 820^. Therefore, it is confirmed that
the nature of the high-energy satellites in BKa emission
spectrum of BN is also due to a resonant reemission

transition betmeen B(ls) and unoccupied anti-bonding

orbitals.

The coordination number of B2O1J and BN is three mith
boron taking a trigonal planar structure. Therefore, resonant

reemission phenomena are expected in other trigonally

coordinated compounds in mhich localized anti-bonding
orbitals exist.

REFERENCES

1)Y. Huramatsu. H.Oshima. andH.Kato: Phys. Rev. l/?tt. (to be submitted).
2)Y. Huramatsu. H. Osh ima. T.Shoji. andH.Kato: Rev. Sci. Instr. (inpress).
3)Y. Huramatsu and H. Haezama: Rev. Sci. Instr.. 60(7). 2078(1989).
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INTRODUCTION

Recently diffusion of boron in silicon and silicon

oxide has received Rreat interest in the fabrication of

suhiicroieter conpleientary iotal-oxide-semiconductor (CMOS)

with very large scale integrations (VLSIs)'\ It is critical
that a cheiical state analysis lethod capable of selectively

probing the B-dopant be developed in order to establish and

control the fabrication process. To achieve cheiical state

analysis of light eleients in bulk laterials, an undulator-

radiation-excited x-ray fluorescence analysis systei has been
2)developed and equipped on an undulator beai line BL-16U .

To deionstrate the capabilities of this systei, the

cheiical state of boron atois iiplanted with high-dosage

BF2^ into Si(lOO) was investigated by leasuring the BKot
eiission spectra. In this report, the annealing effect on

the cheiical state of boron is described.

EXPERIMENTAL

Boron doped Si(100) was prepared by BFo^-iiplantation
15with an ion energy of 18 keV and a dosage of 2.3 x

2
ions/ci . Accounting for the escape depth of the

fluorescent x-rays, the peak depth for the B atois is

to less than 200 The depth distribution of B and F

was leasured by secondary ion lass spectroscopy (SIMS).

10'

BKa

tuned

atois

The

•axiiui

average

depth of 160 The depth distribution of F atois was also

siiilar to that of the B atois because of the low energy

injection. Annealing of this as-iiplanted saiple was carried

out at 900 °C for 10 lin in atiosphere. The BKOt eiission
spectra were leasured for both the as-iiplanted and annealed

saiples. The energy resolution ( Ae) of the fluorescent x-
ray spectroieter was tuned to 4.5 eV. The peak energy of

the undulator first harionic was fixed at 215 eV during the

leasureients.

RESULTS AND DISCUSSION

Figure 1 shows the SIMS depth profile for B. F. 0. and

Si atois in the annealed saiple. It can be estimated that the

cheiical state is different between the region of surface to

500 ^ and that deeper than 500 t. It is also observed that
F atois diffused beyond 500 t. However, the cheiical state of
boron in the shallow region is not confined froi the SIMS

leasureients.

Figure 2 shows the BKot mission spectra of both the as-

iiplanted and annealed saiples. The spectrui of the

annealed saiple shows a cheiical shift of the lain peak.

High-energy and low-energy satellite peaks are observed at

about 191 eV and 166 eV. respectively. This spectrui is in

good agreeient with that of 820-^. Therefore, it is confined
I2O3 by

SIMS depth profile shows that B atois
20 3

concentration of about 8 x 10 atois/ci

that B atois were oxidized in the fon of

in atiosphere at 900 °C.

These results deionstrate the potential for cheiical

state analysis of light eleients in bulk laterials by

fluorescent x-ray eiission spectroscopy utilizing undulator

radiation.

REFERENCES

DM. Hiyake and S. Aoyoia: J. Appl. Phys.. 63(5). 1754(1988).
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INTRODOCTION

ission spectra of CgQ have „been leasured
.2)

electron excitation lethods''". However, it

nay be destroyedthat the cluster structure of C
3)

ectron irradiation To avoid the destruction of
'60

by

is

by

the

cluster structure and to obtain the reliable CKa eiission

spectra, x-ray excitation icthod in VUV/soft x-ray region is

advantageous. Therefore, we have adopted undulator radiation

as an excitation beai and leasured the CKa eiission

spectruw. In this report, the undulator-radiation-excited

CKa eiission spectra is described and compared with the

theoretical spectra obtained froi the DV (Discrete

Variational)-Ka wethod.

EXPERIMENTAL

Spectral leasureients were carried out with a

fluorescent x-ray spectroieter^^ of a novel design installed
on an undulator beailine (BL-16U). Quasiionochroiatic

undulator beai was incident to the 1000-^ thickfil. of Cgo
deposited on a sapphire substrate. The first harionic energy

of the incident bean was tuned to 315 eV to laxiiize the CKa

ewission signal intensity. CKa eiission spectra were

leasured with a resolution of about 1.7 eV. Prior to the

CKa eiission leasureients. absorption spectra (XANES- X-ray

Absorption Near Edge Structure) were also leasured to

characterize the cluster structure.

RESULTS AND DISCUSSION

Figure 1 shows a CKa fluorescence XANES spectrui (a)

and a total-electron-yield XANES spectrui (b). Although the

absorption edge is observed at 283 eV for both XANES spectra,

the spectral profile is different between the spectra. In the

fluorescence XANES spectrui. fine structure characterized by

(J and 71 coiponents was clearly observed, which is in

agreeient with the low-energy-electron-yield XANES
5)spectrui . However, the fine structure was not observed in

the total-electron-yield XANES spectrui. The saipling depth

of the CKa fluorescent x-ray is about 300 t. and that of the
electrons is no lore than several tens Therefore, it is

confined that the cluster structure of CgQ in bulk is not
destroyed despite that the cluster near the surface lay be

destroyed or carbon contaiination lay be generated on the

surface by the undulator radiation irradiation.

Figure 2 shows the leasured CKa eiission spectrui of

the CgQ cluster. The lain peak is observed at 274 eV and a
shoulder peak is observed at 278 eV. The theoretical

fi)
spectra obtained fori the DV-Xa calculation is shown in

Fig. 3 for different energy resolutions (AE) f roi 0.5 eV
to 2.0 eV. By coiparing the leasured and theoretical spectra,

the leasured spectrui profile is.in good agreeient with the

theoretical spectra for a 2-eV resolution. Therefore, the

nature of the lain peak is assigned as O coiponent and the

shoulder pea k as 71 coiponent.
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Introduction

Distortion due to response functions is observed in the
energy dispersive spectra measured using Si(Li) detectors,

especially for photon energies below 5 keN/''-^. To correct the
distortion using an unfolding method, the response function
matrix must be determined for the entire energy range.

Cfliculation of the reaponsft functions

The low-energy tail of the response function is
explained qualitatively by surface carrier recombination after
diffusion toward the surface against the electric field and partial
energy loss of the secondary electrons at the sensitive region.

To obtain the carrier collection probability as a function
of the position where carriers are generated, a model was
developed which takes into account drift, diffusion, and

reflections due to a finite surface recombination velocity^. The
carrier collection probability is expressed as,

f(z) = 1 - (1 - R ) exp {- Vgz / D },

where z is the position of the generated carrier measured from
the gold-silicon interface, R the carrier reflectivity at the
interface due to a finite recombination velocity, Vg a saturation
velocity, and D the effective diffusion coefficient. The value
D/Vg was estimated to be about 0.1 pm using the values

reported by Jacoboni et al^.
If a primary X-ray is absorbed in the silicon or the gold

layer, a photoelectron and an Auger electron, or a
photoelectron and a fluorescent X-ray, are generated. The
fluorescent X-rays are reabsorbed in the detector and generate
secondary electrons, or escape from the surface. The
secondary electrons are scattered and lose their energy,
creating charge carriers along their trajectories in the silicon. In
this process, some electrons may escape from the surface.
The absorption positions of the primary X-rays, generation
probabilities of secondary electrons and fluorescence,
reabsorption position of the fluorescence, scattering angles,
mean free paths, and energy losses of electrons can all be

calculated using Monte Carlo methods^.
For each photon, the fraction of energy collected by the

detector was calculated by integrating the product of energy
loss for electron step length and the carrier collection
probability, f(z), along the electron trajectories for dominant
subprocesses.

Results and disnusslon

The response functions of a conventional Si(Li)
detector were measured using the AIK and SiK fluorescences,
and monochromatic X-rays between 2.2 and 10 keV obtained
from synchrotron radiation using a Si (111) double-crystal

monochromator at the station BL-17A2.3.
As in other detectors, the threshold for the low-energy

tail " at about a half channel of the full-energy peak - was
found, suggesting a carrier reflectivity of about 0.5. Our
calculations used a carrier reflectivity of 0.5 and a gold layer
thickness of 20 nm.

Figure 1 shows calculated and measured response
functions for photon energies 1.49, 2.2, and 4.0 keV. Each
response function was normalized for a full-energy peak height
of unity. Calculated response functions agreed well with the
measured ones.

The agreement validates the carrier collection model.
The model clearly explains the threshold of the low-energy tail
for photon energy just above the SiK absorption edge. The flat
continuum can be explained by the escape of secondary
electrons from the silicon to the gold layer, and by penetration
from the gold layer into the silicon.
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Figure 1. Normalized response functions for photon energies of
1.49, 2.2, and 4.0 keV. Circles represent the measured
responses and the solid lines give the calculated values. The
dashed lines show the full-energy and escape peaks. The
dotted lines are the contributions from X-rays absorbed in the
shallow silicon region, and the dot-dashed lines are the
contributions from X-rays absorbed in the gold layer.
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Introduction

For LSI fabrication, it is very important to eliminate
contamination on Si wafers. Especially metal contamination
often causes degradations of device characteristics. To
fabricate 256M-DRAM, it is necessary to keep contamination

below 10^0 atoms/cm^. There are a few techniques to
characterize Si wafer contamination, such as flameless atomic
absorption spectrometry (AAS) and X-ray fluorescence
analysis.

Total reflection X-ray fluorescence analysis (TRXRF)^)
shows promise as a highly-sensitive and non-destructive
technique. Improved sensitivity is also expected using SR
because the signal increases with intense radiation, a suitable
photon energy can be selected for excitation, and horizontally-
polarized SR can be used to decrease scattering.

In this paper, we report the lower limit of TRXRF with
SR for Fe contaminated Si wafers and its application to
characterizing cleaning processes for Si wafers.

Experiment

Experiments were performed at the BL-17A and BL-
17C. SR X-rays were monochromatized using a Si(111) double
crystal monochromator. An incident beam was confined using a
0.1-mm-high and 20-mm-wide slit and was used to illuminate a
Si wafer under a small glancing angle near the critical angle for
total reflection. A pure-Ge detector was placed perpendicularly
to the incident beam and on the side of a wafer. X-ray
fluorescence measurements were done in a vacuum. Fe-

contaminated Si wafers were prepared by dipping into a
standard solution for chemical analysis and analyzed with AAS.

Results

We used 8.8-keV photons for Fe excitation. Although
this energy is close to the FeK absorption edge, scattering X-
rays from the Si wafer did not significantly disturb the detection
of FeKa fluorescence X-rays. To maximize a signal-to-
background ratio, we measured the FeKa and background
intensities as functions of the glancing angle. The FeKa
intensity was maximum at the critical angle of 0.2 degrees
because of Fe contamination on the surface. The signal-to-
background ratio, however was large for glancing angles
smaller than the critical angle because the scattering intensity
decreases more significantly than the FeKa intensity. As a
result, we decided on an optimum glancing angle of 0.16
degrees.

We prepared four standard wafers with different levels
of Fe contamination, and measured their concentrations using
both X-ray fluorescence and AAS. Figure 1 shows the
relationship between the FeKa peak intensity and the
concentration determined by AAS. We found a linear
relationship over three orders of concentration. We estimated
the lower detection limit (LDL) from X-ray fluorescence spectra
using the formula,

LDL= 3Cv^B/{(S-B) -vTr},

where C is concentration in atoms/cm^, B and S are the
background and signal counting rates in counts/s, and T is the

counting time in s '̂̂ ). The LDL was less than 1x10^^
atoms/cm^ for 1000 s and less than 3x10® atoms/cm^ for
10000 s.

We applied this analysis to characterize a dry cleaning
process under illumination with ultra-violet light (Fig. 2).
The Fe contamination decreased with cleaning time, down to a

level less than 6x10® atoms/cm^.
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Fig. 2 Fe contamination as a function of the cleaning time with
UV illumination.
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Introduction
Synchrotron radiation (SR) is a promising light

source for photoexcitation because the soft X-ray
to vacuum ultraviolet light provided by SR can
efficiently decompose the source gas used in the
process. Several experiments have been
demonstrated for SR-excited etching of
semiconductor materials, such as carbon film,
polysilicon, Si, Si02, SiC, and refractory metals.
In this report, we will propose new etching
method, in which SR-excited gas-phase ions are
accelerated to the substrate by applied electric field.

Experiment
Experiments were performed using BL-17B at

the Photon Factory. The available photon energy at
the sample surface was approximately less than
lOOOeV. Figure 1 shows the experimental setup.
The cross section of the SR beam was about 1 x
10mm, which was defined by an exit slit of the
differential pumping system. A pair of electrode
was set at the center of the etching chamber. The
distance between two electrode was 5mm. A
silicon wafer was set on the lower electrode,
which was connected to the voltage source. The
upper electrode was connected to the
ground.Tetrafluoromethane (CF4) was used as a
etching gas.

Results and Discussion
SR-excited decomposition or ionization of CF4

gas was investigated by using photo-ionization
mass spectrometer. The majority of the photo-

generated ion was CF3"^. Other ions such as CF2'*',

CF+, F+, C+, CF32+, and were also
observed. Their quantity were less than 10% of

CF3"*'. These ions were accelerated by an applied
electric field between the two electrodes. The
numbers of the ions impinging on the wafer (ion
current) was measured as a function of CF4
pressure and negative applied voltage to the lower
electrode. The ion current almost linearly increased
with the CF4 pressure from 10"^ to IG'̂ Torr. The
ion current saturated when the applied bias was
less than -50V, meaning that the almost all the
photo-generated ions between the electrodes could
be collected in the lower electrode at this condition.

The ion current exceeded 10"^A when the CF4
pressure was O.OlTorr.

The silicon wafer with resist (CMS) patterns
having the minimum size of 0.1|im line and space
was fabricated by electron beam exposure system.
When the photo-generated ions were accelerated
by DC voltage, the cross sectional structure of the
etched surface had the "tapered" shape and fine

pattern etching of 0.1}im level was impossible.
This is probably due to the "charge built-up" of the
resist surface by impinging ions. To avoid the
"charge built-up" effect, we accelerated the photo-
generated ions by AC voltage. Positive (photo-
generated ions) and negative (photo electrons)
particles are alternately accelerated by AC voltage
and surface charge may be effectively neutralized.
Figure 2 shows the SEM photograph of the silicon
surface etched by AC acceleration voltage (AC
150V) with CF4 pressure of O.OSTorr. Fine

structure of 0.1|im line and space was accurately
transferred to the silicon surface.

In summary, new etching method using SR-
excited gas-phase ions was proposed and

application of this method to 0.1 p.m level etching
was experimentally demonstrated.

Turbomolecular pump

Substrate

Differential pumping system

Electrodes
(gap: 9 & 6mm)

Fig.l Experimental apparatus.

VarlabW bak
atv«

TurboinobcuUr pump

Fig.2 SEM photograph of etched silicon pattern
having 0.1|im line and space.
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Introduction

Up to now, several experiments have been
demonstrated for SR-excited chemical vapor
deposition and etching. In these experiments, SR
was used perpendicular to the substrate. In this
report, we will demonstrate parallel irradiation to
the substrate. By parallel SR irradiation, the
substrate surface is uniformly exposed to
photogenerated radicals, making the processed
area larger than that of perpendicular irradiation.
Effects of substrate heating and gas dissociation by
photoelectrons, which seem to occur with
perpendicular irradiation, can be avoided by
parilel irradiation aswell.

Experiment
Experiments were performed using BL-17B at

the Photon Factory. The available photon energy at
the sample surface was approximately less than
lOOOeV. The total photon intensity was estimated

to be about 10^^ photons/cm^-s"^. The cross
section of the SR beam was about 1 x 10mm. The
width of SR (10mm) was smaller than the wafer
diameter (50mm). The wafer was positioned
parallel to the SR beam. The SR beam and wafer
separation was changed from 2 to 5mm. We define
the direction perpendicular to the SR beam as the x
axis and the parallel direction as the y axis.
Disilane (Si2Hg) gas was used as a source material
for silicon film growth.

Results and Discussion
Figure 1 shows the distribution of grown

silicon film thickness for the x and y axes. In this
figure, the SR beam and substrate separation was
5mm, SR exposure was 2000A-S, and the total
pressure was 0.02 or 0.05 Torr. The substrate was
at room temperature. The thickness distribution
along the x axis (Fig. 1(a)) had a peak in the
vicinity of the SR beam. The maximum thickness
along the x axis for 0.05Torr is larger than that for
0.02Toit due to a higher density of photogenerated
radicals in the SR-irradiated region at 0.05Torr.
The thickness difference between the wafer center
and edge increases at 0.05Torr because the
diffusion length of photogenerated radicals
becomes smaller than that at 0.02Torr. At a total
pressure of 0.02Torr, the photogenerated radicals
diffuse toward the wafer edge more easily because
a larger diffusion length is expected than at
0.05Torr. For the y axis (Fig. 1(b)), a nearly flat
distribution was obtained for total pressures of
both 0.05 and 0.02Torr.

Figure 2 shows the RHEED patterns before and
after growth at 300°C and 500^. Spots were
observed for the sample grown above 300°C,
showing the growth of single-crystal silicon films.
The Si(lOO) 2x1 reconstructed surface was
obtained for the sample grown at 500X^. This
indicates that a single-crystal silicon film could be
obtained by SR-induceddissociationof Si2Hg gas.

In summary, an SR beam was irradiated parallel
to the substrate in Si2Hg gas ambient for low-
temperature silicon film deposition below 500^.
At a total pressure of 0.02Torr, silicon film is
deposited uniformly (±5%) over 50% of the
surface area while SR passes about 25% of the
surface area. Epitaxial silicon film was grown
using parallel SR irradiation at the substrate
temperatures above 300*^.

d = 5 mm
£ = 2000 A s

T«*= R.T.

20 30
X position (mm)

-P = 0.05 Torr

'P = 0.02 Torrl

d s 5 mm
£ = 2000 A-t
T^=R.T.

-P = 0.05 Torr

P = 0.02 Torr

10 20 30
Y position (mm)

40 50

Fig. 1 Film thickness distribution along x axis (a)
and y axis (b).

(a) (b) (c)
Fig. 2 RHEED patterns of sample surface before
film growth (a), after growth at 3003C (b), and
after growth at 50030 (c).
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Introduction
Photo-stimulated desorption (PSD) of oxygen

from silicon dioxide is promising technique for
removing the native oxide from a Si surface. The
complete removal, however, is difficult even using
broadband synchrotron radiation (SR), because the
PSD efficiency is low for thin oxides^^. It is
possible that some interaction between the
photoexcited oxygen and the substrate surface
prevents the oxygen desorption. We introduced
hydrogen into the irradiation atmosphere to
passivatet active sites on the surface to enhance the
oxygen PSD^^ We were then able to completely
remove the native oxide from a Si(lOO) surfaces.

Experiments
The experiments were performed using the beam

line 17B with a broadband light. The peak energy
of the light was 100 eV and the beam intensity was
1 W/crrF. The samples were p-type silicon wafers
boiled in a mixture of HC1:H20:&02 to form the
native oxide. The samples were mounted on a
holder which can heat the samples to 900^1 using a
Ta resistive heater. The base pressure of the reaction
chamber was 10"^^ torr. The samples were
irradiated with a gracing angle of 6° and the
hydrogen pressure during irradiation was 0.1 torr.
The irradiation time was about 60 min and the
irradiation temperature was varied from room
temperature to 600T^.

In-situ Auger electron spectroscopy (AES) and
the observation of reflection high energy electron
diffraction (RHEED) were done to evaluate the
cleaning effect.

Results and discussions
Irradiation in a vacuum cannot reduce tlie native

oxide at temperatures below 600°C, but the
introduction of hydrogen enhanced the oxygen
desorption. The dependence of the SR cleaning in
hydrogen on temperature is shown in Figure 1. The
circles represent the AES signal ratio of Si(LVV)
oxide (79 eV) to Si(LVV) metal (92 eV) which
shows the existence of oxygen on the top surface.
The squares are the ratio of O(KLL) (500 eV) to
Si(LVV) metal (92 eV), and include all the oxygen
in the oxide layer. The cleaning is remarked at
lower temperatures especially below 400X). This
suggests that the absorption of hydrogen is
important for oxygen desorption.

The oxygen PSD rate was constant below
300°C, and the oxide was completely removed.
However, at room temperature, the atomic
hydrogen also etches the Si(lOO) surface^) and
leaves the surface rough (Figure 2). To obtain a
smooth surface, this etching reaction must be
suppressed. We conclude that cleaning for epitaxial
growth is best at temperature between 300 and
400T:.
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Fig. 1 The dependence of the SR cleaning in
hydrogen on temperature. Circles represent the
oxygen at the top surface and squares represent the
oxygen in the oxide layer.

(a) (b)
Fig. 2 RHEED image after cleaning Si(lOO)

surface. The electron incidence direction is [001].
(a) shows the surface after cleaning at room
temperature and (b) shows the surface cleaned at
300T:.
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Introduction
The high energy photons (>100 eV) break Si-O

bonds and cause large lattice relaxation in the
film^h To minimize the degradation of silicon
dioxide films during X-ray lithography, the effects
of radiation must be examined.

We studied the dependence of the breaking of Si-
O bonds on the radiation dose and tlie relationship
between the decrease in the number of Si-O bonds
and the oxygen vacancy defect detected by ESR (E'
center).

Experiments
We used the beam line 17B with a broad band

light. The experiments were performed using the
beam line 17B with a broad band light. The peak
energy of light was about 100 eV and beam
intensity was 1 W/cm^. The samples, silicon
wafers with a 100-nm thick thermally oxidized
layer, were irradiated with normal incidence under
UHV (<10"^ torr) at room temperature. The
irradiation time was between 5 and 60 min.

We then performed IR and ESR analyses on the
irradiated samples. We estimated the total number
of Si-O bonds in the films from tlie IR absorption
intensity of Si-O stretching vibration. The decrease
in the number of Si-O bonds is related to the
oxygen deficiency of the Si-O network; oxygen is
removed from Si-O network by irradiation^. To
observe the structure of the displaced oxygen, ESR
measurements were done at 77 K.

Results and discussion
The dependence of number of Si-O bonds

broken in the silicon dioxide film on the irradiation
time is shown in Figure 1. The number of Si-O
bonds broken is proportional to the quater-root of
the radiation dose. This means that the umber is
determined at an early stage of irradiation, so a
reduction in the dose will not reduce the number of
the permanent defects created by irradiation.

In the ESR measurements, only the E' center
was detected. The relationship between the number
of broken bonds and E' center (Figure 2 ) is linear,
and the density of the E' center is 1/260 times that
of the broken bonds. This shows that most of the
defects created by irradiation do not have a dangling
bond. These defects may be bridge defects, Si-Si or
Si-O-O-Si, or an oxygen-solution.

E' center can be annealed out at low
temperatures (<600'C) but the recovery of the

broken bonds must be carried out at temperatures
above means that these are more

stable than dangling bonds. After the last annealing
process of device fabrication at about 4(X)Ti!, most
of the dangling bonds can be annealed out but
stable defects may remain. Tlie silicon dioxide film
may consist of an oxygen deficient Si-O network
and tlie displaced oxygen in tlie form on an oxygen
solution or per-oxy bridge.
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Fig. 1 The dependence of the number of bonds
broken in the silicon dioxide film on the irradiation
time.

3 -

2 -

9) 1

UJ 0

Y = 0.325- X

2 4 6 8

Broken SI-O bonds density (10i8/cm2)

Fig. 2 The relationship between the number of Si-
O bonds broken and E' center in the SR irradiated
silicon dioxide film.
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Introduction

Among the series of rare earth
hexaborides, CeBg is a well known dense

Kendo material.The valence shell

photoelectron spectra of CeBg^^ suggested
the possibility of the Kendo peak to show up
in EDC's. However, the 4d-4f resonant
photoemission spectra showed resonance
aspects in a form slightly different from
than those of other dense Kendo materials

reported thereafter. Recently,
experimental and theoretical

investigations^''^^ cast a doubt on the
possibility of the observation of the Kendo
resonance peak in its original form.by
photoemission measurements.

To investigate the electronic structures
and the resonance aspects in the photo-
electron spectra of CeB0 more precisely, it
is required to measure the photo-electron
spectra of CeBe again near the Ce4d
threshold. In this report, we present the
photoelectron spectra of CeBs measured
under better experimental conditions

than those reported so far.^^
Experimental

Experiments were carried out with a
commercially available photoelectron
spectrometer, ADES 500, at BL-18A. CeBs
single crystals were cleaned by scraping
the sample surface with a diamond file in
situ. The contamination of the sample
surface was monitored by Ols and Cls
XPS spectra and kept to be less than L/10
monolayer during the experiments, the
Total energy resolution of the photo-
emisison spectra was 0.4 eV at excitation
energy of 120 eV.

Results and discussion

The figure shows the valence band and
Ce5p photoelectron spectra of CeBs at
excitation energies near Ce4d threshold.
The photoelectron intensities in the whole
valence shell region are enhanced near
the Ce 4d threshold. The resonance

enhancement of the valence shell

emission shows the two peak profile just
like those of typical resonant difference
spectra observed in other dense Kondo

materials. The Ce5p spectra also show
resonance enhancement. Two Auger
lines, N4_5VV and N4 502,3V, are
discernible in the spectra. The difference
spectra, which are not shown here, reveal
that the resonance enhancement in the
valence band region occurs up to a
binding energy of 8 eV. We have found
well defined peaks in the difference
spectra at the Fermi edge, which were
obscured in the spectra measured pre
viously. This cannot be explained simply
in terms of the single channel hybridiza
tion of Ce4f states with other valence states

occuring over wide energy range.
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Introduction

The ternary intermetallic compounds of Ce-Ni-Al
system show various dense Kondo properties, mixed
valence, heavy fermion, magnetic transition at low
temperature etc., depending on coupling between Ce 4f
and valence electrons (A1 3p, Ni 3d). In such a system,
CeNi2Al5 is a dense Kondo compound with a coherent
effect of Kondo scattering between 2.6 and 4 K, and shows
an antiferromagnetic transition at 2.6 K^\ Toinvestigate
electronic structures of this compound, we studied
resonant photoemission of single crystal CeNi2Al5 around
Ni 3p and Ce 4d core electron excitation thresholds.

Experimental
Photoemission spectra of CeNi2Al5 were measured with

an angle-integrated hemispherical photoelectron energy
analyzer with an electrostatic lens system (CLAM) at BL-
18A. The measurements were performed in a ultra-high

vacuum (< 5x10"'^ Torr) at room temperature. The clean
suT-face was obtained by scraping the sample in situ with a
diamond file. The total energy resolution was about 0.4 eV

(at hv =121 eV). The photoelectron intensity was
normalized to the incident photon flux.

Results and discussion

Figure 1 shows valence band and Ce 5p core level
photoemission spectra for excitation energy around the Ce
4d threshold. Resonant enhancement of Ce 5p and
valence band emission is immediately noticed. Ce 4f
emission peak is resolved in valence band on the low
binding energy side of intense Ni 3d emission. In addition,
we can see two Auger peaks in the figure (Aj: N4502^3V,
^2' Na.s^V). At excitation energy above Ce 4d threshold
N45W Auger peak appears around Ce 5p3/2 peak and,
simultaneously, N45O2 3V Auger peak is notably enhanced
and broadened.

In order to extract 4f emission from the valence band

spectra, we subtract the off-resonance spectrum

(hv =114eV) from the on-resonance one (hv=121eV).
Before subtraction we correct the off-resonance spectrum
using calculated 3d photoionization cross sections of a Ni
atom^'^\ These results are shown in Fig. 2. The difference
spectrum consists of peak A close to Ep and more intense
peak B at a binding energy of 2.3 eV. The peak A is
interpreted as f-screened f-photohole state and the peak B
is interpreted as d-screened (mainly by Ce 5d electrons) f-
photohole one. The dominance of d-screened final states
in 4f emission spectrum indicates that 4f electrons are
almost localized in this compound. It follows from this that
coupling between Ce 4f and Ni 3d states in CeNi2Al5 is
rather small compared to that in CeNi^l, where 4f
electrons behave as band electrons reflecting strong
coupling between Ce 4f and Ni 3d states.
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Fig. 1 Valence band and Ce 5p photoemission spectra
for excitation energy around Ce 4d threshold.
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Introduction

It is well known that a clean Mo(OOl) surface
undergoes a reconstructional phase transition from a
(Ixl) to an incommensurate c(2,2x2.2) phase upon

cooling below Tc=230K^). Although a vast library
for the characteristic features of this reconstructional

phase transition has been established to date, the
physical origin that drives the reconstructions has not
been completely resolved yet.

In the present study^), we report results of an
angle-resolved photoelectron spectroscopy (ARPES)
measurements to elucidate the driving mechanism of
the Mo(OOl) surface reconstruction.

Experimental
The ARPES experiment was performed on the

ISSP (Institute for Solid State Physics) beamline BL-
18A. Typical energy and angular resolutions were
150meV and \°. In order to vary sample temperature
in the range of 50K to 2500K. we used a closed cycle
cold head thermally connected to the sample, and
electron beam bombardment heating. The sample
surface, oriented within ±0.2° to a (001) plane, was

cleaned by a well-known recipe^), and produced the
incommensurate c(2.2x2.2) low energy electron
diffraction pattern (LEED) at low temperature.

Results and Discussion

Figure (a) shows the ARPES spectra for a
reconstructed surface at T=52K. From the behavior

of the Si surface state in Fig. (a) and other data, the
two-dimensional Fermi surface contours are plotted
in Figs, (b) and (c). A remarkable change of the
shapes of Fermi contours upon cooling is found,
which reveals a significant nesting at kii=0.65A"l
extended 0.30A"^ perpendicular to I axis. It is shown
that the Fermi vector found in this study naturally
accounts for the wave vector of the reconstruction in

LEED (qii=1.28A"^) and agrees essentially with the
wave vector of the Kohn anomaly in .surface phonon
dispersions^).The results suggest that the
reconstruction should occur essentially by Peierls-
type 2kF instabilities via the charge density wave
(COW) mechanism with significant matrix element
effects.
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(a) A Series of ARPES spectra with kn along I

axis with a sample at T=52K (below Tc). The

spectra were separated by about 0.037A'\
starting from F (k||=oA'\ bottom) to M(k||=1.4A'\
sixth from the top). The spectra with extended
ends beyond Ep have k||=0.29, 0.61, 0.89, 1.21,

and 1.42A"^ respectively from the bottom.
(b) Experimentally determined Fermi surface

contours for the 1/4 surface Brillouin zone (T>Tc).

(c) Corresponding contours at T<Tc. The Contours

are defined by wave vectors where surface state
Si approaches closest to Ep (Cp). disappears
completely (Cq), and disappears again (C^). The

shaded areas denote the error range of the

contours. A perfect nesting should occur exactly
at Tc that can extend about 0.30A-\ which might
be enough to induce reconstruction via the CDW

mechanism.
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Introduction

The nature of the resonant 6eV satellite in the

valence band photoemission spectra of Ni has
attracted much attention both theoretically and
experimentally'). Gauberg et al.^) observed that the
6eV satellite is highly spin polarized and the constant-
initial-state spin-polarization spectrum (CISSPS) of
the 6eV satellite shows the resonant behavior near the

3p core excitation threshold. Their results indicate
that the nature of the resonant 6eV satellite can be

understood on the basis of the MVV Auger decay
model. Jo et al.3) argued that the interference effect
between the direct 3d electron transition and the 3p
core electron excitation followed by the super-Coster-
Kronig (sCK) process forming the two-d-hole bound
state is important to explain the resonant enhancement
of the CISSPS. They suggested that the Fano dip
profile should be found in the CISSPS.

In the present study, we have also carried out the
measurements of the spin-polarized photoemission
spectroscopy (SPPES) on a ferromagnetic Ni(llO)
single crystal and investigate the nature of the 6eV
satellite more precisely with the wider photon energy
range and smaller statistical errors than those

presented so far^).
Experimental

SPPES measurements were performed in the
"Revolver" undulator beamline BL-19A'^). The details
of the experimental apparatus will be described
elsewhere^). The base pressure of the chamber was
less than 2x10*'̂ Torr. The instrumental energy
re.solution varied from 0.5eV (at h\)=50eV) to about
().8eV (at h\)=95eV). Angular resolution was ±2°.
The clean (110) surface was obtained by repeated
cycles of Ne ion etching and annealing by electron
bombardment. The sample shaped into a picture
frame was magnetized before SPPES measurements.

Results and Discussion

Figure shows the CISSPS of the 6eV satellite.
The CISSPS from h\)~63eV to ~71eV is similar to

that reported byGauberg et al.^) The statistical errors
are much smaller. A minimum (at ho~63eV) and a
maximum (at h\)~68eV) in the CISSPS are clearly
obseired in the figure. This is evidence that Fano

interference takes place in the spin polarization of the
6eV satellite in Ni. This means that the interference

effect between the direct 3d electron transition and the

3p core electron excitation followed by the MW sCK
process forming the two-d-hole bound state is
important to explain the behavior of the resonant 6eV
satellite. It is further noticed that the spin polarization
is still large under an off-resonant condition. This is
an indication that the direct transition from the

majority spin state is effective to form the two-d-hole
singlet bound state.
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energy being Eb=6.2eV) in Ni(110). The

contribution of the slightly polarized background
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Superexcited states of molecules,
of which energies are above the ioniza-
tion threshold, do not always autoionize
because some of them have dissociation

channels into neutral fragments. The
neutral fragments are often electron
ically excited, so that they can be
detected by means of optical emission
spectroscopy. The emission from dissoci
ation fragments gives us much knowledge
to substantiate the electronic structure

of molecular superexcited states and the
dissociation mechanism. Angular-momentum
population of excited fragment atoms
seems to be closely related to symmetry
properties of precursor superexcited
states, where angular-momentum popula
tion means the ratio of formation cross
sections of i-states in the photodisso-
ciation of molecules and 1 is orbital
angular momentum quantum number. In this
report, we present the investigation of
the angular-momentum population of H(3J)
produced through the photodissociation
of Hz by means of time-dependent Balmer-
a intensity. This method^' is based on
the difference in the lifetimes of
H(3s), H(3p) and H(3d). Single bunch
operation of the PF Ring is required in
this experiment, since the time-interval
between SR (synchrotron radiation)
pulses should be longer than the life
times of H(3 J) .

Time-dependent Balmer-a intensity
was measured through a delayed coinci
dence technique between a Balmer-a
photon pulse and a 1/312 divided RF
pick-up pulse, which is synchronized
with a incident SR pulse. The mono-
chromatized SR beam (band width; 0.08
nm) from a 3 m normal incidence mono-
chromator at the BL-20A was introduced

to a gas cell filled with Hz gas of
which pressure ranged from 4 to 40
mTorr. Time-dependent Balmer-a intensity
was fitted to a triple exponential func
tion. The fitted results were analyzed
taking account of effects of a collision
between a H(3J) atom and a Hz molecule,
because the gas pressure of Hz is not
quite low.

Fig. 1(a) shows the observed
Balmer-a excitation spectrum in the
wavelength region between 70.0 and 75.5
nm. The spectral intensity sharply rises
near the dissociation limit to produce
H(3J) + H(ls) and there exist some
structures corresponding to the predis-
sociation of Hz in superexcited states.
The symmetry of these predissociative
states are npa and npjr We

have measured the angular-momentum
population of H(3J) at several peaks in
Fig. 1(a) and the results are displayed
in Fig. 1(b). The populations of H(3s)
and H(3p) change quite well at two
measured points in the longer wave
length region, while they change to a
small extent in the shorter wavelength
region. On the other hand, the popula
tion of H(3d) has a small change
throughout the whole wavelength region
in this experiment. It should be noted
that the population of H(31) approaches
their constant value on going to the
shorter wavelength region. The angular-
momentum population of H(3J) could be
discussed in terms of the symmetry prop
erties of the precursor superexcited
states of Hz
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Fig.l. (a) observed Balmer-a excitation
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Introduction

In electron or positron storage ring,
synchrotron radiation(SR) irradiates the vacuum
chamber walls of the rings and causes
photodesorption. Photodesorption is affected by
the photon energy, the number of photons,
materials, and surface conditions. It has bean
reported that photoelectrons emitted from
irradiated surfaces mainly produce
desorption[1,2].

In this study, we investigated about the
dependence of photodesorption and photoelectron
yields on photon energy by the experiments using
various energy distribution of SR[3].

Experiment

Experiment have been performed at BL-21.
SR through the slit (5x5mm2) irradiates a target
in a test chamber made of stainless

steel(Fig.1). Photon flux and energy
distribution have been changed by rotating slit
and chamber around the SR source point. The
target has two irradiation surfaces. One has
normal incidence angle, the other is an angle of
10 degrees. Two targets which are made of oxygen
free copper(OFC-class1) and aluminum
alloy(A6061) were prepared(table 1).

Results and discussion

Photodesorption yield n('Tiolecules/photon)
decreases as the photon dose increases. q of
the copper target in 10 degrees irradiation (Run
CG9) is about two times larger than that of
normal irradiation (CN8). q of aluminum target
(AG10/AN9) is about four times larger.

Typical experimental results concerning the
dependence of the photodesorption and
photoelectron yields are shown in Fig.2 and
Fig.3, respectively. Although the number of
photons and photon energy decreases rapidly as
the position increases, photodesorption yields q
are almost constant except that qof the aluminum
target increases in the normal irradiation (Run
AN9). Photoelectron yields qe change with low
slope vs. the position. The slope at Run AN9 is
larger than the others, qe in the 10 degrees
irradiation at the zero position is about four
times larger than that of normal irradiation.
This factor agrees well with photodesorption
yield ratio of aluminum target. Photodesorption
yield in the normal irradiation was calculated
using experimental data[4] and theoretical
analysis [5]. Calculated photodesorption yields
of copper target is close to ones obtained
experimentally. Calculated photoelectron yield
of aluminum target is along the change of
photodesorption yield is shown in Fig.2. It
should be considered that reflected photons
effect on these photoelectron yields. It is
concluded that the photodesorption is mainly
produced by photoelectron emission, therefore,
photodesorption yield is affected by photon
energy which influences the production of

photoelectron.
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Table 1. Specification of targets and experiments

Run No. CN8 CG9 AN9 AGIO
Uater i a 1 Cu Cu AjC A£

Irradiatoin angle(deg.) 90 10 90 10

Beam dose(A.h) 11 11 6.2 12

Photon flux (X10"photns/s, mA)
4.9 4.0 2.5 1.4 .85 .56

I T I I 1 1
Mean photon energy (eV)
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Fig.2 Photodesorpton yield vs. slit position shift.
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Fig3. Photoelectrons yield vs. slit position shift.
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Measurement of magnetic circular dichroism
(MCD) of rare earth can be performed even with
non-saturating external magnetic field because
some rare earth metals are ferromagnetic below
proper temperatures.

In this experiment MCDs in
photoabsorptions of Eu, Gd, Tb, Dy and Ho metals
in 4d-4f excitation region were measured at each
photon energy by means of "permanent magnet
flipper"" by which large magnetic field (>1 Tesia)
can be obtained and the magnetic field can be
switched in a few second. The permanent magnet
flipper can minimize any systematic errors caused
by possible instabilities of light source and possible
degradation of a sample.

Samples were evaporated thin films. They
were prepared in situ. The purity of the Eu, Gd,
Tb, Dy and Ho used as samples were 99.99%. The
thickness of the evaporated films was 100 A. After
evaporation was carried out, measurement was
immediately performed. Sample holders were cooled
to liquid nitrogen temperature during evaporation
and measurement. The vacuum of the chamber was

better than 2x10"'° torr during measurement.
Though Eu and Ho metals are not ferromagnetic
materials, MCDs were observed.

In this report MCD means subtraction
between absorption spectra in right- (RCP) and
left- (LCP) circular polarized photons with respect
to the magnetization. Figures show the observed
MCDs. The observed MCDs are qualitatively
consistent with predicted ones'' in both prethreshold
and giant resonance region. Also observed was an
extended MCD which was proposed to be due to
the Fano effect through the interference between a
discrete excited state and a continuum through the
super Coster-Kronig transition. Another possibility is
MCD due to 4f-continuum transition for Tb, Dy and
Ho in which 4f orbital angular momentum exists.
The 4f orbital angular momentum in a Gd atom is
extensively supposed to vanish because of the 4f^
configuration in strongly localized 4f orbital satisfying
the Hund's rule. The integrated MCD due to 4d-4f
excitation is then expected to vanish. The integrated
value of observed MCD of Gd coarsely cancels in
contrast with those of Tb, Dy and Ho. The extended
MCD appears to continue to the energy region
higher than measured area. However the total
absorption in RCP tends to be larger than in LCP.
There was the same tendency in observed MCD of
Eu. The number of 4f electron is 7 in a Eu atom as

well as in Gd. This tendency causes the present
authors to propose a tentative suggestion that is
imperceptible existence of 4f orbital angular
momentum or contribution from other orbltals (5d-

like band) which has non-vanishing orbital angular
momentum.

1)Sadatsugu Muto, Yasushi Kagoshima,
and Tuneaki Miyahara
Rev.Sci.lnstrum. 63(1),1992 1470-1473

2)Takeo Jo and Shin Imada
Proc.lnt.Conf. RARE EARTH '92 IN KYOTO June
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INTRODUCTION

X-ray magnetic circular dichroism (XMCD) is a useful

method to study local magnetic states in ferro(i)magnets
because of a feasibility of direct separation of the orbital and

spin angular momenta. Recently, Carra et have

proposed new magneto-optical sum rules to determine

experimentally these contributions. The XMCD study at the

Pt L-edges in ferromagnetic Fe-Pt alloys has the following

attractive features: (1) It permits access to the strong

dipole-allowed ^-5d transitions, (2) the 5d-electrons of Pt

atom possess directly the magnetic moment. The Fe-Pt alloy

system is a suitable material for investigating the local

magnetic states because of the existence of superlattice

structures and a variety of magnetic ordering. In this paper

we present a separation between the orbital and spin angular

momenta of Pt atom estimated by the recently proposed

theory.

MAGNETO-OPTICAL SUM RUT.RS

Carra et al. have derived the sum rules to estimate the

expectation values of orbital <L^>, spin <5,> and magnetic
dipole <T^-> momenta by assuming dipole transitions in an

atomic model consisting of a single ion with the valence shell

partly filled.

= <L^>{l{l+l)+2-cic+i)}/m+im+2-n),

= <5.>{/a+l)-2-c(c+l)}/3c(4/+2-/i)

+ <T,>[/(/+l){/«+l)+2c(c+l)+4}-3(c-l)^(c+2)'^/6fa+l)c(4/+2-n).

where the integration must be over the L2_3-edges, fi and 5
are a quantity directly measurable from the XMCD and

XANES spectra. It describes the transitions from the

ground configuration P to the fmal state configuration cf*'
( c denotes a core hole). For the Pt L-edges, the quantum

numbers are c=l (2p), 1=2 (5c0 and n=9, respectively.

RESULTS AND DISCUSSION

Figure 1(a) and (b) show the XMCD (upper panel) and
XANES Oower panel) spectra at the Pt Lg- and Lg-edges,
respectively, in the disordered 37.1at%Pt-Fe alloy. The

XMCD integrated intensity was calculated by a Lorentzian

fitting, and the XANES (white-line) integrated intensity was

estimated by an arc-tangent subtraction and a Lorentzian

fitting. The orbital <L^> and spin <S,> angular momenta

were calculated by using the sum rules neglected the <T^>

term. Although some ambiguities remain in the estimation

of the intensities, an agreement between the calculated

orbital moment and the band calculation data is fairly good.
However, the estimated spin moment is somewhat larger than
that deduced from magnetization or neutron scattering

measurement, which may be ascribed to a neglect of magnetic

dipolar contribution (<7',> term).

Table I. Orbital, spin and total magnetic moments estimated
the magneto-optical sum rules for XMCD.

cont. Orbital Spin Total Ratio
(at%Pt) moment moment moment <L,>/<S,

(Disordered) (/^b) 0"b) C"b)
24.9 0.16 0.52 1.20 0.31

26.0 0.09 0.40 0.89 0.23
37.1 0.18 0.69 1.56 0.26
48.8 0.13 0.48 1.09 0.27
61.5 0.14 0.54 1.22 0.26
74.3 0.10 0.36 0.82 0.28

(Ordered)
23.6 0.12 0.54 1.20 0.22

37.1 0.11 0.40 0.91 0.28
48.8 0.04 0.19 0.42 0.21

61.5 0.05 0.29 0.63 0.17
74.3 — — — —
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INTRODUCTION

It is well known that X-ray absorption near-edge structure

(XANES) at A-edge of 3d element in various 3d-compounds

generally shows the so-called pre-peak structure interpreted

by taking into account both dipolar and quadrupolar

contributions to XANES.The electronic structure still is

not well understood in spite of many past studies. In X-ray

magnetic circular dichroism (XMCD) at the Fe A-edge, it is

conjectured that a large magnetic effect connected with the

unoccupied 3d-states of Fe ions is observed in various

ferrimagnetic Fe-oxide. The origin of the pre-peak structure

or a site contribution to the spectra may be specified by a

combination of XANES and XMCD spectra. In this report we

present the XMCD spectra for the ferrimagnetic Fe-oxide with

garnet (holmium-iron-gamet: Ho-IG) or inverse spinel

(magnetite and Li-ferrite) structure.

EXPERIMENTAL

Ferrimagnets of Ho-IG (HojO^ g • 3Fe''[2Fe'*]07j), magnetite
(Fe '̂lFe^* Fe^'lO^)and Li-ferrite (Fe'*[Li*oBFe"^*, JO^) were used
as the sample. When the Fe-ion configuration is represented

as A[B\0^, A and B denote the Fe-ions lying in a tetrahedral
(Tj sjTTimetry) and an octahedral (0^ symmetry)

environments, respectively. The magnetic moments of Fe-ions

are coupled antiferromagnetically between two sublattices.

Since the Fe''* ion has a half-filled 3<f® electronic

configuration, a sharp magnetic effect reflecting 3c/-states will

be observable in XMCD spectrum at the Fe K-edge.

The XMCD spectrum was measured with circularly

polarized X-rays emitted from an elliptical multipole wiggler

installed on the beamline NEl in the Accumulation Ring. A

Si(lll) double-crystal monochromator was used. Sagittal

focusing and higher harmonics rejection by detuning were

effective for an improvement of S/N ratio.

(X 10-3)

^ 0

o

-1 magnetite

Fe K-edge

RESULTS AND DISCUSSION

Figures 1(a), (b) and (c) show the thickness corrected

XMCD spectra at the Fe A-edge in Ho-IG, magnetite

and Li-ferrite, respectively. Sharp magnetic effect is observed

exactly at the pre-peak position and the absorption-edge in

the XANES spectra. The XMCD spectrum indicates a

complicated profile consisting of several peaks and reflects the

local magnetic states of the Fe'* or Fe'* ion occupied the
tetrahedral and/or octahedral sites.

The origin of the pre-peak structure can be mainly assigned

to the ls-3d dipole-allowed transitions. The allowance is

ascribed to the charge transfer from O 2p to Fe 3<f-states to

screen the core-hole. From a comparison of the Fe-ion

configuration and magnetic ordering between the garnet and

inverse spinel structures, the pre-peak structure and main

absorption-peak in XANES spectra can be assigned,

respectively, to the and sites. And it is suggested that

the XMCD spectra correspond to the crystal-field split levels

e' (/jj*) and tj (e,*) of Fe 3d-like antibonding orbitals in the
Ti (Ofc) symmetry."
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The aim of this work is to demonstrate that, with the use of

circularly polarized synchrotron radiation x-rays and a high
resolution Compton spectrometer, it has now become
possible to reduce a momentum resolution down to 0.12
atomic units{a.u.), one fifth of the best resolution ever
reported, in measurements of electron-spin-dependent
Compton profiles.

An ordinary Compton profile gives information on
spin-independent electron momentum density in condensed
matter. When circularly polarized x-rays are used for
magnetized materials, however, they interact with the
electron spins as well as the electron charges, and thus the
Compton profile yields information on the spin-dependent
electron momentum density. Tlie ratio of the total intensity
of the spin-dependent scattering over that of the ordinary
charge scattering is at most a few percent. Tlierefore, the
spin-dependent measurement requires a very high statistical
accuracy. For this reason all the works of this kind reported
so far were carried out using a solid state detector to secure
the statistical accuracy at the cost of the momentum
resolution. The best resolution reported so far is 0.54a.u.[l].

The present measurement was carried out at the AR-NE-1
beam line. Circularly polarized x-rays from the Elliptical
Multipole Wigg]er[2] were monochromatized and focused on
a sample by the Quasi Doubly Bent Monochromator[31. The
Compton spectrometer used is described in ref.(4]. A sheet
of Fe-3%Si single crystal was used as the sample. The
sample was mounted between the pole pieces of an electro
magnet in the same way as in rcf.[5].

Fig.l shows the observed spin-independent valence electron
profile along the [100] direction. In Fig.2 is shown the
difference between the profile of the up-spin electrons and
that of the down-spin electrons, so called magnetic Compton
profile. The full lines in these two figures represent the
corresponding theoretical profiles calculated by Kubo and
Asano[6] with the FLAPW method.

The present way of experiment could yield a magnetic
Compton profile with fine structures which have never been
imagined possible to be resolved.

The authors are most grateful to Dr. Y.Takagi and Dr.
Y.Ushigami of Nippon Steel Co, for the supply of the single
crystal.
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Introduction
The measurement of magnetic Compton profiles (MCP)
gives us the direct information of the momentum
distribution of magnetic electrons in ferro- or
ferrimagnetic materials. The momentum resolution of
MCPs of ferromagnetic iron once measured^"^ with
circularly polarized 60-keV x rays was 0.76 atomic units
(a.u.). The MCPs were in good agreement with the
result of the full-potential linearlized augmentcd-plane-
wave (FLAPW) calculation'̂ . It is interesting to measure
MCP of ferromagnetic iron with better momentum
resolution because the theory'̂ predicts fine structures in
the MCP. In the MCP measurements, a solid-state
detector (SSD) has been used in order to analyze the
energy spectrum of Compton-scattered x rays. The
obtained momentum resolution is mainly defined by the
finite energy resolution of the SSD.

The momentum resolution Ap (a.u.) at the
Compton peak is determined by the equation,

^0 v/2 (1 -cosd) ^ '
CO

a = —- (1-COS0) .
m

where oJq ls the energy of the incident x rays. Am is the
energy resolution of the SSD, 0 is the scattering angle,
and m is the electron rest mass energy. The Am of the
SSD is proportional to aVcu+b, where a and b are
constants. From equ. 1, it is clear that Ap decreases
when cOg increases. It is thus concluded that the
momentum resolution can be improved by increasing Wq.

Experimental
The higher energy experiment was canied out at the
AR-NEl beamline. The third harmonics of 47.1-keV
X rays (cOq=141 keV) monochromatized with quasi-
doubly bent Si(lll) crystals was utilized. Three single
crystalline plates of Fe + 3wt.% Si, each thickness of
which was 0.2 mm, were stacked for the sample. The
total thickne.ss 0.6 mm was optimized for the count rate
of the Compton scattered x rays. The surface of every
plate was (110). Transmission geometry was taken so
that the scattering vector was parallel to one of the
crystal axes <100>, <110>, and <111>. Magnetization
direction of the .sample was reversed with an
electromagnet. The scattering angle was 160°. Energy
spectra of Compton scattered x rays were measured with
a segmented Ge SSD having 13 elements.

Results and Discussion

The energy spectra of MCP on ferromagnetic iron along
<100>, <110>, and <111> are shown in Fig. 1. The
energy resolution Ato at the Compton peak is evaluated

to be 600 eV. The corresponding momentum resolution
calculated with eq. 1 is 0.54 a.u. The value is 71 % of
the previous momentum resolution 0.76 a.u. in the case of
using 60-keV incident x rays. The experimental result
along <100> has three clear peaks around the Compton
peak, which is predicted by the FLAPW calculation"^.

The authors are most grateful to Dr. Y. Takagi and Dr. Y.
Ushigami of Nippon Steel Co. for the supply of the single
crystal.

Meien
H. Kawata, Y. Tanaka, N. Sakai, M. Ito, F. Itoh, H.
Sakurai, and T. Iwazumi, Photon Factory Act. Rep. 8,
343 (1990).

^N. Sakai, Materials Science Forum 105-110, 431 (1992).
^Y. Tanaka, N. Sakai, H. Kawata and T. Iwazumi, Rev.
Sci. Instrum. 63, 1213 (1992).

"^Y. Kubo and S. Asano, Phys. Rev. B42, 4431 (1990).

Fig. 1 The raw data of MCP on ferromagnetic iron
measured by using 141-keV circularly polarized X rays.
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Introduction

The magnetic Compton profile (MCP) gives us direct
information on momentum distributions of magnetic electrons in
ferromagnetic materials. Tlie MCP also includes individual
information on the spin polarized 3d, 4f and s.p-like electrons on the
basis of characteristic momentum distribution of these electrons. For

example, s,p-like band electrons have small momentums, while 3d
band electrons or 4f electrons have large momentums in momentum
space. This kind of analysis has been applied to 3d transition metal
alloy systems""^ and 3d-4f alloy systems.''

The Fe-Co alloy system is well known to have the largest
average magnetic moment in the 3d transition metal alloy series. It
has been theoretically suggested that this large average magnetic
moment is due to the increase of magnetic moments on Fe sites,
which is induced by the change of band structure in minority bands
because of the difference of potential between Fe sites and Co sites
in minority electrons."

In this paper, we report on the magnetic Compton profiles of Fe-
Co alloys and discuss the alloying effect in terms of majority bands
and minority bands inmomentum space." Thecharacter dependence
between majority bands and minority bands are discussed.

Experimental

The polycrystalline alloys of Fe,oo.,Co, (x=30, 50 and 69) were
made by the floating zone method. These alloys have bcc structure.
They were shaped into a circle (diameter 10 mm) with thickness of
about 2 mm.

The MCP of Fe-Co polycrystalline alloys was measured on the
beam line AR-NEl using circularly polarized X-rays of 59.38 keV
(Tm K-cdge)"". A 13-segmentedGe solid state detector" was used
with scattering angle 160°. All measuremenLs were carried out at
room temperature.

Compton profiles of majority bands and minority bands were
calculated as follows.

Jn.^„(Pz)=(Jnonn.(Pz)+J„.,(Pz))/2
J....H,,(P')=(Jnc™.(P'-)-J„..(Pz))/2 (1).

Here, indicates the normal Compton profile whose core part
is subtracted by fitting, and indicates the magnetic Compton
profile as a function of momentum component along z-direction, Pz.

Results and Discussion

Figure 1 shows Compton profiles of majority (R.H.S.) and
minority (L.H.S.) bands in Fe-Co alloys from equation (1). All
profiles are normalized by the number of electrons, i.e. 5.38, 5.46
and 5.44 for majority bands and 2.93, 3.04 and 3.25 for minority
bands, resf)ectively. It is to be noticed that the Compton profiles of
majority bands are different from those of minority bands,
particularly in the low momentum region.

To show clearly the alloying effects in both majority bands and
minority bands, the difference of Compton profiles between the alloy
and pure Fe was obtained as shown in Fig. 2. A remarkable increase
is observed in Pz<1.8 atomic units (A.U.) in both the majority and
the minority Compton profiles. However, the MCTP dependence on
cobalt concentration is seen to be much stronger in minority
Compton profiles than in the majority Compton profiles.
Furthermore, a decrease in 1.8<Pz<4 A.U. is observed in the
minority Compton profiles. If it is assumed that Pz<1.8 A.U.
components mainly come from s,p-like electrons and 1.8<Pz<4 A.U.

401

from 3d band electrons, alloying effects are mainly dominated by
s,p-like electrons in both majority bands and minority bands, and 3d
electrons contribute only to minority bands as far as magnetic
properties are concerned. Theoretical calculation in momentum space
is desired to understand this behavior.

The authors would like to acknowledge kind support from Mr.
M. Sugawara of the Institute for Materials Research of Tohoku
University in the sample preparation for this study.
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Introduction

Measurements of magnetic Compton prorile(MCP)
give us the momentum distribution of spin momentum of
ferromagnetic materials in the ground state. However,
this method normally needs large volume of specimen of
the order of 0.1-lcm^

Fe/Gd multilayered film is known to have a spin-flop
magnetization around the field of 500 Oe'^ In this paper,
we try to measure the MCP of this thin film with
thickness of |im and to study the mechanism of the spin
flop phenomena mentioned above by means of the MCP
measurements.

Exprimental

Multilayered films of Gd(9A)/Fe(9A) were deposited
on polyimide substrate with 12 [im thickness in the
thickness of 1.370-10,000 A per film, each of which
surface was covered by SiOj with 600 A thickness, using
an alternative evaporation. The present film as a whole
consisted of Gd(9A)/Fe(9A) with 24.6 pm, polyimide
with 480 pm and SiOj with 2.4pm.

The measurements of the MCP were carried out at

the AR-NEl station using the circularly polarized X-rays
emitted from the elliptical wiggler and a 13-segmented
solis state detector at botli low magnetic field(300 Oe;
before spin flop) and high magnetic field(1700 Oe;after
spin flop). The total counts accumulated at the magnetic
Compton peak were 1.4x10'' for 300 Oe during 19 hours
and 1.7x10" for 1700 Oe during 18 hours, respectively,
at room temperature.

Results and Discussion

Figure 1 shows the MCP of the multilayered thin film
of Gd(9A)/Fe(9A) at the field of (a)300 Oe(before spin-
flop) and (b)1700 Oe(after spin-flop), respectively. The
dashed curves in the figure, J^,, show a model which is
a linear combination of the MCP of pure Fe at room
temperature and pure Gd at the temperature of liquid N^.
Here, x and y mean the magnetic moment(P[,/atom) of
Fe and Gd, respectively, which have been fitted to
reproduce the experimental data. The positive sign of x
and negative sign of y in Fig.l, therefore, suggest that
the magnetic moment is dominated by Fe moments
which are antiferro-magnetically coupled by Gd
moments. The same signs of x and y in Fig. 1(b) as those
in Fig. 1(a) imply that the spin configulation does not
essentially change by the spin-flop transition. This
conclusion is consistent with the result by the circular
magnetic X-ray dichroism of the same material '̂'. The
values of x and y are only qualitative due to the large
background from the substrate and the coating material.

As a conclusion, the MCP can be applicable to thin
films with thickness of even the order of micrometer but

it is desirable to prepare samples with as thin substrate
as possible.
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INTRODUCTION

X-ray magnetic circular dichroiam (XMCD) has been

received great attention for researching of magnetism. The
XMCD spectrum provides local magnetic information on spin-

orbit interaction, spin polarization of unoccupied bands, and

so on. In order to study of local magnetic environment in 3d-

transition metal alloys from the electronic states viewpoint,

the XMCD measurements at the A^-edges of Fe and Co are

made in disordered Fe-Co alloys over the whole composition

range. The Fe-Co alloy system is ferromagnetic and has the
biggest saturation magnetic moment in Fe-based alloys.

Therefore, the local magnetism and the role of Co atom have

been interested. In this report, the dependence of XMCD

spectrum on Co concentration is presented.

EXPERIMENTAL

The powdered samples of disordered 9.7, 29.7, 50.1, 69.4,

89.5 at%Co-Fe alloys, pure Fe (2 /im in thickness) and Co (4

/i m) foils were prepared. The measurements were made

using the left-circularly polarized X-rays iP^ ~~ 0.6) emitted
from an elliptical multipole wiggler installed on the boamline
AR-NEl. The XMCD spectra were measured by the

transmission method at room temperature. The energy

dependence of the absorption coefficient was measured with 1
eV energy interval from -30 up to +40 eV with respect to the

absorption edge energy. The magnetic field of 5.95 kOe was
applied parallel to the sample plane and tilted by 45 degrees
away from the incident beam direction.
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RESULTS AND DISCUSSION

Figure 1 shows the XMCD spectra at the A-edge of Fe
(upper panel) and Co (lower paneO in the disordered 29.7,
50.1, 69.4 at%Co-Fe alloys, pure Fe and Co metals. The
absorption edge energy was determined experimentally
from the energy at the first inflection point in XANES
spectrum. These spectra were normalized to obtain a
thickness independent one. In Fe metal, the XMCD spectrum

is characterized by the positive and negative peaks located at

about 0 and 6 eV, labeled as A and B, respectively. On the
other hand, in Co metal, the only negative peak is observed
at about 5 eV. In the alloy, the following features are

observed: 1) In spite of the difference of absorbing atom, the

spectra in a composition are very similar each other; 2) The
more Co content is, the smaller the intensity of A peak

becomes; 3) The full-width at half-maximum of the negative

peak changes from about 5 eV in pure Fe — 69.4 at%Co to

about 8 eV in Co-rich side.

From a comparison between these XMCD spectra and the

spin-polarized 3(/-band calculation," it is found that the XMCD
profile near the Fermi level reflects qualitatively the spin
polarization of 3cf-states: therefore, it is thought that the Ap-

statos is strongly hybridized with 3d-states.
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Introduction

Circular magnetic X-ray dichroism (CMXD) spectra at K-edges
of transition metals give information on 4p-symmetry orbital
moment which is affected by spin polarizationof 3d electrons."

Fe/Cr multilayered film is well known to have giant
magnetoresistance effects. It has been pointed out that the origin of
the giant magnetoresistance effects has a close relationship to the
spin polarization of conduction electrons in the Cr layer."However,
there have been a few microscopic experiments of spin polarization
in the Cr layer.

In this report we try direct observation of the orbital polarization
of 4p-Iike electrons in the Cr layer of Fe/Cr multilayered films by
means of the CMXD method.

Experimental

The CMXD spectra at both Fe K-edge and Cr K-edge in Fe/Cr
multilayered films were measured by using circularly polarized X-
rays emitted from the elliptical mullipole wiggler" installed on the
beam line AR-NEI. '̂ The measurements were carried out by the
transmission mode. The applied magnetic field was about 6 kOe.
The experimental facilities are described elsewhere." The relative
statistical accuracy was less than 5x10"'.

Fe(30A)/Cr(10A) multilayered film was deposited on kapton
film under a vacuum of IxlO' Torr. Theeffective sample thickness,
t, was adjusted so as to be approximately A|it=0.5, where Ap is an
edge jump in the linear absorption coefficient at the absorption edge.

A powdered alloy of Fe,,Cr,j with particle diameter less than 50
pm (Furuuti Kagaku Co.) was also prepared for reference. It was
uniformly dispersed between two adhesive tapes for measurement.
The sample thickness, t, was adjusted so as to be approximately
Apt=l,

Results and Discussion

The CMXD spectra of FeggCr,jalloy for reference are discussed
at first. Figure 1 shows the CMXD specPa of the Fe,gCr,j alloy at
the Fe K-edge and the Cr K-edge. The CMXD spectrum at the Fe
K-edge in FeggCr,2 alloy is similar in shape to that of pure Fe.
Positive f>eaks at 0 eV, negative peaks at 7 eV and small positive
peak at 18 eV are observed. Furthermore, the shaf)e of the CMXD
spectrum at tlie Cr K-edge in the FeggCr,2 alloy is similar to that at
the Fe K-edge in tlie same alloy, although a small positive peak at
18 eV is not found at the Cr K-edge because of tlie insufficient
signal/noise ratio. This similarity between different K-edges in the
same alloy reflects the itinerant character of 4p electrons, as was
discussed in the previous paper."

Figure 2 shows the CMXD spectra of Fe/Cr multilayered films
at both the Fe K-edge and the Cr K-edge. The CMXD spectrum at
the Fe K-edge is similar to that in pure Fe. This indicates that the
electronic structure around the Fe atoms in Fe/Cr multilayered films
is almost the same as that in pure Fe and Fe,gCr,2 alloy. However,
the shape of the CMXD spectrum at the Cr K-edge is slightly
different from lliat at the Cr K-edge in the alloy; tlie CMXD
sfiectrum at the Cr K-edge has an additional negative peak at -5 eV
and the positive pieak at 0 eV is relatively reduced. The CMXD
effects at the Cr K-edge of the Fe/Cr multilayered films surely
indicate the spin polarization of 4p electrons in Cr the layer in
agreement with recent neutron scattering study" that the Cr atoms
have weak magnetic moments. However, the difference between Fe-
Cr alloy and Fe/Cr multilayered films suggests that the spin
polarization of 4p electrons in the Cr layer of the multilayered films

does not come from the simple alloying effect, but stems from the
effects inherent to the multilayered system.
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Introduction

Circular X-ray magnetic dichroism(CMXD) is a
useful method to investigate the local magnetism of
ferromagnetic materials.

Fe(9A)/Gd(9A) multilayered film is known to have a
spin-flop magnetization process in a magnetic field of
about 500 Oe. In this study we report the CMXD
measurements of Fe/Gd multilayered films as a function
of applied magnetic field in order to study the
mechanism of the spin flop.

Experimental

Multilayered film ofGd(9A)/Fe(9A) was deposited on
the substrate of polyimide by an electron beam
alternative evaporation with oblique incidences. The M-H
curves of this sample were verified to show a uniaxial
magnetic anisotropy on the film plane and also a spin-
flop magnetization, i.e., a rectangular loop for an easy
direction at low field and an abrupt increase in the
magnetization around 0.5 kOe'\

The CMXD measurements at both Fe K-edge and Gd
L3-edge were carried out along both easy and hard axis
as a function of magnetic field, using the circularly
polarized X-rays emitted from the elliptical multiploe
wiggler at AR-NEl station of KEK.

Results and Discussion

Figure 1 shows typical examples of the CMXD
spectra at (a)Fe K-edge and (b)Gd L3- edge in the
multilayered film of Fe(9A)/Gd(9A) at a low field of
2000e(before spin flop) and a high field of 3kOe (after
spin flop) together with those in the pure state of Fe and
Gd. Fe K-edge spectra in the multilayered film are
almost same in shape as that in pure Fe. Gd I^-edge
spectra in the multilayered film, on the other hand, are
opposite in sign to that in the pure Gd. This fact
suggests that Fe moments are aligned parallel to the
magnetic field, while Gd moments are aligned
antiparallei to the field. Furthermore, it is seen from
Fig.l that the absolute peak intensity decreases with
increasing the magnetic field. This feature can be
explained by tilting of Fe moments and Gd moments
from the direction of applied magnetic field.

Figure 2 shows the tilt angles of Fe and Gd moments
from the magnetic field, 0, and 82, respetively, calculated
from the ratio of the peak intensity of the CMXD as a
function of applied magnetic field. It should be noticed
that 0,-t-02 = 180° nearly holds in all the field. These
facts suggest that Fe moment in the multilayered film
tilts from the parallel alignment to 90°, while Gd
moment from the anti-parallel alignment to 90°, keeping
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the coupling between Fe and Gd moments almost anti-
parallel. Recently, the magnetization of Fe/Gd
multilayered films has been simulated based on a mean
field modeP^ in qualitative agreement with the present
results.

The authors thank Prof.H.Kawata of KEK for his

kind support during this study. This work was supported
by Grant-in-Aid for Scientific Research on Priority Areas
from the Ministry of Education, Science and Culture.
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Introduction

Circular magnetic X-ray dichroism(CMXD) is a new
method to investigate the magnetism of ferromagnetic
materials. This method is unique because it can give
selective information about the net spin density of empty
band around a specified kind of atoms due to the benefit
of well-known selection rule in the absorption process of
circularly polarized X-rays.

Fe/Gd multilayered films are known to have a
minimum in a magnetization vs. temperature curve'\
which is called the compensation phenomena of the
magnetization. In this study we report the CMXD
measurement of Fe(40A)/Gd(40A) multilayered film in
order to get information about temperature dependence
of magnetization.

Experimental

The Fe/Gd multilayered films were prepared at room
temperature by an alternative RF sputtering method onto
15|im aluminum foils. Thickness of each layer was
controlled by the deposition time and confumed by a
traditional X-ray analysis to be Fe(40A)/Gd(40A). The
CMXD spectra of both Fe K-edge and Gd L3 edge were
measured by a transmission mode as a function of
temperature on AR NE-1 station, using circularly
polarized X-ray emitted from an elliptical multipole
wiggler. The sample temperature was controlled from
room temperature to 20K, using a specially designed
refrigerator '̂ to get rid of sample vibration. The applied
magnetic fields were 200 Oe, 3000 Oe and 5950 Oe.

Result and Discussions

The CMXD spectrum of the Fe(40A)/Gd(40A)
multilayered film at the Fe K-edge and the Gd Lj-edge
is found to be similar to its pure counterpart. Figure 1(a)
shows the temperature dependence of the first peak
intensity in the CMXD spectrum at the Fe K-edge. The
intensity curve shows a plateau above 120K. Below
120K, it clearly decreases with decreasing temperature
due to tilting of the average Fe moment from the field
direction. Then, the intensity changes the sign from
positive to negative at about 30K.

Figure 2(b) shows a peak intensity in the CMXD
spectrum at the Gd Lj-edge. Above 120K, the intensity
slightly decreases with decreasing temperature in
agreement with a Brillouin function calculation. This
behavior is .therefore, due to increase of the Gd moment
with decreasing temperature. But, the intensity further
increases with decreasing temperature below 120K. This
maybe due to tilting of the average Gd moment from the
opposite direction of the field. Then it changes the sign
from negative to positive at about 30K in accordance
with the result of Fig.1(a). As a conclusion ,the moments
of Fe and Gd atoms begin to rotate at 120K from the
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magnetic field and finally reverse their directions at 30K
simultaneously.
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Introduction
The magnetic compton profile (MCP) gives

direct infonnalion on momentum distributions of
magnetic electrons in solids. A technique using
circularly polarized synchrotron x-rays has been
successfully applied for MCP measurements in
studying magnetism of ferromagnetic elements and
their alloys.') Recently, a 8Tsuperconducting
magnet equipped with a temperature controlled
refrigerator was introduced to magnetize a sample
with any shape to a considerable extent.

Intermetallic compounds of 3d-transition-
metal elements and antimony with tlie
hexagonal NiAs-type crystal structure are
interesting because of the variety of their
magnetic properties.2) Among them, only
manganese antimonide is ferromagnetic with

tlie spontaneous magnetization of 3.5//i3/Mn
and the Curie temperature of 589 K, and has
been extensively studied through
experimentaP) and theoretical works.'') In this
report, anisotropic MCP of MnSb is presented.
The result verifies the usefulness of the
technique in the study of intennetallic
compounds.

Experimental
The MCP experiment was performed at the

beamline AR-NEl using monochromatizcd (60
keV) circularly polarized x-rays emitted from
EMPW installed in the AR-ring. Energy
spectra of the Compton scattered x-rays were
measured using a segmented Ge SSD at the

scattering angle of 160 A single crystalline
MnijSb grown by Bridgman method with
9x6x6 mnP in size was subjected to the
measurement at room temperature in a magnetic
field of 1.2 T parallel or antiparallel to the
scattering vector. It took 140 seconds to
reverse the magnetic field, followed by the
measurement of 4 minutes. MCP's spectra
along the crystalline a- and the c-axes were
obtained with the total accumulation time of
about 15 and 22 hours, respectively.

Results and Discussions
Figure 1(a) shows the MCP's of MnuSb

along llie a- and the c-axes. In a larger Pz
region, both profiles have almost the same
distribution width of about 2.5 a.u., which is
the characteristic one for the polarized
3d electrons.') On tlie other hand in a low
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Fig.l. (a) The magnetic compton profiles
(MCP) of Mni.iSb along the a- and the c-axes.
(b) The anisotropy of the MCP's.

momentum region, a hollow is observed only
along the a-axis. Tlie difference between llie
two spectra is shown in Fig. 1(b).

The observed anisotropy of MCP is not
interpreted by the unsphericity of Mn 3d
orbitals occupied by unpaired electrons^) and
suggests the substantial contribution to MCP of
Sb 5p electrons polarizedby the p-d mixing.

The present study is the first examplein
which the anisotropy of momentum distribution
is clearly observed in a ferromagnetic
intennetallic compound. Tlie interpretation of
the anisotropy will be given by the comparison
of the present data with a tlieoretical band
calculation.
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Previous measurements of magnetic Compton
scattering have been largely confined to soft, spin-
dominated, ferromagnets. This has been on practical
grounds: it is easier to magnetise them and to reverse the
direction of magnetisation as the technique demands [1]. The
theory which had been developed, within the impulse
approximation, from the scattering cross-section for free
electrons with spin, was perfectly adequate to deal with
these results. The possibility that orbital magnetisation might
contribute in the Compton scattering process, as it does in
magnetic diffraction, was suggested from calculations based
on bound electrons [2,3], These effects would not have been
apparent in normal magnetic Compton scattering
experiments which were always pierformed near
backscattering to maximise the line profile resolution,
because in this geometry the contribution from orbital
magnetisation was predicted to vanish. A more sensitive
experiment, on a material with significant orbital
magnetisation was required; HoFej was chosen and
experiments were performed on the AR NEl station.

The moments on Fe and Ho in HoFe^ are antiparallel
at room temperature and the orbital magnetisation, which is
associated with the Ho site is approximately three times as
large as the net spin moment which is very small
(approximately 0.4/Xn at saturation) due to the near
cancellation of spin moments on Ho and Fe sites. Scattering
experiments involving 90° scattering angles were devised to
separate the contributions to the magnetic Compton
scattering from spin and orbital magnetisation, as shown in
figure 1. In the geometry shown in fig. la the scattering
should be dominated by the orbital moment of the 4f
electrons in Ho which should comprise a broad (FWHM
4au) dip extending down to -0.03% at the origin. This
feature is not present. In the second geometry, fig. lb, in
which the magnetic field is parallel to the scattered beam, a
mixture of orbital and spin contributions is predicted but the
observed lineshape is identical to that found under
backscattering conditions (fig. Ic) when all theories predict
spin-only scattering. This confirms conclusively that
magnetic Compton scattering is spin-only scattering [4].

The magnetic profile shown in fig. Ic is inherently
interesting. It can be separated into individual contibutions
given that the spin moment is composed of a negative
contribution from Ho 4f electrons, a positive contibution
from Fe 3d electrons and a diffuse moment parallel to the
overall magnetisation (i.e. negative in this representation);
all of these have characteristically different momentum
distributions. The results of such a decomposition are shown
in figure 2 where the moments indicated correspond to our
best estimates of their values at saturation.

We are grateful to the British Council in Tokyo and
the Science Research Council (UK) for financial support and
the Photon Factory for the provision of beamtime.
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Figure 1. Magnetic Compton profiles of HoFe2 for the
geometries shown in the insets. The plots show the magnetic
intensity, expressed as a percentage of the charge scattering,
against a scale of electron momenta (pj in atomic units. All
data sets demonstrate that orbital magnetisation makes no
contribution to the magnetic profile: see text and [4].

Pz [au

Figure 2. The spin-dependent magnetic Compton profile of
HoFcj analysed in terms of 4f (Ho site), 3d (Fe site) and
diffuse contributions. Free atom (3d and 40 and free
electron (diffuse) momentum distributions have b^n
assumed. The moments associated with each contribution
denote the saturation value.
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Magnetic circular dichroism(MCD) for Fe K- and
Tb L2, 3-edges in Fe88Tbl2. Fe80Tb20 and Fe62Tb38
was measured at the beam-line of AR-NEl. The

samples were films with 2pm thickness which were

deposited on 20pm-thick polyimide films and were
coated with 0.2nm-thick Si3Nx, by RF sputtering.

The samples were positioned inside the electric
magnet which provides a magnetic field of 6K0e and
MCD was measured at room temperature by the
transmission method. The spin-dependent X-ray
absorption A(pt) was defined by the following
equation

Afut = In
/olTT)"! , f/o(U)
/(TT)

-In
/(T4.)

where /o(1T) and /('rT)(/o(Ti-)and I{ti)} describe the
intensities measured with ionization chambers in

front of and behind the sample with the incident
X-ray wave vector parallel(antiparallel) to the spin of
magnetic electrons in the sample.

The measurements at Fe K-edge were carried out
in the magnetic field parallel and perpendicular to the
sample plane. Those at Tb L2,3-edges were measured
only in the perpendicular direction. The magnetic
field direction was tilted by 45° with respect to the
incident beam direction to increase the absorption
path length, and was reversed every two seconds. The
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absorption was measured in leV step from -20 to
30eV with respect to the absorption edges; 7.1109,
8.2524, and 7.5151 KeV for Fe K-edge, Tb L2- and
L3-edges, respectively. The results for measurements
at Fe K-edge are shown in figs.l~3. The origin of
energy scale is determined from the first inflection
point. It is considered to coincide with the Fermi level.
The normal absorption profiles of Fe-Tb amorphous
alloys are similar to that of pure Fe,whereas MCD
profiles are quite different from that of pure Fe.

The relative magnitude of A \it near the Fermi
level in Fe-Tb amorphous alloys is much smaller than
that of pure Fe, and each position of negative large
peak is shifted by about leV toward the lower energy
side as compared with that (5eV) in pure Fe. The
magnitude of the peaks becomes larger as the Tb
content increases. The magnitude of that in Fe62Tb38
is three times as large as that in Fe88Tbl2.

The measurements of the temperature dependence
of magnetization for the films revealed that the
samples behaved in the R-type ferrimagnetic manner.
The sign of peak in Fe62Tb38 is opposite to those in
Fe88Tbl2 and Fe80Tb20, which indicates that the

direction of the Fe moment in Fe62Tb38 is probably
opposite to that in two other samples. This means that
Tb moment is predominant over that of the Fe
moment in Fe62Tb38.

-20 0 20 40 -40 -20 0 20 40 -40 -20 0 20 40

E-Eo/eV E-Eo/eV E-Eo/eV

fig. 1 Fe62Tb38 (perpendicular) fig.2 Fe80Tb20 (perpendicular) fig.3 Fe88Tbl2 (perpendicular)
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Introduction

X-ray magnetic circular dichroism(XMCD) is
interpreted as an interplay between spin-orbit
interaction and magnetic spin polarization in an
unoccupied band on magnetic materials. Since the
XMCD spectrum provides information about local
magnetic states, it is expected to be a useful tool for
the studies of local magnetism in amorphous Fe-rare-
earthOR) alloy received considerable interest because of
magnetic and magneto-optical properties. We report the
XMCD spectra at the Fe fT-odge and the R Lj.j-edges in
amorphous 80at%Fe-R(R=Sm, Gd, Tb and Dy) alloys in
changing systematically rare-earth elements.

Experimental

Amorphous 80at%Fe-R(R=Sm, Gd and Dy) alloys were
prepared by the rapid quenching method in em Ar
atmosphere. Amorphous 80at%Fe-Tb thin films were also
prepared by the Ar-sputtering method.

The XMCD spectrum at the K- and the R Lj.a-edges
was measured by using left-circular polarized X-ray on
the beamline AR NE-1.

Results and Discussion

Figure 1 shows the XMCD spectra at the Fe if-edge
in the amorphous 80at%Fe-RCR=Sm,Gd,Tb and Dy)
alloys in comparison with that in pure Fe. In the
amorphous alloys, the characteristic peak labeled as C
appears at 7eV above Eg, and vsu-ies systematically with
changing rare-earth elements as follows:The negative
peak C appears clearly in Fe-Sm alloys collapses in Fe-
Gd;and then , it is turned to a positive sign Fe-Tb and
Fe-Dy. It is thought that the systematic variation of the
peak C is related to a progressive filling of the Af-
states. It is suggested that Fe -^-bands hybridize
strongly with the 4/'-unoccupied states mediated by the
5d-states of rare-earth elements.

The XMCD spectra at the rare-earth Lj.g-edges in the
amorphous 80at%Fe-R(R=Sm, Gd Tb and Dy) are shown
in the Figure 2. The XMCD spectra at the Lj-edge is on
the whole different from that at the Lg-edge except for
Fe-Gd alloys. Figure 3 shows the variation of
experimental intensity ratio of Although the
theoretical ratio based on the simple exchange-split-
valence-band model by Erskine and Stern" would shown
a value of I(Z'^/I(X'2)= "~1. the experimental ratio shows
a systematic deviation from —1 by chtmging rare-earth
elements. This indicates that the 4/'-antibonding states
affect strongly the XMCD spectrum.
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Introduction

Monochromatic X-ray CT with synchrotron radiation(SR)
is being used to perform the material and the scientific
researches[l, 2]. And some biological experiments with SR-
CT has been performed[3, 4]. In Brookhaven National
Laboratory, Dilmanian et al are making a high sensitive SR-
CT system to reveal a map of low and intermediate Z-
elements(i.e. P, S, Cl, K, Ca, and Fe) for neurological
diagnosis(5]. From 1990, a biomedical SR-CT to detect

tracer material up to a few p.g iodine/ml is being developed
for functional evaluations of regional blood flow and
metabolism of the organs corresponding to their anatomical
structures[6-9]. The feasibility test of our SR-CT system is
performed on phantom and rats.

Methods and material

SR-CT system consists of a rotating X-ray shutter, a
silicon(l 11) channel-cut monochromator, a sample rotating
system. X-ray slits and a detector system. Energy of

monochromatic X-rays is set at 33.17 ± 0.11 KeV.
Exposure time of each projection is set at 25 msec. The
number of projection is 90. The beam width is 35-40 mm
with 1mm slice thickness. Experiment beam line is BLNE
5A of Tristan Accumulation Ring in Tsukuba. Photon flux is

10^ photons/mm^/sec at this one tesla bending magnet beam
line(6.5 GeV, 20-40 mA).

Imaging plate(IP) is used as the X-ray detector. The IP
data is read by laser beam and digitized by 10 bit analog-to-
digital converter(BAS-2000, Fuji Co. Ltd.). Here the spot

sizeof laser is 100pm^ and the 2048 x 2560 pixels areaof
IP read with a 10 bit depth. CT image is reconstructed by
the post-processing compiiter(HP 9000). Objects are small
rod and brain phantom filled with an iodine, and rats.

Results and discussions

By using a proto-type SR-CT, several experiments were
performed with phantoms and animals. The image of above

iodine K-edge shows the hole and ditch filled with iodine

clearly(Fig.l). The 44.8 pm/ml iodine can be delected
faintly for 10 mm target. This concentration corresponds
well to the theoretical value(59.7 pg/ml iodine). But this
detectable dose of iodine is about 10 times larger than that of
our purpose(5 pg/ml iodine). Main reason is poor dynamic

range of laser reading system of lP(about 1000). So to
improve thesystem fordetecting very lowcontrast agent, the
sensor with wide dynamic range(50000) is needed.

CT image of rat skull with 100 pm spatial resolution
showed fine structures of nose, mandibular bone and skull,
but gray and white matter cannot be differentiated. Because
the dynamic range of sensor is poor and a part of object is
out of image acquisition fieId(Fig.2).

Final goal of this SR-CT is to detect 5 pg/ml iodine and
to obtain less than 5 mmspatial resolution of thebrain image
like a PET study.
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A new K-edge subtraction X-ray television system for
non-invasive angiography consists of a high speed mono-
chromator, two CCD cameras, two laser videodisc recorders
(LVR) and a image processing system. An experiment
produced a fairly good image of the coronary arteries of
a dog after intravenous injection of contrast material.

The block diagram and the timing chart of the system
are shown in Fig. 1 and 2. The diffraction plate is vi
brated at 30 Hz. The X.I.I, output image is divided into
two identical images with the aid of a tandem lens and a
special beam-splitting prism. The two images are picked
up by two CCD cameras with electronic shutters on CCD
chips. The timing of the shutter pulses is controlled so
that the exposures for camera A and B correspond to
the two kinds of X-ray irradiation, higher photon energy
(HX) and lower one (LX), respectively. After sampling
(512x256 pixels) and quantizing (8 bits), video signal A
is dela5'ed by a frame synchronizer (FS) so that the video
signals are synchronized. Then, both A and B signals are
fed to the look up tables (LUT) in order to calculate the
logarithm of their value and stored in memory A (MA)
and memory B (MB), respectively. The image data of
HX in MA and LX in MB are fed to ALU where subtrac

tion is performed, in order to show a subtraction image
in real-time.

At the same time, each signal is recorded in LVRs
for off-line processing. In this case, the data processing
is performed by a computer and an image processor to
get precise registration, both geometrically and electro-
optically, without significant additional noise.

After X-ray image acquisition, the recorded data are
read from optical discs and processed by a computer to
show the difference images.

The functions of the data processing are cls follows;

1. Correction of the shading originating from the non-
uniformity of X-ray irradiation.

2. Correction of the dynamic range and the bright
ness level between the two images.

3. Logarithmic transformation.

4. Subtraction.

5. Addition of constant numbers to all image data
to prevent pixels having negative numbers from
being displayed as white dots.

6. Enhancement of contrast.

The subtraction images are recorded one by one in a
LVR and then are displayed at a original rate.
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Fig. 1 Schematic diagram of the new system
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Fig. 2 Timing chart of the new system

(a) Image taken by HX (b) Subtraction Image
Fig. 3 Angiogram of an anesthetized dog

RESULTS

This system was fully implemented utilizing the SR
X-ray source, and preliminary experiments were carried
out using phantoms. Then an animal experiment was car
ried out. Coronary arteries of an anesthetized dog were
imaged at a rate of real time and the clear image were
obtained, as shown in Fig. 3. The resulting videotaped
images had been shown at the 4th International Confer
ence on BSR held in Tsukuba and at the work shop held
in Daigo, September 1992.
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It is considered that monochromatic

X-ray computed tomography(CT) will be
superior to the current X-ray CT because
of the absence of beam hardening. We
propose that monochromatic X-ray CT can
ije obtained using fluorescent X-rays
generated by synchrotron radiation. As is
well known, a target material irradiated
by X-ray photons with energies higher
than the K- or L-absorption edge radiates
characteristic X-rays. However, fluo
rescent X-rays are not purely monochro
matic but rather polychromatic, contain
ing several discrete line spectra. There
fore, irrelevant fluorescent lines should
be attenuated using specific filters.
One of the most important features of
this fluorescent X-ray is that, as the
beam geometry is conic, a large beam area
can easily be obtained.

We investigated the dependency of the
characteristic X-ray intensity of the
incident beam on the target angle, meas
ured the energy spectra of characteristic
X-rays for several kinds of target met
als, and studied monochromatization of
characteristic X-rays by filtration with
metal foils.

Method

A schematic representation of the
experimental setup is shown in Fig.l. The
angle of the metal foil surface to the
incident beam was fixed at h=45degrees,
except when angular dependency with was
measured.

The spectrum of the characteristic X-
ray was obtained with a high purity
germanium detector. The monochromatic X-
ray was obtained by inserting a filter
between the target metal and the detec
tor. The inserted metal was selected so
that its K-edge energy is just below the
irrelevant Kb characteristic X-ray for
the target metal.

Results

Investigation of the dependency of
X-ray intensity for the Au target metal
revealed that the highest intensity X-ray
was obtained at h=30 degrees.

Figure 2 demonstrates the spectra of
characteristic X-ray obtained with an
ytterbium target with and without a
holmium filter. Although the absolute
intensity of the characteristic X-
ray(Kal) was attenuated to about two
-thirds, the obtained X-ray was found to
be monochromotized as predicted.

Incident SR

6.5GeV AR (Accumulation Ring) KEK

(3mmh X3mm w)

Fig.l Experimental setup for
generarion of characteristic X-ray
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Fig.2 Monochromatization of
ytterbium characteristic X-ray
using holmium foil filter.



proposal No 92-C022

Evaiulion of sensitivity of photoeiissive laterial in Xray region leasured by AR facility.

Fuiihiko Takasaki, Kazuyuki Hyodo

Physics departient,National Laboratory for High Energy Physics (KEK)
Oho,tsukuba-Shi.Ibaragi-Ken,Japan

Makoto Suzuki,Hitsumasa Furukawa.Tatsuya Hatsuiura.Hidehiro Kuie

Electron tube Division,Hatanatsu Photonics K.K.

314-5,Shi8okanzo,Toyooka Mura,Iwata-gun,Shizuoka Preh,Japan

It is fundaaental and iaportant theie to
exasine the sensitivity (Quontum Efficiency,
counting Efficiency) of Photo enissive iaterials
in order to optimize it's physical and chemical
conditions in fabricating the photocathe for
optical detectors.

Especially, these characteristics in Xray
region has not been well known comparing to that
of other energy region such as UV, visible

region. The relative spectral sensitivity of Csl
photocathode deposited on MicroChannel plate
(H.C.P) is reported in this Paper.

[ I ] Instrumentation

Fig 1 shows a cross sectional view of image
intensifier for the measurient. It consists of

Be window, Csl photocathode deposited on HCP,
MCP and phosphor screen.

Fig 2 shows a set up of apparatus for
experimental. Xray generated by KEK tristan

expermental station of AR-NE5A is dispersed by
Si (311) single crystal and Xray spectrum is
focused on the photocathode. Energy range of
this apparatus is between 2DKev and 40Kev by
changingthe incident angle of Si crystal
followed by the following equation.

e=Sin-Ul2.4/E/2xl.65)

9 ;angle of Si crystal

EjEnergy of Xray (Kev)

The detector under test is mounted on the

mechanical stage, where it's position can be
adjusted by computer controll. The photocurrent

of the detector is recorded by the computer
through GPIB Interface.

Fig

Fig 1
Phosphor

Be Vtindow

Csl Photocathode

F i g

Energy (KeV)

[ II ] Result and discussion

Fig 3 shows a relative spectral sensitivity
of Csl photocathode measured by this instrumen
tation. We can conclude that Csl is high and
enough sensitivive photocathode in the range of
25 to 33 Kev energy range.

For a next step, We will make the measurement

of absolute sensitivity (Quontum Efficiency) and
sensitivity measurement at sof Xray region
(3-20Kev).

EPSON
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Fig. 1 S(Q) curve for molten NaCl at 1.8 GPa and 1533 K.

Introduction

Many works have been done for the structural analysis on
molten salts such as alkali halides by x-ray and neutron
diffractions and computer simulation with molecular
dynamics method. But the fundamental understanding of
more complex liquids, such as molten silicates, is not
enough and it is necessary to do isochoric experiments at
high pressure for systematic understanding on structures of
the complex ionic liquids. The possibility of x-ray
diffraction on molten salts under high pressure and high
temperature was already examined with AgCl[l].

In this study, the x-ray diffraction on molten NaCl under
high pressure and temperature was examined and the results
were compared with those of x-ray and neutron diffraction
at 0.1 MPa. The computer simulation with molecular
dynamics method was also carried out and the results were
compared with those of experiments.

Experimentals

The equipment of x-ray diffraction for high pressure and
high temperature, MAX80, installed in the TRISTAN
accumulator ring (AR) at KEK( National Laboratory for
High Energy Physics) was used. Experimental procedures
and the analysis of observed intensities are identical to those
described in ref.[2]. X-ray with energy range between 40

and 140keV and scattering angle(20) of 3-15deg. were
used for the measurements.

Results and discussions

Figure 1 show the analyzed S(Q) for molten NaCl at

l.SGPa and 1533K. The peaks were observed at Q=3A'

^5.5A"^ 7.5A"' and 10.5A"' at l.SGPa and the position
of the peaks were not changed compared with those at
0.1MPa[3]. However the peak heights at l.SGPa were
larger than those at 0.1 MPa and the first peak has tendency
to be split with increasing the pressure. Molecular
dynamics simulation gave us the information that the nearest

neighbor distance of un-like ion pair(Na"*"-Cr) is not
changed with pressure, but the nearest neighbor distances of

like ion pairs(Na''"-Na'̂ and Cr-Cl") become shorter as
increasing the pressure as shown in Fig.2.

NACL MELT NIONS=1000(NA:500;CL:500) TEMP.=1473K 3GPA
1=1473.OK, P= 3.0001GPa, 0=1.8470g/cin3

5GPa

3GPa

OGPa

Fig. 2 G(r) curves for molten NaCl at 0, 3, and 5GPa at
1473 K with MD simulation.
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Introduction

A multlanvll system using a sintered diamond
window (SDMA) has been developed for the in
situ X-ray diffraction experiments at high
pressure and temperature. We roprot the
results of our recent studies on the phase
transitions in MgSiOg and Mg2Si04 up to a
pressure of 28 GPa, and the thermal expansion
of MgSI03 perovsklte at 21 GPa.

Experimental
The present system is composled of a

mutianviIsystem (MA8) with eight anvils, which
is compressed by the DIA type cubic anvil press
(MAX80). We used two different set of anvils:
i) seven tungsten carbide anvils and one
sintered diamond anvils as a window for the

diffracted X-ray beam, 2) eight sintered
diamond anvils. The Incident beam pass through
the gasket between the two anvils, whereas the
diffracted X-ray beam passes through a sintered
diamond anvil. A sintered diamond block was

polished to form a cube with 10 mm in side
length. The truncated edge lenght of the anvil
was 1.0mm or 1.5mm. The graphite tube or sheet
heater was placed in the center of the pressure
medium made of a mixture of Boron and epoxy.
The furnace assemby used In this study in shown
in Figure la, b.

Results

Figure 2 shows the phase diagram of MgSiOg
at high pressures and temperatures, which was
determined in this work. The starting material
was a mixture of enstaite MgSiOg and NaCI or
Au. which was mixed as the pressure scale. The
phase boundary between Spinel + Stishovite and
iimenite locates at around 22 GPa with a

Themiocouple (\V/Re)

Sample (En +Au orNaCI)

Healer &. Capsule (Graphite)

Electrode (PtorTa) —

Presure Medium (Boron)

1 mm

Fig.1 Furnace and .sample assembly used for (he heatingexperiments

negative slope, llmenlte phase Is stable even
at a pressure of 28.5 GPa and lOOO^C. which
implies that the phase boundary between
iimenite and perovsklte Is much higher than
that reported by the quenching method | i ).

Figure 3 shows the results of measurement of
the thermal expansion of MgSIOg perovsklte made
at 20.8 GPa. The mean values of the thermal

expansj^^on coefficient between 100 and 260*^C are
l.GxIO /deg. This value Is compared with the
thermal expansion coefficient value at one
atmosphere (2.2xl0~^/deg)[2]. The thermal
expansion coefficient measured in this work can
be used to constrain the composition and the
temperature of the earth's lower mantle.
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Introduction

Numerous experimental studies have indicated that
MgSiO, perovskite is the predominant phase in the Earth's
lower mantle. Therefore, information on its physical properties
play an important role for understanding the chemical
composition and the structure of the lower mantle. The purpose
of the present study is to make an in situ X-ray observation of
the MgSiO, perovskite in its stability field. This study will
provide definite answer for the crystal structure and the thermal
expansivity of the MgSiOj perovskite under the condition of
the lower mantle.

Experimental

A newly developed Drickamer-type high pressure-
temperatureapparatus was combined with a "MAX8()" system,
in order to extend the pressure range, a sintered diamond,
insteadof a cemented tungsten carbide, was used for the anvils.
The detail of the apparatus isdescribed el.sewhere''. A white
X-ray beam from the Accumulation Ring was collimated to a
thin beam (50//m high and 300//m wide), and was irradiated
to the sample. Diffracted X-ray was collected at20 of 6.0°
using a pure germanium solid state detector and the typical
exposure time was 300 sec.

Results and Discussion

Fig. la is the diffraction of enstatite and heater material
(Tie and diamond) at about 35 GPa and room temperature.

When the sample was heated to 1600K, more than 10diffraction
lines from MgSiO, perovskite were observed clearly (Fig.lb).

As shown in Fig. 2, the unit cell volume V and the
axial ratio, b/a and c/a, of MgSiOj varies smoothly with
temperature and no discontinuous change was observedat all.
Even though the axial ratio are approaching to the value of the
cubic perovskite. variationsare very small and the perovskite
remains orthorhombic even at about 1900 K and 36 GPa.

This result indicate that the orthorhombic perovskite is the

stable phase of MgSiOj in the most part of the lower mantle.
The thermal expansivity of the perowskite is determined to be
larger than 1.7 x 10"'VK at 36 GPa and room temperature.
This value is large enough toconclude'̂ ' that the chemical
composition of the lowermantle may be different from that of
the upper mantle.
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Fig. 1. Examples of the diffraction profile of MgSiOj; (a)
before heating; (b) at approximately 36 GPa and 1600 K.

Abbreviations: Pv, perovskite; En, enstatite; Dia, diamond
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Fig.2. Temperature dependence of the unit cell volume, V,
and the axial ratio, c/a, of the perovskite at approximately
36 GPa.
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Introduction

The solubility of hydrogen in iron is very small
at atomospheric pressure but is enhanced drastically
under high pressure. The iron hydride formed at high
pressure, however, is unquenchable and little is known
on its nature. The purpose of the present study is to
get detailed information about the behavior of iron
hydride using high pressure and high temperature in
situ X-ray observation at 6 GPa up to TOtfC.

Experimental

Experiments were made using "MAX80"
apparatusat the Accumulation Ring and the details of
the experimental techniques are described elsewhere.'̂

Hydrogen was supplied to the sample from
LiAlHj, which decomposes into LiAl-(-2H2 irreversibly
on heating. The sample assembly was compressed by
six tungsten carbide anvils with a truncation of 6 mm.
An energy dispersive method was emploied and the
typical exposure time for each diffraction profile was
100 seconds.

Results and Discussion

Figure 1 shows the X-ray diffraction profiles
obtained during the first cycle of heating. When the
iron-hydrogen system was heated, dissolution of
hydrogen into iron occured, and bcc iron changed into
iron hydride with dhcp structure via hep structure, and
then transformed into fee structure. The unit cell volume

per iron atom of these phases are much larger than
those of pure iron phases, which suggest that the iron
hydride has formed.

It is found that the volume of the dhcp phase

decreases with increasing temperature above 250°C ,
which indicates that the hydrogen concentration

decreases under high temperature. This result is in
harmony with the thermodynamic calculation of the

hydrogen concentration in iron under high pressures '̂.
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Introduction

M2Au2Xg(M=Rb,Cs;X=C1,Br,I) have been
known as three-dimensional halogen-
bridged mixed-valence systems. These
systems exhibit the Au^(5dl0)-Au^^^(5d®)
mixed valency. In these compounds, all
the halogens are distorted from the
midpoint of the Au ions, and the linear

Au^X III,and square planar [Au
complexes are formed alternately.
Cs2Au2Xg(X=C1,Br,I) has a tetragonal
perovskite structure(l4/mmm). Recently,
we have found that CS2AU2I5 and Rb2Au2l6
undergo a semiconductor-to-metal transi
tion under high pressure and the metallic
phase appeared at high pressure and high
temperature can be obtained at r.t. and
ambient pressure as a metastable state.

From an interest in the relation

ship between the crystal structure and
the conducting properties, we have inves
tigated the phase diagram of M2Au2Xg(M=
Rb,Cs;X=C1,Br,I) from the structural
analysis under high pressure. In this
paper, we report the crystal structure
of Cs2Au2Clg under high pressure.

Experimental

The crystal structure of CS2AU2CI6
under high pressure was measured by
energy-dispersive X-ray diffraction
method using a high-temperature and high-
pressure apparatus, called MaxSO, with
SOR from the accumulation ring(6.5GeV, 30
mA) for TRISTAN. The pressure vessel is
a cubic anvil type made of sintered dia
mond having an edge length of 3mm. These
anvils compreses a boron-epoxy cube with
a teflon capsule. Kerosene was used as
a fluid pressure medium. The pressure
was determined by the lattice constants
of NaCl.

Results and Discussion

The crystal structure of the single
crystal of Cs2Au2Clg under high pressure
has been investigated by Denner et al.^^
According to them, with increasing pres
sure the C1 atoms shifts gradually toward
the midpoint of the Au atoms that is
attained at 5.2 GPa. Therefore, they
have described that the Au sites become

indistinguishable and the valence state
of Au is Au^^ above 5.2 GPa. However,
^"^Au Mossbauer spectra^) and Raman
spectra-^) of Cs2Au2Clg under high pres
sures have shown that the Au^ and Au^^^
sites are clearly distinguished even at
6.8 GPa and 8.0 GPa, respectively.

In order to clarify these discrepan
cies, we have investigated the crystal

structure under the pressures up to 13.5
GPa. Figure 1 shows the pressure depend
ence of the axial ratio /Ja/c of Cs2Au2Clg
at r.t. When the pressure is applied,
V^a/c slightly decreases in the pressure
region between 0 GPa and 6.5 GPa, and it
steeply increases above 7.1 GPa. In
connection with this, it should be noted
that the activation energy estimated by
the resistivity as a function of tempera
ture becomes zero at about 7.5 GPa. In

the pressure region above 7.5 GPa, the
filled HOMO of Au^ and the empty LUMO of
Aulll overlap each other and the charge
transfer interaction between Au^ and Au^^^
through the bridging halogen becomes
strong, which is presumably responsible
for the steep increase of /Ta/c at about
7.1 GPa. This phenomenon can be
explained by the following concept. In
the pressure region where the oxidation
states of Au^(5d^^) and Au^^^(5d®)
approach the Aul^(5d^) state, the distor
tion of the AuClg octahedra caused by the
Jahn-Teller effect is expected, which is
probably responsible for the discontinu
ous iump of t/2"a/c at about 11 GPa.

Thus we observed a tetragonal-to-
tetragonal transition in Cs9Au2Cl6 at
about 11 GPa, where the Au^^ valence state
would be realized.

CS2AU2CI6

[±0 98

< 0 96j:
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Fig. 1. Pressure dependence of the axial
ratio of Cs2Au2Clg at room temperature.
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Introduction

Metal disilicides have received much atten

tion because of a large number of potential
application in Si i.Sl technology. Alkaline-earth
metal disilicides, MmeSI^ (McE^Ca, Sr and Ba),
have a characteristic Si atom configuration,
although their Si-Si distance is very close to
that of crystalline Si. BaSis has an orthorhombic
structure at atmospheric pressure in which the Si
atoms form tetrahedra'. So far, two
polymorphs, trigonal and cubic structures, are
known at high pressures''' . The trigonal phase
forms at 400"C and 4 GPa and cubic phase at 600 C
and 4 GPa. However, since these phases were
identified for the quenched samples, the
equilibrium high-pressure phase are not clean. In
this study, we carried out in-situ X-ray
diffraction experiments for BaSis at pressures up
to 4.2 GPa and temperatures from room temperature
up to about 600" C.

Experiacntai
X-ray diffraction experiments were carried

out by a transmitting energy-dispersive method
using synchrotron radiation in AR-NF-5. Powdered
sample and pressure marker, NaCl, in solid
pressure transmitting medium were compressed using
a multi-anvil apparatus, MAX80. Pressure was
measured using the NaCl equation-of-state scale.

Results and Discussion

Figure 1 shows X-ray diffraction patterns of
the sample at various pressure-temperature
conditions. At 1 GPa, BaSiv has the orthorhombic
structure mentioned above (Fig. 1(a)). With
increasing pressure at room temperature, no phase
transition is observed up to 4.2 GPa (Fig. 1(1')).
With increasing temperature at 4.2 GPa, BaSi?
undergoes phase transition (Fig. 1(c)). The peaks
were assigned as peaks from the trigonal and the
cubic phases except for the peak at 3.36 A. The X-
ray diffraction pattern shows the same profiles
when the pressure was lowered to atmospheric
pressure after decreasing temperature down to room
temperature at 4.2 GPa (Fig. 1(d)). Therefore, it
is concluded that the trigonal and the cubic
phases are high-pressure phases.
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Introduction

Knowledge of the structural changes of
alkali silicate melts under high temperature
and pressure is extremely important to
understand the chemical and physical
properties of magmas in nature. NMR and
Raman studies for alkali silicate glasses at
room temperature and high pressures have
demonstrated significant structural
changes.'*'^ However, only very limited
studies for alkali silicate melts under high
temperature and pressure have been
performed, because of the difficulties of
its measurement and analysis. On the other
hand, it is possible to obtain in-situ x-
ray diffraction patterns for melts under
high temperature and pressure, by means of
combining high intense x-rays from
synchrotoron radiation and cubic-anvil
apparatus. In this study, we have performed
in-situ x-ray diffraction measurements for
alkali silicate melts under high temperature
and pressure. We have chosen the composition
Naz0-2Si02 and NagO-SSiOz melts, because of
its chemical simplicity.

Experimental

In-situ energy-dispersive x-ray diffraction
measurements under high temperature and
pressure were carried out at the beam line
of AR using a MAX80. A Ge-SSD was used as a
detector and set at various diffraction
angles. X-ray diffraction patterns were
measured at several pressures up to 3GPa at
1200K.

Results and Discussion

Observed diffraction patterns are shown in
Fig.l. Because of the intensity variation
with energy, these patterns from several
diffraction angles are apparently different
each other. If we could get an effective
incident x-ray intensity-energy profile,
these patterns which are corrected with
different angles show a single diffraction
pattern. However, it is difficult to obtain
the profile experimentally, because the
absorption of x-rays from a sample and
pressure-media etc. can not be evaluated
exactly. So, we have performed trial and
error procedure, which makes agreement
between the overlapped parts of diffraction
patterns from different angles. The
resultant profile is displayed in Fig.2.
Fig.3 shows the diffraction patterns
corrected with the profile at several
pressures. In both samples, the position of
the first peak shows little change with
pressure. On the other hand, the second peak
position shifted towards larger S with
increasing pressure. This result suggests
that the three dimensional network structure
of the melts have changed by compression.
Further precise analyses are in progress.

References

1). R.Hemley, H.K.Mao, P.M.Bell, and
B.O.Mysen, Phys. Rev. Lett., 57, 747(1986).
2). X.Xue, J.F.Stebbins, M.Kanzaki, and
R.G.Tronnes, Science., 245,962(1989).

421

Na,0-2Si0,

2ff^4-

40 80

ENERGY (Vcv)

N.i^)-3SiO,

2e'S-

2e-b-

Fig.l Observed X-ray diffraction
patterns of Na20-2Si02 and Na20-
3Si02 melts at several diffraction
angles.

30 40 (0 so 100 130

ENERGY / keV

Fig.2 Simulated incident X-ray
intensity-energy profile.

3GPa 1200K

: "v' \

IGPa 1200K

/V\

.O.lMPa 300K

'. y.
• Vv V

• \
:

/

12 0

NaKD-3SiO,

3GPa 1200K

V

1.6GPa 1200K

y'X

• v^' 1
\

O.lMPa 300K

:: A
. vv

V.
12

Fig.3 Change of the diffraction
patterns as increasing pressure.



Proposal No.91-268

PHASE TRANSITIONS AMONG QUASICRYSTAL, AMORPHOUS
PHASE AND APPROXIMANT PHASES UNDER HIGH PRESSURES.

Tsunehiro.TAKEUCHl\ Kenji.KATO^ Akihito.MATSUMURO^ Takumi.KIKEGAWA' and Uichiro.MIZUTANi'

1.Department of crystalline materials science, Nagoya Univ., Huro-tyo Tikusa-ku, Nagoya
2. Department of mechanical engineering, Nagoya Univ., Huro-tyo Tikusa-ku, Nagoya
3. National Laboratory for High Energy Physics, 1-1 Oho,Tsukuba-si, Ibaraki305

Recently we have studied the formation of the

quasicrystals in the Mg-Al-Zn alloy system by applying

mechanical alloying technique[l]. The quasicrystalline

icosahedral phase (I-phase) was found to be formed over a

wide composition range along the Bergman line

corresponding to Mgj, j(AlJZn)^j, which is a stoichiometric
compound of the (1/1-1/1-1/1) approximant crystal (Frank-

Kasper phase). Particularly, the I-phase which is found to

exhibit the highest stability in this system located in the

Mg-rich and 12-15 at% A1 range and is transformed into

the (2/1-2/1-2/1) approximant phase above 400 °C. In the

present work, the stability of the quasicrystalline

Mgj^AljjZrijj powders, which transforms into the

approximant phase above 400 °C at 0 GPa, is studied under

super high pressures. Phase formed under high pressures

were characterized by the multi anvil high pressure system

with synchrotron X-ray radiation, MAX-80.

Figure 1 shows the X-ray diffraction spectra under

various pressures at room temperature for Mgj^AljjZn^j
powders milled with a planetary ball mill. Though diffraction

peaks are fairly broad, the diffraction profiles were confirmed

to be in the I-phase at any pressures. It is of interest to note

the following two experimental results. First, the shift of

each diffraction peak of the I-phase towards smaller d-values

was observed as the pressure was increased. This result

indicates a decrease in the quasi-lattice parameter a^. The
second result is that the FWHM of the diffraction lines for

the I-phase increased with increasing pressures. Akahama

et al.[2] reported the pressure induced amorphization of the

Al-Li-Cu I-phase. We believe that the present results exhibit

the process of the pressure induced amorphization.

Figure 2 shows the X-ray diffraction spectra for the

same sample at 6 GPa during heating process. The single
I-phase was observed below 300 °C with sharpening of the

diffraction lines. The y-phase appeared above 350 °C and
existed with the I-phase but disappeared above about 400

°C. The (2/1-2/1-2/1) approximant phase was not observed

up to 550 °C. The I-phase transformed into the stable Frank-

Kasper phase when the high pressure was accidentally
released above 500 °C.We consider that the release of high
pressures was induced by a change of the sample volume
due mostly likely to the partial melting of the sample.

6.1 GPa

4.2 GPa

2.6 GPa

0.6 GPa

QGPa

2.8 2.6 2.4 2.2 2.0 1.8 1.6
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Figure 1 X-ray diffraction spectra for the
quasicrystalline Mg50AI15Zn35 powders
under each pressure at room temperature.

8FK phase
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Figure 2 X-ray diffraction spectra during
hearting process under high pressure.
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Al-Li alloys are well known for their high
strength, low density, and high elastic modulus
characteristics. We have determined the high
pressure phase diagram at the pressure of 5.4GPa
for A1 rich Al-Li alloy, and measured the material
properties of resultant supersaturated solid solu
tions. The interesting elastic behavior was found,
using the resonance method at a room temperature.
The Young's modulus and the shear modulus of
alloys are increased with the addition of Lithium,
but surprisingly the Bulk modulus decrease in
reverse (Figure 1). In order to clarify this exciting
feature, we investigated the compressibility of the
solid solutions in several contents using a high-pres
sure x-ray diffraction method. The obtained
pressure-volume relations were fitted to both
Birch's and mamaghan's equations of state, thus
bulk modulus was calculated and compare with the
result of previous measurement.

The experimental procedure is mentioned as
below. The specimen was prepared by casting a
high purity aluminium (99.99%) and an Al-Li
master alloys, and the ingots were homogenized at
4()0°C for 5 hours, then treated a high-pressure solid
solutioning under 5.4 GPa using DIA-15 high
pressure device in the Nagoya university. Super
saturated alloy compositions were 5, 10, and 15 at%
lithium. We measured energy dispersive x-ray
diffraction spectra from the samples in MAX80
cubic high pressure device at the beam line of the
KEK AR (NE-5). Samples of Al-Li supersaturated
alloy were compressed in both amorphous boron
and 4; 1 mixture of methanol ethanol was used as a

pressure medium. The pressure were measured with
NaCl scale.

Spectroscopic measurement on alloys indicate that
the effect of nonhydrostatic stress in the present
experiment using solid pressure medium are
negligible, because each d-spaces of the sample
were compressed at the same rate. The experiment
using the liquid pressure medium were unsuccess
ful. because the sample might have react with water
in the pressure medium, although another possibil
ity is to assume that the samples have react with
pressure medium itself, so different experimental
method or liquids are required to complete these
experiments.

The resultant pressure-volume relations were
fitted to both Birch's and Mamaghan's equations of
state by least square method as sown in Figure 2,
and thus calculated bulk modulus of Al-Li alloys
and pure A1 are listed in Table 1. The table shows
clearly that the decrease of bulk modulus with
increasing Lithium concentrations. They are in good
agreement with the result from resonant method, i.e.
the addition of lithium to aluminium increases the

compressibility in contrast with the Young's modu
lus and the shear modulus.
Thanks are given to Dr. Satoru URAKAWA,

JAERl, Harumi SUZUKI, Kouichi TABATA, Kenji
KATO, Masaki KOYAMA. Tsunehiro TAKEU-
CHI, Takehiro UWAHARA and Hiroshi TSUKA-
MOTO, NAGOYA university for their assistance in
experiments. This work was partially supported by
the Light Metal Educational Foundation Inc.
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Fig. 1. Variation of Young's modulus and Bulk
modulus determined using resonance method
with lithium in solid solution.
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Fig.2. Variation of lattice constants with pressure.
The lines were calculated using Birch's equation of
state.

Table 1 Bulk modulus of Al-Li solid solutions.

20

Sample
Mamaghan Birch
B(GPa),(B') (GPa)

Resonance

(GPa)

A1 72.8 (4.5) 74.8 74.7

A1 -5at%Li 69.4 (4.4) 69.5 71.5

A1 -10at%Li 65.8 (4.3) 66.8 67.9

Al-15at%Li 63.9 (4.2) 64.5 66.9
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Introduction

The premartensitic /?i state of AuCuZn2 alloy
has two types of lattice deformation waves. One
causes 18R type stacking period, the other
makes 6R type one'-^^ . We already know that by
cooling, AuCuZn2 alloys transform to 18R type
martensite phases. No 6R type martensite
phases appear by cooling. The purpose of the
present study is to determine the structure of
the stacking period of AuCuZn2 martensitic
phase under high pressure.

Experimental

Specimen was Au-26at.95>Cu-48at.%Zn alloy. It
was quenched into ice water after annealing at
773K for 5 minutes. Sample assembly was
described in Fig.l. The sample was en
capsulated in a teflon tube in the center of a
pressure transmitting cube made of a mixture of
boron and epoxy resin. A mixture of NaCl and
BN powder placed below the sample as an
internal pressure marker. A pair of sintered
diamond pistons was put the upper and lower
sides of teflon tube in order to make uniaxial

stress. High pressures were generated by
MAX80 installed on BL-NE-5C. X-ray exper
iments were carried out by means of an energy
dispersive method at room temperature. The
energy range of incident x-rays is 40 to 120
keV.

Results

The variation of the diffraction profile of Au-
26at.%Cu-48at.9'oZn with increasing pressure is
shown in Fig.2. A detector was set at 20= 6
degree. Fig.2(a) shows the j3i-phase at 1 atm and
Fig.2(b) shows martensitic phase at 0.53 GPa.
Analyzing this pattern, the stacking period is
found to be 18 layers. Fig.2(c) shows
martensitic phase at 6.4 GPa. This pattern is
same as (b). There is no 6R type period.
However, we leave the conclusion for a future

study under higher pressure than this work.
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Fig.2 X-ray diffraction profile of Au-26at.%
Cu-48ai.%Zn alloy under pressure,
(a) P=0.2MPa (=1 atm), (b) P=0.53GPa,
and (c) P= 6.4GPa.



proposal No 92-128

Phase diagram of V, Ti-alloy - hydrogen systems

Yuh FUKAI, Yoshinori ENDO, Kengo NAKAMURA, Hiroaki TAGUCHI, Nobuyuki OKUMA,
Kenji WATANABE, Yoshio SAITO, and Takehiko YAGI+

Department of Physics, Chuo University, Bunkyo-ku, Tokyo 112
"^Institute for Solid State Physics, University of Tokyo,

Minato-ku, Tokyo 106

As a part of our systematic approach
to synthesize hydrogen-rich alloys, the
phase diagrams of the V-H and Ti-H sys
tems are investigated over wide ranges
of temperature and composition, using
a synchrotron-radiation source together
with a high-pressure x-ray diffraction
station (MAXBO).

Due to limited stabilities of metal

hydrides, structure determinations at
high temperatures and high hydrogen
concentrations are possible only under
high pressures. Thus, under a pressure
of ca. 5 GPa , and by use of LiAlH4 as
an internal hydrogen source and a NaCl
container as a hydrogen sealant, we
have succeeded in determining the phase
relations up to T =il200'c and hydrogen
concentrations higher than H/M-2.

Figure 1 shows the melting of TiH2 at
lOes^C under 5.2 GPa ; the melting point
of Ti is reduced by as much as 800 K by
alloying with hydrogen. There is evi-

Fig.l X-ray diffraction patterns of (a)
fee TiH2 (fluorite structure) and a NaCl
container under normal pressure and temp
erature, (b) molten TiHx at 1Q65°C and
5.2 GPa, with a new fee phase having a
smaller lattice parameter than the ori
ginal TiH2.
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dence that the melting of TiH2 leads to
a new fee phase having a higher melting
point and a smaller lattice parameter
than the original one. There is also an
indication that a superlattice is formed
in the hep phase at high temperatures,
similar to the one observed in the Fe-H

system under high pressures and tempera
tures .

A similar new phase having an fee
structure was also observed in the V-H

system. Figure 2 shows the variation of
the atomic volume of various phases when
a sample of was heated under a
pressure of 5.8 GPa . The sample, con
sisting of e-VHx(bct) and Y-VH2(fcc)
phases at room temperature, decomposes
at •~500''C to forma{bcc) and y' (fee)
phases, the latter having a smaller
atomic volume and a higher melting point
than Y (fee).

The nature of these new fee phases has
not been clarified yet. We suspect that,
in analogy with lanthanoid-hydrogen sys
tems, these new phases have a hydrogen
concentration higher than H/M=2, proba
bly H/M=3. It can be expected that hyd
rogens in excess of H/M=2 should cause
lattice contraction and raise the melting
point if they are covalently bonded with
metal atoms just as in lanthanoid hyd
rides. The appearance of these new
phases affects significantly the overall
shape of the phase diagram of these sys
tems, especially in the range of high
hydrogen concentrations,

Efforts are still continuing to clarify
the general features of the phase dia
grams of metal-hydrogen systems.

Fig.2 Temperature dependence of the ato
mic volume of various phases in a sample
of VH]_^4 under a pressure of 5.8 GPa.
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One of main problems to be considered in the
design and manufacturing of the vacuum system
for the storage ring is interactions of synchrotron
radiation (SR) with absorbers. To investigate the
interactions we measured the photodesorption
yield of OFHC-classl (oxygen free copper), the
material of the absorbers using the high energy
photon beam (the critical energy 26 keV) from
Accumulation Ring (AR) of TRISTAN at KEK.

Experimental scheme is shown in Fig.l. SR
was adjusted with collimator slit of 5 mm x 5 mm,
and perpendicularly directed onto inner wall of
test chamber. The test chamber was a cylindrical
tube of 300 mm x (})60 mm made of OFHC-classl.
The production for the test chamber is roughly as
follows; machining (oil-free) -> brazing -> chemical
cleaning (acetone, ethanol) baking (10 hours at
450 -C). The chamber was evacuated and backed
out about 13 hours at 150 °C in advance of SR

irradiation, and thereby final pressure, namely the
background pressure for experiments was 6.8 x
10"lO Torr. The chamber was cooled with water to

reduce thermal desorption during experiments.
The outgassing rate due to photodesorption was
obtained by through-put-method.

Figure 2 shows the relation between the
photodesorption yield (n) and photon dose (Dp). ri
is reduced to 1.3 x lO"'' molecules/photon
(equivalent nitrogen pressure) at Dp of 1 x 10^1
photons/slit. This value is higher by about one
order compared to the experimental results made
with the critical photon energy of 4 keV from the
2.5 GeV storage ring of Photon Factory at KEK'̂ l
The reason is not clear, and this is the problem to
be discussed further. ti is as following:

1) Dp < 1020 photons/slit
•q = 4 X10"^ (molecules/photon),

2) Dp > 1020 photons/slit
q = 1.23 XlOlO Dp'2/3 (molecules/photon).

As the critical photon energy at AR is
approximately equal to that (= 29 keV) at SPring-8,
we obtain q of OFHC-classl at SPring-8 assuming
that t) at SPring-8 is equal to r| at AR:
q = 1.1 X10"4 •Di'2/3 (molecules/photon),
where Di (A hours) is the electron beam dose. As

a result, the outgassing rate per 1 mrad is obtained
as
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Q = 3.4 X10"2 •Di"2/3 (Torr •1/sec).
For example, if Di = 100 A •hours, we obtain Q = 1.6
X10"3Torr T/sec/mrad.

Further we are planning experiments of
elucidation of photodesorption mechanism.

[1] S.Ueda et al.. Vacuum, vol.41. No.7-9, 1928
(1990)
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The plasma wakefield acceleration experiments which
started in 1989 at KEK on a 500MeV linac have recently

been terminated.' The linac provided a sequence of sev
eral bunches which generated a wakefield in a plasma. The
wakefield. in turn, caused energy changes in the following
bunches. By analysing the energy of each bunch, we could
observe the energy tansfer between the bunches through
plasma waves without using a test beam. Data process
ing taking into account the finite bunch length which was
comparable, or even longer than, the plasma wavelength
provided information that the observed energy change, if
converted into the values at the bunch center, amounted to

more than .30MeVm"'.

Six bunches with a total charges of 5— lOnC and with
a .350 psec (0.101m) spacing were focused on a 1 m-long ar
gon plasma produced by a helicon wave. Combination of a
bending magnet and a streak camera enabled us to measure
the energy spectrum of each bunch. These measurements
were conducted alternately with and without a plasma. The
barycenter differences between the spectra with and with
out a plasma were calculated for all bunches as a function
of the plasma density. The experimental data were multi
plied by the ratio of the wakefield at the bunch center to
that averaged over the bunch volume in order to obtain the
experimental wakefield at the bunch center.

The results are given in Fig. 1 together with the
oretical predictions, which tells us that l)the wakefields
are enhanced at certain plasma densities where the plasma
frequency is in resonant with the linac bunch frequency,
2856 MHz; and that 2) the wakefields build up in the lat
ter bunches, which is considered to be useful in order to

increase the transformer ratio.^ Some experimental data
suggest that the wakefield at the bunch center exceeds
30MeVm~' in the second bunch. However, the buildup of
wakefields was not successful at least in the third through
the sixth bunches. This could be due to the fact that the

bunches were not on the same axis because of the trans

verse wakefield.^ The small plasma radius (~ 5mm) made
this problem more serious. If the wakefield were built up at
the pace of first three bunches, the wakefield would amount
to nearly lOOMeVm"' at the last bunch.

References

1. A. Ogata, KEK Preprint 92-77, to be published in
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Introduction

Hemoglobin is the oxygen carrier in

vertebrate blood. It is an interesting

molecule to many protein crystallogra-

phers because of its important physio

logy functions and its allosteric effect
in binding oxygen. X-ray analysis reveals

that the three dimensional structure of

hemoglobin is very conservative for va

rious species and states. It is a tetra—

meric (oCxfi.) protein of MW. 64500. It

has a molecular dyad axes which relates"

two 0^^ dimers and two pseudo-molecular
dyad axis which relate oC and p chains.
Bar-headed goose (Anser indicus) is a
migratory bird which inhabitates around
west China's Oinhai lake. On its migra

tory flight over Mcint Everest it is ex

posed to ambient Perk of about 50mmHg

which accounts to 20fo of Pot at sea le

vel''. The hemoglobin of Bar-headed goose

has high sequence homology {10%) tc that
of human. So the molecular replacement

method was used in crystal structure

determination. The work may partly elu

cidate the high altitude respiration

mechanism where the air is extreraly sparse,

Experimental

Oxyhem.oglobin was prepared from whole

blood of Bar-headed goose with cells

lysed with distilled water. The hemo-
lysate was centrifuged at 10000 r.p.m.

for 30 min and dialysed against double

distilled water for 4Bh at 4''C. Oxyhemo-

golbin crystals suitable for X-ray ana
lysis were grown from polyethlene glycol

(PEG) with average MW. 6000, at 4 C,

pH6.8^\ Tetragonal crystals appeared
after one week. The crystals were trans

ferred through a series of solutions of

increasing pH and PEG concentration to

the room temperature. The crystals exhi

bit the symmetry of space group P4i2i2

by precession photography technique. Its

unit cell parameters are a=b=81.6A, c=

IO7.4A, c( =f=y=90 . There- is half tetra-
mer per asymmetric unit. The intensity

data were collected from a single crys

tal on the screenless Weissenberg ca

mera (radius, 430mra) for macro-molecu

lar crystallography'^ Total observations
were 92958 with the upper resolution of

2.OA. Total independent reflections

were 23047. Intensity R factor was 7.119^

calculated from 18360 reflections.

Results

Molecular replacement method was used

in oxyhemoglobin structure determination.

The work was done mainly with the PROTEIN

program. The oxyhemoglobin exhibited si

milar 222 symmetry throjigh self rotation

function calculation. The molecular dyad

axl 3 and pseudo-molecular dyad axis

have the same orientation with the crys-

tallographic axis. The 2.1 A resolution

human oxyhemoglobin coordinates taken

from Protein Data Bank was used as model

molecule in cross rotation function cal

culation^'. The molecular dyad axis is para
llel to the c axis, and the two pseudo-

molecular dyad axes are parallel to the

unit diagonals a+b and a-b respectively.

Translation function was calculated with

ELTF program to determine oxyhemoglobin

position in the unit cell. Further work

is under way.
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Introduction

One of autolyzed active products of
porcine trypsin^^^was isolated and puri
fied in which the peptiie bond between
Are 1177qnd Vai 118 is cleaved. This clea
vage seems no effect on enzyme activity
but binding activity to inhibitor is de
creased. The determination of its crystal
structure will helpful for understanding
the relationship of structure and func
tion.

Experiment

Complex of the autolyzed active pro
duct of porcine trypsin with mung bean
trynsin inhibitor (IiBl) was crystallized.
The crystal^^^has a diffraction resolution
of 2.3 A and belongs to the tetragonal
crystal system and space group 1422 with
a = b = 121.6 A, c = 113.6 A, measured
by irecession photograph, one complex mo
lecule per asymmetric unit. The 2.5 A re
solution data of the complex V7as collec
ted with a Ecreenless Weissenberg Camera

(^^at the BL6A2 station at the Photon Fac
tory, National Laboratory for High Energy
Physics. The radius of the film cassette
was 430 mm with Fuji imaging plates, the
wavelength was 1.04 A, room temperature
was 10 C. A total of 18 sets were digi
tized with a Fuji BA-100 reader and pro
cessed using the program V/iIo(4). 73139
reflections were measured at 2.5 A reso
lution and the independent reflections
of 16112 giving the merging H factor of
0.10 were used for molecular replacement
method to determin nhases of the struc
ture factors.

Results and discussions

Rotation function^5)including self-
rotation and cross rotation calculation
and 'Tras] ation functlon^"'^ were applr.ed
to the diffraction data of the complex.
The bovine trypsin - pancreas trypsin in
hibitor complex coordinates taken from
irotein Data Bank was used as model mo
lecule in cross rotation function calcu
lation and translation function calcula
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tion. Gome information about the orien
tation of the complex of autolyzed acti
ve product of porcine trypsin with mung
bean inhibitor in the unit cell were ob

tained. But is not sufficient for deter

mination of the position of the complex
molecule in the unit cell.

The possible reasons may be that the
quality of the crystal and therefore the
data is not good, and as we know that
mung bean inhibitor belongs to Bowman -
Birk inhibitor group which is character
ized by containing two active sites so
that the complex molecule should contain
one mung bean inhibitor molecule and two
trypsin molecules sind therefore the com
plex molecule may have pseudo- molecular
dyad axes and the space group actially
may be 1222. In this case the data must
be reprocessed according to space group
1222. Further work is under way.
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INTRODUCTION

Applying pressure to a liquid metal causes an

increase of electron density, whose influence on

the ion-ion potential is reflected in the atomic

structure. Especially in multivalent metals, the

Fermi wavenumber is large. This leads an ion-ion

potential to have fine structures with a short

wavelength which is sensitive to the electron den

sity. Therefore it is interesting to investigate

the structure of liquid metals at various pres

sures! 1- 6 ].

EXPRERlMENTAL

The x-ray diffraction measurements were carried

out using a cubic-type high-pressure apparatus

MAX80 installed on AR-NE5C beam line. High-energy

(40-120 keV) synchrotron radiation enabled us to

measure the diffraction pattern from bismuth,

whose x-ray absorption is relatively large.

Details of the experiments and data analysis was

gi ven elesewhere[1 ].

RESULTS AND DISCUSSION

The first coordination number Ni, and the first

coordination distance ri have been calculated from

the pair distribution function g(r). The relative

changes in Ni and ri are plotted against the rela

tive volume change in Fig.1. Data for liquid gal

lium, which is also a multivalent liquid metal,

are also shown for reference. There is an obvious

difference between the behaviour of the two liquid

s. For gallium, ri decreases and N| increases with

decreasing volume. These changes are understand

able as a result of compression. On the contrary,

r, for liquid bismuth shows little change with

compression, and Ni increases by a relatively

large amount. This result reflects the difference

in the nature of the interatomic bonds between two

elements. The bonds between bismuth atoms mainly

consist of anisotropic p-electrons, which are

relatively easy to bend and hard to compress in

length, while those between gallium atoms have

s-electron character.

There is a drastic structural change for liquid

bismuth at 6-7 GPa. A stacked-layer model is pro

posed for the structure at higher pressures[5,6].

It seems to be possible to interpret the structure

of liquid bismuth at 7.3 GPa based on a structure

which consists of atomic layers stacked at regular
intervals, each layer consisting of randomly

distributed atoms with density of 11 N lower than

that of a closed-packed layer.

Recently Umnov et al. reported first-order

transitions in liquid bismuth by a thermal measu
rements under high pressure. According to their

result, there is a phase boundary near the melting
poit at 5.3 GPa. Detailed data analysis to discuss
the relation between the drastic structural change
and the reported phase transition is in progress.
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INTRODUCTION

Amorphization from the quenched high-pressure
phase has been studied for many semiconductors
[1-4]. The high pressure phase formed from the
amorphous Si (a Si) transformed to an amorphous
state when the pressure was released at room tem

perature. On the other hand, the high-pressure
phase formed from the a-Ge transformed to the

metastable crystalline at room temperature. When
the high-pressure phases for a-Si, a-Ge, crystal
line Si (c-Si) and c-Ge were quenched at low tem
perature to much lower pressure, they transformed
to the amorphous phases with elevating temperature.

These results were analyzed by using a configu
ration-coordinate model[|-4]. We have measured the

x-ray diffraction for amorphous Si, ,Ge, alloys at
high pressures and low temperatures using a synch
rotron radiation.

EXPERIMENTAL

X ray diffraction measurements at high pres
sures and low temperatures were carried out by an
energy dispersive method using synchrotron radia
tion from a bending magnet (BL-6CI). Films of
a Si,-,Ge, alloys were prepared by a glow-dis
charge decomposition of silane and germane or a
sputtering method. Unsupported amorphous films
were obtained by dissolving aluminum substrates
with HCl aqueous solution after the deposition.
The typical thickness of the film was 2 /i m. The
mixture of powdered sample and NaCI was pressuri
zed using pressure-transmitting medium, 4:1 mix
ture of methanol: ethanol. A diamond anvil cell

was driven by lie gas through bellows. This appara
tus allowed us to control the pressure continuous
ly even at low temperaturesC5].

RESULTS AND DISCUSSION

The results are summarized in Table I At low

temperature, the high-pressure phase for all
alloys measured was quenched to I GPa and amorphi-

zation was observed with elevating temperature

similar to c-Si and c-Ge. It is noticed that the

state at atmospheric pressure and room temperature

after releasing pressure depends on the paths in

the pressure-temperature diagram.

The free energies of high- and low-pressure

phase vary with pressure. They cross at the trans

ition pressure Pc, at which pressure-induced tran

sition takes place. However, if the height of the

potential barrier AU between two phases is much

higher than the thermal energy, it takes a long

time to go over the barrier. In this case, we

observe a metastable phase, such as a quenched
phase. Since there are several possible phases for
covalent materials, heating induces transformation

from quenched phase to the phase whose potential
barrier is the lowest among the possible phases.

Occasionally, this phase is also metastable. The
amorphization with increasing temperature is a
typical example.
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Table I. Summary of experimental data for phase transitions of a-Sii-,Ge,.

Ge Content (at. %) 0 10 25 40 100

Transition Pressure at 300 K (GPa) 10.0 11.6 12.4 9. 0 7.6

Structure at 1 atm after decompression at 300 K AH AH AH BC-8 BC-8

Reversibi1i ty R R R IRR IRR

Transition Pressure at 100 K (GPa) 13.7 13.5 10.5 10,0

Structure after heating the quenched yS-Sn
phase at P„,n AH AH AH AH

Pr., n: the minimum pressure where the experiment was carried out.
AH: the amorphous form.

R: the reversible phase transition.

IRR: the irreversible phase transition.
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INTRODUCTION

LaNiOg has a rhombohedrally-distorted
perovskite-type structure, which exhibits Pauli-
paramagnetIsm. It has been reported that low-

temperature reduction under H2 flow led to a new
compound La2Ni205, i.e., LaNi02 5'̂ . A presence
of new ferromagnetic phase was detected in the

reduction process of LaNiO^ to the antlferromag-
The structural variation undernetic LaNIO

2)
2.5

the reduction, however, have not been apparent

because of poor crystal 1inity of the intermedi

ate phases. In this work, local structure

analysis around Ni ion in LaNiO^,^ (0<x<0.5) was
carried out by means of XAFS spectroscopy to

clarify the origin of their magnetic properties.

EXPERIMENTAL

Fine powder specimens of LaNiOg,^^ (0<x<0.5)
were prepared by reducing LaNiOg under H2 flow
at 275 ° C for various durations. Their oxygen
amounts were determined by reducing them in

carbon crucible on a carrier gas of He with

iloriba ECMA-2800. XAFS spectra near Ni K-edgc

were measured in a transmission mode at BL-7C

with Si(111) double monochromator. Analyses of

the XAFS data were performed with the program

developed by Dr. H. Sakane^^.

RESULTS AND DISCUSSION

Figure 1 shows the Ni K-edge XANES spectra

of I,aNi02_j^. The spectrum for LaNiOg showed
absorption peak in the pre-edge region observed

at ca. 8333eV, which can be assigned to the

ls->3d transition^^. This peak decreased in
intensity and faded away in the specimens re

duced for more than 2 hours. A new peak ass-

inged to the ls->4p transition appeared at ca.

8338eV after reduction for more than 1 hour.

The followings are known so far; the ls->3d

transition appears as a fairly intense absorp

tion for tetrahedral coordination, while the

ls->4p transition appears rather strongly in the
planar Ni ion, but is not observed in the oc

tahedral one. The observed XANES spectra,
therefore, indicate that the planar coordination

is mainly formed even in the specimen reduced

for 1 hour, not through the pyramidal one.

The observed Ni-0 distance in LaNiOg is
consistent with the report that the NiOg octahe
dron in LaNiOg is almost regular one with bond
lengths of about 1.92A , though the present value

is evaluated only from the Fourier transform.

As for LaNlOg.j^ the Ni-O distance in gradually
decreased with an Increase of reducing durations

although the ionic radius of Ni ion should

become large by the reduction. This phenomenon

would be related to the presence of distorted

Ni(!II)Og octahedron and Ni(l)0^ square planar,
as discussed in La2Ni20g. It is considered
that, even in an early step of the reduction,

most of apical oxygen are removed from a half of

NiOg octahedra in LaNiOg. Consequently the half
of trivalent Ni ions are reduced to from monova-

lent Ni ones with square-planar coordination
having the distortion.
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Fig. 1.
LaNiOg.^

The Ni K edge XANES of the
reduced for several durations.

Table 1 Ni-0 distances evaluated by the Fourier
transform of XAFS analyses and oxygen contents
for samples with several reducing periods.

No, reducing />,
period '

0.0
0.5
1.0
2.0
4.0
8.0 u

16.0+30.0°

in LaNiO

a

3-x

0.09
0.31
0.41
0.43
0.46
0.49_
0.52°

^LaNiOo, ^annealed, °LaNi0
2.5-

Ni-0
distance '

1.92
1.89
1.87
1.87
1.87
1.86
1.85
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In trochiction
Table 1: Siiinmai v of Collected Data

X-ray analysis of rryst.allizcd prolelns can yicl<i iiifortna-
tion not only of the three-cliinensional structure at atomic
resolution of the protein itself, but. also of its rtieclianisni of
action. The latter is iisiiaJly stiulied tlirough the coni])ari-
son of the native structure with tlic protein cornplexcd with
inhibitors and substrates. Inhibitors, even when spcc-ifically
designed to mimic a transition state structure, suffer from
the drawback in that conclusions re<iuire extrapolations.
Substrates, on the other hand, are lusiially converted to
product and therefore tlieir co-c:rystatlization is iin])ossible.

The preferred react.ion of w-amino aci<i:pyruva[.c amino-
transferase (uj-A1'T) from Pseudomoncis species F-126 is
the transfer of an amino group from /"f-alaiiine to pyruvate.
The enzyme is characterized by an extremely broad sub
strate specificity with regard to the donor along witli an
absolute requirement for pyruvate as acceptor. It accom
plishes this through a two step mechanism involving pyri-
doxal 5' phosphate (PLP) as cofactor. The structure lias
l)een solved crystallographically by Watanabe ct al. (d). It
was originally thought that the mechanism would be simi
lar to the n-aminotransferases (1) which, although there is
tio sequence homology (5), also utilizes tiie PLP cofactor
in a two step process and shares some secondary structural
features witli the (ui-APT). In this case the PLP cofac
tor is converted into its amidated form (PMP), tlirough
the deamination of the donor substrate, and then back to
the I'LP form as tlie accej)(or .subsl.rale i.s ami(late<l. This
shuttle mechanism allows the co-crystallizatiou of the donor
substrate with the PMP form of tlie enzyme and conversely
the acceptor substrate with the PLP form of the etizyrtU!. In
order to explore the mechanism of cu-APT, tlie? enzyme was
co-crystallized with both donor and acceptor substrates and
inhiliitors. Conclusions based on co-crystals of the preferred
substrate /?-alanine and three closely related substrates, 7-
amino butyric acid, 6-aminohexonate and L-alanine, sug
gest a radically different mechanism of transamination.

Experimental

The enzyme was crystallized in 38 per cent ammonium
siilfate, 10 mM potassium phosphate and 0.1 M of each of
the substrates at pll 7.0 and 4°C by the dialysis method.
This differed from the native crystallization condition.s only
with respect to the addition of substrate.

X-ray data collection was carried out at the BLfiA2
station in the Photon Factory operated at 2.5 (leV. A
plane mirror and slighlly bent triangular 7.8® asymmet
ric cut Si (111) monochromator system were used to ob
tain monochromatic x-rays (A=:1.00A). The intensity data
was collected using a screenless Weissenberg camera (radius
430 mm) with Fuji Imaging Plates (IP) as detectors (3). Air
scatter between the beam shutter and imaging plate was
reduced with helium, with the helium being pa.s.sed into
the sample sleeve cooled to 10®C as was the hutch itself.
Data was digitized with a Fuji BAIOO readout system and
processed using the WEIS program system (2). For each
co-crystal three data sets were collected to 1.8 A resolu
tion, rotated greater than 90® around each axis with the
two non-rotating axis passing i)erpendicular to the x-ray
beam. Data sets were scaled and merged in a resolution
dependent manner using CRYSMERG (Rehse).

Dala 3cl A kI R-Merge
Axis

# of R-Merge R-A noni
Ren, Oveiali Overall

/3-alaiiliii- A 4.88

i.eA B

CJ

I,.80

G.Ol

42407 7.55 3.36

-f-a nil no A

bnCyi'ic .aciil B 3.01 440G4 C.84 3.38

i.sA <; 4.'jQ

fi-a ml no A ,^.08

li e vonalp e 4.08 40.519 8.13 3.52

l.SA c 0.68

KI./J-aUiiMie A 4.0 5 6.''300 10.55 4.60

J.3A CJ 5.63

fyruvalc A 4.80

1.8A B

CJ
,5.19

7.04

42048 fp.68 3.86

L. A la ni iir , •,H3! 6.64

l.iA 13 xlals

1,-alaniiii' roti iplcx \vaa .1 roinposile ol 13 < ryslals mergcJ with Wtl

Results and Discussion

The .space grouj) of all crystals were the same as the na
tive enzyme (1222) with only small variations in the cell di-
meiision.s. Ft)r the prol.ein co-crystallized with /f-alanine the
cell dimensions were a=:124.23A, b=137.67Aand c=6l.52A.
Table 1 lists the <Iata sets collcc:ted, the number of rellec-
tions obtained and the quality of the data.

In all of the donor sub-slrate cases, the carbonyl oxygen
of the PLP cofactor react.s with the atnine of the substrate

to form a shilf base. We po.stulate that the acceptor sub
strate, pyruvale, reac ts with this conjugate rather than the
ainidated form of PL!' secoi with the n-arniiiotransfcrases.

The conjugal.c between cofactor and donor substrate acts
to restrict access of the acceptor substrate to the active site.
This observation teud.s to explain the? extremely high speci
ficity towards the small pyruvate molecule as accreptor, as
opposed to the low specificity towarcLs the donor substrates.
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INTRODUCTION

Amorphization from the quenched high-pressure

phase with the /3-Sn structure has been studied

for many semiconductors [1-4], The high-pressure
phases of Si and Ge were quenched at low temper

ature to much lower pressure, and they transformed

to the amorphous phases with increasing tempera

ture. These results were analyzed by using a

configuration-coordinate model. The temperature

dependence of the intensity of the diffraction

peaks gives information concerning the potential

barrier AU between the two phases before and

after the phase transitions. Since the amorphiza

tion depends on A U, it is interesting to change

the bonding nature by introducing a partial ionic

character into the covalent bonds.

EXPERIMENTAL

X-ray diffraction measurements at high pres

sures and low temperatures were carried out by an

energy dispersive method using a synchrotron

radiation from a bending magnet(BL-6Cl). The

mixture of powdered sample and NaCl was pressur
ized using pressure-transmitting medium, 4:1

mixture of methanol:ethanol. A diamond anvil cell

which was driven by He gas through bellows allowed
us to control the pressure continuously even at

low temperatures.

RESULTS AND DISCUSSION

The high pressure phase of GaSb with the y3-Sn

structure is quenched at 100 K by reducing the

pressure to 0.5 GPa. Figure 1 and 2 show some

examples of x-ray diffraction patterns for GaSb.
The quenched high-pressure phase shows amorphiza
tion when the temperature is elevated at 0.5 GPa

and 1.0 GPa. At 2.5 GPa, however, it returns to

the ZnS structure at 280 K instead of forming an
amorphous phase. Thus the behavior of phase trans
itions strongly depends on paths in the pressure-

temperature diagram.

In the case of CdTe, at 100 K the high-pressure
phase of CdTe with -Sn structure returns to the

NaCl phase at 9-6 GPa and the NaCl phase is quen
ched by reducing pressure to 2.5 GPa, which is the

lowest pressure at which the measurements were

made. The quenched high-pressure phase with the

NaCl structure begins to return to the ZnS phase
at 140 K and the transition is completed at 250 K.
No amorphization was observed in CdTe.

In the /?-Sn phase of in - V or n-VI compounds,
the anion-anion and cation-cation distances are

shorter than those in ZnS. The Coulomb interaction

between anions and between cations shoud cause an

inease of the potential energy of the y3-Sn phase

and hence the decreases of AU. Thus a strongly
ionic character prohibits amorphization.

[1]

[2]

[3]

[4]

[5]
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INTRODUCTION

X-ray diffraction measurements for liquid Se and Te
indicated that there was a drastic change in the struc
ture factor under high pressure[l]. Recently, Brazhkin
ft nl. [2] found another transition (L-L' transition) in
liquid Te under high pressure. They detected abrupt
volume contraction when a saniple was being heated
at constant pressure. To uiulerstand these structural
changes, the pressure dependence of the density will pro
vide valuable informations. In this study, we developed
a new X-ray absorption method for density measure
ments using a synchrotron radiation. The densities of
crystalline and liquid Te were measured up to 600°C and
up to 4 GPa where V'/Iq is about 0.8.

EXPERIMENTAL

Experiments were carried out using MAX80, a cubic-
anvil apparatus installed in a bending magnet line on
AR. The energy of the X-ray passed through a Si(lll)
double-crystal monochromator was 45 keV. The inten
sities of incident beam (/q) and transmitted beam (/)
were measured by an ion chamber(IC) filled with Ar gas
and a scint illation detector, respectively. The size of the
incident X-ray beam at sample position was 0.1 x 0.1
mm^.

The specimen was placed in a 2-mm-o.d., 1-mm-i.d.
BN capsule together with a sapphire ball 0.5 mm in
diameter.

By moving press, I was measured at various sam
ple positions without changing the beam position. The
counting rate for / varied from 10^ to 10'' cps.

RESULTS AND DISCUSSION

Figure 1 shows the logarithm of ///q at 4 GPa and at
ISO'̂ C as a function of the press height, .r. The curvature
of the sapphire ball is clearly observed. We fitted the
data using the following formula:

lfl() =C f exp(-//Te/'Tp{27- - l{x,y)}]
v/bram

P{-/'AhOj PA12 o3/(, y)}da-dj/,

where C is a constant which depended on the absorption
of surroundings, sensitivities of detectors, etc., //,• is a
mass absorption coefficient of substance i and p, is the
density of ?, I{x,y) is the length of the path in the ball
and r is the radius of the ball. The integration was done
over the beam size. The solid line in Fig. 1 represents
the result of the parameter fitting. The simulation well
reproduced the experimental values.

Figure 2 shows the density of Te at 3 GPa (o) and at
4 GPa (•) as a function of temperature. The jumps of
the density at the Tel-Tell and Tell-Telll transitions
and that upon melting were clearly observed. The re
duction of the error in the measurements is currently
under way to detect the proposed phase transition in
liquid Te.
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