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InAs NANOCRYSTALS GROWTH ON Si (100)
Takaaki MANO, Kanta ONO, Hiroshi FUJIOKA, Yoshio WATANABE*, Masaharu OSHIMA

The Univ. of Tokyo ,NTT Basic Research Lab.*

INTRODUCTION

A Low-dimensional quantum-confinement structure
has excellent optical properties for advanced
opt-electronic devices such as quantum dot lasers.
Although it is very important to grow EH-V compound
semiconductors on Si substrates for OEIC applications,
there have not been many reports of growing HI-V
nanostructures directly on Si substrates." In this study
we have investigated the growth of InAs nanocrystals
directly on Si(100)substrates.

EXPERIMENTAL

Experiments were carried out at the Photon Factory
BL-IA. Samples were grown on P-type Si(100)wafers.
After piranha cleaning, the H-terminated surfaces were
formed by dipping in a HF solution. We loaded the
wafers in an MBE system, which is connected to the
photoelectron spectroscopy chamber. To obtain
As-terminated surfaces, the samples were exposed to As
beam at a high substrate temperature before the growth
of InAs. We grew four monolayers of InAs on Si wafers
terminated by H atoms and those terminated by As
atoms. During the growth of InAs, we observed RHEED
patterns. Surface chemical bonding states were
investigated by photoelectron spectroscopy ( h v
=127.16eV) .We also evaluated the surface morphology
by SEM and the interface lattice images by TEM.

RESULTS and DISCUSSION

To estimate the amount of As atoms on the

H-terminated surfaces after the exposure of As at various
temperatures, we have investigated the intensity ratios of
Si2p peaks to As3d peaks. It is found that As atoms do
not replace H atoms at the substrates temperatures below
4001:.

We have observed that the RHEED patterns
become spotty, after the growth of InAs (4 monolayers)

This fact indicates that InAs islands are formed on the

substrates. The growth mechanism of the dots can be
explained by the following : (l)In droplets are formed
on the surfaces passivated by H atoms. (2) As atoms are
stuck to the In droplets. (3) InAs nanocrystals are
formed by diffusion of As.

The size of InAs nanocrystals varies from 30nm to
70nm. The density of InAs nanocrystals grown at 4001
is 1.3x10'° /cm\ We found InAs nanocrystals are
epitaxially grown on Si substrates, as shown in Fig. 1.
Some of the big islands, however, include defects such
as twins.

In the case of samples with As-terminated surfaces,
we found it difficult to form InAs nanocrystals on As-
terminated surfaces at low substrates temperatures.
Therefore, H-terminated surfaces are suitable for the
growth of InAs nanocrystals at low temperatures.

Then, we evaluated band discontinuity of InAs/Si
using core levels and valence band maximum. Fig. 2

shows a total photoelectron spectrum of InAs/Si. The
offsets of valence band and conduction band are

estimated to be 0.3 leV and 0.44eV, respectively, by
assuming that band gap of InAs remains unchanged.
These results indicate that both holes and electrons can

be well confined to InAs nanocrystals.

i ~ 30nm
Fig. 1 Cross sectional TEM image of InAs

nanocrystals grown 4ML on H/Si at 4001

•g Si2[i
= \ loo.aaev

Binding Energy (eV)

hv=127.!6eV

As3d

41.3 29V

Fig. 2 Total spectrum of InAs/Si

REFERENCE

I)M. Oshima et al.,J. Electron Spect. Rel.
Phenom. ,80,129(1996).
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INTERFACE CHEMISTRY AND SCHOTTKY BARRIER FORMATION
OF FERROMAGNETIC MnSb THIN FILMS ON GaAs

M. Oshima, M. Shuzo, K. Ono, H. Fujioka, Y. Watanabe*, S. Miyanishi** and H. Akinaga**
TheUniv. ofTokyo, *N7T Laboratories, ** JRCAT

Epitaxial ferromagnetic thin films on III-
V compound semiconductors have attracted a
great deal of interest since these
heterostructures are expected to open a range of
possibilities for high speed electronic devices
with magnetic memory. So far, MnSb
heteroepitaxial growth of MnSb on GaAs has
been reported using an MBE technique by
Akinaga et al." In &is study, we first observed
the interface chemistry and Schottky barrier
formation at the very initial stage of
heteroepitaxial growth of MnSb on GaAs
substrates by means of photoelectron
spectroscopy.

Experiments were performed at BL-IA of
the Photon Factory. MnSb thin films were
grown on GaAs(lll)B and (100) substrates at

300°C in the MBE chamber. The flux ratio of
Sb beam to Mn beam was set at 2. The surface
structure was monitored by RHEED. Photon
energy was tuned at 118.94 eVto obtain surface
sensitive information of MBE-grown MnSb
samples.

After the in situ measurements, magnetic
properties of MnSb were measured using MCD
and SQUID. X-ray diffraction confirmed the
growth orientation. Then, cross-sectional
TEM images were observed to check the
crystallinity and interface abruptness.

RHEED observation confirmed that the
MnSb fims were epitaxially grown both on
GaAs(lll)B and (ICX)) substrates with the
carrier concentration of 10^®cm \ It is found that
although As 3d peak intensity sharply decreased
after MnSb growth, Ga 3d peak intensity
remained almost unchanged even after MnSb
growth of 65 ML.

The peak deconvolution analysis revealed
that Ga 3d from MnSb grown-C^As can be
deconvoluted into two components, namely a
main Ga-Mn(l) component and a small Ga-
Mn(2) component. The Ga surface segregation
phenomena can be understood to drastically
reduce the surface energy of MnSb, resulting in
layer-by-layer growth of MnSb. Therefore, this

heteroepitaxial growth can be regarded as a kind
ofsurfactant epitaxy'".

Then, we tried to precisely determine the
Schottky barrier heights of MnSb/GaAs system
using valence band maximun (VBM) and core
level shift Before MnSb growth, the VBM was
determined to be 0.88 eV below the Fermi level.
When about 3 ML of MnSb were grown on
GaAs, the VBM came to just zero, having a
clear Fermi edge, as shown in Fig. 1, From the
As 3d core level shift due to MnSb growth, the
SBH was determined to be 0.92 eV. This large
SBHmay be explained by the AUDM^^ based on
ASq^ antisite defects which act as doubly-
ionized donors.

1) H. Akinaga et al., ^pl. Phys. Lett. 67, 141
(1995).
2) W.E. Spicer et al., J. Vac. Sci. Technol. B6,
1245(1988).

hvsll8.94 eV

8 s 4 2 0 -2 .4

Binding Energy (eV)

Clean GaAs (111]B

Fig. I Valence band spectra from MnSb/GaAs
with various thickness of MnSb.
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PHOTOELECTRON SPECTROSCOPY OF MnAs THIN FILM GROWN ON Si(OOl)
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Introduction

MnAs has attracted much attention because of its

large magneto-optical effects and magnetic resistance.
Recently, it has been reported that a MnAs epitaxial film
can be grown successfully on a semiconductor substrate
using low temperature molecular beam epitaxw (LT-
MBE)". This technique makes it possible to integrate
magnetic devices with semiconductor transistors. For this
application, it is essentially important to control the
interface between the ferromagnetic materials and the
semiconductor substrates precisely. In this study, we have
investigated how the initial stage of the MnAs film
growth affects its film quality in detail using
photoelectron spectroscopy.

Experimental

MBE growth of MnAs and photoelectron
spectroscopy measurement were carried out at BL-IA. We
grew two types of MnAs samples on p-type Si(OOI)
substrates with different first layers. One was the sample
on which only As beam was supplied at the initial stage
of tlie film growth (As-first sample). The other was the
sample on which only Mn beam was supplied at the
initial stage (Mn-first sample). After the growth of the one
monolayer(ML), As and Mn beams were supplied
simultaneously for both samples. The temperature of the
substrates during MBE growth was set at 300°C, and
As/Mn flux ratio was 4. The photon energy was set at
122.66eV for photoelectron spectroscopy measurements of
Si 2p, As Txi and Mn ?>p core levels and valence band.

Results and Discussion

Figure 1 shows Si 2p peaks of photoelectron
spectra for the As-first sample and the Mn-first sample. In
the case of the Mn-first sample, the Si 2p peak has a
shoulder peak at the lower binding energy side,
suggesting the manganese silicide formation.
Furthermore, a broad peak around the binding energy of
103eV which corresponds to silicon oxide can be also
seen in the spectrum. On the contrary, tliis peak does not
exist on the spectrum for the As-first sample. This
phenomenon can be explained by the fact that the metallic
Mn layer presumably forming the manganese silicide can
be easily oxidized by the residual O2 in the MBE
chamber. On the other hand, the interface of the As-first

sample is passivated by the As monolayer which prevents
oxidation of the interface. Because of the passivation, the
As-first sample has tlie sharper interface and the better film
quality. The Si Ip peak shift toward higher binding
energy after multi layer MnAs growth can be attributed to
Schottky barrier formation of MnAs/Si and the following
downward band bending of p-Si. Since the MnAs/Si
system has the interfacial compounds (probably MnSi)
which was revealed by cross-sectional TEM observation,
we attempted the insertion of GaAs (4ML) interlayer
between MnAs and Si. The results will be published
elsewhere^'.

Reference

1) M. Tanaka et ai. Appl. Phys. Lett. 3349 (1995).

2) M. Nakamura et al., Appl. Surf. Sci. to be submitted.

As-first '"P Mn-first

Mn-Si

J3ML

/llML

rU(5 % 104 100 96
Binding Energy (eV) Binding Energy (eV)

Figure 1 Si 2p photoelectron spectra of MnAs/Si(001)
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CHEMICAL STATES OF PHOSPHORUS ATOMS THAT PILE UP

AT THE SiO,/Si INTERFACE (1) : PHOTOELECTRON SPECTROSCOPY
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Yoshiyuki SATO*, Satoshi MAEYAMA* and Masaharu OSHIMA
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Introduction

It is known that phosphorus atoms implanted

into Si substrates pile up at the SiO^/Si interface

during RTA (Rapid Thermal AnneaUng)". This

pile-up phenomenon makes it difficult to control

the dopant profile in Si substrates. Although this

phenomenon could cause serious detrimental

effect on transistor characteristics, the position of

the segi'egated phosphorus atoms has not yet been

well understood. Therefore, we have investigated

the chemical binding states of these phosphorus

atoms by photoelectron spectroscopy (PES).

Experimental procedure

We used the sample made by the following

procedure.

The stating material was a p-type(lOO) silicon

wafer with a resistivity of 10-20 Qcm. First, the

wafer was cleaned by dipping in a piranha

solution and a HF solution, repeatedly.

Phosphorus atoms were implanted into the Si

substrate at a dose of 2XlO"^cm' and with an

energy of 30 keV. After the growth of a thin oxide

in a piranha solution, the sample was heated in a

nitrogen atmosphere at 800 C for 3 min, resulting

in phosphorus piling up at the SiO^JSi interface.

As reference materials, we also used PSG and P-

doped poly-Si.

Then, we measured these samples by PES (h v

= 180.0 eV) at the Photon Factory BL-IA in the

National Laboratory for High Energy Physics.

Results and summary

The photoelectron spectra for PSG and the

phosphorus piled-up sample are shown in Fig.l.

The peak at 135 eV of binding energy in PSG

spectrum is P2p peak which stems from

phosphorus atoms that combine with oxygen. It is

known that XPS spectra for the samples with

phosphorus atoms in SiOv always have this 135 eV

peak^'. In the spectrum for the Si02/Si sample,

however, we cannot see this 135 eV peak at all.

The peak at 129 eV in this spectrum can be

assigned to either the interstitial phosphorus

atoms or those connected with Si atoms.

We calculated the amount of these phosphorus

atoms using the escape depth of photoelectrons

and the ionization cross section. We found that the

amount of these phosphorus atoms is about one

monolayer.

References

(1) Y.Sato,et al..J.Electrochem.Soc.l32 932 (1985).

(2) Owen K.T.Wu,et al.,

J.Electrochem.Soc-132 932 (1985).
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Fig.l. The photoelectron spectra

for PSG and the Si02/Si sample
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ANOMALOUS DOWNWARD BAND BENDING INDUCED BY SELENIUM
PASSIVATION OFMBE-GROWN InAs(OOl) SURFACES

Yoshio Watanabe and Fumihiko Maeda

NTT Basic Research Labortories, Morinosato Wakamiya, Atsugi-shi, Kanagawa 243-01 Japan

INTRODUCTION

The surface Fermi level (Ef) pinning position
on III-V compound semiconductors is generally
located inside the band gap. In recent years, it
has been found that passivation of GaAs with Se
or S can significantly reduce the problem of the Ef
pinning in the middle of the band gap. In contrast,
although some recent studies of InAs(OOl) have
produced experimental evidence that the Ef
position is pinned not inside the band gap, but
above the conduction band minimum of clean InAs

surfaces, the correlation between the surface Ef
position and passivation of narrow-band-gap InAs
with group-VI atoms has not been studied as
much. In this work, we employed synchrotron
radiation photoelectron spectroscopy (PES) to
clarify the surface chemical bonding structures on
InAs(OOl) with and without Se-passivation and to
determine the surface Ef position on these
InAs(OOl) surfaces.

EXPERIMENTAL

Photoelectrons were measured with a hemi

spherical angle-integrated analyzer. InAs growth
by molecular beam epitaxy and in situ PES were
performed in a growth chamber and an analysis
chamber connected to each other through ultra-
high vacuum. The samples were undoped n-type
InAs(OOl) wafers. The resulting epitaxially grown
surface exhibited a fine streaky 2X4 reflection
high-energy electron-diffraction pattern. In the Se
treatment, Se beam flux was supplied to the
InAs(001)-(2X4) surface at 300°C for 5 min.

RESULTS AND DISCUSSION

Figure 1 shows the core-level PES spectrum for
both the InAs(001)-(2 X 4) and Se-passivated

InAs(001)-(2 X 1) surfaces. The As 3d peak

intensity for Se-passivated InAs was only half the

value for InAs(001)-(2X4). Although no change in
the binding energy (BE) difference between As

3d5/2 and In 4d5/2 was observed before and after
Se-passivation, the In 4d and As 3d spectra for
Se-passivated InAs had higher BEs by about 0.4
eV. The As 3d spectrum for Se-passivated InAs is

narrower than for InAs(001)-(2X4), which means
that the intensity of the surface As 3d components

for Se-passivated InAs is lower than for InAs(OOl)-

(2X4), especially on the higher BE side, implying
that Se atoms replace surface arsenics. On the

other hand, a new In 4d chemical component
appears on the higher BE side, which is related to
In-Se bonding states. These results suggest that a
Se-terminated surface is formed, where topmost
Se atoms bond to In, which is almost the same as
the results in the GaAs case.

Next we measured valence band spectra to

determine the surface Ef position for both the

InAs(001)-(2 X4) and Se-passivated InAs(001)-(2 X

1) surfaces as shown in Fig. 2. The InAs(001)-(2 X
4) surface has a surface Ef pinning position of
(0.49±0.02) eV above the valence band maximum
(VBM). Furthermore, it is observed that the VBM
position for the Se-passivated InAs surface shifts
to a higher BE side by about 0.4 eV, which agrees
with the result observed for the core-level peak
shift. This band bending enhancement induced by
Se-passivation can be explained by using an
electron counting model of surface dimers [1].
[1]Y. Watanabe et al., Appl. Surf. Sci. (1997) (in

press).

lnAsCDD1)-(2X4)

Binding energy [eV]

Fig. 1. Photoelectron spectra for the InAs(001)-(2 X
4) and Se-passivated InAs(001)-(2X 1) surfaces.

lnAs(C01)-C2X4)

— Valence band

Binding energy [eV]

Fig. 2. Valence band spectra for the InAs(001)-(2 X
4) and Se-passivated InAs(001)-(2X 1) surfaces.
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INTRODUCTION

Although IrLAs(OOl) substrates are mainly
used for making electronic devices, photoelectron
spectroscopy (PES) studies have not been studied
as much because it is difficult to prepare a smooth
surface without epitaxial growth. It is important
to understand the chemical and electronic
structure of the well-ordered, reconstructed
InAs(OOl) surfaces. Here we investigated the
chemical bonding structures of epitaxially grown
InAs(001)-(2 X4) and (4X2) surfaces. Furthermore,
we determined the surface Fermi level (Ep)
position of the two kinds of reconstructed
InAs(001) surfaces using PES to clarily the
correlation of the Ef position with the surface
bonding structure [1].

EXPERIMENTAL

Photoelectrons were measured with a

hemispherical angle-integrated analyzer. InAs
growth by molecular beam epitaxy and in situ
PES were performed in a growth chamber and an
analysis chamber connected to each other through
ultra-high vacuum (UHV). The samples were
undoped n-type InAs(001) wafers. The resulting
epitaxially grown surface exhibited a fine streaky
2X4 Inflection high-energy electron-diffiraction
pattern.

RESULTS AND DISCUSSION

As shown in Fig. 1 for the InAs(001)-(2 X 4)
surface, the As 3d spectrum has three doublets: a
bulk component B and two surface components S2
(+0.60 eV) and Si (-0.57 eV) at the higher and
lower binding energy (BE) sides. The In 4d
spectrum also consists of three doublets. One is a
bulk component B, and the others S4 (+0.49 eV)
and S3 (-0.31 eV) at the higher and lower BE sides
are miated to the surface components. These
surface bonding features were found to be almost

the same as those for GaAs(001)-(2X4). On the

other hand, for the InAs(001)-(4 X 2) surface
obtained by annealing at 450°C for 5 minutes
under UHV, the As 3d surface component at the
higher BE side is almost all removed, and
correspondingly, the relative intensity of the
surface component at the lower BE side to the
total In 4d emission increases. Also, the intensity
ratio of the As 3d bulk component to the In 4d
bulk component decreases from 1.14 to 0.96.

These results indicate that the surface

stoichiometry changes with the reconstructed
surfaces, and thus that the surface changes from

As-rich 2 X 4 to In-rich 4 X 2 as increasing the
substrate temperature. Next, we measured
valence band (VB) spectra to determine the
surface Ef position with He I {bv =21.2 eV). The
surface Ef position is pinned and 0.35+0.02 eV

above the conduction band minimum for the (2 X 4)

and (4X2) reconstructions, which agrees well with
the value estimated by the In 4^5/2 binding energy.
Therefore, we found that intrinsic downward band
bending occurs at both the InAs(001)-(2 X4) and (4
X 2) reconstructions, which implies that this
surface band bending is not influenced by the
surface reconstruction accompanied with the
variation of the surface stoichiometry.
[1]Y. Watanabe et al., 1st Int. Conf. on

Synchrotron Radiation in Materials Science,
Chicago (1996) p. 48.

aO 19 18 17 16

Binding energy [eV]

Fig. 1. Core-level photoelectron spectra with
deconvoluted spin-orbit components. The
excitation photon energy is 100 eV.
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INTRODUCTION

Quantum dots are an attractive structure for
optoelectronic device applications and for basic
research in physics. Great efforts have been made
to fabricate these structures, including growth on
stepped surfaces, strain-induced self-organized
growth, and passivation-induced self-organized
growth. In recent years, we have successfully
fabricated InSb and InAs islands on Se-

passivated GaAs utilizing strain-induced and
passivation-induced self-organizing mechanisms.
However, the exact way in which selenium
passivation causes island formation has not been
clearly elucidated, as compared with the case of
lattice-mismatch strain-induced self-organization.
In this work, we investigated the chemical
bonding evolution of Se atoms upon InAs epitaxial
growth on a Se-passivated GaAs surface by
synchrotron radiation photoelectron spectroscopy
(PES) [1].

EXPERIMENTAL

Photoelectrons were measured with a hemi

spherical angle-integrated analj^er. GaAs growth
by molecular beam epitaxy and in situ PES were
performed in a growth chamber and an analysis
chamber connected to each other through ultra-
high vacuum. The samples were Si-doped n-type
GaAs(OOl) wafers. After GaAs buffer-layer growth,
Se beam flux was supplied to this surface at
400°C for 5 min. After Se treatment, InAs growth
at 200°C was performed on the Se-passivated
GaAs surface.

RESULTS AND DISCUSSION

We measured the core-level PES spectra for a
Se-passivated GaAs surface. Figure 1 shows
deconvoluted results for the Ga 3d spectrum on
the Se-passivated GaAs surface, which has two
doublets, and the binding energy (BE) separation
is 0.3 eV between them. A higher BE component
Ga 3d(Se) is attributed to the chemical shift
corresponding to the formation of Ga-Se bondings.
A lower BE component Ga 3d{As) is attributed to
the chemical component of Ga-As bondings [2].
This result means that the Ga 3d spectrum
consists of only the two chemical components; Ga-
Se and Ga-As bondings. Thus, from this
deconvoluted Ga 3d spectrum, the thickness ds of
the Se-passivated layer can be estimated,

considering the photoelectron attenuation ds is
expressed by the following equation,

ds=A.GJn(l+R),

where Xca is the Ga 3d photoelectron mean free
path and R the photoelectron peak intensity ratio
of Ga 3d(Se) to Ga 5d(As). Taking the mean free
path of ^Ga=5.5±0.5 A and using the observed
value of R=0.99, ds is estimated to be 3.8±0.3 A,
which suggests that the Se-passivated layer
thickness is less than two monolayers, and
thinner value than that previously reported [3]. Se
chemical bonding evolution upon InAs overgrowth
on the Se-passivated GaAs surface are analyzed
by the results of relative peak intensity evolution
for core-level spectra during growth, which are
summarized in Table 1. The peak intensity ratio
ofGa 5<i(Se) to Ga 5<J(As) decreases with growing
InAs, whereas the peak intensity ratio of In 4d(Se)
to In 4d(As) increases, which implies that Se
atoms segregate into overgrown InAs.
[1]Y. Watanabe et al., 1st Int. Conf. on

Synchrotron Radiation in Materials Science,
Chicago (1996) p. 47.

[2]Y. Watanabe et al., J. Electron. Spectrosc.
Relat. Phenom. 80 (1996) 221.

[3]S. Takatani et al., Phys. Rev. B45 (1992) 8498.

Ga3d(As)

«<»1 Ga3<?(Se)

a(ftdla| (aV)

Fig. 1. Ga 3d spectrum on the Se-passivated GaAs
surface with deconvoluted results.

Table 1. Relative peak intensity evolution of core-
level spectra upon InAs growth on Se/GaAs.

Nominal InAs _ «c . «
thickness (ML) "

[Ga3d(Se)]/[Ga3d(As)] 0.99 0.64 0.48

[ln4d(Se)]/[Ga3d{As)] - 0.57 0.66- 0.57 0.66
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Introduction

Photon-stimulated desorption (PSD) of ions can
be a site-specific probe of materials in terms of
response to electronic excitation. We report here
PSD from HF-treated Si(lOO) and thermally-grown
a-Si02 near the Si Is excitation threshold.

Experiment
PSD ions were detected by means of time-of-

flight (TOF) mass spectroscopy using single bunch
mode on beamline 1A at the Photon Factory. X-
ray absorption near-edge structure (XANE^
spectra were meaured by Si K o: fluorescence.

Results and Discussion

The majority of PSD ions from a Si(lOO) surface
treated by a 10% HF solution -were IC and F^. In
agreement with the previous report [1], the TOF
spectrum of ET signal exhibits a bimodal structure
consisting of a -ET and /3 -H*" peaks, resulting from
different initial energies when these ions are ejected
in the vacuum. It is evident from Fig. 1 that the
excitation spectrum of a -FT ions appearing at
longer flight times shows a sharp resonance peak at
the K-shell absorption edge, vdiereas that of the /3
-H*" yield shows features cooresponding to the
XANES spectrum, associted with a broad peak
ascribed to shake-up ionization. A plausible
interpretation for such behavior is that single
excitation of an electron from the deep Si Is level
to the conduction band minimum is sufficient to

induce a -H^ desorption via the direct Auger-
stimulated desorption mechanism involving
multiple decay steps of core holes, but that
simultaneous excitation of two electrons from the

1s level and the valence band enhances P SD of 13-

H^. We thereby assign the origin of Oi-lT and 3
-iT to desorption respectively from the states of
three and four valence holes localized in a Si-H bond.

Diffrerent Coulomb repulsive energies result in
different kinetic energies.

The TOF spectrum of iT desorbingfrom a-Si02,
on the other hand, is composed of a single peak and
the yield isone order ofmagnitude greater than that

of /S-ETfrom Si(lOO). The excitation spectrum
depicted in Fig. 1 shows a sharp resonance ofa Si Is
electron transition to an unoccupied K* orbital in
the conduction band. These observations suggest
that the predominant channel for PSD from a-
Si02 is the direct Auger-stimulated desorption
process; localization of valence holes created by
Auger decay is strongly promoted in the quasi-
molecular (HSi-OH)* complex at the surface,
resulting in Coulomb explosion of the species.

References

[1] H. Akazawa, Phys. Rev. 3,51 (1995) 7314.
*Present address: Department of Applied
Chemistry, University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113, Japan
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FIG.l XANES specrum of a Si(lOO) surface and
excitation spectra of ET PSD yieldfrom Si(100)and
Si02 surfaces
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INTRODUCTION

WSiN has been used extensively as barrier
layer in gate materials such as polycide gate and
poly-metal gate becasue of excellent barrier
capability against impurity and metal diffusion.
We have developed extremely thin (2 - 6 nm thick)
WSiN diffusion barrier formed by ECR plasma
nitridation. The barrier capability of this WSiN
film is increased by applying RF bias to the
substrate during nitridation [1], However, since
this barrier capability increases with RF bias
nitridation time even though nitrogen
concentration is almost the same, the RF bias
effect cannot be explained by higher nitrogen
concentration with RF bias than that without RF

bias. In this work, N K-edge EXAES
measurements were done to investigate the
enhancement effect of the diffusion barrier of thin

WSiN film by applying RF bias.

EXPERIMENTAL

Thin WSiN films were formed by nitridating
WSix surface using ECR nitrogen plasma with or
without RF bias. WSize was deposited by
sputtering at a deposition temperature of 320°C.
The diffusion coefficient (Dp) for phosphorus in
WSiN was used as a measure of diffusion barrier

capability.

RESULTS AND DISCUSSION

The relationship between Dp and deposition
temperatures indicates that Dp becomes smaller
as decreasing the deposition temperature, which
suggests that WSiN barrier capability increases
as the atomic ordering in an amorphous WSiN
film weakens. To assess the degree of local atomic
ordering, the radial distribution around nitrogen
atoms was obtained by Fourier transform of N K-
edge EXAFS for WSiN. As shown in Fig. 1, a clear
peak at 1.4 A was obsrved without RF bias,
whereas no obvious peak was observed with RF
bias, which implies that local atomic ordering of
WSiN films weakens by applying RF bias.
Furthermore, as shown in Fig. 2, the XPS results
show that Si-rich WSiN was formed without RF

bias while WSiN having a Si-deficient surface was
formed with RF bias, suggesting that RF bias
enhances the nitrogen ion bombardment energy
and Si is preferentially sputtered. Figure 3 shows

the schematic diagram for diffusion barrier
mechanism of WSiN. Without RF bias, nitrogen
atoms enter interstitial sites of WSix- On the other

hand, in the case of RF bias application. Si is
preferentially sputtered, and local atomic ordering
of WSiN weakens, and thus nitrogen atoms in
interstitial sites increase.

[1]A. Hirata et al., SSDM 1997 (to be presented).

wilhoul RF bias

wiih RF bias
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Fig. 1. Radial distribution around nitrogen atoms
analyzed by N K-edge EXAFS for WSiN
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2. XPS spectra of WSiN (a) without RF bias
(b) with RF bias (hv= 450 eV).
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Fig. 3. Schematic diagram for diffusion barrier
mechanism of WSiN (a) without RFbias and (b)

with RF bias.
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AN ULTRA HIGH-VACUUM GONIOMETER WITH A HEATER UNIT
FOR IN-SITU SOFT-XSW EXPERIMENTS
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The x-ray standing wave (XSW) technique^
has been developed into a highly accurate technique
for locating the position of particular atomic species
in bulk crystal, at a crystal surface, or at an
interface. When we use soft x-rays as an incident
beam, the larger cross sections of softer x-rays for
light-element atoms, such as SI and S, ensure
higher emission intensity from monolayer-order
quantities of these atoms, and photoelectrons and
Auger electrons can be collected with sufficient
statistics and energy resolution. We had developed
an ultra-high vacuum soft-XSW analysis apparatus
equipped with a molecular beam epitaxy (MBE)
growth chamber,^ and examined the feasibility of
angle-scan soft-XSW experiments.^ Various lll-V
compound semiconductor surfaces prepared by
MBE have been studied by using the XSW
apparatus. '̂̂ We report here newly developed
goniometer with a heater unit for in-situ soft-XSW
analysis of chemical reactions at semiconductor
surfaces.

Figure 1 shows a photograph of the ultra-high
vacuum goniometer with a heater unit. In this
analysis system, a sample can be rotated and
adjusted to various Bragg diffraction conditions.
This goniometer system operates In a typical four-
circle mode. The co axis, which is used for scanning
the incident angle, uses the axis in the conventional
horizontal goniometer . The co axis is driven by a
stepping motor and the angular precision of the axis
is 2.0x10""^ degree/pulse. The co axle is inserted Into
the UHV chamber through a rotary feedthrough,
which Is differentially pumped by an ion pump to
prevent air leaks during its rotation.® The %and
axes are mounted on the co axle as a normal four-

circle diffractometer, and are driven by stepping
motors located in the UHV chamber. The angular
precisions of the %and <f> axes are 2.0x10"® and
6.0x10"® degree/pulse, respectively. The Mo
sample holder Is held In place with metal springs on
the i table to avoid any movements of the sample
caused by the mechanical vibration.

Figure 2 shows (111) soft-XSW results for
three annealing steps of S-adsorbed GaAs(OOI)
surface studied by using the heater unit on the
goniometer. Annealing process of a GaAs(OOI)
clean surface exposed to sulfur vapor (10"^ torr) at
room temperature^ was monitored as a feasibility
study of this apparatus. Change of the XSW profile
gives information on Ga-S-Ga bridge bond formation
induced by the annealing.

J. Zegenhagen, Surf. Sci. Rep. 18,199 (1993).

^M.Suglyama etal.,Rev.Sci.lnstrum.67, 3182 (1996).
^M.Sugiyama etal., Phys. Rev. 651,11037 (1993).
^M.Sugiyama etal., Phys. Rev. B52, 2678 (1995).
^M.Sugiyama etal., Appl.Phys.Lett. 68, 3731 (1996).
®S.Maeyama etal.,Rev.Sci.lnstrum. 62, 2976 (1991).
^S.Tsukamoto and N. Koguchi, Appl. Phys. Lett. 65,

2201 (1994).

FIG. 1 The developed ultra high-vacuum goniometer
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FIG. 2 Soft-XSW results for S-adsorbed GaAs(001)
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The development of GaAs electronic devices
has been hindered by difficulties in reducing the
surface-state density and controlling the Fermi-level
position. Suifur passivation treatments for GaAs
surfaces have been shown to increase sensitivity of
the Schottky barrier height to the metal work function
and enhance photoiuminescence intensity. On the
other hand, these surfaces is reported to be suitable
for fabricating quantum dot structures. Recently,
Tsukamoto and Koguchi"' presented a novel sulfur-
termination method, and obtained a well-ordered
2x6 reconstructed surface. Although there have
been several studies on in-situ suifur treated GaAs
surfaces, detailed structure of the sulfur-adsorbed
GaAs(001) surface had not yet been determined. In
this study, the in-situ sulfur-adsorbed GaAs(OOI)
surface was investigated by using x-ray standing
waves (XSW) and x-ray crystal truncation rod (CTR)
scattering.

Experiment
A GaAs(001)-(2x4) surface was exposed to

the sulfur vaper which generates a chamber
pressure on the order of 10"^ torr at room
temperature for 5 minutes. Itwas then annealed in a
vacuum for 30 minutes at about 450^0. The sample
was transferred to an analysis chamber without
being exposed to the air. Experiments were carried
out at the NTT beamiine (BL-1A). A CTR scattering
profile around the (002) Bragg reflection of the
GaAs(OOI) substrate was measured. Diffracted x-
rays were collected with a gas scintillation
proportional counter (GSPC)^ with an approximately
1-mm slit in front of the detector, and the scattering

angle was fixed at 135°. By varying the photon
energies of incident soft x-rays (2 - 3 keV), surface
normal momentum transfer L was changed along the
(00) rod around the (002) Bragg point. Rocking
scan (transverse scan) data were obtained and
backgrounds were subtracted to obtain the
integrated intensity of the CTR scattering.

Results and Discussion

An experimental CTR profile and calculated
curves based on two simple one-dimensional layer
structure models are shown in Fig. 1. It has been
reported that a 2x6 cell contains five S-S dimers,
with one missing dimer.^ This indicates that the
coverage of sulfur atoms is 5/6 (0.833) monolayer or
less. In the calculation of curves in Fig. 1, 0.8
monolayer of sulfur-layer above the ideal second Ga
layer by 1.14 A, which is determined by the XSW
result for the same sample, was assumed in both
models. The profile of the model (1) curve , in which
the ideal height and occupancy of a second Ga layer

are assumed, does not agree with the
experimental data points. In order to fit the
experimental data, the height and occupancy of
the second Ga layer were changed as shown in
model (2) of Fig. 1. Good agreement between
data points and calculated curve based on the
model (2) suggests that lattice distortion as large
as 0.1 A-order might be induced in the sub
surface region. It should be noted that model (2)
is just one simplified version of the structure,
and that the real detailed structure is still
unknown. However, this result imply that the
lattice distortion or vacancies in the second Ga
atomic layer may be induced by sulfur
adsorption.

References

'' S. Tsukamoto, and N. Koguchi, Jpn. J. Appl.
Rhys. 33, L1185 (1994); Appl. Rhys. Lett. 65,
2201 (1994).

2 S. Maeyama, M. Sugiyama, M. Oshima, K.
Shimizu, and T. Shoji, Rev. Sci. Instrum. 64,
1229 (1993).
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Fig. 1. Experimental results and simulated
curves of the CTR scattering near the GaAs
(002) Bragg point. Two simulated curves are
based on the simple models (1) and (2) shown
below in this figure. Surface rms roughness Is
assumed to be 4.0 A in the simulation.
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Introduction

Diffraction anomalous fine structure(DAFS)
is a new x-ray structural technique, which
combines x-ray diffraction and x-ray absorption
fine structure(XAFS)' ' . Although there are a
number of reports about DAFS measurement and
analysis, all the objects are heavy elements.
We have measured DAFS spectra for a light
element using x-ray CTR(crystal truncation rod)
scattering for the first time.

S K-edge DAFS measurements were performed
for a S-terminated GaAs(OOl) sample at the NTT
beamline (BL-IA) of the Photon Factory. A
symmetrical diffraction geometry at the
scattering angle of 135 degree was employed for
x-ray CTR measurements. In this geometry the
sample orientation was aligned by means of the
(002) Bragg reflection peak with an incident
beam of photon energy 2374eV. The CTR
scattering intensities along the (GO) rods were
measured by scanning the incident beam energy
in the SK-edge region.

Results

Figure 1 shows CTR spectra measured with the
x-ray polarization vector parallel and
perpendicular to the Ga-S-Ga bridge bond formed
on the GaAs(OOI) surface. The above
polarization conditions were set by revolving
the sample on the (001] direction. Sharp peaks
and fine oscillations at and above the S K-edge
(2472eV) corresponding to XANES and EXAFS in
x-ray absorption spectra are observed clearly
in the both CTR spectra. Furthermore, they are
dependent on the polarization condition. This
polarization dependence gives good agreement
with that of S K-edge fluorescence XAFS for the
S-terminated GaAs(OOl), though there is some
phase shift between the XAFS and CTR spectra.
The comparison between the measured CTR spectra
and the S K-edge fluorescence XAFS spectra
indicates that the CTR spectra have DAFS
signals for S atoms adsorbed on the GaAs(OOl)
surface, since CTR is sensitive to crystal
surface structure.

Reference

1)H.Stragier et al. Phys. Rev. Lett. 21 (1992)
3064.
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Fig.l CTR spectra for S-terminated GaAs(OOl)
in the S K-edge region: x-ray polarization
vector (a) parallel and (b) perpendicular to
the Ga-S-Ga bridge bond on the GaAs(OOI)
surface.
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introduction

Since coal may become a major energy source in

the world for the 21st century, developments of

precleaning technologies for high-sulfur low-rank

coals are desirable in addition to advancing efficient

utilization processes. In the present study, dynamic

behavior of suifur forms were followed for a high

sulfur lignite, one subbituminousand two bituminous

coals in rapid pyrolysis. The samples were separated

into three groups by a sink-float method to

investigate effects of particle-density distribution on

sulfur forms and their desulfurization behavior in

rapid pyrolysis. Organic sulfurforms were determined

by using XANES for the density-separated coals

before and after rapid pyrolysis.

Experimental

Rapid pyrolysis experiment was conducted by

using a free-fall pyrolyzer. This apparatus enables

coal particles to be heated in a nitrogen stream at

rates from 10^ to lO'^'C/s. The temperature was

960t^ at the isothermal section of the reactor.

XANES measurements were carried outatBL2A and

11B of Photon Factory. Electron yield and X-ray

• Furong

""A^ Mequinenza

\ N.

^ Muswellbrook

\ ""n

\
\

Oy\ ^^Nantong
N \

Furong

Average density [g/cm^]

Fig.l Change in organic sulfur removal.with average
density

fluorescence detection methods were used

simultaneously.

Results and Discussion

Figure 1 represents a relation between the extent

of organic sulfur removal and average density.

Mequinenza, Muswellbrook and Nantong coals show

linear relationship between the extent of organic

sulfur removal and average density of the groups in

each coal. Large extent of organic sulfur removal was

observed for lower rank coal in these three coals.

Exceptionally, more than 90% of the extent of

organic sulfur removal was observed for group III of

Furong coal. Figure 2 shows third differential

curves of XANES spectra for smaller density group I

and larger density group 111 of Nantong coal. This

results indicate that efficient desulfurization in smaller

density group is resulted to the presence of sulfide.

XANES analysis clarified that the efficient removal of

organic sulfurfrom the densest group in Furong coal

actu^ly resulted in decomposition of elemental sulfur

which was apparently regarded as organic sulfur

according to the ASTM{D2497).

2460 2465 2470 2475 2480 2485 2490

Photon energy [ev]

Fig. 2 Sulfur XANES spectra of groups I and III
for Nantong coal
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We have been studying electronic structures of sulfur
iif-shell excited states for small molecules. The results

for SF6, C4H4S and SO2 have been briefly reported'̂ '. In
the present report, the results for the S Is excited states of
H2S with both photoabsorption spectroscopy and angle-
resolved ion-yield spectroscopy'̂ ' are shown.

Figure 1 shows the photoabsorption spectrum of H2S
in the i^-shell excited region. The two weak and broad
structures (E and F) are clearly observed above the S Is
ionization threshold. There is no vacant orbital

composed of the minimal atomic orbitals above the
ionization threshold, therefore, Peaks E and F are
probably due to doubly excited states. The four peaks
(A-D) are clearly observed below the ionization threshold
as shown in Figure 1.

The angle-resolved ion-yield spectra of the S Is
excited states for H2S are measured to assign Peaks A-D.
If the axial-recoil approximation is valid with keeping the
molecular geometries in the ground state, the anisotropy
parameters (p) for the fragment ions ejected following the
S Is a\, bi and bz excitations should be +0.45, -1.00
and +0.55, respectively. The peaks with different
symmetries can be differentiated in the present spectra,
though difference between the expected p values
following the S Is ->• fli and Z)2 excitations is small.

Figure 2 shows the angle-resolved ion-yield spectra
of H2S in the S Is excited region. The most intense peak
top observed in the 90® direction to the electric vector of
the incident light (Peak A') has a slightly higher energy
(about 0.15 eV) than that in the 0® direction (Peak A).
This result can imply that the S Is core 3£>2 and 6ax
valence excited states are differentiated and that the latter

is located at the higher energy side than the former, which
is consistent with the previous result with resonant X-ray
emission spectroscopy by Mayer et al.

The spectra shows that the peak observed around
lAlS.l eV is attributed to the two Rydberg excited states
which have different symmetries. Peaks B and B' are
assigned to the 4p Rydberg excited states. The Apbi
Rydberg excited state is mainly contributive to Peak B'
because the observed p around 2476.0 eV have a negative
value. Peak B is attributed to the Apb2 Rydberg excited
state, which is probably mixed with the S Is ^ 3^2
valence excited state. Peaks C and D are due to the 5p
and higher Rydberg excited states.

References

[1] J. Adachi et al, PF Activ. Rep. #13, p.l3.
[2] J. Adachi et al, J. Chem. Phys. 102 (1995) 7369.
[3] M. Mayer et al, Phys. Rev. A43 (1991) 235.
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Figure 1 Photoabsorption spectrum for the S .K!-sheIl excited

states of H2S.
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Figure 2 Angle-resolved ion-yield spectra and anisotropy
parameter on fragment ions for the S X^-shell excited states of
H2S. The dotted (/o) and solid lines (/90) show the ion yields in
the 0® and 90° directions relative to the electric vector of the

incident light, respectively. The thin broken line shows the
observedanisotropy parameter p = 2'(/o -/90) / (/o + 2-/9o).
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In this report following the reports IV, we present
photoabsorption and angle-resolved ion-yield spectra for
the S Is excited states of OCS.

Figure 1 shows the photoabsorption spectrum of OCS
in the X^-shell region. The two weak peaks (F and G)
and the broad structure (H) are clearly observed above the
S Is ionization threshold. Peak H is assigned to the
shape resonance (S Is ->• 11a*).Peaks F and G are
probably due to doubly excited states.

The five peaks (A-E) are clearly observed below the
ionization threshold in Figure 1. The angle-resolved
ion-yield spectra for the S Is excited states of OCS are
measured to assign Peaks A-E. The spectra observed in
the 0° and 90° direction are calibrated to obtain the

completely symmetry-resolved spectra for the S Is -> 3b2
excited state of S02.'̂ ' The peaks due to the S Is a
and n excited states are observed in the 0° and 90°

directions to the electric vector of the incident light,
respectively, as long as the bending vibration is not
excited.

Peak A is ambiguously assigned to the S Is 47i*
excited state. The peak is observed also in the 0°
direction. The peak top in the 0° direction is slightly
lower (0.09 eV) in energy than that in the 90° direction.
This indicates that the S Is tt* excited state is affected

with the Renner-Teller effect similarly to the case for the
O Is -->71* excited statesof NaO^ '̂.

Peak B is dominantly observed in the 0° direction
and can be assigned to the S Is -> 10a* excitation. The
full-width at half-maximum of the peak is larger than that
of Peak A. Peak B includes some vibronically excited
levels. The 10a* orbital is of anti-bonding character and
the equilibrium bond length in the 10a* excited state
becomes longer. Peak B' is weakly observed in the 0°
direction. This is probably due to somewhat incomplete
correction of the spectra.

Perera and LaVilla assigned Peak C to the S Is ->
6'a (11a*) valence excitation'* '̂. However, Peak C
should be assigned to the S Is ^ 4sa Rydberg excitation
because the term value for the peak is 3.62 eV and the
11a* excited state is observed as Peak H. This

interpretation is consistent with the assignment by Nenner
et The spectra reveal that Peak D includes the 4pa
and 4p7i Rydberg excited states. Peak E is mainly
attributed to the 5sa Rydberg excited state.

References

[1] 1. Nenner era/., J. Mol. Struct. 173 (1988) 269.
[2] J. Adachi et ai, PF Activ. Rep. #13, p.13.
[31 J. Adachi et ai, J. Chem. Phys, 102 (1995) 7369.
[41 R. C. C. Pereraand R. E. LaVilla, J. Chem. Phys. 81 (1984)

3375.

S ^--shell

2460 2465 2470 2475 2480 2485 2400 2495 2500 2505 2510

Photon Energy (eV)

Figure 1 Photoabsorption spectrum for the S i^-shell excited
states of OCS.

OCS
S /C-shell

« c \

. ^0-
Photon Energy (eV)

Figure 2 Angle-resolved ion-yield spectra and anisotropy
parameter on fragment ions for the S K-sheW excited states of

DCS. The dotted (/o) and solid lines (/90) show the ion yields
in the 0° and 90° directions relative to the electric veaor of the

incident light, respectively. The thin broken line shows the

observed anisotropy parameter P = 2-{Igo -190) / (/o + 2/90).
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Introduction

The 3d transition-metal chalcogenophosphate
NiPSs forms the layered semiconducting compound.
The crystal atructme is similar to the CdCL
structure, and each layer is weakly bonded by van
der waals forces.

We have measured P-A!^ X-ray emission spectra
(XES) in the vicinity of F-K absorption' edge for
NiPSa. The result showed a shoulder structure at the
high energy side of the main peak when the incident
photon energy reached at 2148.5eV.

Experiment

XES were measured at undulator beam line BL-2A

of Photon Factory. An incident photon energy was
selected with a Ge (111) double-crystal monoch-
romator. The energy of fluorescent X-ray was
analyzed by a curved crystal monochromator.

Results and Discussion

Figure 1(a) shows the P-ATabsorption spectrum of
NiPSs. The X-ray emission spectra taken at selected
excitation energies showed from 1 to 7 in (a) are
represented in Figure 1(b), and the intensty of each
spectrum is normaUzed at peak B.

The main peak B at 2137.6eV is good corresponde
nce with each spectrum. The peak A indicated by
arrows in (b) shows a shoulder structure in the
spectrum 2, and becomes weak peak at spectra 3-7.
In the spectrum 4, a shoulder structure C is
observed at the high energy side of the main peak.
The peak D is the elastic scattering peak shifted by
corresponding to the excitation energy.

We compared these results with X-ray photoemi-
ssion spectra and the S-i^ emission spectrum of
NiPSs and found the following assignments. The
structure A corresponds to the S-3s states hybri
dized with the P-3p states. The main peak B arises
from the P-3p states. From the comparison of the P-
K and S-TTXAS spectra of NiPSa it is found that
the unoccupied S-3p states locate at 2148.5eV (No. 4
in Fig. 1(a)). Therefore, the shoulder structure C
appeared in the spectrum 4 is attributed to the S-3p
states which hybridized with the P-3p states. These
assignments are in good correspondence with the
result of the S-A^ and F-K^emission spectra.
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Fig. 1(a) XAS spectrum around the P-ATabsorption
edge.

(b) P-A^ emission spectra in the vicinity of
P-ATabsorption edge for NiPSa.
The intensity of each spectrum is normal
ized at peak B.



92-S002

RESONANT PHOTOEMISSION STRUDYOF ADCNQI-Cu SALT

Akira SEKIYAMA', Atsushi FUHMORJ", Shuji A0NUMA\ Reizo KATO\ Masanori TSUNEKAWA',
Takeshi IWASAKT, Shigemasa SUGA", Hiroyoshi ISHII'', Tomohiro MATSUSHITA'' and Tsuneaki MIYAUARA"

^DepartmentofPhysics, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan
^Institute for Solid State Physics, University of Tokyo, Minato-ku, Tokyo 106, Japan

''Department ofMaterial Physics, Faculty ofEngineeringScience, Osaka University, Toyonaka, Osaka 560, Japan
^Department ofPhysics, Tokyo Metropolitan University, Hachioji, Tokyo 192-03, Jt^?an

'Photon Factory, National Laboratoryfor High Energy Physics, Tsukuba, Ibaraki 305, Japan

Introduction

Resonant photoemission spectroscopy, by which one can
extract orbital character ofthe valence-band spectra, is useful
to study diaracters of the valence and conduction band
electrons. On the other hand, organic quiasi-lDDCNQI-Cu
salts have attracted int«^t due to thdr unusual physical
properties. These salts have substantial 3D characterdue to
the presence ofCu 3d orbitals bridging the ID pm chains cf
DCNQI molecules '̂. In orda" to investigate the dectronic
states ofthe DCNQI molecules, we have tried to perform a
resonant x-ray photoemission pCPS) study of undaiterated
(DMe-DCNQI-h8)2Cu (=C2oHi6N8Cu, hg-salt), which is
metallic down to lower temperature at ambient pressure'̂
with photon energies in the N \s core absorption region.

Experimental
Single crystals of the hg-salt woe prepared by the

diffosion method^^ Photoemission measurements of the
hg-salt rq)orted here w^e performed at room tGnperature
(-300 K) at abeam line BL-2B. The incident and azimuthal
angles from the c-axis were-30° and -0°, respectively. A
SCIENTA SES-200 analyzer was us^ for the
measurements. The sampleswerefracturedmsitu in orderto
obtain clean surfaces.We confirmed that the spectra did not
changeforseveral hours aftercleaving. The base pressurein
the spectrometer was-4x10"'*^ Torr. The energy resolution
was <0.9 eV forthe spectrareported here. The spectrahave
been normalized to the mirror-current of the

monochromator.

Results and Discussion

Valence-band XPS spectrataken with photon energiesin
the N U absorption threshold region are shown in Fig. 1.
Thee areappreciable peaks at -2.3 eV and -7.5 eV and a
weak broad stmcturecentered at -18 eV in the spectrabelow
the threshold (spectra A to C) and in spectrum H. In the
spectra just above the threshold -398 eV (see Ref 3),
additional spectralstructures appear.In the case ofspectrum
D, they are broad peaks centered at -9 and -15 eV. These
structures are observed at consisteit kinetic energies when
the excitationphoton energyis varied. In general,structures
dueto resonant photoemission andthosedueto Augerdecay
can be obsaved in the photoemission spectra above the
absorption threshold. However, we could not observepeaks
due to N \s^7p resonant photoenission, whose binding
eiagy should be independent of the photon energy.
Th«-efore we conclude that the peaks at -9 and -15 eV
originate from an Auger dec^, and that possible

photoemission resonanceis veryweakin the binding energy
region ofabove -5 eV.We point out that the intensities due
to the Auger decayin spectrumG aresignificantly enhanced
compared with oth«- spectra. The origin of such an
aiorraous enhancement is not clear at presait. Further
photoemission measurementswith slightly differentphoton
energies from 400.8 eV are required to reveal the
enhancement and its origin.

The intensity at the 2.3 eV peak may be slightly different
for photon energies near the threshold. The peak hdght of
the 2.3 eV peakis almost sameamong spectraA to C while
it is enhanced in spectrum D. Afier it is suppressed in
spectrum E, then it is enhanced in spectrum F ^ain, The
intensity change ofthe 2.3 eV peak may due to a resonant
photoemission effect.

(DMe-DCNQI-h8)2Cu.
hv= ^

418.5 eV(H) / \

Jp- 400.8 eV.

•P

399.1 eV(E)

U 398.2 eV (D) /
400.0 eV (F)

397.3 cV (C)

395.5

392.5 cV (A)

25 20 15 10 5 0
Binding Energy (eV)

FIG. 1 Valence-band XPS spectra of (DMe-DCNQI-hgjaCu
taken with photon energies in the N H absorption region.
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Photon-stimulated ion desorption (PSID)
yields can provide information on the local
property of unoccupied molecular orbital and
core hole orbitals on the chemical bond
dissociated. In the DCOO/Si(100), the 01?
electrons of hydroxyl oxygen and carbonyl
oxygen could be selectively excited near the 0 K-
edge because the chemical environments are
different. Then, we investigated the PSID
following the excitation of different sites, i.e.,
hydroxyl oxygen and carbonyl oxygen of the
adsorbed formate.

Desorbing ions were detected by a time-of-
flight mass spectrometer using a pulsed
synchrotron radiation at the soft X-ray beam line
2B with optical resolution of -0.5 eV at 0 K-
edge.

The PSID yield curves are shown in Fig. 1
together with an Auger electron yield curve
corresponding to the absorption spectrum. The
structures of these ions are assigned by
reference to the results of the enhanced ion

yields in the C X-edge^) and the absorption
spectra of condensed formic acid^) and gas-
phase formic acid^). The interpretation is also
described in Fig. 1. It is found that the CX)0+
yield is enhanced at the 0ff(C-0)->cF*(C-0)
resonance and the CD"'" yield at the
01?(C=0)-*a*(C-0) resonance. These
enhanced ion yields reflect the local character of
core hole orbitals. Considering that the
generation of CD"'" ion requires not only the
breaking of C-0 bond but also C=0, it is
plausiblethat the enhanced CD+ yield originates
from a transition involving a 0L?(C=0) hole in
addition to the antibonding character of the

a'*(C-0) orbital. After the transition involving a

01?(C=0) hole, final ionic states with a hole in
a valence molecular orbital localized on the
carbonyl oxygen atom are expected to be
formed preferentially due to the overlap between
the core and valence wave functions. It is also

found that the O"*" yield is enhanced at a few
transitions involving a 01?(C=0) hole.
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Fig. 1. AEY and PSID yields from
DCOO/Si(100) as a function of excitation
energy near the O X-edge.



94-G361

Cu 2p-3d RESONANT PHOTOEMISSION SPECTROSCOPY OF LaCuOj

Takashi MIZOKA^VA^ Takehisa KONISHP, Atsushi FUJIMORP,

Zenji HIROI', Mikio TAKANO', Yasuo TAKEDA^
'Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan
''Institute for Chemical Research, Kyoto University, Uji, Kyoto 611, Japan

'Department of Chemistry, Faculty of Engineering, Mie University, Tsu 514, Japan

Introduction

A formally Cu^"^ oxide, LaCuO,, has a rhombohedrally
distorted perovskite structure " and consists of comer-
sharing CuOg octahedra, Since the Cu-O-Cu bond angle
is ~ 180°, the interaction between the CuO^ cluster is
expected to be strong. On the other hand, in another
formally Cu^"" oxide, NaCu02, with ~ 90° Cu-O-Cu
bonds, the intercluster interaction is weak. Actually, the
photoemission and x-ray absorption spectra of NaCuOj are
well reproduced by using a single-site cluster model In
order to investigate how the strong intercluster interaction
manifest itself in the high-energy spectroscopy, we have
performed x-ray absorption spectroscopy (XAS) and Cu
2p-'id resonant photoemission spectroscopy (RPES) of
rhombohedrally- distorted LaCuOj.

Experimental

The measurement was done at beamline BL-2B of Photon

Factory, Laboratory for High Energy Physics. The energy
resolution was ~ 0.7 eV at 530 eV. The photon energy
was calibrated using the O \s edge of TiOj at 530.7 eV
and the Cu edge of Cu metal at 932.5 eV The
binding energy was calibrated using the An 4/7/2
84.0 eV. The XAS spectra were taken in the total electron
yield method. In order to obtain clean surfaces, the
samples were cooled to 50 K and scraped in situ with a
diamond file. The base pressure in the spectrometer was in
the low 10"'-Toit range.

Results and discussion

The Cu 2p3/2 XAS spectrum of LaCuOj is shown in the
right panel of Fig. 1. The Cu 2^3/2 main peak is split into
two structures which are located at ~ 931.3 and - 933.1

eV, respectively. A single-site cluster-model calculation
predicts the main peak to be single. Therefore, the
double-peak structure would be derived from the strong
interaction between the CuOg octahedral clusters.
Actually, multi-site cluster-model calculations show that
two structures, one of which is well screened by the
intercluster interaction and another is poorly screened,
appear in the XAS spectrum of the copper oxide with ~
180° Cu-O-Cu bond angle The Cu Ip-'id RPES spectra
of LaCu03 are shown in the left panel of Fig. 1. At the
photon energy of 931.7 eV which excites the intermediate
state well screened by the intercluster interaction, the
satellite structure at -12.5 eV is enhanced and is similar

to that of Cu^"" oxides On the other hand, when the
incident photon energy is 932.8 eV corresponding to the
poorly-screened intermediate state, the enhanced satellite

structure becomes broad and has a maximum at - 13 eV.

This result would give us information about the effect of
intercluster interaction on the valence-band photoemission
spectrum of LaCuOj.

Cu 2p-3d RPES Cu 2p XAS

LaCuOi(R)

Binding Energy (eV) Intensity

Fig. 1. Cu 2pyf2 XAS and Cu 2/?-3d RPES spectra of
rhombohedrally-distorted LaCuOj.
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Introduction

Recently a spinel-type compound CuIr2S4 was discov
ered to undergo a metal-insulator transition (MIT)
at '-230 K from the high-temperature metallic phase
to a low-temperature insulating phase[l]. According
to band-structure calculation using the local-density-
approximation (LDA)[2], the Cu ion is in the mono-
valent state. Therefore, the Ir ion has the mean va
lence of 3.5+ and hence the electronic configuration of
d®-®. It 5d electrons are expected to form a relatively
wide band compared to d electrons in 3d transition-
metal compounds, and therefore the electronic struc
ture of CuIr2S4 is expected to be well described by
band theory in spite of the existence of the MIT. In
this report, we present x-ray absorption spectroscopic
study of CuIr2S4. The experimental spectra are com
pared with the results of the band-structure calcula
tion. Spectra of CuIr2Se4, which is metallic down to
0.5 K[3], are also presented for comparison.

Experiment

Polycrystalline samples of CuIr2S4 and CuIr2Se4 were
prepared by a solid-state reaction. XAS was done
at beamline BL-2B of Photon Factory, Laboratory of
High Energy Physics. The photon energies were cali
brated using the O Is edge of Ti02 at 530.7 eV and the
Cu 2pzi2 edge of Cu metal at 932.5 eV. The XAS was
taken at 50 K in the total electron yield method.
The resolution was ~ 1.0 eV. The samples were re
peatedly scraped in situ with a diamond file and were
measured under a base pressure of 5 xlO~'° Torr.

Results and discussion

Figure 1 shows XAS spectra of CuIr2S4 and CuIr2Se4.
XAS spectra are sensitive to Cu ground-state configu
ration because transitions to the 3d states are possible
in Cu^"*" (3d®) but not in Cu"*" (3d^®). For example,
the Cu L3 edge of CuO (Cu®"*") has a strong peak at
931.3 eV[4] but the monovalent Cu shows a weaker
peak at a higher photon energy because the d shell is
essentially full and the matrix elements for the 2p-As
transition is much weaker than the 2p-3d transition.
As seen from the experimental spectra, there exists no
strong peak near 931 eV and therefore Cu in CuIr2S4
and CuIr2Se4 may be assigned to be in the monova
lent state. Also, the observed spectra represent unoc
cupied density of states which are hybridized with the

Cu As states. From the comparison between the calcu
lated DOS and the experimental spectra, the observed
two step-like structures are assigned to Ir 5dj and 5de
states hybridized with the Cu 4s states.

'u)

Culr2Se4

/ Cu 4s

J Ir 5&( fj
Culr2S4

J
IrSde ;

LDA
T.Odac/a/. (1995)

925 930 935 940 945

Photon Energy (eV)

Figure 1: Cu XAS spectra of CuIr2S4 and CuIr2Se4.
The solid line represents broadened density of states
obtained from the LDA band-structure calculation.
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Introduction

Since its discovery^\ the superconducting oxide
Bai-iK^BiOs (BKBO) has attracted many re
searchers in that it possesses the highest transition
temperature among copper-free oxide superconduc
tors. BKBO forms three-dimensional cubic perovskite
structure with no magnetic ions, which presents a strik
ing contrast to the the high-Tc cuprates. BaBiOs
(x = 0.0) is an insulator, but with increasing x, which
corresponds to hole-doping, it becomes a superconduc
tor at X >~ 0.4^^. Such dramatic changes in the elec
tronic structure can be well investigated by spectro-
scopic techniques. For this reason, we have performed
0 Is x-ray absorption spectroscopy (XAS) measure
ments for various possible potassium concentrations
(x = 0.0-0.6) of BKBO.

Experiment

The XAS measurements were carried out at the 10 m

grazing incidence monochromator beam line BL-2B.
The total-electron-yield method was used to record
the spectra. Before measurements all the samples
were scraped in situ with a diamond file in order to
remove surface contamination. During the measure
ments scraping was done repeatedly to confirm the re-
producibility of the result. Our measurements were
made under the pressure of about ~ 5 x 10"^® Torr
with the samples cooled down to about 50 K using a
closed-cycle He refrigerator. The experimental resolu
tion was estimated to be 0.7 eV.

Results and Discussions

The obtained 0 Is XAS spectra are shown in Fig. 1.
They are normalized to the peak height around the
photon energy of 535 eV. These spectra reflect the O
2p partial density of states of the unoccupied states.
As clearly seen, the pre-peak of the spectra around
photon energy 529 eV grows systematically as x in
creases, which indicates that holes are certainly doped
into BKBO. Quantitative analysis of the increase of the
peak area supports this picture. Such a peak growth,
as observed in the figure, is accompanied by the shift
of the threshold photon energy. We have also per
formed x-ray photoemission spectroscopy (XPS) mea
surements for BKBO using the Mg Ko line {hu =

1253.6 eV) to estimate the core level shifts (0 Is, Ba 3d
and Bi 4/) and found that these core level shifts quan
titatively agree well with the shift of the absorption
threshold, indicating that the shift can be interpreted
as the chemical potential shift resulting from hole dop
ing. This experimental chemical potential shift is com
parable with that estimated from the band-structure
calculation^'. This fact suggests that the repulsion be
tween quasi-particles are not strong in BKBO.

a X = 0.1

Bai.„K,,Bi03

530 535 540 545

Photon Energy (eV)

Figure 1: 0 Is XAS spectra of Bai-aiK^BiOs {x =
0.0 - 0.6) ai-e shown by open circles. The spectrum of
X = 0.0 is also shown by solid lines for comparison.
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Introduction

A resonant photoemission (RPE) study for transition

metal compounds at the 2p-3d threshold is known to be more

useful to investigate the electronic structure than that at the
3p-3d threshold.!) in this report, we present Mn 3d, 3p and
3s resonant photoemission spectra of NiAs-type MnTe in
the Mn 2p-3d excitation region (635-660 eV).

Experimental
Mn 2p-3d absorption and RPE spectra of MnTe were

measured at BL-2B. Polycrystals of MnTe were prepared

by quenching an equal amount of Mn and Te elements in a
quartz ampoule from lOOCC to room temperature. The crys

tal structure and composition were checked by X-ray dif
fraction and electron-probe micro-analysis, respectively.

Results and discussion

Mn 2p-3d absorption and RPE spectra of MnTe are
shown in right and left sides in Fig. 1, respectively. Photon
energy of the absorption spectrum is referred to an energy
position of the most intense peak. The spectrum is classified
into two parts; 2p3/2 (L3) absorption at -3-5 eV and 2pi/2

(L2) absorption at 8-16 eV.
RPE spectra were measured at energy positions indi

cated by vertical bars with nos. 1-6 in the absorption spec

trum. The spectra have been normalized using Te 4d core
emission around 40 eV. One notices that the spectrum with

no. 2 shows the most prominent enhancement (on-resonance
spectrum), while the photoemission intensity of the spec

trum with no.l is the most weak (off-resonance spectrum).
In the spectra with nos. 3-6, we notice three structures due

to the 2p3d3d, 2p3p3d and 2p3p3p Auger electron emis
sions of Mn, which are indicated by arrows.

Structures originating from direct emission of Te 5p,

Te 5s, Mn 3p, Mn 3s and Te 4p states are observed at 3, 11,

48.2, 82.2 and 108.4 eV in the off-resonance spectrum, re

spectively. In the on-resonance spectum, the Mn 3d compo
nent with three structures is observed at 0-2.5 and 3.7, and

6-12 eV, which are due to transitions into 3d5L, and 3d'!

final states, respectively. Here L represents a ligand hole.
On the other hand, the structures derived from direct Mn 3p
and 3s emissions at 48.2 and 82.2 eV in the off-resonance

spectrum exhibit little resonance. In case of the 3p photo
emission, resonances occur at deeper binding energies of 55

and 69 eV through a 2p3p3d decay following the 2p-3d ex

citation (3d5 —> 2p3d6 —> 3p3d5), which gives rise to the
same final state as the 3p direct photoemission. Similarly

the 3s photoemission shows up at deeper binding energy of
88 eV through a 2p3s3d decay. The structures at 98, 115 and
129 eV are also enhanced.

The behavior of resonances are well reproduced by a

cluster model taking account of the intraatomic multiple elec
tron-electron interactions and the hybridization between the

Mn 3d orbit and the ligand^) except for the broad structure
around 20 eV with the asterisk in the on-resonance spec
trum. The theoretical results have revealed that the struc

tures at 55 and 69, and 88 eV are due to 3p3d"L»-^ ,and
3s3d"L"-5 final states (n=5, 6, 7), respectively. On the other
hand, the structures at 98 and 115 eV are ascribed to

3^23(in+lLn-5 final states, which strongly couple with the

3s3d"Ln-5 states through intraatomic configuration interac

tion. Similarly the structure at 129 eV is attributed to ^

3p3d"+iL"'^ final states.
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Introduction

Post-collision interaction (PCI) effects induced by
Auger cascades have been measured in Ar K-shell
photoionization and Xe Ls-shell photoionization using
a threshold electron-ion coincidence technique.The
observed profiles were characteristic of the PCI effects
induced by Auger cascades. The peak shift increases
gradually according to the times of the Auger decays,
but the peak width is almost independent of the times.
This experimental finding could not be explained by
the conventional PCI theories. The PCI profiles were
analyzed in terms of a simple model expressing the
probability of Auger electron emissions by statistical
weights. The aim of the present work is to observe the
PCI effects induced by Kr Ls-shell photoionization.

ExDerimental

Vodar-type monochromator. The bandwidth of the
monochromator was about 4 eV at 1700 eV photon
energy. Multiply charged ions were measured in
coincidence with threshold electrons using a time-of-
flight mass spectrometer coupled with a threshold-
electron energy analyzer. The energy resolution of the
analyzer was estimated to be about 0.03 eV.

Results and discussion

Figure shows measured yields of total ions, threshold
electrons and multiply charged ions near the Kr L3-sheIl
ionization limit. The spectra of the multiply charged
ions exhibit distinctly PCI features induced by Auger
cascades. The peak shifts increase as the ionic charges
increase and the peak widths are nearly constant.
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Introduction

Yttrium ions in YBa2Cu307 (YBCO) with
Tc=~92 K can be replaced by various rare-earth
ions. For Yi-xPrxBa2Cu307 (YPrBCO), in which Y
ions are substituted by Pr ions,
superconductivity is suppressed for x > 0.6. To
resolve the origin of the insulating behavior, a
large number of investigations have been
performed.U The disagreement between
thermodynamic and spectroscopic estimates
concerning the Pr valence remains unresolved.

Experimental

The photoemission and yield measurements
were performed using synchrotron radiation at
the beam line BL-2B of the Photon Factory as an
excitation source. The overall resolution was

about 1.5 eV. We obtained the clean surfaces of

the PrBa2Cu307 (PrBCO) and related samples by
scraping them in situ with a diamond file.

Results and Discussion

Figure 1 shows the photoabsorption spectra of
PrBCO, Pr^On and Pr2Cu04 (PCO) in the Pr 3d-
4F excitation energy region. For PCO with Pr^"^
ions, the spectrum shows only the main peak due
to the final state configuration. For
PreOii, in which the Pr ions constitute of Pr^+

Pr3d XAS

/ \ Pr"*

/ \ ^
X 7^-

: •. Pr*-

( 3d'4f-)

PrBa^CUjO^ / /

W Pr*.

PfjCuOj

/ \ Pe-

/ N I

920 930 940 950

PHOTON ENERGY (eV)

Fig. 1. Pr 3d yield spectra of PrBa2Cu307,
YBa2Cu307, Pr2Cu04 and Pr^Ou.

and Pr^N the Pr 3d5/2-4F absorption spectrum
shows the main peak located athv =~930 eV and
the shoulder structure at iii/=~936 eV. This

shoulder is due to the 3(P4fi final state

configuration (4/^ configuration in the ground
state). For PrBCO, the spectral feature is similar
to that for PrgOn. The shoulder structure was
observed at hi>=~-936 eV. The appearance of the
structure indicates the presence of a state
(4/^ configuration) in the ground state. The
intensity of the shoulder structure is weaker
than that for Pr^Oi i. We estimated the formal Pr
valence in PrBCO to be about 3.4+ from the

intensity ratio of the shoulder structure to the
main peak, by taking the intensity ratio for
Pr^Oii with the formal Pr valence of 3.67+ into
account. This value is consistent with the formal

Pr valence obtained by the measurement of the
Pr 3d XPS,2)

Figure 2 shows the resonant photoemission
spectrum of PrBCO. This spectrum exhibits the
Pr 4/ state. The intensity of the main peak (the
4fiv [v represents a hole in the valence band]
final state) located at the binding energy of 1 eV
is stronger than that of the shoulder structure
(the 4f^ final state) at 4 eV. This feature implies
the strong hybridization between the Pr 4Fand 0
2p states.

The authors thank Prof. Y. Azuma and the

staff of the Photon Factory for their help in the
measurement.
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Introduction

Although the hafiiia-based ceramics have fluorite-
related phases with relatively simple crystal structures,
the phase transitions and the phsase diagrams are poorly
understood. One of the most important keys to solve this
problem is the study on the diffusionless cubic

(c, i^m3m)-tetragonal (F-form, PA^Inmc) phase transition
where F is defined as a metastable tetragonal phase with a
c/fly ratio larger than unity. We have investigated the c-f
phase change in the Zr02-Ce02 '̂ and Zr02-Y0i5 '̂
systems, and proposed a tetragonal form (/"-form) with
an axial ratio of unity {claj=\). The /"-form was
suggested also in the Hf02-R0i.5 systems (R=Gd, Y and
Yb). However, the precision of the axial ratio was not
enough because of the low resolution in conventional X-
ray experiment in the previous works. In the present work,
high-resolution powder dif&action measurements were
performed using synchrotron X-ray powder diffraction to
obtain more precise da/m the Hf02-Ce02 system.

Experimental and Data Analysis

Coprecipitated hydroxide of the mixture of HfOCl2 *
8H2O and Ce(N03)2 aqueous solutions were heated at
1450X1 for 5 hours. To maintain the homogeneity of the
samples, they were then quenched by being dropped into
water. To restore their oxygen content, defective

(Hf,Ce)02. ^ was annealed in air at 600XI for 5h.
Intensity data were collected using the synchrotron
radiation (A =1.38 A) and the triple-axis/four-circle
diffractometer '̂ at thebeamline BL-3A ofPhoton Factory,
KEK. The scanning conditions to investigate the splitting
between the 004 and 400 reflection peaks were 60°^ 2
6 ^ 63°, A2d = 0.005°, and measuring time = 8
seconds; hkl is indexed on the basis of pseudo-fluorite
cell. NIST silicon powder was used as an intemal
standard for angular calibration. The diffraction profile
for 400 was fitted assuming the Pearson W type
flmction.^'

Results and Discussion

The synchrotron X-ray diffraction data of the Hf02-
Xmol%Ce02 samples (X=80, 85, 90, 95 and 100) show
that the 400 reflection peak has no splitting into 004 and
400 peaks (Fig. 1). The c/oy values for all the samples
were estimated to be unity. The precision of cAty ratio for
all the samples were estimatedto be less than ±0.00004
from the estimated standard deviation of the peak

positions. On the other hand, the samples X=80, 85 and
90 have clearly exhibited the Raman band which is
characteristic of the tetragonal phase. The samples of
X=95 and 100 were cubic single phase. These results
strongly suggest the existence of the /"-form in HfD2-
Xmol%Ce02 samples (X=80, 85 and 90).

60 , 61
.

X = 100

X = 90

62 63

X = 80

60 61 ,62 63

Fig.l Observed (+) and calculated (solid line) powder
diffraction profiles of HfOa-XmoF/oCeOa.

References

1) M.Yashima, H.Arashi, M.Kakihana, M.Yoshimura,
JAm.Ceram.Soc., 77, 1067 (1994)

2) M.Yashima, S.Sasaki, M.Kakihana, Y.Yamaguchi,
H.Arashi, M.Yoshimura, Acta Cryst. B50, 663 (1994)

3) K.Kawasaki, Y.Takagi, K.Nose, H.Morikawa,
S.Yamazaki, T.Kikuchi, S.Sasaki, Rev.Sci.lnstrum.,

63, 1023 (1992)
4) H.Toraya, J.AppLCryst, 19,440 (1986)



94-G319

CHAR\CIMmT[ONOFTHINPOLYMERFimSBYX-WREFl^C^

KeitaroKAGO, HitoshiENDO, HidekiMATSUOKA, andHiteehiYAMAOKA
D^artmentcfPolymerGhonistiy, Kyoto University, Kyoto 606-01, J^an

NoamuHAMAYA

DepartmentcfPhysics, Ochancmizu University, Tokyo 112, J^an

Introdudion

X-rayreflectivity (XR) measurements were caitjed out for thin

polymer films and Langmuir-Hodgett (L3 films on ^ass platesand

siliconwafers. From XR. data, the filmthickness, surfece and interfke

roi^mess weredetermined

When the ^ancir^ angle of incident x-raysis above the aitical
anglfi ofthe thin filmon schd substrate, the oedllatir^ behaviorin XR

curve (reflectivity vs. scatterir^ vector), known as Kessig fiinge, is

observed'̂ ' Kessig fiir^ resulted fiem the interference between the

reflectedx-rays at the film surfece and film-substrate interface. Ihe

positions ofmaximum and minimum ofthe fiinge were related with

the refi:adive indicesand the film thickness. Parratt anaty^ the XR

^Decular curveand showedthat x-r^ reflectivity was ejqDressed irsing

recursive equationofthe function ofthe Ftesnelcoefficientforreflection

and reflection coefficient for each interface.^ Surfece and interface

roi^mess canbeevaluatedbythis theory.

In this stucfy, we have constructed XR apparatus with

^chrotron radiation (JSE) source to investigate the characteristics of
thm polymerfilms onscM surfaces.

The XRexperiments wereperformed at beamlineRL3Aat the
Photon Factory, National Laboratory for Hi^ Ener^ Physics,

Tsukuba, Japan. The apparatus forXR measurements was diown

previously.®The waveler^lh ofincidentx-rayswas 1.54A.
Thin pdymer films were prepared by ^in-coating methcd.

Spinning procedure was performed afteraddingdropscf02wt%poly
vinjiferTOcene (PVFc) / chbroform sdutbn on ^ass plates. Wei^t

averagemoiecnlarwei^tforPVFcwas about2,000.

Distearoylphoqrhatich^lcholin (JOSPQ LB films were prepared

using Langmuir film balance with VSfilhelmy plate. The surface

pressureunderwhich LBfilms weredepcsitedwasSSmNhi.

Results and PiscuHsion

TheXRdata forPVFclhin filmis shownin Figure1.Reflectivities

down to 10'' couldbe measured because of the high intensity of SR

Kiessig fiinges were observed clearfy for qiecular measurementfor
PVFcthin film. From the postions ofthe maximum ofKessig fiir^,

thethickness ofthefilm wasdetermined tobe170A % curve fitting
procedure, the film-substrate interface rou^ess and film surface

rcfL^messwas determinedtobe 11.5 and6.5A reflectively.
The XRdata forone-and three-layerDSPC LB filmis ^own in

Figure2 and 3, reflectively. The thirikness of one- and three-l^r
DSPC LBfilms was determined to be 30 and 90A and the layer
thickness ofhydrcphflic head group and hydrcphobdc tail group was
determinedtobe10and20A respectively. The length ofall-trans form

DSPC tafl group is21.7A Hence, themolecules ateconsidered tobe
layeredonsubstrate withtiltingan^ ofabout20°
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^ IxlO-H
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Figure l.XRcurveforPVFcthinfilmon^assplate.
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Figure 2.XR curve for one-layer DSPCLBfilm on^assplate.
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Figure 3.XRcurve for three-layer DSPCLBfilm on^ass plate.
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INTRODUCTION

The mechanism of structural phase transition of
perovskite substances is now well understood
by the concept of soft phonon modes. For
example, antiferroelectrical phase transition of
SrTiOs occurs due to the condensation of R25

phonon modes. It is, however, not well under
stood why a certain phonon mode shows
softening in a particular substance. For that
purpose, it is very important to have microscopic
information of perovskite substances, such as
charge density distributions. In this study, the
chemical bonding state of SrTiOs at room
temperature is revealed from the charge density
distribution obtained by imaging of diffraction
data by the Maximum Entropy Method(MEM).
MEM is powerful technique to visualize
chemical bonding states of the crystalline
materials.

EXPERIMENTAL

An accurate X ray powder data were collected by
step by step scan by using long soller collimator
at BL3A. The wavelength of the incident X-ray
were 1.0A.

MEM DENSITIES OF CUBIC SrTiOs

The X-ray data were eventually analyzed by
MEM using computer program called MEED. In
Fig 1, MEM charge density distribution of
SrTiOs for Ti-0 plane is shown. Crystallo-
graphically this plane is (200). It is easily
understood that there is a fairly strong covalent
bond between Ti and O atoms. Taken into

account the cubic symmetry of ideal perovskite
SrTiOs, Ti-0 covalent bonds spread over to
form three dimensional cubic network. It is also

seen that the distribution of core electrons of O

atoms, which must be the reflection of thermal
motion, show an elongation perpendicular to Ti-
O bonds. This may give a possibility why R25

phonon shows softening can be explained by
the strength of Ti-0 covalent bond. From this
view point, it will be extremely important to
understand the electron level structure of a

perovskite substance, which shows the
softening of zone center phonons, such as
BaTiOs. In order to see chemical bond state of

Sr atoms with resect to this three dimensional

cubic network of Ti-0 atoms, MEM densities of
(110) plane is shown in Fig. 2. It is clearly
shown that the chemical bonding state of Sr
atoms is ionic at 0.4 e/A^ level.

Fig 1. MEM densities of cubic SrTiOs for (a)
(200) and (b) (110) planes. The contour line are
0.4 e/A^ intervals.
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Introduction

Recently, X-ray dichroism(or pleochroism) and
birefringence have been observed with linearly polarized
synchrotron radiation.') 2) Dmitrienko treated X-ray
susceptibility as a tensor of second rank and showed that

Bragg reflections which were forbidden by the
conventional screw and glide-plane selection rules could be

observed due to anisotropy of the tensor.3) He calls such
reflections ATS(Anisotropy of the Tensor of
Susceptibility) reflections. We observed the forbidden
reflections and anomaly of the polarization due to the ATS
of iron pyrite FeS2 near the Fe K-absorption edge.4)

However the ATS scattering depends on the photon energy

since the anisotropy is mainly caused by resonant
scattering. In this work, we investigated the energy
dependence of ATS reflections of a pyrite single crystal.

Experimental

The experiment was performed at BL-4C using a four-
circle diffractometer. At first we measured absorption
spectrum with a powder sample. Integrated intensity was

measured for the (001), (003) and (Oil) forbidden

reflections varying the X-ray energy near the Fe K-
absorption edge between 7.10 and 7.18 keV at intervals of

about 1 eV. During the measurements, the azimuthal
angle around the scattering vector was set constant.

Results and Discussion

Fig. 1 shows energy dependence of the intensity for the
(001), (003) and (Oil) reflections and the absorption
spectrum. As shown in this figure there are similar three
peaks for all reflections above the Fe K-absorption edge.
These ATS spectra are quite different from the absorption

spectrum.

Fig. 2 is a close-up of ATS spectra in the pre-edge

region. In this figure only the (011) intensity profile has a
small peak while the others have nothing. This dependence
on reflection planes indicates that the peak in this region
can not be explained by dipole transition and may be
caused by quadrupole transition. On the other hand the

ATS reflections is mainly due to dipole transition in the

region above the edge because the spectra were independent
of reflection planes and the previous experiment which
was performed in the region was in good agreement with

the result of the tensor of the dipole approximation^).
We obtained the intensity of ATS reflections by which

modulus of the anisotropic tensor could be determined but

the phase could not. However one can determine the phase
by measuring interference between the ATS and multiple-
beam Renninger reflections.5) We carried out this
experiment for the (Oil) reflection and found that the
phase varied also with the energy above the absorption

edge. Further study on the phase determination is in
progress.

GDI Intensity

-B- 003 Intensity
-z5s— Oil Intensity

Absorption

Energy [keV]

Fig. 1

•G- DDI Intensity
—B— 003 Intensity
—6— Oil Intensity

7.105 7.110 7.115

Energy [keV]

Fig. 2
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Introduction

The egg white gel is a biopolymer gel familiar in our
dayly life. Takushi et al. reported that this gel changes Ifom
the cloudy state to a transparent light-yellowglass like state
whenit is ddiydrated'l Moreover, we alsoreported that the
dehydrated egg white gel has a nature similar to real glass
and amorphous^^l Kanayaet al. carried out time-resolved
small angleX-ray scatteringmeasurementsduringthe dehy
drating process of the heat-treated and the pressure-treated
egg white gels, and reported the difference of the changing
behaviorof the gyrationradius"'. More intbrmationwill be
useful to understand the changes of the internal structure of
the egg white gel on the dehydrating process by X-ray scat
tering measurement in the ultra-small angle region. How-
evCT, thereis no rqwrt on the ultra-smallangleX-ray scatt^-
ing (USAXS) of the egg white gel because might be techni
cally difficult. Therefore, it is very interesting to investigate
the changesof the structure at the USAXS regionas a func
tion of water content of the egg white gel, In this rqx)it, we
presentednew findings aboutthe structure of the egg white
gel obtained by USAXS.

Experimental
The egg white gel was prepared by boiling for lOminat

90 "C. Hie water content inthis gelwas controlled bychang
ing the drying time in air by steps.Hien, the sample was put
in a small sealed container and was adjusted to become
evenly dry both in the inside and on the surface. Measure
ments wCTe conducted in the egg white gels with different
watCT contents andcompletelydriedone.The USAXS mea
surements were carried out by the equipment of one crystal
method assembledby ourselves in BL-3A of KEK-PF. The
X-ray wavelength was 1.26A.

Results and Discussion

Figures 1(a) and (b) show the measurement results. In the
scan region shown in Fig.l(a)(q=0.001 - 0.005A"'), the
enough intensity was obtained for 2 second accumulation
time. On the otha side, in the scan region shown in Fig.1(b)
(q=0.005- 0.03A'), the accumulation time was longer be
cause the intensity was weak and insufficient. Fig.1(a)
shows that the intensity became Iowct with deaeasing wato"
content and at 55% or less of the water content, the intensity
at the low wavenumber side inaeased. Fig. 1(b) shows that
with a high water content,a broadpeak appearedat the posi
tion of q=0.016 A"'. It is the first time that such a peak was
confirmed in the egg white gel. The size of the scattering
body obtained from the positionof this peak was calculated
to be about 390A. Further analyses will be necessary to elu
cidate which structure in the egg white gel causes this peak
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Introduction

In situ observation is one of the most im

portant techniques for understanding of surface

reactions. A unique system has been developed

for in situ observation of phase transformation in

Fe-Zn system at high temperatures. This informa

tion is crucial to control a process of Zn-plating.

Experimental

In the system, changes in powder diffrac

tion patterns from a heated specimen can be mea

sured continuously with scarming a slit in front of

an image plate (IP) (Fig.l). A heating system is

designed for a sheet specimen (ca 5x6 mm^) using
Joule-heating, and it can heat the specimen up to

HOOK at a rate up to 160K/sec., where effects of

thermal expansion is minimized by a a special

mechanism.

This system was applied for Zn-coated (~8

micron in thickness) steel. At temperatures higher

than the melting point of Zn, different types of Fe-

Zn intermetallics formedsequentiallythrough rapid

inter-diffusion. Changes in phase and crystallo-

graphic structure could be monitored with a time

resolution less than a few seconds.

Results

Diffraction patterns measured in IP were

analyzed, and their change during heating has

shown the following surface reaction:

Zn(Ti) —> Zn melt -*

Zn-Fe alloying reaction : ^ 6 —> F,

and the change of volume fractions of these phases

were determined (Fig.2). It has also been found

that an addition of a small amount of elements, such

as P, into Fe causes a significant difference in the

reactions.

This system has been shown to have

potential for application for in situ observation of

various surface reactions.
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Fig.l Geometry of the system
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Fig.2 Change of fractions of alloy phases
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The structure of thermal oxide films is a central issue

in considerations of reliable device performance.
Radial distribution functions (RDF)"') were obtained
for the oxide films with varied thickness.

Experimental

Silicon oxides were grown on (100) silicon

substrates by thermal oxidization in a wet

atmosphere at 1000 °C. The film thickness was

varied from several hundred to several thousand A.

The x-ray beam was monochromatized by a 111 -TTT
set of silicon crystals. It was also shaped into a thin

parallel ribbon by the sagittal bending of the second
crystal. The beam was arranged to impinge on the

oxide surface at a grazing angle so as to make full

use of the film volume and no to excite thermal

diffuse scattering of the substrate. With the incident

beam and sample both fixed, step-scan on a 26 circle

in the horizontal plane were carried out using a

scintillation counter. A soller slit was placed in front

of the counter to improve the angular resolution of

measurements to 0.4'' and to suppress the

background.

Results and discussion

To calibrate the polarization factor, step-scan on a 20
circle in the vertical plane was carried out for a fused

silica using the normal incidence geometry. The two
scattering intensity curves fit best when 10% of the

p-polarization component was taken into account for

the grazing incidence one. (Fig 1)

Figure 2 shows variations in RDF with thickness for

thermal oxides on the (100) substrates grown in a
wet oxidization atmosphere. The normalization and

Fourier transformation ranges are s=6.0-8.0 and

s^8. except for the 1078A thick oxide, for which

they are s=5.5-6.5 and s^S, respectively. Aside
from this sample, both the first and second peaks

have a tendency toward elongation and approach

the value of the bulk fused-silica as the thickness

increases.

Normal incidence
Grazing incidence
Grazing incidence; 10%^ -polarization

10 12

S=4nsin6/X

Fig.1.Polarization factor determination.
2.5 I 1 ^ 1 I I 1 I I .III

Fused Silica; Normai Incidence
—Thermai; lOOOdeg, Wet, (100), 6915A

^ " —H—Thermai; 2151A
—'—Thermai; 1078A

Thermai; 564A

si-o

0 1 2 3 4 5 6

Distance (Angstrom)

Fig.2. Radial distribution functions for thermal oxide

films with varied thickness.

1) B.E. Warren , H. Krutter, and O. Morningstar, J.

Am. Ceram Soc. 19. 202(1936).
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Introduction

Circularly polarized X-rays have been
attracted much attention as a useful tool for
studying magnetic aspects in the electronic
structure of transition-metal, rare-earth and
actinide compounds. X-ray magnetic circular
dichroism (XMCD) experiments can detect the
absorption difference in ferromagnetic and
ferrimagnetic materials, where the magnetism
from different specific atoms is highly selective.
We examined here the XMCD spectra of Mn-Zn-
Fe ferrite at the K absorption edge of Fe.

Mn-Zn-Fe ferrite is ferrimagnetic and has an
AB2O4 spinel structure, where A and B are
tetragonal and octahedral sites, respectively.
The crystal widely used for video-recorder heads
includes Fe^"" and Mn^^ ions with large magnetic
moments, where the moments are considered to
be aligned antiparallel between A and B sites.
Although in MnFejO^ structure Mn^^ ions mostly
concentrate into the A sites, it is reported that
some Mn^"" ions occupy the B sites. Because the
inversion degree is essential to understand the
magnetic character from the XMCD spectra, the
cation distribution has been determined.

Site occupancv

Synchrotron X-rays make it possible to
distinguish the atoms such as transition-metal
elements with the aid of the anomalous
scattering. The differences of X-ray scattering
factors among Mn, Zn and Fe were increased by
using the two-wavelength method.

X-ray experiments were performed using
single crystals with a vertical-type four-circle
diffractometer at the beamline BL-IOA. Intensity
measurements were made at 300 K. The
wavelengths of X= 1.7535 and 1.2934 A were
chosen for the experiments near Fe and Zn K
edges, respectively. Isovalues contours of the
residual factor versus three chemical components
are given in Fig. 1. The cation distribution was
determined as [Mnoj^.Znojj.FeojiJ^IFej^^O^,
suggesting a complete normal spinel.

XMCD experiments

The XMCD measurements for Mn-Zn-Fe
ferrite were performed at BL-3A, where an
Si(lll) double-crystal monochromator and a
phase-retardation diamond plate were installed.
A single-crystal plate (5 x 5 x <0.05 mm) was
mounted as the vertical direction is [001]* and
the [100]* is parallel to the magnetic field of 2
kOe. One of the observed XMCD spectra are
shown in Fig. 2. The main feature of the
spectrum near the pre-edge well coincide with a
model occupied octahedral B sites by Fe^ ions.

Zn ☆ : (Hn,Zn,l-e) =(0.51,0.35,0.11) Mr

Fig. I, Residual factor as a function of the chemical
composition of the A site. The calculation was made
based on the intensity data at the Fe K edge.

7.10 7.11

Fig. 2, XMCD and XANES spectra at the Fe K edge for
Mn-Zn-Fe ferrite.
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Introduction

An investigation on primary recrystallization and
grain growth process of pure aluminum sheets was
canied out by using the method for rapid projection of
the crystal grain orientation distribution, the pole
figure, in polycrystalline materials^l The great
advantage of this method is that in every area of a
grain orientation space, grain size and number of
grains can be measured corresponding to the size (or
intensity) and the number of diffraction spots.

Experimental
Measurements were made at the beamline BL-3A

at the Photon Factory. The photon flux at the sample
position was 1.3 x 10 photons s mm at the wave
length of 0.06 nm with a beam current of 250 mA.
Cold- rolled pure aluminum sheets were heat treated at
the laboratory of Shonan Institute of Technology in
every stage of primary recrystallization and grain
growth process. At the Photon Factory, {100} pole
figures were measured by transmission setup at room
temperature with an angle range of a=-5~+51° ,
j3=±45° . Also ODFs (Orientation Distribution
Function) were measured in the laboratory.

Results and Discussion

It was found that the projected pattern was
continuous in the cold-rolled state. When the sheet was

annealed, tiny diffraction spots or small grains
appeared in the continuous pattern of cold-rolled state.
Successive growth of crystal grains was seen as an
increase in the size and integral intensity of diffraction
spots shown in Fig. 1. At the pattern of 450t3, many
grains concentrated at the top of the pattern. The
center point of this main area was cube orientation,
and the center points of two sub areas were considered
to be R-orientation. ODFs of the same specimens
showed peaks of crystal orientation in Fig. 2., showing
main peaks both in 0 =0° and 25° corresponds to
cube orientation and subpeakin ^ = 25° corresponds
to R-orientation. Therefore the projected patterns well
correspond to the ODFs. In the next report, the effects
of Mg addition will be examined.

References

1) K. Kawasaki and H. Iwasaki, J. Synchrotron
Radiation, 2, 32(1995).

2 5 0°C 2 7 5°C

mmm

3 0 CC 4 5 0°C

Fig. 1. A series of crystal grain projection patterns of
the {100} poles of pure aluminum sheets during
primary recrystallization and grain growth process.

Complete RX 3 5 0 'C 4 5 0 'C

Fig. 2. A series of ODFs of the same specimens of
Fig. 1. Complete RX means the completion of
recrystallization.
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Introduction

To study the dynamical phenomena of
materials growth, we have developed several
systems using a high brilliant SR beam at BL3A.
In this report, we show a newly developed in situ
X-ray diffraction system using an electrochemical
cell and an image plate detector to study the initial
stage and the electrochemical layer growth
dynamically.

Experimental
Figure 1 shows the scheme of the

electrochemical cell. It was fabricated from
polytetrafluoroethylene box, substrate electrode
and glassy carbon counter electrode window.
Electrolyte was introduced between the substrate
and the window which were separated by 0.3mm.
Synchrotron radiation X-ray diffraction from the
substrate and thin deposited layers could be
obtained through the window and flowing
electrolyte. The X-ray diffraction pattern was
recorded in the image plate continuously by
displacing at constant speed (e.g. 3.5mm/sec)
behind a slitduring the deposition^).

Results

Dynamical study of electrodeposition of
zinc on iron (100) surface with the current density
of SOOmA/cm^ was demonstrated. It took only
about 15 sec to obtain the thickness of 3 mm for
this condition. Several diffraction lines,
corresponding to the crystal orientations,
were recorded in IP and analyzed. Figure 2
summarizes the change of intensities during
deposition. It was found that Zn(lOl) layers were
formed and constantly grown, having the epitaxial
relationship with the substrate. Other layers, such
as Zn(103) were also detected. On the other hand,
Zn(002) layers were not grown during the whole
course of deposition.

SR Beam

Glassy Carbon
Electrode Window

Zinc Layer

Substrate EI(!Ctrode

Fig.l Scheme of the electrochemical cell.

2000
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• Zn (002)
• Zn (101)

O Fe (110)
ffl Zn (103)

_ 0 0 I ^ -1 L ^ ^^
^^^0 0.5 1 1.5 2 2.5 3 3.5

Thickness of Zn (M-m)

Fig.2 Change of diffraction intensities
during Zinc deposition.
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INTRODUCTION

Image plates (IPs) have become
indispensable tools for various experimental
techniques as a highly sensitive two-dimensional
x-ray detector. As various applications using
IPs have been developed, IPs having various
sizes and shapes have become commonly used.
However, most IP reader can only read IPs of
fixed sizes and rectangular shapes like 40 x 20
cm or 20 x 20 cm. Although some IP readers
can read variable-size IPs, special attachments
and setting depending on the sizes and shapes of
the IPs are necessary to read them properly.

A new IP reader which can read IPs having
various sizes and shapes without requiring any
attachments was developed to improve such
inconveniences.

MECHANISM OF THE IP READER
As shown in Fig. 1, the main parts of the

machine (made of MAC Science Co., Ltd,
Yokohama, Japan) consists of a rotating laser
(He-Nc, 10 mW) head and a porous cylindrical
holder made of cast iron.

Evacuation

Rotating Laser Head

J

Porous Cylinder

Vacuum Chamber

Fig. 1 The main parts of the IP reader The
rotating laser head and the porous iron cylinder.

The IPs are vacuum-sucked onto the inner

surface of the cylinder by evacuating the outer

surface through a vacuum chamber by a
mechanical pump. The laser beam induces
luminescence photons from the IPs. By rotating
the laser head (382 rpm) and displacing the
cylinder toward the vertical direction of the laser
rotation, the entire surface of the IPs can be
scanned. The luminescence photons are detected
by two parallel photo-multipliers having
different gains to switch with each other
depending on the photon intensities. The
mechanism ensures a wide dynamic range as
shown in Fig. 2.

Image plates having various shapes and sizes
(smaller than 490 x 400 mm) can be read
without any attachments covering the open
surface of the cylinder.

MAIN SPECIFICATIONS

Main specifications of the reader are
summarized in Table, and the linearity plot is
shown in Fig. 2

Table Main specifications of the IP reader

Selective pixel size (|xm):
100 X 100, 200 X 200, or 400 X 400

Readable IP size (mm):
Any IPs smaller than 400 X400

Sensitivity (photon/pixel): 1
Dynamic Range (photon/pixel): 1~106
Effective readable digits: 5

Fig. 2 Plots of exposure times vs. photon
intensities read by the IP reader. Data consist of
four different source intensity regions.
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INTRODUCTION

It is important to improve S/B (Signal
/Background) ratios in order to obtain high
quality data. Some transmission-type x-ray
filters which use wavelength-selectiveabsorption
phenomena at absorption edges of elements have
been devised and commonly used.L

Such transmission-type x-ray filters have
some common problems, however. The filters
not only absorb the x-ray of a certain wavelength
region and reduce background levels but also
generate diffraction x-ray beams which
sometimes add new undesirable background to
the spectra, if the filters contain some crystalline
materials. This phenomenon especially causes
serious problems, when large solid-angle
detectors such as image plates (IPs) or large-
area/multiple-element solid state detectors (SSDs)
are used for data acquisition under a high-llux
SR beam since even small portions of crystalline
phases in the filters cause unignorable diffraction
intensities.

To improve the problems, new transmission-
type x-ray filters which consist of "x-ray
amorphous" multilayer films, from which no
sharp crystalline diffraction peaks are observed,
were developed and applied to fluorescence
XAFS measurements.

FABRICATION TECHNIQUES OF THE

MULTILAYER FILTERS
The "x-ray amorphous "multilayer film fillers

can be prepared onto polyimide substrates by a
sputtering deposition method. The thickness of
the metal layers and that of metalloid (C, B or Si)
ones are, ca. 3 nm and 1 nm, respectively, and
the number of the layers is ca. 200. Such
metal/metalloid multilayer films only show very
broad diffraction peaks since the metal and the
metalloid layers are usually "x-ray amorphous"
as thick as ca. 3 nm and 100 nm, respectively.
Therefore, by inserting a light-element metalloid
such as C or Si which is "transparent" for hard x-
ray between thin metal layers, wc can obtain a
multilayer film filter consisting of "x-ray
amorphous" layers.

Such multilayer films can be easily prepared
by using a multi-target magnetron sputtering
deposition method. To obtain homogeneous layer
thickness which is necessary to achieve unique
absorption characteristics of the filters, substrates
of the films were spun along the substrate
plane.2)

APPLICATION TO FLUORESCENCE

XAFS MEASUREMENTS

To carry out Pt Lni-edge fluorescence XAFS
measurements of Pt contained in "the quench and
melt growth" Y-Ba-Cu oxide superconductors,3

it is quintessential to reduce Cu Ka fluorescence
from matrix (YiBa2Cu307 & YaBaiCuiQs)
phases to avoid an increase of the dead time of
SSD.

The "x-ray amorphous" Co(L8 nm)/C(2 nm)
(200 layers) multilayer film filter was prepared,
and mounted in front of the multi-element SSD.

The dead time of the detector was reduced

about 20 % by using the filter since Cu Ka
fluorescence was absorbed much more than

Pt La was done since the wavelength of Cu K a

fluorescence (~1.54 A) is a little shorter than
that of Co K-edge (~L61 A), while the one of
Pt La (1.17 A) is muchshorter. The absorption
by the carbon layers and the polyimide was very
small since the C K-edge (43.618 A) is very
long, compared with the wavelengths of
Pt La and Cu Ka.

The filter will be also useful to detect very
weak diffraction arcs using IPs since the
amorphous filter can improve the S/B ratio
without adding new diffraction arcs.

References

1) KA. Stem and S.M. Heald: Rev. Sci,
Instrum., 50(1979)1579.
2) Y. Takagi, 1. lijima, and N. Akiyama: Jpn.
Patent P01972555(1995), [in Japanese].
3) Y. Takagi, M. Tanaka, T. Mizutani, S.
Takebayashi, and M. Imafuku: Photon
Factory Activity Report, 11(1993)34.
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INTRODUCTION

We reported previously that non-destructive
measurements of diffraction arcs from nanoscale

(~20 nm) B-Cu precipitates (--1 at.%) in steels
were possible when a focused and high-flux SR
beam and image plates were used at PF-BLBA.i)
&2)

The grain sizes and concentrations of the
precipitates and inclusions in metals and alloys
vary much depending on the host materials and
heat treatments. This report provides more
examples to show what is the detection limits in
the grain sizes and the concentrations, and how
the images of the diffraction arcs are observed
for each case.

EXPERIMENTS

The highly focused and high-flux beam at
BL3A, having a rectangular shape (~1 x 6 mm)
was used as an X-ray source. The image plate

was mounted onto the 20 axis of the 4-circle

goniometer or the newly developed spherical
goniometer.3)

The samples used in the present study were:
(1) Pure irons which have inclusions like Al2Ch
relatively large (>1 /^m) in size but small (ca. 1
ppm) in concentration^
(2) Al-Mg-Si alloys which have various
precipitates like Mg2Si in a medium range both
of the grain sizes and the concentrations;

In addition, previously studied
(3) So-called "Cu-added" steels including the

nanoscale e-Cu precipitates,
were also used as reference samples.

The samples chosen are idealistic ones for
testing how the diffraction arcs can be observed
by the method.

The wavelength of the incident beam was
chosen as 1.80 A to avoid an increase of
background level due to the fluorescence

emissions related to the Fe K-edge (k= 1.74346

A) in the Fe-based materials ((1) & (3)).

RESULTS AND DISCUSSION

As shown in Figure, the images of the
diffraction arcs taken in the study can be
categorized to the following three types:
(1) Nanoscale (~20 nm in diameter) precipitates
having relatively high ('-] at. %) concentration

such as the e-Cu precipitates in the Cu-added
steels: The diffraction arcs were observed as
continuous diffuse rings.
(2) Inclusions relatively large (>1 /^m) in size but
small {ca. 1 ppm) in concentration like Al2Cb in
steels: Several diffraction peaks were observed
as "spots".
(3) In between (1) & (2), precipitates having
medium grain sizes and concentrations like
Mg2Si in Al-Mg-Si alloys: The diffraction rings
were observed as several "dashed" arcs.

2 10-2-

§ 10-3 _
<3 10-^-

Cu-added

Steel

diffuse

AJ-Mg-SI Alloys
dashed

inclusions

in Pure Iron

spots

0 1,000 100,000

Grain Size (nm)

Figure Schematic description of the images of
the diffraction arcs from the precipitates and the
inclusions depending on the grain sizes and the
concentrations of them.
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INTRODUCTION

The grazing incidence-angle x-ray diffraction
(GIXD) method has been commonly used to
analyze "in-plane" crystal structures of thin-
surface layers of epitaxially grown single
crystals. Little was known about crystal
structures of poly-crystalline and mixed phases of
the surface thin-layers, however.

A new and more "generalized" grazing
incidence-angle x-ray diffraction (G-GIXD)
method, which can be used to take information of
both in-plane and oul-of-plane diffraction patterns
from thin-layers on surface and interface
simultaneously, was developed.

EXPERIMENTAL

The new method uses two dimensional
detectors such as image plates (IPs) and the
spherical type goniometer, t) together with a
grazing incidence-angle SR beam as shown in
Fig. 1 schematically.

Image Plate

SR Beam

: !Grazing incidence

Sample

Fig. 1 The generalized grazing incidence-angle x-
ray diffraction (G-GIXD) geometry under which
both in-plane: 26n and out-of-plane: 26±_
reflections can be measured simultaneously.

In this configuration, both the Seemann-

Bohlin Geometry (out-of-plane: 26±) and GIXD

Geometry (in-plane: 26iD can be used
simultaneously. Ciystal orientations of poly-
crystalline structures on the surface of samples
can be easily determined. Minor phases having

weak-intensity diffraction arcs can be also
recognized more easily.

AN EXAMPLE OF G-GIXD
The two dimensional diffraction image of a

MgO surface thin-layer (c^r. 20 nm) formed on an
Al-Mg alloy during an annealing process is
shown in Fig. 2.

Al 200
MgO 100 Al 111

20|| (Horizontal)

Fig. 2 An IP diffraction image under the G-GIXD
geometry {6j„ = 0.4®) from a MgO surface thin-
layer {ca. 20 nm) formed on an Al-Mg alloy.

A diffuse but clear image of the diffraction arc
of cubic MgO 100 reflection was observed
together with Al 111 & 200 from the matrix
phase. The image indicates that the surface layer
consists of non-oriented cubic MgO having very
small crystallites (less than 20 nm).

The method will be powerful for revealing
dynamic phenomena such as formation processes
of surface oxidation layers.

01^0 DO 0

1)Y. Takagi, T. Kikuchi, T.Mizutani, M.
Imafuku, S. Sasaki, and T. Mori: Rev. Sci.
Instrum. 66(1995)1802.
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Fig.2. The spectral changes are observed not
Several Yb compounds such as YbAla^^ and

YbBi2®^ show interesting properties. Yb4As3
shows a structural phase transition near Tf
288 K. This phase transition is accompanied
by a charge ordering of the Yb^ and Yb2+ ions.
The electronic specific heat coefficient is dose
to 200mJ/mol • and the carrier on con

centration is estimated to be about lO^ per Yb
atom at low temperatures. In mixed crystals
Yb4(Asi-xSbx)3, Tt is lowered to 231 K for x-^
0.12 and even the phase transition itself is
strongly suppressed for x'M).29. We have
done high resolution(<50 meV) photoemission
measurement with changing the temperature.

Single crystal samples were used. The
photoemission was measured at BL-3B. The
temperature was controlled between 300 and
10 K The surface was in situ cleaned. The

spectra were measured with using a
SCIENTA SES200 analyzer. The total
resolution was about 37 meV. The binding
energies(EB) of the spectra were calibrated.

The photoemission spectra of Yb4As3 are
shown in Fig.1. The structures with Eb=0~4
eV are the spin-orbit doublet of the final
states and those with Eb=6~13 eV are the

multiplet structures of the 40^ f[jial states.
Bump on the larger Eb side of each bulk
component is surface component. The 4f
structures narrow with decreasing
temperature(l). Very similar T dependence is
observed for Yb4(Aso,88Sbo.i2)3 as shown in

only across Tt but also below Tt. Topical
spectra of Yb4(Aso.7iSbo.29)3 are given in Fig.3.
These results darify that the temperature
change in Yb4As3 and Yb4 (Aso,ssSbo,i2)3 is
related to the phase transition assodated with
the charge ordering.
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Introduction

Kondo insulators have attracted many researchers' at
tention due to their unique ground state and unusual
low-energy excited properties. YbBio ' is the only Yb-
based Kondo insulator and is valuable for photoeniis-
sion spectroscopy (PES) study. ^ Here we report a
FES study of an alloy system Ybj-iLua^Bi^, where
the semiconducting behavior of YbBi^ persists up to
X ~ 0.5. The magnetic susceptibility rapidly decreases
below ~ 60 K in the Yb-rich region while it saturates
to a constant value in the Lu-ricli region. ^ It shows
a broad maximum at about 75 K and follows a Curie-

Weiss law above ~ 150 K.

Polycrystalline samples of Ybo.sLuo.sBio were pre
pared by reducting Yb203 and LU2O3 at 2200°C. PES
measurements were made at beam line BL-3B of the

Photon Factory, National Laboratory for High Energy
Physics. The energy resolution was '^55 meV.

Results

Figure 1 shows the valence-band spectra of YbBi?
(Ref. 2) and Ybo,oLuo.5Bi2 and their difference spec
trum. Signals from Yb consist of two structures cliai-
acteristic of valence fluctuating Yb compounds: di
valent 4/^^} and trivalent (4/^^ 4/'-)
parts. The divalent part is further decomposed into
surface and bulk components as shown in the figure.
For Ybo.5Luo.5B12, signals from the Lu 4/'"' 4/^^
transition overlap the trivalent Yb signal. Prior to sub
traction, the two spectra were normalized to the triva
lent Yb signal intensity so that no Yb trivalent signal
appeared in the difference spectrum. In the difference
spectrum, in addition to the prominent doublets from
the bulk and surface Lu atoms one can see residual di

valent signals of bulk and surface Yb atoms near Ep,
indicating that the Lu-substitution causes a decrease of
the Yb valence. Since the bulk residual signal amounts
to ~ 30% of the bulk divalent signal in YbBij, the
Yb valence in Ybo.5Luo.5B12 is estimated to be ~ 2.82
compared with Yb valence ~ 2.86 " in YbBj )- The

high-resolution study neai' the Fermi level reveals that
Kondo peak is shifted towards higher binding energy
by the Lu-substitution (not shown here).

We thank the staff of the Photon Factory for tech
nical support.
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Figure 1: Upper panel: valence-band photoemission
spectra of Ybo.5Luo,5Bi2 and YbBi2. Multiplet struc
tures calculated by Gerken are also shown by vertical
bars. Lower panel: the difference spectrum between
Ybo.5Luo,5Bi2 and YbBi2.
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Introduction

Photoelectron spectroscopy (PES) has been a power
ful tool for investigating the electronic states of solids.
In the case of Ce and its compounds, it gives valu
able insight into the Ce 4/ electronic state, which is
the origin of their many interesting properties due to
its partially atomic and partially itinerant character.
The resonance enhancement of photoemission inten
sity from Ce 4/ states near Ce 4d-4f threshold have
been widely used to study Ce 4/ electrons.

Recently, the total resolution of ~50meV (FWHM)
around the Ce 4d-4f resonance region have become
available using the SCIENTA SES-200 hemispher
ical spectrometer and the 24-m spherical grating
monochromator at beamline BL-3B of Photon Factory,
and it is possible to observe directly the low energy-
scale electronic structure of Ce compounds.

CeRh3B2 is aferromagnet which has an anomalously
high Tc {115K) and a magnetic moment much smaller
than the Ce^"^ free ion value[l]. Its magnetic and
transport properties are highly anisotropic, reflecting
its crystal structure (CeCo3B2 type). In this struc
ture, the Ce atoms make isolated linear chains along
the c-axis, in which the Ce-Ce distance is very short.
Recently, there was a report of measurement of linear
and circular magnetic dichroism of Ce 4d-4f absorp
tion on this system by Yamaguchi et al.[2] and they
concluded the existence of a large (~55meV) crystal
field acting on the Ce 4/ states which stabilizes Iz = 0
states. We have done resonant photoemission experi
ment to observe the effect of this crystal field on the
photoemission spectra.

Experiment

Single crystals of CeRh3B2 were prepared by the
Czochralski method, and clean surfaces for PES mea
surement were obtained by scraping the sample repeat
edly in situ with a diamond file. PES spectra were
obtained using the SCIENTA SES-200 hemispherical
analyzer. The base pressure in the spectrometer was
~ 3 X10~^° Torr. The samples were cooled by a liquid
He cryostat and the temperature was 33K during the

measurement. The resolution was 55meV and 59meV

for /ii/=114eV and 121eV, respectively. All the experi
ment was done at beamline BL-3B of Photon Factory,
National Laboratory for High Energy Physics.

Result

Figure 1 shows the Ce 4<i-4/ resonant PES spec
tra of CeRh3B2. The spectra obtained at hu=121ey
and 114eV correspond to the Ce 4d-4/ on- and off-
resonance, respectively. In the on-resonance spectra,
the spin-orbit side band is seen at ~ 300meV binding
energy. Though the structures due to the crystal field
are not clearly seen in this spectra, it seems that the
main weight of the structure near Ef is not situated
just below the Ef, possibly indicating the effect of the
crystal field splitting.

CeRh3B2

hv = 121 eV

114 eV

1.2 0.8 0.4 0.0 -0.4

Binding Energy (eV)

FIG. 1. Ce 4d-4f resonant PES spectra (near Ef).
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Introduction

The Ad photoionization of lanthanides and their
precedingneighbors has been the subject of great interest
because of its anomalously-large broad resonance
structure, so-called "giant resonance". The profile of
giant resonance changes rather systematically when
atomic number Z increases, and this feature has been
explained by "orbital collapse" of the / wave of the
excited electron [1]. The effective charge that the /
electron feels can be varied by not only increase of
nuclear charge Z but also removal of outer electrons,
therefore the observation of Adphoto-ionization of ions
will provide more information about giant resonance and
orbital collapse mechanisms. In our previous work [2],
we have measured photoion yield spectrum from single
and double photoionizationof Xe"^ in the giant resonance
region. To see the collapse effect due to the change of
primary charge state more clearly, we extended the
experimental measurement to Xe^"^ and Xe^"^ target.

Experimental

The measurement was carried out at the beamline BL-3B

of the Photon Factory and the experimental setup was
basically the same as described in Ref,2.

Results and discussion

The results are shown in Fig,1 in comparison with the
photoionyieldspectrum from Adphotoionization of Xe"^,
Each spectrum in the figure is sum of singly (g+1) and
doubly {q+2) photoionized product yields from Xe^"*"
(^=1-3) target. From the ionization threshold of each
electron, and on the analogy of the photoionization of
neutral Xe, relative yield of other charge state higher
than q+2 is considered negligible in each case. The
strong peaks around 56 e"V observed in Xe"^ and Xe^"^ are
assigned to Ad^Sp transitions, which never occur in
neutral Xe, from an MCDF calculation [3], On the other
hand, the giant-resonance profile shows striking initial-
charge-state dependence. As the primary charge
increases, the shoulder part of the large broad peak in
Xe"" turns into discrete transitions. Strangely enough,
however, the main broad peak seems to remain at the
same position with the same width even in Xe^"^ and
Xe^"^, This can not be explained by simple orbital

collapse mechanism. At present, no reasonable
interpretation for such primary-charge dependence of
photoion yield spectrum can be given. To our best
knowledge, there is no theoretical calculation for the Ad
photoionization of Xe^"^ and Xe^"^ available. To deduce
more informationfrom these spectra, precise comparison
with theoretical calculations for Xe^"" and Xe^"^ is
required.

JD

1.0

OJ

1,0

Xe^^+Xe^^

Photon Energy (eV)

Fig.l. Sum of and ion yields from
photoionization of Xe*^ {q=\, 2, 3). Top; Xe"*" target. Center;
Xe^L Bottom; Xe^"*", Vertical scale of each spectrum is
independent,
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Introduction

With the reduction of thickness in the gate oxide,
the initial thermal oxide within the thickness of 10

A is one of the most important topics. Recently,
we have carried out in-situ ultraviolet

photoelectron spectroscopy (UPS) measurements
for the thermal oxidation on Si(lOO) and obtained
the following results from the time evolutions of 0
2p intensities. For the oxidation temperature at
Tox>650 °C (high temperature region) the
oxidation proceeds with small oxide nucleations,
showing two dimensional growth, while for the
temperature at Tox<650 U (low temperature
region) the oxidation proceeds randomly
dominated by Langmuir-type oxygen adsorption.^*
In this study, we measured Si 2p core-level
spectra during thermal oxidation by high-
resolution UPS using synchrotron radiation. From
suboxide components of Si 2p surface core-level
shift, the dependence of the atomic structure on
the oxidation temperature was discussed.

Experimental
Experiments were carried out at the beam line

BL-3B. B-doped n-type Si(lOO) wafer was used
with a size of 33 X4X0.5mm"'\ The sample was
resistively heated at 1000°C m ultrahigh vacuum
chamber after conventional RCA treatment. The

oxidation was performed by exposing the Si(lOO)
clean surface to molecular oxygen in the pressure
range of 7,8X10"^ to 2.8 X10"''Torr and in the
temperature range of 500 to 720°C.

Results and Discussion

Fig. 1 shows the Si 2p core-level spectrum
oxidized at temperature of 700°C and the oxygen
pressure of 1.2 X10''̂ Torr, The spectrum can be
clearly separated by some surface components.
Although there were many reports of Si 2p core-
level spectra for the oxide, most of these showed

ambiguous peak structure. Our obtained spectrum
demonstrates our measurement was done with a

high resolution. The oxidation temperature
dependence of suboxide intensities showed that
Si^^ and SL^ components were enhanced at high
temperature region. This implies the interface
roughness is promoted at high temperature region
because the ideal abrupt Si/Si02 interface do not
have Si^"" and SU components. We obtained the
following results from the time evolutions of
suboxide intensities during thermal oxidation. The
intensity of Si '̂ component increases faster than
those of the other suboxide components, and
decreases slightly after reaching the maximum.
This behavior was conspicuously observed at low
temperature. Namely at high temperature Si^",
Si^^ and Si""' components were formed
simultaneously, while at low temperature the
formation of Si^" component is followed by the
formations of Si^" and Si"'̂ components. These
results give us valuable information on the
oxidation kinetics.

Ts=720''C

nomial emission

RELATIVE BINDINCi ENERCiY (eV)

Fig, 1 Si 2p core-level shift of the thermal oxide
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An X-ray phase plate is a unique tool by which ellipti-
caily polarized X-rays can be produced out of linearly
polari2»d radiation.^^ Using the phase plate wecan control
the degree of linear and circular polarization, P, and of
the transmitted radiation. Here we report the first
experiment in which a phase plate is applied to non-
resonant X-ray magnetic diffraction of a ferromagnet.

The experiment was made at PF-BL3C^. Fig.l shows
the experimental configuration. The radiation ejected from
the bending magnet in the electron beam orbit plane was
incident on a Si(lll) double-crystal monochroraator. The
beam size was 0.1rmn(vertical) x 1mm (horizontal). The
monochromatized X-rays of the 111 reflection were
passing through the phase plate of a (OOl)-oriented
diamond single crystal. The polarization of radiation after
the phase plate was controlled through the offset angle A0
from the 111 diffraction condition. EUiptically polarized
X-rays were incident on a specimen of a (llO)-oriented
pure iron single crystal. We measured the 220 diffraction
intensity using a pure Ge solid state detector. Reversing
the magnetization of the specimen every 10 seconds
repeatedly with an electromagnet we obtained the flipping
ratio, R=(I^-I)/ (I.,+I_), for various AO's. Here is the
diffraction intensity of one magnetization direction, and I_
is that of the reversed magnetization direction.

The Bragg angle at the monochromator was 13.2° so that
the monochromatized X-rays(8.65keV) were diffracted at
the specimen with a scattering angle of 90°. The extinction
ratio of the monochromator was evaluated to be 1.17. The

degree of linear polarization after the monochromator was
estimated to be 0.992.

Fig.2 shows the observed flipping ratios for various AO's
(open circles with error bars). In Fig.2 is also shown the
calculated curve of R=(>ia)/mc^{|j.(220)/n(220)}fp (solid
line). Here, hco and mc^ are the energies of the X-rays
and electron rest mass, respectively, |i(220) and n(220) are
the magnetic and charge form factor of Fe at the 220
reciprocal lattice point, respectively, and fp is the
polarization factor of the incident X-rays on the specimen.
The values of p(220) and n(220) are quoted from the
references 2) and 3), respectively. The fp is calculated by
theSPECTRA^^ with thevertical angular divergence ofthe
electron beam, ay.=13firad, which wasevaluated previous-

ly.^ In Fig.2 the observation and calculation agree well.
The maximum value of R=3xl0"^ is the same as was
observed in the previous experiment of the white beam
method.^^ This result shows that the phase plate functions
well in the X-ray magnetic diffraction experiment.

The present work would be the first successful
experiment of non-resonant X-ray magnetic diffraction of
a ferromagnet with an X-ray phase plate.
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In the non-resonant X-ray magnetic diffraction from
ferromagnets the magnetic effect (flipping ratio) of dif
fraction intensity is maximized by setting the scattering
angle at a specimen to 90°. Then the magnetic effect is
proportional to the polarization factor, fp=Py(l-Pi), where
P, and Pg are the degree of linear and circular polarization,
respectively, of the incident radiation on the specimen.^^
The magnetic effect can befurther enhanced through fp.^^

The white beam method of non-resonant X-ray magnet
ic diffraction,^^ which is the only method so far that can
measure accurate magnetic form factors of ferromagnets
by X-rays, usually uses elliptically polarized synchrotron
radiation ejected from a bending magnet above or below
the electron orbit plane of a storage ring. Here the fp is
dependent on the vertical angular divergence of electron
beam in a storage ring, Oy. The smaller is the that is,
the lower is the beam emittance, the larger the fpbecomes.
In the white beam method the only way to enhance fp is
to use a lower emittance storage ring. However, a lower
emittance ring generally causes the electron beam orbit to
be less stable. An unstable electron beam orbit makes it

difficult to measure accurate magnetic form factors.
Altemative possible method to enhance fp is to use an

X-ray phase plate combined with a linear polarizer. The
linear polarizer increases the degree of the linear polari
zation. By using the phase plate precise control of the
polarization and enhancement of fp is realized. Here we
report the first successful enhancement of the polarization
fector fp with a linear polarizer and a phase plate.

The measurement was made at PF-BL3Q. The experi
mental configuration shown in Fig.l is almost the same as
the one of the preceding article in this report. The differ
ence is that we utilized here the 333 reflection at the

monochromator to select the 8.65keV X-rays. The Bragg
angle was 43.3° which was close to 45°, and the
monochromator could function as a linear polarizer. The
incident beam size on the monochromator was 1.5mm

(vertical) x lmm(horizontal). The extinction ratio of the
linear polarizer was evaluated to be 520, and the degree of
linear polarization after the polarizer was estimated to be
0.9998. We measured the flipping ratio R for various
offset angle AO's at the phase plate.

Fig.2 shows the observed flipping ratios for various AO's
(open circles). In Fig.2 is also shown the calculated curve

ofR=(ha)/mc^){[i(220)/n(220)}fp (solid line). Themeaning
of the letters are explained in the preceding article, and the
fp is the polarization factor after the polarizer. The right
side ordinate of Fig.2 represents the corresponding fp.

In Fig.2 we see that the maximum R amounts to 2x10"^
which is an order of magnitude larger than that for the
111 reflection at the monochromator. The corresponding
fp is 55. The present study shows for the first time that the
linear polarizer and the phase plate enhance the magnetic
effect through the fp in the non-resonant X-ray magnetic
diffraction.
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In the previous leport^^ we measured precisely the
magnetic form factors of Fe for the reciprocal lattice
points of hhO(h=l-8) and hhh (h=2,4,6) in the momentum
transfer range k as high as 2A"^ by the white beam
method of X-ray magnetic diffraction at PF-BL3Ci. An
APW band calculation was newly made upto k=2A"^ The
experiment and calculation were in good agreement.

The first experiment of the white beam method for Fe at
Daresbury^\ the neutron diffraction experiment^^ and the
band calculation (LCAO)^\ all ofwhich were made in the
k range up to around 1A"\ showed significant difference
between the curves of magnetic form factors for the hOO's
and those for the hhO's and hhh's.

The purpose of this study is to measure magnetic form
factors of Fe for the hOO's by the white beam method up
to k=2A"^ and to examine the anisotropy in magnetic
form fectors in the high k region, l<k<2A"^

The experimental configuration, the Fe specimen and the
method of data collection were the same as were used in

the previous report.^^ In order that the hOO diffraction
would take place in the horizontal plane, we used a
tapered spacer under the electromagnet which hold the
specimen.

ResiiRs and Dtscussinn

Fig.l shows the observed ratio of magnetic to charge
form factor |i(k)/n(k) for the hOO (h=2,4,..,12) reciprocal
lattice points. In Fig.l are also shown the results of the
X-ray experiment atDaresbury^^, the neutron experiments^
and the band calculation.^^ The present data agreewith the
results of the neutron experiment and the band calculation
slightly better than the Daresbury data do.

Fig.2 shows the present X-ray data again and a band
calculation (APW) made in this study. For the hOO's also,
the experiment and calculation agree well. In Fig.l the
p(k)/n(k) curve for the hOO's is different from that for the
hhO's or hhh's; the former values are all positive up to
k=2A"\ however the latter values change the sign at
around k=0.8A"^ Thus we can conclude that the magnetic
form factor measurements by the X-ray magnetic
diffraction at PF-BLSCj are sufficiently accurate to
observe their anisotropy.
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Magnetic form factors of hcp-Co were measured by the
neutron diffraction experiment more than 30years ago.*^ In
this neutron experiment magnetic form factors were
measured at verious reciprocal lattice points in the
momentum transfer k(=sin0/X) range up to around lA"^.
Almost all points of the observed data lay on one envelope
curve, and therefore Uttel anisotropy in magnetic form
factors was observed.

We applied thewhite beam method^^ of X-ray magnetic
dffiaction for ferromagnets to hcp-Co, and also made an
APW band calculation for hcp-Co. The purpose of this
study is 1) to measure the magnetic form factors of hcp-
Co in the k range up to 2A"\ and 2) to examine whether
the magnetic form factors of hcp-Co shows any
anisotropy in the high k region, l<k<2A"\

The experiment was made at PF-BL3C|. The experi
mental setup and the way of data collection were the same
as was used for those in the measurements of Fe, which
was previously reported.^^ The specimen of a pure Co
single crystal was 10mm x 6mm x 2mm m size; the
largest face was the (110) (or (1120)) plane, and the
longest edge was along the <001> axis (or c-axis). The
specimen was magnetized along its easy axis of the <001>
with a C-type electromagnet.

We measured the magnetic effect (flipping ratio) of
diffraction intensity for the reciprocal lattice points of hhO
(h=l,2,...,5), hOO (h=l,2,...,7) and hOh (h=l,2,4...,7) in the
k range up to 2A"\ For the measurement for the hOO's we
used a tapered spacer under the electromagmet which hold
the specimen so that the hOO diffiraction would take place
in the horizontal plane. The angle a between the directions
of the incident X-rays and the magnetization of the
specimen was 45° for the hhO's and hOO's, and was 73.1°
for the hOh's. From the observed fUiping ratio, we obained
directly the ratio of the magnetic to charge form factors,
p(k)/n(k).

In Fig.l are plotted the observed p(k)/n(k) values and
theoretical values of APW band calculation together with

the neutron diffraction data.^^ Comparing the present X-
ray data with the neutron one we see that they agree in the
k range, 0<k<lA"\ and that new data are obtained in the
present study in the high k range, l<k<2A'\ No
significant anistropy is not observed among the envelope
curve of p(k)/n(k) for the hhO's, hOO's and hOh's in the
high k range.

The band calculated values are consistently smaller than
those of the X-ray and neutron experiments especaiUy in
the k range of k<lA"\ One of the reason of this descrip-
ancy might be that the band calculation does not take into
account the spin-orbit coupling. More detailed analysis is
necessary and will be made elsewhere.

O X-ray: present study

® Band calc.: present study

♦ Neutron^^

Fig. 1
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Non-resonant X-ray magnetic diffraction is known to
be a unique tool for separating a magnetic form factor into
the orbital and spin parts (LS separation).^^ The only ex
periment of LS separation of fenomagnets so far reported
is that of HoFcj by the white beam method of X-ray
magnetic diffraction, where the form factor ratio S/L of
Ho was measured.^^ However, inthe HoFcj experiment the
form factor of the orbital or the spin magnetic moment
itself was not extracted. The purpose of this study is to
measure explicitly the form factor of the orbital and spin
magnetic moment of pure 4f-metal Tb for the first time.

Theoretical basis is as foUows.'"^^ A flipping ratio of
diffi"action intensity, R, is represented as, R(a)=
(hco/mc^fp{L(kXcosa+sina)+2S(k)sina}/n(k), where, L(k),
S(k) and n(k) are the form factor of orbital magnetic
moment, spin magnetic moment and electron charge, res
pectively, and a is the angle between the directions of the
incident X-rays and the magnetization of a specimen.
From the measurements of R for two different a, the
L(k)/n(k) and S(k)/n(k) are separated.

The experiment was made at BL3Cj by the white beam
method. The specimen of a single crystal of pure metal Tb
is approximately 6mm x 3mm x 2mm in size; the longest
edge is along the [010] axis which is the easy direction of
magnetization. A magnetic field of 0.35T, which was
effectively applied along the easy axis by a Weiss-type
electromagnet, was sufficient to saturate the magnetization.

We measured diffraction intensity of the (103) plane of
ferromagnetic hcp-Tb at 80K well below its Curie
temperature, 220K. We obtained the flipping ratio R for
the reciprocal lattice points of h 0 3h (h=2,4, 5,6) and for
those of the crystaUographicaUy equivalent -h 0 3h
(h=2,4,5,6). The angle a was 76.3° for h 0 3h's and 13.7°
(=90°-76.3°) for -h 0 3h's.

Fig. 1 shows the obtained L(k)/n(k) and S(k)/n(}c). In
Fig. 1 the solid and dashed lines are the calculated
L(k)/n(k) and S(k)/n(k) for the Tb*^ (4f®) ion under the
dipole approximation and the Hund's rule. The experimen
tal data well reproduce the characteristic feature of the
calculated curves.

Once we have obtained the L(k)/n(k) and S(k)/n(k), we
can reconstruct {L(k)+2S(k)}-Ai(k)=n(k)/n(k), where fi(k)

is the total magnetic form factor. In Fig. 2 are compared
the reconstructed [i(k)/n(k) and the (A(k)/n(k) measured by
the neutron diffiraction experiment.^^ In Fig. 2 the present
X-ray result reproduces well the neutron result. In
conclusion the orbital and spin-magnetic form factors of
Tb were successfully measured for the first time.
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Thewhite beam method ofX-ray magnetic diffraction^^
has been successfully applied to magnetic form factor
measurements of Fep^ Nip^ HoFe2'*^ and UTe^^ with an
accuracy comparable to neutron diffraction measurements.
Despite these successful results the white beam method
has an unavoidable problem of fluorescence X-rays. As
diffraction X-rays are measured in an energy-dispersive
mode, strong fluorescence X-rays from a specimen are
piled up on diffraction X-rays. This makes it difficult to
measure an accurate magnetic form factor.

Here we propose a method to eliminate a fluorescence
signal from a fluorescence-contaminated diffraction signal.
This method is based on the fact that diffraction X-rays
are concentrated in a narrow spot whereas fluorescence
X-rays are spread nearly uniformly in a wide area.

This method consists of two independent measurements.
One is the measurement of fluorescence-contaminated

diffraction X-rays with a sufficiently narrow slit in front
of a solid state detector to receive a diffraction spot. The
other is the measurement of only the fluorescence X-rays
by moving the slit slightly but sufficiently to cut the
diffraction spot. The intrinsic diffraction signal is obtained
by subtracting the latter signal from the former signal.

Here we present an example of the X-ray diffraction
from an Fe single crystal at the 200 reciprocal lattice
point. In the white beam method with the scattering angle
fixed at 90° the X-ray energy of the Fe 200 diffraction is
6.1keV, which is close to that of the FeKa fluorescence,
6.4keV. The diffraction spot size was lmm(vertical) x
1.5mm (horizontal), and the slit size was slightly larger
than that of the diffaction spot size. After the
fluorescence-contaminated diffaction X-ray intensity was
measured, the slit was shifted upward or downward by 2~
3mm and only the fluorescence X-ray intensity was
measured.

Results and Discussinn

In Fig. 1 are shown the observed intensity profile of the
Fe 200 diffaction X-rays contaminated with fluorescence
X-rays and the one of only the fluorescence X-rays. The
FeKa fluorescence peak is piled up on the Fe 200
diffaction peak. Letting the intensity profile of the Fe 200
diffraction contaminated withfluorescence, I'̂ ^IE), andthat
of only the fluorescence, I^(E), the intrinsic profile of the
diffaction I°(E) maybe obtained by,P(E)=I°^(E)-CF(E).

The coefficient C is a fitting parameter which should be
determined so that P^(E) and CF(E) would become equal
at the energies E away from those of the diffraction. In
this experiment, C was determined at the energies for the
FeKp. The obtained intrinsic profile of the Fe 200
diffraction, I°(E), is shown in Fig. 1.

The flipping ratio R for the Fe 200 diffraction was
obtained as, R = (I^^+-I°L)/(l''++l'̂ _). Here, it is assumed
that the magnetic effect of fluorescence is small enough to
be neglected as compared with that of diffraction. The
magnetic to charge form factor ratio, (i(k)/n(k), which was
obtained directly from the observed R, was (6±l)xl0"^.
This value agrees well with that of the neutron diffraction
experiment, 5.9x10"^^ In conclusion, we proposed a
method of correction for fluorescence in the X-ray
magnetic diffraction, which proved to function well.

F''(E); diffraction + fluorescence

4f • F(E) ; fluorescence

— F(E) ; diffraction

Fig. 1
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We have applied the white beam method of X-ray
magnetic diffraction^"^^ to the magnetic fonn feictor
measurement of hcp-Co, and the result is presented in the
article, "Magnetic Form Factor of hcp-Co by X-ray
Magnetic Diffraction and Band Calculation", of this
Activity Report. During the course of the preliminary
measurement we found that the observed values of

magnetic to charge form factor ratio, |A(k)/n(k), for low
X-ray energies at the reciprocal lattice point of 100
(4.04keV) and 101 (4.58keV) were significantly lower
than those of the neutron diffi-action experiment.

In the X-ray magnetic diffraction experiment at BL3Ci
we usually use only one slit just in front of the specimen,
which determines the size of the incident X-rays on the
specimen. A single-sHt system like this is apt to receive
stray X-rays, for example, forward scattered X-rays at Be
windows inserted in a beam line. This effect would be

serious especially for low X-ray energies. In the BLSCj
three Be windows are inserted and the total thickness of

these windows amounts to 0.7mm. These stray X-rays are
undesirable for the X-ray magnetic diffraction, because
the scattering angle of such X-rays would not be 90° and
the polarization factor could be reduced. A simple and
effective way of reducing such undesirable X-rays is to
use a coliimator.

In this study we examine whether a double-slit system,
which functions as a coliimator effectively, improves the
low X-ray energy data or not.

We measured the |x(k)/n(k) of hcp-Co for the reciprocal
point of hOh (h=l,2,4,5,6,7) by the white beam method.
The experimental apparatus, the specimen, and the way of
data collection were the same as those in the article,
"Magnetic Form Factor of hcp-Co by X-ray Magnetic
Difiraction and Band Calculation", of this Activity Report.

The |i(k)/n(k) values were measured with both a single-
slit system and a double-slit system. For the double-slit
system we placed the second slit 2m before the first slit.
The first slit size was O.lmm(vertical) x 1mm (horizontal),
and the second slit size was slightly larger than that of the
first slit.

Fig. 1 shows the observed magnetic to charge form
factor ratio |i(k)/n(k) for the reciprocal lattice points of
hOh (h=l,2,4,5,6,7) with the single-slit system and those
with the double-slit system. In Fig. 2 these data are

compared with those values of the neutron diffraction
experiment.®^ (In the neutron experiment the magnetic
form factOK for only the 101 reciprocal point was
measured among those for the hOh reciprocal points.)

In Fig. 1 we see that (1) the p(k)/n(k) for the 101
reciprocal point (E=4.58keV) of the single-slit system is
significantly smaller than that of the neutron experiment,
(2) the |x(k)/n(k) for the 101 reciprocal point of the
double-slit system is close to that of the neutron
experiment, and (3) the p(k)/n(k) values for the hOh {ha2)
reciprocal points (Ea9.16keV) of the single-slit system
agree with those of the double-slit system. These results
show that (a) a double-slit system is quite effective for
measuring accurately and correctly magnetic form factors
at low X-ray energy of about 4~5keV, and (b) a single-
slit system could be used in the measurements at higher
X-ray energy.

Thus in conclusion a double-slit system should be used
for accurate magnetic form factors by the X-ray magnetic
diffraction experiments especially for low X-ray energies
of about 4--5keV.

Fig. 1

® Double Slit

O Single Slit

^ Neutron
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Introduction
Detection of sample current under vacuous

condition is popular for XAFS measurements in
the soft x-ray region and it is equivalent to total
electron yield (TEY) measurement. When the
sample current is measured under atmospheric
condition it is known that emitted electrons from
the sample can ionize many of surrounding air
molecules and that conversion electrons can be

collected by using an appropriate electrode which
prevents electron-ion pairs fromrecombination^).
We have applied conversion electron yield (GEY)
detection for XAFS measurements and the

feasibility of the GEY method was examined.

Experimental
Experimental setup on the BL-4A is shown in

Figure. 1. A1 coated mylar film was used as an
anode and the bias voltage of 100 V was applied.
All of the system was placed inside the chamber
and measurements were carried out under

atmospheric condition and under vacuous
condition.

Results and Discussions

Under atmospheric condition sample current is
normally smaller than that obtained under
vacuous condition because of charge
neutralization by the surrounding air molecules.
However, with the use of a biased anode signal
becomes more than 20 times higher than that
obtained with the TEY method. Figure 2 shows
Ni XAFS spectra obtained with CEY method. It
is easily understood that statistics of the spectrum

is fairly good and that obtained %(k) function is
identical to that obtained with the transmission

method. CEY method has small limitation about

sample thickness and it is advantageous when
measuring a thin film on the substrate especially
when the fluorescence yield method is suffering
from the self-absorption effects.

Reference

1)S. Hayakawa et al., Adv. in X-ray Chem.
Anal. Japan, 25, 407(1994).
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Figure 1. Experimental set up for conversion
electron yield XAFS measurements.
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Figure 2. Ni XAFS spectra obtained with CEY
method. Upper figure shows the spectrum after
background subtraction.
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Introduction

Iron is indispensable element in all
organisms. In plants this element is implicated
in many fundamental processes, such as

photosynthesis, respiration, nitrogen fixation
and DNA synthesis. These processes include
numerous reactions involving electron transfer

in which redox states of iron, ferrous and ferric,

are interconverted.

Moessbauer spectroscopy was used to
in situ analysis of oxidation states of iron in
plant andmuch of it was shown to be in the ferric
forra^\ No information, however, has been
available concerning the oxidation states of iron

in the respective organs in a leaf such as vein and
interveinal area in deteil. We have measured

X-ray absorption near edge structure (XANES)
spectra of iron in veins and interveinal areas in
the tomato leaves.

(c)A-. f-

/ /(b),

0

X-ray Energy {keV)

Fig. 1 Normalized Fe K-edge XANES spectra,
(a), vein of Chloronerva leaf; (b), interveinal
area of wild type tomato leaf;(c), FeS2:
(d), Fe2Si04; (d), Fe203.

Materials and Methods

Two species of tomato, wild type and
mutant, "Chloronerva" which lacks an ability to
synthesize nicotianamine^\ were cultured as
reported.Theleaf specimens were excisedfrom
the shoot just before the XANES analysis.
Fe2Si04, FeS2, and FejOj were used as the

standards of Fe(II), Fe(II), and Fe(III),
respectively. Iron K-edge XANES spectra were
measured by X-ray fluorescence mode using

Si(Li) at BL-4A as reported.''^ X-ray beam of a
O.Smra x 0.5mm square was obtained by vertical
and horizontal slits.

Results and Discussion

Figure 1 shows XANES spectra of iron
in the vein of Chloronerva leaf (a) and the
interveinal area ofwildtype leaf (b). Theenergy
oftheabsorption edge ofthevein of Chloronerva
was lower than that of the interveinal area of wild

type. It is known that the energy of the
absorption edge is sensitive to oxidation state of
iron. From the comparison of the edge energy of
the samples with those of the iron standard
samples, it appeared that iron in the vein of
Chloronerva exists in ferric form although iron

in vein and interveinal area of wild type and
interveinal area of Chloronerva exist in both

ferrous and ferric form. The plant devoid of an
ability to synthesize NA decreased drastically
the level of ferrous form in the vain. It is

suggested that NA plays an important role in a
carrier of ferrous ions.
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Introduction

Single crystals of diamond are grown in the metallic
solvent which is composed of a few elements selected from
Ni, Co, Fe, Mn and Cr. A little quantity of Al, Ti or Zr is
often added to the solvent as the nitrogen-getter. Some of
these elements might be incorporated in diamond during its
growth. We have continued efforts of analysing these
elements in diamond by the method of x-ray fluorescence
at BL-4A station[l-5], to get most direct information on
the presence and distribution of these elements.

Results obtained so far include the direct evidence for

distribution of Ni dissolved in the {111} growth sector,
and determination of its reliable concentrations[2,3]. Co
and Mn could also be detected at a level of the order of 10

ppm[4,5], the former being believed to dissolve into the
lattice most likely as in the same manner as Ni does.

In the beam times of 1996, incorporation behavior of Fe
and Cr was examined,

Experiments

Crystals prepared with alloy solvents of Fe55Ni29Coi6,
Ni57Fe33Crio and Ni57Fe33Crio+Ti(1.6 wt %) were
sliced into wafers with thickness of around 200pm. X-ray
fluorescence measurements were carriedout on them using
a forcused beam of 100pm in diameter, the energy being
monochromatized at 9 kev. Two dimensional abundance
distribution measurements (mapping) of the concerned
elements were performed, and then point analyses were
made at selected positions of the wafer for quantitative
evaluation of the concentrations. The lower limit of

detection were 0.1 ppm in the point analyses.

Results and Discussion

Ni and Co were detected, as expectedly, in both of the
mapping and point analyses, and the concentrations were
determined reproducibly. On the other hand, detection, or
concentration determination, of Fe and Cr were difficult
because of their low concentration levels. Furthermore, Fe
lacked reproducibility of concentration determination.

In the mapping measurement, the total spectrum of the
fluorescence x-ray and photon numbers counted by the
single channel analysers corresponding to the elements of
the interest were accumulated during the measurement
time, which amounted to as long as several hours. We tried
utilizing these data to evaluate the concentration of each
element avaraged over the wafer. Details of the data-
processing will be reported elsewhere. The evaluated
averaged concentrations are shown in Tablel.

Averaged Ni concentrations are also shown in the table
for reference. Their values are reasonable if we consider

the area ratio of {111} growth sectors to the whole area of
a sample and Ni concentrations determined by the point
analyses in the {111} sectors.

Table 1 Averaged concentrations (ppm)
Sample Alloy-composition <Ni> <Fe> <Cr> <Ti>

J Fe55Ni29CoT6 10-1 0-7Q
S Fe55Ni29Coi6 6.0 0.76
L Fe55Ni29Coi6 7.1 0.52

U* Ni57Fe33Crio 7.3 0.25 1.5
Y Ni57Fe33Crio+Ti 1.4 + 0.93 1.3

W* Ni57Fe33Cr]o+Ti 2.7 + 4.1 2.6
X* Ni57Fe33Crio+Ti 4.4 + 4.7 >1#

*Contribution of included metal panicles during the averaging
operationwas tried to be excluded. + Onlyqualitativedetection.
Upossively contributed from metal-inclusions.

Averaged concentrations of Fe less than 1 ppm were
detected for samples J, S and L which do not contain any
visible metal inclusions. The ka-peak of Fe was clearly
observed in the accumulated fluorescence spectra for these
samples. Therefore, we believe that Fe is another element
which can be dissolved in diamond, though its growth
sector preference has not yet been confirmed. The level of
its concentration is around Ippm or less. It is also
considered that more sensitive point analysis is exposed to
a risk of losing reproducibility because of environmental
contaminationof the sample.

Averaged Cr concentrations of about 1 ppm were
dectected in the samples U and Y, though point analyses
on these samples often showed Cr concentrations of the
order of 0.1 ppm. Cr can very possibly be dissolved in
diamond, but its concentration level is supposed to be
lower than that of Fe. For samples W and X, we should
consider presence of many small metal inclusions. They are
so small (a few pm) that their contribution to the
fluorescence looks as if it were from the dissolved element.

It is suggested that the averaged concentration of Cr is
increased by addition of Ti, On the other hand, Ni
concentrations are decreased. Such a correlation among
concentrations of these elements may be an evidence for
the presence of micro-inclusions containing Cr.
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Introduction

The grazing incidence X-ray experiments are
powerful tools in surface study because the penetration
of X-rays becomes extremely shallow around the optical
total reflection condition'^ While smooth and flat
surface of solid or liquid are favorable target for
analysis, in the case of thin films, it is necessary to
consider the interference effect; the X-ray electric field
is strongly modulated due to multiple reflection at each
interface^l Angular profile of the fluorescent yield
gives information on elemental depth distribution in
principle, and one can analyze with no difficulty when
the electric field is the evanescent wave^^ (uniform
material, no interference) or the standing wave'̂ ^
(periodic multilayer, extreme case of the interference
effect). In the present study, more general interference
effect in a non-periodically layered thin film has been
studied from a view of analytical application.

Experimental

The schematics of the arrangement for grazing
incidence X-ray fluorescence measurements is shown in
the inset of Fig.1. The beam size was adjusted so as to
obtain appropriate incident intensity, and was typically 3
mm wide and 0.05 mm high. Two ionization chambers
was used for measuring reflectivity. Fluorescent X-rays
were measured by a Si(Li) detector, which was set at 90
deg. to the incident X-rays with an inclination of about
10 deg from the horizontal plane. The samples used was
Cu[100A]/Ag[230A]/ Au[500A]/Si thin films prepared
by the RF sputtering technique. In order to study the
interface, the surface and each interface are labeled with
extremely small quantities of iron[3A], chromium[6A]
andtitanium [ISA], respectively.

Results and Discussion

Whole X-ray fluorescence spectra were collected
by scanningthe incidentangle. Since the incidentX-ray
energy is 8 keV, fluorescence from major elements are
suppressed; the copper K shell is not excited, though
small peaks of silver L and gold M lines were observed
at higher angles. Figure 1 shows the angular
dependence of integrated intensities of the fluorescence
signals of trace iron, chromium and titanium, which are
considered to represent the internal X-ray intensity at
the surface, the 1st interface (Cu/Ag), and the 2nd
interface (Ag/Au), respectively. Each fluorescent signal
from each interface peaks at a different angle. Even

when any interference effects is not expected, the
elements located at the different depth would peak at
different angle. This obviously reflects the gradual
increase of the penetration depth according to the
angular change. In the present case, however, due to the
interference effect, the 1st interface is significantly
enhanced at 7.8 nuad, and likewise the 2nd interface is
emphasized at 9.2 mrad. These results have been
analyzed^^ and it has been found to be well interpreted
by the calculation based on the Parratfs theory^l

One may notice that when a certain interface is
enhanced, the X-ray intensity at the neighboring
interface is decreased. This indicates that the
interference effect could be applied to the distinction of
neighboring interfaces, especially when the element of
interest is localized at only either of them.
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Figure 1 Interference effect observed in angular dependence
of reflectivity and fluorescent X-ray intensity from surface
(Fe) and interfaces (Cr and Ti) of a Cu/Ag/Au/Si thin film.
Schematic drawings of the experimental arrangement are
shown in the inset.
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Introduction

According to the dynamical diffraction theory, X-
ray standingwavegeneratedaround the Bragg condition
gives precise information on the atomic position of
impurities in the crystal as well as of adsorbedmolecule
on thesurface'l The technique can be applied not only
to perfect crystals but also to multilayers \ The layer
structure has been often evaluated by means of X-ray
fluorescence or Auger electron emission from major
elements. In the present study, depth position of the
trace impurities in the multilayers has been analyzed by
the standing wave technique.

Experimental

The experiment was carried out with
monochromatic X-rays (8 keV) at BL-4A. The samples
measured are commercially available multilayers for X-
ray optics (Osmic Inc., USA); the Ni/C (2d=97.6A) and
the W/Si (2d=43A). The grazing incidence X-ray
equipment, which is originally for total reflection
experiment, was employed for the measurement,
because of low glancing angle (at most 2 deg). The
angular profile of X-ray fluorescence from trace metal
(Fe) was investigated by a Si(Li) detector. Since W-L
and Ni-K shells are not excited at 8 keV, and C and Si

Ka fluorescence is very weak because of air absorption,
Fe signal can be collectedwith excellentefficiency.
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Figure 1 Angular dependence of Ka fluorescence
from trace iron in the multilayers.

Results and Discussion

Figure 1 shows the angular dependence (9/29 scan)
of Fe Ka fluorescence around the Bragg reflection peak.
Each multilayer gives different result, and this suggests
Fe impurity located at the different depth position
between both samples. Intensity distribution of the X-
ray standing wave was calculated and is shown in Fig.2
The experimental data and the calculation have been
compared, and it has been found that Fe impurity is
uniformly distributed in Ni layer in the Ni/C, but is
segregated at the W/Si interface in the W/Si. The result
is interesting when analyzing the origin of trace
impurity in the fabrication process. That is, it is
suggested that the following conditions are worth
consideration; the purity of materials for the Ni/C and
mechanics of the shutter and/or the rotating sample
holder of the sputter equipment for the W/Si. In
summary, the X-ray standing wave technique is useful
for analyzing depth position of trace metals within 1
periodic unit of the multilayers.
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We have developed a combination method of
SR-XRF line analysis and lEF-AGE (isoelectrlc
focusing-agarose gel electrophoresis), a simple and
direct procedure for investigating structure change
of metalloprotein interacted with mercury^X In
this study, we have extended the technique to
protein chemistry for interaction of mercxiry with
Cu,Zn-superoxlde dismutase (Cu,Zn-SOD), a key
enzyme for the protection of the organism against
oxidative stress.

Purifications of the enzjmes were
performed by ASME extraction, followed by ion-
exchange and Sephadex G-75 column
chromatography according to the method of
Kumagai et afi\ Final preparation of mouse and
bovine Cu,Zn-SOD show^ a single band on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
while there were some bands due to charge isomers
of bovine Cu,Zn-SOD on lEF-AGE (Fig. lA).

Reaction mixtures (50 ^1) consisted of 15
pM Cu,Zn-SOD, 150 pM mercuric compounds
(mercuric chloride (HgCl2) or methylmercury
chloride (MMC)), and 50 mM potassium phosphate
buffer (pH 7.8). After incubation at 25°C for 24 hr,
18 pi of each sample was applied onto a slab of
agarose gel and lEF-AGE were carried out as
described previously^^.

XRF measurements were made at BL-4A,
PF utilizing energy dispersive SR-XRF system with
monochromatic X-ray obtained by a Si(lll) double
crystal monochromator. The conditions of XRF line
analysis were as follows; Energy of X-ray, 16 keV;
beam size, 3 mm width, 0.3 mm high; step size, 0.3
mm/step; counting time, 20 s/point.

Incubation of Cu,Zn-SOD with 10 molar
equivalent of HgCl2 resulted in a drastic change in
its pi for mouse, but not bovine (Fig. lA); Mouse
Cu,Zn-SOD incubated with HgCl2 gave two charge
isomers (pi 5.9 and 6.1), whereas the authentic
enzyme showed a single band (pi 5.9). On the
other hand, two charge isomers (pi 4.9 and 5.1) of
authentic bovine Cu,Zn-SOD did not migrate
during interaction with HgCl2. MMC imaffected
pis of both mouse and bovine Cu,Zn-SOD. The
binding of mercury to bovine Cu,Zn-SOD was
observed in both mercuric compounds, but mouse
Cu,Zn-SOD bound witii only HgCl2 (Fig. IB):

Under these conditions, decreases in Cu,Zn-SOD
activities of both strains, which seem to be
attributable to the metal binding, were noted (data
not shown). Thus these findings obtained by the
present method indicate that there were species
differences in binding to the metal to SOD and
alteration in surface structui'e of the enzyme.

1) S. Homma et al.. Anal Lett, 29, 601 (1996).
2) Y. Kumagai et at., Experientia, 50, 637 (1994).

MOUSE+MMC

MOUSE+HgCI

MOUSE alone

B0VINE4MMC

BOVINE+HgCij

BOVINE alone

1^
i pi 9.

MOUSE+MMC

MOUSE+HgCl.

S °
— 1000

2 soo

2 soo
rt 0

1000

MOUSE a one

BOVINE+MMC

BOVINE+HgClj

BOVINE a one

i pi 3.5

Fig. 1. lEF-AGE (A) and SR-XRF line analysis (B)
of mouse and bovine Cu,Zn-SOD.

B, plots of HgLa X-ray intensity data on the
lEF-AGE gel.
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Introduction

Garnets are solo-silicates which occur in a wide

variety of rock types. Grossular is an aluminum
variety of ugrandite garnets and expressed
CaaAl2Si30i2 as ideal formula. It shows often
chemical zoning as the result of fine variation of
growth condition. This study has done to reveal
the distribution of minor elements over the visible

zones by means of SR-XRF imaging method and
to decide the chemical state of Fe's in the garnet
structures by measuring the Fe K-edge XANES
spectra.

Grossular specimen from Jeffery Mine, Quebec
was made to polished thin section for imaging
experiment and 6 end-members of the silicate
garnets and 3 grossulars with different
compositions of minor elements were prepared for
XANES measurcments. For two-dimensional

imaging, the 15.4 keV microbeam concentrated
with Kirkpatrick-Baez optics was used as
excitation beam on the X-ray fluorescence
apparatus in BL-4A Beam size was reduced to

Cr In grossular (Gns06B-2)

Fig.1Double refraction Oeft) and imagjngrrapof Cr of the
cromian grossular.

5.5 XS.Sixm'̂ with quadrant slits. Step width was
30 X30 |.im^ and 25 x 25 M.m^, dwell time was 3
and 6 seconds for Ca, Fe, Mn and Cr and for Ti,
Ni and Zn respectively. Scanning covered the
range 1.27 x 1.27 mm'. For XANES
measurements exciting ener^ was 9.0 keV, beam
size was 100 (horizontal) x 120 (vertical) mm'
and dwell time was 2 to 30 seconds.

Imaging revealed the enrichment of all
elements except Ca corresponded to the greenish
central zone where double refraction was distinct

(Fig.l). This su^ests the reduction of symmetry
from cubic system is possibly caused by the
partial ordering arrangement of some cations.
From the chemical shift of Fe K-edge XANES
spectra minor Fe of spessartine, pyrope are
divalent and dodecahedral coordination same as

alraandine. Fe in grossular and hydrogrossular
are trivalent and octahedral coordinated same as

typical andradite (Fig.2). Unexpectedly a green
andradite (demantoid) showed a spectrum similar
to that of almandine. The chemical state of Fe in

demantoid is of interest related to its green color.

Fe K-edge XANES spectra of some garnets
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Fig.2 Fe K-edge XANES spectra of somegarnets
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Apoptosis, which is a programmed form of
cell death mediating preciselly controlled deletions
of "unwanted" cells, has been a marked phenomena
in medical and biological sciences. We have found
that exposure of rats to inoi-ganic mercury i-esulted
in an induction of apoptosis in kidney^I A dose-
response relationship between mercury distributed
and induction of apoptosis after exposure, however,
still remains unclear. To resolve this point a new
method for simultaneous determination of mercury
by SR-XRF imaging and apoptotic cells by TUNEL
staining in situ, was applied to the renal specimen
exposed to the metal.

Animal treatments-—To induce a renal

apoptosis, we chose a single s.c. injection of
mercuric chloride (2 mg/kg) into rats as described
previously^^. These animals were killed by
withdrawing an excess volume of blood from the
heart under ether anesthesia at 16 hi* after the
injection. One of the each rat kidney was fixed in
10% buffered formalin and embedded in parafTine,
then cut into 20 ;im-thick cross section for the
specimens of SR-XRF analysis. The othei* kidney
was digested •with concentrated nitric acid, and the
mercury levels were measured by flameless atomic
absorption spectrometry (FAAS)^! Combination
analysis of SR-XRF imaging and TUNEL staining....
First, TUNEL staining was employed for the kidney
sections, as described recently^ Second, the same
specimen was subjected to mercury analysis using
SR-XRF imaging. XRF measurements were made at
BL-4A, PF utilizing enei*gy dispersive SR-XRF
system with monochromatic X-ray microbeam
obtained by multilayer monochromator and K-B
type focusing optics^^. Energy of X-ray used was
14.38 keV. Two dimensional analysis was carried
out by placing a sample on a XY stage under the
follnvring conditions: beam size, 5x6 step size,
5 ;mi/step; counting time, 10 sec/point. Finally, the
specimen was counter-stained with Carrazzi's
hematoxylin.

TUNEL staining demonstrated that
apoptotic cells were dominantly present in the
proximal tubules, but not in the distal tubules or
the glomeruli (Fig. lA). Cleai* imaging of mercury
distributed in rat kidney was obtained by SR-XRF

while the metal concentration of the sample
estimated by FAAS was 49.7 //g/g (Fig. IB), when
the SR-XRF imaging of mercury corresponded to
the TUNEL staining, it revealed that Hg
accumulated more in TUNEL positive cells than in
other renal tubules, suggesting a dose-response
relationship between site-specific distribution of
mercury and apoptotic phenomenon induced by the
toxic metal. Further study to examine the pre-
staining effect on SR-XRF imaging of othei*
elements, such as zinc, and calcium, is now in
progress in our laboratory.

1) Homma-Takeda S ei ah, J Occup Health, 39, 70 (1997),
2) Jacobs MB a/.. Am bid Hyg Assoc J, 21, 475 (1960).
3) Homma-Takeda S el ah, J Occup Health, (1997) (in press).
4) A. lida et al., Nuch Instr. and Meth. B, 82, 129 (1998).
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Fig. 1. Apoptotic cells (A) and mercury imaging (B)
in the rat kidney determined by the combination
method. Arrows indicate apoptotic cells. G,
glomerulus; D, distal tubule; S, space, not tissue.



96-G082

COMPARATIVE LEAD DISTRIBUTION IN ONTOGENIC AND REGENERATING

SCALE OF LEAD-ADMINISTRATED FISH BY SR-XRF ANALYSIS

TomoyasuYOSHITOIvn'. AtsuoIIDA', andNobuaki OKAMOTO'

1. Department of Aquatic Biosciences, Tokyo University of Fisheries, Konan, Minato, Tokyo, 108, Japan
2. Materials Science Division. Institute of Materials Structure Science, Tsukuba, Ibaraki, 305, Japan

Introduction

Analysis of tlie inorganic composition of fish scales
as indicators of its environmental changes have been

studied by various methods because of its easy
collection from fish. Since the scale can be regenerated

in a short period of time, the intake of the heavy metals
of the regenerating scale must be quite rapid compared
to that of ontogenic scale. Because lead is a bone-
seeking element, it is processed along with calcium
because of the chemical resemblance to calcium. It is

reported that lead deposits in scales are higher llian other
heavy metal D. However, little is known about the
distribution pattern of lead in fish scale. In this study, we
try to clarify the distribution patterns of lead in
ontogenic and regenerating scale of lead-administrated

fish by synchrotron radiation-excited X-ray fluorescence
(SR-XRF) analysis.

Materials and Methods

Ten carp, Cyprinus carpio, were used for this study.
The average body weight of the fish was 57.2±6.3 g. The
fish were maintained in two 50 Q tanks with charcoal

filter and aerating at a temperature of 25^3. The fish
were fed with the pellets at a rate of 1.5% body weight
per day. One gram of the pellet contained 0 and Img of
lead in the form of lead chloride for the control and the

lead-administrated group, respectively. These levels are
below the lethal for fish. On the 30th day of treatment,

ontogenic and regenerating scales were taken. After
washed with distilled water and dried, specimens were

used for the analysis. Measurements were made at BL-

4A, Institute of Materials Structure Science, utilizing
energy dispersive SR-XRF system with monoclnomatic
X-rays obtained by a Si(lll) double crystal
monochromator. The energy of X-rays used was
14.3keV. Analyses were carried out by mounting a
sample on the X-Y stage under the following conditions:
beam size=300ijm X300pm, step size=100fAm/step,

counting time=100sec/pixel. Each count data was
converted into the relative intensity to the scattered peak

which was calculated as follows: Relative Intensity
= Integrated counts of leadLa peaks X100 /

Integrated counts of scattered peak

Results and Discussion

Lead La peaks can be detected in the scale of all

lead-administrated carp. Distribution patterns of lead in
the basal region of ontogenic and regenerating scale of
the lead-administrated carp are shown in Fig. 1. In
ontogenic scale, lead was highly accumulated at the
basal edge of the scale, and the accumulated amount

decreased toward the focus of the scale. On the other

hand, in regenerating scale, high accumulation was

observed from the basal edge to the focus compared to
the ontogenic scale. In ontogenic scale, the basal edge is
the most active part of the growth^). On the other hand,
in regenerating scale, it was reported that main
constituent elements were highly accumulated in the part
which was exposed to the ambient water during the
regeneration^), Trends of lead accumulation in ontogenic
and regenerating scale were consistent with above

findings. The results in this study indicated that the
distributions of lead in ontogenic and regenerating scale
of lead-administrated carp were site-specific.

Ontogenic scale
Regenerating scale

0 500 1000 1500 2000

Length from the Basal Edge to the Focus (fj. m)

Fig. 1. Distiibution patterns of lead in the basal region of
ontogenic and regenerating scale of the lead-
administrated carp.
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Introduction 

Recent advances in materials and biomedical 
sciences have shown that many interesting phenomena 
are controlled by trace metals in the system1l, and 
therefore not only the identification/determination of 
metals but also information on the chemical state is 
significant. When the quantity of the sample is limited, 
and the sample is only a liquid drop, however, it 
becomes extremely difficult to analyze its trace 
components. In the present study, total reflection 
sample support has been introduced to improve the 
detection power of the chemical shifts of absorption 
edges by X-ray fluorescence detection2l. 

Experimental 

The experiment was carried out using the grazing 
incidence X-ray spectrometer3

) installed at BL-4A. A 
mirror-polished silicon wafer was employed as a sample 
support. The advantage is a very high signal to 
background ratio which is principally due to the 
extremely small penetration to the substrate and the 
availability of a big solid angle of a Si(Li) detector4l. 
The measurement procedure is as follows: (i) Tune the 
energy at the post edge of the metal of interest, (ii) 
Align a silicon mirror below the critical angle so that X
rays are totally reflected, (iii) Measure an XRF spectrum 
(blank evaluation), (iv)Drop a solution by a micro 
pipette, typically 0.5 - 3µ1, (v) Quickly scan the incident 
X-ray energy around the absorption edge, before the 
solution is dried out. The energy range is typically 30 -
50 eV, and the measuring time is 3 - 5 min in total. By 
reading out the chemical shifts of the absorption edges, 
one can judge the chemical states. 

Results and Discussion 

Figure 1 shows the near edge absorption spectrum 
obtained by X-ray fluorescence from diluted iron 
solution (5mM, 3µ1) of the standard materials. The 
measurement was done for a wet drop. It is confirmed 
that the edge shift ofFeC'3 (Fe(III)) is larger than that of 
FeS04 (Fe(II)). This means that trace Fe(II) and Fe(III) 
in the small quantity sample can be distinguished. The 
conspicuous pre-edge structure of K3[Fe(CN)6] and 
~[Fe(CN)6] would be feasible as well for identification 
besides the use of edge shift. It has been found that the 
practical lower limit is around 0. lmM for µI solution in 
our case. Though the scattering background from a 
usual support or a cell for a solution sample degrades 

60 

the sensitivity critically, the present procedure has 
improved it to almost the same standard as a relatively 
thin case in bulk analysis2l . 

The present procedure was applied to donor horse 
serum (ICN Biomedicals, Inc, USA) centrifuged (10,000 
g, 30 min at 4 C). It has been found that the protein
bound iron (in the order of sub mM) is in the mixed 
state ofFe(II) and Fe(III) as shown in Fig.2, but the free 
iron (in the order of µM 1)) could not be detected because 
of still insufficient sensitivity. When the material of 
interest is in a dried state and the volume of a residue is 
extremely small, the perpendicular detector geometry 
was found to be effective. The sensitivity in the 
absolute amount was at least l 000 times better than that 
of a wet drop in the present experiment. Such a big 
difference is due to the difference in the ratio of the 
signal to scattering background from the sample itself, 
and this suggests the significance of the improvement of 
the detector system and optimization of the geometry. 

The author would like to thank Dr. H.Shintani of 
the National Institute for Health and Dr. N.Usami of the 
Photon Factory for their helpful discussion on the 
preparation of biomedical samples. 
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Figure 1 Near edge absorption spectrum of trace iron 
in a liquid drop obtained by X-ray fluorescence 
detection at the total reflection condition. 
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Introduction
Echinoid skeletal parts are composed of well

crystallized calcite (CaCOs) crystals in acicular
or curved platy shapes. Among many kinds of
marine biological material, echinoderm teeth
have been known to accommodate highest
amounts of Mg in their crystal lattices, ranging
from so called 'magnesian calcite' to dolomite,
CaMg(C03)2.

Echinoid teeth have been studied on biological
aspects mainly concerning their texture and
growth process, but only rare known for
crystallogr^hic points: a few studies have been
published for X-ray powder diffractions, which
mevitably include samples collected from various
parts of skelets^l On the other hand, no
crystalline part with the dolomite structure has
been found yet among such marine lives with
liigh Mg content.

We, so far, have studied details of textures,
chemical compositions and crystallographic
orientations of echinoid teeth using optical and
electron microscopes, and even X-ray single
crystal techniques in our laboratory. Mg
content is the highest at the central part along the
longitudinal section of teeth; we call such part as
'high magnesian core'. TTie findings through
the studies prompted us to propose new X-ray
single crystal experiments for ultra-fine
crystallites of such skeletal parts of echinoid with
high Mg, using synchrotron radiation.

Experimental
Tlie specimens were taken from a part with the

highest Mg content in teeth of an echinoid
(Echinoinetra niammillaius), which was
collected from Akajima-island area of Okinawa.
The specimens wifh dimension 1 to 2 pm were
picked up from apparent single needles of teeth
and mounted on the top of glass needles. The
experiment was performed at the BL-4B station
of the Photon Factory, using the Ultra-fine beam
diffraction techniques, which enable us to take
Laue photographs from a single crystal with
dimension 10 pm or smaller, using continuous
X-rays. Diffractions were recorded on imaging
plates, and indexed. Integrated intensities were
also measured on the imaging plates.

Results and Discussion
The axial ratio c/a of a crystallite scraped off

from the high magnesian core was calculated as

3.3951 from an X-ray oscillation photograph
taken with Cu Ka, indicating the content of
MgCOs of 24 mol%. Fig. 1 is a Laue
photograph, taken with SOR in PF, of the
specimen with dimension about 2 pm taken from
the high Mg part. The diffraction spots appear
to be single, but rather broad, suggesting that the
specimen is composed of fine domains, each only
slightly out of orientation. The diffraction spots
were found to be more elongated with higher Mg
content of the high magnesian core.

The diffraction spots on the Laue photograph
were indexed and their intensities were measured
to carry out least-squares fitting of the structural
parameters. The structural refinement was
commenced in ass_uming the calcite structure
with space group R3c. The residual factor R is
0.025 at present, slightly larger than usual
successful refinements in this technique. The
expected existence of dolomite in our sample
might be examined in the next stage of structure
refinements assuming space group R3. Further
refinements are currently in progress.

T? pfprpnr^pc

1) W. D. Bischoff, F. C. Bishop and F. T.
Mackenzie, Amer. Min. 68, 1183 (1983).
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Introduction

Fukalite is a mineral found at Fuka, and Mihara,
Okayama Prefecture and Kushiro, Hiroshima Prefec
ture, associated with spurrite, gehlenite, perovskite
and rankinite and descrbied Because of the minute
size of the single crystal, the structure has not been
so far studied. According to the experiments of high
flux of X-ray source, such as beams at the Photon Fac
tory, and high power rotating anode X-ray apparatus,
the single crystal experiments became available. This
report is a result of experiments carried out by using
synchrotron radiation and high power rotating anode
four-circle diffractometer.

Experimental
Very minute size of crystals of fukalite were picked

from rock specimens. The several crystals were put at
the top of glass fibres. The specimens are mounted in
the Weissenberg type apparatus, a radius of 100 mm,
equipped at BL-4B at the Photon Factory, National
Laboratory for High Energy Physics, Tsukuba, Japan.
The synchrotron radiation was monochromated with
an Si(lll) double-crystal monochromator to obtain
the wavelength of 1.00 A radiation. The storage ring
wasoperated at 2.5GeV and a positron current of350-
200 niA. The intensities were recorded on the imaging
plate in the Weissenberg apparatus. The positions and
the intensities of the diffraction spots were measured
on the net planes of 0, 1 and 2 layers along c axis.
Approximate cell dimensions are estimated from the
positions of the spots recorded on the imaging plate.
Pseudocells appear parallel to the c axis.

Cell dimensions and space group
Tne approximate values of the cell dimensions of

fukalite was measured from the distances between the
positions of the diffraction spots on the imaging plate.
Using the same specimen as used in the Weissenberg
method, the accurate cell dimensions were measured
by the use of the Rigaku AFC5R four-circle diffrac
tometer equipped with the rotating anode, operating
55 kV, 250mA. Diffraction spots having strong inten
sity values enable us to determine the values of the cell
dimensions. They are: a = 20.634(2), b = 10.514(2), c
= 7.510(1), a = 90.00(8), /? = 90.497(9), y = 90.00(8).
In relation to the original cell cited above, the pseu-
docell c=3.755(1) was found. In this stage, the origi
nal cell is metrically monoclinic. The real space group
was determined after the completion of the determina
tion of the structure. The values of intensities of weak
reflection spots were measured from the Weissenberg
method.

Structure Determination

The structure was determined by the use of Multan
on the pseudo-cell along to the c axis. Approximate po
sitions of Ca and Si atoms were obtained. After that,
the refinement was continued on the original cell from
the intensity values obtained from the Weissenberg
method together those from four-circle diffractometer
using full matrix least squares program UNICS^\ and
R value was reduced to 7.65 %. Throughout the cal
culations, the space group Pi was used. As for the
positions of 0 atoms, any symmetry elements satisfy
ing the monoclinic symmetry have been found.

Description of the structure

The structure of fukalite consists of Si20|~ radicals,
arranged parallel to c axis, the shortest period of the
cell. There are four kinds of Si207", sixteen kinds of
Ca atoms in the cell. Fig.l illustrates the mode of
arrangement of these radicals. Ca atoms are situated
in the interstices among the Si207~ radicals. The O
atoms, coordinated only to Ca atoms, are considered
to be H2O molecules. The CO3 radicals, which were
found by the chemical analysis, are considered to be
partly replaced in the positions ofSiaO®"" radicals.

The same kind of structure from the viewpoint of
the arrangement of SiaO?" are found in tilleyite and
rankinite.
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Fig. 1. The view of the structure of fukalite parallel to
the b-axis. The SiaO®" radicals shift alternatively
parallel to the c axis. Large circles represent Ca
atoms.
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Introduction

Zeolite crystals have a framework
structure including well defined micropores
(cages) of around 10 A in diameter. These large
cavities in the unit structure construct a three

dimensional network, and various kind of atomic
clusters can be aligned inside these host
structures. Such host/guest systems are attractive
as they often show physical properties different
from bulk crystals. Pbl2 clusters are one of the
guest materials easily incorporated into the cages
of zeolite Na-LTA. Optical absorption spectra
measurement of the Pbl2 loading specimen
indicate a remarkable blue shiftU. In addition,
extra reflections of hhl (h,l=odd) type, which are
forbidden for the space group of Na-LTA
(Fm3c), are observed in an electron diffraction
pattern. This suggests that a new superlattice
structure is formed by the Pbl2 loading^). In the
present study, we performed powder X-ray
diffraction (XRD) measurement in order to reveal
a distribution of Pbl2 clusters in the Na-LTA.

Experimental

Pbl2 clusters were incorporated through a
vapor phase reaction after dehydration of the
zeolite. Several samples with different loading

li 1
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Fig.l Powder XRD pattem of Pbl2/Na-LTA

densities were prepared. Powder XRD
measurements were carried out using Cu-Ka
radiation and synchrotron radiation. For the
measurement with synchrotron radiation, a
multidetector-type high-resolution powder
diffractometer^) newly constructed at the BL-4B
experimental station at the Photon Factory was
used. Since the Pbl2 loaded zeolites are sensitive
to moisture, vacuum specimen chamber was
used for the Cu-Ka experiment. For the
synchrotron experiment, the sample holder plate
was covered by the kapton film.

Results

The XRD patterns observed from
specimens with the loading density of less than
3.7 Pbl2 molecules per "a-cage" (about llA in
diameter) have sharp reflections with Fm3c. The
superlattice reflections are observed only from
the maximum loaded (3.8 Pbl2 per a-cage)
specimen. Fig.l shows a part of XRD pattern of
the maximum loaded specimen obtained by using
synchrotron radiation with the wave length
X=1.598A. a line-broadening of the extra
reflections of the superlattice, due to the lower
symmetry, is clearly indicated as pointed by
arrows. In addition, a peak shift from the
original Na-LTA depending on the indices was
observed. The observed extinction rule suggests
that the superlattice structure is P-type with a
lattice constant of 24.58A. This indicates that
two different types of clusters are periodically
arranged in the structure.
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There have been contradictions in the literature on

crystal system of electrical coixiuctmg oxide, BaPbl-
xBix03(BFB0). Odaet aL,[l] rqxjited monoclinic and
orthoihombic symmetry on the^jedmens of 0.9^x^
1.0 and 0.0^x<0.9, respectively. On the contraiy,
monoclinic symmetry wasreported in 0.75^x^1.0 by
Marx and coworkers.[2] The author and coworkers
rqjorted the monoclinic symmetry in the specimen of
0.5^x^1.0 by using curve fitting of the x-ray
diffraction peaks. [3] We regarded that the above
contradictions could be attributed to the insufScient

resolution of X- ray diffraction using OiK a radiation
and neutron diffraction. In this report, we present the
analysis of crystal system of BPBO using syndnotron
radiation.

Detail preparation method of BPBO ceramic
specimens is mentioned in the separate paper.[4] After
confirmation of the composition andsingle phase of the
specimen by ICP, iodometry and normal x-ray
diffraction, the crystal system was analyzed by
synchrotron x- ray diffraction using the BI^ 4B2 beam
line at Photon Factory, National Laboratory for High
Energy Physics.

Fig. 1 shows X- ray diffraction peaks of
BaPba25Bi0.75O3 measured using (a) synchrotron x-ray
diffractometer and (b) ordinary x-ray diffractometer.
Transverce axis wastransformed from diffraction angle,
2 0, to lattice spacing, d, for comparison using Bragg's
foraiula with wavelength of (a)1.5384A and (b)1.5405
A. Three diffraction peaks of404, 404 and 044 should
appear in the range 124 A^d^l.26A if the crystal
symmetry is moixxdinic. In thex- ray diffraction peaks
d^icted in fig.l(b), 044 peak fiom CuK a i radiation
was observed around d=1.248 Atogether with 044 peak
from QiK a 2 radiation around d=1245 A Apparent
broad and single peak was observed around d=L253 A
inthepattem of fig. 1(b), which might be a cause forthe
assignment of the crystal system of thespecimen not to
moncdinic. However, monoclinic symmetry for the
^pecamen was indicated because three peaks weredearly
observed in the syixhrotron x-ray diffraction pattem
dqjkted infig. 1(a).

Thus, we conduded that x- ray diffraction using
synchrotron radiation was more suitable for the
dderrnination of crystal symmetry and lattice constants
of BPBO than ordinary x- ray diffraction. Dq^endence
of lattice constants of BPBO on Bi content was

determined by synchrotron x-ray diffraction and the
result was compared with the ones of Oda et al. [1],
Marx etal.[2] and theauthor's preceding oneusing curve
fitting of normal x-ray diffractioap] Among them,
author's preceding result is consistent with the one
obtained usingsynchrotron x- ray diffractioa

This work was partly supported by a Grant- in-
Aid for Sdentific Research on Priority Areas (No.
260) from Ministry of Education, Sdence, Sports and
Culture.
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Fig. 1 x-ray diffraction peaks of BaPb025Bi0.75O3
measured using (a)synchiotron radiation and(b)CuK a
radiatioa
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Introduction

A powder difffactometer with a multiple-
detector system (hereafter called MDS) was
introduced into the Photon Factory in 1995*',
and the BL-4B2 station has been consolidated
for powder diffraction experiments. In 1996, we
have been mainly engaged with two topics: one
is the optimal use of the powder diffraction
station, and the other is the accurate structure
refinement using high-resolution powder
diffraction data. Some results are described in

this report.

Experimental and Results
1) Beam focusing and intensity'resolution

Relationships between the beam-focusing
and the intensity-resolution of diffracted beam
were examined for three wavelengths of 0.7, 1.0
and 1.54A. The diffracted beam intensity from
Si powder was enhanced by factors of 3 to 4
when the incident beam was focused in the

vertical direction by bending a cylindrical mirror.
The loss of angular resolution accompanied with
the increase of incident beam divergence along
the focusing was about 10%. The profile shape
of diffracted beam through the crystal analyzer
was symmetric in spite of the deformed profile
shape of incident beam^\
2) Opticcal element and intensity-resolution

Relationships between the optical elements
and the intensity-resolution were investigated by
using various analyzer crystals. They were also
studied by simulation, and results were extended
to the region, where some monochromator
crystals were not available. As will be described
in section 3, to obtain high-angular resolution in
the high-angle region is particularly important
for structure analysis. To use higher-order
reflection from monochromator and to suppress
the incident beam divergence are important to

realize it.

3) The accuracy ofstructure refinement
The accuracy of strucmral parameters,

refined by the Rietveld method, was studied. It
was measured by using the mean deviation in
angstrom unit, a, of structural parameters from
those refined by single crystal methods. Fig. 1
shows the significant improvement of the a for
Mg2Si04 in the sequence of increasing angular
resolution by Cu^:a^Cu/i:al^MDS(l,54A)"^

MDS(1.2A). In these studies, to apply a new
weight function for the minimization function
for Rietveld refinement is of essential

importance^\ These results indicate that high-
resolution data obtained by using synchrotron
radiation becomes more and more important.

a(A) [ 1 ^^^ 1

0.008
CuKa

CuKal

0.0041 MDS (>.=1.54A)

MDS (1=1.2A)

Fig. 1. Decrease of a with increasing angular
resolution for Mg2Si04.
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Introduction the asymmetric diffraction geometry. In order to estimate

Laves phases areconsidered as typical sizefactorcompounds

and there are three kinds of fundamental structures,

MgZn2CC14), MgCu2(C15) andMgNi2(C36). Thesearechar

acterized by stacking sequence of two kinds of atom with

different atomic radii. Laves and Witte [1], Komura et al.

[2] studied the pseudobinary systems of these compounds

and found that the crystal structures are closely related to

the electron concentration (e/a ratio). Komura et al.[2]

showed that the hexagonality changes with e/a ratio. Conse

quently, the Lavesphasesare considered as not onlythe size

factor compoundsbut the electric compounds. Ohba et al.

[3] studied the charge densities of MgZn2 and MgCu2 by
single crystal X-ray diffraction. It is found that thekagome

net is deformed and residual electrons are at the center of

tetrahedron composed of small atoms (Zn or Cu). Recently,

Maximum EntropyMethod (MEM)is developed in orderto

study the bonding natureof crystals from the X-ray diffrac

tiondata. In the case of metallic beryllium [4] andmagne
sium[5], which havehepstructures, theMEM maps showed

that the bonding electrons are observed around the tetrahe-

dralsitesof hepstructure to form the electronic layer in the

basal plane. This is considered to be a characteristic feature

of hep metals. It isvery interesting to seethebonding nature

in Laves phases by MEM. In thisstudy, we investigate Mg-
base Laves phase MgCu2by the powder X-ray diffraction.

Experimental

The powder X-ray diffraction pattern was measured in the

asymmetric diffraction geometry by the diffractometerwith

a Multiple-Detector System (MDS) at BL-4B2. The inci

dentbeam wasmonochromated by Si(lll) double-crystals.

The wavelength was 0.9A. The diffracted beam was detected

through the soller slits (angular aperture 2 degree) and the
Ge(lll) analyzer. The specimen holder was rotated at 60 r /

minduringscan.Stepscan was doneat a step interval 0.004

degree in 2 9 and the counting time was 3s.

Data analysi.s

The wholepowder patternwas obtained by connecting pat

tern from each counter.Absorption correction was done for

integrated Bragg intensities, the Rietveld refinement was per
formed asa preanalysis ofMEM. The data used inthis analy
sis cover therange from 9 to 88.5 degree in 2 0 (sin B! X
< 0.77A'̂ ). The reliable factor for the integrated intensity
Ri was 5.3%. The 43 structure factors obtained from this

Rietveld refinement were used for the MEM analysis.

TheMEM mapof MgCu2 (110) plane is shown in Figl. The

bonding electron connecting Cu atoms is clearly seen in this
map, while Mgatoms shownosign of covalent bonding. In

MgCu2, all of Cu atomsbelong to kagomenets. Hence Cu-
Cu bonding corresponds to kagome nets. This means that

kagome net is not simple geometric relations between Cu

atoms but corresponds to real bonding of Cu atoms. It is

also recognizable that chemical bonding between Cu-Cu

atoms is slightly off-centered and that electrons around the

Cu site is just a littledeformed. The analysis of MgZn2 and

MgNi2 data arenow in progress. They should becompared
with MgCu2 andthe relation between the bonding nature
and crystal structures will be discussed.

Theauthors thank Prof. H.Toraya (Nagoya Inst. Tech.) and

Prof. K.Ohsumi for theirkind help in datacollection at Pho

ton Factory.

Fig.l

The MEM map of

MgCu2(TlO) plane.

0 - 2, step 0.1[e/A^]

[1] F.Laves and H.Witte, Metallwiitsch.MeatUwiss.

Metalltech. 15 (1936) 840-842

[2] Y.Komura andY.Kitano, Acta Cryst. ElS (1977) 2496-2501
[3]T.Ohba et al.,ActaCryst. C40(1984)1-5
[4]M.Takata et al., Z.Naturforsch. 48a (1993)75-80

[5]YKubotaet al.,J.Phys.iCondens.Matter 5 (1993) 8245-8254



94-G103

OBSERVATION OF SUPERLATTICE REFLECTION IN Rb3D(Se04)2

Yukio NODAi), Itaru TAMURA"), Yasuliisa SHIUCHI'), Takaliisa SHOBU'),
and RyujiMATSUO^)

Department of Physics, Faculty of Science, Chiba University, Yayoi, Chiba, 263
Institute of Applied Physics, University of Tsukuba, Tsukuba 305

Introduction

The materials with the chemical form

R3D(A04)2 (R=K,Rb,Cs A=S,Se) are well known to
show an extraordinary large isotope effect on the
phase transition temperature, that is, the phase
transition temperature of deuterium sample
changes and vanishes on replacing D atoms by H
atoms. However, there were not enough studies
from the structural viewpoint. We have reported
that'^ the phase transition is characterized by the
double q-condensation at V-point (0 1/2 1/2) from
the X-ray and neutron scattering experiments of
K3D(S04)2. However, Ichikawa et al have
reported that '̂̂ ' there is no evidence of the
structural phase transition in Rb3D(Se04)2 from
their X-ray and neutron experiments. We
consider that the phase transition scheme must be
the same among these family materials, and
experiments for Rb3D(Se04)2 seem to be very
important to confirm the existence of the
structural phase transition.

Experimental
The Rb3D(Se04)2 single crystal was grown by

an evaporation method in a desiccator. The
Deuterium concentration is 98.6% as a nominal

value. A single domain was cut off under a
polarized microscope and a crystal with a size of
1.97x1.48x0.69 mm^ was used for the experiment
of synchrotron radiation. The measurements of
superlattice reflection were performed on a Huber
5020.4 four circle diffractometer equipped with a
Silll analyzer installed at BL-4C. Since the
absorption edge of a Se atom is about 0.98A, we
used the wave length I .OA to avoid a fluorescence
background.

Results and Discussion

The superlattice reflection observed is shown in
Fig.l. The reflection is (0 3.5 0.5) and
characterized as the V-point. The integrated
intensity of (0 3.5 0.5) is also given in Fig.l as a
function of temperature. The experimental result
clearly indicates that the structural phase
transition occurs at 80K. The phase transition
temperature 80K is sliglitly lower than that of the
reported value of pure deuterium compound

Rb3D(Se04)2 since the concentration of D atoms
in our sample is 98.6%. We conjecture the
previous report telling that there is no structural
phase transition is due to the experimental
difficulty. Actually speaking, we also performed
the similar experiment in our laboratory by using
the imaging plate system as well as a scintillation
counter. The radiation used was Mo Ka. We

failed to find a superlattice reflection because there
is a large fluorescence background coming from Rb
and Se atoms. This result shows the importance
of the capability of synchrotron radiation to
choose the proper wave length to avoid a
background.
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Sii-^Ge, layers thicker than 3 ML grow in islands on Si
surfaces to relax the strain due to the lattice mismatch.

This leads to a degradation of light-emitting properties
of Si/Sii-fGej quantum wells. Island growth is not
reported for the cases of {Galn)As and Ga(AsP) on
vicinal GaAs surfaces, but specific step structures are
observed in these systems. The size and separation of
the steps varies with the chemical composition of the
overlayer and the step structure is thus thought to be
correlated with the lattice strain in the grown films.

We report here X-ray scattering from stepped
interfaces in Si/Sii.jGe^ superlattices on vicinal Si(lll)
substrates.

Experimental
The samples investigated have 10 bilayers of
Si(50A)/Sii.^Gej(50A), grown on Si(lll) surfaces with
off-orientations close to 0.6®. The two san^les were
prepared by solid-source MBE using similar growth
conditions. For sample Ax = 0.1 and for sample Bx =
0.3. Atomic-force microscopy (AFM) observations
revealed highly periodic step lines, 3000 Aapart, on the
surface of sample A, while the structure of sarrqjle B
was more irregular.

Grazing-angle X-ray scattering measurements
were made for two different samplegeometries, with the
incoming and the outgoing X-ray beams parallel and
perpendicular to the step lines. The experiments used
double-crystal diffractomeiers at the 4C and 20B work
stations with 1.30-1.74 AX-rays.

Figure 1 shows rocking scans through the multilayer
third Bragg peaks for the two samples. The upper and
lower traces show the data for the perpendicular and
parallel sample geometries respectively. The sharp
central peaks at qn = 0 represent specular reflections.
Well defined diffuse peaks are seen on the top trace at
qn = 2nlL with L -3000 A, corresponding to the mean
step-line spacing in the AFM picture. The two peaks,
located to the right and left of the specular peak, have
distinct heights, suggesting that the step structure of the
substrate surface is replicated by the overlayers along a
line inclined to the surface normal. No such peak is
observed from sample A in the parallel geometry.
Rocking scans on sample B in the perpendicular geome
try show broad but clear diffuse peaks, with a real-space

spacing of 1 jam (second trace from top in Fig. 1).
The asymmetric diffuse scattering is more clearly

seen in Fig. 2, which maps diffuse intensities in the qn-
qi space for the perpendicular geometry of sample A.
While well-defined diffuse peaks are seen up to the
second order on both sides of the central third-order

Bragg peak, these peaks draw an asymmetric "banana",
indicating the inclined replication of the substrate step
structure by the overlayer interfaces. No asymmtery is
observed in a similar map for the parallel geometry.
Sample B shows less evident asymmetric diffuse scatters
in the perpendicular geometry.

The observed diffuse-peak positions can be
explained by step bunching at the SiGe/Si and/or
SiySiGe interfaces. It is of interest that the distinct Ge

contents in the SiGe layers result in quite different step
structures at the multilayer interfaces.
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Fig. 1. Rocking scans around the third Bragg peaks.
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Fig. 2. Diffuse scattering for sample A in the
perpendicular geometry.
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Introduction

KTai^xNbxOa (KTN) has been studied exten
sively since its behaviour is typical of

ferroelectric or structural phase transition
in mixed system. Pure KTaOs is simple cubic
perovskite and shows paraelectric property
down to 4 K. Why ferroelectric transition is

suppressed is due to quantum fluctuation,
that is zero-point motion. From x>0. 02. KTN
undergoes a ferroelectric distortion at tem

peratures directly proportional to the doping

x. Andrews^^ observed abnormal X-ray Huang
diffuse scattering (HDS) from KTN (x=Q. 017)
at low temperature. On the other hand, Uwe et
al.^^ observed ferroelectric microregions
(FMR) in KTN (x<0.Oil) by Raman scattering
technique. We have, therefore, measured the
temperature dependence of X-ray diffuse scat
tering around Bragg reflections from KTN

(x=Q. Oil) to observe FMR directly.

Experimental

The diffuse scattering measurements were

performed at the beamline BL-4C. Curved mir
ror was placed before Si (111) double crystal
monochromator to obtain much stronger primary
beam. The cryostat mounted on a Huber

Eulerian cradle (Model 5020.4) was a closed-
cycle refrigerator (Air Products Co., Model
DE202). The temperature was stabilized within
± 0, 05 K,

Results and discussion

Diffuse scattering intensity around 002

Bragg reflection decreased monotonously

from room temperature to 100 K, due to the

decrease of temperature diffuse scattering

(TDS). Below 100 K, the intensity did not
decrease but increase as shown in the Fig.1,
which means that HDS was contributed in the

scatterings. HDS intensity became constant
down to 50 K. Sudden decrease of the inten

sity was observed at 30 K, because it is

predicted that the larger distortion sur

rounding FMR cannot contribute to the HDS at
this q region.

In the present study, it is found that FMR
in KTN (x=0.Oil) appears and develops below
100 K.

References

1) S. R. Andrews, J. Phys. CIS, 1357 (1985).
2) H. Uwe, K. B. Lyons, H. L. Carter and P. A.

Fleury, Phys. Rev, B33, 6436 (1986).

Fig.l:X-ray diffuse scattering intensity
distributions from KTN (x=0. Oil)along [001]
direction around 002 Bragg reflection from
100 K to 12.6 K.



9 5-G 1 2 7

ANALYSIS OF BENT CRYSTAL SURFACE BY X-RAY CTR SCATTERING

Nobuo KASHIWAGURA, Yasuham KASHIHARA*, Toshihiko TAKAMA** aiid Kouetsu SAWAU*

Department of Electric and Electronic Engineering, Gifii University, 1-1 Yanagido, Gifu-shi, Gifu 501-11
*JASR1, Kanaji, Kamigori-cho, Ako-gun, Hyogo 678-12

**Department of Applied Physics, Hokkaido University, Kita-ku, Sapporo, Hokkaido 060

Introduction

In x-ray diffraction from flat surface
crystal, rod-shape scattering elongating through
each Bragg point along surface normal
direction is observed. This is called Crystal
Truncation Rod (CTR) scattering. The intensity
distribution is affected by the shape of crystal
surface including the surface roughness and by
the strain field at and underneath the surface.
Analyzing the intensity distribution of CTR
scattering along the surface normal direction, it
can be seen that the surface roughness mainly
affects the decrease of the intensity with
respect to the distance from the nearest Bragg
point and that the strain mainly affects the
symmetry/asymmetry nature of the intensity
distribution to the Bragg position. Using the
characteristics of the CTR scattering, this study
focuses on the microscopic nature of the
surface of cylindrically bent silicon crystal.

When the crystal is bent to curvature
radius of a few meters, it is expected that the
size of coherent region of x-ray beam along the
direction perpendicular to the cylinder axis
becomes to be small.

Experimental

Authors made crystal bending apparatus for
a sample crystal which was shaped into an
isosceles triangle with the base of 43mm and
the height of 100mm. The apparatus is
designed to fix the sample by snipping the base
and to bend the sample by pushing the vertex
with a roller. It is characterized by the unique
roller moving mechanism with rack & pinion
gear instead of usual micrometer system. Thus
the apparatus can bend crystal to be concave
and convex.

Diffraction experiment was carried out
with the crystal bending apparatus attached to
the Huber 4-circIe diffractometer installed on
BL-4C at Photon Factoiy, KEK. 1.54 A
radiation monochromatized by Si(lll) double
crystal monochromator was employed. X-ray
diffraction measurement for Si(lll) sample
with four different radii of curvature, which are
CO (flat condition), 5.3m, 2.7m and 1.8m, was

carried out. The measurement was done by
repeating co -scan, which is perpendicular scan
to the <111> CTR axis. For each w -scan,
2 6 angle of the detector is fixed to the value
obtained from hhh[a*] on the <111> CTR axis
in reciprocal space.

Results

From these co -scan intensity profiles of
the x-ray CTR scattering, Full Width at Half
Maximum (FWHM) values were measured for
each h parameter representing hhh[a*]
reciprocal point. Then these FWHM data were
corrected for the variations of (a): size and
shape of the resolution function, and (b);
distance from origin in reciprocal space for
each h parameter.

Figure below shows the aspect of FWHM
values observed for the concave surface with
respect to various h parameters for the four
curvature radius states. • , • , A and T
are represent the curvature radii of oo (fiat
condition), 5.3m, 2.7m and 1.8m respectively.
In addition to the increase of entire FWHM
values with the decrease of the radius, smooth
concave curves, which is approximately
symmetrical with respect to the Bragg point,
i.e. h=1.0, are seen for all the case of different
curvature radius. To investigate the
microscopic structure of the bent crystal
surface, analysis of these FWHM value
distribution and the integrated intensity
distribution along the surface normal direction
is still in progress.

0.7 0.8 0.9 1 1.1 1.2 1.3

momentum transfer; h
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Introduction

Recently, it has been recognized that the charge,
spin, and orbital degrees of freedom play important
roles in electric and magnetic properties of the
transition-metal-oxides. Especially, in perovskite-
type manganites, the discovery of a wide variety of
phenomena has stimulated people into activity in this
field. In this letter we present a direct observation of
charge-ordering (CO) and orbital-ordering (00) in a
layered perovskite manganite Lao.5Sri,5Mn04

Experimental
The x-ray diffraction measurements were

performed at a beamline-4C in Photon Factory. The
incident x-ray is monochromatized by Si(lll) double
crystal and focused by a bent cylindrical mirror. X-
rays with the wave length near manganese K-
absorption-edge (Ea) was used. The energy was
calibrated by use of the absorption edge of a
manganese metal foil. Single crystals of
Lao.5Sri^Mn04 were grown by the floating-zone
method.

Results and Discussion

A CO model was proposed by Stemlieb et al. '̂̂ )
The resulting CO unit cell has dimensions -Jl^ y.
•N^a Xc relative to the room temperature structure
with the crystal spacegroup I4/mmm, and a=3.86 A,
c=12.44 A. We directly confirmed this Mn^/Mn'̂
pattern by making use of the anomalous dispersion of
Mn^ and Mn"^. Namely, Since the Ea in Mn'̂ + is
slightly higher that of Mn^"^, we can expect an
enhancement of the peak intensity of the CO
superlattice near to Ea- An anomaly of the
superlattice peak (3/2,3/2,0) was really observed near
to Ea at T = 29.6 K, as shown in Fig. 1. The solid
curve shows the calculated energy dependence for the
superlattice, which agrees with the experimental data
very well. This is a direct evidence that the alternating
Mn '̂''/Mn^ pattern is formed in the CO state at a
sufficiently low temperature.

Next, we have studied 00 by using the following
ATS (Anisotropy of the Tensor of Susceptibility)
reflection.^) A large enhancement of superlattice
reflections corresponding to 00 was observed near to

Ea- This may be attributed to an anisotropy of the
anomalous dispersion term of Mn^"*" , which is ATS
reflection owing to 00. In order to confirm this idea
we checked the rotation dependence around the
scattering vector of the intensity of the reflection. In
a normal Bragg reflection the intensity is
independent on the rotation, but we could observe a
typical oscillation, as shown in Fig.2. The solid
curve is a calculated one. This is the first strong
evidence of 00.

3/2,3/2.0)

6.5 &SS &6 &65

Enofgy (koV)

Figure 1 Energy dependence of the CO
superlattice reflection near to Ea at T=29.6 K.

•50 0 60 100 150 200
psi ( deg.)

Figure 2 Azimuthal angle dependence of the
intensity of (5/4,5/4,0) reflection.
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Introduction

In general it is considered that most part of the thermal

oxide layer on Si substrates has an amorphous structure

and ciystalline oxide exists just close to the Si02/Si

interface. However, an interesting structural model for the

oxide layer on Si(OOl) surfaces has been proposed, in

which the crystalline SiOa is not located only close to the

interface but also widely distributed all over the oxide

layer[l]. The model is based on the extra peaks observed

on the crystal truncation rods (CTRs) from the 111 Bragg

points in X-ray diffraction patterns. High resolution X-ray

measurements showed that the intensity profiles of the

peaks had Laue-fiinction-like fine structure, of which the

period varied with the thickness of the oxide layer. In this

paper, we show that effects of sacrificial oxidation and

post-oxidation anneal on the crystalline SiOi in the

thermal oxide layers on Si(OOl) siufaces.

Experiment

Three samples were prepared by oxidizing Si wafers at

950°C in a dry oxygen atmosphere. The sacrificial

oxidation had carried out by heating one of the wafers at

1280°C for 2 hours in a dry oxygen atmosphere before the

oxidation. The oxide layer was removed by HF treatment

after the sacrificial oxidation. The post-oxidation anneal

was performed for another wafer at 950°C for 1 hour in

N2. The thicknesses of the three samples were about

25nm,

For high-resolution X-ray measurements, the Huber

four-circle diffraclometer with a Si(lll) crystal analyzer

installed on BL-4C at the Photon Factory, KEK, Tsukuba,

was used.

Results and Discussion

The detailed intensity profiles obtained by high-resolution

measurements for the extra peaks are shown in Fig. 1. We

see that the intensity of the extra peak increased and it

was shifted slightly to the higher angle side by the

sacrificial oxidation. This indicates that the amount of the

crystalline oxide increased and the lattice shrank

perpendicular to the interface. The figure also shows the

effects of the post-oxidation anneal: the intensity of the

extra peak decreased and it was transferred to the same

side. This means that the amount of the crystalline Si02

decreased and the lattice shrank slightly.

This works was partly supported by the Grant-in-Aid

of the Ministry of Education, Science and Culture of

Japan and by the Japan Society for the Promotion of

Science.
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96-G241

LATTICE DIMERIZATION AND STRAIN IN INORGANIC SPIN-PEIERLS

COMPOUND NaV205

Hironori NAKA0^\ Kenji OHWADA^), Naohisa TAKESUE^), Yas^ohiko FUJIli\ Masahiko ISOBE^),
Yutaka UEDA^), Hiroshi SAWA^), Hajime KAWADA^\ Youichi MURAKAMI '̂,

W. 1. F. DAVID^^), R. IBBERSONt^^

Neutron Scattering Laboratory, Institute for Solid State Physics, The University of Tokyo,
106-1 Shirakata, Tokai, Iharaki 319-11, Japan.

Institute for Solid State Physics, The University of Tokyo, 7-22-1 Roppongi, Minato-ku, Tokyo 106, Japan.
Department of Physics, Faculty of Science, Chiba University, 1-33 Yayoi-cho, Inage-ku, Chiba 263, Japan.
Photon Factory, Institute of Materials Structure Science, 1-1 Oho , Tsukuba, Ibaraki 305, Japan.
ISIS facility, Rutherford Appleton Laboratory, Chilton, Didcot, Oxon 0X11 OQX, UK.

Introduction

Recently, Isobe and Ueda^^ successfully syn
thesized a high-quality inorganic compound, a-

NaV205, and discovered a spin-Peierls behav

ior in its magnetic susceptibility. It has an or-

thorhombic structure (space group C2v-P2imn;

a=11.318, b=:3.611, c=4.797 A at room temper
ature) with magnetic V''"'̂ (S=5) chains along the
b axis. Above Tsp=36K the observed magnetic
susceptibility can be excellently fitted with the

Bonner-Fisher curve, so that Q:'-NaV205 is more
ideal inorganic spin-Peierls system than the first

inorganic spin-Peierls compound CuGeOs. Fujii

et al. demonstrated the lattice dimerization and

the spin-gap formation below Tgp The present
study aims at critical behavior of this system near

T•'•sp •

Experimental

The Q:'-NaV205 sample was provided by Isobe
and Ueda for this experiment. X-ray scattering

experiment was performed at BL-4C, BL-18C and

at the ISSP rotating-anode X-ray source. Neutron

scattering experiment was carried out on HRPD

at ISIS.

Results and Discussion

The X-ray superlattice intensity at (§5-^) is
shown in Fig.(a). Fig.(b) represents critical scat

tering measured at (1.475,0.489,2.700). By neu

tron scattering measurements, on the other hand,

the c-axis perpendicular to the chain direction is

found to anomalously increase belowTgp as shown
in Fig.(c). The resultant anomalous part AV of

unit cell volume is foimd to be proportional to the

superlattice intensity in Fig.(a), i.e. AV oc I oc 5^,
where 6 is an atomic displacement associated with

lattice dimerization.
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INTRODUCTION

Much attention has been paid for the

electronic and mechanical properties of thin

oxidized layer on Si(OOl) substrates. Necessity

for evaluating the structure of the ultra-thin film

as well as that of the interface is also increasing.

X-ray diffraction is a promising technique for

investigating the interfacial structures non-

destructively. One of the authors(I.T.) has

measured the X-ray CTR(Crystal Truncation Rod)

scattering from the Si02/Si(001) interface, and

found crystallites in the thin film grown in

registry with the Si(OOl) surface. Some of the

authors(N.A., Y.S., S.K.) have revealed the

interfacial layer which is characterized by high

density, by utilizing a DXR(Differential X-ray

Reflectivity) method. In the present study the

relationship between the crystallites in the Si02

film and the interfacial layer at the Si(001)/Si02

interface is investigated by using the both

methods.

EXPERIMENTAL

The CTR measurements were performed at

the BL-4C in which a six-circle diffractometer is

installed. The BL-17C was employed for the DXR

measurements. The sample is a CZ-Si(OOl) wafer

oxidized at 800°C. The thickness of the oxide layer

is about 200 A.

RESULTS and DISCUSSION

Figure 1 shows intensity distribution along

the 11/ line (0.35</<1.3) in reciprocal space.

Characteristic peaks are recognized around /=0.5

which has been thought to be evidence of

crystallites. On the other hand, DXR

measurement has also revealed the existence of

the interfacial layer for this sample. Therefore, it

is confirmed that the sample which contains the

crystallites has the interfacial layer, and vice

versa. The agreement between the subsequent

analysis of the CTR data and that of DXR data is

noticeable. The details of the quantitative

analyses will be published elsewhere.
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Figure 1 Integrated intensity of CTR scattering.



94-G036

X-RAY CRYSTALLOGRAPHIC STUDIES ON

BOVINE 20S IMMUNO-PROTEASOME.

Yukio MORMOTO*, Yoshikazu TOMISUGP, Yugo NARUMI*,
Nobuyuki TANAHASHP*, Keiji TANAKA*=^ and Noritake YASUOKA=^

FacuJ^ ofScience, Himeji Institute of Technology, Kamigori, Hyogo 678-12, Japan
The Tokyo Metropolitan Institute of Medical Science, Tokyo 113, Japati

Introduction

It is very important to detearmine structures
of protein complexes in order to understand
mechanisms how to construct tertiary and/or
quaternary structures of them. Eukaryotic

proteasome (multicatalytic proteinase
complexes) are widely distributed in
eukaryotes, ranging from man to yeast. They

catalyze an energy-dependent degradative
reaction through a non-lysosomal pathway, and

play an important role in selective removal of

unnecessary proteins. Proteasomes have a
molecular weight of 750 kDa and are cylindrical

dimers with a sedimentation coefficioit of

approximately 20S. Th^ are composed of two

copies of a hete"o-heptamer of a-type subunits
and one of p-type subunits, (al-7pl-7) ,

ranging size from 21 to 31 kDa, and the

individual subunits may each have different
functions, including multiple proteasome
activities.

BxpCTimaital

A crystal was kq)t in a glass capillary with a
small amount of crystallization solution during
the diffraction experiment. X-ray experiments
were carried out using synchrotron radiation at
station BL-6A of the Photon Factory, National
Laboratory for High Energy Physics, Tsukuba.
A Weissenberg camera for macromolecules(l)
equipped with an imaging plate (Fuji Film) was

used to record diffraction pattern. A Fuji BAIOO
Bio-Image Analyze was used to read the
imaging plates. Oscillation photographs were
recorded on the imaging plates under the
following condition : wave length , 1.0 A ;
camaa length, 860mra; oscillation angle, 1.0°;

exposure time, 60s. Cell constants and intensity
data were processed with the program DENZO,

and scaled by the SCALBPACK(2).

Results

A hexagonal piped crystal from a solution in

O.IM sodium cacodylate, 0.15M magnesium

acetate, and 25% MPD, has ceU dimensions

a=b=121.8, c=930.7 Aand space group P6l22
or P6522. An overall temperature factor of the

proteasome was estimated at 36.2 - 25. SA^,
this suggests that the proteasome molecules

have a ordered structure with a mean

displacement of atoms of m=0.68 - 0.57 A in
the crystal(3).

New crystal forms of proteasome were

obtained from the same solution excqjt 35%
MPD. One of them was a hexagonal plate ,
other were trigonal piped and rhombic crystals.

A hexagonal plate crystal was unsuitable for X-

ray exposure, no crystallographic data was

obtained. Trigonal and rhombic crystals gave
diffraction spots up to 6A resolution, and cell
dimensions of each crystal was same;
a=b=239.3, c=322.8A Intensity evaluation
from total 120 flames of imaging plates and
scaling and merging are now in progress.
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Introduction

a-Amylase catalyzes the hydrolysis of a-D-
(1,4) glucosidic linkages of starch or related
carbohydrates, releasing malto-origosaccha-
ndes and glucose. By now,crystal structures of
several a-amylases are known,and the active
site and catalytic residues are identified. For
further understanding between structure and
function,we have carriedout mutagenesis of the
active site using B.subtilis a-amylase. Among
the mutants,the catalytic-site mutant EQ208 is
completely devoid of catalytic activity,but
retains substrate-bindingactivity. We have been
continueing structure analyses of wild type and
a series of mutants fi"om bacillus subtilis a-

amylase and particularly of EQ208-substrate
complex which provides the substrate-binding
model and better understandings for the
catalyticmechanism of a-amylase.

This a-amylase is firom B.subtilis N7,.an N
type a-amylase-producing strain derived fi-om a
transformant of 5. subtilis 6160 by the DNA of
B.natto IAM1212. The protein was produced in
theB.subtilis expression systemand purified.
The crystals ofEQ208-maltopentaose

(G5) complex were grown at room temperature
using the hanging-drop vapor diffusion method
under an experimentalcondition similar to those
of wild type and EQ208 mutant described
previously(l).
Diffractionexperimentswere carried out at the

beam line BL6A-2 and BL6B (TARA system)
using Weissenberg camera for macromolecules.
The measuranent conditions were almost the

same as those of crystals of wild type and

EQ208 mutant. The diffraction data indicated
that the complex crystals are isomorphous to
those of wild type and EQ208 mutant. Native
data were recorded on the imaging plate
(TP),and digitized with a Fuji BAS2000 image
reado". The intensitydata were processed by the
DENZO program system using on Silicon
Graphics IRIS. Diffraction data showed that the
present crystals of the complex were somewhat
better than crystals of wild type and EQ208
mutant in quahty and resolution. Thus,we used
the complex crystals for the subsequent
experimentrather than the wild type crystals.

The structure has been solved by multiple
isomolphous replacement (MIR) at 2.5A
resolution using native, R- and Hg-derivative
date sets. The least-squared refinement
(XPLOR) has resulted in an R-factor of 0.19 in
the 6.0-2.5A resolution range. EQ208
consists of threedomains containing a (o/p)-
barrel as observed in the other known structure

of a-amylase. The G5 molecule was easily
identified on the MIR map. The amide nitrogen
atom of gln208 forms a hydrogenbond with the
glucosidic oxygen atom of G5. The detailed
analysis around the substrate binding is in
progress.

We are grateful to Prof. N.Sakabe,
Dr.A.NakagawaJ>.N.Watanabe and M.Suzuki
for their generoushelp with data collection.
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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 correct folding and assembly

of other proteins with the aid of ATP. This protein is

ubiquitous and its amino acid sequences are highly

conserved among various organisms. In the assembly of

cpn60 molecules from Paracoccus denitrificans, a 7-mer

form was observed as well as a 14-mer formt^l that is a

usually observed form of other bacterial cpn60, which

might imply the structural difference of the architecture of

this cpn60 from those of others.

In previous report, we described about the

crystallization of P.cpnbO, its data collection and the

results of molecular replacement (MR) with GroELl^l

(PDB lOEL). As the amino acid sequence of P. cpn60

was initially unknown, that of Rhodobacter spheroides

which is more similar (85 % identical) than GroEL (63 %

identical) was used in earlier stages of refinement.

In refinement process, we employed the 7-fold

non-crystallographic symmetry (NCS) constraint between

7 subunits in an asymmetric unit which form a ring

structure, because the collected diffraction data were not

enough in resolution and completeness to get high-quality

atomic structure. Initial NCS matrices and a monomer

model coordinates were calculated by reducing the model

molecule used in MR.

The NCS matrices were refined by the rigid-body

refinement using X-PLOR before and after simulated

annealing refinements of the model. Electron density

maps were calculated with 0^ weight (2mFoDFc map),

and then improved by the density modification techniques

of solvent flattening, histogram matching and NCS

averaging using dm. The modified map was used in the

model rebuilding process using O. The model refinement

is in progress. The ^cryst ^free values ofthe current
Model are 30.6 % and 32.6 % respectively. The current

crystal structure is shown in Figure.

We thank Prof. N. Sakave and Drs. N. Watanabe

and M. Suzuki of the Photon Factory.

Figure: Crystal packing of the current model.
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Introduction

Protein inhibitors of a-amylase are found widely in
prokaryotic and eukaryotic cells. Varieous kinds of a-
amylase inhibitors (AIs) were characterized mainly by
biochemical and spectroscopic methods [1]. AIs of wheat,
barley, and rye kernels are composed of 120-130 amino
acid residues, and present as either monomer, dimer, or
tetramer. Their amino acid sequences are similar to each
other, therefore these AIs must have similar polypeptide
foldings. But they are distinct from Tendamistat AIs from
Streptomyces. Typically plant AIs contain five disulfide
bonds per subunit, and are resistent to heat treatment. In
order to provide a structural basis for inhibitory
mechanism of a-amylase as well as other technological
area such as nutritional aspect of foods, the structure of

0.19 AI from wheat kernel has been studied by X-ray
diffiaction method.

Experimental

The 0.19 AI was crystallized in the space group P3
with unit-cell constants of a=b=79.3 A, and c=60.8A [2].
Asymmetric unit contains four subunits. Heavy-atom
derivatives were prepared by the soaking method.
Diffraction data were collected on the Weissenberg camera
using synchrotron radiation [3] at the BL6A2 and on R-

AXIS using CuKa radiation. Diffraction data with SR

were read out at 100 pm intervals using a Fuji BAIOO or
BAS2000, then processed with either DENZO or WEIS.
Summary of the data collection is shown in Table 1.

The structure was solved by MIRAS. Major heavy-
atom sites were located in the difference Patterson maps.
Difference Fourier techinque was used to locate minor

sites as well as define the common origin. The phase
angles were calculated with MLPHARE; the overall figure
of merit was 0.495 for the reflections to 3.0 A resolution.

The. phase angles were improved by density modifi

cation and non-crystallographic averaging. The map
allowed tracing of major proportion of the polypeptide.
The refinement with XPLOR reduced the crystallographic
and free R factors to 18.7 % and 22.3 %, respectively, for
the reflections with F>2<jp to 2.06 Aresolution.

Results and Discussion

The present analysis revealed that four AI molecules
of 0.19 AI, each consisting of 124 amino acid residues,
form two dimers. The residues of 1-4 and 69-77 of all

subunits were invisible. Each subunit contains four long
a-helices and one one-turn helix, which are arranged in
up-and-down manner (Fig. 1). All ten cysteine residues in
0.19 AI form disulfide bonds (C6-C52, C20-C41, C28-
C83, C42-C99, and C54-C115), consistent with the
assinments by biochemical method for wheat 0.28 AI and
by NMR for ragi a-amylase/trypsin inhibitor.

Fig. 1. Structure of 0.19 AI subunit.
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Table 1. Summary of data collection

Native HgCl2 (1) HgCl2 (2) Uranyl acetate PCMB

•Wavelength (A) 1.5418 1.5418 0.995 1.04 1.5418

Resolution limit (A) 2.06 2.06 3.3 2.4 3.5

Measured reflections 49,815 62,783 18,574 20,510 18,331

Independent reflections 22,687 22,834 5,906 11,154 5,347

Completeness (%) 81.9 83.0 85.0 62.4 88.8

^ merge 5.7 5.5 2.6 4.8 7.1
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The anomalous scattering effect of Ca atom is

small in the range of the wavelength, because the

AT-absorption edge of Ca atom is at k = 3.070 A ,
But the determination of Ca^"^ ions bound to protein
using the anomalous scattering effect seems to be

possible by advanced X-ray facility. With three

kinds of proteins, Serratia protease, Alkaline

protease and peroxidase, it was tried to

determination of tiie calcium binding sites by

Bijvoet difference Fourier map with coefficients of

{FC+)-F(-)}expi(ap-Ti/2).

Table Anomalous scattering effect of Ca atom.
X(A) 1.283 1.488 1.542
Af 0.357 0.349 0.340

Af 0,925 1.212 1.265

Serratia protease: Serratia protease from
Serratia sp E-15 is an extracellular zinc-dependent

endoprotease classified in serralysin family. The

molecule comprises 471 amino acid residues, one

zinc ion and several calcium ions. The crystal

structure of Serratia protease was determined at 2.0

A resolution by us '̂. X-ray diffraction data of
Bijvoet pair reflections were collected at BL-6A2

beam line of Photon Factory using Weissenberg

camera with an imaging plate. The X-ray wavelength

for the data collection was 1.283 A. An anomalous

difference Fourier map was calculated at 3.5 A
resolution. Five peaks on the map were identified as

Ca^^ ions. The Ca^"" ions bind to thespecialized sites
with Ca^^ binding motif, GGXGXDXBX (B: bulky
hydrophobic residue, X: arbitrary residue) and

stabilize (3-sheet coil.

Alkaline protease: Alkaline protease fi-om

Pseudomonas aeruginosa IF03080 which contains

470 amino acid residues, one zinc ion and eight

ions is classified in the same way as Serratia

protease in serralysin family, too. The crystal
structure of the alkaline protease was determined at

2.0 A resolution^^ The tertiary structure of the
alkaline protease is significantly similar to that ofthe

Serratia protease. X-ray diffraction data of Bijvoet

pair reflections were collected at the wavelength of

1.5418 A (Cu-Ka) usingR-AXIS lie. Ananomalous
difference Fourier map was calculated at 3.0 A
resolution. Seven highest peak position on the map

were consistent with those found on both normal

difference Fourier map and 2Fo-Fc map. These Ca^"*^
ions were placed in the P-sheet cod,

Peroxidase: Arthromyces ramosus peroxidase is

a single polypeptide protein 41,000 Dalton and

contains a iron protoporphyrin IX and a few Ca^^
ions. The crystal structure of the peroxidase was

determined at 1.9 A resolution^l X-ray diffraction
data of Bijvoet pair reflections were collected at

BL6A2 beam liue. Photon Factory using

Weissenberg camera with an imaging plate. The X-

ray wavelength used was 1.488 A. An anomalous
difference Fourier map was calculated at 4,0 A
resolution. Two Ca^"" binding sites andthe Fe of the
heme were identified. The position of the S atom of

Met277 has second highest peak.
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Aspergillus niger pectin lyase A
The structure of pectin lyase A from Aspergillus
niger has been solved by a combination of
molecular replacement, multiple isomorphous
replacement and intercrystal averaging. The
architecture of pectin lyase is the parallel p-helix
(Figure 1). The structure reveals the different
carbohydrate recognition strategies used by
pectate and pectin lyase [1]. The substrate
binding cleft of pectin lyase being substantially
more hydrophobic than that of pectate lyase.
Two important derivatives in the crystal
form were collected using BL6A: methyl
mercury chloride (MMC) and ethyl
mercurithiosalicylate (EMTS). The statistics are
summarised in Table 1.

Table 1. Heavy Atom phasing for A.n/ger pectin
lyase strain 4M-147

2 mM EMTS 0.5 mM MMC

(2:20 h) (1:00 h)

Max. Resolution

No.Observations

No.Reflections

Completeness

Rsymd)
I^iso
Phasing power
R-Cullis

Sites per molecule

2.24A
58310

17954

93.4%

6.1%

11.1%

0.78(<4A)
91%(<4A)

3.oA
13976

4408

59.7%

7.1%

17.4%

1.38(<4A)
79%(<4A)
1

Thermoascus aurantiacus endoglucanase
Data from 41 pairs of images (cassette 3D) each
corresponding to a 3° rotation of the crystal
were collected and reduced to give data with
R^y^(I) of 0.056 (0.289), completeness of 81.6%
(83.9%) and multiplicity of 5.3 (4.9) for all data
to 1.62 A resolution (figures for the resolution
range 1.68-1.62 A are given in brackets). An

electron density map has been calculated using
heavy atom data from samarium, mercury and
uranyl derivatives [2]. This fungal
endoglucanase belongs to the family 5 glycosyl
hydrolases and the 4/7 superfamily of 8-fold p/a
barrels. There will be significant differences
from known structures as the structure could not

be solved by molecular replacement.

Figure 1: Architecture of pectin lyase
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Introduction

Glutathione S-transferases (GSTs) are a key
component of an organism's defence against ,
toxic chemicals. GSTs have been implicated in a b
the development of the resistance of cells and
organisms towards drugs, pesticides, herbicides ^
and antibiotics and hence have been the subject *^<3^ ^ n \
of intense research over the last few years,l) We
have obtained crystals of GSTs from a diverse
range of organisms^-^^ as a first step towards
structure-based design of new GST inhibitors.
GSTs have been identified in insects, although
they are not as well characterized as their
mammalian counterparts. On the basis of I
sequence comparisons they have been classified
as belonging to the theta-class family of GSTs.

Methods Pjq j Structure of insect GST drawn w

Crystals of insect GST were taken to the Photon MOLSCRIPT.
Factory. These crystals grow in space group
P4322 ^with cell dimensions a=b= 88.OA, Acknowledgements
c=66.9A and diffract to about 2.2A. Crystals
were mounted in X-ray capillaries and fixed to thank KEK National Laboratory for Hi
the Weissenberg camera on beam line 6A2. Energy Physics and the Australian Natior
Diffraction data were collected on Fuji image Beamline Facility for supporting the project, a
plates and scanned on a Fuji BAIOO image plate Sakabe and Dr. N. Watanabe for thi
reader. Processing of the X-ray diffraction data assistance with use of beam line 6A2.
were undertaken using the program WEIS.
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The insect GST structure has now been solved by Biophys. Acta 1205, 1 (1994).
the multiple isomorphous replacement method.^)
The crystal structure demonstrates that this aflTJS'; cn d ^
enzyme adopts the canonical fold found in other M.C.J. Wilce.S.C. Fell RG. Board and M.
GST crystal structures (FIG. 1). Up until this Pfk'rr ' Mol. Bioh 2|6, 1407 (1994 .
structure, all available crystal structures of GSTs
suggested a strictly conserved tyrosine residue (1995).
near the N-terminus plays a critical role in the SI o ^
reaction mechanism and such a role has been , ', ' o ' ^^'3 w • S'
convincingly demonstrated by site-directed S r r rJ ^ p ' o noVnoo
mutagenesis Surprisingly, the equivalent residue ^.GJ. Wilce, Protein Engmeermg 9 327 (199i
in the insect GST is not in the active site but Its ' Kraulis, J. Appl. Cryst. 24, 946 (1991).
role appears to have been replaced by a nearby
serine residue. We have since confirmed by site-
directed mutagenesis that the serine residue is a
critical residue for activity.A detailed analysis
of theta-class sequences, using the crystal
structure as a guide, has led us to propose a
consensus sequence for the family.^)

FIG. 1 Structure of insect GST drawn with

MOLSCRIPT. 7)
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Introduction

Three phospholipase A2 (E.C.3.1.1.4, PLA2)

extracted from the venom of Agkistrodon halys
pallas possess different pharmacological
activities [1]. Among them the basic one shows
strong ability to homolyze erythrocytes [2].
Compared with most of other basic PLA2, the

enzyme is unique in their behavior toward
natural substrates concerning the hydrolysis of
E. coil membranes in the presence of a
bactericidal permeability-increasing (BPI)
protein from neutrophil source [3]. Preliminary
crystallographic study of the PLA2 have been

published [4]. There are two molecules in the
asymmetrical unit of P222^ crystal with cell
parameters £J=91.75A, 6~100.80A, c=22.87A.

Experimental and Results
Diffraction data were collected to 2.5A

resolution using Synchrotron-IP-Weissenberg
system at Photon Factory and processed by
program package of Weiss and CCP4 suite. The
data has i?merge of 0.080 and the completeness
of 72.7% within 20 to 2.5A [4].

The structure was determined by molecular
replacement method using program AMoRe [5].
Rigid-body refinement reduced the /?-factor to
0.39. Model building with Turbo-Frodo and
refinement with X-PLOR were carried out

alternatively. Current model contains all 122
residues, no water is included yet. The current R
factor is 0.206 for 6-2.5A resolution with bond

r.m.s.d. of 0.022A and angle r.m.s.d. of 4.5 °.
The fitting of the model and the corresponding
electron density is generally good. As shown in
Fig.l, the BPLA2 molecule shares the basic

structural features common to the other PLA2.

The two molecules in the asymmetric unit shows
non-crystallographic two-fold symmetry. The
intermolecular interactions involves the p-

pleated region. The analysis reveals the
arrangement of the basic residues of this PLA2.
They concentrated in two regions of the
molecular surface, i.e. N-terminal region and C-
terminal ridge. The former may be related to the
unique hydrolytic property and hemolytic
activity of this enzyme.

Fig. 1 The Ca backbone structure and the
molecular packing of basic PLA2
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I. Introduction
Pokeweed antiviral proteins(PAPs)[I] are isozymes

from different tissues of Phytolacca americana at
different developing stages, noticed by their ability to
inhibit the multiplication of virus. We now know that
they are type I ribosome inactivating proteins(RIPs)[2],
which act as RNA N-glycosidase, removing an invariant
adenine base from rRNA and interrupting the process of
protein synthesis. Interest in PAPs, as other RJPs, stems
from their potential utilization in agriculture, for their
toxicity to pests and antifungal activity, and in human
therapy as conjugates with antibodies (immunotoxin).

Among the isozymes, PAP-S[3], which is from
seeds and has three glycosylation sites, has its unique
importance by exhibiting the lowesttoxicity to mice, and
the highest inhibition activity in rabbit.

The two isozymes, one from spring leaves and
another from a genomic clone of pokeweed DNA, have
their crystal structures been solved at resolutions of 0.25
and 0.23 nm, respectively[4,5]. We successfully
crystallized PAP-S and collected 0.18 nm diffraction
data set on beam line BL6A2 of Photo Factory in KEK.
The structure was solved by molecular replacement
method, and the refinement at resolution 2.5 A had been
completed, while work extending to 1.8 A is still on the
way. We report here our work on crystallization. X-ray
diffraction data collection, as well as structureal
determination of PAP-S.

II. Crystallization
PAP-S was purified from Pokeweed as described by

Zhu, et al.[5].The hanging-drop vapour-diffusion method
was used in crystallization process with PEG 6000 as
precipetent and NaH2P04, at pH 5.0—6.0 as buffer.
After two months of incubation at 33 °C, tlie crystals
grew up to about 0.8x0.2x0.1 mm^in size.

The crystal has space group 1222 with cell
parameters a=8.52 nm, b=7.87 nm, c=9.30 nm, as
determined by CAD4 four circle diffractometer. From
tlie value Vni=2.6xl0'̂ nm^/Da, the solvent content is
about 53%, with one molecule in each asymmetric unit.

III. Data collection

Data collection was performed on beam line BL6A2
of Photo Factory in KEK, Trukuba of Japan, using a
screenless Weissenburg Camera with a film cassette
radius of 429.7 mm. Data were recorded on Image
Plates and read out by Fuji film BAIOO Scanner System,
and processed by making use of the program WEIS. 0.1

nm wave length and 9® rotation angle were used in the
experiment. The diffractions reach a resolution limit
beyond 0.18 nm. In resolution range up to 0.18 nm, total
of 58568 reflections were observed, which were merged
into 19809 imique reflections with Rmn^ 6.2% and
completeness 70%. The completeness in the highest
resolution shell (0.194—0.180 rmi) is 53%.

IV.Structure determination

The initial position of PAP-S in tlie unit cell was
determined by molecular replacement with the structure
of PAP from leaves as model. The program Xplor was
used in the molecular replacement as well as in
subsequent structure refmement. In the resolution range
8.0-2.5 A the R-factore is 0.182, with standard deviation
of bond lengths 0.016, bond angles 2.041. The refined
model has 113 solvent waters and average B factor 20.0.
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Introduction

Methanol dehydrogenase (MEDH) is a
quinoprotein catalyzing the oxidation of methanol
to formaldehyde, and each H2L2 tetrameric
molecule contains two prosthetic groups
pyrroloquinoline quinone (PQQ) and two Ca"^
ions.

The three-dimensional structure of MEDH

from bacterium Methylophilus W3A1 (crystal
from A) has been determined at 2.6A resolution
by applying multiple isomorphus replacement
method'̂ and refined at 2.4Aresolution. '̂̂ ^

The single crystals of MEDH from M. W3A1
in a new crystal form (form B) have been grown in
the presence of 5mM methanol. The crystals
belong to space group P2) , with cell dimensions
a=98.12A, b=69.74A, c= 109.84A, p=l 10.29°.

The three-dimensional structure of the form B
crystals of MEDH from M W3A1 has been
determined using molecular replacement method.
The form A crystal structure was used as the
search model, and the X-ray data collected on an
area detector were used for the structure

determination and the preliminary refinement.
Experimental

Synchrotron data were collected at beam line
BL6A2 of the Photon Factory, Tsukuba, Japan,
using screenless Weissenberg camera and image
plates. The X-ray data were collected from two
crystals which were aligned with a and b parallel to
spindle respectively. The data were processed and
merged using program DENSO, giving a data set
which was 90% complete up to 1.9A resolution.
The structure was fully refined by employing
program XPLOR using the synchrotron data.

Results and Discussion

The form B crystal structure of MW3A1
MEDH refined at 1.9A resolution gave an R-factor
of 0.183, with r.m.s. deviations of the bond lengths
and bond angles of 0.016A and 1.523° from the
ideal values. The final model contains an H2L2
tetramer and 612 water molecules in an

asymmetric unit. Each H subunit consists of 571

amino acid residues and the main body of it is an
8-fold P-propeller superbarrel. The 12 C-terminal
residues of each L subunit are disordered and only
57 of the 69 residues of the L subunit are included
in the model, lying across the surface of the H
subunit. A non-crystallographic 2-fold symmetry
axis relates two HE dimers to form the tetramer.
PQQ is located in a funnel-shaped central channel,
approximately on the pseudo 8-fold axis of the
superbarrel, and it is sandwiched between the indole
ring of Trp237 and the disulfide formed by Cysl03-
Cysl04. Ca""" is hexacoordinate, and three of the
six ligands are from PQQ.

The structure refined at 1.9A resolution shows the
fine configuration of PQQ : C4 is in planar
configuration and C5 is tetrahedral, which indicates
that carbonyl group exists at C4 position and the C5-
carbonyl is reduced. A methanol (or formaldehyde)
molecule is found at the active center of the form B
crystal structure. The oxygen atom of it is hydrogen
bonded to both 05 and the side chain of Asp297, an
amino acid residue which is likely to play a role of
the catalytic base. The methyl carbon of it is
surrounded by the hydrophobic residues Trp259,
Trp531, Leu547 and the vicinal disulfide. The
molecule presentat the substratebindingsite is more
likely to be product rather than substrate, implied by
the reduced form of the prosthetic group.
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Dioxygenase containing non-heme iron as a sole

cofactor plays a key role in the oxidative biodegradation

of a large number of aromatic compounds by catalyzing

the cleavage of aromatic rings. Catechol 2,3-

dioxygenase, metapyrocatechase, is an extradiol type

dioxygenase andcatalyzes the conversion of catechol to 2-
hydroxymuconate semialdehyde with the insertion of two

atoms of dioxygen (1). Catechol 2,3-dioxygenase from

Pseudomonasputida mt-2 (ATCC 23973) is composed of

four identical subunits with one ferrous ion bound to each

subunit: the enzyme is designated as (a-Fe '̂̂ )4 (2,3).
Theenzyme subunit of molecular mass 35 kDaconsists of

307 amino acid residues. Elucidation of the catalytic

mechanism of this enzyme requires knowledge of the

active site structure at an atomic resolution, which can be

obtained only by determination of the three-dimensional
structtire.

The micro quadratic-prism crystals of meta

pyrocatechase were obtained from sodium citrate
solutions. Protein solutions in 15% (w/v) sodium citrate

(20 mg/ml) were vapor-equilibrated at 4°C to outer

solutions containing the precipitant of 26 to 30%(w/v).

The addition of ethanol to both inner and outer solutions

(final concentrations of 3% (v/v)) could prevent the

crystals from assembling each other. After several
repeated steps of macroseeding, the seeded crystal was
grown up to a maximal sizeof0.1x0.1x1.0 mm.

The oscillation photographs of these crystals

taken with a screenless Weissenberg camera for

macromolecular crystals showed that the crystals belong

to the tetragonal system. The Laue symmetry and the
systematic absences of reflections indicated that the space

group of this crystal is PAflfl. The unit cell-dimensions
weredetermined as a=b=26A A and c=60 A.

A full set of the native intensity data was also

collected with synchrotron radiation using onecrystal. A

crystal with approximate dimensions of O.lx 0.1x1.0 mm

was mounted in a capillary such a way that it could be

rotated about the [001] axis. The total oscillation range

of 48.5° was covered by 11 serial Weissenberg

photographs, in which the oscillation range of 4.5° was

employed. Intensities were processed and scaled up to

2.5 A resolution using WEIS (4) and PROTEIN (5)
programs. After averaging of symmetry-equivalent

reflections, a total of 45,370 unique reflections was

obtained, which corresponds to 60 % of the number of

theoretically measurable reflections. The merging R

factor is 0.072 for 116,076 measurements.

Using Pb and Hg heavy atom derivatives, the

phases for 3.0 A resolution were calculated with the
program PROTEIN. The density modification and
averaging were carried out by program DM(6) in the
CCP4 program package. The quality of electron density

map after density modification was high enough for

overall chain tracing. The model building and its

refinement are now proceeding.

We thank Drs. N. Sakabe, N. Watanabe and M.

Suzuki of the Photon Factory.
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Farnesyl diphosphate synthase (FPP) is a key

enzyme in isoprenoid biosynthesis. It catalyses the

condensations of isopentenyl diphospate with dimethyl-

allyl diphosphate and with geranyl diphosphate to give

FPP, an important metabolite occupying the branch point

of pathways to diverse products such as steroids, glycosyl

carrier lipids, prenylquinones and prenyl proteins. It has

been purified from various sources, including

Saccharomyces cerevisiae, avian liver, porcine liver and

human liver. Gene cloning and sequence analysis have

also been achieved for FPP synthase from rat, yeast,

human, Escherichia coli and Bacillus stearothermophilus.

Comparison of these FPP synthase amino acid

sequences and site-directed mutagenesis studies have been

providing useful information about roles of amino acid

residues involved in the catalytic function of this enzyme.
On the other hand, the mechanism of FPP synthase

reaction has been studied extensively at substrate levels

from various viewpoints, including substrate specificity,

reaction kinetics, stereochemistry and inhibitory effects.

However, for clarifying the mechanism of this enzyme

reaction in terms of precise molecular events, it is

indispensable to explore its three-dimensional structure.

We have started the X-ray crystal structure determination

ofB. stearothermophilus FP? synthase.

Thremostable FPP synthase from B.

stearothermophilus was overproduced in E. coli and

purified by the method previously described. The

hanging-drop vapor diffusion procedure wasemployed for

crystallization. Protein solutions were prepared in 50mM

phosphate buffer at pH 5.4. Ammonium sulfate was used

as a precipitating agent. Droplets (20 to 30|il) of the

protein solution (3 mg/ml) containing 25% saturated

ammonium sulfate were pipetted onto glass slides and

then vapor-equilibrated with reservoir solutions (1ml)

containing 30% saturated ammonium sulfate. The

temperature was controlled at 20°C. Square-bipyramidal,

colorless crystals appeared after two to three weeks.

Crystals were grown to 0.8 mm in maximum dimensions.

The crystals were mounted in a glass capillary

with a trace amount of the mother liquor. Still and

precession photographs were taken at room temperature

with a Huber precession/rotation camera using graphite-

monochromaiized CuKa radiation. The rotating anode

generator M18X was operated at 50kV, 90mA with a fine

focus filament. The crystal-to-film distance was set to 100

mm. On still photographs, which were expose for one

hour, reflections extended at least to 3 A resolution.

Precession photographs at three layers (hOl.hkO and hkl)

showed that the crystals belong to the tetragonal system

with the Lane symmetry of 4/mmm. Systematic absences

of reflections (h+k+l=2n for hkl and l=4n for 001)

indicated that the space group is I4j22. The unit-cell

dimensions are a=b=114 A and c=247 A with the unit cell

volume of 3.21 X 10^ A^. Assuming two or three
molecules per asymmetric unit, the value for the crystal

volume per unit molecular mass, Vm, is calculated to be

3.1 or 2.1 A/Da, respectively, where the molecular mass
of 32,309 Da, calculated from encoded nucleotides

sequence is used. These Vm values are consistent with

those obtained for water-soluble proteins.

The intensity data from the native crystal and

several derivatives were collected using a screenless

Weissenberg camera for macromolecular crystals with 0.1

mm aperture collimator and a cylindrical cassette of radius

286.5 mm at the BL-6A2 and BL18B station of the

Photon Factory, with the X-ray wavelength of l.OOA.

Intensity data were processed and scaled up to 2.5 A
resolution. The evaluation of Patterson maps for the

derivatives is in progress.

We thank Drs. N. Sakabe, A. Nakagawa and N.

Watanabe of the Photon Factory.
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A lectin is a substance that binds sugar and

agglutinates blood but does not originate in the immune

system. Most are muitimeric giycoproteins with one sugar

binding site per monomer. They are found In plants,

animals and microorganisms. Aleuria aurantia lectin (AAL)

is a nonglycosoiated homodimer with 312 amino acids per

monomer obtained from orange peel mushrooms. It

specifically binds L-fucose and sugar residues containing

penultimate fucosyi moieties, and bares little homology to

any lectins with known crystal structures'".2.

Cocrystais of AAL and mercury ion similar in size

and shape to those previously reported3-4 were grown by

vapor diffusion using 40% saturated ammonium sulfate in

PBS or Tris/HCI (pH9) buffer at 293K, with the addition of

1-1OmM HgCi2 to the protein drop. Low resolution data

collected on a rotating anode using CuKa were indexed

using DENZO and indicated that the cocrystais are

nonisomorphous to native AAL. Both could be described

as P6i22 (P6522) with cell constants ofa = b = 84.1 A, c =
248.7 A and a = b = 83.4 A, c = 253.7 A for native AAL

and AAL:HgCl2, respectively.

XAFS spectra was examined and high resolution

MAD data were taken on three crystals at 0.8000 A,

1.00778 A, 1.0081 A, 1.0086 A, 1.0089 A, 1.0094 A and

1.0102 A using a Sakabe Weissenberg camera for

macromoiecules at BL18B of the Photon Factory with 400

X 800 mm Fuji image plates set at 429.7 mm from the

crystals. The oscillation range around the c-axis was

31.2° in 2.6° steps with 0.4° overlap, 1.50°/mm

Weissenberg coupling and 52 sec exposures, except for

0.8000 A, where 31.9° of data was taken in 2.1° steps to

prevent overlap.

Five data sets were processed using WEIS and the

hexagonal cell constants. R values were between 7.6%

and 13.5% on 90% complete 1.9 A data. Anomalous

contributions observed in the data were not as anticipated

from the XAFS and difference Patterson maps did not

reveal the Hg+2 position. All data were therefore

reprocessed with DENZO which indicated a possibility of a

C-orthorhombic lattice with cell constants of a = 83.90 A, b

= 145.35 A, c = 255.1 A. In this case, six monomers exist

in an asymmetric unit, giving 33.6% solvent content.

Overlap of the noncrystal and crystal symmetries prevent

uniquely defining the space group at this time. R values

in this cell are between 4.7% and 7.8%, but 31.2° of

rotation corresponds to only 30% complete in the lower

symmetry system (Table 1). Difference Patterson analysis

is underway, however lack of completeness and increased

size of the asymmetric unit complicates these maps.

Table 1. Summary of statislics for AAL:HgCl2 using WEIS-bIg and PROTEIN lo
Inlagraieand merge/scale, respaolively, or DENZO-big and SCALEPACK to determine
unit cell/iniegrale and seals/merge, respectively

MADl

1.00778A

program, system

weiS, p-hex
DENZO, p-tiex
DENZO, c-odtio

WEiS, p-hex
DENZO, p-hex
DENZO, c-ortho

WEiS, p-hex
DENZO, p-hex
DENZO. c-ortho

WEIS, p-hex
DENZO, p-hex
DENZO, c-ortho

WEIS, p-hex
DENZO, p-hex
DENZO, c-ortho

WEiS, p-hex
DENZO, p-hex
DENZO, C-ortho

WEiS, p-hex
DENZO, p-hex

172526, 42504
113828, 29585
114656, 38776

170274, 42498
107307, 28216
110004, 37533

170648, 42666
93263, 26596
98599, 33617

168652, 42656
80369, 25751
79575, 30166

178093, 46432
136054, 27003
136827, 32525

not compared
not compared
176721, 28303

not compared
144842, 14445

% complete Rmerg, Rsymm
n.9At
69-2% 7.56%, 9.08%
70.5% 4.9%, 5.6%
32.4% 4.7%, 5.4%

89.3% 8.55%, 10.00%
65.1% 8.3%, 10.6%
31.4% 5.7%, 6.3%

89.4% 8.77%, 10.33%
61.6% 21.1%, 32.1%
27.3% 6.8%. 7.8%

89.4% 8.61%, 10.64%
59.5% 17.4%, 29.0%
25.2% 5.9%, 6.5%

95.4% 10.76%, 13.43%
62.5% 7.6%, 7.3%
26.3% 7.5%, 7.3%

22.4% 5.4%, 5.0%

32.3% 30.3%. 46-1%

We thank Prof N Sakabe and Dr N Watanabe of the

Photon Factory.
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Introduction

The structures of 3-isopropylmaIate
dehydrogenase (IPMDH) from
Thermus thermophilus in complexes
with its substrate, cofactor, and a
cofactor analog were investigated by
X-ray diffraction in a crystalline state
and by small-angle X-ray scattering
(SAXS) in solution. The structures at

o

2.8 A resolution of the complexes with
the substrate, 3-isopropylmalate
(IPM), and with an analog of NAD,
ADP-ribose, were both very close to
the structure of the free enzyme,
which adopts an open conformation.
However, the binding of a ligand
induced a small conformational change
near the binding site.

Results

The ligand-free IPMDH with an open
conformation changes its conformation
to a fully closed form, as in the case of
the ligand-free, NADPH+-binding and

isocitrate-binding forms of ICDH,
upon interaction with NAD"^ plus IPM
in catalysis. It adopts conformations
intermediate between the open and
closed forms upon interaction with
NAD+ and with IPM. These results are
apparently inconsistent with those
obtained from X-ray crystallographic
analyses of IPMDH with bound ADP-
ribose or bound IPM in the

presentstudy and of IPMDH with
bound NAD+. The inconsistency may
be attributable in part to the packing
effects of the molecules in the crystal,
though we cannot prove this
conclusively from the present results.
IPM at concentrations above 5 mM

destroys the crystal during soaking.
Thus, the IPMDH-IPM complex might
adopt a closed conformation with a
different packing in crystals and might
be successfully crystallized by using a
technique such as cocrystallization.

/ "Nyisq \jJrio4

a b
Fig. 1. Difference-Fourier maps (Fo - Fc) of the complex with

ADP-ribose (a) and of that with IPM (b).
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Introduction

ICDH from T.. thermophilus is a
dimeric protein of molecular weight
115,000, with a pi of 5.5. The enzyme
is very stable and is resistant to
exposure to high temperatures and
denaturing reagents. The gene for
ICDH was cloned and expressed in E.
coli. The enzyme was easily purified
to homogeneity by a combination of
heat treatment of a cell extract at 70°C

for 20 min and chromatography.
Results

The conditions for crystallization of
the present enzyme were different
from those for crystallization of
IPMDH from T. thermophilus and
ICDH from E. coli because the earlier

conditions did not yield good crystals.
An attempt to crystallize ICDH was
made using the hanging drop vapor
diffusion method with ammonium

sulfate as the precipitant. Ten |il of a
solution of 15 mg/ml protein in 100
mM NaCl, 35 mM NaHP04, 10 mM

citrate, 0.2 mM DTT (pH 5.5),
containing 0.5 M ammonium sulfate,
were equilibrated against the reservoir
solution, namely 100 mM NaCl, 35
mM NaHPOq, 10 mM citrate, 0.2 mM
DTT (pH 5.5) plus 1.0 M ammonium
sulfate. After 1-2 weeks at 5°C, very
small bi-pyramidal crystals were
produced. These crystals were not,
however, suitable for X-ray
diffraction experiments because of

they were too thin. The quality of
crystals for X-ray experiments did not
improve after many trials by the
hanging drop vapor diffusion method
and by a batch method with citrate
buffer, even when precipitants were
varied. Crystals suitable for X-ray
experiments were, however, obtained
by the hanging drop vapor diffusion
method in 100 mM Tris-HCI buffer
with 10% (w/w) polyethylene glycol
6000 (Wako Pure Chemical, Osaka,
Japan). Ten p.1 of a solution of 15
mg/ml protein in 100 mM Tris-HCI,
pH 8.5, containing 5% polyethylene
glycol 6000, were equilibrated against
a reservoir solution that consisted of

100 mM Tris-HCI, pH 8.5, plus 10%
(w/w) polyethylene glycol 6000. We
obtained orthorhombic crystals which
grew to about 0.6 x 0.6 x 0.3 mm^
within a month ^at 15°C. They
diffracted up to 3 A resolution. The
ICDH crystal was orthorhombic, with
the 1222 or 12l2l2l space group. The
unit cell dimensions were a = 100.1 A,
b = 150.4 A, c = 87.4 A. The Vm
value was calculated to be 3.03 A^/Da,
on the assumption of one subunit per
asymmetric unit, with a molecular
weight of 54,200. We collected
diffraction data up to 2.5 A resolution
using a Weissenberg camera at BL-
18B in the Photon Factory. The data
had an R-merge of 8.9% and
completeness of 73%.
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Pseudomonas sp. strain KKS102 is one of
the PCB-degrading microorganisms. The BphC
enzyme (2,3-dihydroxybiphenyl dioxygenase) is
a key enzyme in the PCB degradation pathway of
this microorganism. The BphC enzyme is
characterized as one of the extradiol type
dioxygenases which have one Fe(II) ion in their
active sites. To gain insights into the reaction
mechanism of the BphC enzyme, we undertook
X-ray crystallographic analysis of BphC enzyme
from Pseudomonas sp. strain KKS102. The
BphC enzyme is an oligomeric enzyme made up
of eight identical subunits each of 292 amino acid
residues. The total molecular weight of the BphC
enzyme is ca. 250kDa.

Three-dimensional structure of the BphC
enzyme was solved using multiple isomorphous
replacement method (MIR)L2). The high
resolution native data were collected using the
macromolecule-oriented Weissenberg camera
devised by Prof. Sakabe installed at BL6A2. The
crsytal structure analyses of mutant BphC
enzymes have also been carried out. We used
XPLOR for the crystallographic refinement.

The (Fo-Fc) map for the crystal soaked in
2,3-dihydroxybiphenyl (2,3-DHBP) gave a clear
density region beside the Fe ion in the active site.
The density region was reasonably interpreted as
being an intact 2,3-DHBP molecule. The two
hydroxyl groups of the substrates, which replace
the two water molecules in the coordination

sphere of the native BphC enzyme, are bound to
the Fe ion in the active site. The shape of the
coordination polyhedra is different from that
found in the native BphC enzyme and may be

described as a distorted trigonal bipyramid.

2) Oxygen binding site
For the enzymatic reaction to occur, the

participation of an O2 molecule is required.
Based on the present crystal structures, we
proposed a three-dimensional model for the
ternary complex composed of the BphC enzyme,
a substrate and an O2 molecule 2). Considering

the van der Waals radii of the atoms around the

Fe ion, there are only two conceivable cavities
for the O2 molecule binding. The first one is the
cavity between the Fe ion and 06 of Asp243, and
the second one is the "oxygen binding cavity"
around Alal97 and Vall47. Of the two possible
cavities for the O2 binding, the "oxygen binding
cavity" appears to be more conveniently located
for attacking the 2,3-DHBP molecule.

3) Hisl94 is a critical residue for

From mutational analyses of amino acid
residues around the catechol ring moiety of the
substrate, Hisl94 has been identified as a critical

residue for catalysis. Most notably, H194F
mutant shows no enzymatic activity. The crystal
structure of this mutant shows that His 194 is

located adjacent to the hydroxyl group of the
substrate, and little conformation change occurs
around the active site upon the H194F mutation.
Thus it is now clear that His 194 is the proton
acceptor whose existence has been suggested
from previous spectroscopic studies 3).

1) Sugiyama, K. Senda,T., Fukuda,M., Mitsui,Y. et al.
ProcJapanAcad. 71B, 33-35 (1995).
2) Senda,T., Fukuda,M., Mitsui,Y. et al. J. Moi Biol.,

255, 735-752 (1996).

3) Shu L. et al. Biochemistry , 34, 6649-6659 (1995)



proposal No 95-G048

X-RAY CRYSTALLOGRAPHIC STUDIES OF CHITOSANASE

Jun-ichi Saitoh AkikoKita^ Akikazu Ando^, KunioMiki^

^Department of Chemistry, Graduate School ofScience, Kyoto University, Sakyo-ku, Kyoto 606-01, Japan

^Division ofBioproduction Science, Faculty ofHorticulture, Chiba University, Matsudo, Chiba 271, Japan

Chitosanase [EC 3.2.1.132] is an enzyme which

hydrolyzes chitosan. Usually chitosan is produced by

partially (over 60%) or fully deacetylation of chitin,

biopolymer of p-(l,4)-Hnked A-acetyl-D-glucosamine.

Chitin is hydrolyzed by chitinase [EC 3.2.1.14], one of the

key enzymes which participate in the plant defense system

against fungal infection. Chitosanase is not clearly

distinguished from chitinase at the molecular level, The

major reason of this unvalued situation comes from the

structural similarity in the substrates of these two

enzymes; their only difference is the degree of

acetylation, In order to understand the catalytic

mechanisms of chitinase and chitosanase, determination

of their three-dimensional structures is indispensable.

Chitosanase (29,024 Da) from Bacillus circulans

MH-Kl was crystallized by a vapor diffusion procedure at

293 K using ammonium sulfate as a precipitant in 20 mM

Tris-HCl buffer (final pH 7.2). The final concentration

of ammonium sulfate in the protein solution was about

65 % (w/v) saturated. The protein solution was then

equilibrated against the reservoir solution with 75 % (w/v)

saturated ammonium sulfate. Rod-shaped crystals

appeared after 24 h and grew up to 0.1 x 0.3 x 1.2 mm on

average within a week, X-ray diffraction pattern

symmetry indicated that the crystals belong to the

orthorhombic system with the unit-cell parameters of

a=43.3 A, /?=128.0 A, and c=57.7 A. The space group is
determined by systematic absences of reflections as

Plflfl [1], They diffract X-rays to at least 1.6 A
resolution.

The full set of the native intensity data was

collected using a screenless Weissenberg camera for

macromolecular crystals with 0.1 mm aperture collimator

and a cylindrical cassette of radius 286.5 mm at the BL-

6A2 station of the Photon Factory, with the X-ray
wavelength of l.OOA. The intensity datawere processed

up to 1.8 A resolution by the programs DENZO and
SCALEPACK [2], A total of 41,967 independent

reflections was obtained with Rmerge 5,9 % for 97,823

measurements. An isomorphous heavy-atom derivative

was prepared by soaking with 0.1 mM K2PtCl4 solution

for 24 h. The intensity data sets for this K2PtCl4

derivative were collected using one crystal at the BL-18B

beamline with four wavelengths of l.OOOOA, 1.0721A,
I.O722A and 1.0728A in order to apply the
multiwavelength anomalous diffraction (MAD) method.

The intensity data were processed up to 3.0 A resolution
by the same way for the data evaluation for the

native.crystal. The data reduction was performed with

the program CCP4 package [3]. Refinement of heavy-

atom parameters and calculation of MAD phase were

performed with the program MLPHARE. Initial phase

was improved by solvent flattening and histogram

matching with the program DM in the CCP4 package.

The electron density map at 3.0Aresolution allowed us to
build a molecular model of this protein. The model

building is now in progress.

We thank Prof. N. Sakabe, Dr, N, Watanabe and

Dr. M. Suzuki of the Photon Factory.
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Pseudomonas sp. strain KKS102 is one of
the PCB-degrading microorganisms. The BphC
enzyme (2,3-dihydroxybiphenyl dioxygenase) is
a key enzyme in the PCB degradation pathway of
this microorganism. The BphC enzyme is
characterized as one of the extradiol type
dioxygenases which have one Fe(II) ion in their
active sites. Crystallographic analysis of the
BphC enzymeL2) have revealed that 1) the
location of the active site, 2) the coordination
sphere of this enzyme, and 3) putative oxygen
binding site. To gain further insights into the
reaction mechanism of the BphC enzyme, we
undertook high resolution crystallographic
analysis of the BphC enzyme. The high
resolution structure of the enzyme will reveal the
detailed structure of the active site.

The BphC enzyme is an oligomeric enzyme
made up of eight identical subunits each of 292
amino acid residues. The total molecular weight
of the BphC enzyme is ca. 250kDa.

The high resolution native data (I.SA
resolution) were collected using the
macromolecule-oriented Weissenberg camera
devised by Prof. Sakabe installed at BL6A2. The
wavelength was set at l.OA. Two crystals were
used to collect a complete set of data, one crystal
with the c* axis and the other crystal with the
a*+b* axis as the rotation axis. The conditions of

data collection are summarized in Table 1. The

diffraction data were processed using the program
WEIS (Higashi, 1989). The data were merged
and scaled using the programs SORT,
ROTAVATA, AGROVATA and TRUNCATE in
the CCP4 program suit. The resultant merging R
factor of the data was 11.7% for 482,979

observations (up to 1.33 Aresolution, I >a(I)),

which were reduced to 78,460 independent
reflections. The data completeness was 92.4% at
1.4 A resolution. We used the program XPLOR
for the crystallographic refinement.

Table 1

Experimental conditions ofdata collection

Crystal
Rotation axis

Crystal to IP distance(mm)
Oscillation angle (°/IP)
Coupling constant (7mm)
No. of oscillations/IP

Number of IPs

Total exposure time (sec.)

c* a*+b*

286.5 286.5

5 5

1 1

8 10

19 20

760 1000

Current R-factor and free R-factor of the

BphC enzyme including 91 water molecules are
respectively 23.9% and 26.9% at l.SA
resolution. Poorer R-value at higher resolution
range gives rise to rather poor overall R-factors
for the present analyses. The data processing
statistics (data not shown) exhibited the poor
quality of the high resolution data. To improve
the R-factors of this crystal structure, accurate
data collection, especially in high resolution rage,
is required.

1) Sugiyama, K. Senda,T., Fukuda, M., Mitsui,
Y. et al. ProcJapan Acad. 71B, 33-35 (1995).
2) Senda,T., Fukuda,M., Mitsui, Y. et al. J.
Mol. BioL, 255, 735-752 (1996).
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Introduction

Xanthine dehydrogenase isolated from mammals is a
component of the nucleotide catabolism pathway. The
active enzyme, a 290kdal homodimer, catalyzes the
oxidation of hypoxanthine to uric acid. Each subunit
contains one FAD, two 2Fc/2S centers, and one

molybdopterin group^). The enzyme is synthesized in
vivo as xanthine dehydrogenase (type D enzyme). This
form uses NAD as the catalytically preferred primary
electron acceptor for the oxidation reaction. Alternatively,
the dehydrogenase form may be converted to the oxidase
form of the enzyme (type O enzyme) during certain types
of interruptions to normal cell growth. This conversion
occurs either by reduction of disulfide bonds, generating
the "reversible" type O enzyme, or limited proteolysis,
generating the "irreversible" type O enzyme. This new
form of the enzyme differs in its internal electron transfer
kinetics, accessibility of some cofactor sites to priming

from external electron sources^^, and the preferred cofactor
as die ultimate electron source during the oxidation
reactions^). Instead of using NAD as the kinetically
preferred electron acceptor, the type O enzyme exhibits a
kinetic preference for dioxygen. The product of this
electron transfer to oxygen is the formation of highly
reactive hydroxide radicals and superoxidc radicals^).
These species have been shown to cause severe cell

damage^) and have been implicated in neuronal cell death
that isa characteristic ofamyotrophic lateral sclerosis^).

Extensive studies on the mechanism of electron

transfer between tlic cofactor sites have been made on both

tlie oxidase and the dehydrogenase forms. During steady
state catalysis, electron transfer between the cofactor sites
is in rapid equilibrium. The electrons move into the
cofactor sites through the molybdopterin center and, in the
case of the xanthine oxidase, exit to the oxygen through
the FAD center^). Thus, the oxidative half reaction
occurs at the molybdopterin center^) and the reductive half
reaction occurs at the FAD centei^). Elucidation of the
three dimensional structure of the enzyme is an important
step in the study of electron transfer between the cofactor
and the substrate binding sites.

Experimental
Xanthine oxidase preparations of exceptional purity

have been obtained using newly perfected purification
techniques. This highly purified xanthine oxidase forms
crystals using
as a precipitant. Crystals form rapidly, but diffract loo

weakly for high quality data collection on a laboratory
x-ray source. Thedata are82% complete to4.5A with an

R factor of 18%. A medium resolution native data set has

been obtained using the Weissenberg camera on beam line
BL-6A2^) as well as data from other beam lines. The
image plates were scanned using an image plate reader and
the data were analysed using tlie DENZO'̂ X Analysis of
the data show that the space group is C222(l) with imit
cell dimensions of 3= 118.6A, b= 165.2A, c= 156.3A. A
Matthews parameter of 2.7 indicates that there is one
monomer of Mi-= 145kdal per asymmetric imit. The
crystals diffracted to 2.6A resolution but due to radiation
damage were only used to 2.80A. The data were 79.1%
complete from 2.92A to 2.80A with a linear R factor of
27.7% in this resolution shell. Screening with heavy
atom compounds have yielded several usable data sets, and
analysis of these data sets is in progress.
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Introduction
Asparagine synthetase [L-aspartate: ammo

nia ligase (AMP-forming) EC 6.3.1.1] catalyzes
the synthesis of L-Asn from L-Asp and ammonia
with the conversion of ATP into AMP and pyro-
phosphate in the presence of magnesium ion. The
enzyme from Escherichia coli is a dimer of iden
tical subunits with its subunit consisting of 330
amino acid residues. The catalytic reaction of the
enzyme is proposed to proceed via two-step
mechanism involving intermediate formation of
enzyme-bound P-aspartyl adenylate, namely the
first reaction step is the formation of the adeny
late intermediate from ATP and L-Asp, and the
second step is the production of L-Asn by attack
ing ammonia to the intermediate. Because of the
involvement of an adenylate intermediate, the re
action mechanism seems to be similar to that of

aminoacyl-tRNA synthetase. In order to eluci
date the reaction mechanism of asparagine syn
thetase and its relationship with aminoacyl-tRNA
synthetase, the three dimensional structure of the
E. coli asparagine synthetase has been determined
by using X-ray diffraction analysis.

Experimental and Results
The enzyme used in structure determination

was mutated at position 51 and 315 from cysteine
to alanine. Crystals of the mutant enzyme were
grown from solutions containing 45% saturated
(NH^)2S04, 10%(w/v) glycerol, 5 mM p-
mercaptoethanol, 22 mM L-Asn and 88 mM
MgCl^ in 50 mM HEPES pH7.5. The spacegroup
is monoclinic P2 , and the unit cell dimensions
are fl = 52.9 A,b= 126.2 A, c = 52.8 A, and P=
105.3 ° with one dimer in the asymmetric unit.'^
The intensity data of native crystals were collected
on a Weissenberg camera^^ at BL6A2 of Photon
Factory and an RIGAKU R-AXIS lie to 2.3 A
and 2.5 A resolution, respectively. The crystal
structure of the enzyme was determined by mul
tiple isomorphous replacement using samarium
and platinum derivative crystals. The intensity
data of the derivative crystals were collected on
an RIGAKU R-AXIS He to 2.7 A resolution. The
phase calculation and improvement were per
formed by the program PHASES. The calculated
phases showed a figure of merit of 0.83 for 15072
reflections {F> lc7(F)] to 2.7 A resolution. The
electron density map obtained was interpretable,
then the initial protein model was easily con

structed by using the program TURBO-FRODO.
The model was refined to an R-factor of 17.4 %
using 17677 reflections [F> la(F)] between 10
and 2.3 A by the program X-PLOR.

A subunit structure of a homo dimer con
sisted of a single domain containing eleven a-he-
lices and eleven P-strands as shown in Figure 1.
The central region was an eight-stranded p-sheet
which consisted of six strands running antiparal-
lel to the neighboring strands and of the two ex-
temal parallel strands. Two long a-helices flanked
on a side of the central p-sheet. An L-Asn mol
ecule as a product bound to the other side of the
central p-sheet. The overall structure of aspar
agine synthetase was strictly similar to the cata
lytic domain structure of aspartyl-tRNA syn
thetase from Saccharomyces cerevisiae^\ in spite
of little sequence similarity. A structure-based se
quence alignment deduced fifteen conserved resi
dues, which were all catalytically and structur
ally important residues of aspartyl-tRNA syn
thetase.
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Figure 1. Subunit structure of Asparagine synthetase
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Introduction

M-protease is an subtilisin-family serine
protease produced by alkaiiphilic Bacillus sp.
strain KMS-K16. This enzyme is highly
alkaiiphilic and shows an optimum enzymatic
activity at pH of 12.3.

Form I crystal (ortholombic, P2i2i2i,
a=62.3, b=75.5, c=47.2 A) structure of M-
protease was determined at 1.5A resolution by
using the synchrotron radiation X-ray source.
During the construction of the model structure
it was found that the enzymes in form I
crystals were in active forms. Though
crystallization samples of the enzyme were
treated with a serine-protease inhibitor FMSF
(phenylmethylsulfonyl fluoride), no
significant electron density was observed at
the active center of M-protease and the
enzymes from form I crystals were
enzymetically active. It seems the inhibitor
was lost in enzyme purification process. Later
it was found enzymes in the form I crystals are
readily inhibited when the crystal was soaked
with PMSF solution.

Crystal structure analysis of the PMSF-
inhibited form I crystal was done to
investigate the influences of the inhibitor
group to M-protease structure.

Results and Discussion

PMSF-inhibited form I crystal was prepared
by soaking the crystal with lOmM PMSF
solution in 50mM acetate buffer at pH 5.5 for
1-2 hours.

The reflection data were collected using
synchrotron radiation light source at the BL6A
station, Photon Factory, National Laboratory
for High Energy Physics. The data collection
was done by the Weissenberg method.

Though the form I crystals diffracted to
1.5A resolution, inhibition by PMSF reduced

it to -2.4A resolution. The soaking with PMSF
solution did not alter the crystal lattice so much
(a=62.2, b=75.6, c=47.3 A). Reflection data were
reduced to a data set that is 80.5% complete to
2.4A resolution with Kmerg value 7.2%.

A part of the inhibitor moiety was clearly
observed in a difference map pmsf-¥native,

phased by acatc of native form 1 structure). The
inhibitor moiety was built on the basis of the
form I crystal structure and refined to a
crystallographic R-factor of 16.2%.

The highest peak of the Fpmsf-VnaUve difference
map is observed near 0^ atom of active site
Ser221, which is presumably the sulfur atom of
PMSF. One of the two oxygen atoms of the
sulfate residue is placed in oxianion-hole at the
active center. Electron density for phenylmethan
group is obscured, possibly by the fluctuation of
the group.

The most remarkable alteration in M-protease
structure is observed at His64 residue. His64

swayed out from the original position and the
catalytic-triad is broken (figure). An weak
electron density that is observed near the ring of
His64 suggests a stacking interaction between
the imidazole and the phenyl groups .

Active center of PMSF-inhibited M-protease
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^Amylase [EC. 3.2.1.2] hydrolyzes the a-1,4
glucosidic linkage of substrates such as starch and
glycogen,and iHoduces ^maltose frc«n the non-reducing
end successively. We rqxHted proteochimical and
physicochemical studies of P-amylase from Bacillus
cereus var. mycoides The enzyme is composed of a
single polypeptide chain of 516 amino acids, and the
molecular weight is 58,000. To understand the
relationship between the function and structure of the
enzyme, it is necessary to know its three-dimensional
structure. We have iherefc^ undertaken the crystal
structure analysis of p-amylase from Bacillus cereus var.
mycoides.

Experimental and results

Intensities of native crystals of ^-amylase (space group
C2 with ff=177.9 A, b=n2.9 A, c=146.2 A, and^lOS.B®)
WCTe collected using synchrotron radiation and the
Weissenberg camera ^ on the BL6A at the Photon
Factory with crystal-to-detectOT distance of 430 mm and a
wavelength of 1.00 A. Intensities above 1.0 a from three
crystals were merged and scaled using the {x-ogram
DENZO and SCALEPACK, leading to 113,923
independent reflections with Rmage of 6.90 % and
completeness of81.5 %up to 2.2 Aresolution.

Initial protein phases woe detOTnined by the
multiple-isomorphous replacement method using four
heavy atom derivatives, followed by solvent flattening
and iK)n-crystallographic symmetry averaging
techniques. Inspection of diffaence Patterson maps,
difference Fourier maps and cross difference Fourier maps
at 5.0 A resolution gave locations of heavy atoms in Hg,
Ti, Pt, and Pb derivatives. The electron density map
improved by the program DM(in CCP4 program
package) clearly indicated that an asymmetric unit
includes four molecules. The tetramer in the asymmetric
unit consists of two dimers, which are related by a local
diad Each of the two dimers has an another local diad,

which relates its two monomers. Two diads each of

which relates its dimer intersect each other with an angle

of about 90®.

The polypeptide chain of the enzyme was traced in the
improved electron density map at 3.0 A resolution. The

whole chain was traced except for seven residues
(G92-D97), which cwrespond to the "flexible loop" erf"

(4)
soybean p-amylase . The enzyme molecule consists of
two majw domains, the N-terminal and C-terminal ones
(Fig. 1). The N-terminal domain has an (a/p)8-barrel
which is usually found in amylase-related enzymes. The

C-terminal domain consists (rf antiparallel p-strands,
which is expected to have raw-starch binding ability.
Model-building of the side chains ctf the enzyme was

finished, and its crystallographic refinement is in
progress using the ixogram X-PLOR.

Fig. 1. The overall structure of p-amylase
from Bacillus cereus var. mycoides.
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Introduction

Cytochrome c-554 (cyt. c-554) from
N. europaea has four heme c groups,
and is a basic protein with its
isoelectric point of 10.7. The
electrochemical analysis indicated that
midpoint potentials of the protein were
+47 mV, -147 mV, and -276 mV for
the high-, intermediate-, and low-
potential couples, respectively. The
two electrons from hydroxylamine
oxidoreductase are accepted by a high-
potential pair of heme during
oxidation of hydroxylamine. The
molecule contains 211 residues with

the molecular weight is 25 kDa
including hemes. Amino acid sequence
has been deduced from the nucleotide

sequence of the cloned hao gene
cluster. To determine the structure of

cyt. c-554 by X-ray crystallography,
we have purified and crystallized the
protein.

Results

The batch method was successfully
applied to grow crystals suitable for
X-ray studies. To a microtube
containing 200 ql of a 13 mg/ml
protein solution in 50 mM Tris-HCl,
pH 8.0, the fine powdered ammonium
sulfate was added until the turbidity
appeared. Then the tube was placed
on an ice and was checked its

turbidity. If the tubidity had remain,
quit the addition of ammonium sulfate.

Then after adding a 20 ql of the
protein solution to dissolve the
turbidity, a 20 ml 2-methyl-2,4-
pentanediol was added. The microtube
was kept still at 4°C. After a month,
plate-like crystals were grown to the
maximal size of 0.8 x 0.3 x 0.15 mm.

In the crystallization of the present
protein, it was important that slow
movement of the phase from saturation
of the protein to super saturation. It
may because the nucleation of the
protein crystal occurs in the high
concentration of the protein. From
those reasons, batch method was
needed to obtain good shape crystals in
cyt c-554 crystallization.
The crystal was very thin and very
weak against the X-ray. Then fine
tuned X-ray had been requested. The
X-ray diffraction study was
undertaken by the Lab-X-ray facility
as well as the synchrotron at Photon
Factory. The crystal belonged to
monoclinic crystallographic system
P2] with the cell dimensions of a=64.8
A, b=44.7 A, c=78.7 A and b=99.0°.
The asymmetric unit contains two
molecules, Vm value was calculated to
be 2.17 A^/Da. After collecting the
whole reflections using 60 pieces of
plates (Af= 3°), the merged R factor
was 8.7 % for 13,594 independent
reflections up to 2.5 A resolution by
the oscillation method.
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Introduction

Adenylate kinase (AK) is a monomeric enzyme
of molecular weight 20-26kD, and catalyses
transfer of phosphoryl groups according to;

ATP-Mg2+ +AMP Mg2+ +2ADP.
Crystal structure determination of the adenylate
kinase from thermophilic bacterium Bacillus
stearothermophillus, AKbs, has been carried out
in order to elucidate its thermostability factors.
Here the crystal structure of AKbs complexed
with the two substrate-mimicking inhibitor

p^,p^-bis(adenosine-5'-)pentaphosphate (Ap^A)
is reported at 1.8A resolution.

Experimental
Crystallization of the complex was carried out
by the hanging-drop vapor-diffusion method.

No Mg^"*" ions are contained in the crystal
lization conditions. Crystal data are: space
group P 2-^, a=40.97, b=61.98, c=41.45A, ^

=116.6° , V=94,110a3 and Z=2. The
reflection data were collected using the Sakabe's
Weissenberg Camera at BL-6A2 station of the
Photon Factory. The intensity data up to 1.8A
resolution were processed with DENZO and
SCALEPACK, giving 15,219 reflections with

an Rmerge=8.2%. The completeness of the data
set is 88.3% for the 40 - 1.8A range. The crystal
structure has been solved by molecular replace
ment using AMoRe of CCP4 suite. The structure
of the complex between adenylate kinase from E.
coll and AP5A was used as a search model (1).

Final model contains 1,665 protein atoms, 57
inhibitor atoms, one zinc ion and 163 water
molecules, and refined to the crystallographic R
factor of 0.152for 13,150 reflections with F ^>3

(7(F) between 8 and 1.8A resolution.
Results and Discussion

The structure of AK composes three domains,
CORE, AMP binding site (residues 34 - 63) and
LID (131 -168) covering the active center region.
The complex structure shows that the zinc ion is
not concerned with the enzymatic activity of AKbs
but it has an important role to keep the structure of
the LID fragment stable. The drastic movement
of the LID fragment is observed in the complex as
compared with the other complex structures of
Ap5A-adenylate kinase from E. colt and AP5A-

AK from yeast (2), as shown in Fig. 1.
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Fig. 1. Superpositin of AKbs (thick lines) and AKyeast (thin lines). Arrows show the rotation of
the LID fragments., though the locations of the Ap5A are almost similar.
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Introduction

The immunoglobuIinA-1 protease from
Neisseria gonorrhoeae is a potential target enzyme for
drugs designed to treat gononhea and related diseases. IgA
proteases are a group of extracellular enzymes produced by
certain gram positive and gram negative bacterial species,
including Streptococcus pneumoniae^\ Bacteroides
melaninogenicus^\ Haemophilus influenza^), and
Neisseria gonorrhoeae^\ Each protease cleaves IgA at
one specific site within its proline-rich hinge region.
This cleavage separates the and F^ domains of IgA
and neutralizes the iimnune response^).

Although the precise function of IgAl protease
in the pathogenesis of infections is still unclear, several
theories have been pro|>osed which address the role of
these proteases in virulence. Probably the strongest
argument which suggests that IgA proteases have a
function in virulence is that all species wliich express an
IgA protease are pathogenic, while related sj;>ecies wluch
do not express this protease are non-pathogenic^). In
addition, the genetic organization and exjx)rt patliway of
the neisserial polyproteins are related to those of other
proteins which have been implicated in bacterial
virulence. These factors include a protease-like protein of
Haemophilus influenzae'^\ a factor involved in
hemagglutination of a patliogcnic Eschericia colt strain^)
and the vacuolating cytotoxin of Helicobacter
pylorP'^^\ Some of these factors show a significant
degree of sequence homology with the IgA proteases.
Therefore, neisserial IgAl protease belongs to a growing
group of extracellular patJiogenesis factors which utilize
similar mechanisms for their maturation and bacterial

export.

Experimental
The crystals were obtained of the mature

Neisseria gonorrhoeae IgAl protease using polyethylene
glycol and lithium chloride. Wedge shaped crystals
appeared after three weeks and were completely grown
after eight weeks. The largest crystals were 400pm x
250pm X 200pm in size and diffracted to 4.5A on a
rotating anode X-ray source. A partial low resolution data
set was processed which contained a total of 38,845
observations, generating 22,550 unique reflections. The
data set was less tlian 70% complete to 4.5A resolution.
A higher resolution data set was obtained by merging the
data collected on twelve native IgAl protease crystals at
several synchrotron sources. The crystals diffracted to

2.8A using a synchrotron radiation source, however dueto
radiation damage, a completedata set wasobtained to only
3.iA. The lattice type of these crystals was orlhorhombic
(C222) with unit cell dimensions a = 191.4A, b =: 194.9A
and c = 132.1A. A total of 240393 reflections were
collected, resulting in 34,647 unique reflections, which
represented 77% of all data form 25A to 3.1A resolution.
The linear mergingR-factorfor all reflections greater than
zero signal to noise was 12.0%. Assuming two
monomers of IgAl protease per asymmetric unit, the
specific volume (V^j) was calculated to be
2,84 A^/dalton. This represents acrystal solvent content
of 57%. Since no related stuctures have been solved yet,
we have started to screen for isomorphous heavy atom
derivatives. In addition, tests on freezing of the crystals
have yielded promising conditions. This will make future
data collection much easier by greatly reducing radiation
damage to the crystals.
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Degradation of storage glycogen in muscle
cells requires three enzymatic activities. Apart
from glycogen phosphorylase two essential
enzymatic activities are needed to remove theal,6-
linked branchpoints in the glycogen. Glycogen
phosphorylase can only breakdown glycogen to
within 4 glucose units of the al,6 branchpoints.
An a-maltotriosyl, glycosyltransferase activity is
then required to move three glucose units from the
al,6-linked side chain to the main chain of the
glycogen. Subsequently the single remaining
aL6-linked glucose is hydrolyzed by an al,6
glucosidase activity to yield p-D-glucose.^

In mammalian cells these two catalytic
activities are expressed within a single very large
subunit: the glycopn debranching enzyme. The
enzyme from rabbit muscle is a monomer of 1555
residues with a molecular weight of 178 kD.^
Glycogen debranching enzyme was purified from
rabbit muscle and crystallized.^ The crystals are
orthorhombic of space group P2i2i2i and diffract
to better than 3 A resolution.

During severalvisits to the photon factory we
collected a number of native and derivative data
sets. Many derivative data sets showed signs of
non-isomorphism. Presumably, this is due to the
large number of reactive sites (42 Cys residues in
the sequence of the enzyme). It was also difficult
to find unique derivatives because all useful
derivatives bound to at least one of three major
sites.

Table 1: MIRAS Phasing Statistics

Derivative Resolution

HsC-Hg-Oi 3.3 A

H3C-Hg-a2 3.3 A

K3t(U02)r5] 3.45 A

Au thio-glucose 3.3 A

(H3Q3 3.3 A

n)CH3C00

YbCl3 4.0 A

MIRAS phasing with 6 derivatives to 3.3 A
resolution, combined with solvent modification
techniques, yielded an interpretable electron
density map and table 1 summarizes the quality of
the MIRAS phases. An example of the solvent-
flattened MIRAS electron density map at 3.3 A
resolution is shown below. The determination of
the crystal structure is in progress.
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Introduction

Endohedral Metallofullerenes have gained extremely
wide interest, because of their novel structural and electronic

properties. Recently, the endohedral nature of the mono-
metallofullerene Y@Cg2 has been finally confirmed by an
Synchrotron X-ray powder diffraction study.[1] In the
meantime, various metallofuUerene supposed to encapsulate
two or three metal atoms within fullerene cages have been
successfully synthesized and purified. Among them the di-
metaUofullerenes are especially interesting, because they
might exhibit novel solid state properties due to their very
small band gaps. Ab initio theoretical studies and the
experimental results on Sc^@C^ including scanning
tunneling microscopy, transmission electron microscopy and
^^C-NMR have suggested an endohedral nature. However,
to date no X-ray evidence for the endohedral structure of di-
metallofullerenes has been reported, which, in fact, has
restricted any further study on the solid state properties of
the di-metallofullerenes. In this study, the structure of di-
metallofuUerene Sc^@C^ has determined by a Synchrotron
X-ray powder diffraction study. The result revealed that
both two Sc atoms are encapsulated within the carbon cage

and the Sc2@Cg^(isomerIII) moleculehas Dm symmetry.

Experimental

The soot containing Sc^CSCg^ and other fullerenes was
produced in direct current (500A) spark mode under He flow
atSOTorr. TheSc^igCg^ fullerene wasseparated and isolated
from the other fullerenesby the two-stage high performance
liquid chromatography(HPLC) method. The purity of
Sc2@Cg^ relative to other fullerenes was more than 99.9%.
Sc2@Cg^ powder sample grown from toluene solvent was
sealed in 0.3mm silica glass capillary. The Synchrotron
Radiation (SR) X-ray powder experiment with Imaging Plate
(IP) as detectors[2] was carried out at Photon Factory BL-
6A2. The exposure time was for an hour which is rather
long as exposure time for SR powder experiment using IP.
The wavelength of incident X-rays was l.oA.

Data Analysis

The space group was assigned to P21, which is monoclinic.
The experimental data were analyzed in an iterative way of
Maximum Entropy Method(MEM) with the aid of Rietveld
refinement[l]. The reliability factor (R-factor) of final
Rietveld analysis based on the Bragg intensities, RI, was
7.9%. The Rl factor based on final MEM charge density
was 2.1%

The MEM Charge Density of Sc„@r,
^ OS

To visualize three dimensional configuration of the endo
hedral nature of the Sc^@C^, the MEM electron density
distributions of Sc^OC^^ are shown in Figl(a). As a
reference, a model structure of Sc2@Cg^ predicted bya

theoretical study is also shown in Figl(b). In the carbon
cage, two density maxima is seen. The number of electrons
around the each maximum inside the cage is 18.8 which is
very close to that of a divalentscandium ion Sc^"". Evidently,
each of the two density maxima at the interior of the
cage corresponds to a Sc atom,indicating that Sc^Cg^ is
endohedral. The cage structure clearly exhibits six- and five-
membered rings in Figl(a). This configuration of the rings
is assigned as the Cg^(D2d). As a conclusion, it should be
noted that endohedral nature of di-metallofullerene is clearly
shown for the first time in this work by X-ray diffraction .
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It is generally accepted that the primary function of
heme peroxidases is to catalyze the conversion of

hydrogen peroxide to water. The reaction, initiated by
hydrogen peroxide, provides two oxidizing equivalents to

the resting heme group and yields compound I, an oxy-
ferryl-[Fe(IV)=0] porphyrin radical cation. The compound
I returns to the resting state, via an another intermediate
of compound II, to complete the catalytic cycle of this

enzyme by a variety of reducing agents such as halide
ions, aromatic donor molecules, and electron transfer

proteins, depending on the particular systems. The
concomitant oxidative reactions, that activate the halide

ions or aromatic molecules, are related to the other

functions of peroxidases such as syntheses of hormons

and lignin. In order to define the binding sites of the
reducing agents on peroxidases, the structure of
Arthromyces ramosus peroxidase (ARP) complexed with
benzhydroxamic acid (BHA) has been determined by X-ray

analysis.

Experimental

The complex crystals were prepared by soaking the
native ARP crystals for 19 h in 50 mM ammonium
acetate buffer containing 21 mM BHA and 35 % saturated
ammonium sulfate. Diffraction data to 1.5 A resolution

were collected on the Weissenberg camera using
synchrotron radiation [1] at the BL6A2. The radius of the
film cassette was 286.5 mm. Diffraction data were read

out at 100 |a.m intervals using a Fuji BAS2000 then
processed with the program system DENZO and
SCALEPACK. Condition and results of the data

collection are shown in Table 1.

The atomic parameters of ARP (pH 7.5) at 1.9 A
resolution (PDB code lARP) [2] were refined using the

observed diffraction data of the complex by the program

XPLOR, where several water molecules near the heme

were excluded. The and (F^-F^) maps clearly
located the BHA molecule. Fitting of the model of BHA
and locations of water molecules were done with TURBO-

FRODO and an IRIS 4D/35GT computer. The refinement
with XPLOR reduced the crystallographic i?-factor to 18.7

%for 39,924 reflections with F>Gp- in the 7.0 - 1.6 A
resolution range.

Table 1. Condition and results of data collection

V.^velength (A) 1.00
Oscillation angle / IP (°) 2.5
Exposure time / IP (s) 25
Number of IPs 25

Measured reflections 225,152

Independent reflections 47,193
Completeness (%) 87.6

W 4.7

Crystal structure of ARP complexed with BHA (Fig.
1) determined by X-ray analysis at 1.6 A resolution has
revealed unambiguously how BHA binds to ARP. BHA
is located at the distal pocket. Its functional groups are
held by three hydrogen bonds with His56Ng, Arg52Ng,
and Prol540, but too far to interact with the heme iron.

The aromatic ring of BHA is positioned at the entrance of
the channel to the heme pocket, and parallel to the heme
group. Most water molecules in the active site of the
native enzyme are replaced by BHA, leaving a ligand at
the sixth position of the heme. The present result is
essentially compatible with the results for horseradish
peroxidase obtained by various spectroscopic methods.

Fig. 1. Structure of the active site of the complex.
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Introduction

L-Lactate dehydrogenase (LDH) (EC 1.1.1.27)

catalyses the last step of glycolysis in which
pyruvate is reduced by NADH to L-lactate. In

most organisms, LDH is a tetrameric enzyme

composed of identical 34,000-daIton subunits

and exhibits 222 symmetry. Lactobacillus

plantarum LDH (LPLDH) is a non-allosteric LDH

which shows high sequence similarity to

ailosteric LDHs from certain bacteria. To

elucidate the structural basis of the missing

allostericity (non-allosteric behavior) of LPLDH,

X-ray crystallographic studies were carried out.

Experimental

The enzyme was crystallized by the hanging

drop vapor diffusion method at pH 4.6 and 25°C

using ammonium sulfate (1.2 M) as a precipitant

in the presence of 1 mM NADH. The space group

is /2j2,2, with cell dimensions a=151.8, b=148.1,

c=114.0 (A).

The diffraction data were collected at the BL6A

station of Photon Factory using the Weissenberg

camera. The data sets collected from 4 crystals

were processed using DENZO and SCALEPACK to

give 31,128 independent reflections (97.5%

complete) with the Emerge 0.092 within 40-2.8 A
resolution. Probably due to its high solvent

content (estimated appox. 74%), this crystal was

very sensitive to X-ray exposure and reflections

for higher resolution could not be obtained.

The crystal structure was solved by the

molecular replacement method using the
structure of Bacillus stearothermophilus LDH

(PDB entry ILDN) as the search model.

Cross-rotation function calculation and

Patterson-correlation refinement were done with

X-PLOR. Translation function was calculated with

program tffc in CCP4 suite. The determined

molecular orientation and position revealed that

the molecular P-axis was coincident with

crystallographic 2-fold axis which was parallel

to b and that two LDH subunits existed in the

asymmetric unit. A few rounds of rigid-body
refinement reduced the R factor to 0.462 for

8-2.8 A data. The model was built with respect
to 2Fo-Fc, Fo-Fc and omit maps by using O.

Density modification by solvent flattening and

non-crystallographic symmetry averaging

slightly improved the maps and helped building
the model. The density modification procedures

were performed with program DM in CCP4 suite.

The structure was refined using X-PLOR.

Current model contains 634 amino acid

residues, 2 NADH molecules, 2 SO4 molecules and

86 water molecules. The R factor of this model is

0.188 (Rfree = 0.252) for 29,412 reflections with

a2<7(F) cut-off within 8-2.8 A resolution.

Results and discussion

Overall fold of this enzyme is very similar to

other known LDH structures and the quaternary

structure resembles R-state structure of

ailosteric LDHs or other vertebrate LDHs.

Some of remarkable differences exist at

subunit interfaces. In particular, there exists an

intersubunit salt link network atQraxis subunit

interface (Fig. 1), in the vicinity of the active

site, that would stabilize the quaternary

structure in the active conformation.

Asp68(Q)

7LMfe236.

aC(Q)

Iu67(Q)

LyslVS

^alG/2G a2F^

Fig 1. Electrostatic interactions between

(1-axis related subunits of LPLDH. ((U indicate

the residues or structural elements in the Q.-axis

related subunit.
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Introduction

citric acid cycle. The overall reaction,
E + succinyl-SCoA + NDP + Pi

** E + succinate + CoASH + NTP
(N represents adenine or guanine), proceeds via
a phosphorylated enzyme. SCS consists of two
different polypeptide chains, designated a and
p. SCS inE. coli is an a2p2"tetramer while pig
heart SCS is an ap-dimer. A second role for
SCS is associated with ketone body
metabolism. In ketone body metabolism, SCS
generates succinyl-CoA from succinate. The
succinyl-CoA is used as a source of coenzyme
A (CoA) bya second enzyme, CoA transferase,
in the activation of the ketone body
acetoacetate, producing succinate and
acetoacetyl-CoA.

Results

Our work at the Photon Factory began with
the collection of native and heavy atom
derivative data from crystals of E. coli SCS.
These crystals present a challenge because the
unit cell dimensions are a=b=98.68A,
c=403.76A (space group P4322). At the time
of our last report (1990), the model of E. coli
SCS was being built. Now the structure has
been solved and a preliminary description of
the structure has been published [1]. For
refinement at higher resolution, we collected
data from 26 crystals on 77 imaging plates. To
limit the decay, each crystal was exposed for
only three, two-degree oscillations (192s). The
find data set has an Rmerge of 9.5% on 417950
measurements of 834lf reflections, 92.7%
complete to 2.3A. The structure of E. coli SCS
has been refined to an Rfactor of 19.0% on data
between 8 and 2.3A resolution.

The crystal structure revealed the binding
site for CoA and the phosphorylated histidine
residue near the free thiol of CoA. To
determine the binding site for the substrates
ADP/ATP and succinate, crystals were soaked
in solutions containing these substrates or
analogues. One soak, with ADP after
dephosphorylation of the enzyme and the
exchange of the phosphate buffer, was
successful: the difference map showed the
binding site of ADP.

A model of the pig heart enzyme based on
the structure of an E. coli aP-dimer was used

to solve the crystal structure of the pig heart
enzyme by molecular replacement techniques.
The crystds of the pig heart enzyme are small,
making synchrotron radiation invaluable. The
crystals grow in the monoclinic space grou^
P2i with unit cell dimensions a=89.12A,
b=82.8lA, c=50.07A and p=108.66°. On two
trips to the Photon Factory, we collected two
native data sets, the first of the
dephosphorylated form of the enzyme and the
second of the phosphorylated form. The
structure of the dephosphorylated form has
been refined against data to l.SA resolution:
Rf^gg=27.4%, Rfactoi=20.1% on 51978 data
(80% complete). The structure of the
phosphorylated enzyme has been refined
against data to 1.7A resolution: Rft.ee=30.4%,
Rfactpr=24.4% on 68818 data (90% complete).
A third interesting data set collected was that of
a soak of the crystals in mother liquor
containing CoA. CoA binds to the a-subunit in
the crystals at a position analogous to its
binding site in the E. coli crystals. But while
CoA is required for the crystallization ofE. coli
SCS, in the pig heart crystals it is not. Thus we
have the potential to determine the binding site
of the third substrate by soaking succinyl-CoA
analogues into the pig heart crystals. This will
be especially useful when there are only smaU
amounts of the analogues available or when the
analogues are unstable and would break down
within the time needed to grow the crystals.

The crystals of pig heart CoA transferase are
also small and belong to the monoclinic space
group P2i with unitcell dimensions a=62.97A,
b=2&.0lA, c=60.81A and P=112.31°. There
are likely four molecules or two homodimers in
the asymmetric unit. On two trips, we have
collected a native data set to 2.3A resolution
and we have collected data from 12 heavy atom
soaks. We hope that there are useful derivative
data sets among these, so that the structure can
be solved by multiple isomorphous replacement
methods, aided by averaging the electron
density of the four molecules.
[1] Wolodko, W.T., Fraser, M.E., James, M.N.G. and
Bridger, W.A., /. Biol. Cbem.269, 10883-10890
(1994).
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Introduction

Glutathione S-transferases (GSTs) are a key

toxic chemicals.D GSTs have been implicated in
the development of the resistance of cells and —

and antibiotics and hence have been the subject
of intense research over the last few years. UWe I .L\
have determined the crystal structures of GSTs yTIMgjM
from a diverse range of organisms^-^) as afirst IPlr £ jQyP
step towards structure-based design of new GST iJw

Human theta-class GSTs appear to play a critical

environmental pollutants but in some cases the

Methods

Crystals of human theta-class GST (GSTT2-2) j structure of human theta-class GSTT2-2
were taken to the Photon Factory. These crystals , .. x^Tr>Ac
grow in space.group P3i21 with cell dimensions drawn with MIDAS.")
a = b = 94.0 A, c = 120.5 A and diffract to 3.0 a i i ^
A. The wavelength was set to 1.0 Aand the data Acknowledgements
measured at 110 K^X-ray diffraction d^^^^ Laboratory for High
measured using a Weissenberg camera on beam „ m • j ..u a ^ i- -m i
T /-A T-^•rr J f. Cini; EnorgY Phvsics and the Australian Nationalline 6A . i racion aawr RAlon Beamline Facility for supporting the project, and
image paes and scanned ? ^AlOO Sakabe and Dr"^ N. Watanabe for their
image plate reader. Processing of the X-ray n^p nf beam line 6A2
diffraction data were undertaken using the assistance with use ot beam line 6A2.
program HKL.^) References

Results and Discussion M.C.J. Wilce and M.W. Parker, Biochim.

1- , 1 j-rr J • ^ 1 1 A X Biophys. Acta 1205. 1 (1994),Fresh crystals diffracted to approximately 3.0 A 2) p_ Reinemer, P., H.W. Dirr, R. Ladenstein, R.
resolution We were able to collect a 88.1% Lo Bello, G. Federici and M.W.
complete data set to 3.0 A resolution ott a single Parker J Mol Biol 227 214 (1992)
crystal with an Rmerge of 12.4%. We have been 3^ ^ j' p.GTlL'ard, S.C. Feil and M.W.
able to solve the structure by molecular Parker EMBO J 14 2133 (1995)
replacement using our crystal structure of an 4^ J.'Rossjohn, N.
insect GST as a probe. In order to solve the Allocati, A. Aceto, C. Di Ilio and M.W. Parker,
structure, it was important that the loops ot the Cryst D52 189 (1996)
model were removed and that the model was 2. Ot^^^'wski, Data Collection and
truncated to a polyalanine backbone. Li^ 9^ Processing, (eds. L. Sawyer, N. Isaacs and S.
GSTs, GST2-2 is a dimeric niolecule (FIG. 1). It Bailey), 55 (SERC Daresbury Laboratory,
adopts the canonical GST fold but has some Warrington UK 1993)
interesting differences, particularily at the C- rp p fusing, L.E. Jarvis and R.
terminus. AC-termmal helix projects towards the langridge, J. Mol. Graphics 6, 13 (1988).
dimer interface and completely covers the active
site. Despite this, a glutathione molecule is
observed bound in the active site. Clearly, the
helix must move or unwind to allow substrates
into and out of the active site.
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Introduction

Perfringolysin O (PFO) is a member of a large
family of toxins (approx. of 52 kDa)
produced by four genera of Gram-positive
bacteria.The presumed mode of action of
these toxins involves binding to target cell
membranes via cholesterol, insertion into the
lipid bilayer of target cells followed by
oligomerization and pore formation leading to
cytolysis. PFO is secreted by the gas gangrene
bacterium C. perfringens. As well as providing
information about membrane insertion, it is
hoped that structural studies will lead to the
development of improved treatments against
diseases caused by the host bacteria.

Methods

Crystals of PFO were taken to the Photon
Factory. The toxin crystallizes in two different
crystal forms.In one form (form A) the toxin
crystallizes in the orthorhombic space group
C222i with cell dimensions a = 47.8 k, b =
182.0 A, c = 175.5 A and diffract beyond 2.0 A.
In the second crystal form (form B) the toxin
crystallizes in space group P222i with cell
dimensions a = 47.1 k, b = 166.1 A, c = 214.0
A and diffract beyond 2.4 A. The wavelength
was set to 1.0 A and the data measured at 110 K.
X-ray diffraction data were measured using a
Weissenberg camera on beam line 6A2.
Diffraction data were collected on Fuji image
plates and scanned on a Fuji BAIOO image plate
reader. Processing of the X-ray diffraction data
were undertaken using the program HKL.^)

Results and Discussion

We obtained a native diffraction data set for
crystal form A. The data set was 89% complete
to 2.1 A resolution with an Rrnerge of 5.8%. In
addition, we collected data from a crystal soaked
in a mercury confound overnight. The crystal
diffracted to 2.7 A resolution, the data set was
81% complete with Rmerge of 6.2%.
Isomorphous and anomalous difference
Pattersons calculated from the data were of

excellent quality and indicated that the mercury
derivative bound to a single protein site. The
crystal structure has now been determined using
these data plus some in-house heavy atom data.
PFO is an unusually elongated rod-shaped
molecule of dimensions 115 A by 30 A by 55 A
(FIG. 1). The molecule is comprised of four
discontinuous domains. The C-terminal domain

has been implicated in the membrane insertion
process based on biochemical and mutagenesis
data.The structure provides clues to how the
toxin binds cholesterol and how it converts from
a water-soluble toxin into a membrane pore.
Work is now being pursued on crystal form B
for which a preliminary data set has also been
collected at the Photon Factory.

FIG. 1 Structure of PFO drawn with MIDAS.
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Introduction.

a-L-arabinofuranosidases are exo- hydrolases
which liberate L-arabinose from

polysaccharides containing a-L-linked
arabinofuranosyl residues at the non-reducing
ends. Two distinct arabinofuranosidases, AbfA

(83 kDa), AbfB (67 kDa) and an endo-1-5- a-L-

arabinase (AbnA) are known, for Aspergillus
niger. A fourth L-araban degrading enzyme
from Aspergillus niger strain 3M43, a-L-
arabinofuranoside C (AbfC, 32 kDa), has been
isolated, purified and crystallized'. Glycosyl
hydrolases have been classified into families
based on amino acid sequence homology^.
According to this classification, AbfA belongs
to family 51, AbfB to family 54 and AbnA to
family 43, while AbfC is currently unclassified
and may form a new family.

Experimental.

Crystals of arabinofuranoside C (AbfC) purified
from Aspergillus niger strain 3M43 were grown
by vapour diffusion'. A large plate-like crystal
was soaked in 0.5mM mercury methyl chloride
solution. Another crystal was soaked in 0.6mM
platinum chloride solution. These crystals were
mounted and data sets collected at beamline

BL6A (wavelength lA) using a Weissenberg
camera with film cassette 3A with a radius of

429.7mm. Image plates were scanned with a
BAS2000 IP-reader.

Crystals of endo-P-l,4-mannanase A
(manA) from Pseudomonas fluorescens sub
species cellulosa were grown by conventional
hanging drop techniques . A manA crystal was
soaked in 0.5mM mercury methyl chloride
solution, mounted, and data collected at BL6A

as above.

Results and discussion.

Data extending to at least 2.1A resolution were
collected from a crystals of AbfC soaked in
mercury methyl chloride. The crystal belongs to
the space group P2i with cell parameters a =

44.11, b = 71.78, c = 45.06A and p = 105.94°
with one molecule in the asymmetric unit. The
images were processed, scaled and merged
using the HKL program suite'' to yield 15041
independent reflections, 94.3% of a complete
data set to 2.10A resolution, from a total of
59836 useable measurements with an overall

merging R factor on intensity of 0.056 for
14722 reflections measured more than once. A

Patterson map was calculated, allowing the
position of the Hg-site to be identified. Work on
phasing is in progress. Processing of the other
data sets is not yet complete.

This work is part of an ongoing
structural study of plant cell wall degrading
enzymes. ManA has been classified as glycosyl
hydrolase family 26 . The structure of ManA
will reveal the architecture of this family.
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Introduction

Matrix metalloproteinases (MMPs) are of great

importance in both physiological and pathological
tissue degradation. In healthy tissues the MMPs play
roles in remodelling during tissue morphogenesis and

wound healing. However under pathological

conditions, MMPs such as stromelysin and gelatinase
play key roles in diseases as diverse as arthritis and
cancer [Blundell, 1994]. Thus they are targets in the

rational design of MMP inhibitors for therapeutic

intervention.

Experimental
The catalytic domain of stromelysin (SCD)

lacking both the propeptide and C-terminal fragment
was expressed in E. coli and crystallized in the

presence as well as absence of petidomimetic
inhibitors. The structure of a hydroxamate inhibitor

(PDI40798) complex of SCD has been determined
using MIR methods [Dhanaraj et al., 1996]. SCD has
also been cocrystallised with several novel and potent

inhibitors with higher specificity to stromelysin.
The inhibitor complex SCD-PD159321

crystallises in the monoclinic spacegroup P2| with unit
cell dimensions, a = 71.25 k,b = 59.32 k,c = 72.30A
and 6 = 101.64° with four molecules in the asymmetric
unit. Crystals of size 0.1X0.1X0.05 mm'., presoaked in

stabilizing solution with cryoprotectant and flash-
frozen at liquid temperature were used for

Weissenberg data collection. It is worth mentioning

that it was not possible to obtain high-resolution
intensity data from these crystals using in-house

sources. Data were collected at BL6A2 using
E...=0.9I5A at 100°K. The images were scanned
using an off-line BAS2000 scanner. The intensity data
were processed, merged and scaled using the HKL
suite of programs [Otwinowski & Minor, 1997] to
obtain a 2.9 A data with an R of 0.12.

merge

Results

The structure has been solved by the molecular

replacement technique using AMoRe [Navazza &
Saludjian, 1997] and refined using X-PLOR [Brunger,
1996] to a current crystallographic R value of 23%

(R|,^^,=27%). Comparison of the inhibitor binding with
that of the SCD-PD140798 complex and other MMP-

inhibitor complexes has yielded a wealth of
information on the binding modes of MMP inhibitors

[Williams 1997]. The observed differences in the

specificity pockets of MMPs in different inhibitor
complexes provide a better understanding of substrate
specificity and a firm basis for structure-based drug
design.

Intensity data have also been collected on two

inhibitor complexes of the gelatinase catalytic domain.

Work on these complexes is progress.

Acknowledgements

We thank Professor N. Sakabe and Dr. N.

Watanabe for help and encouragement during data

collection and the KEK National Laboratory of High

Energy Physics for the allocation of beamtime.

References

1) Blundell, T.L. (1994) Nat. Struct. Biol. 1, 73-75.

2) Brunger, A.T. (1996) X-PLOR Version 3.8

3) Dhanaraj, V. et al. (1996) Structure 4, 375-386.
4) Navazza, J. & Saludjian, P. (1997) Methods

Enzymol. 276,581-594.

5) Otwinowski, Z. & Minor. W. (1997) Methods
Enzymol. 276, 307-326.

6) Williams, M. et al. (1997) Manuscript in
preparation.



95-G259

STRUCTURAL STUDIES DIRECTED TOWARD THE MECHANISM OF ACTION OF S-GALACTOSIDASE
Juers, Douglas H., Hausrath, Andrew C., Kovall, Rhett, and Matthews, Brian W.
Institute of Molecular. Biology, University of Oregon, Eugene, OR 97403, U.S.A.

6-galactosidase from E. coli is a large
multidomain homotetrameric enzyme which hydrolyzes the
disaccharide lactose. The native structure has been

determined from data collected at BL6A2 to a resolution of

2.5 A^. Recently we have determined the binding modes of
selected inhibitors to establish a sthictural basis for the

catalytic activity of the enzyme. Data have been collected
thus far on six different enzyme-inhibitor complexes by
soaking the ligands into native crystals (space group P21,
a = 107.9 A, b = 207.5 A. c = 509.9 A, S = 94.7").
Weissenberg data sets were collected on BL6A2 to 2.5-

3.5A resolution and processed using WEIS ^ with
Rmerges of 7-9%, Four complexes have been refined

using TNT ^to R-Factors of 19-20%. The chosen
inhibitors are expected to represent the ground state, the
transition state and a covalent intermediate for the first step
of the reaction (galactosylation).

Hydrolysis by 6 galactosidase is known to
involve Glu 537 in a nucleophilic attack on the anomeric

center'̂ . Leaving group assistance is thought to happen
either through acid catalysis by Glu 461 or direct

electrophilic catalysis by a bound Mg-i-+^,^.
We have refined structures for two ground state

analogs and both bind essentially as in Fig la. The
leaving group stacks on Tip 999, while the substituents of
the galactosyl moiety makes specific polar contacts
(although the 2-F makes none). The anomeric center (Cl)
is about 6 A from Glu 537, while the glycosidic oxygen
(04) is about 5 and 6 A from Glu 461 and the Mg-i~l-,
respectively.

2-F-loc tose

-P-galQCfosyl

Figure 1. Binding of the 2-F-lactose ground state analog
(a) and the 2-F-galactosyl enzyme intermediate (b).

In contrast, the binding positions of the transition
state analog and the intermediate (Figure lb), which are
similar, show a substantial movement of the galactosyl
moiety. Its interactions with the protein now include
stacking with Trp 568 and the 2-F makes many specific
contacts with the protein (not shown in Fig 1). The other
substituents on the substrate also change their interactions,

but to a lesser extent. Thus it appears that the galactosyl
moiety undergoes improved non-covalent interactions
between the two binding modes. Also, Cl is close to Glu
537 and a covalent bond between the two can be seen with

the intermediate.

Simple interpolation between the two modes can
easily bring the substrate into a position with Cl -3 A
from Glu 537 and04 -3 A from Glu 461. In contrast,
bringing Cl near Glu 537 with 04 near the Mg-n- is
impossible without significant rearrangement of the active
site residues, Therefore, these complexes appear to exclude
the possibility of direct electrophilic catalysis by Mg-i-i-.

We therefore propose the following model.
Binding, which is driven by hydrophobic interactions
between Tip 999 and the leaving group but directed by
specific galactosyl-enzyme interactions, results in a ground
state as in Fig la. Thermal motion moves the substrate
into a position in which Glu 537 attacks the Cl. Bond
cleavage is assisted with either direct acid catalysis by Glu
461 (possibly optimally oriented by the Mg-n- binding) or
with a water molecule activated by the Mg-)-+, Transition
state stabilization is accomplished via improved non-
covalent interactions between the enzyme and the
galactosyl moiety (including stacking with Tip 568 and
hydrogen bonds from the galactosyl 2-OH). The combined
nucleophilic attack and acid catalysis results in the
intermediate of Fig la.

Further studies will focus on events beyond the
intermediate and understanding the large motion between
the ground state and the transition state/intermediate.
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Introduction

Superantigens are bacterial or viral proteins
which can cause a massive overstimulation of the

human immune system following infection. This
is because of their ability to bind to both MHC
class n molecules and helper T-cell receptors.
The bacterium Streptococcus pyogenes secretes
several superantigens which are implicated as
causative agents of the severe illness known as
streptococcal toxic shock. We have undertaken
the crystal structure analysis of one of these
superantigens, the streptococcal pyrogenic
exotoxin C (SPE-C). SPE-C is a small protein of
208 amino acids (24.3 kDa) that binds to MHC
class n molecules through a single Zn-dependent
site. Intriguingly it lacks the normal MHC
binding site that appears to be present on aU other
bacterial superantigens, even though it shares
enough sequence identity (20%) to be considered
part of the same family.

Experimental

Crystals of SPE-C were obtained by the hanging
drop method. These are tetragonal, space-group
P432i2, ^with cell dimensions a=b=75.9,
c=168.9 A. The asymmetric unit contains one
molecule of SPE-C and has an unusually high
solvent content of 75%.. The stmcture of SPE-C
was solved by multiple isomorphous replacement
(MIR) methods using two heavy atoms
derivatives. Initial X-ray diffraction data were
collected on an R-Ajcis EC image plate detector
on a Rigaku RU200 rotating anode generator.
Phases were determined to 3.5 A resoluion
(figure of merit 0.49) and were then improved
and extended to 2.7 A resolution by density
modification methods. This allowed an initial
atomic model to be constructed.

For refinement a native data set to 2.4 A

resolution was collected by Weissenberg
photography on beamline 6A2 at the Photon
Factory synchrotron source. The data, recorded
on imaging plates, were processed with DENZO
to give a set of 17866^unique reflections (92.5%
complete to 2.4 A, merging R 0.103).
Refinement of the structure against this data set

gave a final model consisting of 1703 protein
atoms and 140 water molecules. The
crystallographic R factor was 0.179 (Rfree
0.227).

Results and Discussion

The SPE-C molecule is folded into two domains,
an N-terminal p-barrel domain and a C-terminal
domain in which a long amphipathic a-helix is
packed against a curved p-sheet of 5 strands.
This folding is the same as for other bacterial
superantigens, although many of the loops differ
in their size and conformation.

The SPE-C molecules in the crystal are arranged
in pairs along the crystal 4-fold axes; the surface
area buried between ^t^ese pairs of molecules is
approximately 1800 A and we assume that these
are the dimers seen in solution. The crystal
structure gives new insights into the molecular
basis of MHC binding and T-cell activation.
First, a Zn binding site formed by 3 ligands (2
His, 1 Asp) on the surface of the C-terminal
domain appears to be responsible for MHC
binding. Second, the structure explains why
SPE-C lacks the MHC-binding site on the N-
terminal domain, which all other superantigens
possess; in SPE-C the equivalent site is used to
form the dimer interface and is unavailable for
MHC binding. Finally, a dimeric superantigen
should be a particularly potent activator of T-
cells, as it can bind to two MHC class 11
molecules and two T-cell receptor molecules.

SPE-C

We gratefully thank Prof. Noriyoshi Sakabe for
help with data collection and the Health Research
Council of New Zealand for research support.
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Introduction

The mung bean trypsin inhibitor (MBI)^^
belongs to the Bowman-birk family of serine
protemase inhibitor. It has two active sites and
can inhibit two trypsin molecules simultaneously,
(jne of autolyzed active products of porcine

tr)q3sin (PTS2)^^ was isolated and purified. The
stiuctiiie delenniiiation of ilie ciyslal foiiiied by
complex of MBI and PTS2 will be helpful to
reveal the relation between the structure and

funclioii of die eiizyrn and die iiiiiibilor as well as
the interaction of them.

Expeiiiiiciil

Complex of PTS2 and MR! was crystalized^-^.
The diffraction pattern displayed space group
1422 with a=b=12, i7nm, c=l 1.12nm, a = [5 ^ Y

=90° The X-ray intensity data were collected

with a Screenless Werssenberg Cameia"^^ at the
BL6A2 Station at the Photo Factory, National
Laboratory for High Energy Physics, KEK, us
ing a radius of the film cassette of 430 mm and
Fuji im.aging plates, with the wavelength of 0.104
nm, and assuming the less symmetric space group
1222. The crystal ditlracted to a resolution of
0.25nm and the total independent reflections gave
the merging R factor of 0.07 for space group 1222
and 0,10 for space group 1422 respectively.
Assuming space group 1222, rotation and trans
lation function were calculated using 1.0-0,3nm
data and porcme p -trypsm taken from Protein
Data Bank as a search model. Two solutions

coirespuiiding lo two Lrypsm molecules in an
asymmetric unit were found and gave the R
factor of 0.33 after com.binmg of them. After
coiivenlioiiai refriieineiil of die liypsin model, die
0.28nm Fo-Fc Fourier map displayed clear
density-' for the MBI but could not distinguish the
two oiieiiladoiis of it.Assuiiiiiig eidier orieiilaLioii,
the MBI model was built. The 0.28nm 2Fo-Fg

Fourier map calculated after modelbuilding still
showed average density for die two oiieiilatioiis
of MBI. Each of the orientations gave low R
factor after refinement. This indicated that the

ternary complex (PTS2-MBI-PTS2) must be dis
ordered in crystal packing and the space group
may be 1422. Iterative SA-refinement, bulk
solvent correction, and graphical adjustment were
carried out using 4.00-0.25nm reflection data
merged into 1422 space group, resulting in a final
R factor of 0.219 and Rfree factor of 0.285.

Results

The final model shows that the peptide bond
between Arg 117 and Val 118 of trypsin which
was expected cleaved by autolysis is not cleaved.
The SA-omit map displays contmuous density in
this region. The model is very similar with the
trigonal crystal structure model of this complex

previously reported^^ but has one more residue
Pro! 1 resolved. The van der Waals contact

between the active 8erl95 O and the PI carb-

onyl carbon of both MBI loops is 0,24nrn, which

is almost as small as that in the trigonal crystal
Two differences were found between the tetra

gonal and the trigonal crystal structure--'. One is
that the two solvent molecules involved in a

pseudo- b -sheet reported in the trigonal cry-'stal
structure were not found here. Anofrier important
difference is that the crystal packing in the
tetragonal crystal is looser than that in the trigonal
ciystal. Diffrerent and less residues in packing
regions were found.
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Introduction

In this work, we show that the composition of a sur
face monolayer can be revealed by X-ray CTR(crystal
truncation rod) scattering measurement. Even when
the composition changes in only one atomic layer on
top of the surface, the X-ray CTR spectrum is modu
lated and the modulation reflects the difference of the

composition. In addition to that, the modulation of
the X-ray CTR spectra caused by the surface struc
ture can be greatly enhanced by X-ray interference
when the layer structures of a crystal are designed
properly.

Experimental

Two samples, i.e., AlAs{lML)/GaAs(9ML)/AlAs
(IML) on GaAs and GaAs(10ML)/AlAs(lML) on
GaAs, were prepared using molecular beam epi
taxy at 590°C. GaAs(10ML)/AlAs(lML) is equal
to GaAs(lML)/GaAs(9ML)/AlAs(lML). Therefore,

a 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 2.15 2.2 2.25
H
S E • ^^ ' ' ' 1

10^

1.75 1.8 1.85 1.9 1.95 2.05 2.1 2.15 2.2 2.25

INDEX I

Figure 1: Calculated CTR spectra. Upper and lower
spectra were calculated without and with embedded
IML-AlAs, respectively. Solid lines and broken lines
indicate calculated spectra for the structures with and
without IML-AlAs on the surface, respectively.

the difference of these two samples was only the com
position in the surface one monolayer (GaAs or AlAs).
In these samples, IML-thick AlAs layers were embed
ded under 9 or 10 ML GaAs for X-ray interference.

The X-ray CTR measurements were conducted
at the beam line BL6A2 of the Photon Factory in
the National Laboratory for High Energy Physics at
Tsukuba. Measured spectra were analyzed by com
paring them with theoretically calculated ones.

Results and Discussions

Figure 1 shows calculated X-ray CTR spectra. Up
per and lower spectra were calculated without and
with embedded IML-AlAs, respectively. Solid lines
and broken lines indicate calculated spectra for the
structures with and without IML-AlAs on the sur

face.

As shown in Fig. 2, the experimental results clearly
showed that the difference of the surface monolayer
(AlAs or GaAs) was reflected on the X-ray CTR
spectra and the spectral intensity was by one order
of magnitude enhanced by the interference without
which most of the signals were below the noise level.

^ 6
H 10

cd 10^

AlAB(lML)/GaA8(9ML)/ *
AlAB(lML)/GaA0 Sub.

GaAB(10ML)/AiAB(lML)/
GaAs Sub.

i \ ? ^
1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3

INDEX i

Figure 2: Measured CTR spectra for GaAs(lOML)/
AlAs(lML)/GaAs, and AlAs(lML)/GaAs(9ML)/
AlAs(lML)/GaAs.
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Introduction

Er-doped semiconductors have been attracting a
great interest since they are expected to be applied
for optical communication systems. In order to apply
the Er-doped semiconductors to optical devices, it is
necessary to control the generation of highly efficient
luminescent centers. Therefore, doping properties of
the Er atoms in semiconductors must be studied in

detail.

In this work, X-ray CTR(crystal truncation rod)
scattering measurement was applied to study Er 6-
doped InP layers epitaxially grown on InP. Occupa
tion sites and distributions of the Er atoms are dis

cussed based on the results obtained from X-ray CTR
measurement.

Experimental

Samples were prepared by OMVPE (organo-
metallic vapor phase epitaxy) at 530®C using TMIn
(trimethyl-indium), TBP (tertiajybutyl-phosphine),
and Er(MeCp)3 (tris(methylcyclo-pentadienyl) er
bium) as source materials. The 5-doped layer was

ixio" rEr supply time

d 1x10^ •

^ 1x10® ?'
'm ,„,r.7 . S

1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4

Index ^

Figure 1: Measured X-ray CTR spectra for the sam
ples of Er-supplied 3, 5, 10, and 15 minutes.

prepared by exposing the InP surface to Er(MeCp)3
in a TBP flaw and was capped by lOOA InP.

The X-ray CTR measurements were conducted
at the beam line BL6A2 of the Photon Factory in
the National Laboratory for High Energy Physics at
Tsukuba. Measured spectra were analyzed by com
paring them with theoretically calculated ones.

Results and Discussions

Figure 1 shows measured X-ray CTR spectra. As
shown in Fig. 1, the oscillations in X-ray CTR spectra
became clear, as the Er-supply time increased since
the total amount of Er atoms adsorbed on InP surface

increased.

Figure 2 shows an example of curve-fitting assum
ing several different occupation sites of Er in InP.
From the curve-fitting, the Er atoms were decided to
form rocksalt structure ErP. In all the samples, the
Er atoms formed ErP.

Distributions of the Er atoms were also analyzed
from the CTR spectra. In all the samples, the Er
atoms were confirmed within 7 or 8MLs. The maxi

mum concentration of Er atoms in InP was 0.058 at

15min of the Er-supply time.

1*10" I --.

For the sample of • measurement1x10 Ersupply time ^ —— fittinq
lxlO'2 r 15mln •*
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Td-site with

four In nearest

neighbours
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1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4
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Figure 2: Example of curve-fitting assuming several
different Er sites in InP.
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Interferons (IFNs), independently
discovered by two groups (Nagano & Kojima
1954, 1958; Issacs & Lindenmann, 1957) in the
1950s, are proteins with antiviral, antitumour and
immunomodulatory activities, which are secreted
in response to various inducers. Interferons have
been classifiedinto two categorieson the basis of
their immunological, biological and physical
properties. Type I interferons contain the
following four subtypes: IFN-a, IFN-p, IFN-x
and IFN-co, while Type U interferons only
contain IFN-y.

Trophoblasts of ruminant species secrete
multiple forms of a novel Type I interferon(IFN-
x) during a few days preceding implantation.
Amino acid sequence of IFN-x exhibits several
unique features as compared with other subtypes
in the Type I interferons. The relation between
this structural difference and a grossly different
function played by IFN-x could be
understandable only on the basis of its three-
dimensional structure.

Specifically ovine IFN-x has 172 amino
acid residues while the other Type I interferons,
IFN-a and IFN-p, have 165 amino acid residues.
IFN-x has only ca20% amino acid sequence
holmology with other Type I interferons. IFN-a
and IFN-p have been known to be consisting of
five a- helices, arranged in an antiparallel
manner, which are connected by loop regions.
Most remarkably, IFN-x has an extra C-terminal
tail which is 7 amino acid residues long.

Purified ovine IFN-x has been
crystallized using the vapour diffusion method.
Initially, factorial approach resulted in
microscopic crystals. The ciystallization
condition was then optimized so as to obtain

larger crystals suitable for x-ray diffraction
studies. The crystals belong to the space group
F2i2^2j with unit cell dimensions of a=39.5 A ,
b=ll.52 A and c=46.1 A. Two derivative
crystals were prepared by soaking method.

Diffraction data for the native and
derivative crystals were collected up to 2.4A
resolution, either in the laboratory using the R-
AXIS lie diffractometer or at the BL-6A2
station of the PF, using Sakabe's Weissenberg
camera. The structure was solved by multiple
isomorphous replacement method and the
refinement is in progress.

Now we have obtained a set of good
phases by multiple isomorphous replacement
method using two heavy atom derivatives. We
have calculated an interpretable electron density
map with that set. We have identified five
a-helices arranged in an antiparallel manner
connected by loop regions, similarly as in the
case of the other Type I interferons. We have
also identified two intramolecular disulfide
Unkages: that between Cys29 and Cysl39 and
that between Cysl and Cys99 as in the case of
interferon-as. The construction of the improved
model and the refinement are in progress. We
are also planning to collect a higher resolution
data.

Detailed analyses will reveal the
significance of the t^ part in the carboxyl
terminal in realizing the unique functional mode
of IFN-x.

This work was done in collaboration with
Prof. M.Takahashi at the Nagaoka National
College of Technology. The full account of this
work will appear with his co-authorship (in
preparation).
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Calmodulin ( CaM ) is a ubiquitous Ca2+ -
binding protein of 148 amino acid residues
present in aU eukaryotic cells. It has been revealed
that the complex formation between CaM and its
target peptides causes a large conformational
change in CaM molecule: from an elongated
dumbbell-shaped molecule to a compact
shape[l,2]. It has been known that the CaM
molecule can bind such small compounds as
trifluoperazine (TFP) and chlorpromazine (CHL)
as well as target peptides (or proteins). Crystal
structure of the CaM complexed with the TFP
molecule have been already reported by two
groups [3]. These analyses showed that CaM in
complex with the small compound,TFP, also
exhibited the compact shape, which is similar to
that of CaM complexed with target peptide.
However, the number of the TFP molecule bound
to the CaM, and the location of the bound TFP
molecules vary in each crystallographic analysis.
To gain precise insights into the three-
dimensional structui'e of CaM complexed with
small compounds such as TFP and CHL, we
undertook reexamination of the crystal structure
analyses on CaM in complex with the small
compounds.

Crystallizations of CaM complexed with
TFP as well as CHL were carried out using a
hanging drop vapor diffusion method. The space
groups of the obtained crystals were F3221 in
both cases. The lattice constants, however, were

slightly different between the CaM-TFP and the
CaM-CHL complexes. The diffraction data of
these crystals were collected using either in the
laboratory using the R-AXIS lie diffractometer or
at the BL6A2 station of the PF, using Sakabe's
Weissenberg camera. Crystal structure of the

CaM complexed with TFP was solved using a
multiple isomorphous replacement procedure.
The three-dimensional structme of the CaM-CHL

complex was solved with a molecular
replacement method using the crystal structure of
the CaM-TFP complex as a search model. We
used the programs XPLOR and REFMAC for the
crystallographic refinement.

These analyses revealed that the three-
dimensional structures of CaM molecules

complexed with TFP or CHL were similar to
those of the CaM-peptide complexes. The relative
disposition of the two domains as found in the
CaM-TFP or the CaM-CHL complex, however,
was slightly different from that found in CaMs
complexed with its target pepides 12]. in the
present CaM-TFP complex sti'ucture, we found
two clusters of electron density corresponding to
the TFP molecule. The first binding site of the
TFP molecule is located in the N-terminal domain

of the CaM molecule, and the second binding site
is in the C-terminal domain. Interestingly, the
biding geometries of the TFP molecules as found
in the present crystal structure ai'e distinct from
the'other crystal structures previously reported
[3]. Further crystallographic refinements are in
progress.

1) Y.Sudhakar Babu et al. , Nature ,315 ,37AO (1985)

2) W. E.Meador et al. , Science ,262 , 1718-1721
(1993) W. E.Meador et al. , Science , 257 , 1251-1255
(1992), M.Ikura et al , Science , 256 , 632-638
(1992)

3) M.Vandonselaar et al. Nature Struct. Biol. 11, 795-801

(1994), W.J.Cook et al. Biochemistry, 33, 15259-15265
(1994)
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Polychlorinated biphenyls (PCBs) are the
widely distributed environmental pollutants.
Because of their chemical stability, PCBs are
recalcitrant to biodegradation. The 2-hydroxyl-6-
oxo-6-phenylhexa-2,4-dienoic acid (HPDA)
hydrolase (BphD) is involved in the oxidative
degardation of PCBs to chlorobenzoates and 2-
hydroxypenta-2,4-dienoate.

The product of the bphD gene, BphD,
converts one of the highly reactive intermediates,
the meta cleavage product, into benzoic acid and
2-hydroxypenta-2,4-dienoate or corresponding
chlorinated compounds, which are then
enventually converted into the intermediates of
central metabolism through the tricarboxylic acid
(TCA) cycle. By analogy with lipases and serine
(as well as cysteine) proteinases, the BphD
enzyme is expected to have a Ser-Asp(Glu)-His
triad which may follow the weU known "charge
relay" mechanism for action. To elucidate the
reaction mechanism of this enzyme, we
undertook the present structural studies. The
subunit of the BphD enzyme consists of 285
amino acid residues and has a molecular weight
of ca. 32 kDa. By gel filtration experiment, tiiis
enzyme was found to be an octamer.

Crystals suitable for crystallographic
analyses were grown using a batch method at
20° C at pH. 6.5. The crystals belong to the
space group 7422 with unitceU dimensions of
a=6=110.8 A, c=136.4 A. Hg(SCN)2,
KAu(CN)2-2H20, K2PtCl4 derivative crystis
were prepared by soaking method.

Diffraction data for the native and
derivative crystals were collected either in the
laboratory using the R-AXIS He diffractometer
or at the BL-6A2 station of the PF using the
Sakabe's Weissenberg camera. The sturucture
was solved by MIR method and the refinement is
in progress.

The octameric enzyme has a dimension
of IO5A along the four fold axis and 82A along
the two fold axis running perpendicular to the
four fold axis. The octameric structure can be

regarded as a stack of two planar rings each of
which consists of four subunits related by four
fold rotational symmetry. This enzyme has the
ct/p hydrolase fold. The subunit consists of two
domains: a/p and a domains. In the ct/p-
domain, there are three antiparallel P strands and
five parallel p strands connected by a helices. In
the a-domain there are four a helices. The

subunit strucure is shown in Fig.1

r)

a domain

Fig.l

The catalytic triad residues have been
identified as SerllO, His 263 and Asp 235. They
are situated between the two domains. Around
the active serine, we found two binding sites for
substrates. One site is mainly hydrophobic
perhaps recognizing the aromatic ring part of the
substrate, while the other site is highly polar
perhaps recongnizing the tail part of the substrate
which is much more polar.
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Introduction

Bacterioferrltln is a bacterial iron storage
protein composed of 24 identical subunits
arranged as a nearly spherical shell of cubic
symmetry (point group 432)(1). Each subunit is
a four-helix bundle with a small fifth helix

appended. In an earlier report on the three-
dimensional structure of bacterioferritin of

Escherichia coli at a resolution of 2.9 A, we
noted that each subunit harbors a binuclear

metal-binding site having approximate twofold
symmetry(2). The two metal ions are
coordinated by identical protein ligands; an
imidazole nitrogen of one histidyl residue and
the carboxyl groups of two glutamyl residues,
and are bridged by two of these carboxyls. A
uranium complex of bacterioferritin was
prepared as an isomorphous heavy-atom
derivative by soaking tetragonal crystals
(space group P422i2) of the protein in a
solution of uranyl acetate(l). Based on
diffraction data to a resolution of 2.9 A, the
complex was found to have four uranium sites
per protein subunit, one of which coincided
with the position of one of the metal ions in the
binuclear metal-binding site. In this study, we
have compared the native structure with that of
the uranyl derivative.

Results

By means of an internal rearrangement of the
side chains of His 130 and Glu 47, the
imidazole iigand of Ml is replaced by a
carboxyl group when the metal ion is displaced
by uranyl.

Materials and Methods

Bacterioferritin was extracted from E. coli cells

and purified as described(3). Tetragonal
crystals (space group P422i2: unit cell
dimensions a=b=2^Q A, c=145 A) were grown
from approximately half-saturated solutions of
ammonium sulfate adjusted with NH3 to pH 5.8
and containing 1mM MnS04(1). The uranyl
derivative was made by soaking a crystal in a
small volume (approx. 50 ml) of 10 mM UO2-
acetate for approximately 20 hrs.(2) X-ray
diffraction data were collected from the native

and derivative crystals at beam line BL-6A of
the Photon Factory (Tsukuba, Japan) with

highly collimated monochromatic synchrotron
radiation (wavength 1.0 A) on the
Macromolecular Weissenberg Camera(4).
Data were recorded on imaging plates,
quantitated by means of a Fuji flat bed reader
and processed with a version of DENZO
appropriate to Weissenberg geometry (Z.
Otwinowski, Yale University). Data sets were
collected from four native crystals to a
maximum resolution of 1.8 A (processed to
2.25 A resolution) and from one crystal of the
uranyl derivative to 2.0 A resolution (processed
to 2.5 A resolution). The highest resolution
shells were not processed because they
tended to suffer from excessive overlapping of
reflections. To these limits, the native data
were 95.4% complete, with average l/a(l) of
15, merging R-factor of 0.09 and average
redundancy of 8. The uranyl derivative data
were 91.4% complete, with l/a(l) of 18,
merging R-factor of 0.06 and redundancy of 4.
The structures were refined by means of
XPLOR 3.1(5) with starting phases from the
coordinates of the bacterioferritin structure

based on 2.9 A data (PDB entry 1BCF). Final
R-factors for the refined structures were 0.24

(R-free 0.26) for the native crystal and 0.22 (R-
free 0.24) for the uranyl derivative. Electron
density maps were calculated on the basis of
all observed reflections.
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Introduction

Photosystem I (PS I) is one of the two protein
pigment complexes responsible for the primary
conversion of light energy into chemical energy
in water oxidizing photosynthesis. At present
our crystal structure analysis of PS I from the
thermophilic cyanobacterium Synechococcus
elongatus has reached a resolution of 4 A,
leading to a partial model which consists of a-
helices, including some interhelical links,
positions of iron-sulphur clusters and
chlorophyll a molecules^ '̂̂ l The limited
resolution of the electron density map, which
was calculated using phases from multiple
isomorphous replacement, has prevented us
from tracing the complete polypeptide backbone
and from conventional crystallographic
refinement of the model up to now. Although
the crystals have been shown to diffract up to
about 3 A resolution, it was impossible to
collect complete X-ray diffraction data to this
resolution from these crystals because of their
high mosaicity (« 0.7°) and significant radiation
damage in a synchrotron X-ray beam, even
when data collection was carried out at 4°C.

Experiments carried out at the Photon Factorv

Simulations of diffraction patterns have shown
that, depending on the orientation of the
hexagonal PS I crystals (space group P63,
a = 282 A, c= 165 A at lOOK) relative to the
rotation axis and compared to the conventional
rotation method, the Weissenberg geometry
which has been realized at beam lines 6A and

6B at the Photon Factory could reduce the

number of overlapping reflections. In advance
of our experiments at the Photon Factory we had
established conditions for cryo-cooling of the
PS I crystals, making collection of complete
data sets from single crystals possible. We
collected two native data sets, one using the
Weissenberg geometry at BL 6B and one in
conventional oscillation mode at BL 6A, and
one mercury derivative data set applying the
Weissenberg technique at BL 6A. At both beam
lines we used a cassette radius of r = 573 mm

and a wavelength of A, = 1.0 A. The data sets
can be processed reasonably to a maximum
resolution of 3.5 A, with values of about
0.3 in the highest resolution shell. As the
evaluation of the data is still in progress, more
details about their quality and completeness as
well as the degree of isomorphism between
native and derivative data and the signal from
anomalous scattering for the heavy atom
derivative cannot be given at the moment.
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Introduction

2-0X0 acid dehydrogenase complexes form a
family of well-organized multienzyme systems
which catalyze the oxidative decarboxyration of
2-0X0 acids with NAD\ These complexes, in
general, consist of multiple copies of three kinds
of enzymes, El, E2 and E3. El and E2 are
varied depending on the substrates. But these
complexes commonly contains the same
lipoamide dehydrogenase as E3. In every
organisms, 2-oxoglutarate dehydrogenase
complexes (OGDHC) has the core structures
composed of 24 copies of E2s according to 432
symmetry. While, in pyruvate dehydrogenase
complexes (PDHC), the architectures are
different. In eucaryotes, PDHC forms an
icosahedral core with 543 symmetry, in which
another component, protein X, is required to
incorporate E3. In any complexes, E3 catalyzes
the oxidation of dihydrolipoyl group covalently
bound to E2s, which is the last reaction of the
complex. E3 is a dimeric flavoprotein with
molecular weight of about 52000 per subunit.
To understand the architecture and the reaction

mechanism of highly organized multienzyme
systems, we are analyzing the crystal structure
of eucaiyotic yeast E3 at high resolution.

Experimental

To obtain crystals which diffract at higher
resolution, eucaryotic E3 was purified from
yeast and crystallized by desalting from protein
solution. Diffraction data were collected by a
Weissenberg camera for macro molecular

crystallography using synchrotron radiation(?\.=
0

l.OOA). The intensities were integrated with the
program WEIS and scaled with the program
ROTAVATA in CCP4. 97,677 reflections were

observed within 100-2.4A resolution, from

which 33,372 independent reflections were
derived with Emerge of 6.7%. The completeness
of the data set was 94% at 2.7A and 80.2% at

2.4A resolution.

Results and Discussion

The crystal structure was solved by the
molecular replacement method using the dimeric
structure of glutathione reductase (GR) as a
probe. Four programs(X-PLOR, MERLOT,
MOLREP, AMoRe) gave a consistent unique
solution with reasonable crystal packing. Initial
phases were improved by averaging and
flattening the electron density map with the
program SQUASH. The molecular structure was
constructed by a computer graphic work station
with the program O. The atomic parameters were
refined using the program X-PLOR, the two
subunits being constrained by a non-
crystallographic 2-fold symmetry. The present
R-factor is 23.1% at 10-2.4A resolution, though
the refinement is still in progress.
The tertiary structure of E3 from yeast is similar
to that of human GR. Large differences occur
around loop regions which contain inserted or
deleted amino acids. Even so, the relative
arrangement of the essential amino acids is
highly conserved around the active site and the
FAD binding site. All known E3 sequences are
longer by about 10-20 amino acids at C-terminus
than GR. This extension in GR is lacking to
accept the substrate glutathione. The C-terminus
residues of E3 make the binding pocket more
narrow to bind to the small substrate lipoamide.
Procaryotic E3s have positively charged amino
acids in this region, but those are absent in
eucaryotic E3. This difference might be
concerned with binding properties between
procaryotic and eucaryotic lipoyl domains of
E2s.
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Introduction

Dehalogenases are a group of enzymes which
have been expected to be useful for the clean up
of environmentally harmful halogenated
compounds, some of which are industrially
produced in large amounts for use as cleaning
agents, pesticides and organic solvents. We have
been investigating the structure-function
relationship of 2-haloacid dehalogenases (EC
3.8.1.2) using protein engineering techniques.
These enzymes catalyze the hydrolytic dehalo-
genation of 2-haloalkanoic acids to yield corre
sponding 2-hydroxyalkanoic acids as follows:

RCHXCOOH + OH" > RCHOHCOOH + X"
( R = H, alkyl; X = halogen )

They are classified into three groups: L-2-, D-2-,
and DL-2-haloacid dehalogenases. The reactions
catalyzed by these enzymes all proceed with
stereochemical invertion. Of these kinds of
enzymes, L-2-haloacid dehalogenases catalyze the
convertion of L-2-haloalkanoic acids into D-2-
hydroxyalkanoic acids. The enzyme is a
thermostable dimeric enzyme of two identical
subunits having the amino acid sequence of 232
residues. Here we report the crystal structure of
Pseudomonas sp. YL L-2-haloacid dehalo- genase
at 2.0 A resolution.

Experimental

Crystals of the enzyme were grown at 4°C by
vapor diffusion against 15% (wA') polyethylene
glycol 8000. The crystals belong to space group
C2 with unit cell dimensions of a = 92.21 A, b =
62.78 A, c = 50.84 A and = 122.4°, and contain
two dehalogenase dimers in the unit cell.

The structure was solved at 2.5 A resolution by
the double isomorphous replacement method with
the U- and Au-derivatives. The N-terminal three
and C-terminal ten residues were invisible in the
density map, and then excluded from the model.
Consequently, the initial model for the subunit of
amino acid residues 4-222 and 62 water oxygens
was refined with the program X-PLOR was refined
to the crystallographic R-factor of 19.3% for
7,848 reflections (F > 2(y{F)) at 8.0-2.5 A
resolution. The r.m.s.ds from the ideal bond
lengths and angles were 0.006 A and 1.32°,
respectively.^) The stmcture was used as an initial
model for the refinement at 2.0 A resolution.

Diffraction data for the native were collected at
the BL-6A2 station of the PF, using the Sakabe's
Weissenberg camera. The X-ray wavelength was

set to 1.00 A. The data were processed at 2.0 A
resolution with the program WETS.

The structure refinement was continued from
2.5 A to 2.0 A resolution. In the course of
refinement, the electron density corresponding to
the main chain of Tyr3 appeared. Then, Tyr3
was included as Ala3 into the further refinement.
The refinement was converged to the final R-
factor of 19.6% (free R-factor = 23.9%) for
15,760 reflections (F > 2a(F)) at 8.0-2.0 A
resolution. The r.m.s.ds from the ideal bond
lengths and angles were 0.005 A and 1.26°,
respectively.

Results and Discussion

The subunit consists of two structural domains.
The core domain has an cx/p structure where a
six-stranded parallel P-sheet is flanked with five
a-helices. The subdomain of four antiparallel a-
helices is inserted between the first p-strand and a-
helix of the core domain through two-stranded
antiparallel /3-sheet. The two domains encompass
the active site cleft. Two subunits in the molecule
are related to each other by the intramolecular
two-fold axis. The interface between the subunits
is mainly formed by hydrophobic residues. The
structure is stabilized mainly by interactions
among a cluster of hydrophobic residues from
both subunits. Besides, polar residues, lining up
across the molecular two-fold axis, form a linear
hydrogen-bond network in the vicinity of the
hydrophobic cluster

The residues (AsplO, Thrl4, Arg41, SerllS,
Lysl51, Tyrl57, Serl75, Asnl77, AsplSO), which
were implied by mutagenesis to be important for
the activity, are clusterd at the bottom of the cleft.
Almost all of these residues involved in the
intersubunit interaction are highly conserved
among L-2-haloacid dehalogenases.

AsplO was revealed to be the active residue by
incorporation. The residues is positioned at

the switch-point in the order of strands on the
central )3-sheet, and has enough room to
accomodate a substrate. The environment around
the catalytic site seems to be so hydrophilic that
the enzyme can bind haloacids possessing the
hydrophilic carboxyl group.
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The cytokine interleukin-5 (IL-5) is well
established as the primary regulator of
eosinophil growth, differentiation and
activation in vivo. Eosinophils appear to
play an important role in the
pathogenesis of asthma and certain
parasite infections. IL-5 and its receptor
may well prove to be important targets
for drugs to treat allergic diseases.

We have produced single crystals of the
extra cellular domain of the p subunit of
the IL-5 receptor. This subunit is
responsible for signal transduction
across cellular membranes in response
to ligand binding by IL-5. The crystals
we have diffract weakly and data can
only just be recorded above the noise level
on a rotating anode X-ray source^,
requiring ca. 10 days to collect a 4.0 A
dataset from a cryogenically cooled
crystal. We therefore wished to use
synchrotron radiation in order to
efficiently collect high quality data from
both native crystals and from crystals
soaked in heavy atom solutions.

X-ray diffraction patterns were recorded
from our crystals at a wavelength of
l.OA, and a temperature of 100 K. These
data were collected as a series of small
angle oscillations on image plates using
Professor Sakabe's Weissenberg camera
on beamline BL6A2.

Native crystals gave complete resolution
shells of data out to ca. S.SA with further
spots diffracting out to beyond S.lA.
Numerous heavy atom soaking
experiments were performed and from
these 13 crystals were exposed to the
synchrotron beam. Five of these crystals
diffracted well enough to collect full

datasets. These data were subsequently
processed and reduced using the
programs DENZO and SCALEPACK
(Otwinowski,1993, Minor,1993). The data
are of good quality with Rmerge values in
the range 0.05 - 0.10. These data will be
scaled to our native dataset and, where
differences are obtained, used to obtain
initial phases for the structure
determination of this important protein.

In addition to reducing data collection
times from several days to a couple of
hours per crystal and extending the
resolution of our data, a further benefit of
performing these experiments at a
synchrotron became apparent. When
our crystals are soaked in heavy atom
solutions they often exhibit cracking.
This cracking is dependent on crystal
size, morphology and metal con
centration. The use of crystals which
would be too small to collect data from on

our home lab source, but which did
diffract at the synchrotron allowed us
to explore a wider range of heavy
atom concentrations during these
experiments.
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Introduction

This proposal covers a range of different protein
crystallographic projects from the groups of Prof. D.
Stuart, Dr Y. Jones and Dr D. Stammers in Oxford,
UK. The unifying theme is the relevance of each
project to medical research. We report here on three
projects which benefited from data collection on
BL6A2 at the Photon Factory in 1995-1996.

Sialoadhesin

The class of cell surface receptors known as cell
adhesion molecules mediate direct cell-cell

interactions. Many of these molecules belong to the
immunoglobulin superfamily (IgSF). We have an
ongoing programme of work on the structure/function
of representative members of this superfamily. Data
collection at the Photon Factory in the 1994-1995
period was central to the structure determination of
VCAM-1, an integrin binding member of the IgSF. ^̂
In the 1995-1996 period Photon Factory data have
again contributed to the structure determination of a
new type of IgSF member, sialoadhesin.^^ Members
of the sialoadhesin family of IgSF cell adhesion
molecules recognise sialylated glycoconjugates as
their counter-receptors. The biological functions of
these molecules appear to range from control of
myeloid cell production (sialoadhesin and CD33), to
activation of B cells (CD22) and regulation of
neuronal cell growth and myelination in the nervous
system (MAG). The functionally important sialic
acid binding portion of sialoadhesin is localised on
the N-lerminal Ig-like domain (SnDl). We have
collected high resolution (1.85 A)dataon BL6A from
crystals of SnDl complexed with 2,3 sialyllactose^^
and are currently analysing the resultant structure.

SIV matrix antigen
Simian immunodeficiency virus (SIV) is closely
related to human immunodeficiency virus (HIV).
Matrix antigen (MA) is a component of Pr55Gag, the
sole protein required for assembly of the virion shell.
Cleavage of Pr55Gag by the viral protease produces
the mature MA protein which is important in both
virus entry into the cell and nuclear localization of the
virion core. High resolution data (2.2 A) collected on
BL6A were used in the structure determination of

MA.^^ The molecule forms a trimer consistant with
the observed virion architecture and various biological
properties of MA.

HIV-1 Reverse Transcriptase
The multifunctional enzyme reverse transcriptase
(RT) from HIV-1 is a key target for anti-viral
therapies to combat AIDS. Data collected at the
Photon Factory have yielded the highest resolution
(2.2 A) structural information available to date for
this molecule.Photon Factory data collected over
the 1995-1996 period have enabled us to determine
the structure of a number of further inhibitor-RT

complexes and, perhaps most interestingly, to obtain
structures for two mutant forms of the enzyme
showing resistance to AZT and ddl respectively.
These structures reveal that certain mutations can

induce long range conformational changes in the
molecule.
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AMINE OXIDASES

Copper-containing amine oxidases (AOs) are
essential for the metabolism of biogenic primary
amines. The enzymes have been purified and
characterised from numerous organisms, ranging
from bacteria to plants and mammals. These
enzymes catalyse the 2-electron oxidative
deamination of primary amines:

RCH2NH2 + O2 + H2O ^ RCHO + NH3 + H2O2
As well as copper these enzymes contain a
covalently bound quinone cofactor, 6-hydroxy-
dopaquinone or 'topa' (TPQ). The copper is
required both for the biogenesis of the topa from a
tyrosine precursor and for the catalytic function
of the enzyme. We have solved and refined the
structure of the amine oxidases isolated from pea
seedlings (PSAO) and from Arthrobacter
glohiformis (AGAO).

AO - Experimental
The structure of PSAO was solved by a
combination of molecular replacement, using the
E. coli amine oxidase (ECAO) structure [1] as the
search model to locate the phosphotungstate
cluster in a heavy atom derivative followed by
SIROAS phasing using only this derivative.
Diffraction data from crystals of native PSAO and
the phosphotungstate (PW,204o) derivative were
recorded using a Weissenberg geometry camera on
beamline 18B. The data for the phosphotungstate
derivative were recorded at a wavelen^h of 1.07 A
just below the W Ln absorption edge in order to
enhance the anomalous signal. The structure of
AGAO was solved using molecular replacement.
Data for this structure were recorded on an in-

house R-Axis II and at beamline 6A2 at the

Photon Factory.
AO - Results

The structure of PSAO [2] was refined to a
conventional residual of 18.1 %. It is in the active
form with the TPQ near but not coordinated to
the copper atom. The AGAO structure has been
refined in the active and inactive holo forms of
the enzyme and in the apo form in which there is
no Cu and the tyrosine is not modified to TPQ.
The active site of the enzyme is buried in keeping
with the requirements of a mechanism that uses
free radical chemistry.
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HUMAN LYSOSOMAL SULFATASE

Sulfated glycosaminoglycans, glycolipids,
glycoproteins and hydroxysteroids are hydrolysed
by a group of sulfatases each of which shows a high
degree of specificity for its natural substrate. A
number of inherited disorders are known to result
from the deficiency of a specific sulfatase in
humans. A deficiency of A-acetylgalactosamine-
4-sulfatase (4S) results in mucopolysaccharidosis
type VI or Maroteaux-Lamy syndrome. We have
solved and refined the structure of human
recombinant 4S expressed in CHO cells.

4S - Experimental
4S crystals [4] are tetragonal, P4i2i2 with
a = 108.3 A & c = 146.2 A and one molecule of
530 amino acid residues per asymmetric unit.
Diffraction data were recorded using an R-Axis II
imaging plate detector and rotating anode
generator in the laboratory and Weissenberg
geometry cameras on beamlines 6A2 and 18B at
the Photon Factory. The structure was solved by
multiple isomorphous replacement with most of
the phasing power came from a PIP [di-R-iodo bis
(ethylenediamine) diplatinum(II)] derivative for
which the data were recorded at wavelength of
1.0 A at the Photon Factory. Structures of the
native protein at room temperature and at -150°C
have been refined, Preliminary analyses have also
been made for crystals soaked in the inhibitor
metavanadate and a product analogue, N-
acetylgalactosamine.

4S - Results

The structure [5] of 4S has two domains, the larger
of which belongs to the a/p class of enzymes and
contains the active site. The active site cysteine
residue is found in the crystal structure as the
sulfate derivative of the aldehyde species 0x0-
alanine. This entity is stabilised by a Ca^"^ ion and
hydrogen bonds and salt bridges to basic residues
conserved in the sulfatase family of enzymes. The
catalytic domain resembles alkaline phosphatase
despite a lack of measurable sequence identity
between the two proteins.

References - 4S

[4] Ashby, S.J. et al. (1995) Acta Cryst. D51,
1082-1083.

[5] Bond, C.S. et al. (1997) Structure 5, 277-289.
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Introduction

Respiratory chain of Nitrosomonas
europaea is composed of the ammonia
mono-oxygenase, hydroxylamine
oxidoreductase (HAO), cytochrome c-
554 (Cyt c-554), cytochrome c-552
(Cyt c-552) and cytochrome c oxidase.
Within these components, HAO, which
converts a hydroxylamine molecule
into a nitrite, is considered to be a key
enzyme in the respiratory chain.
Energies generated by HAO as a form
of electrical potential is flowed in the
right-of-way flow and the reverse
flow. The former to gain the energy
is the electron transport chain
including Cyt c-554, Cyt c-552 and the
terminal oxidase, while the latter to
restore the cycling energy of the
system is the flow either to AMO for
the production of hydroxylamine, or
to ATP-dependent reverse electron
transfer for the production of
NAD(P)H. The enzyme has molecular
mass of 67 kDa in a monomeric unit

including seven c-type hemes and a
novel-type heme.

Results and Discussion

In the crystallographic studies on
hydroxylamine oxidoreductase from
an autotrophic bacterium,
Nitrosomonas europaea we found the
twining characteristics of the enzyme.
The enzyme was crystallized by the
hanging drop vapor diffusion method,
using ammonium sulfate as precipitant.

The space group was finally
determined to be P63 with the pseudo
two fold axes along [110] due to the
twinning characteristics, which runs
along the diagonal between the a and b
axes. The intensity distributions from
different crystals were not consistent
with one another though the small
indicated mesurment-error such as

internal R for each data. These facts

suggest that the crystal is twinned and
is composed of two crystals exactly in
the opposite direction. To avoid the
problem fine X-ray beam was utilized
to collect data at the bery end of the
singe-crystalregion of a HAO crystal.
X-ray data collection was carried out
at station BL6A of the Photon Factory.
Intensity data were obtained using a
Weissenberg camera for
macromolecule crystallography and
imaging plates as a detector. All data
sets were collected at the wavelength
of l.OOA. Data were processed using
DENZO and CCP4 programs.

1111

0.2mm

Fig. A schematic shape of HAO crystal
(a) and aim points (arrows) upon the

data collection (b).
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Introduction

3-IsopropylmaIate dehydrogenase (EC
LLL85; IPMDH) is an enzyme in the
leucine biosynthetic pathway. It
catalyzes the dehydrogenation and
decarboxylation in the conversion of
3-isopropylmalate to 2-oxoisocaproate,
with the accompanying reduction of
NAD + . The analysis of IPMDH
revealed the presence of some flexible
regions with high temperature factors
or poor electron density distribution.
A loop region from Phe75 to Ile84
residues, located near the d a-helix,
had a higher temperature factors than
other regions, which suggested that
this loop might be very mobile, and
might play an important role in heat
stability. This loop is utilized to locate
the d a-helix at the putative binding
site of the substrate, as deduced from
acomparison of primary and tertiary
structures with isocitrate

^ I

Fig. IPMDH structure.

dehydrogenase. Variants of IPMDH
from T_. thermophilus were
constructed to examine the importance
of the flexibility and rigidly upon the
enzyme reaction^-2)^

Results

The diffraction experiments were done
at BL-6 and BL-18 of Photon Factory
to obtain high quality date in the short
period of irradiation of X-ray.
Successful structure analysis had done.
An internal reprieve mechanism can be
presented to explain the heat stability
and reactivity of IPMDH. It is
postulated that an enzyme molecule can
adopt an altered active form as a result
of its flexibility. Hence, the enzyme
can avoid complete loss of activity. In
the case of loop-deleted IPMDH, the
replacement of loop region as a
cassette decreased the flexibility of the
loop. The present study indicates that
flexible loop of full length is not a
prerequisite for activity. We had
anticipated that the reduced flexibility
of the loop might enhance the
Ihermostability.
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When the full set of the partial structural functions
for individual pairs of chemical constituents in liquids are
obtained, we can have more than just one-dimensional
information and enables us to understand the relation

ships between the atomic scale structure and their char
acteristic properties in a more realistic way. Therefore,
the determination of partial structural functions is one of
the most important research subjects for liquids. The main
purpose of this work is to present the three partial stmc-
tural functions in molten CuBr estimated from the

anomalous X-ray scattering (AXS)'̂ measurements with
synchrotron radiation.

The AXS measurements for molten CuBr sample
were carried out with synchrotron radiation at a beam line
(6B station). Scattered intensities were collected using
symmetrical transmission geometry. The sample cell was
made of silica glass. The molten sample can be filled in
the cell with a spacing of 50/im sandwiched in between
two windows (10X20mm^ and 100^ thickness). The
sample was heated at temperature of 810±5K, 45K
above the melting point, by a heating element of Kanthal
wire in a purified nitrogen atmosphere.

The environmental interference functions QAioiQ)
for Cu and QAiBriQ) for Br, calculated by taking the dif
ference between the two intensities measured at energies
of 300 and 25eV below the Cu K and Br K absorption
edges, are given in Fig.l together with the ordinary inter
ference function of Qi{Q) measured at the incident energy
of 17.0 keV. Figure 2 shows the partial pair distribution
functions gij{r) of molten CuBr. The closest Cu-Cu dis
tance is significantly smaller than that for Br-Br, indicat
ing the like-ion penetration into the first unlike-ion coor
dination shell. The coordination numbers for Br-Br and
Cu-Br pairs are found to be 11.4 at the distance of3.98A
and 3.1 at the distance of 2.45A on the average, respec
tively. These values are rather similar to those for low-
temperature phase of ;j<-CuBr, in which the anions form a
fee lattice, than those for a high-temperature superionic
phase of a-CuBr possessing a bcc sub-lattice. Integra
tion of r^gcuc.ui^) Lip to the first minimum in r^gcuBAr)
yields 1.2 Cu^ ions penetrating to the first unlike-ion
coordination shell. This characteristic penetration may

be interpreted by a decrease in the Coulombic repulsion
force interacting between CiC ions arising from the re
duced charge transfer between unlike ions.

observed

RMC

-1

a-.# ^0

QAicAQ)

Q / A"'

Fig. 1: The ordinary interferencefunction Qi(Q) and the
environmental interference functions OAibAQ) and

QAicu(Q) of molten CuBr.

molten CuBr at 810K

gcucutr)
^CuBrt'')

C\

0 2 4 6 8 10

r / A
Fig. 2: The three partial pair distribution fimctions for
molten CuBr.
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Selenium (Se) at ambient condition has a trigonal form
(Se-I) which consists of 3] helix chain molecules. With

increasing pressure, the trigonal form is known to undergo
five structural phase transitions^ '̂ to a monoclinic I
phase (Se-II) consisting of puckered layers at 14 GPa, to a
monoclinic II phase (Se-III) consisting of another type of
puckered layer at 23 GPa, to an orthorhombic phase (Se-
IV) consisting of the same puckered layers at 28 GPa, to
the three-dimensional (3-Po-typ>e-structural phase (Se-V) at
60 GPa and to a higher symmetry bcc phase (Se-VI) at 140
GPa. In the process of this pressure-induced molecular
dissociation, inter- and intramolecular bonding characters
are expected to change with pressure. In order to get an
information on pressure dependencies of these bonding
characters, the effects of pressure on inter- and
intramolecular distances have been determined by an X-ray
diffraction method at pressure up to 20 GPa.

A diamond anvil cell was used for high-pressure
experiment. Trigonal selenium was prepared by annealing
of an amorphous form with 99.999 % purity in high
vacuum at 160 "C for two hours. Pressure was determined
by the ruby fluorescence measurement. Angle-dispersive
powder X-ray diffraction experiments were performed by
using the synchrotron radiation on beam line (BL-) 6B and
180 at the Photon Factory. The incident X-ray beams on
BL-6B and BL-18C were monochromatized to wavelengths
of 0.6888 A and 0.6199 A, respectively. X-ray diffraction
pattern was recorded on an imaging plate detector and was
analyzed by using Rietveld refinement program
RIETAN94.^* Rietveld analysis for Se-II was carried out
following Ohmasa et al.'s model^^ that Se-II has
monoclinic lattice, space group C2lm. The final R^p
factors were in the range from 2.6 to 4.8 %, except for the
data at 16GPa where both Se-I and Se-II phasesappeared.

l8.5GPa

5 10 15 20 25 30 35
20 [degree]

Fig. I Rietveld refinement patterns for Se-I (top), and for Se-II
(bottom). The observed data are indicated by dots and the
caluculated by the thin line overlaying them. Labeld G
represents a diffraction peak of metal gasket. A difference
(obs. - calcc.) is represented by thick line beneath.

Previously reported phase transition from Se-I to Se-11 is
observed at about 16 GPa. Figure 1 shows the observed
and calculated X-ray diffraction patterns of Se-1 at 3.1 GPa
and Se-II at 18.5 GPa. The calculated X-ray diffraction
patterns of both Se-I and Se-II agree well with the
observed ones. This confirms the Ohmasa et aVs

structural model of Se-II.

The pressure dependence of intramolecular covalent bond
lengths of Se-I and Se-II are shown in Fig.2 and compared
with Keller et al.'s data"^^ and our data '̂ previously
obtained by using a conventional X-ray source (Mo-/^a).
The standard deviation of the present data is smaller than
that of previous data because of the good quality of the
present diffraction data. Though a slight difference
between present and previous data is obsen'ed near 4 GPa,
it is seen that with increasing pressure, the intramolecular
covalent bond length in Se-I increases gradually at
pressure up to just before the phase transition pressure. In
Se-11, each atom has four nearest neighbors at distancies,
2.3 A, 2.6 A, and 2.7 A. With increasing pressure, three
long bond lengths decrease, while the shortest bond length
has a tendency to increase. This similar phenomenon is
observed in high pressure phase of tellurium.

The authous are grateful to Mr. T. Ishimoto, T. Koura
and A. Yoshioka for assistance in X-ray measurement.
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Fig. 2 Pressure dependencies of intramolecular covalent bond
lengths of Se-I and Se-II.
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Ferrite spinels are expressed by the general formula of
MFe204, where M is a divalent cation. Since the magnetic
properties of ferrite spinels are sensitive to the cation
distribution, it is of great importance to determine their
degree of inversion". The main purpose of this work is to
determine cation distribution in ZrLFe204 and CoFe204

spinels using the AXS method at the K absorption edges
of Fe, Co and Zn.

A ZnFe204 sample was prepared by heating at 773 K
for 72 hours in air, and quenched to room temperature.
On the other hand, a CoFe204 sample was prepared from
the solutions of Fe2(S04)3-13H20 and C0SO4-7H2O mixed

with a NaOH solution. The resultant precipitate was
freeze-dried after applying a centrifugal separator several
times, and subsequently made to powder samples by
heating at 1073 K for 60 hours in air. The AXS measure
ments were carried out at 6B station. The incident energi
es used in the present AXS measurements are 150 and 25
eV below the Fe K absorption edge. Similarly, we employ
ed two pairs of incident energies below the Co K absorp
tion edge and Zn K absorption edge.

Figure 1 shows the energy dependence of two reflec
tion peak intensities of ZnFe204 obtained from the AXS
measurements with two energies at the absorption edges
of Fe and Zn. A significant intensity variation is detected
in the 222 reflection at the Fe K absorption edge, while
not in the 422 reflection. On the other hand, the reverse
behavior clearly detected in the AXS results at the Zn K
absorption edge. This strongly supports that the present
ZiiFe204 sample is classified into the nomal type, where
Zn^"^ cations are quite likely to be ordered in the tetrahe-
dral site and Fe^"^ cations are octahedrally coordinated.
Similar structural analysis has been made for the CoFe204
sample. Figure 2 shows the energy dependence of two
reflection peak intensities of CoFe204 obtained from the
AXS measurements with two energies at the K absorption
edges of Fe and Co. The intensity variation with energy is,
more or less, detected in all cases measured at the Fe and

Co K edges. This implies the disordered distribution of Co
and Fe cations between the tetrahedral and octahedral

sites. The measured intensity ratio can be well-reproduced
only when using the inversion parameter of x=0.78. Thus,
it may be safely concluded that almost one-forth of the
tetrahedral siteare occupied by Co^"^ cations.
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Fig,l The diffraction peak intensities of ZnFe204 measured
with two energies at the absorption edge of Fe and Zn, Fe K
edge: solid (7.086keV), broken (6.961keV), Zn K edge: solid
(9,636keV), broken (9,51 IkeV),

Co K edge
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Fig.2 The diffraction peak intensities of CoFe204 measured
with two energies at the absorption edge of Fe and Co, Fe K
edge: solid (7,086keV), broken (6.961keV), Co K edge: solid
(7.684keV), broken (7.560keV).
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Introduction Table 1Structural parameters forllie[Ni{CgO)4dpg}2]-
A series of bis[l,2-di(3'4'-di-n-alkoxyphenyl) j TC) Ni-Nn,-/A) Ni-Ni(,/A) Ni-N,(,/A) Ni-0(,/A)

ethane-l,2-dioximato]metal(II) complexes (metal r.t, 1.85 2.78 3.37 2.94 3.69

=Ni, Pd, Pt, n=4,8,12, abbreviated as DPG) and
t.- r,jvo. j- 11 u IN .1. 1 1 j- 80 1.87 2.79 3.37 2.92 3,68bis[l,2-di(3.4KU-n-alkoxyphenyl)elhane4,2-di- , gg 3 3^ ^ 3 33
thiolene]metal(II) complexes (metal=Ni, Pd, Pt, leo 1.87 2.78 3.36 2.93 3.70

n=l~12, abbrevia^ as DPD) prepared show a 200 1.86 2.79 3.37 2.92 3.69

particular property of the discotic liquid crystals, ^
that is, thermochromic red shift by increasing ^ ' ' ' ' ^
temperature '̂̂ l The core bis(glyoximato)metal
complexes also show piezochromic blue shift by

increasing pressure^l These chromisms suggest ^ - / II /
structural changes of the intermoiecular inter- ^
actions in tire complexes by temperature and

Jpressure. In the present study, the structural -g /
changes of tlie DPG and DPD complexes have B I ^ f
been determined by an X-ray absorption A / RT
spectroscopy under high temperature. ^ j^ / — 40 "C
Experimental g / \J

Metal Ka XAFS spectra were recorded by "z /\ I — 160 °C
transmission mode at different temperatures(from / V/ ~~ ^

/ --290 r
room temperature to 220°C) on BLIOB, 6B and /
7C using the temperature controlled fiuuace in 8330 ' 8340 ' 8350 ' 8360
Photon Factory. Energy/eV
Results and Discussion

Table 1and Fig.l are the examples obtained by Figure 1 The experimental Nl KXANES spectra of
the present stucty. Table 1 shows the structural [Ni{(C80)4dpg}2] under various temperatures,
parameter valuesof one of the Ni DPG complexes References

measured at various temperatures. Almost all 1) K.Ohta, H.Hasebe, M.Moriya, T.Fujimoto,

values in the table do not show the change of each and I.Yamamoto, Mol. Cryst. Liq. Cryst,

interatomic interaction in the intramolecular 208,43(1991).

interactions. XANES spectra of one of the Ni DPG 2) K.Ohta, H.Hasebe, M.Moriya, T.Fujimoto,

complexes measured at different temperatures in and I.Yamamoto, Mol. Cryst. Liq. Cryst.,

the Fig.l shows the spectral changes depending on 208,33(1991).

the temperature increase. By a DV-Xa 3) I.Shirotani, K.Suzuki, T.Suzuki, T.Yagi, and
calculation diese spectral changes were analyzed M.Tanaka, Bull. Chem. Soc. Jpn., 65,

as the structural change by the intermoiecular 1078(1992).

slide from the cross-type to blind-type of the core 4) M.I, H. Wakita, and l.Masuda, Bull. Chem.

bis(glyoximato)metal complexes''̂ . Soc. Jpn., 56, 1627(1983).

— R.T.

— 40 "C
— 80 °C
•—120 °C
--160 °C
— 200 "C
—- 220 "C

8330 8340 8350 8360
Energy / eV

Figure 1 The experimental Ni K XANES spectra of
[Ni{(C80)4dpg}2] under various temperatures.
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We prepared iron oxide particles-doped alumina
film by a combination of a sol-gel method and a
so-called counter diffusion method.
Fundamental study on the properties of fine
particles in matrix is necessary for optimizing
preparation conditions. Structure and
crystallite size of the particles are approximately
determined by a conventional X-ray diffraction
(XRD). XRD technique is suitable for analyzing
materials at micron order level. However, this
technique could not give us any information on
materials at atomic order level. EXAFS
technique Is very effective for obtaining the
information. Thus, we tried to characterize iron
oxide-doped alumina film by using EXAFS
technique.

Experimentel

Iron oxide-doped alumina film was prepared by
the method previously reported."!) The film
was pulverized and then the powder obtained
was mixed with polyethylene powder. A pellet
was molded out of the mixture powder by press
X-ray was made go through the pellet and the
transmitted intensity was detected. EXAFS
system used was 6B.

Itwas found from XRD that the structure of iron
oxide in alumina film is y-FeaOs. The film
exhibited ferromagnetism. This also supports
the existence of y-Fe203. Figure 1 shows
EXAFS spectra of Fe atom in alumina film. As
the immersing time increased, Fe-Fe peak
positions at about 3 Ashifted gradually to those
ofa-Fe203. The XRD and EXAFS results
indicate that a component, a-Fe203, is
dispersed as cluster level or smaller one in
alumina matrix. Thus, it is interesting that the
structure which was not detected by XRD was
revealed by EXAFS technique.

1) Y. Kobayashi, D. Kawashlma and A. Tomita,
Chem. Mater, to be submetted.

a-Fe203

0 1 2 3 4 5 6

Distance (A)
Figure 1. EXAFS spectra. a-Fe203 and y-
Fe203 powders were measured as standard
samples. Numbers stand for immersing times
of aq. Fe(N0)3 and aq. NaOH in the counter
difusion process.
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Ionic condictors CuBr and Cul show a large ionic

conductivity at high temperatures. The Cu ions vibrate

anhaimonically around equilibrium position. These

lattices monotonically expand with an increase in
temperature.[1] However, the local structures around Cu
or Br ions were reported to be opposite above room
temperature.[2, 3] The aim of this study is to make
clear a temperature dependence of the bond distance by

applying a more accurate analysis[4] (numerical
integration method) to the strong anharmonic vibration
system of CuBr and Cul.

Experiment

A thin film of CuBr or Cul was prepared by
precipitating powders on a disk of boron nitride (BN) in

acetone. The EXAFS absorption spectra near the Cu K-
e£%e were measured in transmission mode from 300 to

-650 K at BL-7C and BL-6B. Higher harmonics were
removed by detuning the monochromator to 60% of the

original X-ray intensity.
Results and discussion

In the strong anharmonic vibration system, a

cumulant series shows a poor convergence, which means
that the utilization of high k-region (>10 A"') of the
EXAFS signal makes the cumulant analysis worse. Thus

we directly carried out the numerical integration of the
EXAFS function with a Cu-Br (or-I) pair potential
'V(u).[A\ A mean interatomic distance <R> is described
in terms of the potential minimum position Rq and the
average deviation <u> from the Rq as

< R> = Ro+ < u>,

<u>= Jm exp( j^ exp(- ^^^)du.

Figure 1 shows that both <R> of Cu-Br and Cu-I pairs
increase with an increase in temperature in a similar trend

to the lattice expansion. It is reasonable that the net

thermal expansion <u> due to asymmetry of the pair
potential is an increasing function in temperature. It is
of quite interest, on the other hand, that the Rq

monotonically decreases with an increase in temperature,
as has been found in an analogous ionic conductor P-

Agl.[5] The mechanism of this decrease of Rq with

temperature seems related to an excitation of Cu ions to
interstitial sites.[6]

y-CuBr

' Latticeexpansion
(by XRD)

liy.
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TEMPERATURE [ K ]

y-CuI

Lattice expansion
(by XRD)

lU

f H
250 300 350 400 450 500 550 600 650 700
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Fig. 1. Temperature dependence of the Rq (•) and the
mean interatomic distances </?>(•). A and dashed
line are taken from the temperature dependence of the
lattice constants determined using powder X-ray
techniques by Lawn[l].
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Introduction

Improvement of the emission efficiency
of some lanthanide metal ions , especially Nd3+,
has attracted attention for possible use in a scale-
tunable high-power fluid laser system. We suc
cessfully observed emission of Nd^+complexes
in organic solvent by use of low vibrational lig-
ands, and found that the use of DMSG-tie as a
solvent gave the most enhanced emission of
Nd^+complexes.^

In this study, solvent shell structures of
Nd^"'" were characterized by XANES and EXAFS
measurements. From these results, we presents
that the tris(hexafluoroacetylacetonato)neody-
mium(III), Nd(HFA)3, in DMSG is coordinated
by a rigid double-shell formation composed of
six inner-coordinating DMSG molecules and
outer weakly-coordinating ligands.

Experimental
Nd(HFA)3 and deuterated solvents were

prepared as described previously.^ X-ray ab
sorption spectra at the Nd Lni-edge (6208 eV) of
the Nd compounds were measured in the trans
mission mode at the BL-6B station. Liquid
samples were sealed in a cell of polyethylene
film. XANES spectra were measured by scan
ning X-ray energy with an integration time of 1
sec in the region from 6178 to 6278 eV. EXAFS
datawere analyzed as previously reported.^

Results and Discussion

The first derivatives of XANES spectra of
Nd(HFA)3 dissolved in various solvents are
shown in Fig. 1. Since the widening of the
spectral width reflects increased interaction
between the Nd^^ ion and oxygen atoms in the
solvents, the characteristics of the spectrum of
Nd(HFA)3 in DMSG-z^6 can be explained by the
presence of the strongest interaction between the
Nd3+ and the oxygen atoms of DMSG molecules.

The structural parameters determined by
EXAFS analysis. In the system of Nd(HFA)3
dissolved in methanol-(74, acetone-<76, THF-tig
and DMF-i^7, the bonding distance, the
coordination number, and Debye-Waller factor of
the oxygen atoms were similar ( r = 2.49-2.50 A,
CN = 8.6-9.2, a2= 0.1 A2). In DMSG-t/a,

however, a drastic decrease in the values were

observed (r = 2.47+0.008 A, CN = 5.8, =
0.1 A^). These results suggest the formation of a
symmetrical rigid double shell structure for
[Nd(DMSG)6](HFA)3 in liquid media (Fig. 2).
In conclusion, crystal-like environments
composed of coordination compounds with low
vibration bonding may be useful for enhancing
the emission of Nd3+ in fluid systems.
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Fig. 1 First derivative of the L///-edge XANES
spectra of Nd{HFA)3 in a)acetone-<f6, 2) THF-Jg
3) DMF-i5 and 4) DMS0-if6.

cf3 q cf3

\ r->. I

Fig. 2 A twelve-coordinate structure of Nd^"*" in the
[Nd(DMSO)6](HFA)3 system.
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Introduction

Nitrides made up of group III elements (except for
boron) form a specific family in that they crystallize
at ambient pressure in the hexagonal wurtzite-type
structure against the zincblende-type structure and
that they have relatively high ionicity compared to
other Ill-Vcompounds, This latter characteristic
leads to an expectation that the nitrides would un
dergo pressure-induced phase transition into the rock-
salt-type structure. Indeed, such a transition has been
revealed by recent x-ray diffraction studies. The
rocksalt phase is, in turn, expected to further undergo
transition into |3-Sn structure. This work was aimed
at studying the behavior of the rocksalt phase of III-V
nitrides.

Experimental
Powder of AIN, GaN, or InN, each with purity

higher than 99%, was pressurized with a gasketed
diamond-anvil cell and subjected to x-ray radiation at
BL-18C (AIN and GaN) or BL-6B (InN). Exposure
time was typically 2 h. Diffraction pattern was re
corded by imaging plate and computer-processed to
one-dimensional display.

Results and discussion

Typical diffraction patterns for AIN are shown in
Fig.l, demonstrating that the wurtzite phase (ambi-
ent-presure phase) undergoes a transition between
10.7 and 31.4 GPa. Actually the transition pressure is
20 GPa.. The high-pressure phase can unambigu
ously assigned to the rocksalt-type structure and this
phase was found to persist to at least 132 GPa.

Likewise, GaN and InN also exhibit a structural be

havior under pressure similar to AIN. The transition
pressures and equation-of-state parameters are shown
in Table I.

66 GPa P

20(deg.) for >.=0.6199A

Fig. 1. X-ray diffraction patterns of AIN at
various pressures. Letters W and R respectively
denote the wurtzite and rocksalt structures. Peaks la
beled G are from the gasket.

Table I. The transition pressures and
equation-of-state parameters.

Material P^CGPa) BaiGPa)

AIN 20 295±17 3.5±0.4

GaN 53.6 323±27 3.5±0.8

InN 14.4 170±16 5.0±0.9
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Liquid and amorphous metals in their pure states are
considered to be binary mixtures of ions and strongly
coupled plasma composed of electrons. Based on this idea,
it was pointed out that the structure of liquid and amor
phous metals should be explicitly described by three cor
relation functions of electron-electron, electron-ion and
ion-ion pairs'̂ The anomalous X-ray scattering (AXS)
method would be useful for obtaining the information of
the electron density distribution around ions in disordered
materials. The purpose of this work is to present an ex
tended application of the AXS method to amorphous Se in
order to estimate the electron density distribution.

The AXS measurements for an amorphous Se sample
were carried out with synchrotron radiation at a beam line
(6B station) using the energies of 25 and 300eV below Se
K absorption edges (12.6545 keV). The scattering inten
sities were measured by a Si(Li) solid state detector.

Figure 1 (a) shows the differential electron density
distribution function of amorphous Se in C-space, AfiQ),
calculated by intensity profiles measured at the energies of
25 and 300eV below Se K absorption edges. In order to
facilitate our understanding tire electron configuration

around Se''"^ ion, it is quite helpful to have the electron
density distribution function in r-space, fir), around a
central ion using the Fourier transformation of fiQ).
Figure 2 shows the electron radial distribution function
ATU^pir) ofamorphous Se together with thatofan isolated
Seatom. It is found that AriP'fir) ofamorphous Sehas a
peak at around 0,085 nm and a shoulder at around 0,125
nm. The coordination number of electrons estimated in

the r range up to 0.2 nm is 3.9. On the other hand,
of an isolated Se atom has a broad peak around

0.1 nm and the electrons appear to be rather widely spread.
The theoretical study of the electron density distribution
for trigonal Se consisting ofhelical chains ofSe atoms'"^
shows that the charge density maxima of two non-bonding
Ap electrons (lone pair) and of remaining two bonding Ap
electrons (cr-bond) are located at distances of 0.088 nm
and 0.117 nm around a central atom, respectively. It

may be reasonably said that the first peak of ATJp'pir) for
amorphous Se obtained in this work corresponds to the
distribution of the lone pair around a central Se"^"^ ion and

the shoulder is attributed to the distribution of bonding
electrons.

0 20 40 60 80 100 120

piQ) (unorpbous Sc)

^{Q) (isoUied 5« atom)

0 20 40 60 80 100 120

Q / nm~^

Fig. 1 (a) Differential electron density distribution in Q-
space, ApiQ), of amorphous Se. (b) Electron density
distribution function, p(Q), of amorphous Se together
with p^(Q) ofan isolated Seatom.

4p

(lone pair)

O.I 0.15

r / nm

amorphous Se
isolaied Se atom

4iv^ap(r)

Fig. 4 Differential and electron density radial distribu
tion function in /--space of amorphous Se together with
A7V^p^(r) ofan isolated Seatom .
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Introduction
Nitrile hydratase (NHase) [EC 4.2.1.84] catalyzes

the hydration process of various nitrile compounds
and produces the corresponding amides. The
NHase from Rhodococcus sp. N-771 consists of two
polypeptide chains ( a , chain) and a non-heme
iron center. Each polypeptide chain has a
molecular mass of 23 kDa. Although the NHase
shows no catalytic activity in the dark, the inactive
NHase is immediately transformed into its
catalytically active state Fy light irradiation. FTIR
studies revealed that one NO molecule bound to the
non-heme iron in the inactive form and was released
by light irradiation Biochemical studies found
that the non-heme iron is the active center and
attached to the a chain '' \ Crystal structure of
theNHase has been studied for understanding of the
molecular mechanism both in the photo-activation
and in the catalysis.

Crvstallization
The inactive NHase, which was more stable than

the active one, was purified and crystallized. All
the crystals of the NHase in the inactive form wep
obtained under a new crystallization condition \
because the reproducibility was v^ low in the
previous crystallization condition' \ The new
crystal belonged to the space group P2i2j2 with the
cell dimensions: a=117.4A, b=145.6A, c=52.lA.
Assuming two NHase molecules in an asymmetric
unit, the value of Vm was 2.4A /Da. The crystalsg-ew up to 0.1x0.1x0.1 mm within amonth at 4°C.

efore data collection, the crystals were stabilized in
a mother liquor of ammonium sulfate for more than
12 hours.

Data collection
The diffraction data of the NHase was collected

up to 1.7 A resolution {Rmeyge of 6.9 %). Heavy
atom derivatives were searched v/ith the Sakabe's
Weissenberg camera at the beamline 6B (TARA
Sakabe Project) and the Raxis IV system (RIGAKU)
at RIKEN. Three heavy atom derivatives were
selected for the subsequent MIR analysis. The
statistics of data were shown in Table 1.

Phasing
Phases were calculated using MLPHARE and

DM in the CCP4 program suite \ The value of the
Figure of Merit after the initial phasing procedure
was 0.43 (3.3 A). Because there existed two NHase
molecules in the asymmetric unit, non-
crystallomaphic symmetry averaging method was
applied for the further improvement of phases The
free R value converged to 0.27 (^ to 2.8A) and the
correlation coefficient in the NCS averaging became
to be 0.937 after the procedure.

Crystal structure of NHase
Model bmlding was performed against the

improved electron density map with the turbo
FRODO. 377 of 418 residues were positioned in
the density map.

In the crystal, the NHase formed a dimer, being
related by the NCS symmetry. This results was
well agreed with that obtained by light scattering
measurement. In the model, one NHase molecule
had two domains. The first domain consisted 6
helices and four of them came from jS subunit.
The second domain was formed by 7 j3 -strands
being arranged into a barrel structure. The non-
heme iron center was located at the interface
between the two domains.

The rigid body refinement with X-PLOR was
applied from 8.0 A to 3.5 A resolution and the
resultant crystallomaphic R factor converged to
0.434. After the first refinement with slow cooling
protocol, the R factor became to be 0.282. Further
refinement is now on the way.

We thank the stuffs of the Photon Factory
especially Prof. Sakabe of Tsukuba University
(TARA Sakabe Project) and Drs. Watanabe and
Suzuki of the Photon Factory.

R.6f0r0iic0s
1) T. Noguchi et a/., FEES Lett. 358, 9 (1995).
2) M. Tsujimura et al., J. Biochem. 119. 407 (1996).
3) M. Odaka et al., Biochem. Biophys. Res. Commun.
221. 146(1996).
4)M. Od^a et al.^ J. Am. Chem. Sac. in press.
5) S. Nagashima et ai. Photon Factory Activity
Report m, 329 {1995).
6) J. Honda et al.. Photon Factory Activity Report
#10. 105 (1992).
7) J. Honda et al., Photon Factory Activity Report
#11.390 09931.
8) Collaborative Computational Project, Number 4
Acta Cryst. D^, 760 (1994).

Table 1 Statistics of heaw atom data
reagent

soaking conc.
soaking time

resolution
unique ref.

^nicivc
Completeness

HgCL
3mM

40hr.

60-2.5A
29936

0.064

94.7

K^PtCL
3 mM

40hr.
60-2.8A

22113

0.087
97.2

K^PtfCN),
3 mM
72hr.

60-3.3A

16929
0.045

96.5
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Expression of the ompC and the ompF
genes which encode the Escherichia coli outer
membrane proteins, OmpC and OmpF,
respectively, is controlled in a reciprocal manner
by the osmolarity of the growth medium. Two
proteins are involved in this osmoregulation. A
sensor protein EnvZ which is located in the
cytoplasmic membrane senses the osmolarity
outside the cell and translates the signal to a
responsive regulator OmpR (239 residues) by the
way of phosphorylation. OmpR binds to the
upstream region of the promoter of ompC and
ompi^genes, and regulates the expression of them
as a positive regulator. The two component system
of EnvZ-OmpR demonstrates one of the simplest
signaling systems of the bacterium for it to adapt
to environmental changes (1).

C-terminal half portion of OmpR
(OmpR-C; 118 residues) has a site responsible for
DNA-binding, OmpR-C was shown to retain the
abdity to bind to the OmpR-binding site of the
promoter, and was expected to have a structure
similar to that of the C-terminal half portion of
intact OmpR. We determined the crystal structure
ofOmpR-C at 2.2A resolution by multiwavelength
anomalous dispersion (MAD) method using Se-
Met OmpR-C crystal.

Intensity data of Se-Met OmpR-C crystal
was collected at three wavelength at BL18B beam
line at the Photon Factory, using multifunction
camera for macromolecular crystallography (2).
Each data collection was carried out at lOOK.
Positions of three selenium atoms out of five were
determined from Bijvoet difference Patterson map,
and were used for phase calculation. Electron
density map obtained was easily traced after
density modification, and polypeptide chain with
101 residues out of 118 was constructed.
CrystaUographic refinement was carried out using
intensity data of native OmpR-C crystal. Native
data was collected at wavelength of l.OOOA at
BLOB (3) at lOOK, Diffraction was observed up to
2.0A resolution, and intensity data up to 2.2A
resolution was used for refinement. The current

RNA-polymerase
contact loop

13

Figure 1. Ribbon diagram of OmpR-C. The long loop
between a2 and a3 is RNA-polymerase contact site.

model has 872 non-hydrogen atoms corresponding
to 101 residues and 52 water molecules with

i?-factor of 0.223 and free i2-factor of 0.296.

OmpR-C has .4-stranded antiparaUel
j3-sheet in its N-terminal region, three a-hehces in
the middle of the domain and (3-hairpui in its
C-terminal region (Figure 1), a2 and aS form a
structure somewhat similar to helix-turn-hehx

motif, and aS is thought to be DNA-binding site as
proposed by mutagenetic experiments of OmpR.
Loop connecting a2 and aS is made up of 11
residues, which is the longest loop among
hehx-turn-hehx variant proteins whose structures
have been determined. Moreover it was found that

the residues which interact RNA-polymerase
during transcription activation mainly locate in
this long loop (4).

. We thank N. Sakabe, N. Watanabe and
M. Suzuki of the Photon Factory for their kind
help with data collection.
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Introduction

DNA-binding protein HU is a small basic protein
of molecular weight 9^00. It binds to DNA wth
non-specific manner, resulting in a formation of
bending" and supercoiling^^ structure of DNA, but
the detailed mechanisms are still unknown. The

crystal structures of HU from Bacillus
stearothermophilus (F^/HU) has been determined at
a resolution of 2.8A^^and has recently been refined
at 2.1A"', showing a tight dimmer structure with a
pair of arms. We constructed mutants wliere the
amino acids in fijtHU were replaced to
corresponding ones in HU from Bacillus subtilis
(5jmHU) using site-directed mutagenesis. These
mutants have altered thermostability from native
HU^. We have obtained crystals from a SjrHU-
K38N mutant. We report a preliminaly analysis of
high resolution crystal of Bj?HU-K38N mutant.

Experimental and result

High resolution diffraction data from 5s?HU-
K38N crystal were collected from flash-frozen
crystals at lOOK at the BL-6B beamline of the
Photon Factory. The MFD concentration in the
mother liquor was sufficient to form a protective
glass upon cooling. Crystals were mounted in fine
synthetic fiber loops, and quickly transferred to the
cold stream. Data extending to 1.6A were collected
and statistics are given in Table 1. This crystal was
indexed as tetragonal (a=62.6, c=43.3A), space
group 14, using the program DENZO. The unit-cell
volume suggests that there is one HU monomer per
asymmetric unit. The molecular weight of 9.5kDa

givesa Vm of 2.24A^Da'' within the normal range
for protein crystals®\ The data setis 90.7% complete
to 1.6A, with Rmerge 6.6%.
Self-rotation functions have been calculated using
POLARRFN^ over several resolution ranges, with
inconclusive results. Structure analysis is under way
using molecular replacement.

Table 1. Data-collection statistics

Space group

Resolution (A)

No. of observed reflections

No. of unique reflections
Rmerge* (%)

Completeness (%)

* Rmerge = 5:i<I> - H/ 2:<I>.

BstHU-K3SN

14.
30.0-1.6

52,838

10,144

6.6

90.7
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Bleomycin is an antibiotic, which causes cell death by
cutting bacterial and mammalian DNAs and is utilized
as an anti-cancer drug. Streptomyces verticillus, which is
a bleomycin-producing microorganism, must be protected
from the lethal effect of bleomycin by the existence of a
specific bleomycin-binding protein. This bleomycin-
binding protein is designated BLMA^\ The scheme for
large scale production and purification of BLMA was
developed by Sugiyama et alP BLMA consists of 122
amino acid residues and has tlie molecular weight of 13
kDa. BLMA exists in solution as a dimer, and one BLMA
monomer stochiometrically combines with one bleomycin
molecule. The crystal structure of a bleomycin-binding
protein (Shble) from a tallysomycin-producing organism,
Streptoalloteichus hindustanus, has already been
determined at 2.3 A resolution. The homology of the
primary structures between BLMA and Sh^/e is about
60%. The BLMA crystal, used in this research, diffracts
X-rays up to 1.5A resolution In this research, it is
aimed to obtain tlie precise structure of the bleomycin-
binding protein. It may be helpful for understanding tlie
bleomycin-binding mode to DNAs and the DNA-cutting
mechanism of bleomycin.

The crystal of BLMA grows to a size over 0.5mm for
1-2 weeks. It belongs to orthorhombic system. The space
group is P2i2i2, and tlie cell dimensions are a = 54.90 A,
b- 67.94 A, and 0 = 35.60 A.

Weissenberg photographs of the native and derivative
crystals were taken at BL6B in tlie Photon Factory. This
beamline is constructed for the TARA project of Tsukuba
University. In this beamline, the crystal-film distance is
547 mm and the detector is a pair of 800mm x 400mm IPs
per one photograph. One complete data set for one crystal
was obtained by only three photographs. The diffraction
data of the native crystal was obtained at 1.5 A resolution
using monochromatic X-rays (1.0 A wavelength).
Processing and phase determination of diffraction data
were carried out with the program WEIS and the CCP4
program suit. The merging-R values were 5.4% for tlie
native crystal at 1.5 A resolution and 3.9% for a heavy
atom derivative crystal of PCMBS at 2.0 A resolution.
Initial phases were calculated with single isomorphous
replacement method including anomalous scattering
effect. The initial electron density map was calculated at
2.0 A resolution afterdensity modification.

The structure refinement was started at 2.0A resolution

using program X-PLOR. The resolution was extended
from 2.0 to l.SA step by step. The conventional R-factor
and free R-factor for final coordinates including 135 water
molecules are 19.1 % and 22.3 % (Fig, 1). The dimer
structure of BLMA is related by the crystallographic 2-
fold axis. The bleomycin molecule may bind to a large
groove formed between two monomers of the BLMA
dimer.

O iN-ferm

Fig. 1 Structure of BLMA monomer. Water molecules are
indicated by circles.
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Introduction

X-rays incident on a superconductor break Cooper pairs
into quasiparticles and the number of them depends on the
x-ray energy. By the use of the superconducting tunnel
jimction (STJ), the energy of incident x-rays can be
determined by measuring the number of the quasiparticles
tunneling through the junction barrier. The energy gap of
superconductors is three orders of magnitude smaller than
those of conventional semiconductor detectors. Therefore,
STJs are expected to perform as a x-ray detectors with a
excellent energy resolution. For the performance
e\aluation of the STJ detector, it is very important to
in^'estigate the energy dependenceof the response of STJ.

In this work, we report the detailed response
characteristics of Nb-based STJ to x-rays of 5 to 15 keV.

X-ray irradiatioa using symchrotron radiation

The x-ray irradiation experiment was canied out at
BL6C1 beam line of the photon factory of KEK. This
beam line provides intense monochromatic x-rays of 4 to
15 keV,andthe energy dispersion is nominally 7.5 XlOA

The Nb/Al-AlOx/Nb STJ fabricated by Nippon Steel
Corporation was used in the experiment. The multilayer of
the junction was deposited on a sapphire substrate. The
size of the STJ area was 178 X 178 pm^. The STJ was
mounted in a ^He cryostal with tliin Be window for the x-
ra}' entrance. The operating temp^ature of STJ was kept
to 0.4 K. The magnetic field of 0.02 T was applied
parallel to the junction to suppress the Josephson current.
^ '̂̂ e employed a low noise charge sensitive preamphfier
with cooledfour JFE i s of 2SK190 in parallel connection
operated around 130 K.

The responses of the STJ to x-ray of 4.5 to 15 keV
were measured at bias current of 212 to 405 mA..

Figure 1 shows examples of observed pulse height
distribution of the preamplifier output for STJ irradiated
byx-rays with energies of 7, 12 and 15 keV at a STJ bias
current of 335 nA. The channel number of the full energy
peak in the pulse height distribution implies the amoimt
of electric charge collected in the case of full energy
dissipation of x-ra)'s in the superconductor. For x-ray of 7
keV, the energyresolution (F\^TIM) was 205.9 eV and the
reference pulser line width was 137.3 eV. The number of
peak channel in the pulse height distribution increased
with raising the bias current from 212 to 405 nA.

The energy for single electron collection is an
important parameter for estimating the radiation detector

performance. The \'alues of were evaluated by using
the amount of collected electric charge in the full energ}'
dissipation. Figure 2 shows the values of normalized
by = 6.7 meV for x-ray of 15 keV at the bias current
of 335 nA.

Conclusions

The detailed response characteristics of the Nb-based
STJ to x-rays of 4.5 to 15 keV were investigated by using
the synchrotron radiation. Values of the energy for single
electron collection, were found to exhibit a nonlinear

dq^endence on the incident x-ray energj' and strong
dqxndence on the bias current.

200 300 400

Channel

Fig. 1 Pulse height distributions obtained with the STJ
for x-rays of 7, 12 and 15 keV.

178 )im X 178 um rvb/Al-AlOx/Al/Nb

• 4 6 8 10 12 14 16

Energy, keV

Fig. 2 Relationship between the normalized and the
incident x-ray energy.
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Introduction

It is reported that the transmitted rocking curve from

GaAs in Laue case shows asymmetric form due to anoma

lous absorption and transmission near the absorption

edge^\ and that it changes the form across the edge by
the change of the anomalous scattering factor^\ The
phase information of the crystal structure factor is ob

tained by the asymmetry of the transmitted rocking

curve^\ and the anomalous scattering factors are de
termined from the measured rocking curves^^. In this
study, we measured the rocking curves of GaSb 200 re

flection near Ga K absorption edge to study different

behavior of the rocking curves from GaAs.

Experiment

The GaSb wafer supplied by Sumitomo Electric Indus

tries Ltd. was used. It had the EPD value less than 500

cm~^ and its surface plane was (100). We processed it

into a parallel-side plate of about 75 /im in thickness.

The experiment was carried out by using X-rays from

synchrotron radiation at BL-6C1 in KEK-PF. The inci

dent beam was monochromatized by Si (111) double-

crystal monochromator at (1,-1) setting. The wafer

was set on the four-circle diffractometer. The trans

mitted and the diffracted beams were measured by an

SSD and a scintillation counter, respectively.

Results and discussion

Fig.1shows the transmitted (thick line) and the diffracted

(thin line) rocking curves of GaSb 200 near Ga K-

absorption edge (10368eV). (a), (b) and (c) in Fig. 1

represent the measured values of the low energy side,

just at and the high energy side of the absorption edge.

The transmitted rocking curve shows the significant

change of the form as a frmction of X-ray energy. In (a),

the curve has one peak and dip, which is a typical form

due to anomalous absorption as observed from GaAs.

In (b), it has two peaks and two dips and their origin

are not assigned yet. In (c), it has only one dip around

the center. This form is quite different from that ob

served from GaAs^\ The origin should be assigned to
be due to large scattering factor of Sb compared with

As. On the other hand, the diffracted rocking curves

do not show any significant change. The analysis is un

der progress of the change of these transmitted rocking

curves and of determination of the anomalous scatter

ing factor of Ga near Ga K-absorption edge in GaSb.

References
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Introduction

Amorphization from the quenched high pres
sure phase has been studied for many semi
conductors [1-4]. Results were analyzed by us
ing a configuration-coordinate model. As the
amorphization depends on the height of po
tential barrier AU between the two phases of
the before- and after-phase transitions, it is in
teresting to study the path dependence of the
phase transition in III-V compounds with dif
ferent strength and ionicity of bonds.

Experimental

X-ray diffraction measurements at high pres
sures and low temperatures were carried out
by an energy dispersive method using a syn
chrotron radiation from a bending magnet(BL-
6C1). Pressure was generated by a diamond
anvil cell with bellows.

Results and discussion

When pressure was released from 22 GPa
at 90 K, the high-pressure phase of GaAs was
quenched down to 6 GPa. At 6 GPa, the
intensity of the peak from the high-pressure
phase begins to decrease and both new broad
peaks of amorphous phase and sharp diffrac
tion peaks of a metastable crystalline phase
appear. Width of the broad peak is 10 times
as large as that for the crystalline phase, and
the peak position is different from that for zinc-

T=280{K)

T=250(K)

T=90(K)

Fig. 1 Exaples of diffraction patterns from the
quenched high-pressure phase of GaAs on heat
ing at 2 Pa.

blende phase. At 3 GPa, wide peaks of micro-
crystalline phase with zincblende structure ap
pear. With increasing temperature, the inten
sity of metastable crystalline phase decreases
and the intensity of microcrystalline phase in
creases. Examples of diffraction patterns are
shown in Fig. 1. The widths of the diffraction
peak changes with temperature. The results
of the widths are shown in Fig. 2. The width
of the microcrystalline phase becomes narrow
with increasing temperature, while the width
of the amorphous phase does not change.

On the second compression at 300 K, the in
tensity of the amorphous peak decreases with
out changing its width. On the other hand, the
intensity of the microcrystalline peak increases
with decreasing its width. These results show
that a phase transition from the amorphous
phase to the microcrystalline phase occurs con
tinuously.

References
[1] K. Tsuji, Y. Katayama, Y. Yamamoto, H.
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crystalline phase

Temperature I K

Fig. 2. Width of the diffraction peaks at 2
GPa as a function of temperature for micro-
crystalline phase and amorphous phases of GaAs
obtained from the quenched high-pressure. Dot
ted lines for crystalline phase of GaAs and for
micro-crystalline phase of InAs are also shown
for references.
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Introduction

X-ray fluorescence(XRF) has been widely
used for trace element analysis. In recent
years, many approaches have been developed
for XRF micro-analysis. All these methods

utilize X-ray microprobes to get high spatial
resolution. As a result, an X-ray fluorescence

image is obtained with scanning microscopy.
XRF analyses with scanning mode are good for
quantitative and multi-elemental analysis, but
not suitable for observing the samples at a

time.

In order to overcome this difficulty we

proposed and developed the XRF imaging with
Welter type-I grazing incidence mirror.

Exoerimental

The experimental arrangement is shown in
Fig.l. The experiment was performed at BL-
6C2. We used no condenser optical element for

the irradiation of the incident X-rays on the

sample. The generated fluorescence X-rays

were focused on CCD by the Wolter type-I
grazing incidence mirror.

Figure 2 shows the parameter of the Wolter
mirror. It consists of an ellipsoidal and a

hyperboloidal mirror. Both surfaces are coated
with platinum to reflect shorter X-rays.

Results

Figure 3 shows the X-ray fluorescence
image of the copper grid(#200). The image
obtained is so called the dark field image.
Because of the inclined irradiation of the

incident X-rays to the grid, the overlapped
parts of the grid produced the shadow. The
spatial resolution obtained was about 5^m,
which was determined by the quality of the
mirror. Energy dependent X-ray images will
be obtained by using a monochromator.

KEK I^^Storage Ring

He Atiosphere

CCD Camera

Sample Wolter Mirror

Fig.l Schematic diagram of the experimental

arrangement.

(init : inn)

tfyperboloid i 21.5122.5

EllipMid

average grazing angle ; Tinrad
material : Pyrex Glass
mirror surface : Ft coated

Fig.2 Parameters of Wolter mirror.

lOOum

Fig.3 X-ray fluorescence image
of the copper grid.
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Diamonds are highly appreciated by both their
high x-ray transparency and high thermal
conductivity, and thus they are suitable for
monochromators in multi-station of undulator
beamlines at the third generation SR facilities. In
order to use them as monochromators in practice
for SR, however, one has to solve various
problems involved, such as obtaining large size
and good quality single crystals, developing a
dedicated cooling system, and combining with a
metal cooling holder stably. The purpose of this
study is to provide a set of guidelines for
facilitating a monochromator design using
diamond crystals. Therefore we have canied out
some preliminary evaluations of large size
diamond single crystal by means of x-ray
diffraction techniques using laboratory source.

Experiments
A diamond crystal was type lb synthetic single

crystal grown by reconstitution method. The
specimen was plate shape which had {100}
surface and all sides parallel to <100> directions.
The plate was nearly square, of overall
dimensions 8 by 8 mm, with thickness 0.5 mm.
Its color was light yellow for the most part.

We evaluated the diamond crystal by means of
x-ray diffraction goniometry and topography
using ordinary rotor target x-ray generator of
CuATal radiation. We used 3 crystal (+, +, -)
setting in order to reduce energy dispersion. The
first crystal was symmetrical Si 220 in Bragg
case. The second crystal was asymmetrical Si
511 in Bragg case which was employed to widen
the beam width. The third crystal was
symmetrical diamond 220 in Laue case as the
specimen. Both topograph of whole specimen
and rocking curve were taken in this x-ray optics.

Results

Figure shows a rocking curve measured on

the above-mentioned setting with beam size 1x1
mm^ clipped out by slit. Full width at half
maximum (FWHM) of the rocking curve was 4.3
second in arc. This FWHM was in good
agreement with theoretical value taken account of
energy dispersion of the optics. A FWHM about
whole specimen, however, was 7.8 second in
arc. We suppose that large FWHM for whole
specimen was caused by growth-sectors and
ununiform distribution of many dislocations. In
fact, we found images from several growth-
sector boundaries and many dislocations[l] in
topograph for the specimen.

-10 -5 0 5 10

Crystal rotation angle / second in arc

Figure A rocking curve of the diamond 220 in
Laue case using CwKa\ radiation with beam size

1x1 mm^ clipped out by slit

Reference

[I]. A. R. LANG, J. Appl. Cryst., (1994), 27,
988.
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Introduction

The mteractions of unsaturated hydrocarbon

molecules with a silicon surface are of practical

importance to investigate initial SiC epitaxial

growth. Although the adsorption of C2H2 and C2H4
on the Si(OOl) surface has been studied by several

groups [1], a few points are still controversial. The
points at issue are the C-C bond length of
adsorbates and the configuration of Si dimers
beneath them. This report describes the results of

C-K NEXAFS experiments at BL-7A.

Experimental

A clean Si(001)2xl surface was dosed with 10 L

C2H2 and C2H4 at RT. C-K NEXAFS spectra were

obtained by the partial-electron-yield detection
with a retarding voltage of -100 V.

Results and Discussion

Figs, la and lb show the C-K NEXAFS spectra

of C2H2 and C2H4 on Si(001)2xl. In the inner sheU

electron energy loss spectra of gaseous C2H2 and

C2H4, a sharp peak (Cls-to-7r*cc resonance) appears
at 285 eV [2]. In the spectra of adsorbed states, a

7c*cc peak remains for Q2H2, while it disappears
for C2H4. This apparently shows that C2H4

rehybridize to an sp^ state but C2H2 does not. The

polarization dependence of 7t*cc in the C2H2 spectra

indicates that the 7c*cc orbital parallel to surface is
preserved but the perpendicular one vanishes

through adsorption, most likely by the bond

formation with the dangling bonds.

The a*cc peak in the adsorbed C2H2 and C2H4 is

shifted signi&cantly to lower energy as compared to

the gas phase spectra. Assuming the linear

proportionality between the a*cc energy relative to

the ionization threshold and the C-C bond length

[2], the C-C bond lengths of C2H2 and C2H4 are

estimated tobe 1.85 A (arehybridized sp^ state) and
1.52 A(a rehybridized sp® state), respectively.
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Photon Energy (eV)

Fig.l NEXAFS spectra of a) C2H2 and b) C2H4

adsorbed on the Si(001)2x 1 surface.
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Introduction

The 74 binding site model of the JSx-Js
surface is generally accepted. However, a
controversy exists regarding the 4x1 surface
structure, Scanned-angle photoelectron
diffraction data were collected from these two

surfaces at the Photon Factory using the
University of Tokyo's Beamline 7A. The
purpose of collecting data from the well-known

JSxJS-hi structure is to test the experimental
set-up and to test the multiple-scattering
spherical-wave modeling code. Additionally,
this data can be used to determine the non-

structural modeling parameters. The final goal
is to determine the geometric structure of the
4 X 1-In surface.

Experimental

From each surface, scanned-angle photo-
electron diffraction data were collected at room
temperature from the In 3 dsn (Eb = 444 eV, Ek
= 162 eV) and the Si (Eb = 99 eV, Ek =
223 eV) core levels. As measured from the
surface normal, the photoemission polar angle
was varied from 50° to 70° in 5° steps by
moving the ADES400 analyzer. The photo-
emission azimuth angle was varied through
-120° in 3° steps by rotating the sample.

Simulation

Preliminary multiple-scattering spherical-
wave calculations have been completed using
the code developed by Chen, et al.^ which is
based on the Rehr-Albers^ scattering formalism.
Simulating the Si 2p diffraction data from the

•JSx-Js -In surface has been very successful, but
only marginally surface sensitive. It has been

difficult to accurately model the In 3d
diffraction data; the preliminary computer
modeling results tend to support the accepted

structure for the -J3x-J3 surface.
Modeling the 4x1 -In surface is still in

progress. The structure models proposed by
Abukawa, et al?^ and by Stevens, et al?^ were
tested without possible lateral relaxation (as
compared to layer spacing relaxation). The
model proposed by Saranin, et alf^ does not
specify atomic arrangement and, therefore,
simulations are not possible.

When considered in conjunction with an
extensive study of the In Ad photoemission
branching ratio,^ these In 3d photoelectron
diffraction data may include similar branching
ratio effects which make simulating the
experimental data difficult. Plans for a detailed
analysis of this issue are underway.

References

1) S. Kono, Surf. Rev. and Lett. 1, 359(1994).
2) T. Abukawa, M. Sasaki, F. Hisamatsu, M.

Nakamura, T. Kinoshita, A. Kakizaki, T.
Goto and S. Kono, J. Elect. Spec. & Rel.
Phenom. ^ 233(1996).

3) J.L. Stevens, M.S. Worthington and I.S.T.
Tsong, Phys. Rev. B 47, 1453(1993).

4)A.A. Saranin,E.A. Khramtsova, K.V.
Ignatovich, V.G. Lifshits, T..Numata, O.
Kubo, M. Katayama, I. Katayama, and K.
Oura, Phys. Rev. B ^ 5353(1997).

5) Y. Chen, H. Wu and D.A. Shirley, MSSW
Code - Unpublished, (1995).

6) J.J. Rehr and R.C. Albers, Phys. Rev. B 41.
8139(1990).

7) H.W. Yeom, T. Abukawa, Y. Takakuwa, S.
Fujimori, T. Okane, Y. Ogura, T. Miura, S.
Sato, A. Kakizaki, and S. Kono, to be
published.



95-G410

PHOTON-STIMULATED DESORPTION OF FRAGMENT IONS FROM
SOLID BENZENE FOLLOWING CARBON ^-EDGE EXCITATION

Yuji BABA, Kenji YOSHII and Teikichi A. SASAKI
Departmentof Synchrotron Radiation FacilitiesProject, Japan AtomicEnergy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan

Introduction

Fragmentation of a molecule by inner-shell
photoexcitation has attracted much attention
because of the element-specificity and site-
specificity of the primary excitation due to the
localization of core orbitals. In this report, we
present the results for the fragment-ion
desorption from solid benzene, one of the
simplest organic molecules, following the carbon
X-edge photoexcitation together with the Auger
decay processes.

Experimental
The experiments were performed at the BE

TA station. High-purity benzene was dosed
onto the clean surface of Cu(lOO) at 80 K. The
thickness of the adsorbates was 300 layers. The
desorbed ions were analyzed by a quadrupole
mass spectrometer. The Auger decay spectra
were measured with hemispherical analyzer
(Fisons CLAM2) and the X-ray absorption
spectra were measured by total electron yield.

Results and discussion

The desorption mechanism of the most
intense ion has been discussed in detail,'^ so
that we will concentrate on those of the other
heavier fragments.

Fig. 1 shows the photon-energy dependences
ofelectron yield (Xi^ES) and desorption yields
around the C X-edge. The main molecular-
orbital components of the intense peaks
numbered 1, 3 and 5 in the XANES spectrum are
attributed to the excitations from C Is to the tt

*(^211)' ^ ^ *(C-C), respectively.
It is noteworthy that the and C* ions are
desorbed predominantly at the peak 3.

Fig. 2 displays a series of spectra of decay
electrons at various photon energies. A sharp
peak marked A at the 284.7-eV excitation
corresponding to the peak 1 in fig. 1 originates
from the participator decay in which the excited
electron itself decays into the C Is hole. This
participator decay channel disappears at 288.6-eV
excitation corresponding to the peak 3 in fig. 1.
It is considered that the large contribution of the
participator decay channel at 284.7-eV excitation
is the origin of the low desorption yield of
and C^, because the participator decay results in
only one hole state in valence orbital (tC"') as a

final electronic configuration.
References
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Fig. 1 Photon-energy dependences of electron and
desorption yields.
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Fig.2 Auger decay spectra at various photon energies.
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Introduction

Alkanethiol is famous for its growing as SAM{Self
Assembled Monolayer) films on metal substrates. They
have been extensively studied for their wide applicabil
ity, However, their adsorption structures have not been
investigated in any detail.

In the present work, the adsorption of alkanethiol
(CH3(CH2)n-iSH n^6,I2) on Cu(lll) has been studied
usmg the C K-edge NEXAFS spectroscopy to elucidate
the detailed whole structures of the molecules.

Experimental
Submonolayer alkanethiol adsorption on a clean

Cu(l 11) was carried out by dosing ~5 L CH2(CH2)n-iSH
(n=6,12) {1 L = 1.0x10'̂ Torr-s; 1 Torr ^ 133 Pa) at
R.T. It was kept at 100 K during the spectroscopic
measurements.

Results and Discussion

Fig. 1 shows the C-K NEXAFS spectra of
CH2(CH2)n-iSH (n-6,12) together with tliat of multi
layer. Peaks A, B(B') were assigned tothe a*{C-H) and
a"'(C-C), respectively. The cr^CC-H) and a*{C-C) reso
nances are most enhanced at normal and grazing X-ray
incidence, respectively, indicating that the molecular
chains are likely to be normal to the surface.

From the polarization dependence of the ct*(C-C)
resonance in C-K NEXAFS spectra, the averaged polar
angle of the molecular chain co with respect to the sur
face normal was determined to be HilO*^ for both

cases.

From the polarization dependence of the a*(C-H)
resonances, we estimated co value as lO+lO*^ for botli
cases. Good agreement of inclination angle derived from
independent resonances(a (C-C) and a (C-H)) indicate
that the alkyi chain is mostly in a trans-confonnation (i.e.
contain few gauche conformations)[l]. On the other
hand, we estimated the polar angle of the S-C bond a
widi respect to the surface normal as 38±10'̂ for
CH3(CH2)5SH and 21110'^ for CH3(CH2)i,SH from S-K
SEXAFS (not shown here). The schematic view of al
kanethiols on Cu(lll) are shown in Fig.2 from the re

sults mentioned above.
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Introduction
Neutral dissociation plays an important role

among various decay channels of molecular superex-
cited statesU To obtain detailed information on the
neutral dissociation of molecular superexcited states,
we have measured the vuv fluorescence excitation func

tions of neutral fragments produced via the photodisso-
ciation of O2 and CO2. The spectra are mapped as two
dimensional fluorescence excitation spectra ( 2D-FES
)2,3.4 3|,-g useful to visua.llze the decay dynamics
of superexcited molecules.

Experiment
Synchrotron radiation ( SK ) from a 3m normal

incidence monochrornator at BL-20A (for O2 mea
surement) or an Im Seya-monochromator a,t BL-7B
(for CO2) was entered into a gas cell in which O2
or CO2 gas was kept at constant pressures of several
inTorr. Fluorescences emitted from dissociated frag
ments were dispersed by a secondary vuv monochro
rnator equipped with a 1200 lines/mm grating. Fluo
rescence spectra were observed using a resistive-anode
type position-sensitive detector combined with a mi-
crochannel plate.

An undispersed vuv fluorescence excitation spec
trum of excited fragments was obtained using a mi-
crochannel plate combined with MgF2 window. Ultra,-
violet or visible fluorescences of ©^(A^n^ —» X^fl^)
and 0^(b''E^' —» a''IIu,}, respectively, were detected
by a photomultiplier and optical filters.

Results
Figure 1 shows an obtained 2D-FES of O2 together

with an undispersed vuv fluorescence excitation spec
trum. The ionization potentials are indicated in the
left part of Figure 1. Each vertical line structure cor
responds to the partial fluorescence yield of an excited
O atom produced by the neutral dissociation of O2.
The smooth variation of the fluorescence jdeld is due
to the repulsive potential energy curves of superex-
cite<l states in this energy region. The simultaneous
enhancements of fluorescence lines at certain discrete

excitation photon energies indicate the multistep pre-
dissociation of Rydberg states converging to 0^. By
analyzing the 2D-FES various information on neutral
dissociation of superexcited O2 such as state selective
neutral dissociation^ is obtained.

We have also measured 2D-FES for C02- It is
interesting to compare the dissociation mechanism of
CO2 with other molecules which we have already in
vestigated such as CO^ a.nd N20'̂ . Dissociated CO
fragments are mainly observed bellow 24 eV, and ex
cited C atoms ai-e not so abundant in the whole energy
region of the present investigation.
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Figure 1 The two dunensional fluorescence excitation
spectrum ( 2D-FES ) of O2. The intensity by a gray
plot incresLses from light to dark exponentially. The
undispersed vuv fluorescence excitation spectrum is
presented in the left hand portion of the figure.
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Introduction

Following the report I, we present the ARUPS

results of C2H2and C2H4 on the Si(OOl) surface. The

dangling bond (DB) states of the Si surface and
occupied molecular orbitals of the adsorbates were
under the focus of this study. The adsorption

models for C2H2 and C2H4 on the Si(OOl) surface are

discussed based on these results.

Experimental

The method of sample preparation was same as

those at BL-7A <report I). The ARUPS data were

obtained using ADES 400 spectrometer on BL-7B.

The dependences on the incident photon energy

(hv) and polarization were examined for normally
emitted photoelcctrons.

Results and Discussion

Fig. la shows the ARUPS data of C2H2 and C2H4

on the Si(001) surface (hv = 35.5 eV). Peak

assignment was done by comparison with the gas

phase spectra [1]. In the spectra for C2H2 (Oi = 20°)

and C2H4 (0i = 20°, 60°) the ticc peaks vanished, and

new features appeared, resulting from the
formation of the C-Si bonds. This indicates that the

TOG orbitals also interact with DBs.

Fig. lb shows the change in the ARUPS data of

the Si(001)2xl surface by the adsorption of C2H2
and C2H4 gases (hv = 17.8 eV). A sharp peak around

0.7 eV below Ef for the clean surface is the well-

known DB state (dashed lines). This peak is

significantly weakened by the molecular adsorption,
indicating the depletion of DBs by chemical bond
formation. Weinberg et al. proposed the model with

cleaved Si-dimers, while Nishijima et al. proposed
another model with Si-dimers preserved. If the

dimers are not preserved through adsorption, the

number of the DBs should not change. The resent
result gives a firm evidence for the model with

preserved Si-dimers as shown in Fig.2.
References

[1] G.Bieri and L.Asbrink, J. Electron Spectrosc.
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Fig.l ARUP spectra of C2H2 and C2H4 on Si(001)2x1. (a) hv = 35.5 eV Fig.2 The adsorption models of
(0i = 20°:solid, 60°:dotted). (b) hv = 17.8 eV (0i = 45°). dashed : clean surface. C2H2 and C2H4/Si(001) 2x1.
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Introduction

Since C2H2 adsorbed on the 81(001) surface

decomposes as temperature increases, it is

regarded as an efficient carbon source for the SiC

epitaxial growth. Following the report I and II, the
temperature dependence of the ARUPS data of

C2H2 on the Si(001) surface is examined and its

decomposition process is discussed.

Experimental

The method of sample preparation was as

described in report I. Sample was heated resistively.
Its temperature were monitored by infra-red •
radiation pyrometer. AH measurements were done

after cooling down to room temperature. The
incident angle was 45° from the surface normal.

Results and Discussion I
7 (a) hv = 39.8 eVrig. 1shows the temperature ^

dependent ARUPS data of C2H2

on Si(OOI) with hv =39.8 eV (a) ® /
and 17.8 eV (b). Three | (
adsorption phase are observed. ^ ^

First, at room temperature, ^
four peaks(®-@) assigned to

V)

C2H2 molecular orbitals appear ^ •"
and the peak intensity of Si
dangling bond (DB) state (C?))

decreases. C2H2 is molecularly '
chemisorbed (cf. report II). -g
Second, peak ® - ® dimmish o-
with the rise of temperature. It —
suggests the cleavage of C-C and
C-H bonds at 800 K ('atomic 20

adsorption phasS'). Nishijima et al.[l] also studied
the decomposition of C2H2 adsorbed on Si(OOl) by
HREELS. They found that a new feature assign to
the Si-H stretching mode emerges at 750 K and
disappears at 930 K In our ARUPS studies, peak
intensity of DB state ® did not change at 800 K,
but increased at 1000 K. These result is consistent

with the HREELS studies. Hydrogen atoms are
desorbed and there are only carbon atoms on Si
surface above 1000 K ('SiC thin filni'). These
carbon atoms are removed from the surface as

temperature increases, and finally at 1500 K,

clean Si(001)2x1 recovers.

Reference

[1] M.Nishijima, et al., Surf. Sci. 192 (1987) 383
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Fig.l The temperature dependent ARUPS data of C2H2 adsorbed on Si(001)2x1. The photon energy was
set to (a) 39.8 eV and (b) 17.8 eV. ®-@:peaks from adsorbate. (E',(I):C-Si bonding.®:DB state.
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Introduction

Silicon single crystal surfaces with Ag
adsorbates are recognized as a prototype for
metal/semiconductor interfaces. However, only
a few surface studies have been reported for this
system. Recently, ordered surface structures of
Si(001)c(6x2)-Ag^^ and Si(001)2x3-Ag^^ were
observed. The Si(001)2x3-Ag surface was
studied by STM^^ and by LEEM,^^ but these two
studies proposed different structures. To date,
no surface electronic structure studies have been
reported.

Experimental

Single- and double-domain Si(001)2x3-Ag
surfaces were prepared by depositing Ag on a
wide-terrace single-domain Si(001)-2xl sub
strate. The Ag coverage was estimated by
referring to Shivaprasad etal}^ Using a hemi
spherical electron energy analyzer, angle-
resolved photoelectron spectro-scopy (ARPES)
measurements were performed along the [110]
and [110] symmetry axes of the single-domain
surface as well as the [110] and [010] axes of
the double-domain surface. The incident photon
energy was 17.6 eV and total energy resolution
was -150 meV as determined by measuring the
width of the Ta Fermi edge.

Results and Discussion

Fig.l shows the Es-k// diagrams for (a) the
single-domain surface along the [110] axis and
(b) the double-domain surface along the [010]
axis. Our results show that the Si(001)2x3-Ag
surface is semiconducting and the bandgap is
larger than 0.8 eV. Additionally, we identify
three intrinsic surface state bands within the
bulk band gap.

Fig. 2 illustrates the proposed Mixed Layer
and Dimei^) models for the Si(001)2x3-Ag
surface structure. The Mixed Layer structure
would have an odd number of electrons per unit
cell and, assuming no significant electron
correlation, would thus be metallic. This
contradicts our ARPES results. The Dimer
structure would have an even number of
electrons per unit cell and would be
semiconducting, but the coverage estimation
differs from our results. Therefore, we suggest
that a new structure model for the 2x3-Ag
surface is required.

1)S.M.Shivaprasad et al., Surf.Sci. 344 (1995)
L1245.

2) D.'Winau et al., Surf.Sci. 303 (1994) 139.
3) T. Mitchely et al., Phys.Rev.litt. 73 (1994)
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Fig. 1: Ee-k// diagrams for (a) the single-domain
Si(001)2x3-Ag surface along the [110] axis and (b) the
double-domain Si(001)2x3-Ag surface along the [010]
axis. Filled circles represent strong peaks while open
circles represent weak peaks in the ARUPS spectra.
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Fig. 2; The proposed Mixed Layer2) and Dimer3) models
for the Si(001)2x3-Ag surface structure. Filled circles
represent substrate Si atoms, shaded circles represent
overlayer Si atoms, and open circles represent Ag atoms.
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Introduction

In recent years, the Si(001)2xl-Ge surface
has been studied extensively because of its
applicability to semiconductor device tech
nology. In this report, we present the results of
angle-resolved photoelectron spectroscopy
(ARPES) mesurements for the Si(001)2xl-Ge
surface.

Experimental
Ge was deposited on a wide-terrace single

domain Si(001)2xl surface at room temperature,
and the sample was subsequently annealed to ~
600'C. Clear 2x1 LEED patterns were obtained
for Ge coverages of 0 ML (clean surface), 1
ML, 2 ML, and 3 ML. Using BL-7B, room
temperature ARPES experiments were
completed at the photon energies 17.8eV and
13.5eV.

Results and Discussion

Figure 1 shows ARPES spectra taken along
the [110] ( F - J ' direction) at a Ge coverage of
1 ML. Two surface state bands, denoted as Si
and S2 in the figures, were found within bulk
band gap. The dispersions of Si and S2 are
shown in Figure 2. From a comparison with the
previous ARPES results on the Si(001)2xl
surface [L.S.O. Johansson etal., Phys. Rev. B
42, 1305 (1990), and Y.Enta et al., Phys. Rev.
Lett. 65, 2704 (1990).], these two surface states
are expected to be the dangling bond states. In
addition to Si and S2, three surface-related
structures were identified in the fTlO] and [010]
directions.

Based on our results, we conclude that the
surface electronic structure of the Si(OOl) 2x1-
Ge surface is quite similar to that of the
Si(001)2xl surface.

S2 polarangle

-5eV -4 -3 -2 -1 0

ENERGY BELOW Ef (eV)

Figure 1. ARPES spectra from the
Si(001)2xl-Ge surface along [110]. The Ge
coverage was 1 ML and the photon energy was
17.8eV.

5i Sz

Figure 2. The dispersions of Si and S2-
Filled circles (#) and open squares (•) indicate
the data points taken at the photon energies
17.8eV and 13.5eV, respectively.
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Introduction

Molecular superexcited states decay via autoion-
ization and neutral dissociation processes. In pho-
toionization spectra, one can hardly observe small
structures of autoionization states because direct ion-

ization is the main process in the extreme ultraviolet
region. However, we can easily distinguish superex
cited states by observing fluorescence excitation spec
tra of neutral fragments.We have measured total
photoabsorption, photoionization a.nd neutral dissoci
ation cross sections of hydrocarbons by the ionization
chamber method in the extreme-uv region. It is inter-
(sting to investigate partial cross sections of neutral de
cay processes of superexcited states. In the present in
vestigation, we have measured fluorescence excitation
spectra for hydrocarbons (C2H6, CsHg, n-C4Hio, and
cyclo-CsHe) in the excitation energy range between 12
eV and 30eV.

Experimental

Synchrotron ra,diation dispersed by an Im-Seya
monochromator a.t, BL-7B was used as an excitation

light source. Lyman-a fluorescence excitation spectra
were recorded by a photon counting method using a
inicrochaimel plate and an MgF2 filter.^ Total uv-vis,
fluorescences of CH(A X) and CH{B ^ X) were de
tected with a piiotomultiplier and optical interference
filters.^

Results

Figure 1 shows the fluorescence excitation spectra
for C2H6 in tlie excitation energy range between 12 eV
to 30 eV. The excitation spectra for H(2p) formation
and CH(A,B) formation are largely different from each
other in their spectral features. This means different
superexcited states are involved in each dissociation
channel. On the coiitorary, spectra of H(2p) formation
and previously reported H~ + M"^ ion pair formation'"^
a,re resemble each other in shapes.

References
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Figure 1 Fluoresence excitation spectra for Lyman-cr, total
uv-vis, CH(A X) and CH(B ^ X) fluorescences. Pho
toionization quantum yields (17) and neutral dissociation
cross sections (<rd) are also shown (top)
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Introduction

The NiMn alloys exhibit characteristic magnetic
behaviorsdependingon a concentration of Mn and
conditions of heat treatments. Recently, the differences
of the magneticpropertiesbetweenNio.75Mno.25 and

Nio.80Mno.20 have been studied by Okazaki[l]; for

example, the saturation magnetization of Nio.75Mno.25 is
larger than that of Nio.80Mno.20- fa order to study

differences in the magnetic properties between them
from the view point of the local structures, we carry out
the EXAFS analyses of Ni and Mn K-edges for these
alloys.

Experimental
Ni and Mn the K-cdge absorption spectra were

recorded in transmission mode at BL7C. Si(l 11) double
crystal monochromator was used. All samples were
ground to fine powder (the grain size is smaller than

38)im). Nio.75Mno.25 alloys wereannealed at 420°C for

25 hours, 200 hours and Nio.8OMno.2O were annealed at

the same temperature for 10 hours and 200 hours.

Results and Discussion

Fourier transforms(FT) of Ni and Mn K-edgeEXAFS
represent that both Nio.75Mno.25 and Nio.80Mno.20

alloys are fee lattice structures and show sharpsingle
peak for first shell[2]. Unfortunately, eachcontribution
from Ni atom and Mn atom cannot be separated by
EXAFS.

Annealing Time (h)

Fig.l. Thepeak intensities of FT for NiMn alloys as a function
of annealingtime for (a) Ni K-edge and (b) Mn K-edge.
Generally, the peak intensityof FT for EXAFS is
affected by a kind photoelectron scattering atom and a
distortion of local structure. Figure 1 shows the first

peak intensities of FTforNiK-edge(a), iNi-K. and that
for MnK-edge (b), iMn-K. as a function of annealing

time. In order to extract the information about the degree
of short-range orderfrom theEXAFS, we introduce the
ratio,P, between iNi-K and iMn-K according to well-
known EXAFS formula,

P= iNi-K (xFNi+(l-J^)FMn]exp(-2<7Ni^^2) ,

iMn-K {yFNi+(l-:y)FMn]exp(-2 o Uip-k^)
where x is the proportion of Ni atoms around Niandy is
that around Mn atom. Fni and Fmh are the back

scattering amplitudes ofNi and Mn atoms, respectively.
If we assume that the distortion of local structure around
Ni is equal to thataround Mn,PA is proprdonal to the
short-range order parameter, T. Figure 2 shows T
estimated from EXAFS forNio.75Mno.25 and

Nio.80Mno.20 alloysas a function of annealing time.

EXAFS 75%

•EXAFS 80%

-XDF 75%

10 100

Annealing Time (h)

Fig.2. T from EXAFS vs annealing time.

ForNio,75Mno.25, T is evaluated from the long-range
order S obtained from X-ray diffraction (XRD) study
according to

T=-(16/9)CMn(l-CMn)52

where Cmhis the concentration of Mn atom[3]. In Fig. 2

T is normalized at annealingtime of 0 (5=0)and 200
hours (5=0.64) for Nio.75Mno.25. It is worthy of remark
that T at 25 hours annealing lime obtainedfrom EXAFS
is compatible with that from XRD. In this way, we can
estimate the t value from EXAFS for Nio.8Mno.2 alloy

in which 5 value cannot be obtained from XRD because
(110) line is notobserved. From this t value, we can
evaluate theaverage number of Mnatoms around Mn. It
is shown that the averagenumberof Mn atoms is a good
parameter soas to understand consistently thecomplex
behaviorsof the magnetization with Mn concentration
and conditions of heat treatment for Ni-Mn alloys[4].
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Introduction

The pyrolysis behavior of coals depends not only

on the kind of catalysts but also on the state of

agglomeration. XAFS spectroscopy is a powerful
technique to provide direct information on the structure

even if the crystallinity is very poor. In this study, we

investigate local structure of calcium atoms loaded on

brown coal during pyrolysis by XAFS spectroscopy.

Experimental
Calcium supported Brown coal samples were

prepared with Loy Yang coal and CaClj in aqueous

solution using the ion exchanging method. The amounts

of supported calcium were 6.4 wt%. Following the

drying the exchanged coal at 393 K in vacuum, samples

were pyrolyzed to requested temperature at 5 K/min in

vacuum. Ca K-edge EXAFS spectra of all samples were

measured in transmission mode at room temperature in

BL-7C. Higher order harmonics were eliminated by

using a double-mirror system. All spectra were analyzed

using the curve- fitting method with the program of

EXAFSH'^

Results and Discussion

393 K treated Coal. XANES spectrum of the 393 K

treated Ca^"" ion-exchanged coal is shown in Fig. 1 (a).
There is a small pre-edge peak, which means the

symmetry of calcium atom is distorted from the

octahedral structure. This sample exhibits only one peak

at 2 A ascribed to Ca-O bond in the EXAFS Fourier

transform (Fig. 2 (a)). Those results means that Ca

atoms are surrounded by six oxygen atoms, which may

arise from H^O, OH ions, or carboxyl groups of coal.

773 K treated Coal. XANES spectrum of the 773 K

treated coal is similar to that of the 393 K treated sample,

indicating that the coordination of oxygen atoms around

Ca atoms is almost same (Fig 1 (b)). The Fourier

transform for EXAFS spectrum of this sample also shows

only one peak ascribed to Ca-O bond and no peak of

Ca-O-Ca, indicating calcium atoms are dispersed in

monomer form (Fig. 2 (b)). Some water molecules around

Ca atoms might be removed and COj molecules might be

adsorbed in their place, the conformation of CaO^ moiety

was almost maintained ailer773 K treatment.

•1020 4040 4060 , 4080 4100
k/A

Figure 1. Ca K-edge XANES spectra of Ca loaded coal;

(a) 393 K and (b) 773 K.

Figure 2. Ca K-edge XANES spectra; (a) 393 K treated

coal, (b) 773 K treated coal, and (c) CaO.

1) Program "EXAFSH" coded by T.Yokoyama and T.Ohta,
The University of Tokyo (1993).
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Electronic excitation sometimes accompanies atom(ion)
displacement, and it is surprisingly induced even in bulk
crystals'"^^ To elucidate the process of displacement,
XAFS method gives useful information because XAFS
technique can follow the local structure around the specific
atom(ion), which moves in the bulk by the electron
excitation. Here, we have traced the change of the
environment of Cu ions in sodium chloride by XAFS and
XEOL(X-ray Excited Optical Luminescence) at various
temperatures.

The excitation spectra were measured at BL7C
beamline. The x-rays were focused on the sample by
sagittal focusing of the second monochromalor-Si-crystal.
The low temperature was achieved with a closed-cycle
cryostat. The energy calibration was made at a pre-edged
peak of the Cu metal to be 8.9788 keV.

The amount of the Cu^ ions in the sodium chloride
crystal is about 0.02 mol%. To avoid receiving the
diffraction peaks from single crystals by a detector, the
crystal samples were pressed to crush roughly. The other
detailed sample preparation is found in Ref.[3]. The
sample mounted on a cold head of the cryostat was
irradiated by x-rays for 45 minutes at each temperature,
and then the excitation spectra were observed. For each
run, the fresh surfaces were taken. The intensity and the
line shape of a 35-nm luminescence band emitted from the
single Cu* ions was observed to monitor the state of the
Cu* ion in the crystal.

On the exposure of x-rays, no change of the line shape
of the luminescence band was confirmed, but the intensity
decreases with the various rates depending on the sample
temperature.

oT • 15 30 mh.

Fi g. 1. Intensi^diangeof355nmXBXbandbyx-isy inadatioa

That is, it is weak below 50 K, and the rate is 0.9 for 45
minute exposure of x-ray beam. At 200 K, it becomes 0.1
as shown in Fig. 1. It indicates that the almost all
isolated Cu* ions convert to adequate stablestates by the
x-ray exposure above 200 K.

The result of the analysis of the observed XAFS spectra
are given in Table 1, where distances of Cu - CI in CuCl
and CuClj, and Cu - Cu in Cu metal are also presented.
Now, we have three possible products as follows: a
micro-cluster of Cu metal, a CuCl micro-cluster, and a
CuCl2 micro-cluster. The fitting analysis rejects the first
case from the analyzed distance in the Table 1, and the
degree of the agreement of phase. They prefer the CUCI2
case rather than the CuCI cluster. Furthermore, we have
not observed the XEOL band from CuCl at low

temperature, which peaks at about 390 nm.

Table 1. Summary of the bond distances of the first peak.

~~n K zoi 003
200 K 2.25 0.02

Cu - Cl in CuCl 2.34 0.002

Cu - CI in CuClz 2.29^)
Cu - Cu in Cu foil 2.545 0.001

a) calculated from crystallographic data at room temperature.
The others are directly observed by XAFS in this work.

Here, we will discuss on the initial process of the Cu*
ion displacement. The Cu* ions locating at Na*-ion
position as a substitutional ion in NaCl is not in the
stable state because CuCl which is the added substance to

NaCl lakes the structure of zinc-blende type for sodium
chloride structure of NaCl, and its potential surrounded
with the six Cl' neighbors is found to be very loose^\
This fact means that the Cu* ion in this circumstance to
displace easily by some adequate outer perturbation. It is
well known that x-ray irradiation to NaCl forms a pair of
Frenkel type defects of F center and H center, accompanied
by colonization. On taking this fact into consideration,
the initial displacement of the Cu* ion is concluded to
occur through the creation of Frenkel type defect, that is,
the Cu* ion binds with the Cl" ions of the H center
produced by x-ray excitation, resulting in the CUCI2
molecule, through the conversion of Cu* ion into Cu**
ion. The surplus electron may be trapped in the negative
ion vacancy.

1) N.Ito, Defects Processes Induced by Electronic Excita
tion in Insulators (World Scientific, Singapore,1989)

2) R.T.Williams and K.S.Song, J.Phys.Chem.Solids £1
(1990) 679.

3) S.Emura and M.Ishighuro, Phys.Rev. B38 (1988)
12851.

4) S.Emura, H.Maeda, and Y.Kubozono, Journal de
Physique (France), in press(1997)
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Introduction

Smectites (SM) have a layer structure and

contain Si'̂ "^ and in the layers. Mg^"" can be
substituted by divalent cations such as Ni^^,

Co^"^, Zn^^, etc..'̂
Ni^"" substituted smectites (Ni-SM) show

high activity for isomerization of 1-butene,

With increasing pre-treatment temperature, the

activity increases and has maximum at 773 K

treatment, IR measurement shows that the

active sites are Lewis acid sites.

In this study the local structure of nickel

species embedded in the layers is characterized

by XAFS spectroscopy,

Experimenta!

Ni-SM samples were prepared by a

hydrothermal method.'̂

EXAFS spectra of all samples were

measured at room temperature in BL-7C. All

spectra were analyzed using the curve-fitting

method with the program of EXAFSH.^^

Results and Discussion

Figure 1 shows the Fourier transforms of

Ni K-edge EXAFS spectra of the Ni-SM

samples with several pre-evacuation

temperatures. There are two peaks at 1.6 and

2.7 A (phase uncorrected) ascribes to Ni-0 and

Ni-O-Ni bond. The intensities of the two peaks

decreased with temperature. The curve-fitting

analysis shows that the coordination numbers of

Ni-0 and Ni-O-Ni decreased with

pre-evacuation temperatures. It means that

unsaturation of nickel atoms increased with the

treatment. The unsaturation may give rise to a

larger vacant space on the Ni^"" ion with a Lewis

acidic nature to which reactant molecules are

readily accessible.

1 2 3

R/ A

--300

Figure 1. The Fourier transforms for Ni K-edge
EXAFS spectra of Ni-SM.

1) K. Torii, Patent 7-42097 (1995).
2) Program "EXAFSH" coded by T.Yokoyama

and T.Ohta, The University of Tokyo (1993),
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Introduction

Some perovskite-typeoxides, such as SrCeOj, are well
known as high temperature type proton conductor when
they are doped with acceptor ions'" '̂. The changes of the
local structure due to doping of acceptor ions aresupposed to
be closely related to the proton conductivity.Since proton is
moving around oxygen ion in crystal, the local structureof
oxygen-ion sublatticeis thought to be of great interest for
studies on the proton conduction mechanism.

Experimental

Melted crystals were annealed to introduce/remove
proton or deuteron, then they wereground into powder.For
fluorescent measurements, the powder was pressed into
pellet.We studied the XAFS of host tetravalent cation and
doped trivalent cation in SrZr,_,SCx03, SrZr|_,jYb,,03, SrTi,.
,SC;j03 and SrTi,.,,Yb,,03 (x=0-0.05). The spectra of proton-
doped, deuteron-doped and dry samples were compared to
investigate the effect of proton or deuteron on oxygen-ion
sublattice. All spectra were obtained at room temperature.

Results and Discussion

[1] Local structure around host ion

The local structure around the host tetravalent cation is

not changed much by doping in these proton conductors.
The fitting results for Zr K edge in SrZrOj is shown in
Table1.

dopant anneal coordination number R7,.n (A)
undoped dry 6-0{fixed) 2.1240+0.0013

HjO 6.0 (fixed) 2.1172dJD.00I2
D,0 6.0(fixed) 2.117010.0012

Sc:imol% dry 5.999310.1014 2.118510.0012
H,0 6.0044+0.1366 2.116310.0017

Sc:2mol% dry 5.999fcK).1017 2.115110.0012

Sc:5mol% dry 6.000410.1082 2.113510.0013
H,0 6.001610.1356 2.116910.0017

Yb:2inol% dry 5.976410.1336 2.1170+0.0017

Yb:5inol% dry 6.006410.1349 2.I19210.0017

Table 1:Fitting results for Zr K-edge of pure, Sc or Yb-doped SrZr03

[2]Local structure around Yb^
The XANES spectra of Yb-doped SrTi03 andSrZrOg are

displayed in Fig.l. In SrZrOj, the absorption peak ofYbis
observedat 8944A''. In SrTi03, a shoulder was observed at
8947d/ around this peak structure. It is expected that the
absorption by theYb^" is observed at the lowenergy side of
the main peak, 8944eV. This shoulder structure is supposed
to correspond to Yb'̂ '̂ assumed by its energy. This implies
that Yb""^ exists in SrTiOg. The crystal of Yb-doped SrTiO,
cannot becomeproton conductoras well as Sc-doped crystal.

SrZrOs dry
<a> Yb:5mol%

SrTiOj dry
<b> Yb:2mol%

Yb203 <c>

Yb LIII edge1 ?i 11
6930 8940 8950 8960 8970

Energy (eV)
Rg. 1;XANES spectra of Yb K-edge doped in SrTiOjand SrZrOj and

Yb203.

[31 Local structure around Sc^
Due to strong absorption ofTi in the energy range of Sc

K-edge and the low concentration of the dopant, EXAFS
spectra of Sc K edge were obtained by fluorescence
measurement. In SrTiOj, as shown in Fig.2, the EXAFS
spectrum of Sc K edgeshow fairly fine structure, however,
in SrZrOj the structure of the spectrum is not clear and its
fluorescence intensity is much weaker than in SrTiOj.

c
3 0.25

SrZr03
SciSmol'/o dry

SrZrOs
Sc:2mol% dry

SrTi03
Sc:5moi% dry

|Sc-Kedge!

'4400 4500 4600 4700 4800 4900

Energy (eV)
Hg.2:FluorescenceEXAFS spectra of Sc K-edge doped in SiTiOj and

SrZrOj and absorption EXAFS spectra of SCjOj.

The local structure around the acceptor ion is different
between two host crystals, while that around host ion is
almost the same. It is suggested that the local structure
particularly around thedopant ion is importantfor this type
of proton conductor.
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Introduction

XAFS appearing in x-ray absorption spectra of
solids, liquids, and molecules is physically founded,
widely applied to the local structure analysis and
analytical chemistry as a useful tool. However, we still
have unknown regions in x-ray spectroscopy. They may
come out with the developments of higher experimental
techniques or may accidentally be discovered.

In this report, we present a structure, which is
discovered in search for the multi-electron excitation in

Zn foil.

EXPERIMENTAL

The specimen is Zn foil (Goodfellow Co.Ltd.) with
12.5 um in thickness and with 99.95% in purity. The
measurements have been performed at various beam
lines, BL7C, BL6B, and BLIOB, at Photon Factory Ring
in the National Laboratory for High Energy Physics
(KEK,Tsukuba) on the different days. The BL7C and
BL6B beam lines are composed by a fixed exit double
Si(lll.) crystal monochromator, and the beam line lOB
has a Si(311) channel-cut monochromator. A sagittal
focusing mechanism at BL7C and BL6B is not
employed, and a double mirror system designed at
BL7C is not operated.

The photon fluxes with a ring current of 300 mA at
BL7C and BLIOB are 8x10^ photons/sec at 9 keV, and
8x10® photons/sec at 10 keV, respectively. We inserted
a dual channel programmable filter (3625, NF
CORPORATION Co.Ltd.) with a sharp cut-off of 48
dB/Oct as a low pass filter between the preamplifier and
V-F converter. The cut-off frequency is set to be 0.2 -
0.12 Hz, and the signals are collected for 15 - 30
seconds per a sampling point at BL7C and BL6B. The
accumulation time is 60 second at BLIOB because of its

lower photon fluxes. The calibration of the x-ray energy
is done by the usual method. The ring is operated with
2.5 GeV positrons ai a circular current of 260 - 360 mA
for 24 hours.

RESULTS AND DISCUSSION

The Zn foil is chosen as a specimen for the search of
the weak absorption due to the multi-electron excitation
because of the uniformity in the foil form and its
softness, which has advantage to reduce rapidly XAFS
with increasing energy of photoelectrons. Therefore, it
is preferable to observe weak phenomena hidden by the

strong XAFS oscillations. Figure 1 shows the transition
structures, indicated by the arrow. The onset of these
thresholds are not in agreement with the calculated ones.
No multi-electron excitation exist in the energy region
between 500 eV to lOOOeV from Table 1. They are also
not found in the spectra of the Kr and Xe gas at present.
As other specimens, Pb foil may have possibility to
observe those due to the analogy of the physical property
with Zn.

Fig.l. Thresholds of Zn in the energy region above the K
edge

0.00
y

^ :
<

-0.01

1,0
(E-Eo)/keV

0.5 1.0 1.5
(E-Eo)/keV

Table 1. Double-electron transition. The shake-up and
shake-off probalities for Zn accompanving Is vacancy (%)•

Electron energy( shake-off shake-up
configuration eV) probability probability

lls2sl 1292 8.986x10'^ 1.318x10"

[ls2p] 1130,1 4.240x10"^ 1.675x10"

157

[ls3sl 176 2.788x10-^ 2.788x10"

[ls3p] 123, 1.648 5.923x10"

127

lls3dl 35 6.678 2.934

ris4si 19 9.533x10-^ 8.502

(Proposal Nos.90-162, 91-177, 93G174, 94G238).
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Introduction

There is a small probability of multielectron excitation
in photoabsorption of atoms where in addition to the
single-electron excitation process, other electrons in the
same atom are excited to higher bound states or ejected to
the continuum through the Coulomb interaction between
electrons. It has generally believed that the multielectron
transitions may give a substantial effect to XAFS
oscillations. In the present study, x-ray absorption spectra
above Xe-L edges have measured to estimate the double-
electron cross section which give an important suggestion
to interpret these spectra.

Experimental

The x-ray-absorption spectra for Xe were measured
using the beam line BL-7C of the Photon Factory Ring.
The harmonic content in the x-ray beam at the low energy
was so large that the residual harmnic content contained
sufficient non-linearities to cause significant noise.
Therefore, it was necessary to minimize the harmonic
content in the incoming beam. The radiation was
reflected with two mirrors made of quartz to reduce the
harmonic content less than 10'̂ in the intensity ratio. The
calculated energy resolution (combined intrinsic crystal
resolution and vertical angular divergence of the beam)
was less than 1 eV at the Xe-L,i, edge. The xenon gas
sample of the research grade purity was contained at
pressure of 130 mmHg in a sealed cell of 50-mm length
having 25 pm Kapton windows. Data were collected at
room temperature. To reject the electric noise and the
mechanical noise caused by vibration of the sample and
the optical systems, an electric low pass filter is applied.

Results

The [2(s,p)5(s,p)] and [2(s,p)4d] transitions previously
observed by other workers''̂ ^ were confirmed in Fig.l.
Moreover, the [2(s,p)4p] transitions are clearly identified
in the present study, although according to Arcon et dl}\
accompanying excitations of 4p, 4s, and 3d electrons
revealed no features.

It is considerable that the sharp threshold onsets
observed here are ascribed to the shake-up excitations
from the probability of the shake processes suggested by
Schaphorst et al.^^, Armen et aU'̂ and Ito et al.^\
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Xe i.| —edge Multielectron Spectrum
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Fig.l Multielectron spectra of Xe in the energy region for
the Lj, Lj, and Lm -plus N- or 0-shell electron excitations.
The energy corresponding to the [2(s,p)4(p,d)] and
[2(s,p)5(s,p)] edges are indicated in the figure, (a) for the
Li, (b) for the Lh, and © for the Lm, respectively
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Introduction

Selective oxidation of alkanes to produce
valuable chemicals is one of the targets for
recent catalytic chemistry. The key step for this
reaction is to cleave the C-H bonding for the
activation of alkanes. Noble metals such as Pt,
Pd and Ir show high ability for C-H bond
cleavage. However, they are also good catalysts
for the C-C bond cleavage and total oxidation
reactions if O2 is present. Recently we have
found that a Pt/Sb^Ojj catalyst shows high
selectivity (more than 80%) for isobutane
oxidation reaction to form methacrolein^*'^^
The selectivity and activity strongly depend on
the pretreatment conditions. When the catalysts
were calcined under O2 at 773 K, they showed
high selectivity for methacrolein from isobutane.
On the other hand, when they were reduced with
Hj at 773 K, only CO2 was found. In this work
we have studied the structure of Pt treated imder

various conditions by means of EXAFS.

Experimental.

Pt/SbgOj3 was prepared by impregnation of
SbgOi3 with acetone solution of Pt(acac)2. The
catalysts were then calcined at 773 K under Oj.
EXAFS measurements were carried out at BL7C

in a fluorescence mode.

Results and discussion

Fig. 1 reveals k^-weighted EXAFS oscillations of
Pt L3 edges after several treatments. Columns
(A) and (B) correspond to those of 0.5 wt%
Pt/Sb,053 and 2 wt % Pt/SbgOjg, respectively.
(a) for each column shows the EXAFS
oscillation of Pt foil. Comparing the EXAFS
oscillations of Pt foil to those of Pt / SbgOj3 after
calcination, after isobutane reaction and after
isobutene reaction, metallic Pt particles are
formed in Pt/Sb^Ojg. The curve fitting analysis
showed that the coordination numbers are

between 10-12 which are well corresponding to

the particles sizes 3.0-4.0 nm derived from
transmission electron microscope. On the other
hand, the EXAFS oscillation is strongly reduced
after the reduction at 773 K with Curve

fitting analysis shows that the presence of Pt-Sb
bonding at 0.260 nm, indicating that the PtSb
alloy particle is formed after the reduction.
The high performance of Pt /Sb60i3 is achieved
by the combination of Pt metallic particle and
SbgOij oxide phase. the catalytic activities
decrease by the high temperature reduction
because the ensemble of metallic Pt and Sb

oxide is destroyed and Pt-Sb alloy particle is
formed.

(1) Inoue, T.; Asakura, K.; Iwasawa, Y.
Submitted to J.Catal.

(2) Inoue, T.; Asakura, K.; Iwasawa, Y.
Shokubai 1996, 38, 502.
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Fig. 1 k^-weighted EXAFS oscillations of
Pt/Sb,0,3. (A)0.5wt%;(B)2.0wt%. For each
column, (a) Pt foil, (b) Pt/SbgOj3 after
calcination, (c) after isobutane oxidation
reaction (d) after isobutene oxidation reaction
and (e) after Hj reduction.
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Introduction Knowledge about the chemical
state of heavy metal ions on the surface of clay
minerals is essential to understand behavior of
heavy metal ions in soil systems. Recently
solid-liquid interfacial reactions between zinc
ions and amorphous aluminosilicate were found
out to be an inner-sphere complex formation^^
However, in the real soil systems, there are
many other components which may affect the
solid-liquid interfacial reactions between heavy
metal ions and clay minerals. Among such
components, dissolved CO^ species such as
HCOg^ have particular significance, because
their concentrations in soil solution vary more
than 100 times within a year. In this study, the
effect of the concentration of dissolved CO™
species on the reaction between Zn ions and
amorphous aluminosilicate was studied by
potentiometry and XANES method.
Experimental Synthesized amorphous alumi
nosilicate was suspended in an aqueous solution
containing Zn^"^ and HCO^" ions. The suspen
sion was stirred for one hour and then filtrated.
The obtained solid phase was washed several
times by water and placed in a polyethylene bag
together with the filter. The Zn K-absorption
spectra of the adsorbed zinc ions were measured
at BL-7C at room temperature, using a Si(lll)
two-crystal monochromator and a fluorescence
detector. For a comparison, Zn K-XANES
spectra were measured for standard materials,
i.e. Zn(NO™)„ aqueous solution, Zn(OH)™, and
ZnCO

Results and Discussion The results obtained by
potentiometry^^ suggested that the presence of
HCO," ions increased the amount of Zn ions
adsorbed on the solid phase, although the con
centrations of Zn and HCO3" were lower than
the value of solubility product for ZnC03. To
understand the mechanism of this phenomena,
XANES method was applied. Figure 1 shows
the obtained Zn K-XANES spectra of the zinc
ions adsorbed on the amorphous aluminosilicate
under the presence of HCO,"(c, d, and e).
Among them only in the case or (c), the concen
trations of Zn and HCO3" were higher than the
value of solubility product. However, these
three spectra resemble each other and they are
slightly different from both the spectra of solid

ZnCCL (a and b) and aqueous solution of
Zn(N03)2. The spectra are different from the
spectrum of Zn ion adsorbed on the solid with
out HCO3" ion^l Therefore, it can be said that
under the presence of HCO3", Zn ions may be
adsorbed on the surface of amorphous alumino
silicate either as complex cations coordinated by
HCO" or as ZnC03 formed by local precipita
tion. This result suggests that dissolved carbon
ate species can play an significant role to regu
late behavior of heavy metal ions in soil sys
tems. 1 I n:; 1 1

Energy/keV
Figure 1. XANES spectra of Zn ions in follow
ing samples: (a)ZnCO (solid), (b)precipitated
ZnC03 gel, Zn ions adsorbed on amorphous
aluminosilicate prepared by suspensions con
taining (c)high(lOmM) concentration of Zn and
high(O.lmM) concentration of HCO " (d)high
concentration of Zn and low (O.OlmM) concen
tration of HCO3", and (e)low concentration
(ImM) of Zn and high concentration of HCO3",
respectively, and (f)precipitated Zn(0H)2, and
(g)aqueous solution of Zn(N03)2.
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Introduction

Some perovskite or pyrochlore type oxides have
been known to exhibit good proton conduction under
hydrogen-containing atmosphere at elevated
temperatures[l]. These oxides can be used as a solid
electrolyte for various electrochemical devices such
as hydrogen sensors, fuel cells, hydrogen pumps etc.
However the relation between the microstructure,
especially arrangement of oxygen vacancies, and
proton conductivity has not been clear. The
pyrochlore structure with the composition La2Zr207
has also been consideredas the proton conductor [1].
The local structural study on (Lai_xMx)2Zr207 ( M =
Nd and Ce ) has been already performed by the
authors[2].

In this study, the local structures around
zirconium, lanthanum and yttrium in La2(Zri_xYx)207
were determined by means of EXAFS spectrometry
to obtain the relations among the dopant content, the
kind of dopant and proton conductivity.

Experimental

The X-ray absorption measurements near Zr-K,
La-L3 and Y-K edges at room temperature were made
with Synchrotron Radiation by use of the EXAFS
facilities on the beam line 7C. The powder samples of
pyrochlore La2(Zri_xYx)207 (x=0, 0.05, 0.10 and
0.15) phase were prq)ared by pulverizing the pellets
made by heating the mixture of LajOj, Zr02 and Y2O3
powders at 1673K in air for 35h.

Results and Discussion

The Zr-0, Zr-M and La-O interatomic distances

were calculated from the least-square fitting of
EXAFS spectra. The dependences for the interatomic
distances of Zr-0 upon the dopant content are shown
in fig.l together with the previous result[2].

The Zr-0 and La-0 interatomic distances of the

pyrochlore doped with yttrium are seen to increase
with increasing yttrium content and the oxygen

cc

o
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w 2.11
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o

E
o

2 2.10
o

• L32(2r,.xYx)20,.^
A [2]

V (La,.,,Ce^)2Zr207^Y PI

Dopant content X

Fig.l Interatomic distance of La2(Zri.xYx)207

coordination number around zirconium decreases with

increasing yttrium content. In La2(Zri_xYx)207 oxygen
vacancy introduced by doping Y^^ instead of Zr'̂ ^ is
probably located around yttrium. The oxygen vacancy
is thought to move to yttrium ion so as to relax the
strain produced by doping large yttrium ion.

The present result is different from the previous
one on (Lai_xCex)2Zr207[2] the interstitial oxygens
introduced by the addition of Ce"^"^ instead of La^^ from
the electroneutrality condition are located adjacent to
Zr '̂̂ and the Zr-0 interatomic distance increases with
increasing cerium content[2].
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Titanium oxide photocatalyst is very efficient for
the chemical conversion of light energy^^, but
utilization of Ti02 catalysts does not allow the use of
visible light. In this study the developments of the
photocatalyst working under visible light using ion-
implantation method and the photocatalytic
decomposition of NO into N2 and O2 under the
visible light at 275 K have been demonstrate, and we
deal with the characterization of Or ions implanted
Ti02 photocatalysts using XAFS techniques.

The Ti02 catalyst was supplied by the Catalysis
Society of Japan as a standard reference catalyst
(JRC-TIO-4 : surface area =50 m^/g, band gap = 3.50
eV, purity > 99,5 %). The catalyst was prepared into
1 mm thick pellets of 10 mm diameter. The Or ions
implantation of the Ti02 photocatalysts was carried
out by using an ion-implanter consisting of a metal
ion source, mass analyzer, high voltage ion
accelerator (150 keV), and a high vacuum pump. The
catalysts were calcined at 725 K for 5 h, degassed at
575 K for 2 h, heated in O2 at the same temperature

for 2 h and finally outgassed at 475 K to 10'® Terr
before use in the photoreaction. UV-irradiation of
the catalysts in the presence of NO molecules (12.8
|imol) was carried out using a 75-W high-pressure Hg
lamp {X > 450 nm and X = 380 nm) at 275 K. The
reaction products were analyzed by gas
chromatography. The XAFS spectra were measured
at the BL-7C facility of the Photon Factory. The Or
K-edge absorption spectra were recorded in the
transmission mode or fluorescence mode at 295 K.

The absorption band of the Ti02 doped with Cr
ions by the ion-implantation has been found to shift
to visible light regions, the extent depending on the
amount of Cr ions implanted. The Cr ions implanted
within the bulk of Ti02 can modify the electronic
properties of Ti02 surface. From these results, we
expect that the photocatalytic reaction will be arisen
under the visible light on Cr ion-implanted Ti02
catalysts.

As shown in Fig.l, the Cr K-edge XANES
spectrum of Cr implanted Ti02 photocatalyst after
calcination at 725 K is different from that of sample
without calcination. And also, the XANES spectrum
of Cr/Ti02 after calcination is similar to that of bulk
Cr20 3. These indicate that Cr ions in Cr/Ti02
photocatalyst after calcination have octahedral
coordination.

Under the UV light irradiation (X = 380 nm), the
photocatalytic activity in NO decomposition on Cr
ion-implanted Ti02 was similar to Ti02 photocatalyst,
indicating that implanted Cr ions did not work as the

electron-hole recombination center in the Cr ion-
implanted Ti02 photocatalysts.

We found that visible light irradiation (X > 450
nm) of the Cr ion-implanted Ti02 in the presence of
NO at 275 K led to the direct decomposition of NO
into N2, O2 and N2O with a good linearity to the
irradiation time. Under the same conditions of
visible light irradiation, these photocatalytic
reactions did not proceed on the un-implanted pure
Ti02 photocatalyst. Thus, photocatalysts such as Cr
ion-implanted Ti02 catalysts which operate even
under irradiation with visible light will open the way
to many innovative possibilities and breakthroughs
in the utilization of solar energy.

These findings clearly show that the metal ion
implanted Ti02 catalysts enable the absorption of
visible light, and led to various highly efficient and
selective photocatalytic reactions. Photocatalysts
such as these second-generation Ti02 catalysts
which operate even under irradiation with visible
light will open the way to many innovative
possibilities and breakthroughs in the utilization of
solar energy.

Energy /eV

Figure. 1 The Cr K-edge XANES (a-d) spectra of
Cr203 (a), CrOg (b), Cr ion implanted Ti02 catalysts
before the calcination (c) and after the calcination (d)
in air at 725 K.

ly Anpo, M. & "Yamashita H. in Surface
Photochemistry (ed. M. Anpo) 117-164 (Wiley,
London, 1995).
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Introduction

Last decade interest in zeolite-'ship-in-a-bottle'
complexes have been growing remarkedly partly 12 - / \.
due to recent development in the area of oxida- / \
tion catalysts. Numerous techniques were used to /A \
elucidate structure of encaged complexes in NaY / / \ \
pores. FTIR and ESR spectroscopies were 3 /v/ \ \ (d) V0(pic)2-NaY
adopted to study metal site transformations. On ^ f\\ \
the other hand, EXAFS applications mainly 'H T\ j
involves characterization of the encapsulated U6-^\/ V/ A\ \ (c) H2O2 treated
clusters. Recently we reported synthesis of novel ^ A / /
'shipdn-a-bottle' catalyst, VO(pic)2-NaY for 4-^\/\// 1 \ /n (b)H[V0(02)Cpic)2]/BN
hydrocarbon hydroxylation with H202*urea \ V ^^
adduct.^^ Here we report m EXAFS studies 9_'A C\ / lA
on V-sites transformation of VO(pic)2-NaY \/ \/ 1/ \ (a) VOCOjXpic)/
zeolite under treatment with H2O2* urea adduct.. V \/—

Experimental
VO(pic)2-NaY 'ship-in-a-bottle' samples were
synthesized by treatment of dehydrated form of
ion exchanged V0(2+)-NaY zeolite with excess
of molten picolinic acid (picH) at 150'^C/4h,
followed by the pyridine Soxhlet extraction for
60h and by removal of pyridine in He flow at
140°C/10h. The samples were pressed into self-
suppoting disk and in situ EXAFS measure
ments were performed by using polyethylene
packets. V-K-edge EXAFS spectra were obtained
at BL-7C station of Photon Factory.
Measurements were carried out at 293K in
transmission mode using a Si(lll) mono-
chromator with a total reflection double mirror.

Results and discussion
Fourier transforms of EXAFS for reference

compounds H[VC)(02)(pic)2l*H20 and
V0(02)(pic)*2H20 (Fig. la,b) show two major
peaks which canbeassigned to V=0 (I.6OA) and
second nearest neighbor V-O and V-N pairs (1.8-
2.15A), respectively. Despite similar profile in
Fourier transform, exact positions of the peaks are
different: l.SOA, 1.79A and 1.40A, 1.90A for
H[V0(02)(pic)2]*H20 and V0(02)(pic)-2H20,
respectively. Moreover, from comparison with
FTEXAFS for V0(pic)2*H90 it may beconclude
that introduction of peroxo ligand caused
lenghtening of the average V-ligand distance. The
Fourier transforms for as synthesized and treated

(a) V0(02)(pic)/BN

0 1 2 3 4 5
Distance/A

Fig. 1. Fourier transform for k^-weighted EXAFS
of vanadium picolinate species (293K).
with H202*urea adduct 'ship-in-a-bottle'
vanadium bis-picolate samples are depicted on
Fug. lc,d. The positions and intensities of both
peaks for VO(pic)2-NaY treated with H2O2 and
H[V0(02)(pic)2]*H20 were almost the same
(Fig. lb,c). On the bases of EXAFS, ESR and
UV-vis data, a strusturetransformation model for
active site formation under reaction conditions
was supposed as shown in Fig. 2.

H2O2

0 0

) u

Ml/

Fig.2. Representation of vanadium site transfor
mation under reaction conditions.

Reference

1) A.I.Kozlov, K.Asakura, and Y.Iwasawa,
Chem. Lett.4, 313 (1997).
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Introduction

Finely dispersed Au particles on metal oxides
were found to be active for various oxidation
reactions at low temperatures. Recently, we have
developed a novel approach to obtain low-
temperature CO oxidation Au catalysts by the
deposition of Au complex on an as-precipitated
metal hydroxide^). Here we report EXAFS
studies on the Fe(OH)3-supported gold catalysts.

Experimental

The Au/Fe(0H)3* sample was obtained by
supporting the Au(PPh3)(N03) on a freshly
precipitated wet iron oxide, followed by
temperature-programmed calcination, as was
described previously^). Impregnated sample
Au/Fe203 was obtained by the impregnation of
iron oxide with the Au(PPh3)(N03), followed
by the same calcination procedure. The iron
oxide support was prepared from the Fe(0H)3
by calcination at 773 K. The Au loading was
only 3 wt%. The sample was then pressed into a
13mm'̂ self-supporting disk under the Ar
atmosphere. Since there is a considerable
background absorption of Fe2C^ in Au L3 edge
region, it is necessary to optimize the amount of
the sample carefully and 120 mg was the best
one for the measurement of 3 wt% Au/Fe2C^.
Au L3-edge EXAFS spectra were recorded at
BL7C of the Photon Factory in the National
Laboratory for High Energy Physics (KEK-PF).
A sagital-focusing Si(lll) double crystal was
used with a 50% detuning.

Result and discussion

The Au L3-edge EXAFS Fourier transforms for
the supported gold cat^ysts are shown in the
Fig.l. The position of the major peak (2.7A,
phase shift uncorrected) for ail samples is
assignable to Au-Au bond by comparison with
reference Au foil, confirming the calcination of
the samples produces Au° particles. Intensity
of the peak for the impregnated sample
Au/Fe2Q3 was only slightly lower than that for

the Au foil, indicating the formation of large gold
particles. On the other hand, in the case of the
Au/Fe(0H)3* sample the same calcination
procedure leaded to the major peak intensity
almost three times lower than that of Au foil.
From these results we can conclude that
supporting of the gold complex on metal oxide is
insufficient to obtain small supported gold
particles possibly due to little metal-support
interactions. As a consequence, aggregation of
gold may occur to produce large gold particles.
On the other hand, decomposition of the gold
complex interacting with surface OH-groups
and/or water molecules on the Fe(0H)3 leads to
considerably smaller metal gold particles.

3

« 30
0)

"O

2

0 1 2 3 4 5 6

Distance/A

Figure 1. Fourier transforms for k^-weighted
EXAFSof Au/Fe(OH)3* (a), Au/Fe203 (b), and
reference Au foil (c) (20K).

1) Y.Yuan, K.Asakura, H.Wan, K.Tsai, and
Y.Iwasawa, Chem.Lett. 9,755(1996).
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Introduction chiral catalysts are the trivalent state in a similar mannerIntroduction

Organic syntheses promoted by Lewis acid catalysts are
important processes for producing many chemical
materials. In general, these processes are performed under
the strict aiAydrous condition, because Lewis acid
catalysts areoften hydrolyzed easily due to their reactions
with water. On the other hand, ytterbium(lll)
trifluoromethanesulfonates (ytterbium(lll) triflate,
Yb(0Tf)3) was stable in an aqueous solution and was a
good Lewis acid catalyst in the Diels-Alder reaction of
some dienophiles with cycIopentadiene.[l] Moreover,
recently, we found out that chiral catalysts prepared from
Yb(0Tf)3 afford both enanliomer of the corresponding
cyclic compounds in high enantiometric excesses only by
a choice of achiral ligands.[2] These unique properties are
considered to be dependent on the specific coordination
number and configuration of Yb(0Tf)3 in the chiral
catalysts. In the present work, we performed structural
analysis of these chiral catalysts by XAFS to clarify the
effect of a choice of achiral ligands on the structure around
ytterbium.

Experimental
The standard chiral Yb catalyst was prepared in situ

from Yb(0Ti)3, (R)-(-i-)-binaphthol and cis-1,2,6-
trimethylpiperodine, followed by addition of 3-acetyl-l,3-
oxazolidin-2-one or 3-phenylacetylacetoneton in
dich]oromethane.[2] We refer to the samples concluding
the former and latter additives as chiral catalyst A and
chiral catalyst B, respectively, hereinafter. The Yb
content in each catalyst was ca. 20 mmol/1. For
measurement of X-ray absorption spectrum, each catalyst
was sealed in polyethylene packs under N2 atmosphere.
X-ray absorption experiments were carried out at the BL-
7C station at room temperature with an Si(lll) two-
crystal monochromator. Yb L3-edge spectra of catalyst
samples and solid reference samples were measured in
fluorescence and transmission modes, respectively. The
non-linear curve-fitting analysis was performed for the
Fourier-filtered EXAFS by using empirical parameters
extracted fi-om EXAFS of c-type "^203.

Results and discussion
Each of Yb L3-edge XANES spectra of

Yb(OTf)3-xH20 solid sample, chiral catalyst A and chiral
catalyst B showed one sharp white line at around 8940 eV,
and we could attribute the white line to 2p - 5d electron
transitions of Yb^"^. This result indicates that Yb ions in

as Yb(0Tf)3-xH20 solid sample.
Fig. 1 shows radial structure functions (RSFs) obtained

by Fourier transform of k^ weighted Yb L3-edge EXAFS
spectra of the samples mentioned above. In the RSF of
lh)(0TQ3-xH20 solid sample, a sharp peak assigned to
the Yb-0 bond can be seen at around 2 A while at higher
distance range, no pronounced peak appears. This
probably results ffora that Yb-Yb distances are variant.
Such disordering should bring about a great damping of
the amplitude of the EXAFS and the corresponding RSF.
On the other hand, in RSFs of both chiral catalysts, small
but distinct peaks at around 3 - 4 A can be seen. The
peaks were assigned to neighboring Yb atoms and their
coordination numbers were evaluated ca. 2 - 3 by curve-
fitting analyses (Table 1), that is, these results should
reflect that both Yb chiral catalysts exist as dimer or
trimer complexes in dichloromethane solution. As for the
difference in the local structure of chiral catalyst A and
chiral catalyst B, the difference in coordination number of
neighboring Yb atoms may not be discussed due to the
accuracy of the curve-fitting analysis (within ±20 %). At
the present stage, the obvious difference in the interatomic
distance of Yb-"^, i. e., 3.68A for chiral catalyst A and
4.04 A for chiral catalyst B was only detected. Now we
are trying to explain the difference in the selectivity of
enantiomer between chiral catalyst A and chiral catalyst B
by the information on their structure obtained from
XAFS.

Table 1 Results of curve-fittint

Yb{0Tf)3
chiral cat. A

chiral cat. B

shell

Yb-0

Yb-Yb

Yb-0

Yb-Yb

Yb-0

analyses.
Aa^ / A'̂
0.00079

0.00011

0.00147

0.00289

0.00213

Fig.l FT of k^-weighted Yb L3-edge EXAFS of a)
Yb(OTf)3-xH20, b) chiral cat. A and c) chiral cat. B.

References

[1] S. Kobayashi, I. Hachiya, T. Takahori, M. Araki and
H. Ishitani, Tetrahedron Lett., 33, 1992, 6815.
[2] S. Kobayashi, H. Ishitani, 1. Hachiya and M. Araki,
Tetrahedron, 50, 1994, 11623.



STRUCTURAL AND MAGNETIC ANISOTROPY OF Tb/Fe MULTILAYERS
Yuji Fujiwara, Tsugihiko Masaki, Xiangyou Yu, Masaki Sakurai*,

Shigeru Tsunashima, Satoshi Iwata and Kenji Suzuki*
Dep. of Electronics, Nagoya Univ., *Institute for Materials Research, Tohoku Univ.

95-G204

1. Introduction

Amorphous rare-earth-transition metal
(RE-TM) fdms, have been extensively studied for
magneto-optical recording media, and the origin of
their perpendicular magnetic anisotropy (PMA)
has been debated with great interest.
Nevertheless several models have been proposed,
the relationship between the structure and
magnetic properties are stiU unclear. Then we

have investigated the structural anisotropy (SA)of
Tb/Fe multilayers (MLs) as a function of bilayer
period using the EXAFS

2. Experiment

Tb/Fe MLs were prepared by rf
magnetron and non-magnetron (Fe plate was put
under Tb target) sputtering modes on the
polyimide substrate. In this paper, films
prepared by magnetron and non-magnetron
sputtering are called Samples (A) and (B),
respectively. The sputtering rates of both samples
were made almost the same by adjusting the rf
power. X-ray absorption measurements of the
samples were carried out at room temperature
with linear polarized synchrotron radiation from
two incident directions, normal and glancing
angles to the fdms plane, which are called E-in-
plane(//) and E-out-of-plane(l), respectively.

3. Results and discussion

Fig.l shows the dependence of PMA
energies Ku of Tb/Fe MLs, obtained from M-H
loops, on the bdayer period A. The PMA of both
Samples (A) and (B) showed the maximum value
at a bdayer period of about l.Onm. Furthermore
samples (A)have larger PMA than Samples (B).
For further quantitative analysis, we have
estimated coordination numbers N and radial

distances R for atoms surrounding Fe by
parameter fitting procedure, assuming that two
Fe shells and one Tb shell contribute to the FT

EXAFS of the first peak range. The structural
anisotropy in coordination numbers can be

evaluated from the results of EXAI^S using the
following expression.

r\n - + "li-N±n)
(A^ / nuft + Nj.lslFt) + {N IllnrlPf •¥ NLlniFt) —{N / m + AtlTt)

where CNA is called coordination number

anisotropy. Fig.2 shows the estimated CNA of
Sample (A) and (B). The trend of CNA as a
function of bilayer period is very simdar to that of
PMA shown in Fig. 1. It suggests that the PMA
was enhanced in the MLs with the CNA seen in

the EXAFS.

Sample(A)

Sample(B)

Bilayer Period (nm)

Fig.l Perpendicular magnetic anisotropy enei^

obtained by M-H roop

Sample (A)

Sample (B)

0 0.5 1 1.5

Bilayer period (nm)

Fig.2 Coodination number anisotropy
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Glasses doped with reduced rare earth ions show new

optical functions. Photostimulated luminescence

phenomena has been observed in Ce^"^ and/or Eu^^-doped
glasses.''^' This optical function is considered to be closely
related to local structure around reduced rare earth ions.

X-ray absorption fine structures (XAFS) analysis is a

powerful method to investigate the local structure around

the particular ion in multicomponent glasses. Especially in

the case of rare earth ions, the peak of X-ray Absorption

Near Edge Structure (XANES) spectra assigned to 2p^5d

transition are separated by the valence of rare earth ions.

In this study, we studied the change of local structure of

Eu^"^- and Eu '̂̂ -doped borate glasses with several alkali

XNa20-(100-X)B203 (X=15, 20, 25) glasses (BN15,
BN20, BN25) doped with lmol% EU2O3 were prepared

by quenting melts. Eu '̂*"-doped borate glasses were prepared
by remelting these Eu '̂̂ -doped borate glasses in a reducing
atmosphere. Eu Ln XAFS spectra were measured in a

transmission mode using a Si(lll) double crystal

monochromator at BL-7C. Absorption data of crystalline

EU2O3, EuFs, and EUF2 were also measured as a reference.

Europium Lo XANES spectra for Eu^*- and Eu^"^-
doped B203-Na20 glasses are shown in Fig. 1 with those of

reference samples. XANES spectra for Eu^*-doped glasses
have main white line at 6972 eV and small white line at

6980 eV. These small white line is considered to occur

from residual Eu^"*^ ion because XANES spectra for Eu^"^-
doped has only one white line at 6980 eV.

Eu^*:BN15

The radial structure function ]F(r)i for Eu^"^ and Eu^"^-
doped B203'Na20 glasses are shown in Fig. 2. The peak
area corresponds to Eu-0 bonds is much decreased by the

reduction. Oxygen around rare earth ion is also removed in

this case. Especially the peak of Eu '̂̂ -doped BN20 glass
almost disappeared. The change of the average
coordination number as the function of Na20 content is

smaller than that of Sm^^-doped 6203-NaaO glasses.^'
And the decrease of the peak area corresponds to the first
Eu-0 bonds of IF(r)l is not concerned with NazO content.

These tendencies correspond to that the intensity of

photostimulated luminescence is not concerned with Na20
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Introduction:There existed few experimental evidence
related to the structural change by reversible structural
relaxation in amorphous alloys, because the structural change
is occured slightly for the reversible relaxation process. In
addition, several kinds of interatomic correlations
superimpose, because of multi-component alloy system,
leading to the difficulty in understanding the origin of
structural change. By ordinary X-ray scattering experiment
with Mo or Cu radiation, the reversible change of the first
peak profile in the structure factor S{Q) have been reported
[1-2]. However, it is unidentified that which kind of atomic
correlation brings about the reversible structural relaxation.
In present experiment, we employed anomalous X-ray
scattering (AXS) method to investigate the change in the
local structure of glassy metal (Pt^ ^Ni^ 5)75P25 associated with
the reversible structural relaxation.

Procedure:As-quenched ribbon sample with a sectional area
of about 0.04x5.0 mm^ was annealed to 520 K (the glass
transition temperature Tg defined from DSC experiment)
with a heating rate of 0.17 K/s, and readily cooled to room
temperature. This annealing treatment was performed to
annihilate the quenched-in excess free volume.
Subsequently, the pre-annealed sample was annealed for 96
h at 400 K to form the chemical short range order state. The
formation of the chemical short range order state was
confirmed from the appearance of excess endothermic
reaction on DSC thermogram. This endothermic reaction
was not observed in the sample which was annealed again
to Tg after a long period annealing. This suggests that the
order state was destroyed by re-heating to Tg. Anomalous
X-ray scattering experiment, using beam line BL7C, was
carried out both around Pt- and Ni-absorption edge X-ray
energies. This method allows to investigate the Pt-Pt, Pt-Ni
and Pt-P partial interatomic correlations for Pt AXS, and
the Ni-Ni, Ni-Pt and Ni-P for Ni AXS, respectively.
ResuItsiFigure 1 and 2 show S((2) for Ni and Pt AXS,
respectively. Also, the corresponding reduced radial
distribution functions G(r) are shown in Fig. 3 and 4,
respectively. In each figure, the structural information of
the samples which were pre-annealed only and subsequently
annealed for 96 h were compared. The first peak intensity
both in S'CG) and G(r) increases with annealing for a long
period. This result corresponds to that obtained from
ordinary X-ray scattering experiment. However, the
annealing behavior of second peak is not straightforward.
That is, the peak intensity of Ni AXS increases after a long
period annealing and it decreases for Pt AXS, instead. This
may reflect that the appearance around the second peak (~
0.52 nm) in G(r) is different between pre-annealed and
annealed samples. It has been reported [3-4] that Pt-Ni-P
glassy metal does not show the shoulder in the second peak
of 5((2) and G(r), and this alloy system may possess the
local structure similar to the liquid phase, instead of the
intermetallic cementite structure. The structural model to
explain well the experimental data is currently in
constructing.

Fig. 1
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Structures of Ti-Ni amorphous alloys have been
studied by various techniques such as neutron diffrac
tion, electron diffraction, and EXAFS measurements.
However, most of these studies do not concerned with
structural relaxation during annealing below crystalli
zation temperature. Recently, we have found that a
broad peak appears in DSC measurements of amor
phous Ti-Ni alloys prior to the sharp peaks due to
crystallization. This seems to show that the structural
relaxation with a large latent heat occurs in Ti-Ni
amorphous phases. The purpose of the present study is
to investigate some structural changes by the EXAFS
measurements.

Ti-Ni thin films were deposited on Cu film of
20 pm thick by RF magnetron sputtering. The condi
tion is as follows. The RF power was 250W, the de
position rate 7x10"' p.m/s, the film thickness 2 |.rm and
Ar pressure 6 Pa. The thin films were taken off by
etching Cu substrates. The concentrations of Ti, Ni
and Cu in the thin films were 51.0, 49.0 and 0.009
at.%, which were determined by ICP (Inductively
Coupled Plasma) Emission Spectroscopy. The thin
films were annealed at several temperatures for 10 min
in a vacuum higher than 1x10"^ Pa.

Ni K-edge

as-depo
680K

710K

760K

0 1 2 3 4 5

Distance, r/A

EXAFS experiments were carried out using 7C
and lOB lines of Photon Factory in KEK.

Fig. 1 shows Radial Structure Functions (RSF)
obtained from Fourier transformation of the XAFS

spectra, where (a) and (b) show RSF for Ni and Ti-K
edges, respectively, as a function of atomic distance.
As shown in Fig. 1(a), the influence of annealing on
RSF is not significant. However, Fig. 1(b) shows that
annealing causes increase in the peak intensity for the
first coordination shell around 2.4 A. It should be not
ed that this increase occurs below the crystallization
temperature, 725K. This means that the relaxation of
amorphous structures takes place prior to crystalliza
tion. In addition to the change in first peak, the second
and third peaks appear prior to crystallization. It is
presumed from this fact that medium-range-ordered
atomic clusters are formed before crystallization.

The inverse Fourier transform of the first peak
was analyzed by a two-subshell model. As a result, ra
dial distance between the two Ti-Ti subshells becomes

close to each other with increasing annealing tem
peratures. Ti-Ni and Ni-Ni subshells show similar be
havior, but they do not change so significantly as Ti-Ti
subshells. This is why the significant change in first
peak of RSF is observed in Ti K edge.

0 1 2 3 4 5 6

Distance, r/A

Fig. 1. The radial structure function (RSF) in amorphous Ti5iNi49 alloys before and after annealing at the three different
temperatures, where (a) and (b) are Fourier transforms ofxAfS signals obtained from Ni and Ti K-edges, respectively.
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Introduction

The superconductivity of alkali-earth-metal intercalated Cgg
was first found for CasCgo (superconducting transition
temperature Tq = 8.4 K) by Kortan et al.,^' which takes an fee
structure. Subsequently, they reported the superconductivity of
SrgCgo ^d BagCgo- '̂̂ ' These compounds t^e a bcc structure
(the space group Im3), while the RbgCfiO is a non-
superconductor regardless of the bcc structure.^ However, the
Tq of the bcc superconductors are fairly lower {Tq = 4 K for
SrgCgo and 7 K for Ba^Cgo) dian those of alkali-metal
intercalated CgQ with the fee structure (the space group FmBm)
suchas Rb3C6o (7'c = 30 K). '̂ TheCgo molecule is ordered in
the crystals of BagC^O and Rb6C60. while the molecule is
disordered merohedrally in the crystal of Rb3C5o- Recently,
Iwasa et al. found the superconductivity {Tq = 5.6 K) for
K3Ba3C5o synthesized by intercalation of K into Ba3C6o/*
which also takes the bcc structure.

The present study aims to clarify the structural feature for
RbgCgo as the first systematic X/ES study of bcc fullerene
compound. Furthermore, the difference in thermal behavior
around Tq between superconductor and non-superconductor has
been confirmed from the temperature dependent XAFS study of
non-superconducting bcc compound, RbgCgo-

Experimental

Rb K-edge XAFS spectra were measured in transmission
mode by using synchrotron radiation at BL-7C in the Photon
Factory of the National Laboratory for High-Energy Physics
(KEK, Tsukuba). The sample temperature was regulated using a
closed-cycle He refrigerator (CTl, 22C CRYODYNE) equipped
with a temperature controller (Lake-Share Cryotronics, DRC-
80C) for Rb K-edge XAFS measurementof Rb6C60'

Results and Discussion

The distance n^b-C the mean square displacement a(21
for Rb-C at 10.2 K in Rb^CgQ were determined to be 3.400(8) A
and 0.022(2) respectively, by singleshell fitting. The r^b-C
given in this analysis is the mean value of the Rb-C distances
becausethe distances are distributed from 3.250 to 3.574 A, on
thebasis of Rietveld analysis."''The r^b-C obtained is consistent
with the meanvalue, 3.422 A, of Rb-C distances estimated from
Rietveld analysis for X-ray powder diffraction pattem at room
temperature."' Though thevalue of a(2) obtained is smaller than
that for the o-site Rb-C in K2RbC5o at 16 K, 0.039(3) A, '̂it is
twice larger than th^ for the t-site Rb-C in Rb3C60 at 9.9 K,
0.0110(5) A.'' The a(2) in RbgCgo is expressed by the
following equation,®'

a(2) = oT(2)-Has(2),

where the ox(2) and ^§(2) refer to the displacements due to the
thermal vibration and that due to the geometrical distribution,
respectively. It can be assumed that the <7s(2) shows no
temperature dependence. The as(2) vanishes in Rb3C6o
because of no distribution for the t-site Rb-C. The difference in

o(2) between RbgCbo Rb3C6o at 10 K can mainly be
attributed to a contribution of as(2) in RbbC5o-

The l^b-C was almost constant with an Increase in
temperature T from 30 to 230 K. Though the a(2) for the t-site
Rb-C in Rb3C60 showed an anomalous increase just below 30
K (Fig. la), the a(2) for the Rb-C in RbgCgo showed no
deviation from the curve derived from the Einstein model (Fig
lb); the Einstein temperature Gg was estimated to be 223 K.
This value is comparable with those for the t-site Rb-C in fee
compounds Rb3C5o (^E = 209 K) and Rb2CsC6o (^E =213
K)_9,io) ^^2) forRb-Rb in RbbCgQ also shows no deviation
from the Einstein model (Bp; = 125 K). Consequently, the
increase in a(2) just below 7^ found forRb3C60 is an Intrinsic
phenomenon in tiie superconductor.

ill lu to H IM 120 140

r/K

Fig. I. Temperature dependence of a(2) for Rb-C in (a) Rb3C6o
and (b) RbgCgo-
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Introduction

Recently, many studies have been published on

Magnetoresistance(MR) read-out heads andmemories

using spin valves. But, since spin valve films suffer a

heat treatment to make devices, their thermal stability

is very important. Spin valves using NiFe alloy layers,

however, are not so stable for heat treatements. Since

amorphous alloys are in metastable state, thermal sta

bility ofamorphous spin valves is an important issue to

be clarified.

Experimental

Spinvalves were prepared using an rf magnetron

sputtering system. The top surface of the multilayers

was covered with an Au layer to conduct the electric

current as wellas to protect the multilayers from oxida

tion. The annealing wasperformed for Ihour in a static

magnetic field of 160 Oeapplied in the same direction

as the field during deposition.

Result and Discussions

Figure 1show Fourier transforms(FT) of Co K-edge

EXAFS oscillations, before and after annealing for a-

CoFeB single layerfilm. FromFTof as-deposited film,

long range ordering extending farther than the second

or thirdnearest neighbor atoms is not thought to exist,

as indicated by theabsence of FT spectrum beyond the

first peak. After annealing at400''C, however, theshape

of FT spectrum becomes to suggestfee structure. The

results of EXAFS implythat the CoFeB layerof lOnm

thickis amorphous in as deposited state andstart crys

tallizing afterannealing at 250''C.

The spectra of CoFeB spin valve are shown in Fig.

2. The peakintensity is found to increase significantly

with increasing annealing temperature. In the as-depos

ited film, long range orderpeaks corresponding to the

second third andfourth nearest neighbor sites (indicated

with r2,r3 ,r4) is very weak. After annealing at 300°C

the shape of FT spectrum indicates fee structure.

In the spin valve structure, CoFeB layeris consid

ered to be mostly amorphous in as-deposited state and

begin to crystalize after annealing at 250°C.

As to GIANT MAGNETORESISTANCE EFFECT

IN Fe^gCOgpNij^Cu , please refer to Jounal ofMagne
tism and MagneticMaterialsl65(1997)304-307.

' 'r, ' l|Au{2nm:
35 . annealed at 400°C. coFeB

• ' / (10nm)

as deposited

1 2 3 4 5

Radial coordinate (A)

Fig. 1FTCo K-edge EXAFS oscillation for trilayers after annealing

at varioustemperatures.

annea ed at

annealed at
250°C

as deposited

Co K-edge

Au(2niTi)
CoFeB

(2nm)

Cu(2nm)

CoFeB

(2nm)
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Fig.2 FT of Co K-edge EXAFS oscillations for a-CDFeB(2nm)/

Cu(2nm)/a-CoFeB(2nm)/Au(3nm) spinvalves.
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Introduction

It is known that some divalent metal ions condensate

amphiphilic fatty acid at the air/solution interface. The
metal ions effectively assemble the fatty acid monolayer
to a two-dimensional crystalline structure. The effect of
the metal ions must not be due to merely their charge,
because divalent rare earth metals have little effect.

In order to study the mechanism of assembling the
Langmuir monolayer by metal ions, X-ray absorption
spectra of the metal ion adsorbed to the solution surface
have been obtained by total-reflection total-conversion
He"^ ion-yield method. The present paper reports, for the
first time,- that the solvation structure of Zn(II) ion
accumulated under the stearic acid monolayer at the
air/solution interface varies with time.

Experimental
Since this technique needs high intensity and high

brilliance X- ray beam, and high precision beam deflection
mechanism, the measurements were performed at Station
BL-7C. The X-ray beam was focused horizontally by
sagittally bending the monochromator crystal and
vertically by bending the deflection mirror. The incidence
angle was Imrad and solution temperature was around
0° C. An important progress compared to the previous
apparatus, is the vibration isolation from the station
floor. The Langmuir trough was set-up on a floating
boat. The level of solution surface was continuously
monitored and during the XAFS measuring run, the level
was automatically kept constant.

Results

As previously reported, the XANES and the
coordination bond distance of Zn(II) ion are in accordance
with the tetrahedral coordination structure when the ion is

segregated by stearic acid monolayer at the solution
surface, which is in contrast to the octahedral structure for
the ion in the bulk solution. It is quite interesting to find
that the XANES spectra varied with time as shown in Fig.
1. After 12 hours it seems to become in equilibrium.

The white line is composed of at least three comonents
and the second one grows with time. Comparing the
white line intensity with those of Zn complexes with
known structure indicates the variation of its coordination

coordination number from four to five.

The Fourier transformed spectra in Fig. 2 also indicate
the coordination structure change. The position of the
first peak corresponding to the Zn-0 distance moves with
time, which also supports the increase in coordination
number from four to five, since it is known that the bond
distance is longer for that with coordination number of
five.

The F.T. data in Fig. 2 have another interesting feature.
First spectrum has a component at around 3.8 A. This

I \
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" \ \
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•X-—--
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(B) 155 min.

(A) 44 min.
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(C) 247 min.

(D) 745 min.

;? '''''''''

component seems to be too intense to be attributed to the
single scattering, possibly is due to the Zn-C(in
hydrocarbon chain) interaction enhanced by the forward
scattering at C(in COO). With the time elapse this
componet moves to longer distance and becomes weak,
then a new componet at around 3.2 A appears. If the 3.2
A component is also enhanced by the forward scattering,
it must be indicating fairly, linear structure of Zn-O-C,
both O and C in the same COO group.
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Tntrnduction

We previously reported that binding of
mercury (Hg) to Cu,Zn-superoxide dismutase
(Cu,Zn-SOD) resulted in an alternation in the
structure and a decrease in the enzyme activity
1>2) Hg binds readily to sulfhydryl groups of
proteins and the high affinity for the functional
group has been considered as a major factor of the
metal toxlcity. In our preliminary study, however,
the molar ratio of Hg which binds to Cu,Zn-SOD did
not fit the number of sulfhydryl groups. For this
reason, we examined XANES and EXAFS spectra to
clarify the detailed manner of Hg bound to the
enzyme.

Cu,Zn-SOD was isolated from bovine hver
using the ASME extraction and then purified by
DE-52 and Sephadex G-75 column chromatography.
Final preparation showed a single band on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis.

Reaction mixtures (5 ml) consisted of 15 ;/M
Cu,Zn-SOD, various concentrations of mercuric
chloride (HgCl2) and 50 mM potassium phosphate
buffer (pH 7.8). After incubation at 25°C for 24 hr,
each sample was dialyzed and concentrated to 1 ml.
Then these samples were subjected to XANES and
EXAFS analysis.

XAFS spectra (Hg L-edge) were measured
at BL-7C at room temperature, using a Si(lll)
double crystal monochromator and a fluorescence
detector

As shown in Fig. 1, different Hg L-XANES
spectra were successfully obtained for each sample
of Hg-SOD mixture, despite the low Hg
concentrations of these samples, i. e., about 20 -
100 ppm (Fig. 1). In particular, the spectrum
obtained fiom a reaction of Cu,Zn-SOD with 40
molar of Hg exhibited an edge shift toward low
energy side, suggesting that Hg appears to be
covalently bound to the enzyme. Under this
condition, there were some charge isomers on
isoelectric focusing-agarose gel electrophoresis
(data not shown). Unfortunately, quality of Hg L-
edge EXAFS spectrum of Hg bound to Cu,Zn-SOD

was not high enough to carry out detailed analysis
(Fig. 2), and an improvement of S/N ratio using a
19-element S. S. D. is anticipated

1) S. Homma-Takeda et al, Biomed Res Trace Elem,
6, 125 (1995).

2) Y. Kumagai et al.,Appl Organomet Chem, (1997)
(in press).
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4) F.W. Lytle et al., Nucl Instr Meth Phys Res, 226,
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--- S0D;Hg=l;5
— SOD:Hg=l:20

SOD:Hg=l:40

-- CH3Hg+

Energy/keV

Pig. 1. Hg L-XANES spectra of mercury bound to
Cu,Zn-SOD.

Fig. 2. EXAFS oscillation of mercurybound to
Cu,Zn-SOD. Cu,Zn-SOD was mixed with 20
molar equivalent ofmercury and they were
incubated at 25°C for 24 hr.
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Introduction

Valence instability of 4f electron systems has been
of considerable interest. Among the intermediate va-
lent systems, Eu compounds are known to exhibit
strong temperature dependence of the mean valence.
Recently, we have examined high-field magnetization
process of Eu(Pdi_i,Pta;)Si2 and EuNi2(Sii_j,Gey)2
and observed a sharp metamagnetic transition un
der high fields [1]. This is the first examples of
a field-induced valence transition of Eu-based sys
tems. In order to discuss correlations between the

temperature- and field-induced valence transitions,
we measured XAFS spectra of Eu(Pdi_j;Pta,)Si2and
EuNi2(Sii_yGey)2as a function of temperature.

Experiments

Samples were prepared by argon-arc melting. The
XAFS measurements at the Eu Lni edge were carried
out at BL-7C beamline of KEK Photon Factory using
a Si(lll) monochrometor in the temperature range of
10-290 K.

Results and discussion

The XAFS spectra at the Eu L\ii edge of the
above compounds consist of two subspectra, the
(2p^4/ ^5d*) aijd (2p^4/ final-state components
at any temperature. These are direct evidence of the
intermediate valence phenomena of the present two

systems. Data were analyzed in the standard proce
dure using two sets of Lm-edge profiles, each of which
consists of an arctan-function and a Lorentzian and

the mean valence is evaluated from the retative in

tensities of two components. The mean valence of

EuNi2(Sio,2iGeo,79)2 is shown in Fig. 1 as a function
of temperature. It is found that the mean valence

remarkably changes with at around 100 K.
In ref. 2, we discussed the field-induced valence

transition on the basis of the interconfigurational fluc

tuation (ICF) model, in which the occupation proba
bility of the Eu^+ state, P2> and that of Eu^+, ps, fol
low the Bolzmann statistics, assuming the excitation
energy depends on p2. We have demonstrated that a
first-order valence transition is induced by magnetic
field by choosing appropriate parameters. The solid
line in Fig. 1 is the calculated results based on the
ICF model. We confirmed that the parameters ob
tained in this analysis give a first-order valence transi

tion induced by magnetic field. These results strongly
support the validity of the ICF model.

EuNl2(Slo.2lGCo.79)

Fig. 1 Temperature dependence of the mean va
lence of EuNi2(Sio.2iGeo.79)2' The solid line is the
calculated results based on the ICF model.
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In order to develope the process of electric devices

such as DRAMs, chemical-state analysis provides the

important information about the process performance^).
At present, analysis region of XPS is about several ten's

microns in diameter, even in the most sophisticated

apparatus provided commercially. This size is quite large

compared to the scale of the electric device's structure such

as the design rule of the DRAM. The XPS technique

applicable to small region of micron to sub-micron is

required.

In order to realize the microscopic XPS

technique, we have been developing a scanning

photoelectron microscope (SPEM) by using soft x-ray

micobeam.^)'̂ ) The soft x-ray microbeam is formed with
a Wolter-type grazing incidence mirror fabricated by using

the epoxy reprication method.'̂ ) The energy analyzer was
newly designed on the base of the concept of the Dimon

type energy analyzer^) because of its high-collecting
efficiency of photoelectrons.

The SPEM was installed in the beamline BL-8A

and tested the lateral resolution in the energy-selected

photoelectron imaging mode by examining Al-stripe

patterns on a Si02 layer. Figure 1(a) shows an image of

energy-selected photoelectrons (at the AI(2p) peak) of a

2.0-pm-line-width stripe pattern. Here, a 3.3-pm-sized

microbeam was used. The bright regions correspond to

the A1 stripes. Figure 1(b) shows the image the pattern by

Si(2p) photoelectrons. The contrast is inversed and the

Si02 substrate corresponds to bright region in turn.
Figure 2 is the line scan profile of Al(2p) photoelecu^on

intensity of a 0.8-pm-line-widlh stripe pattern.

According to the previous test for lateral

resolution by total photoelectron imaging^), the optics
and the sample scanning stage of the SPEM has enough

performance to obtain 2-dimentional image with 0.3 )im

lateral resilution. After the strage ring improvement for

lower emittance radiation, chemical mapping with high

resolution of <1 pm is expected to be acheived.

(a) Al(2p) image

(b) Si(2p) image

Fig. l.(a) Al(2p) core level photoelectron image of the 2-

pm-sized stripe pattern, (b) Si(2p) photoelectron image of
the same sample.

i A A AVA ^
- c I Arrows=Al line positions

Fig. 2. Al(2p) core level photoelectron line profile of the

0.8-pm-sized stripe pattern.
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Introduction

Our interest is to study the electronic structure
and its relation to magnetic properties of magnetic
materials using magnetic circular dichroism (MCD)
technique. To study the origin of MCD, it should be
corrected by the precise degree of circular polarization
of incident synchrotron radiation (SR). We have,
therefore, constructed an apparatus to measure both
full-polarization and MCD. We describe the results
of fuII-polarization analysis at 146 eV. and MCD
measurement of a novel nitride Fe,gN2 at the soft
x-ray beamline BL-8A of the Photon Factory.

Polarization of the incident SR beam
A soft x-ray polarimeter consists of two V/C

multilayer mirrors (2i^l2.04nm, A=200, OVONYX),
one for a phase shifter and the other for an analyzer.
Azimuth f of the phase shifter and azimuth 7] of the
analyzer are defined as shown in Figure 1.

SR beam is deflected horizontally by a mirror at
11.2 m from the source point. Then, the beam enters
a plane mirror inside a grating monochromator. The
exit beam of the monochromator is transmitted to the
polarimeter or to a sample.

To obtain elliptically-polarized x-rays emitted
from the bending magnet with azimuth "R, we incline
the deflection mirror with the angle O so that the
deflected beam will hit the center of the plane mirror
surface. We selected the left-handed ellipse by setting
12 at -0.9° 0.267 mrad).

We made the full polarization analysis at 146 eV.
The incidence angles of the beam onto the phase
shifter and the analyzer were fixed at 45°. The azimuth
77 was scanned from 0 to 360° at various values of
the azimuth The detector outputs are described by
the Malus law. We obtained the sets of for
42=0.0 and -0.9°, where tIq gives the minimumdetector
output at The best-fit parameters of polarization in
Table 1 were determined by fitting the next equation
to the data (C^o)-

cosZ •cos24> -sin2(C-0)+sinZ-sin20
tan277o =-2Va—; ;

(0^ -I) + V(Q:^-f-l)cos20-co^^-0)
Fitted and calculated values of the correction factors
are compared in Table 2. We adopted above optics
for MCD measurements.

MCD measurements of Fe,>;N.,
We measured the L23-MCD spectra of Fe in

FcigNj which is believed to have giant magnetic
moments of 3 Fb compared to 2.2 for Fe metal.
Single phase and single crystalline FcigNj films were
grown epitaxially to 47-nm thickness on 0.5-mm
thick Gs^s (100) substrates. SR was irradiated on
the sample at normal incidence. The magnetic field
of 2. IT is parallel or anti-parallel to the incident beam

axis. Since the saturation magnetization of the sample
was 2.83T, the sample was not magnetized to its
saturation. Figure 2 shows the MCD multiplied by
the correction factor as previously described. The
spectra has following features: (l)shoulder A, which
exists also in MCD of Fe metal, (2)sub-peak B above
2-eV from the E3-peak, which is absent in Fe metal.
We attributed the peak B tentatively to a superposition
of 3d configurations of ground states of Fe.

STORAGE DEFLECTION MONOCHROMATOR POLARIMETER
RING MIRROR ..-rfX

^ ^ PLANE \ ANALYZER
CI TX--—o PLANE ,r?

tV grating ^rtS

I PHASE VC
21.8 (m) SHIFTER

Figure 1. Layout of the optics

Tablel. The best-fit parameters of polarization at 146eV.

Inclination angle 42 (°) 0.0 -0.9

Ellipiicity angle <P C) -5.8 -21.5
Azimuth of ellipse 0 (°) 1.2 1.9
Ratio of reflectivity r/r 25.6 29.3
Retardation Ap-As '' -157.1 158.5

Table 2. Correction factor for MCD at Q =-0.9

Photon energy (eV) 146 720

Ellipticity angle fit. -21.5 -29.1
0 0 cal. -24.7 -32.2

Correction factor fit. f.47 1.18
for MCD cal. 1.32 1.11

Fe,gN^ (100)

—: ('a -(T_ )/o„(L )•

0

Q

PHOTON ENERGY (eV)

Figure 2. 4^3absorption spectra of Fe in Fe,gN2 for
<7+ and <T- (photon spin is parallel and antiparallel to
the magnetization). MCD is normalized by L3-peak
intensity.
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INTRODUCTION

Fe-Ta-C thin films are used as magnetic
materials in VCR heads. The films are formed
by the sputter evaporation method^'. However,
investigations into structural changes of the
materi^s during heat-treatment are insufficient
for manufacturing processes. The authors have
analyzed the structure of Fe-Ta-C thin films
using the fluorescent XAFS method.

EXPERIMENTAL

Samples:
Fe-Ta-C thin films with different heat-

treatment conditions were prepared for XAFS
analyses. Feo.sTao.iCo.i thin films with a
thiclmess of 20)im were deposited on substrates
of single cryst^ {Mn,Zn)Fe203. Sample (a) was
prepared without heat-treatment. The samples
(b) and (c) were annealed at 773K and 833K.
Tantalum (d) and TaC (e) were prepared as
reference samples and measured by a powder X-
ray diffractometer. It was proved that Sample
(a) was shown to be amorphous, while samples
(b) and (c) were shown to be crystalline.
Measurement:

Ta-La Fluorescent yield spectra were
measured at BL-8B. The XAFS of reference
samples, (d) and (e), were measured by the
transmission method.

RESULTS

Figure 1{A) shows differential Ta-L
XANES of reference samples (d) and (e). Fig. 1
(B) shows the same analysis for Fe-Ta-C films.
The Ta-L absorption edge of TaC was higher
than that of Ta by 2 eV. The Ta-L absorption
edges of Fe-Ta-C films were shifted to a higher
energy by heat-treatment. The measured
spectra were analyzed by the one electron
scattering approximation method. The results of
XAFS analyses are shown in Fig. 2 and Fig. 3.
The Ta-Fe interatomic distance of sample (a)
was found to be 0.265 nm. This value was
consistent with the Ta-Fe distance estimated
using Ta and Fe atomic radii in metal. The
coordination number around Ta atoms of
sample (a) was 7.4. On the other hand, the Ta-
C and Ta-Ta distances of heat-treated samples
(b) and (c) were 0.217 nm and 0.216 nm. These
values are almost equal to the Ta-C bond length
of sample (e), TaC. The coordination numbers
of C around Ta were increased by heat-
treatment. This means that Fe atoms were
mainly coordinated to Ta atoms before heat-
treatment. However, Ta and C atoms were
separated from a-Fe crystallites, which have
magnetic properties. TaC clusters were grown
by annealing (773K).
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-

C '
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€ ^
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:o .| Q as depo^ sample(b)'

/ 773K
v.^....sample(c).
i\\ 833K

\\y
9.865 9.870 9.875 9.880 9.885

Energy(keV)
Figl. Differential Ta-I XANES spectra.
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Fig2. Interatomic distance of Fe-Ta-C thin films.
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Fig3. Coordination number of Fe-Ta-C thin films.
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Introduction

Quartz is an important rock-forming minerals and it
transforms into different SiOj modifications such as
tridymite and stishovite under high temperature and high
pressure. In stishovite (the rutile type structure) Si is
octahedrally coordinated and the four coplanar Si-0 bonds
are shorter than the two axial bonds. In quartz and
tridymite Si is tetrahedrally coordinated by the oxygen
atoms.

In order to study if the effective pair potential
changes significantly with structural transformation, we
tried to determine the effective pair potential of Si-0
bond in SiOj polymorphs by the EXAFS method.

Experimental and Analysis

Stishovite was synthesized under 11 GPa at 1400 K.
The specimens of stishovite, quartz, tridymite and vitreous
SiOj were identified by X-ray diffraction. The crystals
were ground using an agate mortar. A uniform fraction of
grain size of 0.1 ~ 0.5 [xm was separated by an elutriation
method with alcohol. Very thin and homogeneous
specimens of about 2 |xm in thickness were obtained by
sedimentation on a Mylar film of 2.5 [xm in thickness. The
Si K-edge EXAFS were measured in transmission mode
at beam line BL-8B of the Photon Factory in the National
Laboratory for High Energy Physics, Tsukuba. Fig. 1.
shows the X-ray absorption |x(E)d near the Si K-edge of
tridymite.

The EXAFS interference function, x(^)j was extracted
from the measured absorption spectra using the standard
procedure. Details of the analyses were given in reference
[1,2]. We consider the vibration of Si and O, interacting
via an harmonic pair potential V(u): V(u)=auV2, where u
is the deviation of the bond length from the location of
the potential minimum.

Results and Discussion

Fig. 2 shows the effective pair potentials of Si-0
bonds in quartz, tridymite and stishovite. The effective pair
potential for Si-0 bond is not appreciably changed with
structural transformation from quartz to tridymite or
vitreous SiOj. The effective pair potentials for Si-0 bonds
in stishovite are significantly broader than those in the
other structure types. The effective pair potential is
certainly influenced by the coordination number.

1.99 2.09 2.19 2.29

PHOTON ENERGY (keV)

Fig. 1. The X-ray absorption |x(E)d near the Si K-edge of
tridymite.
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Fig. 2. Effective pair potentials for Si-0 bonds in quartz,
tridymite and stishovite.
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Introduction

The development of third generation synchrotron
radiation sources with high brightness, small emitting
source size, and high spatial coherence will open new
opportunities for microfocusing studies in the hard X-ray
regions. Some expected apprications are X-ray
microscopy, small-area X-ray diffraction, micro-XAFS,
and micro-fluorescent X-ray analysis. Over the last few
years, optics such as grazing incidence total reflection
mirrors, bent crystals, multilayer mirrors, Bragg-Presnel
lenses, and Fresnel zone plates (FZPs) have been
developed. But the use of these elements is still limited
due to availability.

The Fresnel phase zone plate (FPZP), a circular
diffraction grating of alternate transparent and opaque
zones to X-ray, is able to X-ray through the phase
retardation of the incidentwave by %in those zones that are
opaque in amplitude FZP. Theoretically the focusing
efficiency of the FPZP is up to -40 %, some 30 % greater
than that of standard FZP.

We are currently making sputtered-sliced FZPs and
FPZPs by physical vapor deposition with alternating
transparent and opaque layers on a fine gold wire core to
improve the spatial resolution and light-collecting
efficiency in the hard X-ray regions.

Using one of the FPZP (Ag/C, 50 layers) and the
brilliant monochromatized X-ray beam from the
TRISTAN Main Ring with undulaior, we have already
succeeded in generating a micro beam with a minimum
focal spotsizeof 0.5 [im(t).''̂ ^

In this report we decribe the focusing test of the an
other FPZP (Cu/Al, 100 layers) with a brief description of
the fabrication process,

Zone Plate Fabrication

Alternate multilayer zones were constructed by dc

planar magnetron sputtering.^) The copper and aluminium
concentric multilayers {100 layers) were deposited onto
rotating Au wire substrate of 47 p.m(l) at a rotation speed
of 15 rpm.*^) The designed focal length of the FPZP was
141 mm for 8.1 keV X-ray. The film thickness of the first
inner layer (Al) was 0.4 [ira and 0.21 ^im for the outermost
layer (Cu). After deposition, the wire sample was fixed
into a melt solder, tightened and sliced into a plate ~1 mm
in thickness normal to the wire axis. Finally, the FZP was
polished mechanically. To fabricate the FPZP it is
necessary to polish the FZP to thinner thickness. The
thickness of the zone plate obtained here, -10 |im, is close
to the 3 n phase retardation condition of FPZP. The details
of the fabrication conditions are similar to the previous
papers. A scanning electron microgrphy of the present
FPZP is shown in Fig. 1.

X-rav Focusine Test

The characterization of the FZP was performed on BL-
8C2 at the Photon Factory using 8 keV synchrotron X-
rays. For this experiment, SR beam from the normal
bending manet was used with the beam monochromatized
using Si(lll) double-crystal monochromator and confined
by 0.12 X0.12 mm cross slit in front of of the FZP with an
order sorting aperture (OSA).

The experimental setup was the same as that described
in ourprevious paper.^^

Before evaluating the focusing beam size we tried to
scan the OSA two dimensionally perpendicular to the
optical axis to observe the transmitted intensities at the 1st
and 3rd order focal planes. Here, 0 th order diffraction
beam was found to be diminished in both focal planes,
and -1st order beam to be observed. Focusing beam
profiles were evaluated by conventional knife-edge scan.
The finest focus beam size [full width at half-maximum
(FWHM)] obtained were 1.5 and 0.8 (im<j) at the first order
and the 3rd order focus points respectively.

The light collecting efficiency of this FPZP at the first
order focus point was determined to be -11 % with a 8
keV X-ray, which is about three times that of the standard
FZP.

Fig. 1 Scanning electron micrography of FPZP
(Cu / Al: 100 layers)
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Introduction

We studied the crystal orientation of Ag thin
films and interface Vs structure of Ag/Si(lll)V3 X
Vs with the method of grazing incidence X-ray
diffraction using synchrotron radiation.

Experimental

Si(lll)V3 X Vs-Ag surface was obtained by
depositing 1 ML (7.8X lO'Vcm^) Ag on a Si(lll)7
X7 reconstructed surface heatedup to 400°C-500°C
in an UHV chamber operating in the 10""'Torr range.
With keeping temperature (30, 36, 50, lOOC) of the
sample, we deposited 260 A-thick Ag on the each
substrates by MBE. The whole substrate was
covered with Ag 260Afilm. After the sample were
prepared , they were taken out of the chamber and
transported to BL-9C, for X-ray diffraction
measurements.

Results and Discussion

We observed (4/3, 1/3) reflection peak of Vs
structure. In order to study crystal orientation of
deposited Ag, omega scan was done by the sample
rotation about 60° around (0, 1.41), (0, 1.63), (0,
2.30) of Si bulk peaks, which correspond to Ag
(111), (200), (220) reflection. The data was fitted by
a Gaussian function to get integrated intensity and
FWHM of the peak.

Intensity evolution of the (4/3, 1/3) rod of
interface ^ structure with substrate temperature is
shown in Fig. 1. Integrated intensity of (111)
reflection of deposited Ag films is shown in Fig. 2.
There are quite alike (largest in 30 °C and no
intensity in 100°C). The (111) reflection means the
growth of Ag {110} plane. The intensity evolution
of other (100) or {111} plane were different from
that of the interface Vs peak. So, we can conclude
that there are correlation between Ag {110} growth
and interface Vs structure.

From the result of the FWHM of (111) reflect as
shown in Fig. 3, we could confirm growth of the
largest-size crystalline at the substrate temperature
of 30°C.
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Fig. 1. Integrated intensity of the (4/3 1/3) rod of
interface Vs-Ag structure.
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Fig. 2. Integrated intensity of the (111) reflection of
Ag {110} plane.

Temperature(°C)

Fig. 3. FWHM of the (111) reflection of Ag {110}
plane.
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Introduction

High-energy ion implantation is one of key tech
niques for fabricating Si LSIs without high temperature
processes. It is therefore important to characterize
damage caused by ion implantation and recovery by
annealing. However, general x-ray diffraction tech
nique using conventional x-ray source is not enough
sensitive for implant doses of lO'̂ order, which are
used for real processes. In the present work, therefore,
we used double-crystal x-ray diffraction technique
improved sensitivity to lattice strain by using synchro
tron radiadon and tried to detect the strain caused by
ion implantation of ~lx lO'̂ atoms cm"^ at 700 keV and
recovery by annealing.

Experimental

P-type <001>-oriented Si wafers were implanted
with P+ ions at a dose of about Ix lO'^ atoms cm'^ at
700 keV. After that, rapid thermal annealing (RTA)
was performed for 20 s in N^ ambient at temperature
between 600 and 1000°C. The experimental arrange
ment was set up at BL-9C (Fig. 1). X-rays with a wave
length of 0.1122 nm are selected by a Si(lll) crystal
using 422 asymmetric reflecdon. The x-rays are colli-
mated by a Si(lll) crystal using 008 asymmetric re
flecdon and impinge on the sample through the aper
ture of 1-mm-diameter. The sample was aligned to give
(X)8 symmetric reflecdon, thereby allowing an (n,-n)
nondispersive setting. 008 diffracdon profiles of sam
ples were measured with a 0.02 arcsec step size. In this
arrangement, the full width at half-maximum of the
rocking curve for an as-received Si wafer was about 1
arcsec, which is almost same as the intrinsic rocking
curve width for a perfect Si crystal.. This allowed high
sensitive measurements for lattice strain. The experi
mental data were compared with rocking curves calcu
lated using dynamical theory of x-ray diffraction for
strained crystals.'̂ '

Results

As an example of the results, an experimental rock
ing curve (open circle) for the as-implanted sample
with a simulated rocking curve (solid line) is shown in
Fig. 2. The sift to low-angle side of the Bragg peak

implies a lattice expansion. The strain-depth profiles
for all samples can be determined by the simulations.
The magnitude and the depth of maximum strain for the
as-implanted sample were 6.5x 10'̂ and 0.85 pm. Al
though most of the strain was annealed out at 7(X)°C
RTA, small strain (~lx 10"^) remains even on 900°C
annealing. The strain was completely annealed out at
1000°C
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Several kinds of polycrystalline
materials, such as Si, Al, and TiSi2 have
been used in large scale integrated circuits - t §A
(LSIs). Those polycrystalline materials are :: I I ::

I ^usually grown on amorphous films as very g- I a
thin films. The polycrystalline films have no . \ \
epitaxial relation toward the single- ^ \ / \ j
crystalline Si substrate, which weaken the f \ \ \ /
intensities of X-ray diffractions of the 11 V A A /
polycrystalline films. Because angle- "* y vyw y/
dispersive diffraction methods take very ^
large time for angle-scan and photon ^
collection ofweak diffraction lines, they can Fig.2. SR-EDGID pattern of a 50A
not collect enough photon counts in the thick poly-Si film,
many cases.

We have been trying energy-dispersive We have obtained a diffraction pattern
grazing incidence diffraction using of a 50A thick poly-Si film, as shown in
synchrotron radiation white X-rays (SR- Fig.2. We also developed a fabrication
EDGID, figure 1) against under lOOOA thick method ofa Si powder (diameters<lpm) for
polycrystalline Si (poly-Si) films on Si02 intensity references of randam poly-Si.
films, for the purpose of evaluating the In the present stage, we are developing
preferred orientations of the films. In the analyzing methods to calculate preferred
thickness range under lOOOA, we could only orientations ofthin films toward normal to
a few peaks of diffractions of poly-Si films substrates quantitatively firom in-plane
by angle-dispersive methods. diffractions of EDGID patterns.

vacuum chamber
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white X-i o)=0.5deg 20=27deg

Seller slit

Ge SSD

Fig.l. SR-EDGID layout.



96U003

STRUCTURAL STUDY OF BaCoi-^^Ni^Ss UNDER HIGH PRESSURE

H. Sasaki'̂ , H. Harasluiia '̂̂ , M. Sato'̂ '̂ . T. Ikeda^, E. Nishibori^, M, Takata^, M. Sakata^, T. Adachi°.
0. Shinioura^, T. Ye^ and T. Matsumoto^.

'^Department of Physics, Division of Material Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya
464-01, Japan

®CREST, Japan Science and Technology Coporation (JST)
^Department of Applied Physics, Faculty of Engineering, Nagoya University, Furo-cho, Chikusa-ku, Nagoya

464-01, Japan
^Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305, Japan
^National Research Institute for Metals, 1-2-1 Sengen, Tsukuba, Ibaraki 305, Japan

BaCoi-xNij-So is formed by alternating stacks of
Coi_j-NijS layers and rock-salt type BaS layers, and
expected to have two-dimensional electronic nature.
At X = 0, the system is in the Mott-insulating state
and its Co-"'" ions have the spin S = 3/2 (in tlie
high spin state),wiiich orders antiferromagnetically
at Tn ~ 305K. By tlie Ni-substitution for Co, elec
trons are introduced and the system becomes metallic
when X exeeds 0.22."^ For this system, the Mott tran
sition can also be induced by relatively small external
pressure The strong pressure dependence observed
in the resistivity p is shown Fig. 1. In order to study
this metal-insuiater transition from the structural view
point, we have carried out x-ray Rietveld analyses un
der high pressure, which may give usuful information
on the change of the electronic state.

BaCoi_xNixS2

X=0.00

-g102
o.osX

"'O 5 10 15
p (kbar)

Fig.l Pressure dependence of the electrical resistivities
of polycrystalline samples of BaCoi_j-NixS-j taken
at room temperature.

Polycrystalline samples were synthesized by the
method described in ref.l. High pressure x-ray diffrac
tion experiments at room temparature were carried out
witii use of a synchrotron radiation source on beam line
BL9C and BL18C at Photon Factory of National Lab
oratory for High Energy Physics. High [U'essure was
generated in diamond-anvil cell. Diffracted x-ray were
measured by using an imaging plate. The Pre.ssure was
determined by a ruby fluorescence method.

The diffraction patterns obtained in the present ex
periment were analyzed by the Rietveld method using
a program RIETAN."^! Figure 2 shows the pressure de
pendence of the lattice parameters a, b and c. The val
ues of a aird 6 of monoclinic cell exhibit rather rapid
decrease with increasing p at around 11 kbar, wliere
the system undergoes the metal-insulator transition.
The parameter c does not exhibit such the ciiaracteris-

tic behavior, the interatomic distance between Co and
S in the CoS plane also seems to exhibit rapid decrease
around 11 kbar. -n o

BaCoS-
4.6, „ ^ ,

^ 4.5 Aq'
'< : ^
ja 4.4 i

• a(A)
O b(A)

0 10 2Q 30 40 50 60 70

p(kbar)

Fig.2 Lattice parameters of BaCoS2 determined by the
Rietveld refinements are plotted against p.

Recently, neutron inelastic scattering studies have
revealed that strong 2D antiferromagnetic correlation
at low energies exists even in the metallic state [T >
Tn ~ 180K) for BaCoo.82Nio.i8S2,^^ while it becomes
much weaker for BaCoSo under high pressure at T ~
Tn ~ 230K.'̂ ^ The rapid change of a and bfound by x-
ray analyses at p ~ 11 kbar and above neutron results
imply that the pressure induced Mott M-I transition is
due to tlie increa.se of the intra-plane transfer energy.
In the case of the Ni-substitution, the metallic state is
considerd to be realized without change in the strength
of the electron correlation, which seems to be similar
to the case of high-Tc superconductors.
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Introduction

In order to investigate the nature of hydrogen bond, we
made the charge density study of paraeiectrlc(PE) phase
KDP{KH2P04) by the Maximum Entropy Method (MEM)
using Synchrotron Radiation (SR) powder datai). It was
found that covaient like hydrogen bond exists between the
O - O atoms, in order to extend the understanding of
hydrogen bond, the charge density of ferroeiectric(FE)
phase KDP is obtained in this study.

Experiment

The data set of FE phase KDP was collected by the
powder X-ray diffraction experiment at BL-9C with a long
Soiler coiiimator2). Therefore, the experimental conditions
were similar to those of the PE phase. The measurements
were performed at 25 K. The sample was cooled by a He-
gas closed-cycle cryostat. The wave length of incident X-

rays was 1.3 A. Ail the data up to 125 degree in 2-theta
weremeasured, which corresponds to 0.74Aresolution in
real space. The whole powder pattern collected in this

experiment is shown in Fig. 1.

60 70 80 90 100 110 120

ii- -fji -iJ-ii. 1 ii il-1-- J. A- .. I-

2-theta [ degree ]

Fig. 1 Whole powder pattern of KDP at 25 K.

Data Analysis

in order to analyze the complicated powder pattern of the
orthorhombic phase, the novel method combining the

Rietveid method and the MEM was employed.3) The 278
reflections were used in the analyses. The final reliable
factor of the MEM charge density based on the structure
factors was 3.0 %.

MEM Charge Density of Hvdroaen Bond

The MEM maps of hydrogen bond in FE and PE phase
KDP are shown in Fig. 2. It is clearly seen in Fig. 2(a) that
there exists the charge density maximum between the two

O atoms which seems to correspond to the hydrogen

atom. This peak is located nearer to one of the two 0

atoms. On the other hand, there exists no charge density
maximum between the two O atoms in the hydrogen bond
in Fig. 2(b). This fact seems the direct experimental
evidence of the hydrogen ordering in FE phase KDP. It
should be noted that hydrogen bond still exists even
hydrogen shows ordering. It is surprising that small
charge density change by the hydrogen ordering is
experimentally recognizable by the imaging technique.

The authors thank Drs. J. Mizuki and H. Kimura for

their experimental help at Photon Factory.

"0

A)

Fig. 2 MEM maps of hydrogen bond in KDP (a)
ferroelectric phase, (b) paraeiectric phase. Hydrogen
bonds are indicated by arrows. Contour lines are drawn
from 0.2 to 4.0 at 0.2 [e/A3] interval.
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Introduction

The absolute structures of Cesium Cuprise Chloride
(CsCuCL) have been determined by using X-ray
anomalous scattering near Cu K absorption edge. Two
crystals were investigated and the Bijvoet pairs of both
crystals suggest space group F6o22.

Experimental

The single crystals used in present work were grown
from aqueous solution. We chose small pieces of single
crystals and shaped into spheres with diameter 0.1mm
by the Bond method.
The data were collected with 4-circle diffractometer at
BL-IOA. We selected wave length of 1.377A near Cu K
absorption edge. The values of f and f for Cu are -5.765
and 3.885 respectively. Since the f for Cs atoms has a
large value of 6.602 at this wave length, the Cs atoms
also contribute on our analyses. The value of pR was
14.0.

The data collection were made over 126 independent
reflections with their Friedel opposite. There were 38
Bijvoet pairs and the differences of the pairs in structure
factors were compared with those of their calculated
values. Since the number of independent reflections was
not enough to determine the crystal structure, we made
data collection with another crystal by using
monochromatized Mo Ka radiation and the structure
determination was made with this data set. The cell
parameters are a=b=7.213, c=18.175A. The structure
was refined as space group P6i22 smdi final R-factor was
4.2% for 1168 independent reflections. The calculations
of the differences of Bijvoet pairs were done by using
this structure.

Results

We made data collection for two crystals, referred to as
crystal I and crystal II respectively. The differences of
the observed Bijvoet pairs were compared with their
calculated values by using the refined structure.
For crystal I, 33 pairs suggest space group P6522 and
only 5 pairs suggest P6i22. If we choose pairs whose
differences in calculated structure factors are greater
than 5% of their average values then all 16 pairs suggest
P6522. For crystal 2, 32 pairs suggest P6522 and 6 pairs
suggest P6i22. If we choose pairs as described above
then all 16 pairs suggest P6522 again. The result for
crystal I is shown in table 1.
Although both crystals belong to space group P6522, we
cannot conclude that this space group is predominant
for the crystals of CsCuCla since the number of crystals
investigated is not sufficient. We can, however, say that
not a few crystals belong to P6522.

Reciprocal lattice scan
Another experiment carried out is the reciprocal lattice
scan along 0 0^ axis in order to pick up satellite
diffractions caused by possible distortions of the
structure.

At first, the measurement was done with wavelength
1.377A and we found a lot of weak diffractions. We
investigated the cause of each diffraction and concluded
that aU diffractions were caused by W2 or were multiple
diffractions. Even though the beam was
monochromatized by Si (111), we could not completely

eliminate X./2.
In order to eliminate the effect of A./2, we next chose very
short wavelength of 0.517 A, and also the crystal were
properly oriented so as to avoid the multiple diffractions.
The result is given in figure 1. There is no significant
peaks except for the fundamental diffractions of 006 and
0012.

We are very grateful to Dr. M. Tanaka for his help and
useful advice.

Table 1. Observed and calculated structure factors of
16 Bijvoet pairs which have large differeces in
calculated structure factors, assuming space group
P6522.

h k 1

2 1 1

2 1 2

2 1 4

2 1 8

2 1 10

2 1 11

2 1 12

3 1 1

3 1 4
3 1 7

3 1 8

3 1 10

3 2 4

3 2 5

3 2 7

3 2 8

Fobs(hkl)
268.04

326.99

331.29

352.15

160.60

173.29

190.14

172.50

369.38

411.09

222.84

439.76

667.86
336.06

172.33

430.47

Pobs(hW)
144.00

308.31

358.96

343.58

189.03

132.13

225.19

127.75

308.10
472.62

280.49

414.68

718.97

268.78

240.52

377.88

Fca,(hkl)
170.22

247.06

265.48

299.44

142.03

149.57

155.01

136.39

288.83

374.68
205.04

422.57

577.84

278.58

155.08

385.03

Aai(hkl)
101.13

223.07

286.60

276.27
174.52

116.33
170.92

106.95

231.61

425.82

238.94

372.23

614.31

229.96

211.42

377.88

Figure 1. Reciprocal lattice scan along 0 0 f axis with
wavelength 0.517A.
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Introduction

Majorite solid-solution in the system
Mg3Al2Si30j2-MgSi03 with garnet structure is one
of major constituents of the transition zone in

earth's mantle [1-4]. Considering that Or is one of

the constituent elements in mantle, it is earth

scientifically important to investigate the effect of

Cr substitution on the crystal structure of majorite
solid-solution. In this study, the structural

investigation of the synthetic microcrystalline Cr-
bearing majorite solid-solution is tried using
synchrotron radiation.

Experimental and refinements

The sample was synthesized under high-

pressure and high-temperature (20GPa, and 2273K)

using a 5000-ton 6-8 type uniaxial split-sphere

apparatus (USSA-5000) installed at ISIE of

Okayama University. Special grade reagents

(99.99%) of MgO, AI2O3, Si02 and Cr203 were
used as starting materials. 15mol% PbO as a flux

was mixed with the staring materials. Composition

of the synthetic single crystal determined by means

of EPMA was Mg3(Mgo ggSig ggAlg ggCrQ 2g)Si30j2.
Data collection of diffraction intensity was

carried out using the four-circle diffractometer at

the BL-lOA station. The synchrotron radiation

monochromatized by Si(lll) crystal was used for

the intensity measurement.

The Cr-bearing majorite solid-solution in the

present study obviously shows birefringence from

polarization-microscope observation and the

measured lattice constants have the tetragonal unit

cell. Possible tetragonal space groups which would

allow the garnet structure to be maintained should

be those of Subgroups of Ia3d (cubic). Their

candidates are space groups I4j/acd and I4j/a.
Therefore, three space groups (Ia3d, I4j/acd and
Mj/a) were assumed in the structure refinements.

Results and discussion

The obtained R factors were most improved in the

structure refinements based on I4j/a. The cation-
oxygen distances which should be equivalent in

Ia3d was nonequivalent in the refinement based on

14^/3 (Table). These results indicate that most
probable space group is I4j/a. The result of the
structure refinement ascertained the substitution of

cations only on octahedral site. Cation ordering was
not recognized on the nonequivalent octahedral sites

in I4j/a. Other reasons than cation ordering must
be considered for this symmetry reduction of Cr-

bearing majorite solid-solution.

Table Cation-oxygen distances

Si-0 (Mg,Al,Si,Cr)-0 Mg-0

1.640(l)x4

1.639(l)x4

1.626(1)

1.640(1)

1.632(1)

1.634(1)

2.203(1) 2.350(1)

2.198(1) 2.343(1)

2.198(1) 2.358(l)x2

2.356(1) 2.348(l)x2

2.203(1) 2.192(l)x2

2.364(1) 2.194(l)x2

1.912(l)x2

1.902(l)x2

1.911(l)x2

1.914(l)x2

1.907(l)x2

1.915(l)x2
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Introduction

Synchrotron X-rays have made it possible to
perform diffraction studies having the selectivity
on the X-ray wavelengths. The use of the
anomalous scattering effect at a specific
wavelength promises the possibility of
distinguishing atoms with very similar atomic
numbers and even ions with different in a mixed

valence crystal.^-^)
Magnetite is a mixed valence compound of an

inverse-spinel type: [Fe^+]^[Fe2+Fe^+]®04.
The continuous interchange of the electrons
between Fe2+ and Fe^+ at the B sites is
considered to be frozen as charge ordering below
the Verwey transition (Ty = 123 K). In this
study, the cation ordering between ferrous and
ferric ions in magnetite are examined below Ty
by the valence-difference contrast method.

Experimental

Single crystal experiments have been made at
the BL-lOA station using a vertical-type four-
circle diffractometer. Intensity measurements
were made at 102 K with a cold nitrogen-gas
apparatus. A wavelength of X= 1.7421 A close
to the Fe K edge was monochromatized by
Si(lll). The difference in/ between ferrous and
ferric ions is 1.6. Furthermore, a two-
wavelengths technique was used for practical
structure analyses. An iron foil was used to
calibrate the energy of the absorption edge.

A single crystal of 130 pm in diameter was
used to mount on glass fibers. The cell
dimension in the cubic spinel cell is = 8.3961 ±
0.0002 A at 300 K for the crystal used in this
study. Intensity data up to 20 = 110® were
collected in the co-20 scan mode. The ranges of
hkl values measured are: -8</z<8, 0</:<8
and -8 < / < 8. The Bragg intensities for the
half-integer positions were also measured.
Integrating intensities were corrected for the
absorption effect. The polarization factor was
assumed to be unity.

The low-temperature structure gives rise to
weak extra diffraction peaks that can be indexed
as half integers in cubic indices. The appearance
of the extra peaks is similar to that reported from
neutron scattering^^ butessentially different in the
distribution of reflections. The extra reflections
indicate the necessity of expanding the unit cell
and of an ordered structure. Figure 1 shows an
example having two extra reflections which can
be indexed as 0 4 3.5 and 0 4 4.5. The crystal-
structure analyses in contrast with valence
difference have been made using the reflection
data taken with two wavelengths.

1) Sasaki, S. (1995) Rev. Sci. Instrum. 66, 1573-
1576.

2) Toyoda, T., Sasaki, S. & Tanaka, M. (1997)
Jpn. J. Appl. Phys. 36, 2247-2252.

3) Samuelsen, E. J., Bleeker, E. J., Dobrzynski, L.
& Riste, T. (1968) J. Appl. Phys. 39, 1114-1115.

•t 10'
(U

3.0 3.5 4.0 4.5 5.0

Fig. 1, Extra reflections near the 044 reflection measured
at 102 K.X= 1.7421 A, f(Fe2+) - f(Fe3+) = -1.60.
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The specimen used in this study was a single
crystal of phase G synthesized by Ohtani et al.[l]
using a multi-anvil apparatus at conditions of
1050°C and 22 GPa . Electron microprobe
analysis showed a chemical composition of
60.40 wt% SiOj, 27.83 wt% MgO, yielding a
total wt% of 88.23 (H2O excluded). The unit cell
content is calculated to be Mg^ 23Sii goHj.ssOg. A
set of X-ray diffraction intensities up to sin 6IX

=0.72 A'' were measured with a single crystal of
47x35x12 n m using synchrotron radiation of

wave length 0.69902 A at the beam line BL-lOA
at the National Laboratory for High Energy
Physics, Tukuba, Japan. Crystallographic data
for phase G obtained ai'e: Trigonal, P31m,
a=4.790(3) A, c=4.344(3) A, V=86.3(2)
A^ ,Z=1, D |̂̂ =3.442 g/cmL Results of structure
analysis (fmal agreement factors for 95
independent reflections- were R=3.6% and
Rw=3.8% for anisotropic temperature factors)
and the estimated bond valences calculated with

the empirical parameters ofBrese and O'Keeffe
[2] are given in Table 1. The structure (Fig. 1)
consists two types of layers "M " made of the
MgOg octahedra and "S " made of the

(Si(, ggMgo 52)06 octahedra which are stacked
alternately along the c axis.
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Fig. 1. A perspective view of the structure of
phase G. The (Sio ggMgo 52)65 octahedra are
shown in a darker shade and the MgO^ octahedra
in a lighter shade.

Table 1. Atomic Patameters and Estimated Bond

Valences (v.u.)for phase G

site* X y z

2/3 1/2S 1/3 2/3 1/2 0.45(2) 3.60

MO 0 0 1.10(5) 1.93

0 0.6319(5) 0 0.2686(6) 0.62(5) 1.52

*Site content of S; 88%Si and 12%Mg. M;

100%Mg. ** Valence sum.

YS* *
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Introduction

It is known that the form factor of edge atom, which
shows anomalous dispersion at the incident beam en
ergy, is expressed as symmetrical tensor as:

I fll fl2 /l3
f = /l2 /22 /23

V/l3 /23 /33

This phenomenon, namely Anisotropy of the Tensor
of Susceptibility (ATS), brings the anisotropy of the
structure factor F and therefore results in the intensity
arising at the forbidden reciprocal lattice point. The
intensity is so called "Forbidden Reflection near Edge
Diffraction (FRED)". FRED was firstly discussed the
oretically by Dmitrienko (1983) and experimentally
surveyed by Templeton & Templeton (1980). Recently,
by using synchrotron radiation, the systematic inves
tigation of FRED has been made by Petcov, Kirfel
and Fischer (1990), and by Kirfel, Petcov k Eichhorn
(1991). Kirfel k Morgenroth (1993) have made quan
titative discussion of FRED intensities in connection

with the symmetry of all the space groups of mono-
clinic and orthorhombic. They suggested a possibil
ity of FRED application for the structure analysis,
in particular for the change in local structure below
the structural phase transition. In the present study,
we try to measure the FRED of the superstructure of
PbZrOs and point out the problems to be examined
in further investigation of FRED.

Experimental

The FRED measurements were made on BL-lOA beam

line at PF, KEK. The single crystal of PbZrOs in a
size of ~ 50 X 50 X 50^m^ was used for the measure
ment. The intensity of two forbidden reflections 090
and 0 110 were measured as a function of incident en

ergy around Pb Lm edge. Also the intensity distribu
tion of 0 11 0 reflection on the reciproctd lattice plane
was examined at the edge. The incident beam was
monochromatized by Si single plate with 111 diffrac
tion, and therefore the energy resolution of the beam
is ~ 10"^

Results and discussion

Figures 1(a) and (b) show the FRED intensity of 090
and 0 11 0, respectively, as a function of incident X-
ray energy. In both cases, the intensity behavior shows
double maximum: this is consistent with the result of
LiNb03 measured by Petcov et a/.(1990), but the rea
son and the meanings of the behavior are not clear yet.

In Fig.2, the intensity distribution of FRED on 0 110
reflection is shown: (a) intensity on a'b* plane, and (b)
that on b*c*. It is clear that the shape of intensity dis
tribution in the case (b) shows anisotropic form while
that in (a) is nearly round. Though the meaning of the
shapes has not been made clear yet, we expect that the
anisotropy of the distribution form include the infor
mation on the local structure around the edge atom.
It has been already suggested by Kirfel et ah(1991)
that the FRED can be expressed as a function of the
coordinate of the edge atom and of Bragg angle of the
diffraction. Therefore, in further investigation, it is
required that we understand the FRED with the de
tails of quantum mechanics of photon-electron inter
action around the absorption edge, then, this makes
clear the meaning of the behavior of FRED observed
in the present study.

References

1) Kirfel, A., Petcov, A. k Eichhorn, K. (1991). Acta
Crysi. A47, 180.

2) Kirfel, A. k Morgenroth. W. (1993). Acta Cryst.
A49, 35.

3) Dmitrienko, V. E. (1983). Acta Cryst. A39, 29.
4) Petcov, A., Kirfel, A. k Fischer, K. (1990). Acta

Cryst. A46, 754.
5) Templeton, D.H. k Templeton, L.K. (1980). Acta

Cryst. A36, 237.

energy/keV energy/keV

Fig.l FRED of (a) 090 and (b) 0 11 0 as function of
incident energy.
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Fig.2 FRED on the reciprocal space: (a) on a'6"" and
on 6*c*.
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Introduction

The equilibrium adsorption method is simple and possible
one to disperse the metal oxide species on the surface of
support. In the present system of niobium oxide
supported on silica, the dispersion of niobium species is
the key to controlling catalytic performance of
photooxidation of propene^^ and is variedby the pH of the
preparing solution. In the present work, the coordination
states of niobium species at various stages of the
preparation were studied by means of XAFS. We discuss
which steps of the preparation are important for the
dispersion.

Experimental

Nb/Si02 samples were prepared asfollows.'̂ Niobic acid
was dissolved in a 0.5 M oxalic acid solution (Nb 16.8

mM pH 0.8; S-0.8). The pH controlled solution (pH 4)
was also prepared by addition of ammonia (S-4). Silica
was impregnated with the solutions under stirring for 24
h, followed by filtration. The silica adsorbing Nb ions
was dried at 343 K for 24 h (D-0.8, D-4), and calcined in
dry air at 773 K for 5 h {C-0.8, C-4). These were
evacuated at 673 K for 2 h {E-0.8, E-4), and sealed in
polyethylene packs. Nb K-edge XAFS were recorded at
the BL-6B, 7C, lOB stations in KEK-PF.

Results and Discussion

Fig. 1 shows Nb K-edge XANES spectra. XANES of S-
0.8 and S-4 are the same as that of niobium oxalate. The
spectrum of D-4 is similar to that of S-4, but the
spectrum of D-0.8 is different from that of S-0.8. The
spectra of C- and E-series samples are distinguishable
from that of Nb205.

Evacuated

Calcined

Dried

Solution

Oxalate

Photon Energy / keV

Fig.l Nb K-edge XANES of Nb/Si02 samples and
references. Solid lines, pH 0.8; dashed lines, pH 4; dotted
lines, references.

The results of a deconvolution analysis^^ are given in
Table I. C- and E-series samples show a lower pre-edge
peak position (PP) and a larger area (PA) than those for
the S-series, suggesting that the Nb species on silica
surface is tetrahedral and the Nb complex in solution is
octahedral.The values in Table 1 for D-4 are the same

as those for S-4, and thus the coordination state of the Nb
species in D-4 is similar to that in the solution. As for
D-0.8, the PP is the same as that of C-series samples,
whereas PA is as small as that of S-series samples,
suggesting that the adsorbed Nb oxalate complex reacted
with the silica surface and the coordination geometry
around Nb was changed.

The structure of the Nb species were more clarified by
the curve-fitting analysis of Fourier-filtered EXAFS. The
Nb complex in D-4 has the same structure as
[Nb0(C204)2H20]" in solution.^' The Nb complex in
D-0.8 has another Nb-0 bond which is similar to the Nb-

O bond found for C- and E-series samples, suggesting the
structure as [Nb0(C204)2]-0-Si. In C- and E-series
samples, the Nb species are present as Nb04.'̂ ' The
coordination number of the neighboring Nb in E-0.8 is
less than that in E-4, indicating that the Nb species in E-
0.8 is more highly dispersed than that in E-4. The higher
catalytic activity of E-0.8 in photoepoxidation of
propene'' would be attributed to the higher dispersion in
E-0.8 than that of E-4 sample. Since the Nb complex at
pH 0.8 react with silica surface resulting in a Nb-O-Si
bond, the degree of aggregation of the Nb species is low.
Further details are described elsewhere.^^

Table 1 Pre-edge )sition and area

Sample Peak position'^ (eV) Area (eV)
S-0.8 / S-4

D-0.8 / D-4

C-0.8 / C-4

E-0.8 / E-4

Nb205
oxalate

-6.7/-6.6

-7.2 7-6.7

-7.4 7-7.4

-8.0 7-7.9

-7.3

-7.1UAilldlC - /. i

^ Relative energy to the K-edge,

1.04 7 1.04

1.127 1.04

2.21 7 2.15

2.83 7 2.51

1.88

1.43
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Introduction

It is accepted that the Ag(I) ion in solution is sol-
vated by four solvent molecules in a tetrahedral geome
try. We have previously determined the solvation struc
tures in some non-aqueous solvents by means of EX-
AFS and ah initio molecular orbital calculations.^ In
this work, we have determined the structure parame
ters around the Ag(I) center in the Ag(py)i+ complexes
(py = pyridine; i = 0, 1, 2, 3, and 4) in nitromethane
(NM) by the EXAFS spectroscopic titration method.

Experimental

An NM solution (0.58 M) of AgC104 was titrated by
py under a nitrogen atmosphere and the EXAFS spectra
at the vicinity of Ag K-edge were measured in a flow cell
at BL-lOB station. The concentration ratio (Cpy/CAg)
of py relative to the Ag(I) ion in a sample solution was
varied from 0 to 8. As the structural standard for the
Ag-O(nm) and Ag-N(py) bonds, the EXAFS spectra of
the aqueous and py solutions were also measured. The
k^X{h) values were extracted from the observed spec
tra by the usual procedures. The composition of the
component complexes in a sample solution was directly
evaluated from the changes in the k^xi^) values as a
function of Cpy/CAg- According to the composition,
the structure parameters around the Ag(I) center in the
Ag(py)i'̂ complexes were determined using Fourier fil
tered k^xi^) values. The obtained structure parameters
are summarized in Table 1 together with the reported
values in a single crystal.

Results and Discussion

Ag"'". The Ag(I) ion in NM is solvated by about four
NM molecules with the bond length of 246 pm and the
Debye-Waller factor of 14.8 pm. The findings that the
R value is by 5 pm longer than that in H2O and that
the Debye-Waller factor is considerably larger indicate
the lower cr-donating ability of an NM molecule. The
Ag(I) ion is thought to be weakly solvated by NM.

Ag(py)"'". As shown in Table 1, it is found that
one NM molecule coordinates to the Ag(I) center in
addition to the coordiantion of one py molecule, and
we have then concluded that the solvation structure is
2-coordinate linear (Ag(py)(nm)+). The fact that the
Ag-O(nm) bond length is by 17 pm shorter than that
in Ag(nm)4"'" corresponds to the decrease in the coor
dination number around the Ag(I) center. The release
of the bound NM molecules accompanied by coordina
tion of py is interpreted by the entropic gain, which

is thought to be larger than the enthalpic loss by the
dissociation of the weakly bound NM molecules.

Ag(py)2"'". Wehave confirmed that there is no Ag-
0(nm) interaction in the Ag(py)2"'" complex, and it is
then concluded that the structure around the Ag(I) cen
ter is 2-coordinate linear. The observed Ag-N(py) bond
length is almost in accordance with that in the solid
state.

•A-g(py)3"^. It is found that there is no bonding
interaction between the Ag(I) center and NM in the
•A-g(py)3'̂ complex. We have concluded that the struc
ture of Ag(py)3+ is 3-coordinate triangle. The differ
ence (5 pm) in the R value between Ag(py)2+ and
Ag(py)3'*' is in excellent agreement with the difference
(4 pm) between the R values of the 4-coordinate Cu(I)
ion in py (205 pm) and the 3-coordinate Cu(I) ion in
2-methylpyridine (201 pm).

-A-g(py)4"^. The n value of Ag-N(py) interactions
in the Ag(py)4+ complex in NM is 4.0 and the R value
consists with that in neat py. It is then concluded that
the structure of Ag(py)4+ is 4-coordinate tetrahedral.

We have determined the structures around the Ag(I)
center of the Ag(py)i+ {i ^ 0, 1, 2, 3, and 4) complexes
in NM and it has been revealed that the coordination
number and the bond length for the Ag-N(py) interac
tions are gradually increased for ? = 2, 3, and 4.

Table 1. Structure parameters around Ag(I) center in
-A-g(py)i'̂ complexes in NM.

i interaction n ^ symmetry"

~0 Ag-0 3A 246 Ta
1 Ag-N 1 214 C^h

Ag-0 0.9 229
2 Ag-N 2.0 214 Z)«,h
Ag(py)2C104^ 2 216
Ag(im)2N03^ 2 213
3 Ag-N 3 219 Dah
4 Ag-N 4.0 228 Ta
Ag(py)4C104'' 4 232
Ag(I) in py 4 230
"The geometry of the first-coordination sphere around
the Ag(I) center. ^In single crystal. J. C. Dyason et al.,
Aust. J. Chem., 38, 1325 (1985). "^im = imidazole, C.
J. Anttl and B. K. S. Lundberg, Acta Chem. Scand.,
25, 1758 (1971). ''in single crystal, K. Nilsson and A.
Oskarsson, AcCa Chem. Sc^nd., A36, 605 (1982).
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Introduction

PtMo6/MgO derived from [NH4][H4PtMo^02^]
is a good catalyst for dehydrogenation reactions
of alkanes. A previous EXAFS analysis showed
that the Pt was located in MgO lattice and
substituted with a Mg^^ ion '̂. makes
similar type of oxide with other cations such as
Ni^"^ and Co^^. Comparing the EXAFS
oscillation of PtMo6/MgO and that of Ni/MgO
shown in Fig.l, the fine structures in both
spectra are not the same. This is because the Pt
should have the charge more than 2+ and there
are distortions/defects in the MgO lattice in
order to maintain charge balance. In this paper
we investigated the PtMo6/MgO in details by
comparing other binary oxide and propose a new
possible structure model for PtMo6/MgO.

Experimental.

PtMo6/MgO was prepared by the impregnation
of MgO with aqueous solution of
[]SrH^][H4PtMo^024]. The sample was then
calcined at 773 K. The loading of Pt was 1
wt %. EXAFS was measured at BL7C and

lOB with 2.5 GeV, 300 mA using Si(3U)
channel cut monochromator. Ni-MgO and
Fe-MgO were prepared by impregnation of MgO
with Ni(N03)26H20 and Fe(N03)39H20,
followed by calcination at 773 K.

Results and discussion

Fig.l shows the EXAFS oscillations with
various model compounds such as Ni-MgO and
Fe-MgO. Because the Pt L3 edge is a transition
from 2p to nd state, there is a 71 radian difference
in the oscillations of Ni, Fe and Rh K-edge
EXAFS. If the ir-radian difference is taken into

account, one can find difference in fine structure
between EXAFS oscillations of PtMo6/Mg and

of Ni/MgO. On the other hand , the EXAFS
oscillation of PtMo6/MgO is similar to those of
Rh-MgO and Fe-MgO. Our previous
investigation about Fe-MgO showed the
presence of spinel-like microcluster of Fe2Mg04
in the MgO lattice. Thus Pt occupies the Mg^^
position with reformation of the local structure
from rock-salt type to spinel type. Since the
charges of Fe and Rh are 3+ and Pt should be 4+,
more reconstruction should occur for Pt/MgO
and we are now refining the model structure
including multiple scattering.

6 8 10 12

10 nm"'

Fig.l k^-weighted EXAFS oscillations of (a)
Fe-MgO, (b) Rh-MgO, (c) Ni-MgO, (d)
PtMo6/MgO. Because the Pt EXAFS was
measured with L3 edge and those for other
samples were mearued with K edge, there are n
difference in the phase of the oscillation.

(1) Kondaries, D. L; Tomishige, K.;
Nagasawa, Y.; Lee, U.; Iwasawa, Y. J.Mol.Catal.
1996,111, 145.
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Introduction

Rh supported on GeOs monolayer was highly
active to the hydrogenation of ethyl acetate to
form ethanol. The activity was greatly
dependent on the preliminary reduction
temperatures. The aim of this study is the
determination of the active catalyst structure
by EXAFS spectroscopy.

Experimental

Ge02 submonolayer/Si02 (Ge02/Si02) was
prepared by chemical vapor deposition of
Ge(0Me)4 on Si02 and subsequent calcination.
Rh6(CO)i6 was deposited on Ge02/Si02 and
reduced at 423-723 K under 13.3 kPa H2. Ge

and Rh K-edge X-ray absorption spectra of the
samples were obtained at BL7C and BLIOB of
the Photon Factory, respectively. The spectra
were analyzed by the curve fitting method with
phase shift and amplitude function extracted
from Rh foil and calculated by FEFF.

Results and Discussion

Figure 1 shows the Fourier transforms of Rh
K-edge k^xCk) EXAFS function of Rh6(CO)i6
and Rh/Ge02/Si02 treated under hydrogen at
different temperatures. After the initial
deposition of Rh6(CO)i6 on Ge02 submonolayer,
the framework of Rh cluster is retained, by
compared with the EXAFS of Rh6(CO)i6. After
the reduction at 423 K, the peak shifts to the
shorter length, the distance of which
corresponds to that of Rh metal (0.269 nm), It
means the decomposition of cluster structure
starts at this temperature. After the reduction
at 623 and 723 K, the peak intensity decreases,
at the same time its position further shifts to
the shorter length. This is due to the partial
reduction of Ge02 monolayer and the

generation of RhGe aUoy particle on support
surface. It was proved by the curve fitting
analysis of the spectra both from Rh and Ge
sides (Rh-Ge=0.240 nm). The highest activity
in the hydrogenation of ethyl acetate was
attained after hydrogen treatment at 473 K,
where the metallic Rh is simply supported on
the Ge02 submonolayer support as suggested
from EXAFS result. From this EXAFS results

and the comparison with Rh/Si02 and Rh/Ge02
catalysts, the direct participation of Ge02
monolayer support in the ethanol formation
was concluded.

Rh/Ge02/Si02

reduced at 723 K

Rh/Ge02/Si02
reduced at 623 K

Rh/Ge02/Si02

reduced at 523 K

Rh/Ge02/Si02
reduced at 423 K

Rh/Ge02/Si02

initial deposition

Rh6(CO)16

X) 1 2 3 4 5 6

Figurel, Rh K-edge EXAFS Fourier transforms
of Rh6(CO)i6 and Rh/Ge02/Si02 treated under
13.3 kPa H2 at several temperatures.
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Introduction
A copper-ion-exchanged ZSM-5-type zeolite

exhibits high activity in the direct NO
decomposition to N2 as was first reported by
Iwamoto et al. It is one of the most useful
catalysts known to date among a large number
of metal/zeolite combinations or mixed oxides.
It is widely recognized that copper ions
associated with ion-exchanged sites in ZSM-5
zeolite are responsible for NOx decomposition
activity. However, only few attempts have so
far been made from the viewpoint of the
electronic and structural environments of these
species. In the present investigation, the
CuZSM-5 catalyst was characterized under O2-
and NO-treated conditions through XAFS
(EXAFS and XANES) techniques to obtain the
electronic and structural properties of Cu
species exchanged in the sample.

Results and Discussion
Figure 1 shows the EXAFS (A) and XANES

(B) spectra for copper-ion-exchanged (181%)
ZSM-5 zeolite (abbreviated as CuZSM-5-181)
that was pretreated in the following manner: (a)
evacuated at 873 K, (b) evacuated at 300 K
after treating the 873 K-evacuated sample with
O2 under a pressure of 50 Torr at 673 K, (c)
succeedingly evacuated at 473 K, (d) 673 K, and
(e) 873 K, followed by NO adsorption at 300 K
and under a pressure of(f)< 1 Torr, (g) 1 Torr,
(h) 50 Torr, and finally (i) re-evacuated at 300
K after the procedure (h). The first band
centered at 1.63 A (no phase-shift correction) is
attributed to the backscattering from the
nearest neighbor skeletal oxygen atoms, and the
resulting coordination number was estimated to
be ca. 3 through the least-square method by
using CU2O as a reference substance. The
second band is clearly separated at around 2.47
A and can be assigned to the second nearest
copper ion exchanged in ZSM-5. This tendency
is quite different from that for copper-ion-
exchanged mordenite samples which have
higher exchange capacity more than 100 %.
With reference to the XANES spectra, the
strong and specific bands observed at around
8.981 and 8.999 keV are attributed to ls-4p,<,y
and ls-4p2 transitions for the monovalent
copper ion, respectively. The appearance of
such separatedsharp bands suggests hiat this Cu"*"
species has either linear or planar geometry. It
should be concluded that the copper ion in the
873 K-evacuated sample is monovalent and

takes planar and three-coordinated structure
with the lattice oxygen atoms. Another
important point is the existence of paired
species between copper ions.

The treatment of the 873 K-evacuated
sample with O2 gas at 673 K brings about the
increase in coordination number, The XANES
spectra show that 02-trcatment results in the
drastic reduction of the band intensity at 8.981
ke'V for ls-4px,y transition and the appearance
of the new band at 8.978 ke'V due to the ls-3d
transition, indicating the oxidation of cuprous
ion. Furthermore, the re-evacuation of this
sample at 673 and 873 K brings about the re-
reduction of copper ion, as can be seen from the
re-appearance of the strong bands of ls-4p
transition in the XANES spectra.

The adsorption of NO gas on CuZSM-5-181,
which was re-oxidized and then evacuated at
873 K, results in the broadning of 1.63 A-band
in the EXAFS spectra. This result is interpreted
in terms of the additional coordination of NO
to the copper ion. From the XANES data, it
has also become apparent that the Cu^ species
generated by evacuation at 873 K does not
change the oxidation state at the NO pressure
less than 1 Torr but is re-oxidized to divalent
state in the condition more than 1 Torr. As a
result, it is clear that the Cif species acts as
effective sites for the NO adsorption and that
its coordination and electronic structure change
drastically, depending on the NO pressure.
These results were also supported from the
alternative IR data.

0 1 2 3 4 5 6 8.955 9.005

Distance /A Photon energy / keV

Figure 1. XAFS spectra for CuZSM-5-181.
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Introduction

In usual EXAFS analyses, the backscattering
amplitude is assumed to be replaced with that for a
certain fixed coordinate. For the single-scattering
paths this approximation is usually good enough to
give proper structural parameters. The multiple-
scattering path, however, should in some cases be
described by taking the dynamical effect of the
scattering ampltude into account. Here a noticeable
dynamical effect observed in the BrK-edge EXAFS
of a linear CuBrj" complex is presented.

Experimental

Temperature dependent Cu and Br K-edge
EXAFS spectra of (n-C4H9)4NCuBr2 were measured
using BL-IOB in the transmission mode at tempera
tures of 48, 217 and 300 K. The sample waskindly
supplied by Dr. A. Ugawa in IMS.

Results and discussion

Fourier transforms of the EXAFS oscillation

functions are shown in Fig. 1 for the Br K
edge. The first-nearest neighbor (NN) Br-Cu shells
appear around 1.9 A, wliile those at 4.2 A can be
ascribed to the second-NN Br-Br' shell, which in
cludes multiple-scattering paths. The multiple-
scattering effect is quite important because of the
focusing effect in the linear triatomic arrangement.

The theoretical EXAFS functions are also

shownin Fig. 1,whichwereevaluatedusing FEFF6.^^
Here the Debye-Waller factors werecalculated using
the harmonic approximation and the infrared and
Raman vibrational frequencies. The short-dashed

48 K 12

lines correspond to the results obtained by the con
ventional method neglecting the dynamical effect of
the scattering amplitude. At 48 K, the intensity of the
second-NN peak is in good agreement with the
observed one, while that at 300 K is as much as two
time overestimated compared to the experiment.

The dynamical effect of the scattering ampli
tude was subsequently taken into account. In the
present case, the Br-Cu-Br bending motion is exclu
sively important since the scattering angle varies
with the bending motion and the focusing effect
strongly depends on the small displacement from
the collinear arrangement. The dynamical effect was
described by the second-order Taylor expansion
series. Long-dahsed lines in Fig. 1 corresponds to
the results including the dynamical effect. Good
agreement between the experimental and calculated
spectra was achieved.

For the Cu K edge, the dynamical effect was
found to be less important since only once forward
scattering is present while in the Br K-edge case
twice forward scattering should be taken into con
sideration. The present results is the most noticeable
example in the dynamical effect of the scattering
amplitude ever reported.
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Fig. 1. Fourier transforms of the Br K-edge EXAFS oscillation functions of CuBrj" at 48, 217 and 300 K.
Solid lines correspond to the experimental data, while short- and long-dashed lines are the calculated ones
without and with the dynamical effect of the scattering amplitude.
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Introduction

In recent theoretical EXAFS works, great
attention has been paid to the relationship between
the radial distribution function (or the cumulants)
and the interatomic potentials. Previously we inves
tigated simple molecular systems such as linear
triatomic'̂ and octahedraP^ systems, and presented
preliminary results on tetrahedral molecules.^^ Here
we report final descriptions on temperature depend
ent EXAFS of tetrahedral systems of CBr4,SiBr4and
GeBr4.

Experimental

Br K-edge EXAFS spectra of gaseous CBr4,
SiBr4and GeBr4were measured using BL-lOB in the
transmission mode. For GeBr4, Ge K-edge EXAFS
was also taken. Temperatures investigated were
423-523 K for CBr4(CBr4 was found to be gradu
ally decomposed around 600 K) and 423-773 Kfor
SiBr4 and GeBr4.

Results and discussion
The temperature dependence of the EXAFS

spectra was analyzed by means of usual procedures
based on the third-order cumulant expansion
method. The mean square relative displacements Cj
and the mean cubic relativedisplacements C3 for the
first-nearest neighbor (NN) Br-M (M=C, Si and Ge)
and the second-NN Br-Br shells were resultantly
obtained, which are shown in Fig. I. The absolute

2.5 (a) CBr^ (b>SIBr,

(d) CBr, (e) SiBr,

values at the lowest temperature data were given by
the following estimations.

Theoretical estimations of Cj were carried out
by means of normal harmonic vibrational analysis
using the Urey-Bradley force field and the har
monic frequencies given by infrared and Raman
spectra, force constants, which are also shown in Fig.
1 as solid lines. These curves exemplify excellent
agreement with the EXAFS values. C3 wasevaluated
by employing the quantum-statistical first-order
perturbation theory developed in our previous
works '̂'̂ assuming stretching and bending anhar-
monic force constants. By optimizing the two an-
harmonic force constants, good fits were obtained as
shown in Fig. 1. Cj and C3 of the first-NN Br-M
shells were found to be well described only by the
stretching harmonic and anharmonic force con
stants. On the other hand, the bending motion was
revealed to play a dominant role for Cjand C^of the
second-NN Br-Br shells. The origin of the bending
anharmonicity can consequently be ascribed to the
Br-Br interaction.
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Fig. 1. Temperature dependence of C2 [(a)-(c)] and Q [(d)-(f)] (points: experimental; line: theoretical).
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Introduction

Recently we haveperrormed the intercalation of HgBri
into BisSii 5-;rLaxCai sCuoO^ (0.0^<0.4) superconductors
in which the hole concentration in CUO2 layer is
controlled by substituting anisovalent La^"" cation for Sr
one, which allows us to conclude that the change of
electronic structure in CuOa layer is primarily responsible
for the Tc variation after intercalation rather than the
interblock coupling effect.'

In the present study, we have carriedout systematically
the X-ray absorption spectroscopic analyses for the La
substituted BisSri 5_xLaxCai 5CU2OV (Bi2212-Lax) with x =
0.0, 0.2, and 0.4 and their HgBra intercalates, in order to
probe the evolution of chemical bonding nature induced
by substitution and intercalation reactions.

Experimental
The polycrystalline samples of Bi2212-Lax with 0.0 < x

< 0.4 have been synthesized by conventional solid state
reaction method, and their HgBr2 intercalates by heating
the pristine polycrystals with HgBr2 in vacuum sealed
Pyrex tubes as described previously.' X-ray absorption
measurements were carried out with synchrotron
radiation by using the EXAFS facilities installed at the
beam line lOB at the Photon Factory in Tsukuba.

Results and Discussion

A comparative examination on the Cu K-edge XANES
spectra for the pristines reveals that there is an overall
spectral shift toward lower ener^' as Sr^^ ion is
substituted by La^"^ one, indicating that the hole
concentration of CUO2 layer is effectively reduced.'
However, there is no remarkable spectral change before
and after intercalation of HgBr2, suggesting that the
modification of electronic structure in CUO2 layer is too
weak to be observed. In order to examine such a small

change in electronic structure, we have determine the
(Cu-O) bond distances by performing the Cu K-edge
BXAFS analysis.'

The Fourier transformed EXAFS spectra for the
pristines and their HgBr2 intercalates are represented in
Figure la and the corresponding inverse-Fourier
transforms in Figure lb. According to the best-fitting
results, it was found that tliere is an increasing trend of
the in-plane (Cu-Op) bond distance for the pristines and
intercalates with an increase of La content whereas the

out-of-plane (Cu-Osr) bond distance is significantly
decreased. In case of HgBr2 intercalation, the out-of-
plane bond distance was determined to decrease
remarkably whereas the in-plane one was not
significantly changed, implying that the copper ion is

oxidized by charge transfer between host CUO2 layer and
guest HgBr2 along the (Cu-Osr) and (Bi-Osr) bonds.

The Bi Lm-edge XANES spectra for the pristines and
their HgBr2 intercalates show that the energy difference
between the peaks B and C corresponding to the
transition from 2p core level to 6dt.,„ and 6de„ levels,

—o 5

respectively, is diminished upon intercalation, reflecting
the weakening of crystal field around bismuth due to a
remarkable elongation of the (Bi-Osr) bond.

On the other hand, a comparison of Br K-edge XANES
spectra for HgBr2 intercalates and free HgBr2 exhibits a
pre-edgepeak A correspondingto the 1s 4p transition,
is depressed upon HgBr2 intercalation, confirming that
the guest HgBr2 receives an electron from the host lattice.
And the extent of peak depression was found to become
smaller with an increase of La content, suggestive of a
reinforcement of the (Bi-Br) bond. In addition, the Hg

Lm-edge EXAFS analysis reveals that the (Hg-Br) bond
distance increases from 2.462 A ofHgBr2-Bi2212 to 2,483
A of HgBr2-Bi2212-Lao,4, indicating the weakening of
(Hg-Br) bond upon La substitution. From the present
results, it was concluded that that all the chemical bonds
in the intercalates are significantly affected by the local
substitution of La^"^ ion into SrO plane and such overall
changes of chemical bonds can be successfully explained
on the basis of the competing bond model.

[Mvf ^4-^ V

hJVKAy^
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S

Figure 1. (a) Fourier transformed Cu K-edge EXAFS spectra
and (b) their inverse-Fourier transforms of (i) Bi2212, (ii)

Bi2212-Lao.2, (iii) BL2212-Lao.4, (iv) HgBr2-Bi2212, (v) HgBr2-
Bi2212-Lao.2, and (vi) HgBr2-Bi22i2-Lao.4.
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Introduction

Since the discoveiy of remarkable 7; enhancement
(134 K -> 160 K) of HgBa2Ca2Cu308.|-5 under liigh
pressure,^ intense researches have been performed to
reproduce such a high under an ambient atmosphere
by applying chemical pressiue through cation
substitution.^ However, only a few spectroscopic studies
on their electronic structures were perfonned to elucidate
the originof remarkable increase underpressure.

In this work, we have thoroughly carried out the in-situ
temperature-dependent XAS studies at the Cu K-, Hg Lm-,
and T1 Lni-edges for Hgo 5Tlo5Ba2(Cao.86Sro i4)2Cu30g+B
(Hg,Tl-1223), since it can provide a direct and valuable
infonnation on superconducting mechanism in this
compound.

Experimental

The polycrystalline sample of Hg,Tl-1223 was
prepared from stoichiometric amounts of HgO, TI2O3,
Ba2CuOJ^-x and Cao.86Sro i4Cu02, as described previously.^
X-ray absorption measurements were carried out with
synchrotron radiation by using the EXAFS facilities
installed at the beam line lOB at the Photon Factory in
Tsukuba. For temperature dependent experiments, the
samples were mounted in a metal holder attached to the
cold finger of a liquid He cryostat.

Results and Discussion

Figures la and lb represent the temperature-dependent
Cu K-edge XANES spectra and their second derivatives
for Hg,Tl-1223 in superconducting (34 K) and normal
states (300 K), respectively, together with La2Cu04 and
La2Lio.5Cuo 5O4 for comparison. The edge energy of Hg-
based cuprate was found to be lower than that of Cu(III)
reference but higher than that of Cu(II) one, indicating
the mixed valent state of copper (Cu(n)/Cu(in)). As
can be seen clearly fi-om the figure lb, there are some
peaks (denoted as A, B, and C) in main-edge region,
together with a small pre-edge peak P corresponding to
the quadrupole-allowed Is -> 3d transition. According
to our previous Cu K-edge XAS study,'' the main edge
features A and B are attributed to the transition from Is

orbital to out-of-plane 4p„ one with and without
shakedown processes, respectively, whereas the feature C
is ascribed to the in-plane 4po final state transition
without shakedown process. Compared to the normal
state spectrum, the peaks A, B, and C are commonly shift
to a higher energy side for superconducting one,
suggesting an enhancement of copper valence below U.
In addition to the overall peak shift, we could observe an
appearance of additional shoulder (A') at 8986 eV,

reflecting a partial formation of Cu(III) ion. Since the
oxidation state of copper is closely related to the bond
distance of (Cu-O), the high ener^ shift of the peaks A,
B, and C corresponding to the transitions to the
antibonding Cu 4p^and 4pa slates can be interpreted as a
result of the contractionof in-plane and out-of-plane (Cu-
O) bonds in the superconducting state, indicating clearly
that there is a remarkable change in the local structure of
(Cu-O) layer upon superconducting transition.

Such a lattice instabilitywas cross-confirmed by tlie Hg
Lm- and T1 Lm-edge results, where the pre-edge peak A
corresponding to Ip^n 6s transition is slightly
decreased below U, implying an elongation of (Hg-Oaxiai)
bond. From the viewpoint of crystal structure, such an
increase of (Hg,Tl-Oaxiai) bond distance indicates a
contraction of competing (Cu-Oax,ai) bond, wliich
coincides with the Cu K-edge results.

From the present results, it was concluded that the
electron-phonon interaction plays an important role in
high-To superconductivity of Hg-basedcuprates.

8975 8985 8995 90QS 8975 8985 8995 9005
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Figure 1. Cu K-edge XANES (a) spline and (b) second
derivative spectra for Hg,Tl-1223 at (i) 300 K and (ii) 34
K, (iii) La2Cu04, and (iv) La2Lio.5Cuo 5O4, respectively.
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Introduction

The stoichiometric LiNiOi, an important positive
electrode material for the secondary lithium batteries, has
hexagonal structure, where Li"*" and Ni^"*" ions are ordered
on the alternate (111) plane of rock salt structure with
oxygen cubic close packing.'' However, a lithium
deficient phase LivNi02 could be formed depending on
the preparation method, resulting in depressed
electrochemical performance, so that many attempts to
substitute nickel ion with other transition metal ones like

Co and A1 have been made to improve such a drawback.
In our previous report, the LiNii.^Ti^02 has been tested
for its potential use in the lithium electrochemical cell,
but a significant cation mixing between intersheets was
observed and consequently their capacity was low. '̂
Thus, the chemical environment of nickel ions for LiNii.

j:Ti,02 (x = 0.1 ~ 0.5) has been studied using X-ray
absorption spectroscopy at the Ni K-edge to examine
how the change of crystal structure from LiNi02
influences on the electrochemical property.

Experimental

The LiNii.tTi,02 samples with x = 0.1 ~ 0.5 have
been prepared by solid state method. After the reaction
at 850 °C for 24 hours in air, black powders were
obtained. The XAS measurements were carried out at

the beam line lOB of the photon factory (Tsukuba),
running at 2.5 GeV with a stored current of 260 -
360 mA. All the data were recorded in a transmission

mode at room temperature using a Si (311) channel-cut
monochromator.

Results and Discussion

Figure 1 shows the Fourier transforms (FTs) of the Ic"
weighted Ni K-edge EXAFS spectra for LiNii_j:Ti_t02,
NiO and LiNi02, and the comparisons between the
experimental and the theoretical inverse Fourier
transforms, range of ~ 2.5 A"' < /:< - 15 A"
' and R < 3 A, Contrary to NiO, the LiNi|,tTi^02 and
LiNiOa exhibit the splitting of first Ni-0(6) peak, due to
the presence of two different bond distances like (Ni-
0)shon of 1.91 Aand (Ni-O)iong of2.05 Afor LiNiOa with
the relative ratio of 4/2 as a result of Jahn-Teller

distortion.And the intensity of Ni-Ni(6) second shell
peak at 2.8 A is half as large as that of Ni-Ni(12) peak
for NiO, since half of nickel ions were replaced by
lithium ones to form alternately ordered layer structure.
The absence of Ni-0(8) peak at 3.9 A for LiNi02 could
be also explained by this regard. However, the weak
Ni-0(8) peak appears for LiNii..tTij02, confirming that

some nickel ions are in Li plane. According to the Ni
K-edge XANES analysis for LiNi|.^Ti^02, their threshold
edges around 8342 eV are between those of NiO (8341
eV) and LiNiOi (8344 eV), and there is a shift of
continuum peak to lower energy side with an increase of
y, reflecting the increased amount of bivalent nickel.
In this respect, the change of coordination number from
4/2 for LiNi02 to 3/3 for LiNii__(Ti^02 reflects the
reduction of 30 % Ni^"*" to Ni^"*" and the increase in Ni-0
bond distance by the substitution of titanium clearly
evidences this partial reduction of Ni^"*". From the
results of Rietveld refinements, '̂ the cation mixing is the
least for LiNio.8Tio.2O2, resulting in the smallest fraction
of Ni^"*" in the Li plan, which allows it to give the shortest
Ni-0 bond distance and to have the developed path for
Li"*" insertion and deinsertion.

Sl\
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Figure 1. (a) Fourier transforms of the experimental k^-
weighted Ni K-edge EXAFS spectra and (b) comparisons

between the experimental (—^) and the theoretical (ooo®)
inverse Fourier transforms, k^x(k), for (i) NiO, (ii)
LiNi02 and LiNii_jTi;^02; (iii) x = 0.1, (iv) x - 0.2, (v) x =
0.3, (vi) X= 0.4 and (vii) x = 0.5.
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Introduction

Recently, sol-gel method has attracted much
attention for it provides a new approach to prepare the
supported catalyst, in which metal particles disperse
homogeneously in the supports. Such kinds of catalysts
have excellent resistance to sintering. However, the
structural features of the catalysts prepared by sol-gel
method are not clear yet. In this paper, we used EXAFS
to acquire more information about Uie structure of the
Pd/SiOa catalysts prepared by sol-gel method.

Experimental
The Pd/Si02(SG) catalysts were prepared by sol-gel

method While The Pd/SiO^CIMP) catalysts were
prepared by impregnation method. After reduced in
hydrogen flow at 573K for 2 hours, these catalysis were
investigated by EXAFS. In order to study their resistance
to sintering, the reduced catalyst were oxidized at 573K
in oxygen flow for 2 hours, and reduced again at the
same temperature in hydrogen flow for 2 Imurs. EXAFS
experiment was carried out on Pd K-adsorplion edge at
BI-lOB station.

Results and Discussion

Fig. 1 shows the radial distribution Function (RDF)
for Pd k-edge EXAFS, which are obtained from their
^(k)k^ by fast fourier transformation. It can be seen that
the main peak amplitude intensity in the RDF of the
Pd/Si02(IMP) catalysts is matched with that of Pd foil,
but it is much lower in the Pd/Si02(SG) catalysts. This
indicates that Pd particles are highly dispersed in the sol-
gel prepared Pd/Si02 but poorly dispersed in the
impregnated one. It can be seen more clearly from the
Pd-Pd coordination number. All the first coordination

numbers are foimd to be less than the bulk coordination

of twelve, indicating the existence of re!ati^'eIy small
particles. Compared with that in the Pd/Si02(IMP)
catalyst (Npd.pd =10.8) , the smaller coordination number
of Pd-Pd in the Pd/Si02CSG) (Npd.pd =9.7) catalyst
suggests that the dispersion of Pd particles in the sol-gel
prepared Pd/Si02 is better than that in the impregnated
one.

\VTien the catalysts were treated by the oxidation-
reduction process, changes of their peak amplitude
intensities in tlie RDF are different. For the

Pd/Si02(IMP) catalysts, its main peak amplitude intensity
becomes a httle higher than before, which can be
attributed to a slight aggregation of Pd particles (Npd.pd
=H.2), same as the common case appeared on most
supported metal catalysts when treated at a high
temperature. While for the Pd/Si02(SG) catalyst, its main

peak amplitude intensity decreases slightly instead of
increasing after the o.xidation-reduction process (Npd.pd
=8.9), which suggests that Pd particles become much
more dispersed than before. Such a change is more
obviously shown by the coordination number, as listed
in table 1.

The reason of the remarkable resistance to

sintering in sol-gel prepared catalyst has debated in the
Uterature[l-3]. In our research, the XPS results reveal
that there is an intensive metal-support interaction in
the Pd/Si02(SG) catalyst. The Si02 exist as the obstacle
of tlie aggregation of Pd particle, therefore, Pd particles
were diflicult to aggregate during oxidation-reduction
process . Whereas in conventional impregnated
catalyst, the interaction between Pd and the support is
too weak to prohibit the aggregation of Pd particle. So
when the catalyst is reduced, Pd Metal particles
aggregate.

Acknowledgments
The authors would like to thank Prof. M. Nomura

for liis kind help for EXAFS experiments. These work
was supported by NSF of China

References

1. T. Lopez, P. Bosch, M. Asomoza and R. Gomez, J.
Catal, 133, 247(1992)
2. T. Lopez, A Lopez-Gaona and R Gomez, J. Non-
ciyts. Solids, 110, 170(1989)
3. W. Zou and R D. Gonzalez, Appl. Catal, 102,
181(1993)

R(A)
Fig. 1 The RDF curves of catalysts

a: Pd foil; b:Pd/Si02(IMP) second reduced;
c: Pd/ Pd/StOaCIMP) first reduced; d: Pd/SiOsCSG)
second reduced; e: Pd/Si02(SG) first reduced



95-G003

STRUCTURAL ANALYSES OF BEVIETALUC CLUSTERS
OF NOBLE METAL ANDUGHT-TRANSmON METAL BY EXAFS

NaokiTOSHMA'̂ PmgLU^^ Kazutaka HIRAKAWA '̂, and Hajime KITOH^^

Department ofMaterials Science and Engineering, Science University ofTokyo in Yamaguchi, Onoda-shi, Yamaguchi 756 and
^^Department ofApplied Chemistiy, School ofEngineering, The University ofTokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan.

Introduction

The importancfi of alloying of metal clusters for catatysis is
well known. Thestructural and catalytic studies of alloying
metal clustere have received much attention I We have
published seva^ reports on polymer-protected bnnetalhc
clust^ composed oftwo kinds ofnoble metals.^^ Bimetallic
clusters cotrposed ofanoble metal and aHght-transition metal
should beprospective with their hi^ poteitial intailoring die
structures and the catalytic properties, hi this report,
following our recent rqxirt^^, the pehminaiy structural
analyses of bimetallic clusters of noble metal and Hght
transition metal byEXAFS are presented, inaddition focusing
ondie newly successfid syndiesis and EXAFS measuremoit
ofnickel-containing bimetallic clusters.

Nickel/palladium bimetallic clust^s were prepared by a
modified polyol reduction method, invdiich Pdand Niions in
solution were reduced at high temperature by etltylene
gfycol,'*^ Similar synthetic mediod was used for the
syndiesis ofother kinds oflight-transition metal/noble metal
bimetallic clustQ*s, such as Cu/Pd, Cu/Pt, and Ni/PL The
samples for the EXAFS measurement were concentrated by
evporation. EXAFS measuremaits were conducted at BL-
7B(Pt-L II,,, Ni-K, Cu-K) and BL-10B(Pd-K) lines ofKEK
with almost the same method as descnbed in the previous

Results and Discussion

The preparative method we used diroughout this investigation
was proved to be an efficient metiiod for the formation of
stable and exclusive^ reduced bimetalhc clusters. The
particle sizes of diese bimetalhc clusters were checked by
transmission electron microscopy and found to bevery small,
distributing in the ran^ firm 1.0 to 3.5 nm. The Ni/Pd
bimdallic clusters also show muchhighercatalytic activities

for the hydiDgenation cf nitrobenzene to aniline under mild
ccHiditions than the monometallic Ni or Pd clusters.

At first, we mention on die results of EXAFS analysis
of Cu/Pdbimetalhc clusters, sincedie EXAFS anafysis of die
Cu/Pd bimetalhc system is almost completed. Bond
distances and coordination numba* for Cu/Pd bimetalhc

clusters was calculated out. It is found that the total

coordination numb^ around copper is much larger than that
around palladium atom, which suggests that palladium atoms
are located prefoentially on the surface. A similar
Qnichment of palladium on die surface site has been
suggested by die air-resisting pepertyof bimetallic clusters.
The structural models of Cu/Pd bimetallic clusters are being

constructed

Fig. 1 shows the conqiarison of the fourier transformed
Pd-K edge EXAFS spectra ofPdcluster and Ni/Pd bimetallic
clusters. As diePd/Niratiodecreases, themainpeakaround
0.25 nm decreases and a new peak at shorter distance
becomes gradually apparent, indicating die formation of
nickel-palladium metal bonds. The detailed structural
analysis inr.lnHing structural parameters and structural models
ofnickel-containing bimetalhc clusters areunder investigation.

— Pd colloid

--Pd/Ni(4/1) colloid

• Pdmi(3/2) colloid

--Pd/Ni(l/l)collcid

• Pd/Nl(l/4)colloid

Distance RJ O.lnm

Fig.1 Fourier-transfonned EXAFS spectra atPdK-edge of
the Pdcluster, and Pd/Ni bimetallic clusters atPd/Ni raticF4A,
3/2,1/1, and 1/4,
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Introduction

Fullerene family is expected as new
materials, especially in -combination with
metals. We studied the Ru cluster structures on
fullerene Cgo by EXAFS in relation to the
catalysis.^)

Experimental Method

The samples were prepared from Ceo,
Ru3(CO)i2, and Cs+-doped Si02.^^ Ru K-
edge EXAFS were measured at lOB and 6B.

Results and Discussion

The Ru K EXAFS exhibited strong
oscillation ascribable to Ru-Ru cluster bonding.
We fitted the spectrum with more than two
waves because a node appeared at lower
wavenumber region in each spectrum. Based
on the directions of Ru K-edge shift,Ru
cluster was suggested to bond to Cgo for
samples a - c in Table 1. We believe that the

Ru-C bonds formed during the heating of the
in-situ sample up to 723 K.

The coordination number 3.8 - 4.1 of Ru-
Ru demonstrated the Ru3 cluster dimerized for
a and c in Table 1. When the Ru wt% was
smaller (1.3 wt%), the RU3 integrity was kept
(Nru-Ru = 1-8, Table lb). The first and
second Ru-C bonding distances and
coordination numbers are consistent with a
models of Cgo and Rug (or RU3) attached via
Ru3 triangle face.

The reference Ru3-Cs"'"/Si02 free from Cgo
was attached via oxygen of Si02, however, the
Ru3 cluster aggregated to particle of more than
20A (Table Id). These EXAFS analysis shows
an effect of Cgo as support of heterogeneous
catalysts; binding to metal site to keep the
cluster size.
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Table 1: Curve Fitting Results of Ru K-edge EXAFS for Ru3-C60-Cs'''/SiO2 (a - c) and Ru3-Cs''"/Si02 (d)

Ru3 : Cgo • Cs"^
molar ratio

N

r/A

A(a-2)/10-3A2

Ru-Ru^ Ru-Cb Ru-C^ Ru-O^

a Ru3-C6o-Cs''"/Si02 3.8 0.9 0.9 0.9

2:3:3 2.65 2.10 2.90

5.8 0 0.15

b 1:3:3 1.8 1.8 1.6 1.1

2.67 2.09 2.90

-1.2 1.8 -3.8

c 2 : 3 : 12 4.1 0.8 O.S 0.6

2.62 2.12 2.90

5.7 0.78 2.6

d Ru3-Cs''"/Si02 10 1.3 0.1

2:0:3 2.64 2.21

4.1 -2.2

a Empirical parameters (Ru powder and Ru02)- b Theoretical parameters (FEFF6).
The sample was evacuated at 723 K. Ru 2.7 (a, c, d) and 1.3 (b) wt%.
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We have reported that the Cu+/ZSM-5
catalyst acts as a photocatalyst to decompose NOx
into N2 and O2 and the photoexcited state of the
Cu+ ion plays a significant role in this reaction.
Since the photoexcited electronic state of the Cu"^
ion is greatly affected by the local structure of the
Cu"*' ion, it is important to investigate the
relationship between the photocatalytic activity
and the local structure of the 00+ ion. In the
present work, we have carried out a detailed
characterization of the CtU ions introduced into
the cavities of Y-zeolites having different
Si02/Al203 ratios and have also investigated the
photocatalytic decomposition of N2O on Cu+/Y-
zeolite catalysts.

EXPERIMENTAL

Cu^NY-zeolite samples having different
Si02/Al203 ratios (Si02/Al203-5.6, 13.9, 390)
were prepared by ion-exchange method. Copper
loading was about 1.5 wt% as metal for all
samples. The Cu'^/Y-zeolite catalysts were
prepared by evacuation of the original Cu^+ZY-
zeoiite samples at 1073 K. The photoreaction
was carried out at 298 K using a high pressure
mercury lamp through a water filter.

Cu+/Y-zeolite catalysts exhibit photo-
luminescence spectra due to the Cu+ species at
around 400-600 nm upon excitation at around
270 nm. The shape and peak position of the
photoluminescence differ depending on the
Si02/Al203 ratio of the Y-zeolites, indicating that
the local structure of the Cu+ ion is greatly
modified by the Si02/Al203 ratio.

The local structure of the Cu"^ ion was
investigated by means of Cu K-edge XAFS
(XANES and EXAFS) measurements. As shown
in Fig. 1 (a), the XANES spectrum of Cu'^/Y
(Si02/Al203=13.9) exhibits a very sharp preedge
peak due to the ls-4pz transition with a strong
intensity, indicating that a linear 2-coordinate Cu+
ion is formed. The results of the curve fitting

analysis of the Cu-0 peak which appears in the
FT-EXAFS spectrum in Fig. 1 (b) show that the
coordination number of the neighboring oxygen
atom is 2.2 and the bond length is 1.92A,
supporting the results of the XANES
measurements. These results indicate that the
photoluminescence at around 430 nm observed for
Cu+ZY (13.9) can be attributed to the existence of
a linear 2-coordinate Cu+monomer. The intensity
of the preedge peak due to the ls-4pz transition
observed for Cu+ZY (390) is rather low as
compared to that of Cu+/Y (13.9), indicating that a
planar 3-coordinate Cu+ ion is formed. Thus, the
photoluminescence at around 510 nm can be
attributed to the existence of this planar 3-
coordinate Cu"*" monomer. Only in the case of
Cu+ZY (5.6), the peak due to the Cu-O-Cu bond
can be observed in the FT-EXAFS spectrum,
suggesting that some aggregated copper species
is also formed besides linear 2-coordinate Cu+.

UV irradiation of the catalyst in the presence
of N2O led to the formation of N2 and O2,
indicating that Cu+ZY-zeolites act as a
photocatalyst for the decomposition of N2O. Both
of the catalytic activity and the O2ZN2 ratio of the
reaction product is the highest for Cu+ZY(13.9),
suggesting that the linear 2-coordinate Cu+ ion
shows high and unique photocatalytic activity for
the decomposition of N2O. It was thus found that
the Si02ZAl203 ratio of the zeolites is one of the
most important factor to be considered in the
design of photocatalysts with high activity and
selectivity for the decomposition of N2O.

D950 0900 9000 9000 90'10 9000

Energy / eV
Dislancc / A

Fig 1. The XANES (a) and FT-EXAFS
(b) of the Cu+ZY-zeolite catalyst
(Si02ZAl203=13.9).
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Introduction

Ru02-based oxide coated titanium electrodes
are important anodes in the chlor-alkali industry.
Ti02 and Ir02 are usually used as additives to
increase the activity, selectivity and stability of
the electrodes toward the chlorine evolution.
These oxide coatings are made by thermal decom
position of metal chlorides and/or alkoxides
coated on titanium substrates. Since the calcina
tion temperature of these electrodes is low (less
than 500 °C), chloride ions remain in the oxide
layer, and it makes more difficult to clarify the
oxide structure. The XRD peaks of these oxide
layer are broad, so that the detailed analysis of
them is difficult. In the present investigation, the
oxide structure of Ru02-Ir02/ri electrodes has
been characterized mainly by EXAFS and XPS.

Experimental

Substrates of the oxide-coated electrodes used
inthisstudy weretitaniumfoil (5 //min thickness)
or titanium plate (1 mm in thickness) 99.5 % in
purity. The preparation conditions of the oxide
electrodes were described in elsewhere. To
obtain the suitable absorbence at EXAFS
measurements, lay 4 -10 sheets of the cutsamples
(ca.4X8 mm in size) one top of another. The
EXAFS spectra measurements of samples were
performed by Beam Line lOB (BLIOB) in the
Photon Factory of the National Laboratory for
High Energy Physics (KEK-PF) with a Si(311)
double crystal monochrometor. X-ray absorption
measurement was carried out in the range 21673.6
- 23502 eV (for RuK-edge) and 10867 - 12579
eV (for IrLin -edge) in a transmission mode. Two
ionization chambers of 34 cm long were used
for detecting the incident and transmitted beams.
The/Q and/chambers filled with ArforRuK-edge,
N2 for IrM-edge and Kr for RuK-edge, Ar(50) +
N2(50) for IrLHI -edge, respectively. The analysis
of EXAFS data was performed with Rigaku
EXAFS.

Results and Discussion

Figure 1 shows the effect of the calcination tem
perature on the Fourier transforms of x (^) at
RuK-edge for RuClg converting into RuOj. The
coordination number of the oxide ions around
ruthenium or iridium ion increased with an
increase in the calcination temperature of the
chlorides and attained to 6, which is the number
of the standard samples of RUO2 and Ir02
(theoretical value). The change of the coordi
nation number was accompanied by the change
in the lattice constants of these oxides. This
suggests that the deviation of these parameters
from the standard sample is due to the existence
of lattice defects of oxide ions in the lattice. It
was also demonstrated by the EXAFS measure
ment that RUO2 and IrOj form solid solution for
this dip-coated Ru02-Ir02/Ti electrode system.

r /A

CN(element)

3.00 (Cl)

2.68 (Cl)

5.28 (0)

5.98 (O)

6.00 (0)

Fig. 1 Fouriertransforms of x (k) at RuK-edge
and coordination numbers CN for (a) rutile-type
RUO2 (standard sample), calcined samples in air
at various temperatures; (b) 450, (c) 300 and (d)
250 °C, and (e) RuClg.
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Introductiaa

Structure of transition metal oxides in some superionic

conductor glasses containing Agl or Cul is now under
contraversy [1-4]. In order to solve this problem, we
measured XAFS of molibdenum and tungsten in those
glasses.

E:q)erimental

XAFS measurements were performed with the beam line

BL-lOB of syncrotron orbit radiation (PF). Measurements
were done at room temperature using the powdered
samples of different compositions of Agl -Ag2MoO_j,
Agl-AgjWO^ and CuI-Cu^MoO^ glasses. Mo K-edge
absorption and W LI-edge XANES were measured.

Results and Discussion

In figure 1 are shown the Mo-K edge XANES spectra of

Agl-AgjMoO^ glasses, where K^MoO^ (tetrahedral),
AgjMoO^ (tetrahedral), andMoOg (octahedral) are also
shown. Strong prepeak suggests the existence of
tetrahedral unit in these glasses. On the other hand, the
spectra of CuI-CUjMoO^ glasses are in between the 4 and
6 coordinations depending on the glass composition:
figure 2. This result suggests the coexistence of tetrahedral
and octahedral units in the glasses, which is consistent
with die AXS [4] and neutron diffraction [5]. EXAFS data

shown in figure 3 show the appearance of 2nd coordination
peaks at low Cul glasses, which is consistent with

stoichiometric considerations.

W-Ll edgeXANES spectra of Agl-Ag^WG^ glasses were
also measured( figure 4), where the prepeak intensity is

very small in comparison with Na^WO^ (tetrahedral)and
similar to Ag^WO^ (octahedral) or WO3 (octahedral). From
these result, it is concluded that the tungsten in Agl-
Ag^WO^ glasses is coordinatedby 6 oxigens.
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199M
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Fig. 1 Mo-K edge XANES spectra of AgI-Ag2Mo04 glasses.
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Fig.2 Mo-K edge XANES spectra of CuI-Cu2Mo04 glasses.
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Fig.3 Fourier transform of Mo-K edge EXAFS for Cul-
Cu2Mo04 glasses.
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INTRODUCTION

Electronic properties such as conductivity and mag
netic susceptibility of liquid In-Te mixture indicate an
anomalous temperature dependence around In2Te3
composition. Magnetic susceptibility'̂ shows a deep
minimum value at this composition just above the
melting point. With increasing temperature, minimum
composition moves from IniTea to IniTe. Our study
is aimed to make clear the relation between the local

structural change and the anomalous electronic prop
erties around In2Te3 composition. We presented the
preliminary results of EXAFS performed at BL-7C in
the lastActivity Report^^ (refer as I). In this paper, we
will discuss the structural change of liquid In4oTe6o,
including the new EXAFS results carried out at BL-
lOB station. Present experimental procedure is almost
the same as previous one.

RESULTS ANS DISCUSSIONS

EXAFS oscillations for liquid In-Te (partially shown
in I) were analyzed by using a curve fitting method
assuming an asymmetrical distribution as follows;

Pf'') - j/(r')-(2jia^) "%xp(-(r-r')^ /2o^)dr'
J Bexp(-(r-/?)/B) {r^R)
1 0 {r<R).

Figure 1 shows the bond length and the coordination
number of In-Te pair at 750°C around a Te atom (a)
and an In atom (b) as a function of composition. The
bond length of In-Te is 2.77 to 2.80A in Te rich
region. The coordination number of Te atoms around
an In atom is almost constant around 2.6, while that
of In atoms around a Te atom has maximum value at

IniTes composition. Some pyramid-like units exist in
liquid In4oTe6o at 750°C, where an In atom is binded
by three Te atoms, and the units are combined by
sharing a Te atom each other.

For liquid In4oTe6o, tlie coordination number of Te
atoms around an In atom is decreasing from 3 to 2
with increasing temperature (Fig. 2(a)) and the asym
metry of the In-Te pair distribution becomes large
(Fig. 2(b)). The pair distribution function of liquid
IiuoTeeo by neutron diffraction shows that the second
coordination shell is appreciably changed with tem
perature. At 880°C, Te-Te correlation is weakened,
while In-In one still remains. This suggests that the

network of the pyramid units is easily destored or de
stroyed by thermal agitation, while the bond angle of
In-Te-In is comparably stable even at a high tempera
ture.

O)
C 2.7 ^

— 2.9

E ^ (b).
o : In-

n 2.8 -

W o
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Fig. 1 Bond length and coordination number of In-Te
pair at 750°C around a Te atom (a) and an In atom (b).
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Fig. 2 Structural parameter of liquid In4oTe6o. (a) Bond
length and coordination number of In-Te pair around an
In atom, (b) effective Debye Waller factor and B factor
(asymmetry parameter) of that pair.
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Introduction

Ge is one of typical semiconductors and has a dia
mond structure in a solid state, where valence electrons
form sp^ hybrids and atoms are covalentlybonded with
tetrahedral form. When Ge is melted, dc conductivity
increases up to 10'^(n-cm)~\ which value corresponds
to that of liquid metals. The results of X-ray and neu
tron diffraction measurements on liquid Ge (1-Ge) show
that the first peak in the structure factor is smaller
than those of simple liquid metals such as alkali metals
and that the peak has a shoulder in larger momentum
side. The average coordination number of the nearest
neighbors is about 6 in 1-Ge. The value is is smaller
than those of the simple liquid metals. These results
suggest that I-Ge has a rather complicated structure
compared to the liquid metals. A recent study using
computer simulation^^ shows that there exist covalent
bonds in 1-Ge while the bonds are often broken with

atomic motions. The simulation also shows that the

distribution of the coordination numbers is lai'ge and
1-Ge seems to be a mixture of tetrahedral and planar
hexagonal coordinations.

It is interesting to study the local structure of 1-Ge
by means of XAFS spectroscopy because XAFS is ex
pected to give structural pai-ameters from a viewpoint
different from diffraction measurements. We plan to
measure XAFS of 1-Gefrom the melting point to 1600°C.

Experimental

XAFS measurements were caiuied out by trans
mission method using the spectrometer installed at
BLIOB. For the XAFS measurements on liquid semi
conductors, we have developed a sample cell made of

Ge 1150C

c-Ge 900C

Figure 1: XAFS functions, x(^)) of crystalline(c-) and
liquid(l-) Ge.

polycrystalline sapphire.The cell permits the mea
surements at high temperatures up to 1700°C. How
ever a special design for the construction of a sample
reservoir and a sample space was necessary since Ge
has a high melting point of 936°C. The experiments
were carried out using a new type of the sapphire cell.

Results and discussion

Figure 1 shows XAFS functions, x(^)) of crystalline
(c-) and liquid (1-) Ge. Clear oscillations in x(^) of c-
Ge are observable up to just below the melting point
while the oscillations are extremely dumped after melt
ing. When temperature was raised to higher temper
atures than 1150"C, the thin film of 1-Ge was not sta
ble and we could not get good spectra at higher tem
peratures. The radial distribution functions deduced
from Fourier transform of k times x(^) shown In
Fig,2. There appear the first, second and third peaks
in |F(r)| of c-Ge at 24°C. With increasing tempera
ture, the first peak becomes broad with a tail extend
ing toward larger r, while the second and third peaks
disappear. When Ge is melted, the first peak becomes
very small and the peak position is shifted to smaller r.
Note that |F(r)| of 1-Ge in Fig. 2 is 5 times as lai-ge as
the real one. These results agree with those reported
by Filipponi and Di Cicco.^^ Further analysis is now in
progress.
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Introduction

Silver halides classified as ionic bonded compounds
actually exibit the intermediate properties between ionic
and fully covalent bonded materials. The results of our
neutron diffraction measurements show that the struc

ture factor of molten Agl has a small prepeak around
1 and that the prepeak intensity has a maximum
value around molten (AgBr)o.5(AgI)o.5 These re
sults suggest the existence of a cluster in the molten
mixtures.

It is important to obtain pai'tial structures in the
molten mixtures to understand the structure of the

cluster. We have carried out XAFS measurements on

Ag- and I-K absorption edges for molten AgBr-AgI
mixtures using the spectrometer installed at BL14A^b

In this report, we show the results of XAFS mea
surements about Br- and Ag-K edges for molten AgBr-
AgI mixtures.

Experimental
XAFS measurements were cai-ried out about Br

and Ag-K absorption edges by a transmission method
using the spectrometer installed at BLIOB. Sample
cells are made of fused quai'tz and the sample thick
ness is chosen to be a suitable value which gives the
edge jump of about 1. The cells with sample space
from 50pm to 180pm in thickness were prepared for
the experiments.

Results and discussion

Figure 1 shows normalized XAFS oscillations, x{k),

l-AgBr 550°C

l-Ag(Bro bIo,2) 550 C

l-Ag(Bro.5lo,5) 550°C

Ag-edge

Figure 1: xW of molten Ag(Bri_a;Ia;) around Ag-K
edge.

around Br-K edge of molten Ag(Bri_xIx). Clear os
cillations are observed for molten AgBr at 550°C. The
amplitude of oscillations becomes small at 470°G. x(^')
of molten AgBro.8lo.2 and AgBro.sIo.s shows a pattern
similar to molten AgBr at 470° C, which may suggest
that Ag ions are distributed around a central Br ion as
the first nearest neighbors in the mixtures.

Figure 2 shows x(^) around Ag-K edge for the
molten mixtures shown in Fig.l. The pattern of x{k)
for molten AgBr corresponds to that of backward scat
tering amplitude of a Br ion. With increasing I concen
tration, the amplitude of xi^) io low k region becomes
large, which is considered due to increasing I ions co
ordinated around a central Ag ion.

The nearest neighbor Ag-Br distances obtained from
the XAFS spectra around Ag-K edge become short
with increasing I concentration. The results obtained
from the spectra around Br-K edge seem to reconfirm
the concentration dependence. These results may sug
gest that covalent nature is eniianced with increasing I
concentration. Further analysis is necessary to discuss
the local structure of the molten mixtures in detail.
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edge.
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Introduction

The use of bimetallic clusters as precursors

provides a potential preparation of well-
controlled and homogeneous bimetallic surface
structure but also leads to clarify the catalytic
mechanism on the surface. In this study, we

employed an [RhMo6024]^" heteropolyanion
(Anderson-type) with a plane structure as a
precursor for Rh-Mo bimetallic system. As the
results of TPR (Temperature Programmed

Reaction), silica supported [RhMo6024] '̂
catalysts showed no activity for ethane
hydrogenolysis while AbOs supported one was
high. In order to reveal the different activity on
the supports, we investigated the surface
structure of Si02, and AI2O3 supported

[RhMo6024]^" catalysts on the reaction through
EXAFS.

Experimental

The catalysts were prepared by impregnation

with the aqueous solution of the [RhMo6024]^"
polyainon. The metal loading was the same
for all catalysts ( 1 wt% for Rh and 5.5 wt% for
Mo). The samples were calcined at 773 K for 1
hr, then reduced at 773 K under flowing H2 (30
ml/min).Rh and Mo K-edge EXAFS spectra of
the catalysts were measured at BL10B(KEK-
PF) with Si(311). The measurements were

followed at room temperature.

Results and Discussion

After the impregnation, it was found tliat tlie
planar structure was well kept for alumina and
silica-supported catalysts. After calcination at
773 K all samples became to Rh oxide and Mo
oxide species. After the reduction treatment at
773 K, however, the different structures were

for AI2O3 and SiOz-supported catalyst as shown

Fig.l. On the Rh K-edge EXAFS, one peak
corresponding to Rh-Rh interaction appeared at
about 0.26 nm for both supports. But the peak
height for Si02-supported catalysts was 6 times
less than that for AI2O3. Moreover, the

structures and states of Mo species on both
supports were different. The position of second
shell peak in Mo Fourier transformation shifted
to a lower side on AI2O3 supported catalysts
compared to Si02-supported one(Fig.l(b)). As
the curve fitting results for Rh K-edge EXAFS,
we found that 0.28 nm Rh-Mo bond was present

for the silica supported catalysts while the
alumina one did not. Thus we presumed that the
interaction between Rh and Mo varied under the

influence of supports leads the different activity
for the ethane hydrogenolysis. Further studies
for the determination of the surface structure are

in progress.

' AI2C3 jupportad
SiCesupportnd

Distance(R) / 10 nm

AlzOS supportad
SlOZsuppisrCad

Distance(R) / 1 0 nm

Fig.l (a) Rh K-edge, (b) Mo K-edge EXAFS
spectra after the reduction at 773 K

Table 1. Results of curve fitting for Si02

supported Rh K-edge EXAFS after the reduction
at 773 K

Model C.N. R(nm) AE(eV) a(nm) Rf(%)

Rh-Rh 4.2 0.266 -9.82 0.008 5.07

Rh-Mo 1.8 0.288 13.18 0.008
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Introduction

It is well known that calcium hydroxyapatites is the
major inorganic constituent of biological hard tissues
such as bones and teeth. One of the characteristics

of the hydroxyapatites is a cation-exchange nature of
the lattice calcium with various divalent cations even

at a room temperature and it has been suggested that
the cation-exchange activities depend on the ionic
radii and the electronegativity of the divalent
cations.In the present study, EXAFS analyses are
employed to evaluate the relationship between the
cation exchange behaviours of the strontium
hydroxyapatites [Srio-it(HP04))t(P04)6-xCOH)2-!i,0<x<l]
and their structure.

Experimental

Strontium hydroxyapatites (SrHApi.73, SrHApi.7o,
SrHApi.e? and SrHApi.ei, where the subscripts
represent the Sr/P atomic ratio of each apatite as
determined by ICP) were prepared from Sr(N03)2 and
(NH4)2HP04. Details of the procedure for the ion-
exchange were described in our literature.In the
present report, results of the ion-exchange of SrHAp
with Pb^"*", which revealed higher ion-exchange
capacity than that with other divalent cations, are
described. Transmission X-ray absorption spectra
near Sr K and Pb Ls-edges were obtained at the BL-
lOB station with channel-cut Si(311) monochromater.
The EXAFS data analyses were performed using the
Program Library written by Sakane.®>

Results and Discussion

Figure 1 shows the X-ray absorption near-edge
structure (XANES) spectra of SrHAp with Sr/P=1.73,
1.70, 1.67 and 1.61. The shape of the XANES
spectra and the edge position of each SrHAp are
virtually identical, indicating that the electronic
configurations and site symmetries are not
significantly different. Since the nearest-neighbour
Sr-0 distance should have the strongest relationship
to the ion-exchange properties, the reliabilities of the
phase shift and amplitude functions are tested at
approximately this distance by fitting the observed
EXAFS for each fresh SrHAp. Although cognisance
of the estimated deviation should be taken, the

nearest-neighbour distances of the Sr-0 bond of each
SrHAp are in the order of SrHApi.73(0.251 nm)>
SrHApi,7o(0.250 nm)<SrHApi.67=SrHApi.6i(0.252nm),

based on a continuity of the structure with Sr/P ratio.
The ion-exchange reactions of SrHApi.73, SrHApi.70,

SrHApi.67 and SrHApi.ei (0.4 g) with Pb^"^ [25 mmol/1
Pb(N03)2, 100 ml] reached to equilibrium after 4 h
and the order of the ion-exchange capacities after 8 h
are in the order of SrHApi.73>SrHApi,7o<SrHApi,67
<SrHApi,6i, based on a continuity of the structure
with Sr/P ratio. Therefore the ion-exchange
capacities of the apatites are dependent upon the
nearest-neighbour distance of the divalent cations
and oxygen in the apatite lattice, presumably
reflecting differences in the size of the cations.

SrHApi73

^rHApj^

SrHAp-i_57

SrHApi_6i

16080 16100 16120 16U0 16150

photon energy/eV

Fig. 1 XANES spectra of fresh SrHAp.

The nearest-neighbour Sr-0 distances in SrHApi.73
after ion-exchange increase from 0.249 to 0.255 nm as
the duration of exchange is increased from 0.5 to 8 h,
while the nearest-neighbour Pb-0 distances decrease
from 0.238 to 0.235 nm after the same length of time,
apparently reflecting the size difference of the two
cations.
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Introduction

Although there Is a growing interest on the study of Y^*
complexes because of its applications in homogeneous
catalysis", many basic structural aspects of Y^* coordination
compounds remain unknown. For instance, it is well known
that It forms stable complexes with different coordination
numbers, - 6, 8 and 9 - but the coordination distances remain
unknown for many of them. Herewith we present the results of
an EXAFS study of the Y'"" complex (Bu4N)3Y(NCS)6, with
coordination number 6, in solid state and in acetonitrile
solution.

Experimenta!

The X-ray absorption measurements of Y-K edge at 17.053
eV were performed at BL-10B working with a channel cut
Si(311) monochromator. The complex ([BU4N]3Y(NCS)6) was
deposited in crystalline form from an ethanol solution
containing YCI3 and tetra-n-buthylammoniumthyocianate in a
molar ratio 1:10 and is soluble In acetonitrile solution. The

complexwas further characterized with IRand '̂ C-NMR.

Results and discussion

Figure 1, that includes Fourier transform of [Bu4N]3(Y(NCS)8)
EXAFS spectra in solid state and in acetonitrile solutions,
shows three well resolved intense peaks at 2.4, 3.5 and 5.2 A
approximately, attributable to the three atoms of SCN" ligand.
The only difference between solid and solution spectra is the
smaller amplitude of the peaks at higher R in the solution
spectra. Surprisingly the amplitude of these peaks Is not
negligible as itshould be taking Into account their coordination
number -6-, coordination distances and scattering amplitude
of the neighbor atoms. This enhanced amplitude could be
attributed to the focusing effect appearing when the absorbing
and two or more scattering atoms are aligned, thus
emphasizing the amplitude of the multiple scattering
contributions to the EXAFS signal.

Meaningless parameters were obtained when the spectra
were fitted using single scattering approximations; even a
shortening in the expected distances was found. On the
contrary, a good reproduction of the experimental spectra was
obtained when the EXAFS spectra of the perfectly symmetric
octahedral complex with three coordination shells Y-N, Y-C
and Y-S at 2.38, 3.55 and 5.17A respectively was calculated
using the FEFF program. This algorithm considers single and
multiple scattering contributions to the EXAFS signal
calculating the relative contribution of each path^'. The paths
considered had an amplitude equal or higher than 5% of that
ofthe first shell. They were 24, had two to six legs and R<5.2A.
Only four Included not aligned atoms, but the four showed
amplitudes smaller than 8%. In contrast, the most intense
double scattering path, corresponding to the forward scattering
to the C atom, had an amplitude of 95%.

Results from IR and "C NMR spectroscopy, confirm the
coordination of Y^*^ through the nitrogen atom. All the obtained
structural parameters are consistent with those found with
XRD forthe structure of the parent compound [Er(SCN)6]^. '̂

For comparative purposes and to show the capability of the

EXAFS technique to detect structural changes induced by the
solution process we have included in Figure 2 the Fourier
transform of the solvate of dimethylsulfoxide (DMSO) in solid
state, as nitrate salt, and in DMSO solution. Remarkable
differences are found between both spectra thus indicating a
drastic change in the coordination shells around Y'"' after the
solution process.

[Y(SCN)6j[(Bu^N)3]

|Y(SCN)a]^ 0.5 M

Fig. 1. Fourier Transform of the EXAFS spectra of
(Bu4N)3[Y(SCN)g] in solid state and in acetonitrile solution. Y-N
phase corrected; Ak=3.7 - 12.5A'''; k^.

51 1
ri'CNOjjjlDMSO)^ powder
[V(N03)3(DMS0)3] solution

Fig. 2. Fourier transform of the EXAFS spectra of
[Y(N03)3(DMS0)3] in solid state and in DMSO solution. Y-N
phase corrected;Ak=4 - 13.0A''; kl
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Introduction

Efficient catalytic transformation of CO2
is important in environmental aspect. Recently,
we found new [RhioSe]/Ti02 catalyst which
synthesizes ethanol from 002-^^ To determine
the active site structure, we measured Rh and
Se K-edge EXAFS. Detailed analysis of edge
structures had been described last year.

Experimental Method

The catalysts were prepared from
[PPN]2[RhioSeCCO)22]- Rh and Se K-edge
spectra were measured at lOB, 6B, and 12C.

Results and Discussion

Se K-edge The Se K EXAFS was
analyzed with one or two waves. By elevating
the heating temperature of [RhioSe]/Ti02
catalyst, EXAFS was well fitted with one wave
at < 523 K. Two waves were necessary for
samples at > 623 K (Table 1).

The bonding distance of Se-Rh was
2.41A when heated at 623 K. We suggest that
the second shell at shorter distance is due to the

oxygen atoms of Ti02 surface interacting with
the [RhioSe] cluster.

We are under investigation about the
coordination number of Se-Rh by using
theoretically-generated EXAFS parameters.

Rh K-edge At least three waves were
necessary to fit the Rh K EXAFS (Table 2).
The coordination number for the [RhioSe]/Ti02
catalyst heated at 623 K is consistent with the
[RhioSe] cluster interacting with the Ti02
surface via about four Rh atoms. The Rh-Se
distances are consistent with Se-Rh distances in

Table 1. Each [RhioSe] cluster on Ti02 at 523,
623, and 813 K was geometrically modeled
consistently based on the coordination numbers
and distances.
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TABLE 1: Results of Curve Fitting Analysis of Se K-edge EXAFS for [RhioSe]/Ti02

Se-Rha Se-O^

Sample Tevj

[RhioSe]/Ti02 523
623

813

4.3 2.44

3.7 2.41

4.1 2.42

r/A Rf/%

3.1^
(1.0) 1.97 3.0
(1.0) 1.98 0.6

a,b Empirical model parameters extracted from [PPN][Rh3Se2(CO)6] crystal^ and Se02powder^,
c Fixed, d Not fitted with two waves.

TABLE 2: Results of Curve Fitting Analysis of Rh K-edge EXAFS for [RhioSe]/Ti02

Rh-Rh^ Rh-Seb Rh-O^Rh-Qc

Sample Tevac'X N r/A Nd r/A N r/A Rf/%

[RhioSe]/Ti02 523 4.8 2.69 (1.0) 2.45 1.2 2.10 0.10

623 4.0 2.72 (1.0) 2.41 1.5 2.09 0.12

813 3.0 2.75 (1.0) 2.43 1.7 2.13 0.41

a,b,c Empirical model parameters extracted from Rhfoil,^ Rh3Se8,^ and Rh203.^ d Fixed.
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Introduction

The effectof MechanicalAloying process on properties
of Ni-Zn soft ferrite was investigated. Mechanical
Aloying (MA) is the process in which the naturally
immiscible materials are super fmed into the size of
submicron order by force to make an alloy or solid
solution. Structural change of raw materials powder
treated by MA, characteristics of the sintering reaction of
MA treated powder, and the magnetic properties of sintered
ferrite specimens were analyzed and discussed.

Experimental

The raw materials powder for soft ferrite, whose
composition is Fe203 50mol% NiO 25mol% ZnO
25mol%, was MA treated. The Laboratory Planetary
Mill (Fritch Gmbh, P-5) was used for the MA process.
After the MA treatment, the structure of MA treated

powder was analyzed by X-ray diffraction (XRD), EXAFS
and XANES. The measurements of EXAFS and ZANES

by the use of synchrotron radiation were carried out at the
station BLlOBin Photon Factory of National Laboratory
for High Energy Physics in Tsukuba. The magnetic
properties of the sintered soft ferrite specimens using this
MA treated powder were measured and compared with the
ones made from non-treated powder.

Results and Discussion

Tlie raw materials powdertreated by MA was found to
be amorphous structure by using XRD and synchrotron
radiation analysis. The EXAFS spectra of the raw

O.O O.S 1.0 l.S 2.0 2.5 3.0 3.5 H.O <.5 5.0
distance

Fig. 1 EXAFS spectrum of raw materials powder

materials powder (non-treated powder) and the MA treated
powder are shown in Fig.l and Fig.2. A is shown in
Fig.2, which is the spectrum of the MA treated powder,
the peak of the third nearest atom by Fe atom is not
observed. This fact suggests that the structure of the MA

treated powder is amorphous.
The XANES spectrum of MA treated powder was rather

resembled to the spectrum of Fe304, the reference
material. This fact suggests that few parts of Fe203 in
raw materials powder have changed into Fe304 during the
MA process in air.

In the case of Ni-Zn soft ferrite treated by MA process,

it was found from the results of XRD and differential

thermal analysis that the sintering reaction for spinel
crystal tends to start at 300°C lower than the normal
process. And the sintering reaction in MA treated powder
is carried out in heat generating condition, which shows a
remarkable contrast with that of normal process.

In respect of magnetic properties, MA treated Ni-Zn soft
ferrite was found to have higher initial permeability at the
magnetic field in higher alternative frequency as compared
with normal ferrite.

From the measurement of density, it was found that

MA treated ferrite tends to have smaller density after

sintering dueto the presenceof many micro pores.
MA treated ferrite with less micro pores can be expected

to improve magnetic properties in higher alternative
frequency based on the very fine structure.

O.'O 0.5 I'.O 1.5 2.0' 2.5 3.0 3.5 '•I.O HIS 5.0
distance

Fig.2 EXAFS spectrum of MA treated powder
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Introduction

Low temperature catalytic combustion is of increasing
importance for the reduction of hydrocarbon emission
level from automotive exhaust. The catalytic performance
of supported platinum catalyst was found to be enhanced
by the use ofacidic metal oxide as support material. E In
the present study, the electronic states of platium catalysts
supported on verious oxides are investigated by XANES
to clarify the support effect.

Experimental
Catalysts were prepared by impregnating various oxides
listed in Table 1 with an aqueous solution of
Pt(N02)2(NH3)2 followed by drying at 383 K for 12 h
and calcined at 673 K for 3 h and reduced at 623 K for 3 h

in flowing hydrogen. Pt content was 5 wt%, Pt Lm.
Lij-edges XAFS spectra of samples were recorded at the
BL-lOB station with a Si(311) channel cut

monochromator in transmission mode. The samples were
oxidized at 823 K and sealed in polyethylene packs under
He atmospher. The conversion of catalytic combustion of
C3H8 at 523 K were measured in a flow reactor in the
followed condition; C3H8 0.25%, O2 3%, N2 balance;
200 ml/min.

Results and discussion

The loading amount of platinum of the samples employed
in this study is higher than practical combustion catalysts
in order to obtain clear XAFS spectra. Even over these
samples, the support effect on conversions of catalytic
combustion of C3H8 were obviously exhibited as listed in
Table 1, i.e., acidic metal oxide supports promoted the
catalysis asshown in the previous study. E The catalytic
performances were affected by acidity of the support rather
than the metal dispersion on supports (Table 1).

Unoccupied d electron density of platinum of the
samples was evaluated from XANES spectra according to
the manner described by Mansour et al.^^ The stronger
acid support materials show the larger unoccupied d
electron density of platinum on it. The clear relation
between the catalytic conversion and electron density of
platinum is obtained as shown in Fig. 1. It is concluded
that the acidic support makes the plutinum particles
metalic even under oxidative condition and consequently
the platinum supported by acidic material exhibits the
high catalytic activity.

unoccupied d electron density

Fig. 1 The relation between the catalytic conversion and
unoccupied d electron density.
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Table 1 Results of characterization of catalysts and catalytic run.

support BET surface area^ acid strength^ dispersion^ unoccupied electron conversion
(m2g-l) (pKa) (%)

S042--Zr02 113 -13.1
Si02-Al203 532 -12.0

AI2O3 66 -8 ¥
Zt02 177 15.0

La203 7.3 18.4
MeO 65 27.6

^ BET surface area measured through N2 adsorption at77K, ^ determined by Hammet indicator method, ^measured
through the pulse-adsorption ofCO in aflow ofthe carrier gas (He), '̂ the value is varied with the condition.
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Introduction

It is known that Ga203 species on zeolite catalysts
promote the dehydrogenation steps during the
aromatization of light alkanes'\ We found that the
propane dehydrogenation activity increases with
increasing GaiOj crystallite size. However, the
relationship between the local structure and the catalytic
activity of these Ga203 species has not been clarified. In
the present study, we carried out a structural analysis of
Ga203 samples by Ga K-edge XANES spectroscopy.

Experimental

Unsupported Ga203 samples were prepared from
calcination of gallium hydroxide (Ga203 • nH20) or

gallium nitrate (Ga(N03)3-nH20) at various temperatures
in an air stream. Supported Ga203 samples were
prepared by impregnation of Si02 with an aqueous
solution of gallium nitrate followed by evaporation-to-
dryness and calcination at 823 K for 4 h in an air stream.
Sample powders were sealed with polypropylene film in a
dry box after evacuation at 773 K for I h. Transmission
X-ray absorption spectra of Ga K-edge were recorded at
BL-lOB with a Si(311) monochromator at room
temperature.

Results and Discussion

Fig. I shows normalized Ga K-edge XANES spectra of
Ga203 samples together with those of Ga(acac)3 and
gallosilicate MFI-type zeolite as reference samples.
From the absorption spectra of reference samples, the
prominent peaks found at 10376 and 10379 eV are
assignable to Ga^"" ion having tetrahedral (referred to as
Ga(t)) and octahedral (Ga(o)) oxygen coordination,
respectively. Every Ga203 sample exhibits a broad
absorption peak in the near edge region with various line
shapes, suggesting that the sample contains two kinds of
Ga^"" species having different coordination, namely
tetrahedrally or octahedrally coordinated Ga^"^ species, and
the fraction of such species is different from each other.

To estimate the fraction of Ga(t) and Ga(o),
deconvolution of XANES spectrum was carried out with
two sets of curves of a Gaussian for white line and an

arctangent function for a continuum absorption"^ Fig. 2
shows the deconvoluted spectrum of 0 -GazOj as
examples. The areas A(t) and A(o) of Ga(t) and Ga(o)
peaks were calculated from deconvoluted spectra. The
ratio of A(t)/A(o)estimated by this method was 1.0 for 0
-Ga203, in which a halfof Ga^"*" species are in tetrahedral
sites and the other half in octahedral sites. The estimated
value of the ratio of Ga(t)/Ga(o) is in good agreement with

the theoretical value. The result suggests that Ga K-edge
XANES provide the useful information about the local
structure and about the fraction of Ga^"^ species in different
coordination states.

10370 10380 10390

X-ray energy / eV

Fig. 1 Ga K-edge normalized XANES spectra of

(a) Ga(acac)3. (b) Ga-MFI zeolite, (c) 0 -Ga203,

(d) «-Ga203, and (e) 4 wt% Ga203/Si02

/•A-V
A- i'\ \

10370 10380

X-ray energy / eV

Fig. 2 Ga K-edge normalized XANES and
its deconvoluted spectrum of j3-Ga203.
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Introduction

Chalcohalide glasses can be made which combine the
best qualities of both chalcogenide and halide systems
and thus emerge a strong candidates for potential
application as mid-IR transmitting materials. However,
very poor information has been available to-date about
the local atomic arrangement of amorphous chalcohalide
systems. Recently, quite interesting characteristics of
the local atomic arrangement for amorphous As-X-I
(X:Se and Te) systems have been observed by X-ray,
Raman scattering and EXAFS measurements,that is,
discrete Aslg molecular imits are formed in the As-Se-I
glass, whereas they are not fonned in the As-Te-I glass.

The present study is to describe results of EXAFS
experiments for As-X-Br (X;Se and Te) glasses and to
elucidate the local atomic arrangement of these glasses.

Experimental

Amorphous samples (As4(j_^SegQBr^: x=0, 5, 10 and
15; As^g.^Te^QBr^: x=0, 5 and 10) were prepared by
heating the required amounts of materials sealed in an
evacuated quartz ampoule very slowly up to 800°C and
thereafter quenching the ampoule into ice water.

The XAFS measurements around As, Se and Br K-
edges were performed in the BL-lOB station at KEK-PF,
with a silicon (311) chaimel-cut monochromator. The

storage ring was operated at 2.5 GeV and ~~-350 mA.
The intensity of the incident beam, /q, and that of the
transmitted beam, 7, were measured using two
ionization chambers filled with N2(85)-Ar(15) mixture
for 7g and with N2(50)-Ar(50) mixture for J.

Results and discussion

Figure 1 shows EXAFS oscillation flinctions, k^x{k),
for the As-Se-Br glass. k\{k) around the As K-edge for
both As4gSegQ and ASjgSegyBrjj glasses are quite
similar in shape. On the other hand, the phase of k^x{k)
around the Se K-edge varies with Br content. These
features suggest that the local atomic arrangement
around central As atoms is not changed when Br atoms
are incorporated into the As4oSeg,j glass. Figure 2 shows
radial distribution functions, |F(r)|, obtained by a Fourier
transform of k\{k) for the As-Se-Br glass. The first
peak of Se K-edge function for the As4QSegg glass is

Fig. 1. EXAFS oscillation functions, k^x{k), around As (a
and b), Se (c and d) and Br (e) K-edges for As^gSe^^g (b and
d)and ASjgSeggBfjj (a, c and e)glasses, respectively.

Fig. 2. Radial distribution functions, IFfUl, around central
As(a and b), Se (c and d) and Br (e) atoms for As^gSe^-^g
(b and d) and AsjgSe^^gBrj^ (a, c and e) glasses,
respectively.

shifted towards smaller r side by addition of Br, which
may be caused by the formation of Se-Se and Se-Br
bonds. However, it is necessary to have a detailed
infonnation of the local arrangement of these glasses by
the curve fitting analysis.
1) K. Saitoh, O. Uemiira, T. Usuki and Y. Kameda; J.

Non-Cryst. Solids 192&I93 (1995) 286-291.
2) T Usuki, O. Uemura, M. Matsuura, T. Nasu and Y.

Kameda; Photon Factory Activity Report 13 (1995)
171.
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Introduction

The solvation structures around the Cu(I) ion have
been investigated only in a few non-aqueous solvents,
such as acetonitrile (AN), pyridine (PY), dimethyl sul-
foxide, and tetrahydrothiophene.^ In pyridine deriva
tives, the Cu(I) ion is stable due to the tt back do
nation, which leads to the higher oxidation poten
tial of the Cu(I) center. In this work, we have de
termined the solvation structures around the Cu(I)
ion in some pyridine derivatives as solvents, such as
2-methylpyridine (2MPY), 4-methylpyridine (4MPY),
and 2,6-dimethylpyridine (26DMPY) by means of EX-
AFS technique in order to examine the effect of the
bulkiness of the solvent molecule.

Experimental

The adequate amount of Cu(an)4C104 powder was
dissolved in each solvent. The solution was then concen

trated and the obtained residue was again dissolved in
pyridine derivative. The procedure was repeated twice,
and finally ca. 0.2 mol kg~^ sample solutions for EX-
AFS measurement were prepared. All procedures were
performed in vacuo. The complete removal of AN from
the sample solutions was confirmed by ^H-NMR mea
surement.

The EXAFS spectra in the vicinity of the Cu K-edge
were measured at BL-lOB station. The k^x{h) values
were extracted from the spectra by a usual procedure
and were Fourier-transformed. The Fourier transform

magnitude is shown in Figure 1. The main peak was
inverse Fourier-transformed and the curve fitting was
performed in fc-space using the data in PY as the struc
tural standard.

Results and Discussioii

The obtained structure parameters around the Cu(I)
ion are summarized in Table 1 together with the re
ported values in a single crystal. The values of R in
PY and AN are in agreement with respective values
in the solid phase. In 4MPY, n and R are consistent
with those in PY, and it is concluded that the solvation
structure in 4MPY is 4-coordinate tetrahedral. The n

value in 2MPY is nearly 3 and the solvation structure is
concluded to be triangle as seen in the solid state. The
decrease in n is due to the steric repulsion between the
coordinating solvent molecules around the Cu(I) ion.
In fact, the 4-coordinate tetrahedral solvation structure
has been observed in 2MPY for larger Ag(I) ion.^ In the
case of 26DMPY, the values of n and R are similar to
those in 2MPY, although the 2-coordinate linear com
plex has been observed in single crystal. In the solid
phase, two pyridine planes are in coplanar because of

the closest intermolecular packing.^ Because there is no
restriction due to the intermolecular interaction in so

lution, it is interpreted that three 26DMPY molecules
can coordinate to the Cu(I) ion with the perpendicular
orientation of each pyridine plane to the CuNa plane.

4MPY

2MPY

26DMPY

iR /pm

Fig. 1. Fourier transform magnitude of the Cu(I) ion
in non-aqueous solvents.

Table 1. Structure parameters around Cu(I) ion in
pyridine derivatives"

solvent n
R a

pm pra

PY 46 204.6 7.2
4c 204.6"

4MPY 3.9 204.7 7.1

2MPY 3.1 200.8 7.4

3^

26DMPY 3.0 200.5 6.5

2« 193.6"

AN 4b 199.7 7.8

199^

°Eo = 8.9938 keV and A = 421 pm. ''Fixed during
curve-fitting procedure. "^In single crystal, K. Nils-
son and A. Oskarsson, Acta Chem. Scasid., A36, 605
(1982). ''in singlecrystal, A. H. Lewin and R. J. MichI,
J. Chem. Soc., Chem. Commun., 661 (1972). ®Insingle
crystal, reference 3. -^In single crystal, I. Csoregh et ai,
Acta CrystaJiogr., B31, 314 (1975).
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Introduction

Noble metal catalysts are well known for their high
activity in hydrogenating aromatics, though they are quite
sensitive to the inhibitory effect of H2S. Recently, much
attention has been paid to high sulfur tolerance of
bimetallic Pd-Pt catalyst supported on acidic zeolites. In
particular, the sulflir tolerance depended on the Pd/Pt
ratio and reached a maximum at a Pd:Pt mole ratio of

4:1.^^ However, little is known about the structural
changes of the supported noble metals under the
hydrogenation reaction condition. In tlie present study,
we investigated tlie local structure of Pd and Pt in detail
by a XAFS method for the sufided bimetallic Pd-Pt
catalyst supported on the USY zeolite.

Experimental

The monometallic Pd , Pt, and bimetallic Pd-Pt (mol
ratio: 4:1) catalysts supported on USY zeolite
(SiO2/Al2O3=680) were prepared by incipient wetness
impregnation with either an aqueous solution or a mixed
aqueous solution containing appropriate amounts of
[Pd(NH3)4]Cl2 and [Pt(NH3)4]Cl2-

The total metal content of each catalyst was 1,2, 3.2,
and 5 wt%. The impregnated samples were dried in
vacuum at 333 K for 6 h, pressed into a wafer, crushed
into 22/48 mesh cliips and then stored in a desiccator.
The samples were calcined in an oxygen stream (2
dmWh'g'') at 573 K for 3 h at a heating rate of 0.5 K
min'̂ . The samples were reduced in a hydrogen stream
(100 cm^ min"') at 573 K for 3 h and then sulfided in a
stream of 1000 vol. ppm H2S- 2vol% H2 balanced by N2 at
573 K for 0.5 h using in-situ cells for XAFS
measurements.

XAFS measurements of Pt L Ill-edge (11.6 keV) and
Pd K-edge (24.3 keV) were performed at the BL-IOB.

Results and Discussion

Figure 1 shows fourier transforms of Pt L Ill-edge (a)
and Pd K-edge (b) EXAFS spectra for Pt, Pd, and Pd-Pt
(4:1) supported on USY-Zeolite (SiO2/Al2O3=680)
sulfided at 573 K. The radial distance (R) from an
absorbing atom shown in Fig.l is shifted from real
distance due to phase shift by potentials of absorbing
atoms and scattering atoms. The distances of Pt-S, Pt-Pt,
Pd-S, and Pd-Pd indicated by dotted lines in the figure
were assigned from simulation by the FEFF^^ calculation
for structures of PtS, Pt metal, PdS, and Pd metal,
respectively, in literature.

In the case of monometallic catalysts, the Pt L Ill-edge
spectra of 1.2 % Pt show that Pt is almost completely

sulfided, while Pt is partly remaining as Pt metal in 4.9 %
Pt. This difference in the extent of siilfiding can be
ascribed to the non-equilibrium sulfidation for tlie latter
catalyst. In the case of bimetallic catalysts, a peak at
2.24 A indicated by x is not assigned to any normal bond
lengths of Pt-Pt, Pt-S, and Pt-0. Furthermore a peak at
2.76 A is sliifled to far side from normal metallic Pt-Pt
bond length which appears at 2.64 A. The intensity of
the peaks increases with increase of the metal
concentration. These peaks denoted as x were also
observed in the reduced Pd-Pt catalysts.

The Pd K edge spectra in Fig. 1(b) shows Pd is well
sulfided in monometallic catalysts both of 1.2 % and 5 %,
while metallic Pd remains due to the coexistence of Pt.

These results indicate that the bimetallic catalysts are
tough to be sulfided than monometallic catalysts by the
Pt-Pd interaction. The peak at 2.24 A observed only
around Pt in the bimetallic Pt-Pd catalyst suggests that Pt
has a strong interaction with Pd. That peak can be
assigned to the metallic Pt-Pd bond which is shorter than
the normal Pt-Pt or Pt-Pd in a bulk of metal. This

shortening may be due to the surface effect appeared when
Pt atoms are localized in most surface of the highly
dispersed Pt-Pd particles. That is, Pd can be protected
from sulfidation by thin layer of Pt, and Pt will be more
stabilized against sulfidation due to the interaction with
Pd,
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(a) PI L Ill-edge
Pd-S Pd-Pd {b)Pd K-edge
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Fig.l Fourier transforms of (a) Pt L Hl-edge and (b) Pd K-edge
EXAFS spectra for Pt, Pd and Pd-Pt (4:1) supported on USY-
Zeolite (SiO2/Al2O3=680) sulfided at 573 K.



96-GOlO

ANALYSIS OF LOCAL STRUCTURE OF EXCHANGED-ION IN ION-EXCHANGED

HYDROXYAPATTTE

Moto-omi OIL^E, Hideto SAEANE and Takeshi SUZUKI

Department ofAppHed Chemistry and Biotechnology, Faculty ofEngineering, Yamanashi University

It is well known that hydro^^apatite, Ca]o(P04)(;(OH)2, HAp,
is the main inorganic constituent ofbones, teeth and phosphate

minerals. It is easily synthesized and can exchange Ca^, one

of the lattice ion in HAp, for divalent cations in solutions. The

exchange reaction selectivity ofHAp is different with the kinds

of the ions. It must depend on the local structure of the cations

in HAp. Structural changes were studied by XAFS and

powder X-ray difBraction patterns to cliaracteiize their

exchange reaction selectivity.

Hif^ was prepared by hydrothermal-method. Calcium

acetate and diammonium hydrogenphospliate were used as

starting materials. The Ca/P mole ratio of prepared HAp was

1.66. Exchanged HAp were obtained by reacting of

synthesized HAp with 20 mmol/1 chloride solutions of divalent

cations listed in Table at 25°C. K-edge or Lm-edge X-ray

absorption spectra of the exchanged-ion were recorded at

BLIOB in the Photon Factory in transmission mode. X-Ray

powder diffraction patterns were measured by Rigaku RIUT

Ultima*. Phase shifts were corrected for the absorbing atoms

and the scattering atoms as oxygen in the Foiuier transform

calculations.

Results and Discussion

Table shows the exchange ratios. HAp has tlie highest

selectivity for Pb^* among the ions. X-Ray diffraction patterns
of HAp after the exchange reaction with Cu^ and Pb^ gave
peaks for their basic phosphate. There was no change in tlie

diffractionpatterns for the other cations. For Cu^ and Pb^, it

was supporsed the phosphate ion was separated with

destroying the structure of HAp and then reacted with Cu'^ or

Pb^. After the reaction with Cu^ for 7 d, there was nopeak for

HAp and only those for basic phosphate were appeared.

For the smaller ions than Ca'̂ * in crystal radius", the peak

position in the Fourier transform tend to be same as the

distance between the exchange ion and the nearest-neighbor

oxygen atoms in the reference materials presented in Fig. For

the larger ion, i.e.Pb^, the peak positionis nearly equal to the
Ca-0 distance (2.34 A) in HAp and shorter than Pb-0
(2.51 A) in Pb]o(P04)(.(OH)2^. Peaks forthe higherordershell
can be found in some samples. They are coincide with the

positions for P, Ca, etc..
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Pbio(P04)fl(OH)2
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Fig. EXAFS Fourier transforms of
exchanged HAp (solid lines) and
the reference materials (broken lines).

Table. Exchange ratios and the peakposition in the Fouriertransform.

Pb'" Sr'"
Exchange ratio / % 8 3 5 3 9

Peakposition/A 2.34 2.49 2.11 1.99 2.00
Crystal radius/A 1.33 1.32 1.09 0.88 0.87

7

2.17

0.81
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Introduction

^Tien hydrog^ adsorbs on highly dispersedFt particles,
the new peak appearsat 6-8 eV from the absorptioii edges
in R L2,3 XA^S diffCToice spectra between before and
after the hydrogen adsorption. We found that the peak w
intensity is proportional to the amount of adsorbed c
hydrogen [13]- Inorder to develop a practical method of ^
the quantitativeanalysis of amount of adsorbed hydrogen co
under reaction conditions, it is necessary to confirm if the
relation between the amount of adsorbed hydrogenand the ^
peakheight in difference spectrum is applicable to Pt ^
particles in the presence of coadsorbates. In this work we o
measured theR L2,3 XANES of the R particles with CO -g
and hydrogen coadsoibed ^

Experimental ^
R/Si02 was prepared and treated according to the £

methods previously reported[l,2]. The sample was o
exposed to given pressures of CO for 1 h to obtain various
CO coverages (0.10-0.51). After the XANES
measurement, the sample was exposed to hydrogen. There
was no desorption of CO during hydrogen adsorption
confirmed by gas chroraatography. R L3-edge XANES
spectra of R particles were measured at BL-lOB in a
transmission mode. The synchrotron radialion was
monochromatized by aSi(311) channel cut
monochromator. The spectra were normalized by the edge
height at 50 eV above the edge.

Results and Discussion
Rg. 1 shows R L3-edge XANES differencespectra for

the R/Si02 catalysts obtained by subtracting the spectra
measured under vacuum from those for CO-H coadsorbed

The new peak appeaed in the difference spectra at about 9
eV above the edge as shown in Fig. 1. We analysed the
differencespectra between the spectrum for the CO-H
coadsorbed R particles and that for the bare R particles by
a linear combination of pd(H) and pd(CO). The calculated
spectra show good agreement with the observed spectra.
"^us the peak in the XANES difference spectra at R L3-
edge can be deconvoluted to the linear combination of the
difference spectra for the CO and H mono-adsorbed
systems. Fig. 2 shows the plots of fitting coefficients for
hydrogen vs. H/R, where the linear relationship between
them is evicknt. This line has the same slope as that
observed in the hydrogen mono-adsorbed system
previously reported [13]- These results indicates that the
L3-edge peak can be used as a quantitative measure for the
amount of adsorbed hydrogen on the supported R partides
in coadsorption systems and this technique can be applied
to in situ conditions relevant to catalytic reactions
involving alsorbed hydrogen [3].

222

11540

Photon energy / eV

Fig. 1 R L3-edge XANES difference spectrafor CO-H
coadsorption andresults of deconvolution.

O 0.6
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Ll 0.2

11560

CO/Pt = 0.24

CO/Pt = 0.43

fitting

11580 11500

o.o«^ ^^^ '

0.0 0.2 0.4 0.6 0.8 1.0 1.2

H/Pt
Fig. 2 plots of fitting coefficients to hydrogenas a
function of amounts of adsorbates H/Pt.
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Introduction

Sol-gel method is known to provide highly

dispersed catalysts combined with mixed oxide

bulk components. It is expected to reduce the

bulk phase growth and to disperse the supported

material. We applied the two-steps sol-gel

method to prepare the highly dispersed layer

M0/AI2O3 catalyst. This method is briefly
explained as follows. First, the support material

was grown by conventional sol-gel method. As
the required aging time passed, the second

component was added. In this case, AI2O3 was
first grown, followed by Mo expansion on the

AI2O3.
Experimental

Thin layered M0/AI2O3 catalysts were
prepared by the two-steps sol-gel method. The

adequate amount of Al(i-OC3H7)3 and nitric acid
and z-propanol aqueous solution were refluxed at

353 K for a few hours, followed by addition of

(NH4)gMo7024-4H20 (AHM) ethylene glycol
solution. The mixed sol were stirred for 24 h,

followed by drying at 383 K in vacuo. The

catalyst was calcined at 773 K in air before use.
The loading amount of Mo was regulated to

10wt% or 16wt%. Conventional impregnation
M0/AI2O3 catalyst was also prepared from AHM
and AI2O3 (Aerosil Aluminum Oxide C).

Mo K-edge EXAFS spectra were collected at

BL-lOB using Si(311) channel cut

monochromator.

Results and Discussion

Fig. 1 shows the FT ofthe k^-weighted
EXAFS oscillations. FT for imp 10wt% catalyst
shows large peak at around 0.32 nm suggesting

bulk growth of Mo oxide. Indeed, the shape of

FT resembles to that of M0O3. Cause the
suitable model compounds for Mo-0 bond do not

exist, curve fitting analysis for Mo-0 shell has

not be performed. The peak at around 0.3 nm

for sol catalyst had not reproduced by curve

fitting analysis with only Mo-O-Mo bond

extracted from AHM. XRD analysis for sol

10wt% and 16wt% catalysts show only broad

AI2O3 peaks and Al2(Mo04)3 peaks,
respectively. In both cases, the M0O3 peaks had
not be observed. These results together with FT

spectra suggest that the Mo species in sol catalyst

are highly dispersed as Mo-oxide layeron AI2O3
surface. As the loading of Mo was increased

from 10wt% to 16wt%, the mixed oxide

components has appeared.

6L / JaI

r/10'^ nm

Fig. 1. FT of k^-weighted EXAFS oscillation
(a) sol 10wt%, (b) sol 16wt% and (c) imp
IOwt% M0/AI2O3 catalysts.
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Introduction

We found that addition of rare-earth ions to the

Rh(0.8\vt%)/AljO3 catalyst greatly enhanced the
activity for the selective decomposition of dinilrogen
monoxide (N2O) to N^ and . The most effective
rare-earth ion was praseodymium (Pr) ion among the
ions tested (La, Ce, Pr, Eu and Tb). The Pr ion
reduced an apparent activation energy from 27 to 15
kcal/mol. It was also revealed that the promotion
effect was not observed for the physical mixture of
the Pr/AljOj and the Rh/AljOj. Therefore, direct
and microscopic interactions between the Rh particle
and dispersed Pr ions are expected after the hydrogen
treatment. The addition of Pr ion reduces the amount

of chemisorbed CO by half. It suggests that the Pr
ion enlarges the Rh particle. However, it can not
explain the promotion effect of Pr ion. In this report,
the above interactions are studied by Rh K-edge X-ray
absorption spectroscopy.

Experimental
The Pr ion-promoted Rh/AljOj (Pr/Rli/AI^Os, Pr:Rh

= 1:1.8 in mole ratio) catalyst was prepared by the
impregnation of the Pr/Al203 '̂ in a RhClj aqueous
solution, followed by drying and calcination at 500
°C for 3 h. Before XAFS measurement, the sample
was treated witha Hj flow at 500 °C.

The Rh K-edge absorption spectra were obtained in
a transmission mode by using in-situ cell equipped
with Kapton at the EXAFS facility installed on the
BL-lOB line of the PF at National Laboratory for
High Energy Physics, Tsukuba. The detailed
procedure ofdata treatment was described elsewhere '̂.

Results and Discussion

Figure 1 shows the Fourier Transform (FT) of k^-
weighted EXAFS of the Pr/Rh/Al203 reduced at 500
°C (Phase shift was not corrected.) A single peak
was detected at around 2.4 A: the peaks over 2.5 A
detected for Rh203 reference sample was not observed.
The peak position is very close to that of Rh foil
reference and unpromoted-Rh/AljOj. The curve-
fitting analysis of the peak was performed by using
Rh-Rh shell parameters of Rh foil. The reverse FT
was well fitted by the single Rh-Rh shell to give
coordination number (N) of 4.5 and distance (R) of
2.59 A. These values are smaller than those of Rh

foil (N=12, R=2.69 A) and very close to those of the
Rh/Al^Og (N-4.5, R=2.60A). Reduction of coor
dination number and contraction of bond length of
metal particle are evidence of small metal particle
size. Therefore, the obtained results indicate that the
Rh on both the AI2O3 and the Pr/Al203 exist as small
metallic particles with almost the same diameter after
Hj treatment: Pr ion did not enlarge the Rh particles.
It was revealed that the CO chemisorption can not
probe Rh particle size, as reported in the literature"'.
The effect of the addition of the Pr ion on the Rli/AljOj
upon XAFS data is not significant; the interactions
occuring on the Pr/R]Ti/Al203 should be due to the
limited amount of interacting RIi atom and specific
electronic changes.

The IR measurement of adsorbed CO on the surface
of the Pr/Rh/Al203 showed a new peak in addition to
two bands assigned to the gem-carbonyl species.
However, the intensity of this new peak is not
significant compared to other two bands. It is still
interesting that
the such small

new Rli surface w _
species drastica- ° < /
lly enhance the t3 ^ 1
activity for the .2 -n I
decomposition 2 |
ofNp. -

0 2 4 6

Distance/A

Figure 1. FT of ^-weighted Rh K-edge EXAFS of
the Pr/Rh/AljOg after Hj treatment.
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Introduction

An important part of the recent scientific effort on
liquid chalcogenides has been directed towards the glass
transition from the supercooled liquid state [1,2]. It is
known that small droplets tend to have a wide ranged
supercooled state because they have lower probability to
contain nucleation sites [3]. In order to study the
changes in tne local structure of AsiTes droplets near

the glass transition temperature (Tg=106C), we have
performed EXAFS measurements in the temperature
range between 25^ and 500C including amorphous,
crystalline and supercooled liquid states.

Experimental

The amorphous sample (a-As2Te3 )was obtained by

water quenching the liquid As2Te3 (l-As2Te3) in a quartz

tube (^^2 mm inner diameter) from 70013. The fine

powder 1 /z m in diameter) of a-As2Te3 was dispersed

into NaCI powder. The mixed powder was pressed into a
pellet form (5 mm in daimeter and 1.4 mm in thickness)
and sealed in a quartz cell under vacuum. The X-ray
absorption spectra were recorded in transimission mode at
BL-lOB by using Si(311) channel-cut monochrometcr
with a beam energy of 3.0 GeV and the storage ring
current from 160 to 200 mA. After the measurements of

EXAFS it was confirmed by DTA that the composition of
the sample dispersed in the NaCl matrix was preserved
without any reaction.

Results and Discussion

Figure 1 shows Fourier transforms IF(r) Iof the EXAFS
spectra %C^) for Te K-edge on As2Te3 at 2513,13013,

30013 and 50013. The range of theFourier trans

formations is 3A-1<C/:<C12A-1. The main peak of IF(r)!

2 3
r/A

Fig. 1: The magnitudes of the Fourier transformation of Te K-
edge for As2Te3 at diffrenet temperatures.

for a-As2Te3 at 2513 includes two components corre

sponding to Te-As and Te-Te bonds. At 13013 a-As2Te3

crystallizes. The main peak for the crystalline As2Te3

(c-As2Te3) contains only one Te-As correlation term. In

the supercooled liquid state of As2Te3 droplets (50013 to

30013), the main peaks become similar with that for
a- As2Te3. From the curve-fitting analysis by using the

FEFF code [4,5], the As-Te bond lengths are estimated to

beas follows: 2.63A fora-As2Te3,2.69A forc-As2Te3

and2.62 A for l-As2Te3. TheTe-Te bond lengths are
2.76A fora-As2Te3 and 2.75A for l-As2Te3.

Figure 2 shows the temperature variation of the
coordination number, N, around the central Te atoms. It

is noted that a definite difference in the temperature
variation of iVbetween liquid (above Tg) and amorphous
(below Tg) states is observed. N for l-As2Te3 increase

rapidly with decreasing temperature in the supercooled
liquid state and approach to those for a-As2Te3 near Tg .

Fig. 2: Temperature variation of the coordination number

around the central Te atom for liquid and amorphous As2Te3 .

Lines are drawn as guides for the eye.
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In the previous p^)er8[l][2], we reported the
prec^tation and some properties of Ag or Bi
particles in borate glasses. Althou^ a large
number ofstudies have been maf^A en properties,
Kttie isknown about therelations oftheproperties
withthe structures ofnano-aze metal particles in
glasses. We exaininedthe local structure around

themetal particles and themetal cation(Ag or
in the glasses.

Experimental

We prepared theglass samples containingAg anrl
Bimetal particles by thefusion and annealing
method. The initial compositions were28Na20-

72B203-4Sn0-4Ag20 or 28Na20-72B203-6Sn0-
2Bi203 in mole ratio. After quenching themelt
Ttickly, Ag orBimetalparticle were prec^itatedby
annealing. EXAFS measurements ofAgKorBi
L jjj-edge were carried out at BUICB (KEK-PJ)
withSi(311) at room temp^ture.

Results and Discuasinn

Figure 1and 2show the Fourier transfijrm fcr A^
ami BiL jj-edge EXAFS gjectrum ofNaaO-BsOs-SnO-
Ag20 and NasO-BaOs-SnO-BisC^ glasses respectively.
Figure 1 shows peaks ascribed to Ag-0 and Ag-Ag
bonds ibr the annealed samples, and only pp-flVe
ascribed to Ag-0 bond fiir the as-quenched sample.
Similarly Figure 2 shows the peaks assigned for Bi-0
and Bi-Bi bonds for the annealed gampipj? but only
peaks ofBi-0 bond for the as-quenched sample. For
each sample, the longer the annealing time, the larger
thepeakintensity due tothemetal-metal interactions.

These resultssuggest that AgandBimetal are not

precipitated in the as-quenched glaeg. and the

formation ofmetalparticles proceedsby annAaling

0 0.1 0.2 0.3 0.4 0.S 0.6

R i/nm)

Figure 1. Fourier transform for EXAFS g^ectra of
NaaO-BsOa-SnO-AgaO for as-quenched glass(a), 50h(b)
and 15Qb(c) annealed glasg

0 0.1 0.2 0.3 0.4 0.5 0.6
ROxm)

Figure 2. Fourier transform forEXAFS spectra of
NaaO-BaOs-SnO-BiaOs fctr as-quenched glass(a),
lOOhOb) and300b(c) amoealed glasa
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Introduction

Local structure of KNbOj pcrovskite-type
ferroelectric draw a lot of interest last time since strong evidences
were obtained that local atomic positions in this compound differ
from averaged ones. According to eigth-site model "worked outon
the basis of the results of diffuse scattering experiments Nb atoms
are disordered among several equivalent positions. Number of
these positions changes as a result of phase transitions which are
considered to be order-disorder. This model seems to have received

recently new support due to investigations of KNb()3 local
.structure via EXAFS technique and analysis of pair distribution
functions.These results, however, are in contradiction with the
results of X-ray diffraction." In this paper we report results of
polarized XAFS study of Nb displacement in KNbOj at room
temperature.

Experimental

For the experiment KNbOs thin plate-like single
crystals of about 1.5x1.5x0.015 mm in size were chosen.
Measurements were made at Photon Factory at the National
Laboratory for High Energy Physics (Tzukuba), at BL-7C using
Si(l 11) monochromator crystal. Ring energy and current were 2.5
GcVaiid 300 mA respectively. Nb K-XAFS spectra were measured
in transmission mode at room temperature for two orientations of
the crystal relative to x-ray polarization vector e. Absence of Bragg
scattering was achieved by small rotations of the crystal relative to
X-ray beam direction and checked via Laue diffraction
measurements in wavelength region of interest for each orientation
of the cr>'stal. XAFS data reduction has been performed following
well known procedure using computer code XAFS93'" and
programs, developed in Rostov State University.

• amplitude
im aginary part

u \ \l U ^ ,1 w

Results and discussion

Absolute values and imaginary parts of FT EXAFS
are presented at the Fig. Inverse Fourier filtered k(k) from oxygen
shell has been fitted in k region from 4 to 12.5 A"'.

Apparent difference of XAFS Fourier transforms for
the two orthogonal orientations of the single crystal as well as the
results of data fitting indicated that direction of Nb off-center
displacement in orthorhombic phase is very close to polar axis
direction. Nb off-center displacement orthogonal to polar axis
direction was estimated to be not more than 0.05 A . This value is

of about magnitude of temperature atomic displacements, so
disorder of Nb. if any, is likely of dynamic nature.

Results of polarized XAFS investigation of KNbO^
single crystal are in the perfect agreement with the results of x-ray
diffraction study. Results obtained using both methods are
inconsistent with 8-site model.
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Figure. Fourier transform ofNb K XAFS for two orthogonal orientations of KNbOy crystal
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Transition-metal loaded zeolites are
attracting increasing attention as
heterogeneous catalyst. By means of CVD
method,we can make Mo atoms uniformly
dispersed in zeolite's pore structure
and we can control the number of Mo
atoms in a supercage. In this report we
elucidated the structure of Mo en
trapped in zeolite's supercage.

Mo loaded Y zeolite were synthesized
by CVD method using Mo(C0)6.
ture of this synthesis is its ability
to increase the loading of molybdenum
atoms "step by step". Reduced samples
were obtained by heating the Mo car-
bonyl species at 573K (NaY) and 673K
(HY) for Ih in vacuo. Through such
treatment, the decarbonylated species
were gained. Oxidized samples were
prepared by the subsequent heating of
the reduced samples at 673K for Ih in
O2 atmosphere. Mo K-edge EXAFS spectra
were measured at BL-lOB station.

Fig. 1 and 2 show the Fourier trans
forms of Mo K-edge EXAFS spectra of the
reduced and the oxidized samples of
NaY, respectively. As shown in Fig. 1,
Mo-Mo bonding exists at 2. 64A, by the
curve fitting analysis, irrespective
of the amount of loading. These results
indicated that the reduced Mo species
were in a dimer form. However such Mo-
Mo bonding disappeared when these sam
ples were oxidized, (see Fig. 2) Mo-0
distance for IStep sample is 1. 76A
with a coordination number 3.7, indi
cating the tetrahedral structure. The
strong Is —^ 4d peak in XANES of this

sample also shows the presence of the
tetrahedral structure. The peak corre
sponding to Mo-0 bond decreases with
the increase of Mo loading. From the
XANES results, where Is 4d peak
becomes weaker with such increase in
loading, the decrease in Mo-Q peak
height might be due to the disorder
effect by the mixing of octahedral
structure in addition to tetrahedral
one. In summary, Mo atoms formed dimer
structure in the reduced samples. They
changed to monomer structure after
oxidizing, and this structure gradually
changed from tetrahedral to octahedral
with the loading of Mo.

n I T~i I 1 1 r

^ /\ Mo-Mo bonding

idfcs-
^ /V V . Istep
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Fig.1 Fourier Transforms of Mo K-edge
EXAFS spectra of reduced sample

Fig. 2 Fourier Transforms of Mo K-edge
EXAFS spectra of oxidized sample
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Introduction

Micro- or mesoporous crystalline materials are used to

prepare the supported metal catalysts with relatively

uniform cluster size. We have been investigated the

reactivity of Rh ion-exchanged zeolite catalysts (RhY) for

002 hydrogenation under high pressure conditions. RhY

shows high C02 conversion compared with conventional

impregnated Rh/Si02 catalysts, however the main product

is methane. Li-doped RhY (Li/RhY, Li/Rh = 10) converts

the main product from methane to CO and promotion of

ethanol rather than methanol is observed. In order to

clarify the cause of drastic change of selectivity by Li

addition, XPS, XRD, C0/H2 adsorption, and in-situ FT-IR
observation were carried out. However, we could not find

out any evidence which directly indicated the role of Li

during reaction. We expected that the state of

coordination around the Rh site was deformed by Li

addition without major change in either particle size or

charge. We carried out EXAFS measurement of Rh K-

edge for RhY and Li/RhY.

RhY catalyst was prepared by ion exchange method

according to the literature^). RhCl3-3H20was used as a
metal precursor. After ion exchange, the catalyst was

calcined at 673 K for 6h to produce the RhY. The loading

of Rh was 5 to 6 wt%. Li (Li/Rh = 10) was added by

impregnation of LiN03(aq) to RhY, and calcination was

carried out at 673 K for 6h to produce the Li/RhY. The

prepared catalyst was put in a pyrex glass reactor with an

EXAFS cell. After various treatments the catalyst was

transferred to the EXAFS cell under vacuum and the glass

part of the cell was melt off from the reactor under

vacuum.

Rh K-edge EXAFS spectra were observed in a

transmission mode at BLIOB. A cryostat was used to

keep the cell temperature at about 70 K during the

measurement. Curve fitting analysis of data was carried

out by REX (Rigaku Co.). Rh foil and Rh6(CO)l6 were

measured as standards for the analysis.

Results and Discussion

Fig.l shows the Fourier Transformed spectra of the

observed k3)((k). There is an intense band around 0.25 nm

in every spectrum. These bands were attributed mainly to

0246 0246

r / 0.1 nm r / 0.1 nm

Figure 1. Fourier Transformed spectra of k^x()^) and
(b) Li/RhY- Solid lines were observed after H2 reduction. Dashed
Lines were observed after CO adsorption.

Rh-Rh bonding. Drastic decrease of the main peak
accompanying CO adsorption was observed for RhY as

shown in fig.l (a), meanwhile CO adsorption brought

about slight decrease of the Rh-Rh band on Li/RhY as

depicted in fig. 1 (b). We conducted curve-fitting analysis

of the main peak with the model parameters extracted

from the reference data for Rh foil. The results are shown

in table 1. The curve fitting results support decrease in the

coordination number of Rh-Rh bonding by CO adsorption

on RhY. The CO induced oxidative disruption of Rh

particle has been often reported. However, XANES data

Table 1. Curve-fitting results of the main peaks in fig.l
with the Rh-Rh model parameters . Sample! a ; RhY, Sample
b: Li/RhY.
Sample Conda CN r/O.lnm AE o/O.lnm R/%

a H2 reduction 7.6 2.66 11 0.082 0.75

a CO adsorption 4.2 2.69 4.8 0.085 1.06
b H2 reduction 7.0 2.67 2.7 0.076 0.89

b CO adsorption 6.0 2.68 3.2 0.083 0.83

o/0.1 nm

0.082

0.085

0.076

0.083

indicated that no oxidation of Rh occurred and the

cleavage in bond length observed in this work underwent

with a new CO induced reconstruction mechanism. Li/

RhY adsorption of CO did not have much influence on the

Rh coordination number. This fact suggests that Li atoms

are introduced at the sites relatively close to the Rh atoms,

which create intimate interaction between Li and Rh, and

suppress the reconstruction of Rh particles. Exact location

of Li atoms is now under investigation.
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Introduction

A small amount of Ti incorporated in silica has a

tetrahedral structure due to the regulation by the

tetraheral matrix ofthe latter^ and the tetrahedral Ti is
active in the epoxidation of olefins because of its

coordination unsaturation. The present study deals

with an interaction between Zr (Nb) and silica to see

whether the same matrix effect of silica works.

A mixture of Zr(IV) tetra-n-buthoxide [Nb(V)

pentaethoxide] and tetraethyl orthosilicate was rapidly
hydrolyzed to form the mixed oxide, which was

calcined at 550°Cfor3h. Epoxidationof oct-l-ene

was carriedout at 90 °C with t-butylhydroperoxide as

an oxidant. X-ray absorption spectra wereobtained at

the Beam Line lOB stationby a transmission mode.

Results and Discussion

Fig. 1 shows the XANES spectra ofZr inZrOVSiOi.
Eachspectrum shows a pre-edge peakwhose intensity

is a measure of coordination unsaturation ofthe target

ion; the higherthe degree ofunsaturation, the stronger

the intensity\ Although the difference among the
intensities of the peak is not clear, subtracted spectra

(sample spectra minus spectrum of Zr02 which has a

saturated structure Zr) giveinformation. Of the three

peaks for the sample with 0.5 mol% of Zr (A, B, C)

the position of the peak B corresponded to the pre-

edge peak of four-coordination Zr [Zr(rV) tetra-n-

buthoxide], thus its intensity is the measure of

unsaturated Zr. The samplescontaining small amounts

of Zr (0.5, 1.0. 2%) had strong B peak (degree of

coordinativeunsaturationis high), and the epoxidation

activity is onlyseenon these lowZr contentsamples.

Shown inFig. 2 are the XANES spectra of Nb in

Nb/Si oxide. We see that the pre-edge peak intensities

are stronger than those of Nb205 and NaNb03 which

haveoctahedral Nb. The sample with low Nb content

(10% and less) had, strong peak and attained high
epoxidation selectivity. The results obtained give the

conclusion that the coordinatively unsaturated Zr and

Nb are also the active sites for epoxidation as in the

case of Ti/Sioxide; the first step is the coordination of

hydroperoxide to the unsaturated sitesof these metals.

SubtraciccI spectnim

17,98 1800 18 02 18 04 1806«10'
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Fig. 1, XANES spectraofZr/Si oxide

LOO T9,02 iS.OAilO

Fig. 2. XANES spectraofNb/Si oxide

(1) S. Iraamura et al., J Chem. Soc. Faraday Trans.,

91,1261 (1995).
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Int roduct i on

Recent Iy, disposing of industrial and civil wastes
in the world has become an object of public concern

and it would be interesting to note the recycling
uses of many plastic resins and biological

degradation of those resins. It would be important

to investigate the existence of residual metal from

catalysts in those resins and the stability of the

resins over a long time. In previous work" the
catalysts of Zr compounds used in polypropylene

resins synthesis were mainly reported, in this work
the catalysts of tin compounds for polyester resins

synthesis were furthermore measured by using the

X-ray absorption fine structure(XAFS) spectrometry

in order to obtain some information about used

catalysts, In addition Moessbauer spectra were also

measured on tin catalysts,

Exper i ments
Both the transmission and fluorescence modes of XAFS

spectra for Sn metal powder, SnO. Sn02. SnSOi solution and

polyester resins containing 3000 ~20 ppm of Sn residuals,

respectively, were measured around the tin K-edge at

BL-10B and -12C of the Photon Factory(PF) at the
National Laboratory for High Energy Physics (KEK),
Fourier transforms were obtained from the EXAFS

osci I lations between k = 3 A'̂ and k = 13. 0 A"' weighted by
kT

The "^Sn moessbauer measurements were carried out by
normal methods at the Radioisotope Research Center of

Tokyo Metropolitan University.

ResuIts and Di scussi on

[XAFS analysis] When compared the X-ray absorption near
edge structure (XANES) spectra among Sn metal powder, SnO,
Sn02, SnSO^ solution and Sn catalysts, fresh Sn would exist

as bivalent ion in polyester polymer. The results of

Fourier transforms show that the bonding distances of Sn-0

were 1. 79 A for SnO, 1. 77 A for SnSOj solut ion and 1. 65 A

for Sn02 with no correction of the phase shifts^L Fig. 1
shows that the distance of Sn-0 bonds are only 1. 63 A in

polyester resin and there is no detectable second peak due

to Sn-Sn interaction. It is therefore suggested that

bivalent Sn ions exist as amorphous in polymer, But bonds

of Sn-0 in polymer would be stronger than those in aqueous
SnSO^ solution. This is easy to understand because Tin
compouds could have various bonding distances of Sn-0 and

have flexible structures from crystallographic data base^L
There is a small amount of Sn residual (~20ppm) in

polyeseter resin. It is difficult to remove such residuals

by washing with ore acid. XANES analysis was carried out

to detect such residuals. The result of XANES spectra is

shown in Fig. 2, It is obvious that tin exists as quadri

valent ion in the polymer. It is suggested that existances

of quadrivalent Sn ions may be as Sn02, is one of the
reasons why it is difficult to remove from polymer,

["^Sn moessbauer measurement] Chemical state analysis of
tin catalysts in polyester resin was carried out by the

transmission method of "®Sn moessbauer spectrometry.
Results are shown In Table-1 as compared with Ref. 4.
Numerical values for isomer shift(IS) and quodrupole

spi itting(QS) showed existence of mixture of Sn(ll) and
Sn(IV) ions in polymer. Sample would be oxidized in air
while it is held for a week after reaction, in the

quadrupole splitting, Sn(ll) ion in polymer has slightly
larger values than SnO, so the nuclei of Sn would be

distorted in polymer. These results are In good agreement
with XAFS characterizations in this work,
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Table-1 Results of "®Sn Moesbauer measurement

IS QS Half wi dth

2. 63 1. 36

CO
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I nt roduct1 on

Tin-doped indium oxide(ITO) film on glass
substrates is useful for liquid crystal device and
solar cell device due to its unique properties such
as high electric conductivity and good
transmittance of visible light. ITO film is usually
annealed at high temperature in order to improve
crysta 11inity and electric conductivity.
Recently, its use has been applied furthermore on
various polymer bases. But thermal treatment is not
sufficient to improve properties due to thermal
damage to base polymer, in this work, tin-doped
indium oxide film formed on polymer base is
investigated by using X-ray absorption fine
sutructure (XAFS) analysis and X-ray diffraction
ana lysis.

Exper iments
Preparation of ITO film:On polyethylene terephthalate

(PET) film ITO was sputtered to about 1000 A thickness
with In-Sn alloy target (ln:Sn=80:2D) or with In-Sn
composite oxides target at Ar-oxygen atmosphere and cooled
to room temparature. Moreover ITO film was annealed at 130
deg. C for 6 hrs,
XAFS measurements:XAFS spectra of standard samples were
measured at BL-10B with transmission mode and those of ITO

were measured at 8L-12C with fluorescent mode. Tin K-edge

XAFS of ITO fi 1ms had to be measured during the SGeV

operation period in order to improve the signai-to-noise
ratio of spectra.

Fourier transforms were obtained from the EXAFS

oscillations between k = 3. 7 A"' and k = 12.4 A"' weighted
by k^ with no correction of the phase shifts,

Usual method of XRD could not be available for such films
due to too thin thickness and to large background from

diffractions of PET resin, therefore the XRD was measured

with a small angle of the incident X-ray.

Results and Discussion
[XAFS analysis of indium] By comparing the X-ray

absorption near edge structure (XANES) spectra among
indium and tin standards and ITO films, it is found that

indium and tin exist as trivalent and quadrivalent
ion, respectively, in ITO films. The results of XAFS
characterizations of indium are shown in Figs, 1, It is

found that r(ln-O) is 1, 6 A and r(ln-ln) is also 3. 0 A for
ITO formed both with alloy and with oxide targets. The
r(ln-O) for ITO films was slightly shorter than that of ln2
O3 standard as 1.73 A. And the peak height of the second
nearest neighbors from In atom, corresponding to the In-ln,
for ITO prepared from oxide target were larger than that
from alloy target while the peak height didn't change
after annealing. The results of XRD study about ITO films
indicated that ITO is crystallized and that is identified

with the same structure as 10303'L
[XAFS analysis of tin] The result of EXAFS for tin in ITO
is shown in Fig.2.The r(Sn-O) and r(Sn-Sn) were 1.60 and
3.50 A, respectively, for Sn02 standard. However the results
of XAFS analysis on ITO films showed the bonding distance
to be only 1. 6 A for Sn-O. No second nearest neighbor was
shown from Sn atom, as similar to the results of ref-2. It
is suggested that tin ions wouldexist as amorphous state

and would disorder the In203 structure in films.
In this case thermal treatment of ITO films is more

effective in decreasing the electric registance but is
less crystallographtc effect.
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INTRODUCTION

Nickel(II) hydroxide being insulating material can be
oxidized in alkaline solution to give electroconductive
Ni(III) complex. The electrochemical reduction of the Ni(ni)
complex yields electroconductive nickel(II) hydroxide.
The reversible redox reaction afterwards has been considered

to accompany proton diffusion taking place in the solid
phase.

It is known that the oxidation of -Ni(0H)2 induces the
change in a- and c-axis lengths during the process to form
Ni(in) complexes, possibly NiOOH.l) Since the mechanism
of the redox reaction is not fully understood, the structure
change during the redox reaction was studied by the XAFS
method.2,3,4,5)

EXPERIMENTAL

Samples were prepared by electrochemical oxidation and

chemical oxidation of i3-Ni(OH)2. (1) )3-Ni(OH)2, (2)75%
electrochemical oxidation product, and (3) the product
prepared by chemical oxidation were obtained. The

oxidation state of Ni by the chemical analysis in (2) and(3) is
3.0.

Ni K-edge X-ray absorption spectra by transmission
method have been obtained at BLIOBin the Photon Factory.
The phase shift and backscattering amplitude values used for
the Fourier transform calculation were taken from the tables

by Tfeo and Lee, and McKale et al.

RESULTS AND DISCUSSION

The crystal structure of (2) 75% electrochemical oxidation

product, and (3) the product prepared by chemical oxidation
were examined by X-ray diffraction method at room
temperature. This analysis result nearly coincides in the
XRD pattern.

The normalized XANESspectra shown in Fig. 1 indicate
considerable shifts in the main peaks position. The peaks
and the edge energies are in the order of (1) /3 -Ni(0H)2 < (3)
the product prepared by chemical oxidation < (2) 75%
electrochemical oxidation product. It is said that the order
is those of their oxidation states. Flowever, the peak and
the edge energy of (3) differs from that of (2). 'Wfe found the
difference in the peaks and the edge energies between the
products prepared by electrochemical oxidation and chemical

oxidation of j3-Ni(OH)2 which have same oxidation state of
Ni.

The Fourier transform spectra of (2) 75%
electrochemical oxidation product and (3) the product
prepared by chemical oxidation are shown in Fig.2. ^
found the differrences in Ni-0 and Ni-Ni peak position
between them.

It is concluded here that the structure of the product
prepared by chemical oxidation differs from that of 75%
electrochemical oxidation product.
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I. Introduction
Phase separation induced by chemical

reactions is a fascinating critical phenomenon
because the final morphologies are determined
by the competitions between two antagonistic
interactions: phase separation as a short-range
activation and chemical reactions as a long-range
inhibition. Though the mode-selection
processes driven by chemical reactions have
been theoretically predicted for a long time, it
was only clarified recently by experiments in
binary polymer mixtures [1]. As an extension
of these studies, in this work, linearly polarized
light was used to induce the cross-linking
reactions of only one polymer component in a
miscible binary polymer blend. Upon
irradiation with linearly polarized light, the
spatial distribution of cross-linking densities
was produced in the sample. This photo-
selection gives rise to a distribution of not only
cross-linking densities but also of segmental
mobilities as well as elastic modulus in the

mixtures. Here, we report a preliminary result
on the selection of instabilities driven by the
competitions among these physical processes
directly observed by small-angle X-ray
scattering using synchrotron radiation [2].

II. Experimental
Polymer mixtures used in this work are

composed of two components: anthracene-
labeled polystyrene (PSA) and poly(vinyl
methyl ether) (PVME). The chemical synthesis
as well as the characteristics of these polymers
are already reported previously [3]. It is known
that this PSA/ PVME mixture possesses a lower
critical solution temperature (LCST). To induce
the cross-linking reactions of PSA chains,
photocross-linker anthracene was chemically
labeled on PSA. First, a PSA/PVME blend
with the composition (30/70) was irradiated
with linearly polarized light along the Z
direction at 40'Cwhich is located ca.
above the glass transition of the blend.
Subsequently, the scattering from the cross-
linked sample was measured in the directions
parallel and perpendicular to the polarization E

of the exciting light. It was found that the
scattering intensity measured in the parallel
direction (6 =0) is always much smaller than the
perpendicular direction (6=90) as shown in Fig.
1 as an example. Upon approaching the
coexistence temperature of the blend, the
scattering intensity observed in the direction
parallel to E was almost unchanged whereas the
intensity in the perpendicular direction exhibits
the critical scattering behavior. The phase
morphology of the same blend irradiated at 105
°C reveals the lamellar structures with the axis
closely perpendicular to E. These experimental
results indicate that the spatial symmetry of
concentration fluctuations in the reacting mixture
was broken due to the suppression of the
instabilities arising from the selection of
polarized light along the direction 0 =0. Further
investigations are currently in progress to
elucidate the consequence of this symmetry-
breaking on the phase separation process of
these photoreactive blends.

PSCS/PVME(30/70) at lOO'C

•••••
aa!!!!????'

10 15 M 25 30 35*10^

q (A ')

Fig. 1. SAXS profiles ofa PSA/PVME (30/70)
blend measured in the two directions with

respect to the excitingpolarization at 100 Xi.
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Micellar growth occurs if required conditions (ionic
strength, temperature, concentration, and so on) are
satisfied. Most studies suggest that micelles grow along
one dimension (rod) rather than two dimension (disk). To
the authors' knowledge, there has been no report which
clearly shows the two dimensional micellar growth on
the basis of small angle scattering data except for a mixed
surfactant system^). On the other hand, Boden et al.
found that a discotic nematic phase is formed in aqueous
solutions of cesium perfluorooctanoate (CsPFO)^).

In the present study, we have measured SAXS in
dilute solutions of CsPFO and analyzed the scattering
curve profile to elucidate whether two dimensional
micellar growth occurs or not.

CsPFO was prepared by neutralizing perfluorooctanoic
acid with cesium hydrooxide in acetone. The salts
obtained were purified by recrystallization &om mixed
solvent of hexane and ethanol (1:1).

SAXS measurements were performed at BL-IOC by
using the DTA/SAXS instrument reported before^) and a
sample cell made of copper with mylar windows^). The
sample thickness is 1mm.

Figure 1 shows an example of SAXS spectra

observed for the 100 mM solution at 30°C. We have

analyzed the observed scattering curve by using the
following equation.

/(q) = « [<F(q^ > + <F(q)>2 (5(^ - 1)]
<F{q^> = S \Fiq,x) \
<F(^>2 = [S Fiq,x)dx]2

Fiq^x) = (5cr5s)Ue [37("c)/«c ]+ (^s-Bw)V [3j{uyu]

Uc = qac[x2+ {bc/ac)2{l -j:))]1/2

u = q^x2 + (b/a)2(l - x)]l/2
where n is the number density of micelles, F'(q) is the
form factor of micelles, S(<^ is the structure factor,
Bg, and 5,^ are the scattering length density of micellar

core, micellar shell, and water, respectively, and V are

the volumes of micellar core and whole micelle,
respectively, bla is an axial ratio of ellipsoid. The
quantities Bg and V are affected by the number of water

molecules included the micellar shell. We chose the

length of minor axis, aggregation number m , the degree
of counter ion binding /?, and hydration number per
surfactant molecule h as fitting parameters. In the
calculation of S only electrostatic repulsion was taken

into account using the lescaled mean spherical
approximation^)®).

In Fig.l, least-squares fits for oblate ellipsoid,
prolate ellipsoid, and sphere are shown. This figure
demonstrates that the fitting curve for the oblate

ellipsoid (corresponding to m=69±2, /?=0.59i:0.02,
and a^6c=1.70 + 0.02) can explain the experimental
results better than for the prolate ellipsoid and sphere
especially in the high q region. Similar results have
been obtained for other concentrations. These results

suggest that micelles grow along two dimensional
direction.

We have also found that both m md increase

rapidly with increasing surfactant concentration. The

increase of /3 may be explained by the fact that the
surface area occupied per head group for the oblate
ellipsoid decreases more rapidly than for the prolate
ellipsoid when the minor axis is kept constant.

1) T-LLin, et al.,/. Fhys. Chem., 95, 6020 (1991).
2) N. Boden eta!.,/. Phys. Chem., 91, 4092(1987).
3) H. Yoshidaet al., PFActivity Report, 10, 272 (1992).
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5) J. B. Heyteretal.,A/o/. Phys., 42, 109 (1981).
6) J-P. Hansen et al.. Mo/. Phys., 46, 651 (1982).

q/K
Fig.l SAXS scattering curve of CsPFO inH20(100inM).
The circles represent experimental values.
Solid, dashed, and dash-dot lines are fitted curves
for oblate, prolate, and sphere respectively.
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Introduction

Control of morpltology in microi)liase-.separale(l block
copolymcrs is an important rcsearcli subject. In binary
blends of polystyrcne-bfocA'-polyisoprcne (SI) diblock
copolymcrs, we found very unusual temperature behavior
of the lamellar microdomains. Here, we report on small-
angle X-ray scattering (SAXS) results.

Expcri.nicniaL
We used four kinds of SI samples (SIZ-1~4). For SIZ-

1, 2, 3, and 4, Mn (number-average molecular weight) =
37.3, 44.8, 26.1, and 24.5 x 10^ and , (volume
fraction of polystyrene) = 0.14, 0.81, 0.65, and 0.26,
respectively. Mv//M,i is less than 1.1 for all samples.
Time-resolved SAXS measurements were pcrfonned with
30 .sec lime slices at 2°C/min heating (cUid cooling) rale at
BCIOC station.

Results and Discussion

Tlic SAXS profiles (the scattering intensity I(q) vs. q)
highlighting the first order peak arc shown as a function of
temperature in Fig. 1 for SIZ-1/2 (lieating process). Here q
is the magnitude of the scattering vector defined as

q - (4ji/X) sin (0/2) (1)
with X. ajid 0 being the wavelength of X-rays (X. = 0.149
nm) and the scattering angle, respectively. Tlic inlet show
tlie plot of logarithm of the scattering intensity, log I(q),
vs. q as a function of temperature. Tlie relative q-values of
the peaks can be assigned to 1, 2, 3, indicating existence of
lamellar microdomain structures. Tliis result confirms that
two kinds of SI samples were mixed together at the
molecular level and fonned homogeneous microphase-
separalcd domains without macrophase separation, since
none of the SI pure samples fomis lamellar structures. Tlie
first order peak shifts towards a smaller angle ajid its
intensity increases with increasing temperature. Tliis
behavior is apparently the LCST type and therefore quite
unusual for the UCST type SI diblocks.

To discuss the temperature dependencies of the size of
the lamellar inicrodomain, we evaluated D values from the
position of the first order peak of the SAXS profiles as a
function of temperature, where D is given by

D = ZTt/q, (2)
where q^ is the q value for the first order peak. Double
logarithmic plots of D vs. absolute temperature, T, arc
sliown in Fig. 2. For the SIZ-3/4 blend, D deaeascd witli
increasing temperature which is tlie same temperature
dependence (UCST type) as that for the pure SI sample.
However, llie exponent is quite small as compared to -1/3
for the pureblocks. Tlieslope of the approximated straight
line is -0.19, wliich indicates that usual temperature
dependence is suppressed, or in other words, the lamellar
structures comprising the two different kinds of SI are
insensitive to the change of temperature. Tlic results for
the SIZ-1/2 blend are much more striking. The lamellar
size increased with increasing temperature. Tliis is

completely opposite temperature dependence to the usual
behavior. Although there is detectable hysteresis lietween
heating and cooling experiments, the apparently LCST
temperature behaviors were observed for both cases.
Tlierefore, it can be concluded that the change in the size of
the lamellar domain is thermoreversible. It is noted that the

anomalous temperature dependence was observed for the
blend of SI diblocks having large compositional
asymmetry.

Very recently, Shi and Noolandi^^ have studied the
phase behavior of a binary blend of diblocks by the self-
consistent mean field theory. Using their procedure, we
found a qualitative agreement between SAXS results and
theoretical results for both SIZ-1/2 and 3/A^\
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Fig. 1 Change in SAXS profiles (I(q) vs. q) with
temperature for the SIZ-1/2 blend, measured with heating
process. Tlie inlet shows SAXS profiles plotting log l(q)
vs. q as a function of temperature.
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Fig. 2 Double logarithmic plot of the evaluated domain
size, D vs. absolute temperature, T. Tlie values of D were
evaluated from the position of the first order peak of the
SAXS profiles.
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Introduction

Carrageenan, red seaweed extract, is used
extensively in the dairy industry as a

stabilizing agent, tc -Carrageenan, composed
of alternating 0 -(l-3)-D-galactose-4-sulfate
and, a -(l-4)-3,6-anhydro-D-gaiactose, has
gel forming and milk protein stabilizing

ability. The mechanisms of gelation and
stabilization are considered to be that the

presence of 3,6-anhydride enhances gel
forming ability by increasing the capability of

forming a double helix, and moreover, the

loose ends of these double helices serve as

junction zones to connect other strands of
carrageenen to form the three-dimensional
network.

In this study, we investigated the nature of

mixture n -Carrageenan and /3 -casein in the
presence and or absence of calcium under
non-gelling conditions by means of small

angle X-ray scattering (SAXS) measurement.

Experimental

SAXS experiments were performed with the
optics and detector system with temperature-
controlled speciment chamber in Photon
Factory of the National Laboratory for High
Energy Physics, Tsukuba, Japan.(BL-IOC)

Results and Discussion

The net scattered intensities were calculated

by subtracting the intensities of buffer solution
from those of the sample solution after the

correction of X-ray absorption factor. The

experiments were done by changing the mixture

ratio of /r -Carrageenan and ^ -casein,
calcium conditions.

• Ca: OmM

° Ca: 2mM

0 0.05 0.1 0.15

q(A-')

Fig.l. SAXS profiles from -casein
solutions in the presence and absence of

calcium. The concentration of /S -

casein is 20mg/ml.

0

o" °
*

cr _ o *

10 o;

0 Ca: OmM

Ca: 2mM

0 0.05 , 0.1 0.15
q(A")

Fig.2. Kratky plots of the scattering curves

from 13 -casein. The solvent conditions

are the same as in Fig.l.

Kratky plots and the distance distribution

function P(r) suggested the complex models

which -casein micelles combined to the

core molecules of the fc -Carrageenan.
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Alginate, an unbranched copolysaccharide isolated from
brown seaweeds and certain bact^ia, consists of (l->4)

linked residues of p-D-ManA(M) and its C5-epimer, a-L-
GulA(G). Alginate is used as a gelling agent in numerous
food and pharmaceutical applications. The addition of
divalent ions such as Ca^"^, induces the gelation of the
aqueous solution of alginate. The molecular structure of
the gel can be described using "egg box" modeF\ where
Ca^^ ions were embodied in cavities formed by a
cooperative paring up of continuous G-residues. This
lateral association plays an important role to build up the
network structure as a junction zone. The aim of this study
using small angle X-ray scattering (SAXS) technique is to
obtain information about the cross-sectional radius of

gyration, Rg^c, of the junction zone to assess the junction
zone multiplicity, or its size.

Alginate samples isolated from various sources were
kindly provided by Pronova Biopolymer a.s., Drammen,
Norway. The chemical composition, fraction of diad
sequences and intrinsic viscosity of alginate samples were
determined by the corresponding methods, respectively.
Since the direct addition of gel-inducing ions easily leads
to maCTOSCopically inhomogeneous structure due to the
rapid ion binding, the preparation of the gel employed in
situ release from a Ca source, either Ca-EGTA or CaCOs,
to yield homogeneous gels. SAXS experiments were
carried outat thePhoton Factory using theSAXES^^ optics
installed at BL-IOC.

Ca-alginate gels with total Ca^"^ concentration in therange
5-30mM were studied by small-angle X-ray scattering. The
resultant excess SAXS intensities were evaluated on the

cross-sectional Guinier plots^^ shown in Fig. 1. The plots
were nearly linear for thealginates gelwith [Ca '̂*j=7.5mM
and Rg,c was estimated to 7.4A from itsslope. This value of
R^ccorresponds tojunction zones being formedby a lateral
condensation, presumably dimerization, of chain
segments. Theincrease of[Ca^T causes thedeviation frcm
linearity and increasing curvature in the cross-sectional
plots. These data show that the lateral condensation into
junction zones is not limited to one association mode,

possibly by molecular details in the packing geometry, but
is controlled by the [Ca^^. Similar trend was found by
comparison at the same [Ca^T for increasing fractional

Ca saturation of guluronic acid of the alginates. The
curvature in the plots indicates coexisting junction zone
multiplicities controlled by a detailed interplay between the
block length distribution of the G-units, polymer
concentration and The scattering could be

accounted for using a two-component broken rod-like
model representing the junction zones and an additional
term for the elastic active chain segments chains.

1. G.T.Grant, E.R.Morris, D.A.Ress, P.J.C.Smith and

D.Thom, Lett., 32, 195(1973)
2. T.Ueki et al.. Photon Factory Activity Repwts, 1, VI,

V29, V170 (1983)
3. O.Glatter and O.Kratky, Small-angle X-ray Scattering,

Academic press, London (1982)

25 mM Ca

15 mM Ca'

" e 8 o % =

^ 6
12.5 mMCa^""

^ 5

10 mM Ca^^

7.5 mM Ca^^

. A-^

Fig.l Effect of [Ca^"^ on cross sectional plots ofSAXS
data from alginate gels for [Ca^"^ from 7.5 to
25mM using CaC03 as theCa^"^ source.
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PolyinacroinonDmer(PM) is a comb-sh^d polymer with

long side chains, where the interval betweentwo neighboring

branches is regularandis specified bythe molecular stmcture of

macromonomers. The light scattering observation revealed the

PM conqxased ofapolymethacrylate backbone withpolystyrene

sidechainsasbeingrepresented byabottle-brush-like cylindrical

shape(molecular brush)in solutions'-^.

Themainchainissupposedto assumean extended confonna-

tion,andinconsequence themesophase foimationwasobserved

from the hi^y concentrated solutions of PMs". We c?)ply the

SAXS methods to the solution of PM in order to elucidate the

crcss-sectiorral characteristics of the cylinder (molecularbrush)

formed by a PM.

Experimental

PMs were radically polymerized from polystyrene-

macromonomerwith a methaciyialeterminal.The degreeofpo

lymerization of backbone chain, Dp^ ranges fiom 7 to 1019,

wherethe molecularweightswere evaluatedby GPC. Theback

bone chain is composed of polymethacrylate according to the

type of the terminal unitsof macromonomer, SAXS measure

ments were performedby using SAXES installedat BL-IOC of

PhotonFactoiy inNationalLaboratory forHighEnergyPhysi(^,

Tsukuba. The observed intensity fiom solutions was corrected,

andthen the scattering intensity of solventwas subtracted to af

ford the excess scatteringfiom PMs.

The radius of gyration Rg and the cross-sectional radius of

gyration were evaluated for the PMs fiom the respective

SAXS profilesaccordingto the Guiniera^^roxiination,or fiom

tightscalteiingl The-values of Rg: werefound to be dependent

onthedegree ofpolymerizationofstyrene macromonomersDp^

butnotontheDp^ i.e., therrumber ofbranches ofthePMs.

Sirrce the particle-scattering factors are givenanalytically for

sirrple irlaYlal bodies^, an proximate geometryof solute mol

ecules may be deducedby comparing the observed scattering

profile -withthosecalculatedforsimpletriaxialbodiesofa homo

geneous density. Figure1showsthe typical results of the triaxial

modelfittingTheSAXSprofilewasfoundtofittothescattering

profile expectedfiomanoblateellipsoidofrevolutioninthe case

ofPMs ofalow Dp^{Dp^\0). Bothmodels ofanellipsoid and
anelliptic cylinderyieldedthe scatteringprofiles equallyfitted to

theSAXS profiles fiomrange of l(KI)p^<50. When Dp^was

further increased, an ellipticcylinderwas found to fit to the ob

servedSAXSprofile. The ratio of thecross-sectional semi-axes

is alrrwst invariantfor thePMs representedby a cylinder,and is

equalto 1.8. Thisresultindicates thatthesidechaindistribiflionis

not radially isotropic arourd a backbone chainand a backbone

chain seems to assume non-random conformation in order to

accommodate the densely packed side chains which require a

largespace. A closeinspection of the optimizeddimensions of

PMs revealsthattheconformalional changeof a backbonechain

seems to take place when theDp^ exceeds 10because a sym

metric sh^ ofthe cross-sectionat isalrea^ skewed

atDp^=23~30. Here the conformalional change ofabackbone
chaincauses irodrasticchange in the length of the longercross-

sectional semi-axis which increase slightly asDp^increases.

Dp^^=7,Dps=54

Ellipsoid Model

Dp^,=216,Dps=54 ^
Elliptic Cylinder Model

4 5 6 7 8 9

Figure. 1Corr^rarisonbetweenthe observed andcalculated
scatteredintensities from the ellipsoidmodelor the
elliptic cylinder model.
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Introduction

Enamel of erupted teeth is the hardest tissue in the ^
body. Amelogenins, i.e., major constituents of the

extracellular matrix in forming enamel, account for over

90% of the total proteins secreted by the ameloblasts
developmental stages.' The aminosequence analysis 3 ,
shows high contents of proline,glutamine, leucineand ^
histidine, and thus the amelogenins show hydrophobic
properties.^ ^

To date, toobtain definite secondary structure or ' > 1 • 1 •
tertiary structural data for amelogenins through X-ray concentration tmg/mi)
diffraction and 'H-NMR studies,circulardichroism (CD),
TT • 4. f • £ j /T-T-TT1N 4. j Fig- Pioteln concentration dependence cFourier transform infrared (FTIR) spectroscopy and ,.4. . „ ,
r, , , , . 4, •, . radius of gyration, Ro, for two fragments olRaman spectroscopy has resulted mafailure(for areview amelogenin in 2% (v/v) acetic acid. O. 2
of amelogenin structure, see Fincham et al.'). In the fragment; •, 13kDa fragment.
present study, we used small angle x-ray scattering
(SAXS) techniques to explore the size and shape of 1.5 ^
amelogenin molecules in aqueous solution.

Experimental ^°
The 20kDa and 13kDa fragments ofporcine ^ ^

amelogenin with 173 amino acid residues were used the 0.5 - a •
SAXS measurements. The maesurements were done

using the samples dissolvedin 2% (v/v) aceticacid at 5 "C. 0.0
Data analyses were done byGuinier methods. ° ^ ^ e a 10 1

95G089

Fig. 1. Protein concentration dependence of the overall
radius of gyration, Ro, for two fragments of porcine
amelogenin in 2% (v/v) aceticacid. O, 20kDa
fragment; •, 13kDafragment.

Results and Discussion

The overall radii of gyration, Rg's, as a function of
protein concentrations are shown in Fig. 1 We estimated
the Rg values at zero concentration by extrapolation of the
data obtained in the concentration range of 1.0 through

4.5 mg/mL. The radii of the cross-sectional factor, Rc's,
are shown in Fig. 2. Comparison between the observed

Rg and Rc values clearly indicates that the particles of
20kDa fragment are in an asymmetric shape in 2%(v/v)
acetic acid. The analysis indicated that the asymmetric
particles of the 20kDa fragment presumably exist as not

monomer but dimmer in the solution.

Next we attempted to construct a structural model of

20kDa amelogenin having 148 amino acid residues on the

basis of the Rg and Rc of this protein by the SAXS
analyses, taking account of the results of CD and FTIR
spectra obtained by other researchers. The resulting

concentration ( mg/ ml )

Fig. 2. Protein concentration dependence of the radius of

gyration of the cross section factor, Rc, for two fragments
of porcine amelogenin in 2% (v/v) actic acid. O,
20kDafragment; •, 13kDafragment.

model is characterized by an elongated bundle structure."^
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Introduction

The storage proteins of maize seeds are
collectively known as zein and account for 50% or
more of the total endosperm protein. The zeins are
classified as a, iS, T, and 5 according to their
solubility properties, a -zeins display highly
hydrophobic properties. The sequence analyses
show the presence of three unique domains.' An
N-terminal domain of 36-37 residues is followed by
tandem repeats having an average length of 20
residues and terminated by a C-terminal domain of
10 residues. To date, the structure of zeins in solution
have been investigated by various physico-chemical
studies. However, the structure of the Qt -zeins
remains unclear. Here we apply the SAXS technique
to study the structure of ol -zeins^ and develop a new
structural model for a -zeins based on the obtained

structural parameters.

Experimental
The dried ct-zeins (1 g) prepared from cutivar

Royal Dent 120 were dissolved in 20 ml of 90%
(v/v) aqueous ethanol, left for a week at and
then centrifuged at 15,000 x g for 30 min. For the
SAXS measurements, the supernatant was diluted to
70% (v/v) of ethanol concentration by addition of
water, and j3 -mercaptoethanol (jSME) was then
added to a final concentration of 0, 0.1 and 2.0%
(v/v) . The SAXS measurements were performed
with the instrument for SAXS installed at BL-IOC.

Data analyses were done by Guinier methods.

Results

Both Rg values for a -zeins containing 0.1% and
2.0% ME are almost equal to each other, but are
about 1 nm smaller than that without reagent. Both
i?c values for a-zeins containing 0.1% and 2.0% /3
ME are almost equal to each other as well as the Rg
values. But they are about 0.5 nm smaller than that
for -zeins without reagent. Comparison between
the observed Rg and Rc values indicates that cl -zeins
exist as asymmetric particles in 70%(v/v) aqueous
ethanol.

If the observed asymmetric particles are

approximated by a rectangular prism with edges of a,
b, and c{a»b and c), knowledge of Rg and Rc
gives edge a with the largest length from the
following equation.

12 {Rg'^Rc') (1)
The edges b and c with shorter lengths are also
related with Rc by the following equation.

Rc^ = {h' + c')ll2 (2)
The length of edge a is calculated at about 13 nm for
a-zeins containing 0.1% and 2.0% i3 ME, and 16
nra for ct -zeinswithout jS ME, according to eq (1)
using observed Rg and Rc values. If b is assumed as
equal to c, b~c, the length of edge b(=c) is
calculated according to eq (2) using Rc. This
calculation gives a value of about 3.4 nm for b (= c)
for a -zeins with /3 ME and b {=c) = 4.6 nm for o:
-zeins without iS ME.

Discussion

Z19/Z20 zeins contain nine/ten tandem repeats
consisting of 14 and 25 residues (with an average
length of 20 residues) at the central part. We
proposed that each of the tandem repeat units forms a
single ct -helix and they are joined by glutamine-rich
"turns" or loops, as Argos et al.^ and Garratt et al."
have assumed. The resultant structural model adopts
a nonglobular shape; it may be approximated by a
rectangular prism with edge lengths a % 13nm, b %
4.2nm =, and c% 3nm.^ In this model the number of
the tandem repeats within ct -zeins is directly related
with the longest dimension of 13 nm.
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Introduction

Tobacco mosaic virus (TMV) particle

can be reconstituted in vitro from its

constituents under physiological

conditions in two steps of nucleation and

elongation. First, nucleation is

considered to take place by the
insertion of this hairpin loop into the

central hole of the nucleating two-layered
disk of which two rings are opened apart

onto the hole. The formation of

nucleation between the hairpin loop of

RNA and the double-layered disk is

instantaneous, whereas the elongation

processes in range of minutes and

has two steps.

Cucumber green mottle mosaic virus

(CGMMV) is a rod-shaped virus closely

related to TMV in its chemical and

immunological characteristics, and

almost identical in size and shape. X-ray

fiber diffractions yielded extremely

similar tertiary structures for virus
particles of TMV and CGMMV. The

homologies between "TMV and CGMMV
protein are 36.7%. The physico-chemical

properties of CGMMV protein differed
from those of TMV protein in such SDS-

PAGE, electrophoretic mobilities,

intrinsic viscosity in our previous works,

and this suggests a possible structural
difference in coat protein subunits
between the two viruses in solutions.

The self-assembling process of both

virus coat proteins as observed by
synchrotron small-angle X-ray scattering

(SAXS) was virtually very different(l). In

the present paper, time-resolved SAXS of
reconstitution process of CGMMV

particle using low-temperature

quenching was measured and the result

was compared with the TMV particle(2).

Experimental

SAXS experiments were performed

with the optics and detector system with

temperature-controlled specimen

chamber of BL-IOC, At an appropriate

reaction time, the reaction solution of

coat protein and RNA mixture was

quenched in ice water as quick as possible,

where the elongation reaction was

completely stopped by this quenching.

Results and Discussion

The radius of gyration Rg is a useful

parameter to observe the growth of a

rod-shaped particles which is given from

Guinier plot, The value of Rg of
TMVp+TMV-RNA increased rapidly with

the incubation time. However, Rg of
CGMMVp+CGMMV-RNA did not increase

at the early reaction time compared with

the case of TMVp+TMV-RNA, and then

gradually increased with the reaction

time. The Rg of the reconstitution process

of CGMMV was always smaller than the

case of TMV, which indicated the

reconstitution process was very different

in both cases. This is due to the difference

of the presence of 20S disks controlling

the elongation processes.
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Introduction

Polyelectrolytes is a macromolecule having many ioniz-

able groups. In aqueous solution it is dissociated into a

polyionand counterions. The solutionrevealscharacteristic

physico-chemical properties which result from rigid chain

conformation and counterion condensation. In this study we

have tried the direct observation of polyelectrolyte structure

and counterion condensation, as a function of polymer con

centration (Qj), the type of counterion and the degree ofpo

lymerization {Dp), by meansof small angleX-rayscattering

(SAXS).

Experimental

The poly(styrene sulfonate) (PSS) samples was prepared

by the sdfonation of polystreneusingHans Vink's method'.

These samples were purified by deionization through ion-

exchange resins (Amberlite 1R120B and IRA400). The re

sultedpoly(styrene suhbnic acid)was neutralizedwith vari

ous alkalis such as LiOH, NaOH, KOH and CsOH by Cou-

lometric titration and then lyophilized. The total concentra

tions of PSS metallic salts in aqueous solution were varied

from 0.05 mol/1 to 0.2 mol/1.

SAXS measurements were performed by using SAXES in

stalled at BL-IOC ofPhoton Factory in National Laboratory

for High Energy Physics, Tsukuba. The observed intensity

from solutions was corrected with respect to the sample ab

sorption, and then the scattering intensity of water was sub

tracted to afford the excess scattering from polyelectrolytes.

Results & Discussion

The observed SAXS profiie has a single broad peak

which is caused by the Coulombic repulsion between

polyions. The peak intensity increaseswith the number of

electrons of the counterion. This result indicates that a con

siderable amount of counterions are condensed on polyion.

Here the bigger electron density fluctuation is caused by the

localization of counterions on polyion and results in a higher

excess scattering intensity.

The Guinier plot for cross-section (/«(l(q)/Cp*q) vs. q^)

yields the cross-sectional radii {Rgc) and the value {RUM)

proportional to the molecularweightper unit lengthfromthe

slope and the extrapolated intensity [I(q)/Cp'q]^^, respec
tively, where l(q) is scattering intensity and q is a magnitude

of the scattering vector. Rgc and RUM were found to in

crease with the size ofcounterion and its number ofelectron.

Figure 1 shows the RUM vs. Dp plot obtained from 0.2 mol/

1 solutions. The dependence of RUM on Dp quahtatively

agrees with the theoretical prediction^in which the degree of

cotmterion condensation decreases rapidly when the length

of polyion is smaller than a certain critical value. However,

the critical value of Dp observed experimentally was much

smaller than a theoretically predicted value.

4000 I 1
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D
0^2500

2000

Figure 1.Dependence of relativeunit mass againstdegreeof

polymerization of poly(styrene sulfonate acid) sodium salt

in solution.
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The surface X-ray diffraction (SXD) method
has proven to be useful for studies of surface
and interface structures because it can locate

adsorbed atoms and reconstructed atoms

precisely with respect to the bulk crystal. In the
present study, we analyze the structure of the
Si(lll) •J' 3x 3-Sb surface without
ambiguities of the adsorption site and the
coverage using absolute reflectivity.^^

Experimental
Our experiment was carried out at beam line

IOC using the ultrahigh vacuum chamber
designed for SXD measurement.

The clean Si(lll) surface, showing the 7x7
LEED pattern, was carefully prepared by
electron beam heating for 30 min at 700" C. Sb
atoms were evaporated to the clean Si surface
kept at 470'C for 1 min in the vapor pressure
of 4 X10"® Torrby a Knudsen cell. Then the
/'3X'/~3 LEED pattern was observed at room
temperature.

Results and Discussion

We measured absolute reflectivities along
00, 1-2 and -12 rods. Absolute reflectivities
measured along the 00 rod are shown in
Fig.lA. The best-fit result is obtained for the
model with the coverage of 1 ML, in which Sb
adatoms are located 2.6Aabove the first Si
layer. The calculated intensities are shown in
a solid line in Fig.lA. The 1/3-MLphase^^ is
not created at least by the manner of our
sample preparation because the theoretical
reflectivity curve of the 1/3-ML phase does not
agree with our measurement.

There are two candidates for the structure of

the 1-ML phase, in which the center of the Sb
trimer is located on the T4 site or the H3 site,
as shown in Fig.2. The verification which
model is preferable can be made by
measurement along 1-2 and -12 rods.
Theoretical reflectivities of the T4-centered

model and the H3-centered model are fitted to

the measured reflectivities as shown in Fig.lB.
The fitting result obviously rules out the H3-
centered model.
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Fig.l. A: X-ray reflectivity along the 00 rod.
B: X-ray reflectivity along the 1-2 rod.

T4 Model

^ Sbatom

• 1St SI atom

H3 Model

^ Sbatom

O 2nd Si atom

Fig.2. Models of the Si(lll),^3X/'3-Sb
Structure.
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Introduction

The a- and (3- subunits of human hemoglobin
consist of the modules Ml, M2 + M3, and M4,
which correspond to the exons 1, 2, and 3, respec
tively. To gain further insight into functional and
structural significance of the modules, two kinds
of chimera hemoglobin subunits (chimera aa(3-
and |3pa-subunits), in which the module M4 was
replaced by the partner subunits, have been de
signed (1). To those chimera subunits, we have
applied small angle X-ray scattering (SAXS),
which would be the best available technique for
elucidating the compactness and the shape of a
protein (2,3).

Results & Discussion

Guimer plots of SAXS data give radius of gyra
tion {Rg), which is information about size or com
pactness. Fig. 1 shows Guinier plots of SAXS
data obtained for native hemoglobin and the chi
mera |3(3a- and aap-subunits. The curves for
hemoglobin A (Hb A) and the chimera |3pa -sub-
unit are well approximated by a straight line in
the small-angle region. Their values were de
duced from the slopes of the regression lines within
the Guinier region, defined as Rg'Q < 1.3 in the
present study. The Rg value 25.9 A for the chi
mera j3j3a-subunit is almost the same as that for
HbA (25.3 A). In addition, by the linear fitting
analysis, the almost identical values of the inten
sity at 0 scattering angle 7(0) was obtained for he
moglobin and the chimera (3|3a-subunit (data not
shown). Assuming the same specific volumes for

Fig. 1

4 - Mb A

0.000

aap

_u

0,005
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0.010

Hb A and the chimera P(3a-subunit, this result on
the 7(0) value is a good indication for the same
molecular mass and thus the same tetrameric com

position of hemoglobin and the chimera (3pa-sub-
unit. On the other hand, significant aggregations
were observed for the chimera aap-subunit solu
tions, which makes it impossible to determine the
Rg and 7(0) value of aab-subunit accurately.
The Kratky plot, I{Q) •Q- versus Q, is useful for

examining globularity or randomness of a chain
molecule and has been widely used to study struc-

Hb A Fig. 2

tures of native and non-native states of proteins.
The Kratky plot of hemoglobin in Fig. 2 is typical
for a rigidly folded globular protein. The plot for
the chimera ppa-subunit is almost identical to that
of hemoglobin, which indicates that the global con
formation of the chimera ppa-subunit is essen
tially the same as that of hemoglobin. On the other
hand, the peak in the Kratky plot for the chimera
aap-subunit is unclear. The chain conformation
for the aap-subunit is at least partly disordered.

Conclusion

In all, the present results of SAXS measurements
indicated that the chimera ppa-subunit forms a
tetrameric structure which is surprisingly similar
to that of Hb A having a scattering pattern typical
to a globular protein. On the other hand, the chi
mera aap-subunit seems to have a more loosely
packed and more or less random structure.
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Introduction

Protein stability is determined by free energy
difference between native structure and

unfolded structure. In conh'ast to native

structure of mutant proteins, unfolded structure
usually seems to be identical as far as studied
with CD or UV spectroscopies. Thus, protein
stability is usually depend on the nature of
native structure. Recently, a circular form of
dihydrofolate reductase (DHFR) has been
created by connecting between N- and C-
termini with a peptide chain which contains
disulfide bond(l). The circular form of DHFR
was 2 Kcal/mol stable more than the linear

form of DHFR, as determined urea-induced

denaturation experiments. Because native
structural characteristics of the two forms are

identical, we assumed that this stabiEzation

would be resulted from a difference in unfolded

structures. Since solution X-ray scattering is a
quite useful method for structurally
characterization of unfolded proteins, urea-
unfolded circular and linear forms of DHFR

were studied by this method.

Results and discussion

X-Ray scattering data were collected at various
protein concentrations of circular and linear
forms of DHFR in the presence (unfolded
structure) and absence (native structure) of 8 M
urea in 10 mM K-phosphate buffer, pH 6.8,
containing 1 mM EDTA. From the Guinier
plots, Rg value was determined, then, the Rg at
zero protein concentration was obtained by
linear extrapolating of the Rg^ value at various
protein concentrations to zero. The Rg value for
the native circular, native linear, unfolded
circular and unfolded linear forms of DHFR

were 17.6±0.3, 17.8+0.3, 32.5+3.0, and

36.8±4.oA, respectively.

Qrailar (naive)

CJrcular

(unfolded) ♦ I* - * *
® ®e« ® * * o ®

Linear (unfolded)

0.08 0.12

Q

Fig. 1 Kratky plots of the circular and linear
forms of DHFR at native and unfolded conditions

Fig.l shows Kratky plot of these scattering
data. The native structures of the circular

and linear forms of DHFR are essentially
identical, while the unfolded structures are

apparently different from each other. The
unfolded linear form shows a I(Q)*Q^ Vs Q
curve of epical random coli, while the
unfolded circular form showed a curve with

maximum at Q=ca. 0.03. The unfolded state
of circular and linear forms of DHFR is

apparently different from each other, and
this can be a major reason for the stability
change of the two forms. In addition, this
provides an interesting model system how an
initial unfolding structure affects on a
folding reaaion and pathway, and such
study is now underway.

1. Iwakura, M. & Honda, S (1996) J.
Biochem. 119,414-420
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Introduction

The structural characterization of the

unfolded polypeptide chain and its folding
intermediates is a fundamental importance in
understanding of the mechanisms of protein
folding and stability. In the present study, we
focus our attention on the conformation of the

heat-denatured state of apomyoglobin (apoMb)
and study its pH dependence with a combined
use of far and near-UV CD, NMR spectroscopy
and small-angle X-ray scattering.

Results and Discussion

In the previous study of differential

scanning calorimetry, it is reported that the
thermal transition of apoMb are completed at 80
°C in any pH region (1). However, we found
that a considerable amount of helicity remained

in the near neutral pH region (pH 5 - 6), as
monitored by the far-UV CD. The ^H-NMR
spectrum of the heat denatured state at this pH
region showed a widespread deviation of
chemical shifts of His e-protons. This deviation
is considered to originate from increased
heterogeneity in electrostatic fields sensed by the
histidines due to the compaction of the
polypeptide chain. By reducing the pH value to
pH 2 or increasing it to pH 10, the helicity was

decreased, and the deviations converge on a
single peak. The radius of gyration of heat-
denatured apoMb, which is obtained from the
Guinier plot of the small-angle X-ray scattering

data (2),was 25.6 ± 2.1 A at pH5.2 and 80 °C .
This value is smaller than that was obtained at

pH2.1,80''C;31.2 ± 2.3 A and pH 10.5, 80 °C;
30.1 ± 2.8 A. Moreover the Kratky plot for the
heat-denatured state at pH 5.2,80 °C exhibited a
bell-shaped profile, indicating a globular

conformation of the polypeptide chain (Fig.l).
All the information combined, we

concluded that in the heat denatured state at 80

®C apoMb assumes a relatively compact and
globular conformation in near neutral pH region
and that, when the polypeptide chain is highly
charged, either positively or negatively, it
assumes an expanded chain-like conformation.

100x10'̂ F ^ 1 ^ \

- 40

0.00 0.05 0.10 0.15 0.20 0.25

Q (A")

Figure 1. pH dependence of Kratky profiles of
apoMb in the D state. The pH values are
follows: pH 5.2 (o), pH 2.3 (•), pH 10.5 (+ ). The
protein concentration were kept at 10 mg/ml for
all the profiles.
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Introduction

Structural information of non-native

conformers such as folding intermediates and
denatured states is essential to solve the protein
folding problem. So far we have investigated
methanol-induced conformational transitions of

cytochrome c (cyt c) with a combined use of the
far-and near-UV CD, fluorescence, NMR

spectroscopy and small-angle X-ray scattering and
found expanded helical denatured state'^
However, the generality of the existence of either
the H states has not been established. In the

present study, we investigated details of
methanol-induced conformational transitions in

several other typical globular proteins.

Results and Discussion

In the case of lysozyme^*, addition of
methanol induced a highly cooperative
transition from the native state to a denatured

state. The denatured state in high concentration
of methanol (H) had a helical content much
higher than the native state, monitored byfar-
UV CD spectroscopy, and had no specific tertiary
structure, monitored both by near-UV CD and
NMR spectroscopy. The radius of gyration in
the H state, 24.9 A, was significantly larger than
that in the native state (15.7 A), showing that in
the H state the polypeptide chain is expanded.
The Kratky plot for the H state did not show a
clear peak and was quite similar to that for the
urea-denatured state (Figure 1), indicating a
chain-like conformation. Thus we conclude

that the H state has an expanded and chain-like
conformation with a high helical content.
Similar type of the denatured conformation to
the H state of lysozyme was also found in some
other proteins, including apomyoglobin,
ubiquitin, a-lactalbumin, ribonulease A,

Streptomyces subtilisin inhibitor (SSI) and p-
lactoglobulin. These results clearly indicated
that the expanded helical conformation (H) in an
alcohol-rich aqueous environment is a general

phenomenon in globular proteins.

a
*

i ^

+ ++4-

q(A'1

Figure 1. Kratky profiles of lysozyme in the
native (N, ),alcohol-denatured (H, 0 ) and
urea-denatured (U, A ) states at 25°C. The
experimental conditions were as follows: pH 7 in
water for N; pH 2.0 in 60% methanol for the H
state; pH 2.0 in water containing 5 M urea for the
U state. The protein concentration was kept at
10 mg/ml for all the profiles.
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Introduction

Tobacco mosaic virus (TMV) is one of

well-characterized plant viruses, and consists
of a single-stranded RNA of ca.6,400
nucleotides long surrounded by a single type
of coat protein of ca. 2100 subunits. It forms
hollow cylinder of length 300nm, inner
diameter 4nm, and outer diameter ISnm.TIie

TMV particle can be reconstituted in vitro

from its constituents under physiological
conditions in two steps of nucleation and
elongation.

The physical chemical characterization of
TMV-RNA showed that unaggregated RNA
behaves hydrodynamically as homologous,
tightly coiled and single chains. Since the
average degree of coiling was found to exceed
that observed for typical polyelectrolytes,
RNA chain is held together by a substantial
number of intramolecular bonds sufficiently
strong to prevent the expected expansion.
However, the tertiary structure of TMV-RNA
itself in solution such as physiological
conditions is not clear. In order to make clear

the detailed structure of TMV-RNA in

solution, we have done laser light scattering
(LALS) and small angle X-ray scattering
(SAXS) measurements depending on the
temperature.

Experimental
SAXS experiments were performed with the

optics and detector system with temperature-
controlled speciment chamber in Photon
Factory of the National Laboratory for High
Energy Physics, Tsukuba, Japan.(BL-IOC)

The molecular weight of RNA obtained by
Zimm plot took monomeric state after

filtration with 0.45 fi m filter by LALS.

Results and Discussion

The net scattered intensities were calculated

by subtracting the intensities of buffer
solution from those of RNA solution after the

correction of X-ray absorption factor. The
experiments were done by changing the
concentration of RNA, temperature,
ionic-strength of buffer, and denaturation
buffer conditions.

The radius of gyration, Rg was obtained
with the Guinier plot. Concentration
dependence of Rg of RNA was no appreciable.
A cross section of RNA chain showed no

concentration dependence of RNA, but
decreased with increasing the temperature
which suggested that intramolecular
hydrogen-bonded base pairs were gradually
splitted with high temperature.

The Kratky plot is employed to evaluate the
shape and the order of extension of a linear or
branched-chain polymer. Even if polymers
have the same Rg value in solution,
Kratky plots reveal the difference according
to their shape and chain extension. The
Kratky plot obtained was monotonously
increase with the increase of scattering
vector,

For 5S RNA from E.Coli the scattering
curves could be explained with the model
consisting of one large and two small prolate
ellipsoids arranged in the form of the letter, Y.
Our experimental data were also analyzed
theoretically by comparing with calculated
model curves such as Y-shape like 5S RNA,
X-shape composed from four arms whose
joint region is freely rotational, and the
combination of these units. Details TMV-

RNA structure and the biological function
based on SAXS data is now analyzing,
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Introduction

Calmoduliin (CaM) activates many target enzymes
which are stimulated by the increase intracellular Ca^"^
concentration. Some 30 kinds of enzymes were proposed
as targets of CaM. Much effort has so far been devoted
to extract a common factor in the CaM binding sites of
the target enzymes and found that many CaM binding
sites are characterized by a basic, amphiphilic a (BAA)
helix, However, all CaM binding sites are not
characterized by the BAA helix. Recently, Ikura et al
proposed "anchor model" as the common factor [1]

In this work, we attempted to extract the common
factor in the CaM binding sites by using model peptides
with systematically substituted sites and test the anchor
model.

Experimental
Bovine brain CaM was described elsewhere [2]. The

model peptides were synthesized on an 9050 Plus Peb
Synthsizer (Millipore Co. ltd.) and purified.

MLCK (myosin light chain kinase) series;

ofgyration (Rq) and themaximum molecular length (d^).

Results and Discussion

The structural parameters of CaM and MLCK series
obtained by SOXS are compiled in table I. MLCKA,
MLCKC, MLCKD and MLCKE form a compact globule
by binding to CaM. In particular, it is noted that
MLCKD is the smallest peptide among them. The
minimum length forming a compact globule with CaM
is fourteen. MLCKC, MLCKD and MLCKE contain
four anchor residues, while MLCKA only three anchor
residues but forms a compact globule. Thus, the complex
of CaM and MLCKA is not accordance with the prediction
of the anchor model proposed by Ikura et al. The reason
is not clear. The detailed analysis for CLCN and KIN
series is in progress.
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Table 1

Structural parameters of CaM and MLCK series

MLCKA HAVSAANRFKKISS

MLCKB KKNHAVSAANRFKKISS

MLCKC WKKNHAVSAANRFKKISS

MLCKD WKKNHAVSAANRF

MLCKE KRRWKKNRAVSAANRF

MLCKF KRRWKKNHAVSAA

MLCKG KKNRAVSAANRFK

CLCN (calcineurin) series:
CLCNA RNKIRAIGKMARVFS [CaM]/mM R^/A

znu

CLCNB IRNKIRAIGKMARVFS

CLCNC EVIRNKIRAIGKMARVFS MLCKA 0.618 19.1 67

CLCND KEVIRNKIRAIGKMARVFS MLCKB 0.618 20.6 67

CLCNE IRNKIRAIGKMARV MLCKC 1.23 18.6 65

CLCNF ARKEVIRNKIRAIGKMARV 0.924 18.8 67

CLCNG VIRNKIRAIGKMA 0.352 19.0 68

CLCNH EVIRNKIRAIGKMA MLCKD 1.23 18.2 66

CLCNI KEVIRNKIRAIGKM 0.618 18.4 65

KIN (protein kinase II] series 0.352 (19.4 84)

KINA MHRQETVDCLKKFNA MLCKE 1.23 19.3 68

KINB LKKFNARRKLKGAI 0.924 19.1 79

KINC LKGAILTTMLATRNF 0.618 19.3 79

KIND VDCLKKFNARRKLKG 0.352 19.2 84

MLCKF 0.618 21.2 80

The solution X-ray scattering (SOXS) data were obtained MLCKG 0.618 20.8 70

using the SOXS optics [3,4]. We evaluated the radius
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Introduction

The primary structure of calmodullins (CaM) is
extremely conservative, and homology of the sequence
is greater than 90% among vertebrates and invertebrates.
The primary structure of CaM from baker's yeast,
however, shares only 60% identify with vertebrate CaM,
and functionally, yeast CaM does not bind Ca^^ at site
IV and is a poor activator of vertebrate enzymes.

In this work, we attempted to elucidate additional
aspects of the interaction of the C-domain and the Central
helix in CaM with a small peptide (MLCK-22)
corresponding to residues 577-598 of skeletal myosin
light chain kinase by using four kinds of chimeric proteins
from yeasr and chicken CaM in which the C-terminal
sequences of chicken CaM were substituted for the
corresponding regions of yeast CaM.

Experimental
The MLCK-22 peptide was synthesized on an Applied

Biosystem Model 43 lA Peptide synthesizer. Bovine
brain, recombinant yeast CaM (YCMO) and chimeric
proteins were described elsewhere.

The solution X-ray scattering (SOXS) data were obtained
using the SOXS optics. The details of the optics and
instruments are given elsewhere. We evaluated the radius
of gyration (Rg) and the distribution function (P(r)).

Results and Discussion

Fig. 1 shows the comparison of amino acid sequences
of wild-type and chimera CaMs: Schematic representation
of sequences of chicken (open box), yeast (solid box),
and chimera CaMs. Chimeric proteins were named
YCx. In these, the N-terminal sequence of yeast CaM
was ligated at position x (indicated un the figure) to the
C-terminal sequence of chicken CaM so that the chimeric
protein had a sequence of chicken CaM after position x.
Positions of the optional sites for restriction enzymes
used for recombination are shown by arrows.

The structural parameters of CaMs obtained by
SOXS are compiled in table 1. The radius of gyration
of YC130 decreased from 22.0 to 21.5A, while that of
YC129 does not change, when excess Ca^"*" ions were
added. The P(r) of YC130 under the Ca '̂*'-saturated
condition shows a small hump at around 45A, while that
of YC129 shows a hump characteristic for the dumbbell
shape observed in bovine CaM. The result is closely
related with the fact that the fourth Ca^"^ binding site is
formed or not. The detailed analysis is in progress.

ill i
130 148

I29I 146 I

N-domaIn Central helix C-domaln

Fig. 1 Comparison of amino acid sequences of wild-type
and chimera CaMs.

Fig. 2 P(r) of YC130 (top) and YC129 (bottom) in the
excess Ca^^ condition,

Table I R^ (A) at three different conditions .

OCa'"" Ca'̂ Ca^+MLCK-22
YCMO 21.1 19.9 18.3

YC130 22.0 21.5 18.6

YC129 22.0 21.9 18.6

BCaM 20.9 21.5 17.9
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The microscopically-viewed structural
change of polyethylene (PE) occurring in the
isothermal crystallization process from the
melt has been investigated by coupling the
data of the time-resolved measurements of
high-resolution FTIR spectra and small angle
X-ray scattering (SAXS). The used sample
was a linear low-density PE with ca. 17 ethyl
branches / 1000 carbons so as to reduce the
crystallization rate and to make the
measurement easier. The SAXS measure
ment was performed by using an "enzyme
diffractometer" installed on the beam line

BLIOC. The temperature-jump measurement
of the FTIR spectra was performed by using a
Bio-Rad FTS-60A/896 Fourier-Transform
infrared spectrometer.

FTIR

As shown in Figure 1, at the early stage of
the isothermal crystallization, the IR bands
characteristic of the conformationally-
disordered trans sequences were found to
increase in intensity. After keeping the
maximum for a while, the intensity of these
disordered trans bands began to decrease and
that of the regular trans bands characteristic of
the orthorhombic crystal gradually increased
instead.

SAXS

The quantitative analysis of the SAXS data
gave the time dependence of the structural
parameters of the crystalline lamellae, as
reproduced in Figure 1. During the disorder-
to-order transition obtained in the FTIR
measurements, the lamellae began to appear
^d increase their mean thickness up to ca. 60
A. The degree of crystallinity increased in
parallel. In the time region when the
disorder-to-order transition almost ceased, the
peak of the long period began to be observed
and decreased gradually with time.

Crystallization Mechanism of PE

Based on all these experimental data, the
following molecular mechanism of the
crystallization can be imagined. The
conformationally-disordered short trans
sequences appear at first in the random coils
of the melt. These disordered trans
sequences grow to the longer and regular
trans sequences of the orthorhombic-type
crystal and the isolated lamellae are formed.
Afterwards, the stacked lamellar structure is
developed without change of the lamellar
thickness but with small decrement of the
long period, indicating an insertion of new
lamellae between the already produced
lamellae layers.

11.4
AT=4°C

disordered trans

(1368onT^)

orthorhombic

(728cm'b

0 I 3-
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Lp : 'I
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Figure 1. Comparison between the time dependencies of
FTIR data (irregular trans and regular trans segments)
and of the lamellar structural parameters evaluated during
isothermal crystallization process.
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Introduction

Phase transition in binary liquid systems can
be influenced by external fields. For example,
flow-induced phase transitions in polymeric
systems havebeen studied extensively. ^ Very
recently, Wirtz and Fuller investigated the effect
of the electric-field on the phase separation in
polymer solution systems. They found that the
electric-field can induce the deformation of the
concentration fluctuations due to an interfacial
dipolar coupling with the field and a small shift of
the critical solution temperature T^ by the
application of the field.

We have been attempting the anisotropic
modulation of phase separated structure in
polymer blends by using an electric-field to yield
the mechanical, optical and electrical properties
with anisotropy. The purpose of this research
is, therefore, to investigate the extent to which the
deformation of the concentration fluctuations
occur in the miscible region and how such
deformed fluctuations grow into anisotropically
modulated structures through the small angle X-
ray scattering measurement.

Experimental
Poly(2-chlorostyrene)/Poly(vinyl methyl

ether) (P2CS/PVME) with a lower critical
solution temperature was used as a model system
to investigate the concentration fluctuation under
an AC electricYield. Addition of metal salt (e.g.
LiClO^) can improve the response to the electric
field. In this study, first, we have started to
investigate the blend without ions as a model
system. The molecular weights of P2CS and
PVME were 4.42x10^ and 1.04x10^,
respectively. The SAXS measurements were
made through the aluminum foil electrodes as
depicted in figure 1. The AC field direction is
parallel to the incident beam.

^^**\ACvoltage

I — aluminum foil—•
I ^ i^msulatQr V

incident beamI

Fig.l. Sample cell used for fpplication of an dectiic field

Results
The scattering intensities I(q) observed with

and without an AC field as a function of

scattering wave vector q are illustrated in figure 2
for the P2CS/PVME (=30/70) sample in a
miscible region. As shown in the figure, the
I(q) obey the Ornstein-Zernike form, i.e. I(q)'̂ cc
(1+l^q^), where%is thecorrelation length of the
concentration fluctuations. The effect of

electric-field are not clearly seen here with the
field strength of 23kV/cm and the frequency of
lOHz. On the other hand, the phase separated
structures shown in figure 3 are apparently
influenced by the applied field. This is possibly
due to the stronger electrostatic force exerted at
the well-developed interfaces in the later stage of
phase separation. In order to enhance the
effects of these electrostatic forces, experiments
using polymer blends containing metal-salts are
currently in progress.

3 0.10
cd

O 50°C. OkV/cm
X S0''C,23kV/cm,I0Hz
O lOO'C. OkV/cm
+ l(XI'C.23kV/cm,10Hz
A I2rC, OkV/cm
* 127''C,23kV/cm,iOHz

0.05 0.10 0.15

q(A"')
Fig.2. Scattaing intensity profiles as a function of qfor
P2CS/PVME blends with and without an electric-field

Fig.3. Phase separated stmcture observed under an electric
field by using phase contrast optical microscopy.
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Introduction

The coil-globule transition of the polyo:?tyethylene

chain in tiiaconta- and tetracontaoxyethylene

dodecyle ethers C,2H250(CH2CH20)„H (n=30 and 40).

abbreviated as CuEjo and CijE^o, has been found in

aqueous solution in our pervious work." In this

study, we extend such a study to deca-. eicosa-.

triaconta-. and tetracontaoxyethylene hexadecyle

ethers CigHggOlCHzCHjOnH, abbreviated as C,gE„

(n=10. 20. 30. and 40). The effects of surfactant

concentration and temperature on the micelle size

are investigated.

Experiment

CjgE^ (n=10, 20, 30, and 40) were supplied by

Nikko Chemicals CO., LTD. Their purities were

checked by surface tension, high performance

liquid chromatography; it has been found that

these samples have a narrow distribution of

poly(o?Q^ethylene) chain lengths. SAXS

measurements were performed at 25. 35, 45, and

50'^ C at BL-IOC of KEK-PF. The concentrations of

the surfactants prepared were 0.5-3.0 mM in third

distilled water.

Results and Discussion

I(s) vs. s plots showed a strong peak due

probably to correlation between the micelles even

in dilute solutions (C<I.OmM) of C,eE„ (nnlO and

20). This correlation peak appeared at much lower

concentrations for C,gE„ than for CijE^ (n=10. 20,

30, and 40). The radius of gyration Rg and the

radius of gyration for the cross section Rc could be

determined from the Guinier plot only for dilute

solutions (C<3.0mM) of CigEg^ and CjgE^g and are

plotted against concentration in Fig. 1. As seen in

Fig. 1, the Rg values for the CigE^g micelle

significantly increase with an increase in

concentration, but the Rc values for the CigE^g

micelle are independent of concentration. It should

be noted that the Rg values for the CjgE^g micelle

are about 50A. larger by lOA than that for the CjaE^g

micelle. These results Indicate that the CigEjo

micelles have asymmetrical shape. The Rg vs.

temperature plots are shown for the CigE4g and

C12E40 micelles in Fig. 2. The Rg values of the

CigE^o and CijE^g micelles gradually increase with

increasing temperature. The coil-grobule

transition at the micellar surface of C,gE4g was not

observed in this temperature range as for C,2E4g, as

seen in Fig. 2.

C E Rg
16 40 ^

C E Rg
13 40

Fig. 1. The concentration dependence of the radius

of gyrations Rg and Rc of the CigE4o and C,2E4o

micelles in aqueous solution at 25°C.

c E C = 0.6 mid
IB 40

20 26 30 36 40 46 60 65

T / "C

Fig. 2. The radius of gyration Rg of the CjgE4o and

C,2E4q micelles in 0.6 and 7mM aqueous solutions,

respectively, at various temperatures.
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Introduction

Pyruvate dehydrogenase complex
(PDC) is one of the biggest protein assemblies
so far purified; the sedimentation coefficient of
PDC from Bacillus stearothermophilus is 74S
[1], PDC catalyzes the following reaction:
CHbCO-COOH+CoASH+NAD^^

CH3CO-SCoA+NADH+H^+C02,
PDC comprises three enzymes; pyruvate
decarboxylase (El), lipoate acetyltransferase
(E2), and lipoamide dehydrogenase (E3). El
and E3 are non-covalently bound to an E2 core
composed of several tens of E2 polypeptides.
The core has two major domains; one forms an
E2 inner core in icosahedral symmetry, and the
other appears fluctuating around the inner core.
We examined the structures of E2 core and its

inner core measuring X-ray solution scattering.

Experimental

PDC was purified from B.
stearothermophilus [1]. E2 core was isolated
from the PDC by gel filtration chromatography
in the presence of 1.2 M KI[2]. E2 inner core
was obtained from proteolytic digestion of PDC
with V8 protease followed by gel filtration
chromatography. The buffer used were 20mM
Na-phosphate (pH7.0) containing 2mM EDTA.
The four samples containing 0.6-2.5 mg/ml of
E2 core and the six samples containing 0.6-10
mg/ml of E2 inner core were used for the
measurements. These conditions were required
for the eliminate of particle interface effects.

Results and Discussion

Radii of gyrations for E2 core and E2
inner core were 140 A and 114 A, respectively.
Figure 1 shows the distance distribution
function obtained by indirect methods. The
ripples observed in E2 inner core comes from
interference between subunits originating from
icosahedral symmetry. E2 core, wherease,
ripples are smeared, indicating that E2 core as a
whole body does not have an icosahedral
symmetry. According to the first zero cross of
P(r) function, the maximum dimensions of E2
core and inner core were evaluated to be 400 A

and 240 A, respectively. This clearly indicates
that the E2 core extends 80 A from inner core.

X —'—^E2 core
-E2 inner core

J 37 A

X/ I 160
^ 105 A

400 A"

50 100 150 200 25() 300 350 400

Figure 1. Distance distribution function P(r) of
E2 core and E2 inner complex
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Resolution of Gabor holography is determined by
spatial coherence (source size), temporal coherence
(monochromaticity), and resolution of a detector. If source
size is small enough and a diffraction pattern is enlarged
by shadow projection, it is not essential to use a detector
with extremely high resolution and a moderate resolution
detector with high quantum efficiency, such as a CCD
camera can be used.

We had been developing a soft x-ray Gabor
holographic microscope using a CCD camera at BLl 1A.'̂
A hologram image was enlarged by projection, recorded a
cooled CCD camera directly, and reconstructed
numerically. A phase-retrieval algorithm was tried to
eliminate the twin image of the reconstructed one. Several
biological specimens, such as diatoms, crab myofibrils,
red blood cells, and pollens of dandehon, could be
observed.

The monochromatic radiation of 2.34 nm from the

Grasshopper monochromator was focused by a zone plate
(diameter: 1.0 mm, outermost zone width: 0.25 pm) on a
pinhole (diameter: 1.0 pm) to make a secondary point
source. A specimen was placed 27 mm downstream the
pinhole. A shadowgraph of the specimen was enlarged by
projection with a ma^iification ratio of 33, and recorded
by a cooled backside illuminated CCD camera (Astromed
Ltd. , CCD: EEV 02-06, 22 \xmx22 pm/pixel, 578x385
pixels). The exposure time was about 15 min under the
ring current of about 300 mA.

Results and Discussion

Fig. 1 shows a hologram of tungsten wires (diameter:
5 pm). The error reduction algorithm of Fienup was used
for twin image ehmination.^^ It was assumed that a
specimen was a real object, and the phase of incident x-
rays was not changed. Fig.2 shows the reconstructed
image with 10 iterations of the algorithm. The graph of
Fig.2 shows intensity profiles of the reconstructed images
with 10 iterations (thick line) and no iteration (thin line).
The intensity level of the twin image (the plateau of the
edge profile in Fig.2) was reduced in the image with 10
iterations. Theresolution wasestimated to be 1.5pm from
the edge profile in Fig,2, which was in good agreement
with the theoretical value.

The resolution was limited by the secondary source
size of 1.0 pm (the pinhole size). The current resolution
limit seems to be easily overcome by using a soft x-ray
undulator and a high resolution zone plate.

1) N. Watanabe, K. Sakurai, K. lida, and S. Aoki, Photon
Factory Activity Report 12 (1994), 241

2) J. R. Fienup, Appl. Opt. 21 (1982) 2758
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Fig. 1. Hologram of tungsten wires of 10 pm in
diameter, and the intensity profile at the white bar in
the hologram.
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Distance (pm)

Fig. 2. Reconstructed image of tungsten wires of 10
pm in diameter with 10 iterations. The graph shows
intensity profiles of the reconstructed images with 10
iterations (thick line)andnoiteration (thin line).
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Introduction

It has been shown that primary multielectron
excitation (shake-up and/or snake-off) with
energies much above the pure core level binding
energy plays an important role for fragment ion
desorption.^^ Such phenomenon has been
understood by a mechanism resembling a
Coulomb Explosion process that is common in
gas phase molecular dissociation. It was implicitly
assumed that the multiply charged intermediates
are formed on surface after Auger process and
decomposed to Iragment desorbates. In the
present study such violent fragmentation of
adsorbed formic acid on Si(lOO) has been
investigated in carbon and oxygen A^-edge regions
using an ion-ion-coincidence (PIPICO) method.

Experimental
The experiments were performed using the

grasshopper monochrometer at BLllA. The
energy resolution was ~2 eV at 300 eV.
Experimental set-up has been described in
considerable detail.^^ Briefly, PIPICO
measurement system includes a time-of-flight
(TOP) mass spectrometer with MCP detector, and
TAC and PHA devices. Si(lOO) wafer was cleaned
with the established procedures and exposed to
lOL deuterated formic acid (DCOOD) vapor, in
which the gas was degassed by pump-freeze-thaw
cycles.

Results and discussion

H''", D""", C"*", CD+, 0+, CO+ and 0D0+ species
were efficiently detected and identified 1^ the
TOP technique in CI5 excitation regions.^) figure
1 shows that true-coincidence peaks were observed
at the TOP differences of ~574 and ~724 ns that
were assigned to C+-D+ and ion-pairs,
respectively.

Figure 2 shows that CC-D"'' yields increase
steeply at the C K-edge threshold and show
gradual increase in ca. 310-400 eV range. The
rise at the threshold indicates that the ion-pair
formation is caused by 2-hole states generated
through Auger processes. The delayed onset at ca.
310 eV corresponds to shake-off excitation,
following which 3-hole states were normally
generated. Considering that the shake-off
transition has small probability (roughly <10%)
than normal core-ionization does, we concluded
that the effectiveness of 3-hole states is much
greater than 2-hole states.

In addition, significant increase in the C+-D''"
yields was not observed in the O K-edge region,
while the 0+-D^ pair starts to appear at shake-off
region above this edge. This observation suggests
that final desorption process depends well on
core-hole sites initially created. It is assumed that

the holes are considerably localized on the excited
atoms in the desorption time scale."^)

DCOOD-Si(IOO)
hv = 700 eV

500 600 700 800

TOF difference (nsec)

Fig. 1 A typical PIPICO spectrum obtained with photon
energy of 700 eV in DCOOD-Si(lOO) adsorbate.

C K-edge O K-edge

300 400 500 600 700

Photon Energy (eV)

Fig. 2 True-coincidence yield of ion-pair and
0+-D"^ as a function of photon energy at the C
and O K edge in DCOOD-Si(lOO) adsorbate.
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Introduction i—'—i—• i a i—'—^—'—

Fluorinated fullerenes are attractive compounds formed \
by the combination of fullerene with a spherical 7t conju- ' \
gated system and highly electronegative fluorine atoms. j

We have investigated the chemical bonding and the elec- ' / , ^ '
tronic structures of fluorinated fullerenes C60Fx and C70Fx | lyj AyK*\
by near edge X-ray absorption fine structure (NEXAFS) "^ / \ '
spectroscopy and UV photoemission spectroscopy (UPS), I y
With these results and XPS measurements, we could derive ~ "A /
an energy diagram ofCeoFx covering core tovalence levels. \\y

a*
^

Experimental j n-
All samples were prepared as thin films by vacuum evap- ' U (a)C60

oration on Ni substrates. Fluorinated fullerene films were

obtained by the reaction with F2 gas in two ways, (1) evap- cE—^^—|—•—i—^^
•' ° \ f 282 288 294 300 306 312

oration of fluonnated fullerene powders and (2) fluorination Photon Energy/ev
of evaporated fullerene films, and they gave similar results. t- i rr j xTr-t^Ar-c ^ r,-.. j/-. r-

, J. ,, Fig. IC K-edge NEXAFS spectra of C60 and CeoFxFluorine contents of the samples could be adjusted by
changing reaction time and temperature up to x=48, and and obtained similar results to those of C60Fx at both C
wereestimated by XPS measurements. NEXAFS measure- andF K-edges.
ments were performed at the BL-llA of KHK-PF. The From the observed UPS spectra of C60Fx andCtoFx, we
spectra were obtained in total electron yield mode. The res- found that the electronic structures of fluorinated fullerenes
olution was estimated to be 0.3 eV and 0.7 eV at the C and are significantly changed from those of fullerenes. Com-
F K-edges, respectively. UPS measurements were taken in parison with the spectra of fullerenes andTeflon C(CF2)n)
two ways, (1) using synchrotron radiation monochroma- revealed that fluorination brings about intensity decrease
tized by a plane grating monochromator and an electrostatic and a shift to the higher binding energy in the rt-derived re-
deflector-type analyzer at the BL-8B2 ofthe UVSOR facili- gion atlow binding energy, and a typical Fzp derived-peak
ty of Institute for Molecular Science, and(2) with He I and appears. That indicates fluorination changed double bond
Ar I resonance lines and a retarding field-type analyzer at carbons to sp3 carbons with C-F bonds. This result is con-
Nagoya University. The resolution was estimated to be 0.2 sistent with those of NEXAFS measurements.
eVfor the both cases. We integrated the results of NEXAFS, UPS and XPS

measurements and reported values^^ to compose an energy
Results and Discussion diagram of Ceo and CeoFx with x~48 which has adequate

In Fig. 1, we show the C K-edge spectra of Ceo and information. We obtained the energies of LUMOs, HO-
CeoFx. Fluorination causes (1) intensity decrease of the mOs, work functions and Clscore levels referred to the va-
sharp peaks in the low energy region assigned to transitions ^uum level before and after fluorination which deepens all
to 7t* states and (2) intensity increase of the broad struc- The difference ofthe degree ofdeepening
tures m the higherenergy region assigned to transitions to between 1.4eV of LUMO and2.2eV of HOMO can be ex-
a* states. These changes suggest that fluorine atoms are pi^ined as the results of different working ways of the in-
attached to the double bonds and form C-F covalent bonds, ductive effect of the electronegative fluorine atoms and re-
The degree ofintensity change is correlated with the fluo- duction of the n conjugated system,
rine content. Even at the heaviest fluorination, the lowest-

energy peak due to the transition to the LUMO clearly References
manifests that the double bonds still exist. The F K-edge i) c.Jin, R.L.Hettich, R.N.Compton, A.Tuinman, A.
spectra of C60Fx show similar structures to that of per- Derecskei-Kovacs, D.S.Marynics and B.I.Dunlap,
fluorotetracosane (n-C24F50). This similarity indicates the Phys. Rev. Lett. 73(1994)2821
formation of C-F bonds. We also studied Cto and C70Fx
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INTRODUCnON

Poly(buthylene terephthalate) (PBT) has been
used for wide field of electronic parts. For many
applications, however, it is necessary to modify the
surface properties, because PBT has low adhesion
strength. Ultraviolet (UV) irradiation is a popular
technique for overcoming the low adhesion strength. In
this study, we applied NEXAFS spectroscopy to the
study of the change of PBT surface by UV irradiation.

EXPERIMENTAL

The thin film of PBT was prepared by spin-
coating onto Si(lOO) wafer with 1% hexafluoro-
isopropanol solution. UV irradiation was carried out
with a low pressure mercury lamp by SEN
ENGINEERING CO. LTD. for 2 minutes in air. C K-

edge and O K-edge NEXAFS spectra were measured at
the beamline BL-llA. The NEXAFS spectra were
obtained in the total electron yield mode.

RESULTS AND DISCUSSION

The C K-edge and O K-edge NEXAFS spectra
of PBT are presented in Fig. 1(a) and (b) (dashed line).
The C K-edge and O K-edge NEXAFS spectra of UV
irradiated PBT are also presented in Fig. l(solid line).
The spectra of PBT were drastically changed by the
irradiation. After the irradiation, very intense peak has

appeared at 288.2eV in the C K-edge spectrum, and the
peak at 533.5eV and shoulder at 536.5eV, which are
attributed to C-O bond in esters[l,2], disappeared in
the 0 K-edge spectruuL The spectrum in the O K-edge
is very similar to that of carbonyl oxygens in
compounds such as acetaldehyde, acetone and
benzaldehyde[2,3]. These results suggest that C-O
bonds in esters were broken by UV irradiation. The
peaks of carbonyl carbons appear at around 287eV for
molecule such as acetaldehyde and acetone[3]. On the
other hand, the molecules including aryl anhydrides
such as pyromellitic dianhydreide (PMDA) shows very
similar spectral features[4]. The NEXAFS spectra
show intense peak around 288eV in C K-edge region
and only single peak corresponding to 01s —* k(C=0)
transition in O K-edge region. From these results, the
molecules including aryl anhydrides were formed on the
PBT surface by the UV irradiation.
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(b) O K-edge untreated

• UV irradiated

Fig.l C K-edge(a) and O K-
edge (b) NEXAFS spectra of
UV irradiated PBT (solid line)
and PBT before irradiation

(dashed line).
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The reactions of methanol with transition

metal surfaces have been well studied because of

their importance in catalytic oxidation and

methanol synthesis. As regards Ni(lll), a methoxy
(CH3O) intermediate was found in the methanol

decomposition process by EELS [1], although its
surface structure has not been known. In this work,
the reaction of methanol on Ni(lll) and the

structure of the methoxy species have been studied
using 0 K-edge SEXAFS and NEXAFS.

Clean and ordered Ni(lll) was dosed with
6 L methanol at below 140 K to obtain multilayer
CH3OH. The sample was then heated at ~200 K

and at -'320 K to produce submonolayer methoxy
and CO adsorbates, respectively. The methoxy
species was also formed directly by dosing with 1 L
methanol at -200 K. 0 K-edge partial electron yield
XAFS spectra were taken with a retarding voltage
of-420 V.

Results and Discussion

Fig. 1 shows a series of NEXAFS spectra
taken after dosing with methanol at below 140 K
and heating the sample at each temperature. While
the Tc* resonance is clearly observed in CH3O
adsorbate, there are no such peaks in multilayer
CH3OH. If the methoxy species were completely
anionic, the tt* resonance should not appear at all.
This suggests that the covalent bonding is formed
between the oxygen atom and the Ni surface as
expected theoretically [2].

Then we determined the structure of the

methoxy species. Fig. 2 shows the EXAFS function
ky^k) for CH30/Ni(lll) taken at X-ray incidence
angle of 55° as an example. From the analysis of
EXAFS spectra, the 0-Ni distance was found to be
2.01±0.02 A and the adsorption site of the oxygen
atom was determined to be a threefold hollow site.

NEXAFS spectra show that the C-0 axis of the
methoxy species is inclined by 0-20° from surface
normal and the C-0 distance is 1.43±0.05 A,
which is comparable with that of the multilayer
methanol. Fig. 3 shows the adsorption model for
CHsO/Niilll) derived from the above results.

CO/Ni(lll)
320 K)

CH.,0/Ni(lll)
200 K)

multilayer CH3OH
<140 K)

520 540 560 580
Photon Energy (eV)

Fig. 1 Temperature dependent NEXAFS spectra.

2 4 6 8

Wavenumber ±(A~0
Fig. 2 EXAFS function kyfji) for CHsO/NiClll)

2. 01 A

1. 43A

Fig. 3 Schematic view of CHsO/NRlll).
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Introduction

Electronic zooming tube is a two dimensional detector
which can be used in a wide range of soft X-rays with high
spatial resolution''. Oneof its applications to X-ray contact
microscopy has been successfully showTi by
microspectroscopy of a mammalian cell^ '̂. On the other
hand, molecular imaging technique has been proposed
using molecular specific absorption peaks observed in
XANES spectra of biomolecules. Such a method has been
appliedto DNA mapping in chromosomes using a scanning
X-ray microscopy'''. Inthe present study, we have improved
an X-ray contact microscopy system with an electronic
zooming tube as a user-friendly system for elemental and
molecular imaging of biological specimens. The system is
applicable to a wide range of wavelength covering
absorption edges of major elements in a cell.

Materials and Methods

The system consists of a chamber for XANES
measurements of biomolecules followed by an imaging
apparatus including a sample holder where sample handling
has been much improvedand the zooming tube, as shown in
Fig. 1. XANES of thin films of biomolecules were
measured using Si photodiode (AXUV-lOO, International
Radiation Detectors, Inc., USA). After determining the
energies of resonance peaks in the biomolecules tested, the
photodiode is removed from the light path, and the
specimens are ready for exposure. BL-llA was used for the
imaging at the wavelengths around the K absorption edges
of C, N, and 0 and the L-absorption edges of Fe and Ca, and
BL-llB for the K absorption edges of P and S. Specific
peaks observed for biomolecules were applied to the
imaging of dried human cells cultured on the SiN
membrane on the backside of which Au was coated for

photocathode of the zooming tube. A test pattern supplied
by NTT Advanced Technology Corp. was also used for
estimating the resolution of the system.

Monochromatic
X-rays

c:)

Specimen for
XANES /

Relay lens CCD

-Aa-
MOPpedmenfor \ ei®«^a0netic

Imaging au coat ' ®
phosphor screen

Fig.l. Layout of X-ray contact microscopy system.

Results and Discussion

The performance of the system was examined for the
following aspects:
Efficiency of the detection ofphotons

The number of photons per unit area was measured in a
operation of a photon counting mode. The efficiency based
on the number of photons detectedby Si photodiode ranged
from 0.003 to 0.01, depending on the photon energy tested.
One of the major cause for the efficiency would be due to
the quantum yield of photoelectron emission from Au '̂.
Spatial resolution of the system

Figure2 showsthe image of the test patternwith varying
spacing. The pattern was covered with mylar film (1.5|j,m
thickness) on which Au was evaporated. The spacing of
0.5|xm was clearly resolved.

Fig. 2. Image of test pattern
at 2472.7 eV. Spacing is 0.6
|xm(upper right) and 0.5 [jin
(lower left). Magnification
of the zooming tube was
150.

Application to molecular imaging in a cell
Trial to image phosphorus molecules in a human HeLa

cell at a mitotic stage was carried out. Based on XANES of
DNA, the photon energies on the resonancepeak and below
the peak were determined. Images at the both energies were
analyzed to show the phosphorus distribution. Preliminary
results showed the preferential structures in a nuclear
region, while the sulfur image processed in the same way at
sulfur K absorption edge exhibited no such structures.
These results demonstrated the usefulness of the system for
chemical imaging of biological specimens. Further analysis
is in progress.
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Introduction

Sulfur element plays important roles in biological systems
particularly through the molecules with the sulfhydryl
groups (-SH) and those with disufide bonding (S-S) which
can be formed from SH groups: Protein structure is well
maintained by the S-S formation from two molecules of
cysteine, a SH containing amino acid. Glutathione in the
reduced form, a tripeptide consisting of glycine, cysteine
and glutamine, is one of the key molecules in the protection
against oxidative stresses. Oxidized glutathione with S-S
bond is known to be formed from reduced glutathiones
when cells are exposed to such stresses. Although XANES
gives information about the electronic states of chemical
bonds, there have been few measurements of organic sulfur
compounds'-^^ particularly in a solid state. In the present
study, we measured XANES profiles of sulfur containing
amino acids, tripeptides, and proteins to compare the effects
of sulfur bonding. The preliminary aspects of the data will
be published elsewhere^\

Materials and Methods

Sulfur XANES at the K absorption edge were measured at
BL-llB with a double crystal monochromator with an
energy resolution of AE=l-2eV. Incident X-rays
transmitted through samples in dry thin films formed on a
collodion film supported by an EM-grid, and then were
detected by a silicon photodiode (AXUV-lOO, International
Radiation Detectors, Inc., USA). Spectral measurements
were carried out by a computer program equipped at the
beam line using output from V/F converter connected to
picoammeter.

Results and Discussion

XANES of sulfur containing amino acids at the sulfur K
absorption edge were presented in Fig. 1. Cysteine
(C3H7O2NS) has a S-H and a S-C bond, while methionine
(C5H11O2NS) has two S-C bonds. Cystine, which has a S-S
bridge and two S-C bonds, is formed from two cysteine
residues. Each spectrum was dominated by the peak #1,
which is probably assigned to the transition of Sls-^a* (S-
C)from thegasphase data^\ However inthecaseofcystine
the broad and red-shifted peak is probably composed of not
only o' (S-C) but also o* (S-S) which was suggested to
situate at the lower energy than o' (S-C)^\ The slight blue
shift (about 0.25eV) of peak #1 in cysteine from that in
methionine may be attributable to the interaction of S-H
bond. The second peak #2 was observed for both cysteine
and cystine, although the peak of cystine shifts to higher

photon energy. In contrast the peak in methionine was
relatively suppressed.

The same observation could be applied to the case of
glutathiones. Figure 2 showed the red shift of S-C (and S-
S) peak and the blue shift of #2 peak in the oxidized
gultathione. The peak positions were the same as those in
the case of cysteine and cystine. These spectral profiles
were also conserved even in the case of proteins (see ref. 3):
A S-S rich protein, bovine serum albumin (BSA) has a
red-shifted first peak, while the spectrum of histone, a
typical nuclear protein, was very similar to cysteine or
reduced glutathione. These results indicated that (1) sulfur
containing biomolecules have unique XANES profiles
depending on sulfur bondings, and (2) observed peaks in
the spectra seems to reflect the immediate neighbor
environment of sulfur atoms.

'—b"i 1
I ' ' H,S -1 - COOH

MethiontneJ=^.'V - c^irie" 5I,

H^H-C-CCOH L ^ !I

Cystine1; ( oysiine 1 1 1j-f '-|-- H,H-t-COmH,H-t-CIX«

2460 2490

Photon energy (eV)

XANES of sulfur containing amino acids.

2460 2470 2480 2490 2500 2510
Photon energy (eV)

Fig.2. XANES of glutathiones.
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Introduction

ZnSe^Te,, mixed crystal has received much attention
for ccmtact I^er material of ZnSe based laser diode. Local

structure around CI dopant in ZnSe^Te,^ were investigated by
Extended X-ray Absorption Fine Stiucture (EXAFS)
measurements.

Experimental

The Cl doped ZnSeogsTeoij was grown on
GaAs(lOO) substrate by molecular beam epitaxy. The
EXAFS measurements were carried out at Cl K-edge
(2750-3200 eV) using the synchrotron radiation at soft
X-ray double crystal monochromator station beamline at

(BL)-11B with a gas-flow proportional counter. The
sample temperature was kept at about lOOK with liquid-
Nj cooling. The EXAFS data are analyzed according to a
standard procedure by adoptingthe parameters calculated
with the FEFF 6 program for the backscattering
amplitude |f(k)| and the phase shift functions 6.

Results and Discussion

Figure 1 shows Cl K edge EXAFS spectra and
its EXAFS function presented in Fig.2. Its Fourier
transform is shown in Fig. 3. Peak a and its shoulder
peak b corresponds to a contribution fi-om the first
nearest neighbor atoms. By the Fourier filtering
technique, two kinds of bond length (R,=025 nm,
R2=027 nm) were found. These values are very close to
those in Cl doped ZnSe.'' So, it is considered the
distances of Ri=025 nm and R2=027 nm corre^ond to
the four-coordinated Cl with the nearest Zn and Clse-V^^
complex, respective^. Though the carrier concentration
of Cl doped ZnSe can be controlled from the order of
10'̂ to 10'® cm'̂ , the ZnSep gjTeo 15 shows high resistivity.
Therefore, the cause of the carrier compensation in
ZnSeo gjTeo ,5 is not a Cl-related defect, but other defects
in alloy itself, such as Te precipitation.
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Introduction

Recently, we have examined coverage dependence
of the surfece structures and vibrational properties of
Cl/Ni(100)[l] and found that the Q-Ni vibratfon is
softer and more anharmonic in the 0.50 ML case

than in the 0.25 ML one, associated with the
elongation of the Q-Ni bond distance at higher
coverage. In order to get a deeper insight into
adsorbate-metal substrate bonding, we have
measured temperature-dependent Q K-edge
SEIXAFS spectra of Q/Cu(100) with 0.12 and 0.50
ML Q coverages[2].

A dean Qi(100) crystal was dosed with Q
produced by electrolysis ofAgQ One corresponds to a
saturation covers (0.50 ML), which shows dear
c(2x2) LEED pattern. The other gives difhse (1x1)
TiEED pattern with a lower coverage (0.12 ML).
SEXAFS spectra were taken at normal and grazing
X-ray inddent angles. The measurements were done
at 100 and 300 K

Results and Discussion

In the 0.50 ML coverage the c(2x2) overlayer is
completed, while in the 0.12 ML one, no noticeable
formation of c(2x2) islands occurs. The first-nearest
neighbor Q-Qi distance was found to be 2.42i£).02 A
for 0.12 ML and 2.39+0.02 A for 0.50 ML The

present findings are completely opposite to the
previous results on Q/Ni(100). And the Q-Or
chemical bond was revealed to be softer and more

anharmonic in the 0.12 ML case than in the 0.50 ML

one. Fig.1 shows AQ and AGs variations as a fimction
of Q-metal(Cu and Ni) distance. It is apparently
found that with Q-metal distance, AC2 and AC3

increase monotonically, this implying that the longer
bond is the softer and more anharmonic.

Density fimctional calculations have been carried
out using finite duster models of QxNLd and QxCu25

(x=l, 5). The tendency of the coverage dependence
was reproduced well fiom the view point of the Q-
metal equilibrium distance.

The drastic difference between Ni and Cu was also

explained by the dififerent nature of the chemical
interactions between Q-Ni and Q-Qi pairs; upon the
formation of the Q-metal bonds, the Q3p-Ni3d
interaction plays a dominant role for the Q-Ni bond
while forthe Q-Qi one the Q3p-Qi4s is important.

h.12 ML

0.50 ML. 0.50 ML

0.25 ML
Cl/Ni

Cl/Cu

0.50 ML
0.12 ML

0.50 ML

^ 4
0.25 ML

Cl/Ni

2.30 2.35 2.40 2.45
Cl-M Distance (A)

Fig. 1. ACstTi, T2) and AC3 (Ti, T2) (r=100 and 300IQ
of Q/M(100) (M=Ni, Cu) as a function of the Q-M
distance.
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It is important to know the chemical state
of sulfur in aerosol from the view point of
environmental science, in order to reduce the
acid rain. We have developed a chemical state
analysis method of sulfur in fly ash using the X-
ray absorption spectrometry with measuring
both the total electron yield and the X-ray
fluorescence yield simultaneously [1], We have
compared, in the present report, the XPS method
with the XAFS method for the analysis of sulfur
chemical state of an aerosol sample.
Atmospheric aerosols were collected in Uji by a
12 stage Andersen air sampler during 3 days.
Collected particles at the 7th-stage were
extracted in pure water by ultrasonication.
Water soluble fractions of the particles were
obtained by filtration of the extracted solution.
Specimen for the measurement was obtained by
dropping 200 of the filtrate on an aluminum
foil (indicated by B in Figs. 1 and 2 below). The
S042-concentration was analyzed by an ICP-AES
to be 30 ppm in the solution.

Figures 1 and 2 are measured XPS and
XAFS spectra, respectively, of blank aluminum
foil (A) and the aerosol sample (B). The spectra
were the sum of 40 times iteration (8 hours) for A
and 9 times (2 hours) for B in Fig. 1. One
channel was 2 seconds and 1 eV step. Incident
X-ray energy was 2700 eV. The ring current
was about 300 mA. The pass energy was 50 eV.
XAFS measurements finished within 20 minutes
for both the aerosol sample and the blank using
the X-ray fluorescence yield.

The signal to the background ratio of the
XPS spectra is not good but the spectra show
both S^- and S®"^ peaks. The high binding energy
peak (2455 eV) corresponds to the S^+ peak and
the low binding energy peak (2445 eV)
corresponds to the S^- peak. The line shape of
the two spectra in Fig. 1 are not very different,
but the intensity is different. The signal
intensity of A is weaker than that of B, taking
into consideration of the accumulation of each
spectrum. The results of the X-ray fluorescence
yield XAFS spectra of the same samples are not

the same as those of the XPS spectra. The
aerosol sample (B) shows only S^"^ peak, and the
blank sample does not show any sulfur peak for
the XAFS spectra, as shown in Fig. 2.

The present comparison between the XPS
and XAFS spectra indicates that XAFS using the
X-ray fluorescence yield is more suitable for the
analysis of sulfur chemical state of aerosol
samples, from the view point of both their
detection limit and the time of measurement.
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Fig. 1 Measured XPS spectra of blank (A) and the
aerosol (B) samples, at BL-llB.
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Fig. 2 Measured XAFS spectra of blank (A) and the
aerosol (B) samples, at BL-llB.
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Introduction

As we reported previously [1], SO2 adsorbs on
Ni(lll) with the molecular plane parallel to
the surface. On the other hand, on Pd(lll) the
molecule absorbs with the molecular plane
norihal to the surface [2]. In the present study,
we performed XAFS measurements of SOs/Pd
1ML/Ni(lll) and clarified the adsorption
structure of SO2.

Experimental
A clean and ordered Ni(lll) single crystal was
prepared by mechanical pohshing and electro
chemical etching. Pd thin films were formed on
Ni(lll) at room temperature. The coverage
and growth of Pd were monitored by AES and
LEED. The Pd 1 ML film on Ni(lll) was then
dosed with 0.5 L SO2 at 170 K. The

NEXAFS spectra of S02/Pd 1ML/Ni(lll) were
taken at T=100 K and 9 =90° (normal

incidence), 55° and 15° X-ray incidence.

Result and Discussion

Fig.l shows the polar-angle dependent S K-
edge NEXAFS spectra of SO2 adsorbed on Pd 1
ML film/Ni(l 11). The lower-energy peak (2473
eV) is attributed to the Sls-to-Tt '̂' resonance
and higher-energy one (2477 eV) to the a*
resonance. From the polarization dependence
of the a * peak, we can estimate the
absorption structure of SO2. The C2 axis of the
molecule is found to be tilted by ~16° from
the surface parallel and the 0-0 direction to
be tilted by ~31° as shown in Fig.2. From the
suppression of the n * peak in the 55°
spectrum (angular-averaged) compared to the
multilayer one (not shown), the amount of
charge transfer from the metal surfaceto tt* is
estimated to be 0.70 e which is smaller than

that of S02/Ni(lll) (0.81 e) and larger than
that of S02/Pd(lll) (0.42 e). Judging from the
adsorption structure and the amount of charge

transfer, the molecule on surface should be
affected greatly by the deeper Ni atoms.
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On heavy element substrates such as 4d or 5d
transition metals, one could not obtain reliable soft

X-ray absorption fine structure (XAFS) spectra,
because of the presence of considerable scattered
X-rays from the substrate. In order to eliminate
the scattered X-rays, the total-reflection incidence
technique was applied to measure the S K-edge
XAFS spectra of submonolayer thiophene on
Pd(lll) and Pd(lOO) surfaces.

Pd(lll) and Pd(lOO) single crystals were
mechanically polished and were subsequently
etched electrochemically in an ethanol solution of
10% hydrochloric acid at 273 K. The crystals were
cleaned by repeated cycles of Ar+ bombardment
and annealing in our UHV chamber, S K-edge
XAFS spectra were measured with the fluores
cence yield at BL-llB. The surfaces were dosed
with ~5 L thiophene at -220 K. The coverages of
the thiophene were estimated to be -0.20 ML on
both surfaces. Polarization dependent NEXAFS
and SEXAFS spectra of both the C4H4S/Pd(lll)
and C4H4S/Pd(100) systems were recorded at the
several X-ray incidence angles including 90°
(normal incidence) and 1° (total reflection).

Fig. 1 shows the S K-edge SEXAFS spectra of
0,20 ML C4H4S adsorbed on the Pd(lll) surface
taken at the X-ray incidence angles of 15° (grazing
incidence) and 1°. When the X-ray incidence angle
is smaller than the critical angle, the incident X-
rays are totally reflected and the penetration
depth of the X-rays is reduced to several tens
Angstrom, leading to the significant suppression of
the elastically scattered X-rays from the bulk. Fig.
1 suggests that the total-reflection mode allows us
to obtain much more reliable spectra compared to
that taken at the conventional grazing incidence of
15°.

From the SEXAFS and NEXAFS analysis, we

can elucidate that thiophene molecules lie flat on
both the Pd(lll) and Pd(lOO) surfaces accompa
nied by shghtly elongated S-C bonds due to the
charge transfer of 1.1-1.2 electrons from the Pd
bands to the thiophene n* orbital. The S atom in
the thiophene molecule is located at the interme
diate site between bridge and atop, the displace
ment being estimated to be 0.77±0.05 A away from
the atop site towards the bridge one. Fig. 2 shows
surface structure models of C4H4S/Pd(100). Similar
structure models were expected for the Pd (111)
surface.
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L S K-edge SEXAFS spectra of 0.20 ML
C4H4S/Pd(lll) at 15° (dotted hne) and 1°
(solid line).

Fig. 1

:2.75 A:

0.77 A

Fig. 2 Schematic view of the surface structure
of C4H4S/Pd(100).
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Although several previous studies [1-3] have
been reported on the heterocyclization of acetylene
(C2H2) to thiophene (C4H4S) on the sulfided
Pd(lll) surface by means of the temperature
programmed desorption spectroscopy (TDS), the
mechanism and the rate constant of the surface

chemical reaction remain unknown. Reported here

is the first study of the heterocyclization reaction
using in situ S K-edge NEXAFS (Near Edge X-ray
Absorption Fine Structure) spectroscopy. We have
estimated the amount of the thiophene molecule
on the surface by measuring characteristic peak
heights of the molecule on the spectra.

A clean and (1x1) ordered Pd(lll) crystal was
prepared in a UHV chamber. S K-edge NEXAFS
spectra were measured by the fluorescence yield at
BL-llB. The incident angle of the X-rays is 90°
(normal incidence). After deposition of saturated

amounts of sulfur atoms ((V? xV? )R19° S/Pd(lll)
0.43 ML) and annealing at 1100 K, the Pd(lll)
surface was dosed with 3 L C2H2 at 100 K.

Successively, the sample temperature was
elevated to 160, 170 and 180 K and was kept stable
at each temperature during the measurements.

Fig. 1 shows the S K-edge NEXAFS spectrum at
280 K. At that temperature the synthesis reaction
would be completed. We can find two features in
the spectrum, The low-energy one (2469.7 eV) is
attributed to the atomic sulfur and the high-
energy one (2473.3 eV) is to the thiophene
molecule (Sls-to-a*(S-C)). Fig. 2 shows the
increase in the thiophene peak height normahzed
by the edge-jump of the spectra as a function of the
reaction time at 180 K. The line in Fig. 2 is the
least-square fitted data. From the fitting
parameter of the hne, we can evaluate the rate
constant of the reaction .i=(l. 1±0.3) x 10-^ (s-') for

the 180 K measurements. From the measurements

at 160 and 170 K, the ones were calculated at i:=(5
±3)X10-^ (s'O and (9±3)X10-s (s'O. respectively.
Using these rate constants and assuming the 1®"-
order reaction, the activation energy Ea of the
surface reaction is found to be 10±2 (kJmol O-
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Fig. 1 S K-edge NEXAFS spectra of the
synthesis of C4H4S on Pd(lll) at 280 K.
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Fig. 2 The amount of thiophene with reaction
time at 180 K measurements.
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Introduction

It is well-known that alkanethiols(CH3(CH2)n-iSH)
form SAM(Self Assembled Monolayer) films on metal
surfaces. Physical and chemical properties of these
SAM films have been extensively studied for their wide
applicability. However, their adsorption structures have
not been investigated in any detail.

In the present work, the adsorption of alkaiiethiol
(CH3(CH2)n-iSH n-6,12) on Cu(lll) has been studied
using the S K-edge SEXAFS, NEXAFS spectroscopies
to elucidate the detailed adsorption structures and their
chain length dependence.

Experimental
Submonolayer alkanethiol adsorption on a clean

Cu{ll 1) was carried out by dosing ~5 L CH2(CH2)n-iSH,
(n=6,I2) (IE - 1.0x10-^ Torr-s; 1 Torr = 133 Pa) at
R.T. It was kept at 100 K during the spectroscopic
measurements.

Results and Discussion

Figure 1 shows the S-K NEXAFS spectra of
CH2(CH3)n-|SH {n=6,12) together with multilayer ones.
The a*(S-C) resonance is most enhanced at grazing X-
ray incidence, indicating that the S-C bond is perpen
dicular to the surface. Energy shift of the a*(S-C) reso
nance from the multilayer is more enhanced for n=6 than
for n=12. It suggests the possibility that the larger shift

of a (S-C) resonance is due to the stronger interaction
between S and Cu atoms.

The analysis of the S-K EXAFS spectra of
CH3(CH2)5SH and CH3(CH2)nSH gave the S-Cu dis
tance of 2.31 ± 0.02 A for both cases. The averaged
polar angle of the S-Cu bond co with respect to the sur
face normal were found to be 55±2° for CH^iCH^lnSH

and 57+2° for CH3(CH2)5SH, respectively. The coordi
nation number of Cu around S atom was detennined to

be 3 for both molecules. These results indicate that S

atoms push away the top Cu layer, resulting in the ad
sorption at a deep 3-fold hollow site (Fig.2). Comparing
with the CO value of CH3SH/Cu(111) reported by
N.P.Prince et al [1] (co=59°), we can find the tendency

that the interaction between S atoms and Cu atoms gets
stronger as the chain length becomes shorter. The polar
angles of the S-C bond a with respect to the surface
normal were found to be 38±10° for CH3(CH2)5SH and
21±10° for CH3(CH2)nSH, indicating that the molecules
adsorb in better order as the length of molecular chain
gets longer.
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Fig.l S-K NEXAFS of alkanethiols on Cu(l 11)

3-fold hollow site

alkanethiol -
CH,

/

. CH,

Cu(l II)

Fig.2 Schematic view of alkanethiol on Cu(l 11) surfaces



96-G189

L-EDGE X-RAY ABSORPTION SFECTROSCOPIC STUDY ON THE MOLYBDENUM
IN A PEROVSKITE OXIDE

Jin-Ho Choy and Jong-Young Kim

Department of Chemistry, Seoul National University, Seoul 151-742, Korea

Introduction

Although L-edge XAS has directly furnished valuable
information on the electronic structure of d-orbital states

of transition metal, a dominant limitation arises from the
fact that L-edge XANES spectra originate from transition
from a (t initial state to a final state, so that X-ray
absorption transition involves a core hole. On the otlier
hand, electronic structure of ground <f-orbital states,
involving directly chemical bond, dominates their
electronic spectra and physico-chemical properties.
Therefore, comparison of the white line feature in Mo L-
edge XANES spectra with electronic spectral feature will
give not only definite information on the electronic
structure of molybdenmn but also the relationship
between initial and final state. In this work, through the
complement of electronic spectra and Mo L-edge XANES
analysis, we have discussed electronic structure of
molybdenum in initial state and final state in a perovskite
oxide.

Experimental
The polycrystalline samples of BaiYMoOg,
Ba2Y(Tao,5Moo5)06, BaLaMgMoOe, and SrLaMgMoOe,
have been prepared from high purity BaCOs, SrCOs,
LaaOs, Y2O3, TaiOs, MgO, and M0O3 in flowing H2
atmosphere at 1200-1300°C.^ Thepolycrystalline sample
of BaaNiMoOg from stoichiometric mixture was prepared
by heating in air for 41u at 1000°C. X-ray absorption
measurements were carried out with synchrotron
radiation by using the EXAFS facilities installed at the
beam line IIB of the photon Factory. All the data were
recorded in electron yield mode at room temperature.
UV-Visible-NIR spectra were recorded in the diffuse
reflectance mode at room temperature on Perkin-Elmer
lamda 12 speclrophotometer with integrating sphere.

Results and Discussion

In Mo L-edge XANES spectra, it has been found that
peak positions, corresponding to tig and Cg states, shift to
higher energies as the oxidation state of the molybdenum
increases from V {Ad) to VI {Ad), implying that the
crystal field strength is dependent upon the oxidation
state of the metal as expected in the spectrochemical
series. And the peak intensities for the ^ tig
transition decrease in the order of Mo"^ -> Mo , whereas
the ones for the Ip -*• eg transition are almost constant
irrespective of the change of the oxidation state of the
molybdenum.^"^ In electronic spectra, lOD^ values ( ~
28500cm'') of BaiYMoOs and BaiYTaosMoo.sOe do not
exhibit discernible change with each other, however, they
are significantly different from those of BaLaMgMoOe
and SrLaMgMoOs ( ~ 30000cm''). And, splittings of
white line in LnLn-edge XANES of BaLaMgMoOe and

SrLaMgMoOe (AE = 3.53 eV, 3.58 eV ; average value of
Lm-, Ln- edge) are much larger than those in BaiYMoOe
and BaiYTaosMoosOe (AE = 3.10 eV, 2.98 eV). Tliis is
because the ionicity of the Mg-0 bond is larger than that
of Y-O and Ta-O bond, so that BaLaMgMoOe and
SrLaMgMoOs have very weak competing bond in B site
(less covalent Mg-0 bond), which favor the strong crystal
field strength and bond covalency of molybdenum.
Comparing BaiYMoOe with BaiYTaosMoosOe, the
covalency of the Mo-O bond in BaiYMoOs might be
expected to be larger than that in BaiYTaosMoo.sOs
considering the Pauling's ionicities for Y-0 and Ta-O
bond. Although Dq parameter for both compounds are
almost equivalent to be 2850cm'' due to their broad
features of electronic spectra, the energy splitting of the
L-edge spectra is slightly larger for BaiYMoOe by 0.12
eV. This result indicates that a slightly stronger crystal
field due to the enhanced covalency of Mo-O bond acts on
the molybdenum of BaiYMoOe.

2.520 2.525 2.530

Energy (KeV)

(a)

W

(c)

(d)

Wavelength (nm)

Figure 1. (A) Second derivative of Mo Lm-edge XANES
spectra for (a) BaiNiMo^Os, (b) BaLaMgMo^Oe, (c)
SrLaMgMo^Ofi, (d) BaiYMo^Oe, and (e) BaiYTao.sMo^.sOe,
respectively. (B) Diffuse reflectance spectra for (a)
Ba2YTao.5Mo\.506, (b) BaiYMo'̂ Oe, (c) BaLaMgMo'̂ Oe, and
(d)SrLaMgMo'̂ Oe.
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Introduction

Total reflection x-ray photoelectron
spectroscopy (TRXPS) is a method that is used
to characterize near surface thin films. For this

purpose, this method has two strong points
which are derived from total reflected x-rays and
x-ray photoelectron spectroscopy (XPS). First,
total reflected x-rays enable us to do depth
profiling. When x-rays impinges to a flat
surface at small incidence angles under total
reflection conditions, x-rays are totally reflected
and only an evanescent wave propagates into
materials. Then, the attenuation length of this
evanescent wave is -10 A. On the other hand,
when incident angles pass the critical angle for
total reflection, x-ray attenuation length
increases rapidly to the order of 10^ A. We can
use this incidence angle dependence of x-ray
attenuation length for depth profiling. Second,
because inelastic mean free paths of electrons
are of the order of 10 A, XPS enable us near
surface chemical characterization.

Experimental
We have measured XPS spectra, changing the

glancing angle of incident x-rays from 0 mrad to
100 mrad. The sample is 100 bilayers of Si
(15 A) and W (10 A) on Si wafer. We have
measured XPS spectra at BL-llB. Incident x-
ray energy was 2478 eV, which is
monochromatized by a Ge (111) double
crystal monochromator, and the sample was
held in a vacuum chamber whose pressure was
10" Torr during the measurements.

Results and Discussion

Figure 1 shows the angle dependence of XPS
spectra. W 3d5/2, Si Is and SiO^ Is peaks vary
with the incident angle. The angle

dependencies of W 3d5/2, Si Is and SiO;^ Is
peaks are shown in Figure 2.

SiO„ Is

Binding energy (eV)

Fig. 1 XPS spectra for (Si/W)ioc/Si , incident angle
(a) 26 mrad, (b) 48 mrad, (c) 63 mrad, (d) 85 mrad

Glancing angle (iinad)

Fig. 2 angle dependence of peak area (a) Si Is,
(b)SiOx Is, (c) a+b, (d)W3d5/2
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Introduction

GaN and related group-III-nitrides have received
much attention due to their promising potential for short
wavelengthoptoelectronic devices. But, diodes based on cubic-
(c-)GaN have been scarcely realized. In this report, we present
angle-resolved photoonission (ARPES) study of c-GaN to
elucidate the electronic structure around the valence baid
maximum (VBM) of c-GaN in order to clarify its optical
behaviors.

Experimental

The sample was undoped GaN film onGaAs (001)
grown by gas-source molecular beam epitaxy using a
miaowave plasma nitrogen source. The clean surface, showing
p(Ixl) LEED pattern was prepared by repeated Ar* ion
sputtering and annealing cycles. The cleanliness of the sample
surface was confirmed by Auger-electron spectroscopy.
ARPES measurements were performed at BL-1IC. Theoverall
energy resolution was about 0.2 eV. The basepressure was less
than SxlO'"* Torr.

Results and Discussion

Figure 1 shows normal-emission spectra of c-
GaN(OOl) measured at 18 eVs hv s 27 eV. The zero of the
energy scale is at the position ofthe VBM in the sample. The
shaded areas in the spectra with the incident photon energy
range from 18 to 20.5 eV are due to the Auger
tiansitions ofGa. From the assumption of the direct transitions
from valence bends into free-electron-like final batds, we
constructed an experimentel band structure. Its results are
shown in Fig, 2. Open triangles, circles and crosses are derived
from peaks A B and C, respectively. For comparison, the
theoretical valence baids calculated by Rubio et a!."are also
shown as solid lines. Clearly, the agreement ofthe band Aj
between theory and experiment is good, egjecially near theT
point. But, as for the Aj-i-A^ band, the binding energy of the
e>qDerimental band is 0.1-0.2 eV higher than that in the band
calculatioa This shift may be due to the effect of the biaxial
tensile strain, because previous tight-binding calculation
presented the topmost A3-I-A4 band shows about 0.15 eV-shift
towards the higher binding energy under 1% biaxial tensile
strain in the (001) plain.

References

"A Rubio et al, Phys, Rev. B48, 11810 (1993).

c-6aN (001)
ncrmal emissicn

Binding Energy relative to VBM (eV)

Figure 1

> - O OvO \
w - \ o »
^ - o\cn - O \ A

1 _ \ _0) - I — \
c " \

LU - \

0 0.2 0.4

" I,. (A-',

Figure 2

95-G384



96G140

CALIBRATION OF TIME- AND SPACE-RESOLVING VACUUM
ULTRAVIOLET SPECTROGRAPH RECORDING SYSTEM FOR

PLASMA DIAGNOSTICS

Masayuki YOSHIKAWA, NaohiroYAMAGUCHI*), Tatsuya AOTA, Katsunori IKEDA, Tatsuo
ISHIJIMA, Yuuji OKAMOTO, Eiichiro KAWAMORI and Temo TAMANO

Plasma Research Center, University of Tsukuba, Tsukuba, Ibaraki 305
*)Toyota Technological Institute, Nagoya, Aichi 468

Measurements of spatial and temporal variation
of spectra in the wavelength range from the
vacuum ultraviolet (VUV) to soft x-ray are
necessary to determine radiation power losses and
ion density profiles which directly relate the
impurity transport, confinement and sources in the
magnetically confined plasmas. We have
developed space- and time-resolving VUV (150 -
1050 A)l) and soft x-ray (20 - 350 A)2)
spectrographs and applied for impurity
diagnostics in the tandem mirror GAMMA 10.

For quantitative analyses of emission lines, it is
important to characterize the efficiency of these
spectrograph systems throughout its wavelength
range. We have performed calibration
experiments for these spectrographs when instant
camera is used as recording system.2-4) in this
report we show the results of the calibration
experiments of the VUV spectrograph recording
system when high speed camera was used.

Experiments

In the space- and time-resolving VUV
spectrograph, a concave grating ruled with varied
spacing (Hitachi, P/NOOl-0266) has been used,
which has a radius of curvature of 500 mm, a
nominal groove density of 1200 g/mm and a ruled

area of 48 x 48 mm2. The incident angle is 51°
and the effective braze wavelength is 600 A. The
entrance slit has a 100 qm width and 6 mm
height, which gives spatial resolution. An MCP

intensified detector having 50 x 50 mm^ active
area is set on the flat-field output plane. The
recording system of spectral image is a high speed
solid state camera (Reticon MC9256) with fast
scanning controller. The frame rate with full

image size, 256 x 256 pixels, can be changed
from 4 to 106 ffame/s. When the number of lines
whose data are to be read is reduced and the
remainder lines are skipped, one can increase the
frame rate up to 10(X) frame/s.

Calibration experiments have been carried out
at the beam line 110. Two different gratings has

been used in the S-N beam line spectrometer, that
are a gold-coated brazed grating and a laminar
type grating. The incident photon intensity was
monitored just behind the entrance slit by using an
XUV silicon photodiode (IRD, AXUVlOO) and
then the output spectral image was recorded by
the high speed camera. Measurements are
repeated for the scan rate of the camera from 10
ms to 250 ms with incident photon wavelength of
600 A. Recorded images were analyzed by using
a personal computer.

Fig.l shows the relative efficiency of the high
speed camera as a function of scan rate when the
light with 600 A is injected into the VUV
spectrograph . This shows that the high speed
camera had a linear response with the incident
photon exposure. Then we can obtain the
sensitivity of the total VUV spectrograph system
against wavelength after concerning the results
of previous experiments'^).

0 5 0 100 150 2 00 250 300

Scan rate [msec]
Fig. 1 Linearity of the high speed camera output

counts.

1) N. Yamaguchi et al., Rev. Sci. Instrum. 65, 3408
(1994).
2) N. Yamaguchi et al., J. Plasma and Fusion Res. 71,
867(1995).
3) N. Yamaguchi et al., Photon Factory Activity Report
#12, 1994, Proposal No. 93G323.
4) N. Yamaguchi et al.. Photon Factory Activity Report
#12, 1995, Proposal No. 93G323.



94-G186

ANGLE-RESOLVED PHOTOEMISSION STUDY OF THE SODIUM-COVERED
NbC(lll) SURFACE

Kenichi OZAWA, Shigeru ISHIKAWA, Kazuyuki EDAMOTO, Hiroo KATO* and Shigeki OTANI'*
Department of Chemistry, Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo 152, Japan

'Photon Factory, National Laboratory for High Energy Physics, Tsukuha-shi, Ibaraki 305, Japan

"National Institute for Research in Inorganic Materials, Tsuiuba-sJii, Ibaraki 305, Japan

1 Introduction

The K adsorption process on the polar NbC(lll)
surface is found to proceed via polarized-depolarized
transition with increasing coverage [1], and this ad
sorption mechanism is totally different from that found
in K/NbC(100) characterized by the island formation
mechanism from the initial stage of adsorption [2].

Recent angle-resolved photoemission spectroscopy
(ARPES) study has suggested that the difference in
the adsorption mechanism could result from the dif
ference in the surface electronic structure between the

NbC(lll) and (100) surfaces [3]. It is found that sub
stantial modification of the surface electronic structure

in the valence region on NbC(lll) is caused by K ad
sorption through hybridization between the K 4s and
surface-states orbitals.

In this report, we present the result of the ARPES
study for the Na-covered NbC(lll) surface.

2 Experiment

The PE experiments were performed at BL-llD.
The clean NbC(lll) surface was obtained by repeated
flashings to around 1500 °C. The surface thus prepared
showed a sharp (1x1) LEED pattern. Na was de
posited on the surface at room temperature using a
well-degassed SAES dispenser.

3 Result and Discussion

Fig. 1 shows the change in the normal-emission spec
trum for the valence region of the NbC(lll) surface as
a function of the Na coverage (^Na)- The intense peak
at 0.2 eV for the clean surface, which is attributed
to the surface state, shifts continuously to the higher
binding energy side up to = 0-42 ML by 0.9 eV
along with the quenching of its intensity. For O^a >
0.4 ML, another weak peak emerges just below Ey.
The drastic decrease of the work function $ by 2.8 eV
is observed at < 0-4 ML. $ shows the minimum
at ~ 0.4 ML followed by the slight increase for larger
coverages.

The shift of the surface state to the higher binding
energy side, together with the attenuation of the peak
intensity, is characteristic of the formation of a bond
ing state through hybridization with the Na 3s level.
The inset of Fig. 1 shows the integrated intensity of

the bonding state at 1.1 eV for a 0.72 ML-Na covered
surface as a function of photon energy. The intensity
of the emission from the bonding state is resonantly
enhanced at hi/ = ~ 43 eV and ~ 53 eV, which is char
acteristic of the hi/-dependent Nb 4d photoionization
cross-section. Since such a maximum is not expected
for the Na 3s photoionization cross-section, the bond-,
ing state contains considerable contribution of Nb 4d
orbitals.

The antibonding state is, on the other hand, ex
pected to consist of mainly the Na 3s orbital, which
is localized in the Na overlayer. Considering that $
reaches its minimum at ~ 0.4 ML and the plasmon
loss peak accompanying the Na 2p photoemission peak
appears at > 0.4 ML, the partially occupied Na
3s band is formed in these coverage region. Thus, the
peak just below Ej;< is attributed to the antibonding
state which forms the Na 3s metallic band.
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Figure 1: Change in the normal-emission spectrum of
NbC(lll) as a function of 6k- The intensities of the
bonding state for a 0.72 ML Na-covered surface as a
function of hi/ are plotted in the inset.
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Introduction
Recent development of synchrotron radiation

techniques has forwarded our studies on
enhancement of biological effects of the X-ray-
induced Auger processes, especially at the K-
edge of halogens and of phosphorus in DNA.

Our next target elements are nitrogen and
oxygen in the DNA molecule. To estimate the
absorbed dose in the studies at the K-edges,
photoabsorption cross section of the sample
materials is inevitably important. We examined
the DNA photoabsorption spectrum by using the
transmittance method using a very thin DNA film.
The photoabsorption cross sections around the K-
edges were estimated with the obtained spectra.

Materials and Methods

Calf thymus DNA was used for making a thin
film. The DNA solutions of 100 jil volume
were dried on a Ni mesh of a circular area with a

9 mm diameter. Three kinds of the film thickness
were prepared. UV-absorbance of the films at
260 nm were measured to estimate the surface
density of the film. Measurement of the soft X-
ray absorption was carried out at the beamline
12A. The intensity of the beam transmitted from
the sample was measured as photoelectron current
on a Au plate.

Results
Obtained photoabsorption spectrum of the

DNA fihn were shown in Fig. 1. The large
resonance peaks were observed at N and O K-
edges. The absorption was linearly increased with
the surface density of the films. Obtained
photoabsorption cross sections of the sample, \x
(cm^/g), at the photon energies which are not on
the resonance were listed in Table 1.

Theoretical cross sections calculated by
summing up the cross sections of each element
multiplied by the abundance of atoms in the DNA
molecule, namely H; 22.57, C; 19.57, N; 7.42,
O; 13.42, P; 2.00 and Na; 2.00, were shown in
the table for comparison. The values based on
an atom-composition including the DNA-binding

water (2.5 molecules/nucleotide^^) were also
shown by brackets in the table.

(enu.sllc=exiLslit = lOOy m)

300 3.S0 400 450 500 550 600 650 700

Photon Energy (eV)

Fig.I Photoabsorption spectrum of DNA

The obtained mass photoabsorption cross
sections were well consistent with the calculated
ones, especially when considering the binding
water. To obtain the cross sections at the

resonance, XANES spectra should be measured
using X-rays with a higher resolution.

Table 1. Photoabsorption cross sections of the DNA film

compared with those calculated using Henke's data.

photon experimental calculated ratio

energy data value

(eV) (xlO'' cmVg) (xlO^cmVg)

350 1.50 1.62 [1.54] 0.93 [0.97]

450 1.13 1.20 [1.13] 0.94 [1.00]

500 0.908 0.981 [0.89] 0.93 [1.02]

600 1.16 0.890 [0.981 • 1.30 [1.19]

650 1,00 0.898 [0.94] l.Il [1.06]

References

1) Henke, Atomic Data and Nuclear Data Tables 54, 1993.

2) Tao et al., Biopolymers 28, 1989.



proposal No 95-G373

REFLECTANCE OF Sc/Cr AND Cr/C SHORT PERIOD SOFT X-RAY MULTILAYERS

Masaki YAMAMOTO, Yoshifumi HOTTA, Kiwamu SAKANO, Minai'i FURUDATE,
Mihoro YANAGIHARA and Makoto WATANABE

Res. Inst. Sci. Meas., Tohoku University, 2-1-1, Katahira, Aoba-ku, Sendai 980-77 Japan

Introduction
Short perioa multilayers typically below 81—^^^^^i^—>-

5mn are still under development for higher ^
reflectance. Most multilayers reported were 2 A 35.4 %
fabricated by magnetron sputtering whereas we ®" :!
fabricated by ion-beam sputtering(IBS) at o :1
better Ar pressure of 3.5xlO"^Pa. § . =5

Fabrication of the Multilayer o ji :1
Our liiM system is equipped with two "^2- r

ion guns of ECR type and a substrate heater ^
of infra-red radiation. Samples were fabricated Jj
on Si wafer substrates with ion current density qI , — ^^
of 0.78niA/cm^ at an acceleration voltage of 4.2 4.4 4.6 4.8 5.0 5.2
0.9kV. Thicknesses of the layers were Wave iength (nm)
controlled by the deposition time while the . r. ^
speed was maintained at a level, i.e., Fig-l S-reflectance of a Cr/C 250 layer
2.57nm/min, 0.67nm/min, and 5.13nm/min for sample measured at 26.2° from normal.
Cr, C, and Sc, respectively.

Experimental Results ^ ^ '
Reflectances were measured at BL12A ^ 36.8 %

with a reflectometer for characterization of 4 • /. A
optical elements designed by Mitani et al^K d / •' A
In prior to measurements, polarization of the c ^- / : \ \
beam was measured by utilizing the unique -3 / \
feature of the reflectometer enabling azimuth 8 ^" / • • \
rotation without breaking the vacuum. A ^ \
multilayer mirror mounted at the sample holder c? 1- / I \ \
was used as a reflection polarizer at an angle /
of incidence of 42°. The ratio of the beam qI . . ••••.••CTrr?
intensity was found as 5:1 for s- to p- 3.30 3.35 3.40
polarization, which was good enough for Wavelength (nm)
reflectance measurements of s-polarization.

Figure 1 shows measured reflectance Fig.2 S-reflectance of Sc/Cr 400 k
spectra of a Cr(l.Onm) /C(1.5nm) 250 layer sample measured at 40° from normal,
s^ple measured at an angle of mcidence of Figure 2 shows the reflectance o
26.2 along with ^heoretical curve shown by Sc(1.4nm) /Cr(1.0nm) 400 layer san

measured at an angle of incidence of ^35.4% IS normalized to the expenmental 7%. Dashed curve is calculated with (0.003
For the calculation, (refractive mdex d=l-n, 0.00130) for Si, (0.00569, 0.00129) for Cr
extinction coefficient k) are assumed as rq Q4F-4 3 for Sr
(0.00506, 0.00298) for Si substrate, (0.00987, ^
0.00291) for Cr and (-4^8E-5, 1.43E-4) for Reference
C. As judged by the FWHM of the peak, l)S.Mitani et al, Rev. Sci. Instrum. 60,
overlapping of higer order light should be 2216 (1989).
taken into account since no filter was used.

3.30 3.35 3.40
Wavelength (nm)

Fig.2 S-reflectance of Sc/Cr 400 layer
sample measured at 40° from normal.

Figure 2 shows the reflectance of a
Sc(1.4nm) /Cr(1.0nm) 400 layer sample
measured at an angle of incidence of 40°.
Dashed curve is calculated with (0.00325,
0.00130) for Si, (0.00569, 0.00129) for Cr and
(9.94E-4, 3.56E-4) for Sc.

Reference
l)S.Mitani et al, Kev, Sci. Instrum. 60,

2216 (1989).
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Introduction

Site of a photon induced Auger process in a
biological system can be selected by tuning the
energy of monochromatized X-rays to the specific
innershell photoabsorption edge. Mechanism of
DNA strand break has been intensively studied at
several innersheh edges in the energy region
above 2 keV. Recently, we forwarded our
studies in ultrasoft X-ray energy under 1 keV
including nitrogen and oxygen K-edge.

Materials and Methods

Closed circular pBR322 plasmid DNA solution
(0.5 |dm/|il in IxTE buffer) Ipl was dried on a
glass plate (2x2 mm^). The sample DNA was
irradiated with monochromatized soft X-rays in a
vacuum chamber at the beamline 12A. Three

photon energies, below and above N K-edge
(388 and 435 eV) and above O K-edge (573 eV),
were chosen for irradiation. These energies
show the same absorbance in the DNA
photoabsorption spectrum. The photon flux of
the beam was estimated by measuring the
intensity using a photodiode (IRD).

After the irradiation, the DNA sample was
redissolved in Tris buffer and analyzed by
agarose gel electrophoresis method. After
supplemented with ethidium bromide, the DNA
amount was determined by measuring the
fluorescence intensity of the band on the gel.
The numbers of single (ssb) and double strand
breaks (dsb) were determined by a method
described by Povirk et al.'\

Results

Fig. 1 shows the fraetions of DNA forms I
(super coil form of the intact DNA), II (circular
form) and III (linear form) after irradiation with
various exposures at 435 eV. The dose
response curves at 388 and 573 eV were also
obtained (data not shown). The number of ssb
(n^^j,) and dsb (n^^^,) calculated according to
Povirk et al.Since number of ssb tended to
saturate at higher exposures, only data of the
form II at lower exposures were used for further
analysis.

In the ultrasoft X-ray region under 1 keV, there

are few conventional techniques for a precise
measurement of the photon numbers, so that we

1 r- i -1—I—I—I—I—I—I I 1 I—I I I I—I—I—1—T—

• 435 eV

Form II

Form I

Form III

^ 500 1000 1500 2000
Irradiaiion period (sec)

Fig, 1 Fractions of form I, II andIII of pBR322 DNA
versus exposure at 435 eV.

used the ratio of the number of the strand breaks
to compare the irradiation effect between the
photon energies. The obtained and n^^^ per
unit exposure time and the ratios were listed in
Table 1. The ratios varied from 0.074 to 0.078.
These results indicate that the change of
photoabsorption site, namely nitrogen or oxygen
in the DNA, caused a little qualitative deference in
the strand break mechanism. However, these
values were about two times larger than those
obtained in another energy region above 2 keV '̂.
The ultrasoft X-rays might cause more dense
excitation or ionization events around the target
moleeule, which would change the mechanism of
the dsb.

Table 1. Comparison between dsb and ssb.

photon ratio
energy n(ssb)/sec n(dsb)/sec (^sb/ssb)
(eV)

5.57e-04

7.53e-04

1.03e-03

4.3e-05

5.5e-05

8.0e-05
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We have carried out high-resolution
absorption cross section measurements of Nj in the
916 A and 834 A regions at temperatures of 555 and
295 K and of O2 in the 834 A region at 295 K. A
windowless high temperature (300-900 K) absorption
cell was employed in the absorption cross section
measurements. The best resolution EUV spectrometer
(with a resolution of 0.003 A) in the world was
utilized in the present study. It is the 6.65-m vertical
off-plane Eagle spectrograph/spectrometer available
at the Photon Factory, KEK, Tsukuba, Japan.

Absorption features of Nj in the 915.0-917.28
A region mainly involve the (11,0) band of the b Tl^-
X transition under room temperature conditions.
Additional intense ro-vibronic lines in the spectral
region at elevated temperatures are found to be due
to ro-vibronic transitions involving high rotational
quantum numbers from the (12,0) band of the b
X the (8,0) band of the b' ^i:/-X W and the
(2,0) band of the O3 'II^-X transitions. The
absorption cross section data of Nj in the 915.0-
917.28 A regions at temperatures of 555 and 295 K
are shown in Fig. 1.

The N2 absorption features in the 833-834.5
A region mainly involve the (0,0) band of the c '̂
^Su^-X ^Sg^ transition. The absorption cross section
data of N2 in the 834 A region at temperature of 555
K and 295 K are shown in Fig. 2. Because of the
statistical weight factor due to the nuclear spin of the
N2 molecule intensity alternations of 2:1 are expected
for the adjacent even J:odd J ro-vibronic lines. This
behavior is clearly observable for J up to 10. For
IK J< 14 the 2:1 alternation appears to breakdown.
Perturbation effects are clearly at work for J > 15 as
the intensities of the intense even J ro-vibronic lines

decrease substantially and that of the weaker odd J
lines becomes undiscernible. The most intense

component of the On multiplets, the 834.465 A line,
appears near the ro-vibronic line P24 peaked at
834.418 A where strong perturbation exists and can
be clearly seen in Fig. 2.

We have also obtained preliminary high-
resolution absorption cross section measurements of

O2 in the 834 A region under room temperature
conditions. The O2 absorption features in the 834 A
region mainly involve the (2,0) band of the 3d5g V*
^IIu - X ^Eg' transition. There are apparently no high
temperature cross section measurements and hence
we will utilize our existing apparatus to carry out
such measurements in the future.

'h n, b'tw-xic,"
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Fig. 1. The cross sections of Nj in the 917 A region.
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Fig. 2. The cross sections of N2 in the 834 A region.
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Introduction

The six 5dw(;((l=p,f) J=\° series of Ba converging to the
5d3.'2 and Sds/: limits are subject to autoionization above the
first ionization threshold 6s^Si/2. Recent improved theoretical
calculations for this autoionization'' stand in need of reliable

data for the cross sections of autoionizing lines
The present report gives the absolute photoionization

cross sections of the SdM Rydberg series convergingto the
5d3/2 limit.

Experimental
Lightabsorption by Ba metal vapor can be described by

the well-known formula

/(A)=^/o(A)exp[-o(A)A^/]
where Io{X) and I{i) are the intensities ofthe incident light
and the transmitted light, NI is the Ba column density, and
a(A) is the photoionization cross section.

The measurements of h{X) and I{k) were carried out
using a high-resolution spectrometer 6V0PE installed to
beam-line BL-12B. The main 6.65m grating, having 1200
grooves/mm and blazed at 5500A, was used in the second
spectral order. The instrumental resolution was estimated to
be - 0.02A in the focal scanning mode with the entrance and
exit slit widths of 10pm.

The column density Nl of Ba vapor in a heat pipe oven
was determined by monitoring the autoionization absorption
profile of the 6s^'So-5d8p'Pi transition at A.238nm with the
other spectrometer, which is an asyrmnetric Czerny-Tumer
type equipped with a photodiode array detector. This method
allowed us to determine the column density within 3%
uncertainty. The operating temperatures of the heat pipe
oven were 950 -1050K and the corresponding column
densities ofBa vapor were from 3.5 X 10"- to 12X 10'̂ iVTb''.

Results

Figure 1 shows the photoionization cross section of
barium inthewavelength region from 2131 to 2163 A. The
wavelength scale was calibrated with the high resolution data
of Carton and Tomkins (hereafter referred to as GT) '̂. The
uncertainty of the cross section is estimated to be less than
10%.

The six Rydberg series seen in figure 1 were assigned,
using the y'A^-coupIing notation which can describe the
resonance states best '̂, as 5d(^D3/2)«p[I/2], 5d(-D3/2)/?p[3/2],
5d(^D3/2)«fI3/2], 5d(^D5/2)^p[3/2], 5d(2D5/2)nfII/2],
5d(^D5y2)«fI3/2]. Then=2A-4Z members except n=31 of the
5d(^D3/2)nfI3/2] series by GT were reassigned to the n=28-
47 members of the 5d(^D3/2)A7p[l/2] series. The present
5d(^D5/2)IlfI3/2] and 5d(^D3/2)35p[l/2] correspond to the
CPs 5d(2D3/2)31fI3/2] and Sdf^Ds/z)! lf[3/2], respectively.
The w=46 and n=Al members of the 5d(^D3/2)/?f[3/2] series
by GT were reassigned to the a2=50 and «=51 members of
the 5d(-D3/2)«p[3/2] series.

As can be seen in figure 1, the 5d^D32np[3/2] series are
clearly resolved up to n=54. This result is superior to the
the resonance profile data ever measured. Besides, our
absolute photoionization cross sections at the n=29- 34
peaks of 5d(^D3,2)/?p[l/2] series are in goodagreement with
the values which Aymar calculated theoretically and
convoluted with our experimental bandwidth. The resonance
profile will be analyzed using the Fano's formula in detail.

5<3( D,„)np[3/2] so' _
|5d('D,J"p[1/21 |,||J| 45"!"

26 24

: I 124I
2Q5d(^D,J/7p[3/21i6
bo "Pfi/s]
lie mioT 14

2140 2145 2150 2155 2160

Wavelength (A)

Figure 1, Photoionization cross section for the Rydberg
series of barium converging to the Sdm limit at a resolution
of0.02A.
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Introduction

The Ultraviolet Imaging Spectrometer (UVS)on
board the PLANET-B spacecraft which will be
launched in August 1998 to Mars consists of an
vacuum ultraviolet spectrometer (UVS-G) and a
Lyman a photometer (UVS-P). U'VS-G will measure
spectra of VUV light scattered from the lower and
upper atmosphere and the surface of Mars, and
UVS-P will measure intensity distribution of hydrogen
and deuterium Lyman a emission from the Martian
corona using an absorption cell technique. The
principle of the absorption cell technique and the
details of absorption cells developed for space
experiments are described in a published paper'*. In
this report, results from a calibration experiment of
new absorption cells for the flight model (FM) of
UVS-P using 6V0PE in the Photon Factory are
examined.

Absorption Cells
The absorption cells for UVS-P/FM are

fundamentally same as that used in the hydrogen
Lyman a photometer (LAP) on board the S-520-19
rocket and also the proto model (PM) of UVS-P.
Differences are the following two points: length of
tungsten filaments used in the cells for UVS-P/PM
and FM is doubled from that used in LAP, and optical
path length of UVS-P/FM is shortened to 60mm from
100mm of LAP and UVS-P/PM. The reason for the
former modification is merely difference in the power
supplies available: DC 29V for UVS-P, whereas DC
18V for LAP. Shortening of the optical path length
contributes to reduction of the overall weight of
UVS-P/FM by 40% of PM. It was not expected that
shortening of the optical path length signiflcantly
affects optical thickness, because it was deduced from
the result of the experiment last year that dissociated
hydrogen atoms concentrate around filaments which
are at the center of a cell and, therefore, absorption
occurs effectively in the small space around the
filaments^'.

Results

Optical performance of the absorption cells were
evaluated using 6V0PE which has spectral resolution
of 0.66pm enough to resolve absorption profiles of
Lyman a emission in hydrogen absorption cells. The
VUV beam of which cross section has a rectangular
shape of 18mm by 18mm went through the center of
the cells. By fitting a Gaussian function to absorption
profiles obtained by the experiments optical thicloiess
at the absorption line center and average gas
temperature are derived as a function of power to the

filament.

Figure 1 shows the optical thickness versus the
filament power for the hydrogen and deuterium cells
for UVS/FM and LAP. The optical thickness and
temperature are 5.8 and 660K for the hydrogen cell
with 2.7W power, and 3.8 and 890K for the
deuterium cell with 3.0W power. For the cell used in
LAP they were 4.5 and 490K with 2.1W power.
Comparing the optical thickness of the hydrogen cells
for UVS/FM and LAP at same filament power, the
former is about 80% of the latter.

Contamination due to hydrogen atoms originating
from the inner surface of the deuterium cell was also

evaluated. Optical thickness of hydrogen Lyman a is
0.2 when that of deuterium Lyman a is 3.8. This
contamination level is regarded as below an
acceptable limit.

Conclusion

The optical path length of the absorption cells for
UVS-P/FM is shortened to be 60% of tliat for PM for
reduction of weight, however, it is confirmed that the
optical thickness of the FM cells remains 80% of the
PM cells as expected from the result of the last
experiment '̂.

Acknowledgment The authors thank Mr. Matsui for
his kind assistance in operation of 6V0PE throughout
this experiment.
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Figure 1. Optical thickness versus filament power for
the hydrogen and deuterium absorption cells of
UVS-P/FM. The data for the absorption cell of
LAP are also plotted for comparison.
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A —X Bands of CO in Astronomy
Carbon Monoxide (CO), the second most abundant

interstellar molecule after H2, is easily detected and
studied and, therefore, is used as a tracer of molecular
material in galaxies. Interstellar CO has been detected
by astronomers who used the Goddard High Resolu
tion Spectrograph (GHRS) on the Hubble Space Tele
scope (HST) to study absorption by clouds on the line
of sight to the hot (40,000 K) star 4 Ophiuchi. De
termination of molecular densities in these clouds re
quires accurate oscillator strengths (/-values), which
can be deduced from photoabsorption cross sections.
However, because molecular parameters for CO are
incomplete or inconsistent, estimates of astronomical
CO abundances are poorly determined observation-
ally and not well understood theoretically. Norton &
Moreau (1994) found a number of discrepant oscillator
strengths for the A(u') —X(0) bands with larger v',
i.e., for bands in the 120 - 130 nm region. In particu
lar, /-values measured by Chan et al. (1993) disagreed
with those of Eidelsberg et al. (1992). There are cal
culated values that support each set of experimental
data. Consequently, astronomers have been unable to
use literature /-value data to constrain the conclusions
from their observations, but instead have obtained /-
value data from them. In other words, the astronomers
have used the $1.5 B Hubble Space Telescope to per
form measurements that should and could have been

done in the laboratory.
To prevent such problems, the acquisition of im

proved spectroscopic and photoabsorption cross sec
tion data for CO at vuv wavelengths (91 - 140 nm)
has been a major focus of our research program at the
Photon Factory. We emphasize the study of weaker
lines because absorption by them is more likely to be
proportional to the density integrated along the line of
sight than it is for stronger absorption bands. In earlier
work, we used the 6vope spectrometer on beam line
12-Bto study absorption by the (11,0) - (14,0) bands of
the A —X system of CO at wavelengths between 121
and 127 nm. This unique spectrometer, used in the
4*^ order of a 1200 grooves/mm grating, allowed us
to study of the CO absorption spectrum with higher
resolution than other groups could use. Our results
(Smith et al. 1994) supported the experimental values
of Chan ei al. (1993) and the calculated ones of Kirby
& Cooper (1989).

Intersystem bands of CO
Spin-changing 'intersystem' molecular transitions,

which are in principle forbidden by the strict rules for
electric dipole radiation, are observed in CO, albeit
weakly, because molecular levels are perturbed. Feder-
man et al. (1994) detected absorption by seven inter
system bands of CO, a'(17), a'(14), a'(ll), d(12), d(7).

e(5), and e(4) —X(0), in limited observations with the
GHRS on HST of the line of sight to ^ Oph. Many
more such bands will be detected as HST observations

continue and as more wavelengths and sources are ob
served. Federman et al. (1994) found that the results
of their observations were inconsistent, and pointed to
the possibly unreliable /-values as the most likely cause
of the discrepancies. Quantitative use of these bands in
analyses of interstellar clouds will require correct and
complete fundamental spectroscopic data.

To provide these data, we have used the 6voPE
spectrometer to measure cross sections of some of
the intersystem bands observed by Federman ei al.
(1994). The techniques and apparatus used are sim
ilar to those described by Stark et al. (1991, 1993).
Except for e(4)— and d(7) —X(0), these bands are
blended at room temperature with the much stronger
A ~ X bands. Analysis of the data are in progress, as
are plans for addtional measurements on CO cooled to
78 K. At this temperature the bleding should be sig
nificantly reduced. The complete separation of those
bands from the strong A —X bands can be done with
cooling the molecules to temperaturs similar to those
in interstellar space using supersonic expansion tech
niques (Yoshino ei al. 1995). Such measurements can
be possible in the future using a new photon-counting
array detector, which is under construction for use with
the 6vope spectrometer.
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H2O has long been known to play an
important role in the photochemistry of
the upper atmosphere. More recently, the
Hubble Space Telescope has been used to
search for water absorption at VUV wave
lengths in translucent interstellar
clouds. In either case, the interpreta
tion of observations in terms of photo
chemical models relies on the availabi
lity of accurate photoabsorption cross
section data.

As part of a re-investigation of
the strongest discrete bands of H2O at
X<125 nm, we have measured the absolute
cross sections for the rotationally re
solved transitions to the C(0,0,G) 3pai
Rydberg level at 80587 cm"^.^ The spec
tra were recorded at the 6.65 m high-
resolution focal plane scanning spectro
meter on beamline 12B. The lower panel
of the Figure shows the room temperature
results obtained using an absorption
cell equipped with MgFa windows. The up
per panel shows the cross sections for
a free jet expansion; the temperature of
70 K was estimated by comparison with
calculations based on the model Hamil-
tonian of Gilbert et al.,^ and the ef
fective column densities were estimated
with the help of the integrated cross
section derived from the room tempera
ture data.

The experiments have led to two
important conclusions. (1) Previous win-
dowless experiments, using the spectro
meter tank as an absorption cell or mea
suring the absorption of free jet ex
pansions, must be corrected for a slight
contamination of the first-order back

ground radiation by second-order photons
passing through the pre-disperser (but
not through MgF2 windows). (2) Tank pres
sure readings by the calibrated ioniza-
tion gauge were found to overestimate
the actual pressure by nearly a factor

of 2, although they are believed to
provide the correct relative pressures
and column densities.

By making the appropriate correc
tions, it was then^pgssible to deter
mine, relative to C-X, the cross sec
tions and band oscillator strengths for
the two strongest F-X bands at 89688
and 92904 cm~^.

W. C. Johns, Can. J. Phys. 209 (1963).
^R. D. Gilbert, M. S. Child, and J. W. C. Johns,
Mol. Phys. 74, 473 (1991).
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In contrast with H2, He2, or NO,
where the Rydberg structure near the
first ionization potential is entirely
due to Rydberg series converging to the
ground state of the ion, the N2 absorp
tion near threshold reveals overlapping
progressions of core-excited d levels
built on A^H^ which interact with the p
and f series converging to X^Zg (seethe
Figure). The interactions result in per
turbed structures of the icomplexes and
significantly affect the intensities of
transitions to the mixed states.At
higher energies, the interactions are
important to the interpretation of ZEKE
spectra, and they put to the test the
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application of MQDT methods to the uni
fied global analysis of the interacting
ionization channels.

In the absence of reliably estab
lished absorption cross sections in the
near-threshold region, we have carried
out systematic photoelectric measure
ments from 860 to 800 S using the 6VGPE
high-resolution focal plane scanning
spectrometer on beamline 12B. Most of
the measurements were made on supersonic
jet expansions, cooling the absorbing
molecules to rotational temperatures of
~30 K and greatly reducing the mutual
overlaps of adjacent band structures.
For the conversion of the resulting re
lative cross sections to an absolute

scale, selected isolated bands were al
so measured at room temperature by flow
ing N2 gas through the spectrometer un
der precisely known conditions. The ex
perimental techniques have been descri
bed previously.

The Rydberg-Rydberg interactions
studied at below-threshold energies are
also active above threshold where they
lead to autoionization of the core-ex

cited levels. It is hoped that insight
gained from the quantitative analyses
of the discrete spectra will facilitate
the interpretation of the poorly under
stood diffuse regions.

^K.P. Huber and Ch. Jungen, in "Atomic and Mole
cular PhGtoionization", edited by A. Yagishita

and T. Sasaki, Uniuersal Academy Press, Tokyo

(1996), p. 159.
2

K.P. Huber, Trans. Roy. Soc. London; in press.

^G. Stark, P.L. Smith, K.P. Huber, K. Yoshino, M.
H. Stevens, and K. Ito, J. Chem. Phys. 97_, 4809

(1992).

'̂ K.P. Huber, G. Stark, and K. Ito, J. Chem. Phys.
4471 (1993).

^G. Stark, K. Yoshino, P.L. Smith, J.R. Esmond,
K. Ito, and M.H. Stevens, Astrophys. J. 410, 837

(1993).
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Introduction

It is believed that a tetra-nuclear Mn-cluster ions in the cluster presumably due to free
accumulates positive charges and provides a electrons produced by X-ray irradiation. Since
catalytic center for photosynthetic oxygen free electrons may not be reactive at extremely
evolution.') The structure of the cluster and the low temperatures, sample temperature at
mechanism of oxygen evolution are largely irradiated spot is assumed to elevate to allow
unknown. X-ray absorption is one of the most reduction. The present study demonstrates that
promising methods to evaluate the electronic secure temperature control of sample is required
states and the ligation structure of the cluster to obtain reliable XAFS spectra in some
directly.2) The reported results, however, have biological systems containing metal centers in
been still controversial. In the present study, we higher oxidation states.
have studied the effects of X-ray irradiation on an We thank Prof. M. Nomura of the Photon
XAFS spectrum of the Mn-cluster. Factory for kind help in XAFS measurements.

Experimental References
Oxygen evolving photosystem (PS) II 1) (a) B. Kok et al., Photochera. Photobiol. 11,

membranes were prepared from spinach. Dark 457 (1970). (b) P. Joliot et al., ibid. 10, 309L X X f M ^ ^ ^V\

adapted membranes were suspended in 400 mM (1^09;.
20 mM NaCl, 0.5 mM EDTA-Na 2) V. K. Yachandra et al., Chem. Rev. 96, 2927

and 20 mM Mes-NaOH (pH 6.5). After (1996).
centrifugation, the pellet was applied onto a
polycarbonate sample cell of 1 mm in thickness
attached to an aluminum holder. The holder was
then attached to a cryostat cold finger that was
controlled at 10 K. The setup was mounted in a
heat insulating vacuum chamber. EXAFS spectra
were measured at Tsukuba Photon Factory BL-
12C by fluorescence mode with a 19 element
solid-state detector (Canberra).

Results and Discussion

Fig.lA shows Mn EXAFS spectra after the 1st
(solid line) and 5th scan (broken line) of the Si
state Mn-cluster. It is seen that structure of the
spectrum is different between the spectra:
amplitude of oscillation became smaller in the 5th
than the 1st scan spectrum with a slight shift of
K-edge to lower energy. The changes in K-edge
was pronounced in XANES spectra (Fig.IB).
The K-edge energy downshifted by
approximately 2 eV in the 11th scan spectrum that
shows the presence of Mn (11). The small extent
of K-edge shift was revealed even after the 1st
scan when the spectrum was compared with that
measured with reduced (11.5 %) beam intensity,
with which the K-edge shift was negligible even
after 5th scan. The Si state cluster is assumed to
be 4Mn (111-111,111,III) or 4 Mn (III-III,rV,IV).

sucrose

The shift, therefore, indicates reduction of Mn

284

5(h scan

1st scan

43.5 min/scan

Phoion Energy, eV

1 Ith scan

43.S min/scan

Phoion Energy, eV

Fig.l. EXAFS (A) and XANES (B) spectra of
Mn-cluster in dark adapted PS 11 membranes.
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Introduction
We have previously reported that ZnS

nanocrystallites (ZnS-DMF, ca. 2 nm in
diameter, hexagonal) prepared in N,N-
dimethylformamide (DMF) catalyzed effective
photoreduction of CO2 to HCOO" in the presence
of triethyiamine (TEA) as an electron donor under
UV light irradiation (X>290 nm). In this
reaction, the change in the photo-product
selectivity was induced by the addition of excess
Zn2+ into the system of ZnS-DMF preparedfrom
Zn(C104}9 (ZnS(C104)). On the other hand,
excess Zn2+ in the system of ZnS-DMF prepared
from Zn(0Ac)2 (ZnS(C104)) leads to the
improvement of photocatalytic activity to form
HCOO". In this study, we characterized the
surface structures of ZnS nanocrystallites with /
without excess Zn^""" by in-situ EXAFS analysis.

Experimental
Colloidal ZnS nanocrystallites in DMF

(ZnS-DMF) were prepared as previously
described.^ The effect of the excess Zn^""" was
investigated after adding a DMF solution of zinc
salt into the ZnS-DMF solution. Excess amount
of Zn^"*" was indicated by a ratio of excess Zn^"*"
concentration to the diatomic concentration (10
mM) of ZnS nanocrystallites.

Zn-K edge EXAFS measurements were
performed on the BL-12C at the Photon Factory
of the National Laboratory for High Energy
Physics. The details of these analysis are
described elsewhere.^' ^

Results and Discussion
Table 1 shows the result of one-shell

fitting for standard sample (an aqueous solution
of ZnS(C104)2 and bulk size ZnS) and two-shell
fitting for ZnS-DMF nanocrystallites.
Coordination of oxygen atom to zinc atom was
attributed to the solvation of oxygen atoms in
DMF molecule to the nanocrystalline surface.
The coordination number of Zn-S shell on ZnS-
DMF(C104) is less than on ZnS-DMF(OAc).
This result indicate that the surface of ZnS-
DMF(OAc) is covered with sulfur species.

In the previous paper, we reported that
the addition 01 excess Zn^+ into the system of
ZnS-DMF(CI04) did not affect their adsorption
spectrum and, the addition of excess Zn^^ into
the system of ZnS-DMF(OAc) induced red-
shifts of the adsorption onset due to monolayer
growth of ZnS nanocrystallites.^ Thus, the
addition of excess Zn^""" to ZnS-DMF(C104)

leads the adsorption of Zn2+ ions solvated by
oxygen atoms of DMF to the ZnS surface, and
form the sulfur surface vacancies on the surface
of ZnS nanocrystallites. On the other hand, the
addition of excess Zn2^+ to ZnS(OAc) causes
growth of ZnS nanocrystallites because of their
excess sulfur species on the surface. (Scheme 1)

In conclusion, sulfur vacancies on ZnS
nanocrystalline surface play an important role to
form HCOO' and CO in the system.^

References
1) M. Kanemoto et al. J. Chem. Soc., Faraday
Trans. 1996, 92, 2401-2411.
2) H. Hosokawa et al. Langmuir 1996,12,
3598-3603.
3) H. Fujiwara et al. to be submitted.

Table 1 Curve-Fitting Results for Fourier-
Filtered k^xik) Zn K-edge EXAFS of Zn
Compounds^

Sample shell r/A CN a^/A^ R/

Zn(C104)2/H20Zn-0 [2.08]b [6.00]t> 0.088 9.39

Bulk-ZnS Zn-S [2.34]b [4.00]b 0.079 5.86

ZnS(Ci04) Zn-0 2.06 1.66 0.112 7.03

Zn-S 2.34 3.66 0.080

ZnS(OAc) Zn-0 2.04 1.02 0.150 6.69

Zn-S 2.34 4.40 0.083

^Curve-fitting was performed over a k range of 3.6-12.8
A" ^. '̂ Fixed parameter.

a)ZnS-DMF(CI04)

b)ZnS-DMF(OAc)
DMF

DMF IDMF

Scheme 1
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Introduction

Sputtering and Liquid quenching are useful ways to
obtain an amorphous phase of materials. The former
is from the gas state and the latter is from the liquid
state. Recently mechanical alloying has attracted our
attention, because it enables us to make the
amorphous phase from the solid sate. We report X-ray
diffraction and XANES studies on mechanically
alloyed Y2C0 (m-YaCo) compared with a melt spun
amorphous Y67C033 alloy (a-YeyCoas) and a pure Co
metal (x-Co).

Experimental
Starting materials were powdered Co and Y metals

in the purity of 99.95 %, the particle size of which is
about 20 [xm for Co and about 300 p,m for Y. They
were milled in a stainless steel vessel with stainless

steel balls in vacuum. The weight ratio of the
specimen to the balls is 1:7. The composition of the
specimen after 165 hour milling was confirmed to be
33.6 at%Co by electron probe micro analysis. X^:ay
diffraction was measured using Cu K a radiation.
XANES measurements near the K edge of Co were
carried out using a Si(lll) monochromator at the
BL42C station of the Photon Factory, Institute of
Materials Structure Science, High Energy Accelerator
Research Organization. The experiments was done in
a transmission mode at 300 K.

m-YiCo

2 0/ deg

Fig.l. X-ray diffractionpattern of m-Y2Co
for various milling time.

Results and Discussion

We have observed X^^ay diffraction patterns of m-
Y2C0 for different milling time. Some of them are
shown in Fig. 1. All reflections from crystalline planes
are reduced as the milling time increases. The other
peaks than the largest reflection from the Y (101)
plane vanish after 60 hour milling; the Y (101)
reflection also disappears after 165 hours. This shows
that the specimen after 165 hour milling has no long
range order of crystalline state and is amorphous. The
milling reduces the particle size of the specimen as
well; after 165 hour milling it becomes about 6 pm.
Fig. 2 shows XANES spectra of Co K edge for m-
Y2C0 with x-Co and a^67Co33. The energy is
measured from the threshold of Co K edge.
Remarkable difference between these spectra is the
shape near the threshold. Near the threshold we can
recognize a small peak in x-Co, while a sharp peak is
in a-Y67C033. The peak of m-Y2Co grows up as the
milling time increases. These features are closely
connected with the 4p electronic state of Co atom. The
spectrum of m-Y2Co resembles that of a-Y67C033
closely. This also suggests that m^2Co after 165
hour milling is amorphous. We have observed the
same feature in the Fe K edge for m-YFe2 and m-
Y2Fe.^^ The detailed analysis isnow inprogress.

1) I. Nakai, 1. Ouchi and H. Maeda, J.de Phys.(1997).

a-Y67C033

m£Y2Co(165h)

tn-Y2Co(130h)

ni-Y2Co(90h)

m-Y2Co(60h)

Di-Y2Co(45h)

m-Y2Co(30h)

E-Eo / eV

Fig.2. XANES spectra at the Co K edge
for m-Y2Co, x-Co and a-Y67Co33.
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Introduction

It is known that anomalous physical properties in
alloys and compounds of Ce are greatly influenced by
external pressure.Since the anomalies are attributed to
partial delocalization of the 4/ electron of Ce, it is very
important to estimate Ce valences from XANES spectra
for the alloys and compounds under high pressure. Some
of the present authors^^ have been developing a new
technique for high pressure Ce—L3 XANES measurement
using a diamond anvil cell (DAC) with a beryllium gasket.
We already confirmed that a pressure-induced 4/electron
transition occurs in Pd-Ce, GaCe and Ce-Al alloys.
However, we encounter difficulties against quantitative
discussion on the pressure dependence of Ce valence.
Some of the difficulties arise from the inhomogeneous
distribution of pressure in DAC.

In this work, we have made another attempt to detect
fluorescence Ce-L^ XANES spectra using DAC under a
new optical geometry, in order to reduce the influence of
pressure distribution.

Experimental
Figure 1 shows a cross section of the present DAC.

The incident x-ray beam penetrates the sample through the
upper anvil made of a thin diamond (1.0 mm in thickness).
When the penetrated x-rays are absorbed at the L3 edge of
Ce, fluorescence Ce-La radiation occurs. We tried to

detect the fluorescent x-rays which passed through the
beryllium gasket using a solid state detector (SSD), as
illustrated in Fig. 1. In this optical geometry, it is expected
to reduce the influence of pressure distribution, as we can
obtain the fluorescent signals from the sample in the
center of the gasket. A hole (0.2 mm in diameter) was
made in the gasket for a sample cell, in which a powder
sample (amorphous Ce3Al alloy) was put with a pressure
sensor (ruby splinter) and a pressure-transmitting medium
(epoxy). The experiment was performed at BL-12C of the
photon Factory, KEK.

Results and Discussion

Figure 2 shows fluorescence C&-L2 XANES spectra
for amorphous Ce3Al in DAC; The spectrum (a) was
obtained by our former method^^) (the beam was
illuminated perpendicular to the anvil axis) and the
spectrum (b) was by the new method. It is clearly seen that
in spectrum (b), the white line corresponding to Ce^"*" (4/)
appears at the same position as in (b). The result confirms
that the x-rays can penetrate the diamond anvil 1 mm thick
and fluorescent x-rays are practically detectable. However,
the signal/noise (S/N) ratio is not yet sufficient and counts
of fluorescent x-rays need to be increased. Theoretically,
x-rays with an energy around Ce-L^ edge (-5.7 keV)
decreases to about 1 % in intensity by passing 1.0 mm in
diamond. We will be able to obtain a spectrum with
intensities of four times by using an anvil 0.75 mm in

thickness, and then the S/N ratio will increase by two
times. Therefore, we would be able to obtain a reliable
spectrum by using such a thin diamond anvil together with
a longer recording time and a brighter light source.
Designing of new anvils is now in progress.

Be-gasket

Epoxy regins.

Sample

Diamonds

Fluorescence

X-ray

Fig. 1. Sectional view of the Be-gasketed DAC.

57505700 5725

ENERGY/eV

Fig. 2. Fluorescence Ce-L3 XANES spectra for
amorphous Ce3Al in DAC.
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Introduction

LiNi02 is a member of the series of LiM02
( M=V, Cr. Co and Ni ) which have the la^'ered
SLiperstnicture of rock-salt type, LiNiO: is recently
recognized as a suitable cathode material in secondaiy
lithium batteries because Li can be electrochemically
deintercalated to fonn Li|.x-Ni02. When LiNiOo is in

its charging state, its crystal structure varies from
hexagonal through monoclinic finally to rhombohedral
again. Partial substitution of Mn for Ni has been
reported to be effective to suppress the phase
transition.'̂ In this study, we investigate tlie
substitution effect of Mn for Ni on local structure

around Ni in Lii.,.,Ni02 by XAFS.

Experimental
LiNii.yMiivO: ( y=0 and 0.2 ) were prepared by

reacting LiOH, Ni(0H)2 and yMnOOH at the
temperature range of 750 to SSO'̂ C under air flow.
The composition of the reactant was detcnnined by
ICP analyzer. Deintercalation of litliium from LiNii.
yMiiyO: was conducted by charging with a three-
electrode method at a constant current density of
0,5niA/cm' with varying an applied voltage from 3.0
to 4.3V. Transmission X-ray absorption spectra near
Ni K- and Mn K-cdges were obtained at the BL-12C
station with focusing Si(lll) double monochromator.
The XAFS data analyses were perfomied using the
Program Librar}' written by Sakane el al'^

Results aiid Discussion

Ni K-XANES spectra of both LiNiO^ and Li-
Nio8Mnu202 varied little, which means that Mn-
substitution docs not affect the local stmctiire around

Ni and the electronic structure of Ni significanth'. The
absorption edge shifted to the higher energy side with
an increase of the amount of deintercalating Li in both
specimens. As for Mn K-XANES, however, the
absorption edge did not shift in spile of Li-
deintercalation. These results show that charge
compensation in these materials was mainly done by
Ni.

288

2.00

Ni-0(2)x2

Ni-0(l)x4

1.85

2.10
Ni-0(2)x2

92.0
Ni-O(l) X4

X in Lii xNio aMno 2O2

Fig. I Composition dependence of Ni-0 distance
in Li|_x(Ni, Mn)02 by EXAFS analysis.

Figure 1 shows composition dependence of Ni-0
distances obtained by EXAFS analysis. The NiOe
octahedron was comprised of four shorter Ni-O(l)
bonds and two longer Ni-0{2) ones. In Li|-,;Ni02, the
shorter Ni-O(l) distance was kept constant in the
compositional range of 0<x<0.7, whereas the longer
Ni-0(2) distance increased at x=0.3 and 0.5. These

compositions agrees well with the ones where the
monoclinic phase was observed. In Lii-xNio8Mn(:j202,
both Ni-O(l) and Ni-0{2) distances increased at x=0,
compared to those in LiNi02- and remained constant
through-out the Li-deintercalation process up to x=0.7.
The constancy in the Ni-0 distances may result in the
absence of phase transition in Lii.xNio RMnn,2O2.

1) Y.Nittaera/., J. Power Sources. 54. 511(1995),
2) H.Sakane et a!.. Jpn. J. Appl. Phys. Part 1.

4641 (1993).
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Introduction

Graphite can incorporate many

kinds of materials, and metal

graphite intercalation compounds
(M-GICs) are of great interest

for their catalysis, because the

state of metal particles in
graphite is different from that

on graphite.
In this study, we

investigated the structure of
iron metal particles in graphite

lamellar structure by EXAFS

spectroscopy.

Experimental

Following evacuation for 2

hours at 393 K, iron chloride (IE)
mixed with graphite (LONZA

SFG44) were heated at 573 K for

48 hours. The iron chrolide

intercalated graphite (FeCl3-GIC)
samples were treated at 773 for 1

h under hydrogen atmosphere.

The EXAFS spectra of samples

were measured under vacuum at

room temperature in BL-7C and

BL-12C. All spectra were

analyzed with the program of
EXAFSH^'.

Results Discussion

Figure 1 shows the

coordination number of Fe-Fe bond

of the samples. The coordination

number increases with decreasing

the loadings. It shows that

bigger iron metal particles exist
in lower loading samples. One

explanation is that iron chrolide

particles in higher stage stage
structure is easily reduced, then

reduced iron atoms move well in

and on graphite to make larger
metal particles.

Further complemental

experiments such as XRD or TEM

are need to elucidate the metal

particle size in graphite.

<D 6
-Q

Amounts of Fe / wt%

Figure 1. Coordination numbers of

Fe-Fe bond of iron loaded graphite

samples.

1) Program "EXAFSH" coded by

T.Yokoyama and T.Ohta, The University

of Tokyo ( 1993) .
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Introduction

!Er-doped semiconductors have been attracting a
great interest since they are expected to be applied
for optical communication systems.

Optical properties of Er doped in semiconductors
were found to depend strongly on growth conditions
and were considered to be related to local structures

around the Er atoms, which must depend on the
growth conditions. Therefore, it is very important to
understand the relationship among the growth condi
tions, the local structures around the Er atoms, and
the optical properties.

Experimental

In this work, the local structures around the Er
atoms doped in III-V semiconductors as dilute as
2 XlOi^cm-3 weremeasured by fluorescence EXAFS
with 19-channel Ge SSD using the beam line BL12C
at the Photon Factory, which was designed for
EXAFS measurement. The X-ray spot size was less
than 1mm x 0.5mm and the photon flux was about
1 X10 '̂̂ /s. Figures 1 and 2 show measured k^xi^)
spectra of Er atoms uniformly doped and 5-doped in

[Er]=8 XlO'-^cm"

T.=530°C

T^=580°C

2 3 4 5 6 7 8 9 10 11 12

Wave Number [A~^]

In? at different growth temperature. Different shapes
of oscillations were observed at different growth tem
peratures.

Results and Discussions

Prom the measured EXAFS spectra, the local
structures formed around Er in In? were found to

change with the growth temperature and the doping
sequence (uniform doping or delta doping). For ex
ample, when the Er atoms doped uniformly in In?
at 580"C(which showed a weak luminescence), Er
formed NaCl-structure ErP, and when the Er atoms
doped uniformly in InP at 530"C(which showed a
strong luminescence), Er atoms substituted In sites.
On the other hand, when the Er atoms were 5-doped
in InP, the local structure formed with Er showed no

dependence on the growth temperature. When the
InP cap layersgrown on the <5-doped layerswere lOOA
thick, Er atoms (5-doped in InP always formed NaCl-
structure ErP like in InP grown at 580"C. However,
when the InP cap layers grown on the J-doped layers
were 50A thick, Er atoms were found to form Er-0
bonds.

T^=530°C

Cap Layer 50A

Cap Layer lOOA

2 3 4 5 6 7 8 9 10 11 12

Wave Number [A~^]

Figure 1: Examples of measured spectraofEr Figure 2: Examples ofmeasured Px(^) spectraofEr
atoms uniformly doped in InP. atoms J-doped in InP.
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Introduction
I ' 1 ' 1 ' 1 '

EXAFS spectra for epitaxially grown thin films on
single-crystal substrates were obtained by using
total-conversion-electron yield method. This method -g / /\'- -- ''
can provide us with the information of structure of ^ . / \
the thin films on thick substrate to which the ^
transmission method is not applicable. j

Experimental " /
Samples measured were 10 - 100 nm thick SrTiOs
films deposited on single-crystal substrates such as lefcT' IftlllU ' IblhU ' IbldU ' IbldO
LaAlOs- Using our apparatus ' , the incident angle
and the vertical and horizontal positions for the film
were adjusted from outside of the station hatch, pjg j XANES spectra at Sr-fC edge for SrTiOj
arbitrarily. The smaller the mcrdent angle was, the
higher the S/N and S/B ratios were obtained. The 50nm (dotted line) SrTiOj film on LaAlOs substrate,
incident angle for the present study was 0.5 degrees.
The axial structure parallel or perpendicular to the
film can be obtained by placing the film horizontally I ' ' ' ' i ' ' ' ' i ' ' ' '
or vertically, respectively. The XAlFS spectra were
measured at the BL-12C.

Results and Discussion

Figure 1 shows XANES spectra of Sr-K edge for
SrTiOs of about 100 nm and 50 nm in thickness on a
LaAlOa single-crystal substrate. The spectra are
similar to that of SrTiOs single crystal used as a
reference material, that is, the structures around Sr
atom are the same as that of SrTiOs single-crystal.
XANES spectra of Ti-X edge for the same samples
are shown in Figure 2. There is no difference in
the structure around Ti atom again. EXAFS
analyses results in 2.75 A and 1.92 A for the Sr-
0 and Ti-0 distance, respectively. Therefore, it is
concluded that the structure of SrTiOs thicker than

50 nm is not influenced by LaAlOs substrate, or the
influence is too small to be observed by this method.

Energy /eV

Fig.2 XANES spectra at Ti-X edge for SrTiOs
single crystal (solid line), lOOnm (broken line) and
50nm (dotted line) SrTiOs film on LaAlOs substrate.

Reference
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Introduction the -CH^ groups ofthe EDT-TTF and each molecular axis of
In the last decade, much effort has been done to ob- I^" anion inclines 10° from theb axis. Toconfirm thevalidity

tain a highly conducting or metallic Langmuir-Blodgett of the above model, the simulation for XANES spectra is
(LB) films basedon a TTFderivative. However, onlya few required. This pointis now underprogress,
candidates exhibit metallic properties and most of them re
main semiconductors. Such insufficient results originated , , , , ^ ^ .
from an absence of the viewpoint of lateral packing of the
molecules, since the lateral packing determines the essential
mechanism of electron transport. But practically, it is diffi- |
cult to investigate it in LB films due to the existence ofthe i rEDT-TTFtSC
randomly oriented 2D domains in the plane of the films. As Crystals "
an approach to overcome the above problem, we take the
study on single crystal which has identical structure to the ^
LB films". Following this study, we focus onthe conducting ^
LB films of EDT-TTF(SCjg)2 [(ethylenedithio)bis ^ jf
(octadecylthio) tetrathiafulvalene], which is rare molecule S / ^
as aTTF derivative giving rise to astable conducting film. j \/ ^rBEDT TTF
Here, we report in-plane arrangement of the I' anion in the i <?• i r t i
single cryst^s studied by polarized XANES experiment to J ^
investigate the total molecular packing in the LB films. The /
spectra are compared with those of a-(BEDT-TTF)jl2 and a ^
possible structural model is proposed based on the results.

Experiments
The XANES experiments were carried out at BL-

12C of Photon Factory, KEK. PTuorescence detection was
performed using an Si(Li) solid state detector for discrimi
nating the L and L fluorescence lines induced by L,exci
tation of ioaine. A bundle of [EDT-TTF(SCjg)2]2^3 cO'stals
was assembled uniaxially along the b axis (conducting di
rection) for XANES experiment. A single crystal of a-
(BEDT-TTF)2l3 whose crystallographic axes had been de
termined by x-ray diffraction was also measured as the ref
erence of it.

Results and discussion
From the previous results of XANES experiment on

[EDT-TTF(SCjg)^]2L crystals, the I '̂ molecular axes incline
10° from theb axis. Sincethesimilarmolecular arrangement
is found in a-(BEDT-TTF),I^ we measured XANES spectra
for a single crystal of a-(BEDT-TTF)2l3 and compared them
with those for [EDT-TTF(SC )2]2L crystals. The spectrum
for [EDT-TTF(SC )2]2lj crystds obtained under theE paral
lel to the b axis and the one for a-(BEDT-TTF)jIj obtained
under the E parallel to the a axis are shown in Figure 1. It is
clearly observed that two samples show the same absorption
structure, which indicates that the I '̂ molecular arrangement
in [EDT-'iThXSCjg)^]^^ crystals is the same as that in a-
(BEDT-TTF) I^. Based on the manner of13" arrangement in
a-(BEDT-TTF)jl3 crystal, a possible structural model of the
LB film is proposed by incorporating with the molecular ar
rangement of EDT-TTF(SC,g)2 which was previously ex
pected from the monochromatic x-ray Laue photograph '̂. It
was found that Ij" anion is possible to put the molecular ar
rangement as shown in the model of Figure 2. In the model,
the I3- anion is located in the cavity defined by H-atoms of

[EDT-TTF(SCMl,
Crystals

a-(BEDT-TTF)jlj
Single Crystal

5.15 5.20 5.25 5.3

Photon Energy (keV)

Fig.l Polarized I-LI XANES spectra for a bundle of [EDT-
TTF(SC,,),],L crystals and for a single crystal of a-(BEDT-
TTF),ly

Side view

f -V
o ^

Top view \ EDT-TTF
:

o o'Nv o a

O 0

Fig. 2 A possible structural model of [EDT-TTF(SCjj)j]j3
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Introduction

The upd^underpotential deposition) ofCuon Pt and Au
sigle crystal electrodes has been widely studied by con
ventional electrochemical methods and recently by var
ious surface science techniques. Both substrate struc
ture and anions contciined in the solution are important
to characterize the upd process. To comprehend this
phenomenon is helpful for fundamental understanding of
metal-solution interface. In the past several ye&ts,in-situ
techniques such as STM,AFM and Surface X-ray Scatter
ing have become available. These methods are suitable
for systems which have relatively long-range order. On
the other hand,EXAFS can determine the local structure
around a certain absorbing atom. Several studies have
been reported up to now,but due to the insufficient signal-
to-noise ratio, their results are not always reliable. In this
study,Cu-K edge XAFS on Pt(lll) and Pt(llO) electrodes
was measured and the atomic local structure around the

upd Cu was determined.

Experimental

Pt single crystal electrodes were prepared by the Clav-
ilier's method. They were put in the specially designed
electrochemical cell which was mounted on z and gonio
stages. Aqueous solution was made of Milli-Q water and
high quality electrolyte reagents and was bubbled before
the measurements with a pure Ar gas to purge electro-
chemically active oxygen. The potential of the Pt elec
trode was hold for a few minutes at a sufficiently cathodic
voltage where Cu underpotential deposition takes place.
Grazing incidence of X-rays was applied to avoid scattered
X-rays by the substrate and a sollar slit was inserted be
tween the cell and the solid state detector which collected

Cu-Kor fluorescence. A good signal to background ratio
was obtained with these arrangements and signals were
accumulated for about 60s at each energy point. All the
measurements were carried out at BL7C and BL12C.

Results and Discussion

Fig.l shows the in-siiu EXAFS spectra of Cu/Pt(lll).
The solid line represents the data when the polarization of
the incident X-ray is parallel to the surf2ice(s-pol.),and the

dashed line vertical(p-pol.). The dotted line is the spec
trum when the solution contained bromide anions which

was added to investigate thier effect to upd(p-pol.). All
the spectra have good S/N. The detailed analysis of these
spectra revealed that the atoms located around the Cu are
Cu.Pt 0,and Br when contained. The Cu-Cu distance is
2.70 A,Cu-Pt 2.67 A,Cu-0 1.96 A,Cu-Br 2.33 A, respec
tively. These values have relatively large errors(ca.0.07A),
because all spectra consist of at least two elements and
these waves were not easily separated. The Cu-Cu dis
tance isshorter than the substratePt-Pt one(2.77 A), and
Cu-Pt is nearly equal to the sum of the met^lic bond radii
of these two atoms. These results indicate that the upd
Cu form incommensurate monolayer on the Pt substrate.
This conjecture is supported by the fact that EXAFS am
plitude was relatively small. Oxygen might come from
adsorbed HSO4 on the Cu layer. The distance is in the
region of a chemical bond. When Br was contained in the
solution,Br coordination was observed instead of oxygen.
The Cu-Br distance 2.33 A is shorter than that of solid
CuBr (2.40A) and may indicate a strong chemical bond.
Cu on Pt(llO) was also measured and the Cu-Pt distance
was a littleshorter (2.64 A) than onPt(lll). More precise
structure analysis is a near future subject.

w

0.1

0.0

U

s-poll

+Br"

wave number k(A~^)

Figure 1: Cu/Pt(lll) Cu-K EXAFS functions
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Introduction

X-Ray absorption fine structure (XAFS) spec-
troscopy is a powerful tool for structural analysis. How
ever, in many cases, it takes several minutes to measure
a XAFS spectrum for the first-row transition metal el
ements in order to obtain a high-quality XAFS spec
trum even if the synchrotron radiation is used. Some
time-resolved XAFS systems using synchrotron radia
tion have been previously developed. One is the energy
dispersive EXAFS system, that is suitable for the time-
resolved experiments because a spectrum can be taken
simultaneously.^ However, it requires the special optics
and position-sensitive detector which are not available
in usual XAFS experimental stations. The other is
a quick scanning EXAFS technique, but the shortest
time-resolution is limited to ca. 0.1 s.^ Therefore, it is
applicable only to slow reaction processes. We have
constructed a fast XAFS system which consists of a
fast data acquisition device and a stopped-flow assem
bly, which can be combined with a usual step-scanning
XAFS system.

System Configuration

Experiments were carried out at BL-12C. In order
to prevent deformation in the current amplifier used as
a detector, the rise time was set to 30 ^s. Respective
output voltage from the amplifiers was digitized by a
fast 16-bit A/D converter (Contec AD16-I6(98)E) and
then storedin memory; the voltage sampling was driven
by an on-board clock. All devices and a driver of the
stopped-flow assembly were controlled by a microcom
puter.

The stopped-flow assembly was newly designed and
prepared to fit the BL-12C station. The volume of a
piston cylinder for the full stroke was 0.240 cm^ /piston.
The observation cell unit consisted of a mixing cham
ber, an observation cell, a heat exchanger, and a ther-
mostated bath. Pyrolytically prepared boron nitride
plates (150/im thickness) wereused as the cell window.
Asthe focused X-rays were obtained at BL-12C, the ef
fective area of the cell window was 2 mm x 2 mm. The
light path length was fixed to 1 mm. When the piston
was moved at ca. 6000 mra^ s"S the dead time of the
present stopped-flow unit was estimated to be 3.6 ms.

The period of the sampling clock is controlled be
tween 20 ^s and 6.71 s. The A/D conversion of /q signal
is triggered by the clock, and I signal is then converted.
The interval of the conversions of Jo and L was fixed
to be 10 fis. Each intensity for i times sampling is ac
cumulated in order to improve the S/N ratio, and the
accumulation repeats n times. The i x n sampling is
repeated at about 500 different X-ray energies in order
to get a XAFS spectrum.

Results

As an example of the time-resolved measurements,
the redox reaction between [Fe(CN)6]^" and L-ascorbic
acid was examined at K edge ofFe. In order to keep pH
constant during the reaction, the pH bufferof NaHS04-
Na2S04 was used for samples of 0.4 < pH < 1.0. The
offset of the detection device was independently mea
sured without the irradiation of X-rays and subtracted
from the observed intensities.

The observed X-ray absorbance change was excel
lently reproduced by first-order kinetics. This means
that the time-resolved measurement has been cor
rectly performed. Figure 1 shows the time-resolved
X-ray absorption spectra. The time-resolved spectra
clearly reproduced the difference in the spectra be
tween [Fe(CN)6]3- and [Fe(CN)6]^-. The lower shift
of the threshold energy and the reinforcement of the
absorbance at around 7.114 keV were accompanied by
the reduction of an Fe center. A slight increase in the
absorbance in the pre-edgeregionis interpreted in terms
of an increase in solution density, which comes from an
increase in electrostriction due to the higher charged
[Fe(CN)6]'̂ - ion and hydrogen ions produced.

The time-resolution ability, as well as the quality
of the obtained XAFS spectra, was much improved in
comparison with the laboratory stopped-flow XAFS ap
paratus previously developed.^

E / keV

Fig. 1. Time-resolved spectra during the reduction of
[Fe(CN)6]^~" by L-ascorbic acid.

[1] T. Matsushita et al., Jpn. J. Appl. Phys., 25, L523 (1986).
[2] R. Frahm, Nud. Instrum. Methods, A270, 578 (1984).
[3] Y. Inada et al, Rev. Sd. Instrum., 65, 18 (1994).
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Introduction

Amorphous semiconductors can change their
properties upon application of external action.
Amorphous selenium is a case example which
undergoes reversible changes upon irradiation
with the band-gap light. Flexibility of structure of
selenium makes it ideal candidate for confinement
in zeolites with different network topology.

Experimental

We have used in-situ EXAFS measurements to
probe the photostructural change at 30 K. The
sample was a thin (-1000 A) film. The
measurements were done on beam-line 13B using
a 27-pole wiggler and a multi-element pure Ge
solid state detector. Under such experimental
conditions the accuracy in determining the relative
changein coordination was within ±1%^.
The structure of selenium confined various

zeolites, in particular, in nanochannels of
cancrinite single crystals was studies using
polarized EXAFS and XANES.

Results and discussion

Fig. 1 shows the raw EXAFS spectra for the
starting film and the same film in the photoexcited
state. An increase in The EXAFS intensity in the
photoexcited sample is clearly seen.

0.00

-0.02!

under excitation"
as-evaporated

4 6 8 10 12, 14 16
Wavenumber, A

Fig. 1. Raw EXAFS spectra for as-evaporated
and photoexcited selenium film

The curve-fitting data analysis, performed using
a single scattering theory and FEFF amplitudes,
revealed that the coordination number of selenium
species increase in the photoexcited state. This
increase is dynamic and disappears after turning
off the exciting light.
The result indicates the formation of interchain

bonds in the photoexcited state of selenium due to
unpairing of lone-pair electrons^).
Using polarized X-ray absorption we have

shown that selenium confined in nanochannels of
cancrinite single crystals forms strongly oriented
dimerized chains (Fig. 2)3).

g 20 - / / Orientation: _^ /; paraiie!
Q perpendicular

12.66 12.68 12.70
Energy, keV

Fig.2. XANES spectra for two different
orientations between .E-vector of X-rays and c-
axis of cancrinite.
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Introduction
In order to fully understand the electrochemical

deposition process, it is essential to elucidate the local
structure of the substrate and the deposited overlayer at
atomic level.

We have already investigated the structure of
electrodeposited Cu on GaAs with various coverage by
using ATM and found that Cu clusters were formed at only
certain sites at the initial stage and that Cu overlayersgrew
onlyon the surface of those Cu clusters.^^

In this study, we report the first local structure studies of
electrochemically deposited Cu on /7-GaAs(100) using
surfaceextended X-ray absorption fine structure (EXAFS)
to understand the interaction between the substrate and Cu

overlayer, particularly at the initial deposition stage (even
less than one monolayer).

Tiypprimpnt
X-ray absorption experiments were carried out in a

fluorescence mode in a grazing-incidence geometry at
BL13B1. The polarization of an incident beam was parallel
to the electrode surface. XAFS spectra were obtained by
monitoring the CuKq. yield using a 19-element pure Ge
solid state detector,^^
Single crystalline Zn doped /7-GaAs(100) wafer

(Mitsubishi Chemical Corp., doping density: 2 x 10^^ cm'̂ )
was fixed with epoxy resin on an electrochemical cell.
Electrochemical deposition of Cu on p-GaAs(lOO) was
carried out in a solution containing 0.1 M H2SO4 and 0.1
mM CUSO4 by keeping a potential at -0.5 V (vs. Ag/AgCl)
for various time duration

Parameter fits of the k-weighted EXAFS oscillation,
kx(k), were carried out in a range between 4 and 12.4 A'̂
by using FEFF6.

Results and Discussion
EXAFS parameters obtained for the Cu overlayers on the

/?-GaAs(100)electrode of four differentcoverages, 0=0.05,
0.25, 1, and 6 are summarized in Table 1, When 0 were 1
and 6, only an interaction with the nearest neighbor Cu was
obtained. The distances, R, in these cases are very close to
that of Cu with an fee structure, 2.56 A. Coordination
numbers, N, (10.5 for 0=6 and 9.6 for 0=1) are, however,
less than that for an fee structure, 12. These results indicate
that Cu clusters were formed on the GaAs surface when 0

was more than one monolayer. Two new interactions with
O (R=1.83 A, N=1.2) and Cu ofdifferent distance (R=2.09
A N=0.8) were observed in addition to that with the fee
Cu (R=2.56 A N=1.5) when 0=0.25. When 6 was 0.05,
only these two interactions were observed. The interaction

with O suggests that Cu was coordinated by water
molecule and/or sulfate anion. This type of interaction was
suggested for the UPD Cu on Au and Pt.'̂ ^ The small Cu-
Cu distance observed for lower 0 suggests the formation of
contracted Cu nano-clusters which consists of a small
number of Cu atoms. The contraction was already reported
for Cu nano-clusters formed in UHV.^^

The above results are essentially in good agreement with
ourprevious AFM study '̂ inwhich we observed Cu islands
on the flat terrace of GaAs substrate for the initial stage of
the Cu deposition. These structures grew with deposition
time but total number of Cu islands was constant fi-om the
initial stage of the Cu deposition. Both the AFM and the
present results indicate that the nucleation of Cu atoms on
GaAs surface takes place at isolated places for the initial
stage of electrodeposition. The following deposition of Cu
atoms occurs not on GaAs directly but preferentially on the
Cu nuclei which already exists on the GaAs substrate
because the Cu-Cu interaction is much stronger than that
of Cu with Ga/As and as a result, the Cu clusters are
formed on GaAs surface.

Table 1 EXAFS parameters, bond length, R, effective
coordination number, N.

9 R/A N
0.05 Cu-0 1,84 1.3

Cu-Cu 2.13 1.5

0.25 Cu-0 1.83 1.2

Cu-0 2.09 0.8

Cu-Cu 2.56 1.5

1 Cu-Cu 2.53 9.6

6 Cu-Cu 2.52 10.5
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introduction

The NaCi-type KBr transforms to the CsCi-type structure
under the pressure of 1.74 GPa at room temperature. Each ion
in NaCi- and CsCi-type structures has six and eight
equidistant nearest neighbours, respectively.

The anharmonic effective pair potentials for the Br-K bond
in KBr has been investigated under high pressure by the
EXAFS technique. In the potential parameter fitting, we have
directly carried out the numerical integration of EXAFS
function and evaluated the precise anharmonic effective pair
potential from the EXAFS Debye-Waller factor without
mediating the cumulant terms [1,2].

Experimental and Analysis
The Br K-edge EXAFS were measured in transmission

mode under high pressure (sl3 GPa) at room temperature
using a cubic anvil type apparatus (MAX90) instolled at BL-
13B2 and synchrotron radiation from the Photon Factory in
the National Laboratory for High Energy Physics, Tukuba.
Sintered diamond anvils truncated 3x3 mm^ square were used
and the pressure mediums (6x6x6 mm^) were made of the
amorphous boron/epoxy resin. The powder mixture of the
sample and BN filled in the half volume of sample chamber
and the other was filled with the pressure caiibrant. Pressures
can be determined with an accuracy of about 0.5 GPa.

The EXAFS interference function, x(^)> was extracted from
the measured absorption spectra using the standard procedure.
Details of the analyses were given in reference [3]. For
comparison, we also carried out the parameter fitting with an
analytical EXAFS formula expressed by a cumulant expansion
up to fourth-order terras [4,5].

We consider the vibration of cation and anion, interacting
via an anharmonic pair potential V(u); V(u)=au^/2-i-|3u^/3!+
YuV4!, where u is the deviation of the bond length from the
location Rq of the potential minimum. The Griineisen
parameters Yg were also calculated from the obtained values
of a and p: Yq =-Ro3/6a.

Results and Discussion
The pressure dependence of the Br-K bond consistents with

the curvature derived from literature. The derived potential
parameters of a, P and y for KBr at ambient condition ^e
1.45x10'̂ ^ erg/A^, -4.4x10'" er^A^ and 3.3x10'" erg/A"',
respectively. The derived Griineisen parameter at ambient
condition is compared well with the values in the literature
[6]. The determined effective pair potential at ambient
condition is compared with the calculated curve obtained by
the empirical estimation [7] with the van der Waals term.
Excellent agreement is achieved when the contribution of the
van der Waals term to the total energy is 1.8 %.

In each structure type, Debye-Waller factors o2 decrease
and potential parameters a mcrease with increasmg pressure:
the anharmonic effective pair potential changes with pressure
and becomes steeper with increasing pressure.

The anharmonic effective pair potentials for Br-K bond in
CsCl-type structure are significantly broader than those in the
NaCI-type structure. The effective pair potential is certainly
influenced by pressure and atomic arrangements, particularly
by the coordination number (Fig. 1).
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Fig. 1. Effective pair potentials for Br-K bonds in NaCl-
and CsCl-type structures under the pressure of 1.7, 3.2 and
6.8 GPa.
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INTRODUCTION

Electron bombardment on CaFa surface induces the
desorption of F and yields metallic Ca, which is oxidized
to CaO in the presence of O2 and/or H20.^^ We
previously reported chemical-state-resolved scanned-
energy photoelectron diffraction patterns of
CaO/CaF2(lll) surface and single scattering cluster
spherical-wave (SSC-SW) analysis."^ It turned out that
the structure of thin CaO film (8 A, 6 layers) was
different from that of bulk CaO. Thus, we carried out
more precise structure analysis using the multiple
scattering cluster spherical-wave (MSC-SW)
calculations.

EXPERIMENTAL

Experiments were performed at BL13C.
Experimental details were described in the previous
issue.Ca2p and 01s scanned-energy photoelectron
diffraction measurements were performed at two
azimuthal angles, ^ 0° (// Ca-0 chains) and ^ 90°
(1 Ca-0 chains). MSC-SW calculation procedure is
described elsewhere.

RESULTS AND DISCUSSION

Ca2p scanned-energy photoelectron diffraction
patterns are shown in Fig. 1. Azimuthal dependence of
CaO patterns also indicates that CaO film grows
epitaxially although 13 % lattice mismatch exits. We
carried out MSC-SW calculations for various structure

models, in which lateral expansion (0-12 %) and
vertical contraction (d=1.39 A -1.09 A) are considered.
Fig. 2 shows calculated oscillations x(k) fo'" ttiodel
structures with vertical spacing d=1.39 A, equal to that
of bulk CaO(l 11). Intensity and peak positions of x(k)
vary with increasing lateral expansion. Although 8 %
lateral expansion model, which was the best model in
SSC-SW scheme, can explain the peak position of
experimental pattern, this model can not perfectly
reproduce oscillation intensities because of larger accept
angle effect for azimuth (A(})=±14''). Thus, MSC-SW
calculations considered such effects and 01s

photoelectron diffraction analysis are now in progress.
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Fig. 1. Ca2p scanned-energy photoelectron
diffiaction patterns of CaO/CaFoCl 11).
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Fig. 2. Experimental andcalculated oscillations x(k) of
the CaO film with lateral expansion (0-12%)
at ^ 0°.
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InlToduction

The strontium-doped lanthanum cobalt oxides
(Lai.xSrxCo03.§) with perovskite-type structure have been
of great scientific interest because of their high catalytic
activities for the oxidation of hydrocarbons and NO
decomposition. Their catalytic activities were reported to
be correlated with the desorption properties of oxygen in
conjunction with oxygen-deficient lattice structures around
cobalt [1]. In this study, we analyze the surface oxygen
species by x-ray photoelectron spectroscopy (XPS) and
XANES.

Experimental

XANES and XPS measurements were carried out at
BL13C. The energy resolution of the monochromator
was set at about 1500. O K-edge XANES apectra were
recorded by monitoring the total electron yield (TEY) and
the partial electron yield (PEY) with a retarding voltage of
350 eV. XPS spectra were measured using a hemi
spherical electroatatic analyzer attached to the chamber.

Lao.8Sro 2Co03.§ was prepared by a modified sol-gel
method [2]. Before introduction into the vacuum
chamber, the sample was pressed into a small disk and
annealed at 500°C for one hour under dry air to remove
C03^" possibly formed after calcination. The XPS and
XANES measurement were carried out after the sample
was cooled down to the room temperature.

Results and Discussion

Figure 1 shows the 01s XPS spectra
Lao.8Sro.2Co03.5 with different excitation energies. All
the spectra show a doublet peak. With decreasing the
excitation energy, the relative intensity of the peak at
a higher binding energy increases. Considering the small
analysis depth for the low energy excitation, the peak
is assigned to the surface species.

Figure 2 show the O K-edge XANES spectra of
Lao.8Sro.2Co03.5 measured by (a) PEY and (b) TEY. To
analyze the complicated spectra, iterative curve fitting
analyses have been carried out using the arc tangent step
function and the Gaussian profile [3]. Table 1 sum
marizes the least fitting results of the TEY and PEY
spectra. The peak positions and intensities are referenced
to the position and height of the step function.

Considering the analysis depth of the TEY and PEY
methods, the features with relatively high intensities in
the PEY spectrum are ascribed to the surface species.
Comparing the relative intensities of the two 7i* features,
the feature (2) at 529.9 eV is assigned to the surface
species. For the a* region, the feature (5) at 540.3 eV is
most likely assigned to the surface species. Thus, the
adsorbed oxygen species is suggested to give a 7t* feature
at 529.9 eV and a a* feature at 540.3 eV. Comparing to
the literature [4], these energy values are almost identical
with those of anionic dioxygen (02') in alkali-metal
superoxide, which has a feature at 529 eV and two a*
features at about 535 eV and 540 eV. In Fig. 2, the first
a* feature is not observed because it is overlapped with
-the large features (3) and (4). In conclusion, it is

suggested that the surface oxygen species is the anionic
dioxygen bounded weakly, probably occupying the
oxygen-deficient site of the oxide lattice.
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01s XPS spctra of Lao8Sro.2Co03.5.
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Fig.2 O K-edge XANES spectra of Lao.8Sro.2Co03.5.

Table 1 The peak intensities of XANES spectra.

No. 1 2 3 4 5 6

TEY 1.30 5.36 1.71 11.78 5.55 17.24

PEY 0.76 3.62 1.53 7.54 5.64 10.84
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In this work we measured the photon energy
dependence of desorption yield of deuterium ion
(D+) for thin films of selectively deuterated poly
styrene ([-CD2-CD(C6Hs)-]n (PsD3), [-CH2-

CH(C6D5)-]n (PsD5) , and [-CD2-CD(C6D5)-]n
(PsD8)) near the C Is edge using the ion time-of-
flight (TOP) method with a monochromatic
synchrotron radiation pulse [1].

Figure 1 shows PlY spectra of D+ of PsD3,
PsD5, and PsD8 near C Is edge and the TEY
spectrum of PsD8, where the D+ yield was shown
after integrating two components of D+ peak in the
TOF spectra. The TEY spectra of PsD3, PsD5, and
undeuterated polystyrene were the same as the
PsD8. In the TEY spectrum of PsD8 (Fig.Id), we
show the origin of each peak according to the
assignment made for a multilayer benzene in
Ref.[2], where peak A B, Q D, and E correspond
to Jt*, o*(ben2ene C-H), Jt*, edge-jump, and o*,
respectively. By com-paring the TEY spectrum
with PlY spectra of PsD3, PsD5, and PsD8, the hv
positions of peak A Q D, and E in the TEY
spectrum are in ex-cellent agreement with those in
the PIY spectra, while the peak B' in the PIY
spectra appears at a lower hv position by 0.2-0.3
eV than the peak B in the TEY spectra. It is
considered that the PIY peak B' corresponds to a C
Is -» a*(phenyl C-H) transition, since the
transition to a* with a localized character in

general produces the effec-tive site specific ion
desorption [1].

When we compare the PIY spectrum of PsD3
with those of PsD5 and PsD8, it is seen that the
overall inten-sity of D+ yield of PsD3 is much
weaker than those of PsD5 and PsD8 in the

observed photon energy range. The result leads to
a conclusion that the D+ desorption does not
originate from D atoms in main chain but mainly
from the pendent phenyl group by comparing the

deuterated positions in each polymer. On the
other hand, the intensity of D"^ yield of PsD8 was
slightly stronger than that of PsD5, although we
expect the similar D+ intensity for these two
samples.

The detail results and discussion will be

published in the near future.

0.2'-0.3eV

(benzene C-H) PsDo

edge-jump

Photon Energy (eV)

Fig. 1 PIY of D+ for (a) PsD3, (b) PsD5, (c) PsD8,
and (d) TEY of PsD8 (see text).

1) M.C.K.Tinone, K.Tanaka, J.Maruyama,
N. Ueno, M.Imamura, and N.Matsubayashi,
J.Chem.Phys., 100,5988 (1994).
2) J.Stbhr, NEXAFS Spectroscopy (Springer,
Berlin, 1992) pp. 230. J.L.Solomon, R.J. Madix,
J.Stbhr, Sur.Sci., 255,12 (1991).
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Introduction

Metal nitrides such as TIN and CrN are used for

surface coatings to improve the hardness and corrosion
resistance of various mechanical tools. Recently, TiAIN
alloy coatings were found to possess better oxidation
resistanceproperties than TiN andCrN coatings [1]. Since
then, TiAIN alloy coatings have been applied more often
to surface coatings particularly when the materials are
used under more severe oxidizing conditions. The aim of
the present stucfy is to investigate the initial oxidation of
TiAIN films by means of synchrotron radiation excited
XPS (SR-XPS) which is highly surface sensitive and
capable to analyze sub-nm surface layers [2].

Experimental procedure
TiAIN films with a thickness of 4 p.m were

depositedon austenite stainless steel by a cathodic arc ion-
plating method The deposition procedures w^e described
in detail in a previous report [3]. The atomic ratio of
Ti/Al of the present sample was 55/45 by electron probe
microanalysis (EPMA). Surface oxidation of the TiAIN
film was performed at 500 °C for 1 h in a flow of dry air
(50 cm' / min.). SR-XPS measurements weredone with a
hemispherical electron analyzer at the BL-13C of the
Photon Factory in the National Laboratory for High
Energy Physics [4]. Each spectrum was fitted by a least-
square method using mixed Gaussian-Lorentzian
envelopes.

Results and discussion

Figure 1 shows the Ti 2p XPS spectra of the
oxidized TiAIN film. All Ti 2p3/2 spectra consist of two
features assigned to TiAIN and TiOj. A small shoulder in
the spectrum excited by A1 Ka x-ray is assigned to TiN.
The relative intensity of the feature assigned to oxide
(Ti02) increases with decreasing the excitation energy.
The same trend is observed for the A1 2p XPS spectra.
(The spectra are not shown here.)

To determine the composition of the surface oxide
layer, the M-O/M-N (M=Ti,Al) ratios have been plotted
as a function of IMFP, where M-O/M-N (M=Ti, AI)
represents the peak area ratio of the oxide feature relative
to the nitride feature calculated fir)m each Ti 2p and AI 2p
XPS spectrum. The profile of Al-O/Al-N exhibits a steep
increase at a longer IMFP value than that of Ti-O/Ti-N.
This suggests the formation of AI2O3 at an upper layer
and TiOj at a lower layer. (The figure is not shown here.)

The N AI Ka excited XPS spectrum of the
oxidized TiAIN film displays two features assigned to
TiAIN and N2. Besides these features, a new feature is
observed at 399.7 eV in the SR excited spectra. Figure 2

shows the relative ratios of the three features plotted as a
function of IMFP. The significant decrease of the feature
at 399.7 eV with increasing IMFP indicates that the
species occurs only on the surface of the films. The
profile of the feature assigned to molecular Nj gives a
maximum at an IMFP between 13 and 20 A. This
indicates that molecular N2 is concentrated in an
intermediate layer, very likely in the Ti02 layer.

The above discussions indicate the segregation of
Ti-Al nitride alloy with the formation of the oxides. As
regard to the role of AI in TiAIN, Miinz [1] claimed that
the AI2O3 layer behaved as a surface protective layer for
inward diffusion of oxygen. In Fig. 3 we have indicated
that molecular N2 is concentrated in the interstices of the
Ti02 layer. This suggests that the top AI2O3 layer
prevents not only the inward diffusion of oxygen but also
the outward diffusion of molecular Nj [5].

Binding energy /eV

Fig. 1 Titanium2pXPS qiectracir'nAlNnim
oxidized 81300 'C

Surface species

10 15 20 25
IMFP (A)

Fig. 2 Relative intensities of each nitrogen species
calculated from the N Is XPS spectra of the
TiAIN film oxidized at 500 'C
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Introduction

Catalytic removal of nitric oxide (NO) is an
important technology in the elimination of air pollutant.
To understand the catalytic roles of transition metals,
adsorption of NO has been studied by many researchers
using various kinds of techniques. In the present study,
we investigate changes of adsorbed NO species on Rh
during adsorption and following thermal desorption
using XPS and XAS.

Exnerlmcntal

All experiments were performed at the BL-13C^^
with a SGM-type monochromater with a hemispherieal
electron analyzer. XAS spectra were recorded as partial
electron yield (FEY) mode by a chaniicltron with
retarding. XAS spectra were obtained by dividing the
PEY signals by the photon flux monitored by a gold
mesh. The sample analyzed was a commercially
available Rli polycrystal plate. Sample surface was
cleaned up by repeated cycles of Ar ion sputtering and ir
lamp heating at about 800 K in a preparation chamber.
NO adsorption was performed at a pressure of3x10'̂ Pa
for 10 min (13500L) at an ambient temperature. Sample
was then heated up to 600 K after NO adsorption.

Results and discussion

Figure 1 shows the changes of N K-edge XAS
spectra of NO-adsorbed Rh during NO adsorption and
heating. The spectrum recorded after initial NO
adsorption (a) exhibits two features around 401 eV and
415 eV. Tliese features are assigned to %* and a*
resonance peaks of molecularly adsorbed NO. In
addition, a small shoulder peak assigned to
nitride was also observed at about 400 eV. After
heating (b), the intensity of the nitride peak
becomes more intense and those of the
molecular NO peaks become weak. These
results indicate that a part of NO is readily
decomposed when NO is adsorbed, and that
most of NO is decomposed during heating up to
600K. In the spectrum of the second NO
adsorption (c), features assigned to molecularly
adsorbed NO occur again in addition to the

400 410
Photon energy (eV)

420

Figure 1 Change of N K-edge XAS spectra of NO
adsorbed Rh during NO adsorption and
heating

a) after initial NO adsorption b) after initial heating
c) after second NO adsorption d) after second heating

nitride feature. The intensity of the nitride
feature becomes reduced during NO adsorption
(b c), suggesting that a part of nitride was
"kicked-out" as N2 or N2O by NO adsorption.
After second heating (d), the intensity of the
nitride peak becomes more intense and those
of the molecular NO peaks become weak similar
to the spectrum of the initial heating (b). From
these results, recycling of NO adsorption and
reaction is somewhat possible on the Rh surface.
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Introduction
We have previously reported that CdS

nanocrystallites (CdS-DMF, ca.4 nm in diameter,
hexagonal) prepared in DMF catalyzed effective
photoreduction of CO2 to CO under visible light
irradiation (>.>400 nm). In this reaction, the
efficiency was found to be improved drastically
by introducing excess Cd^^ into the system. In
this study, we investigated the effect of excess
Cd^"*" on the surface structures of CdS
nanocrystallites by in-situ EXAFS analysis.

Experimental
Colloidal CdS nanocrystallites in DMF

(CdS-DMF; hexagonal nanocrystallites, average
size ca. 4 nm) were prepared as previously
described. 1 The effect of the excess Cd^^ was
investigated after adding a DMF solution of
cadmium perchlorate into the CdS-DMF
solution. Excess amount of Cd2+ was indicated
by a ratio of excess Cd2+ concentration to the
diatomic concentration (2.5 mM) of CdS
nanocrystallites.

Cd-K edge EXAFS measurements were
performed on the BL~14A at the Photon Factory
of the National Laboratory for High Energy
Physics. The details of these analysis are
described elsewhere.f ^

Results and Discussion
Figure la shows phase-uncorrected

Fourier transform of /^^-weighted EXAFS for a
CdS-DMF solution without excess Cd^^. The
main peak at 2.05 A in the transform of CdS-
DMF differs from that of bulk CdS with respect
to the width of the absolute magnitude. These
results suggest that the main peak in the
transform of EXAFS of CdS-DMF solution is
due to scattering not only by sulfur atoms in
CdS-DMF nanocrystallites, but also by oxygen
atoms of DMF molecules solvated to surface Cd
atoms of CdS-DMF nanocrystallites as
mentioned in the previous paper.^ Figure lb and
c show phase-uncorrected Fourier transforms of
^3_weighted EXAFS for the CdS-DMF/CdX
(X=0.2 and 0.4) solutions, respectively. The
increment of the intensity in the magnitude as
well as that of the imaginary part were clearly
observed. These results suggest that the
contribution of the scattering due to the solvating
DMF oxygen increased as the amount of excess
Cd^"*" increased.

Based on these analysis of EXAFS data.
When excess Cd^""" was added into the system,

the adsorption of Cd2+ ions solvated by oxygen
atoms of DMF to the CdS-DMF surface occurred
and resulted in the formation of the sulfur surface
vacancies on the surface of CdS-DMF
nanocrystallites.(Scheme 1)

DMF-DM
DMF—any

Scheme 1

We concluded that the surface sulfur
vacancy formed by the addition of Cd2+ play an
important role to improve the photocatalytic
activity. CO formation should proceed at surface
sulfur vacancy on CdS-DMF.

References
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Figure 1 Phase-uncorrected Fourier transform

ofk^XW- (a) CdS-DMF, (b) CdS-DMF/CdO.2,
(c) CdS-DMF/CdO.4
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Introduction

Dispersion and growth mode of the
catalytically active metal and metal-oxide sites in
supported metal catalysts are affected by many
factors such as chemical state of the metal,

structure of the support and metal-support
interactions.

In this study, we employed polarization-
dependent total-reflection fluorescence XAFS
(PTRF-XAFS) to investigate the surface
structure of MoOx/riO2(110) as a model
catalyst which shows high performance for
selective oxidation of hydrocarbons and
alcohols. TiO2(110) surface has an anisotropic
structure against [001] and [1TO] directions.
Therefore, the formation of asymmetric and
anisotropic structureof Mo oxides on the surface
was expected. We succeeded in measurement of
Mo K-edge PTRF-XAFS spectrain the [001]
[1 TO] and [110] directions.

Experimental

A rutile TiO2(110) single crystal polished
with optical grade was annealed for 2 hr at 823 K
in air. It was impregnated with an ultra-pure
aqueous solution of (NH4)6Mo7024'4H20 and
calcined for 3 hr at 773 K under 02. PTRF-

XAFS spectra at Mo K-edge were measured at
BL14A(KEK-PF) using a Si(311) double-crystal
monochromator. in order to set the sample at a

particular orientation and to satisfy a total-
reflection condition, a four-axis goniometer was
employed. The EXAFS analyses were carried
out using theoretical amplitude and phase shift
functions calculated by FEFF 6.01.

Results and Discussion

We found different PTRF-EXAFS

oscillations x(k) in 3 directions as shown in Fig.l.
We compared the observed %(k) spectra with the
calculated ones assuming various structures of
molybdenum oxides on TiO2(110). We
reproduced the observed x(k) by the calculated
one from a Mo dimer model with Mo-Mo bond

of 0.336 nm which is parallel to [i To] direction
of TiO2(110). Further simulation about the
interaction between the Mo dimer species and
Ti02(l 10) is in progress.
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Fig.l Mo K-edge PTRF-XAFS spectra for
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Introduction

Zirconium niobium oxide solid-solution (Nb2Zrx.202x+i: x =

7 - 12) is a high-melting point (-1450°C), colourless crystalline
solid. Its structure is related to that of the mineral fluorite (CaFi).

Because there are more oxygen atoms in the formula (M02+i/x)
Chan can be accommodated by the fluorite-type structure {MO2) the
structure adapts by packing the oxygens together more closely.
What results is a composite modulated structure in which x metal
atoms pack together with 2x+l oxygen atoms in one direction,

Until recently the only reported single-crystal structure refine
ment from this solid-solution was for x = 8, i.e. Nb2Zr60i7*^.
However, using data from conventional X-ray sources has meant
that it was not possible to resolve the neighbouring elementsZr and
Nb, This project has endeavoured to overcome this problem using
synchrotronradiationatbeamline14Abycollectingdatajustbelow
Che ZrX"absorptionedge to increase the scattering contrastbetween
these two elements.

The structure of the x = 12 (niobium-poor) composition within
this solid-solution has been determined successfully from data
collectedduring our previous visit^^ and has since been published^^.
If Nb/Zr ordering occurred at all it would be more observable for x
= 8 with its higher Nb/Zr ratio.

Experimental

The project was allocatedsix days on Beam Line 14Afrom 19
to 25 September 1995. Single crystals of Nb2Zr60i7 had been
grown using a modified flux-method with hafnia-free zirconia as
starting material. As far as could be determined using a rotatingCu
anode source at the Research School of Chemistry, the modulation
wavevector for these crystals was Vga* -1- b*. This subsequently
proved correctandallowed thedatatobecollected inan8 x aparent
/-centred supercell.

The wavelengths selectedfor datacollectionwereX= 0,74919
A and X, = 0.68916 A. The latterwavelength is 8 eV below theZr
Kabsorption edge, which was chosen so as to maximise scattering
contrast between the neighbouring elements Zr and Nb,

At X= 0,74919 A, far below theZr K absorption edge, where
there is effectively no scattering contrast between Zr and Nb, three
shells of data were collected, 1- 60°, 60° - 70°, and 70° - 75° 20.
AtX=0.68916A,wherethereisan effectivecontrastof5electrons,
three shells of data were collected, 0.92°-54.71°, 54.71°-63,62°,

and 63.62° - 68,03° 29. A scan rate of 16° min'' was used.

During the six days of beam time there was only one beam dump
with an overall loss of beam time of about 3 hours. A further 1'/2
days of data were subsequently considered unusable due to mis
alignment of thecrystal. Overall 3^/4 days of useable data were
collected.

Results and Discussion

Data were of the highest quality with aU orders of satellite
reflection being observed. The data were merged in mmm. with

Rmerge in fot bothdatasetsapproximately 3 % for alldata with
I > 3s(l). The structure of Nb2Zrx-202x+i (x = 8) was refined as a
composite modulated structure using theprogram JANA96'̂ ) toan
overallRw of 0,0377 for X= 0,6892Aand Rw of 0.0439for X=
0.7492 A, The primary modulation wave vector for the x = 8
structureis qm = ao* - 2aM* + b* = Vg bm* + b*.

The displacive modulation wave amplimdes obtained from

these refinements are in excellent agreement with those obtained
for the X= 12 stnicture^^. As for the x = 12 structure metal atom
ordering was negligible, despite the enhanced scattering constrast

between Zr and Nb for X= 0,6892 A data. This lack of metal atom
ordering is seen indirectly in the chemical environment for the
metal atom (see Figure 1 below),

5-^ ,
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Figure 1. Plot ofthe bond valence sum ofNb/Zr site as a function

A paper reporting the results of the present structure refine
ments has been accepted for publication in Acta Crystallographica,
Section B, to appear in mid-1997^^.
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Introduction

Polarization-dependent Total reflection
fluorescence XAFS is a powerful technique to
determine the anisotropic structure of dispersed
species on a single crystal substrate surface, in-
situ measurement technique was supposed to
reveal the mechanism of the catalytic reaction by
the direct characterization of the active site

structure under the reaction condition. In this

study, we report the application of the in-situ ceU
for PTRF-XAFS to AuyFe203 model catalyst
which showed the high activity toward low-
temperature CO oxidation in closed-cycle C02
lasers.

In-situ cell for PTRF-XAFS measurement

In-situ ceU for PTRF-XAFS is consist of

two small stainless steel based compartments
and a transporting device. The sample
preparation compartment can be heated up to
873 K and also be introduced a reaction gas
through a leak valve. After the sample

preparation, the sample was moved to the
measurement compartment by the transporting
unit without exposure to air. The measurement
compartment is designed to be fixed on the
high precision 4-axis goniometer and also for
low temperature measurement (70 K) as shown
in Fig.l. Kapton film was used for the
windows of the measurement compartment. In
order to improve the quality of the XAFS
signal, we applied a small Nal(Tl) scintillation
counter(<l) 14 mm) for monitoring X-ray
fluorescent signal from the sample. We can
remove the diffraction from the spectra simply

by putting the detector at an appropriate position.

Experimental and Results

Au thin film on an optical grade polished
Pyrex glass was prepared by resistive heater if

Au wire. Fe loading was carried out an aqueous
solution of Fe(N03)3*9K20. It was calcined for

4 hr at 673 K. PTRF-XAFS spectra at Fe K-
edge were measured at BL14A(KEK-PF) using
a Si(lll) double-crystal monochromator. In
order to set the sample at a particular orientation
and to satisfy a total-reflection condition, a four-
axis goniometer was employed.

Fe K-edge PTRF-EXAFS spectra for s- and
p-polarization were shown in Fig. 2. Further
study of the determination of the surface structure
for each direction is in progress.

Fig.l PTRF-XAFS measurement with in-situ
measurement ceU.
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Fig.2 PTRF-XAFS spectra for Fe K-edge.
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Introduction

Both experimental and theoretical approaches to the
charge density study become more important in the field
of materials science than they used to be. As for the
experimental approach based on the single crystal
diffraction method, however, several kinds of effects
limit the accuracy of the observed structure factors. They
are extinction, multiple scattering, absorption, thermal
diffuse scattering, etc.

The extinction and absorption can be reduced
significantly by using a smaller crystal and/or a shorter
wavelength. Since both solutions tend to decrease the
diffracted intensities, the use of synchrotron radiation is
recommended. The authors have shown in recent

studies^'^^ that single-crystals of most inorganic
compounds with sizes approximately 10 jim have
scarcely affected by the extinction, and that the
extinction-free diffraction data obtained from such

small crystals are essential for interpretation of residual
electron densities in detail.

Another serious problem was the insufficient
performance of X-ray detectors for our purpose.
Conventional detectors, such as the Tl-doped Nal
scintillation detector, have a counting linearity up to
some 10^ cps at most, which forces the user to apply a
careful dead time correction and/or attenuators for the

measurement of strong reflections. However, since these
corrections depend on the X-ray energy and the
experimental set-up, a considerable amount of errors
could be introduced for the measurement of strong
reflections. Since the accuracy of the measurement of
strong reflections at low angles affects seriously the
observed electron density distribution around atoms, it
was an urgent task to exploit higher-speed detectors
which can cope with the wide dynamic range of the
observed diffraction intensities from specimen.

Recently a new detector with stacked avalanche
photodiodes (APDs) suitable for the measurement of
diffraction intensities has become available^). The main
feature of the detector is the relatively high detection
efficiency coupled with the wide dynamic range of 10'̂ to
more than 10° cps. The present paper reports the first
application of the detector to the intensity data collection
of Si single crystal, using a four-circle diffractometer at
the beam line I4A.

Experimental

Spherical specimen of Si single crystal with 70 pm in
diameter was used to evaluate the performance of the
APD detector using focused X-rays of 0.75A. The
detection efficiency was estimated to be approximately
56 %. The integrated intensities were measured using 0-20
technique in the region O<20<14O° with the scan speed of
8°/min in co. Scanning was repeated up to 3 times until the
condition ct(|f|) / |f| <0.01 is satisfied.
Three data sets were taken; (1) using the APD detector
without any attenuator nor absorber, (2) using the APD
detector with absorber, (3) using the Nal(Tl) detector
with absorber and attenuator. In the experiment (1), the
maximum intensity of 111 peak reached to 2x10' cps
during the 0-20 scan. The absorber reduced the intensity of
incident X-rays by a factor of 12 in the experiment (2) and
(3). The attenuator reduced the diffracted X-rays by a
factor of30 when the peak count exceeds 5x10"^ cps in the
experiment (3).

Integrated intensities of reflections were measured in the
full sphere of reciprocal space for the experiments (I) and
(2), and the hemisphere for (3). The number of measured
reflections were approximately 2300 for (1) and (2) and
1300 for (3).

Results

The merge R factors of equivalent reflections for the
observed ones are 0.0116 for the data set (1), and 0.0065
for the data set (2) and 0.0152 for the data set (3). The
least-squares refinement terminated with the final R
values of 0.0056 for data set (1) and 0.0065 for data set
(2) and 0.0152 for data set (3) using approximately 60
independent reflections with |f| >3ct(|f]). These results
showed excellent properties of the new detector
compared to the conventional Tl-doped Nal detector.

The detector with stacked APDs has been used routinely
at the beam line 14A since April 1996 and served for
number of charge density studies of inorganic compounds.
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Introduction

According to the advantages of space and site se
lectivity for the local structure determination, the
technique of the diffraction anomalous fine struc
ture (DAFS) has been applied for InGaAs, cop
per, YBa2Cu306.6 (Stragier, Cross, Rehr, Sorensen,
Bouldin & Woicik, 1992), and for BaZnEegOu,
BaPto.5 (Pto.92Bao.08)0.2502.25 (Vacinova, Hodeau,
Wolfers, Lauriat & Elkaim, 1995). The sophisticated
experimental techniques of the DAFS measurements
using synchrotron radiation were proposed by Zeike,
Straube, Hohlwein, Morgenroth &; Krane (1994) and
by Houdeau & Vacinova (1996). In spite of the tech
nical developments of DAFS measurements, it is still
a serious problem that the corrections for the absorp
tion and XAFS signals are extremely difficult for an
absorbing crystal of a finite size in an arbitrary shape.
To avoid the problem, we discussed the behavior of the
DAFS on forbidden and superlattice reflections in con
nection with the symmetry of the superstructure, and
then tried to make an pre-measurement using a single
crystal of PbZrOs- The aim of the present study is to
fined a method to extract pure DAFS oscillation from
the observed intensity oscillation which includes the
XAFS and absorption effects.

Experimental

The DAFS measurements were made on BL-14A beam

line at PF, KEK. The single crystal of PbZrOs in a
size of ~ 50 X 50 X 50/im^ was used for the measure
ment. The intensity of superlattice reflection 225 was
measured as a function of incident energy around Pb
Liii edge; measurements were made in a step of 4 eV
of incident energy. The monitoring time for intensity
integration was 200 seconds at each incident energy,
and the intensities were integrated up to the order
of 105 counts. Also the XAFS measurements were

made by using powder specimen. After subtracting
back-ground, the conventional absorption correction
and the correction for XAFS signals were applied.

Results and discussion

Figures (a) and (b) show respectively observed and
simulated the DAFS oscillation of the superlattice re
flection 225. The agreement of the observation with
the simulation is rather well. In the present exper
iment, we applied the measured XAFS of powdered
specimen for the correction of XAFS oscillation. In
exactly speaking, however, the correction is an approx
imate way to obtain the DAFS signals: we must use

the polarized XAFS signals measured with single crys
tal. This will be realized in the case that the DAFS

oscillation does not appear on a particular superlat
tice reflection. It is found that such cases are expected
when the edge atoms, which occurs DAFS oscillation
at the incident beam energy, occupy the general posi
tion in the relevant space group, or they are at only one
special position. And, moreover, it is required that the
structure factor of the relevant superlattice reflection
does not consist of the form factor of the edge atoms.
These conditions are, unfortunately, not satisfied in
the case of the superstructure of PbZrOs. Neverthe
less, we expect that the pure DAFS oscillation which
does not include the effects of absorption and XAFS
could be observed on forbidden reflection.
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Introduction

Crystals of CaGdA104 are known to have a K2NiF4
structure and expected as new host materials of a tun
able solid-state laser, Knowledge of the structural de
tails is required to get a good understanding on the
optical properties of the crystals. Therefore, the crys
tal structure was refined with the single-crystal X-ray
diffraction method by making use of synchrotron ra
diation combined with a small specimen in hopes of
getting information on the statistical distribution of
Ca and Gd, and of revealing possible existence of oxy
gen vacancies, which is closely related with the opti
cal properties. A single-crystal was grown with the
Czochralski method from a melt with the aimed com

position by Kodama et al. A small amount of a laser
active cation Ti^"*" are doped for examination of the
absorption and luminescence spectra. A piece of the
crystal was cut and used for tiie X-ray experiments.

Experimental

The cell dimensions were determined with the

least-squares procedure from 29 values of nine re
flections collected on a four-circle dilTractometer

with MoKqi radiation. ' The obtained values a.re:
a—3.6629(2), c—n.9913(6)A. The tetragonal symme
try of the space group I4/mmm was confirmed by
taking Weissenberg photographs. The cation ra
tios of the crystal determined by ICP analysis are
Ca:Gd:Al:Ti=1.012;0.992:0.973:0.011.

Intensities were collected on the four-circle diffrac-

tometer installed at BL-14A with 0.75A radia
tion monochromated with an Si(lll) double-crystal
monochromator and focused with a toroidal mirror up
to 2^=120'', The specimen was a squai'e plate with di
mensions 58 X 58 X Ifi^m^. The <jj —29 scan mode was
adopted with a fixed scan width of 0.8° and scan speed
of 16°-min~^ in cu. Scanning was repeated up to three
times when cr(|Fo|) was less than 0.01x|Fo|. In total,
686 reflections were measured, in which 352 were crys-
tallographically independent. All the reflections have
[Fo[ values larger than 3c7(|Fo|).

Structure Refinement and Results

Intensities were corrected for absorption by a nu
merical integration procedure. The linear absorption

coefficient was 404.9 cm~^, The structure was refined
with the least- squares method by assuming that Ca
and Gd occupy the 4e sites statistically, and that Ti is
at the 2a sites replacing Al. The final R and Rw values
are comparatively large for such an simple structure as
that of the K2NiF4 type, having the values 0.033 and
0.043, respectively. The obtained positional parame
ters are given in Table 1.

The difference Fourier map was synthesized after the
refinement(Figure 1). Fairly large residual densities
are observed ai-ound the sites occupied by Ca and Gd
statistically. The distributions of positive and nega
tive peaks in this region suggest that Ca and Gd are
located at different positions mutually a little shifted,
and one of the cations are not at the 4e sites but the
16n sites with statistical occupation.

Table 1: Positional parameters.
Atom site x y z

Ca, Gd 4^ 0 0 0.35861(5)
Al 2a 0 0 0

0(1) 4c i 0 0
0(2) 4e 0 0 0.1674(4)

. IEp''V

.-.0, ,.^'4
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^'0 ^ -
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Fig.l Difference Fourier map at 2=0.16. Interval of
contours is 0.5 e-A~^.
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Introduction

One of the aims of this project is to study metal atom and oxygen
vacancyorderingin anion-deficient fluorite-related compounds, A
recent transmission electron microscopy and X-ray powder diffrac
tion investigation' ôfthepseudo-temary systemCa0-Zr02-T3265
revealed a new anion-deficient fluorite-related superstructure phase

(S.G. Fddd, a =36.372(3), b=7,3590(5), c=31.018(8) A) with an
experimentally determined composition of
0.304(4)Ta02.5*0.347(4)Zr02*0.349(4)CaO, which corresponds
to CayZrvTa^Ose within error.

This new phase is an ideal subject to study for metal atom
ordering due to the widely varying atomic numbers of the three
cations (Ca=20, Zr=40 and Ta=73) as well as for oxygen vacancy
orderingwith 10%vacancies. It is alsoofgreat interestto compare
the Zr and Ta coordination in this compound, which is anion-
deficient, with Zr and Ta coordination in the anion-excess fluorite-
related compound Ta2Zr60i7 which was the subject of our data
collection at Beam Line I4A from 2nd to 8th April 1996.

Experimental

Theprojectwasallocated sixdaysonBeamLine14A from 19th
to 25th November 1996, Single crystals of CaTZryTaeOse hadbeen
grown by solid state reaction of the component oxides with final
annealing in sealedplatinum tubes. Hafnia-free zirconia wasused.
Initial screening of crystals was performed using a rotating Cu
anode source at the Research School of Chemistry,

Data were collected atawavelength of1,2682 Afrom a20x 15
X5 pm microcrystal. This wavelengthcorresponds to an energy
~100 eV below the Ta L\\\ absorption edge which was chosen so as
to maximise the 2q resolution while at the same time minimising
absorption.

The actual location of the Ta Lm absorption edge was deter
mined by performing an EXAFS experiments on 10mmthickTa
metal foil. The fluorite substructure unit cell was determined at

first, then the F-centred supercell.The qualityof the peak profiles
alongq andw waschecked so as to choosea suitable scan width.

Initially a full sphere of data was collected to 90° 2q giving
approximately 14000 reflections. Subsequently aquarter sphere of
data from 90° to 100° 2q was collected giving -1000 higher angle
reflections. Even though the crystal was small (-1500 pm^)
excellent counting rates were achieved, giving good statisticsfor
most superstructure reflections.

During thesixdaysofbeamtimeaboutfourhours was lostdue
to beam dumps and late injections.

Results and Discussion

Initial processing ofthedataconfirmed thehigh quality, judged
by the low Rmerge of"3,9% for observed data. The 12337 useable

data can be divided into parent reflections (336) corresponding to
the underlying /-centred average structure and satellite reflections
of types 404 and 913 (and equivalents), 5467 and 6534, respec
tively. Both types of satellite reflections are very strong at low sin
0/A., indicating that they are associated with compositional order
ing; either metal atom or oxygen vacancyordering.

This poses a considerable problem as only very few, low-angle
reflections are sensitive to such compositional ordering, while the
vast majorityof reflections are not.Therefore, it is quite easy to lock
in a model during refinement that does not represent the global
refinement minimum for this structure.

Ca7Zr7Ta6036 is a 10 x 2 x 6 superstructure of an anion-
deficient fluorite parent (S.G. Immm,a = 3.6372(3), b = 3.6795(3),
c= 5,1697(2) A), as shown in Figure 1, corresponding to the 336
parent reflections. It is possible to partition the superstructure
reflections for the 10 x 2 x 6 Fddd superstructure into two classes,

eee and 000.

O

Figure 1. Immm average structure corresponding to the 336
parent reflections.

The intermediate substructure corresponding to the eee data is
a 5 X1 X3 superstructure of the Immm parentand possessesPnnn
symmetry. It is proposedto modelthis5x1x3 Pnnn substructure
initially as an intermediate steptosolving andrefining the 10x 2 x
6 Fddd superstructure, the advantage being that the degrees of
freedom are reduced to a manageable number, e.g. the number of
independentmetal sites is reduced from 13 to 7. Having success
fully modelled andrefined the5 x I x3Pnnn substructure it should
thenbepossible tofurther modulate thisbyinclusion ofthe000data
which contain information about the 10 x 2 x 6 Fddd superstructure.

Modelling and refinement of the structure are currently in
progress.
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Introduction

Zirconium niobium oxide and zirconium tantalum oxide solid-

solutions {M2Zrx-202x+i: X= 7 - 12, M = Zr, Ta) are isostructural
They have fluorite-related structures and are best described as
composite modulated structures comprised of metal and oxygen
atom substructures.

TagO, Mol.%ZrOj.

Figure}. Temperature-compositionphase diagramforZrO^-Ta^O^
system showing the composite modulated structure solid-solution.

Our recent refinements of the x = 8^^ and x = 12^^ members of
the Nb2Zrx.202x+i (x = 7 - 12) system using a wavelength just
below the Zr K absorption edge to maximise Zr/Nb scattering

contrast showed that, within experimental error, metal atom order
ing was not observed in either case.

To confirm this apparent absence of metal atom ordering in the

metal substructure for these solid-solution, assuming that they are
truly isostructural, we have undertaken an investigation of the
tantalum analogue for the tantalum-rich x = 8 member in the

analogous system Ta2Zrx.202x+i (x = 7 - 12). If any composition
is to display a tendency to order the metal atoms, a tantalum-rich
composition would do so.

Experimental

The project was allocated six days on Beam Line 14A from 2nd

to 8th April 1996. Single crystals ofTa2Zr60i7had been grown by
solid state reaction of the component oxides close to the liquidus.
Hafnia-free zirconia was used. As far as could be determined using

a rotating Cu anode source at the Research School ofChemistry, the

modulation wavevector for these crystals was '/ga + b*.

TTie wavelengths selected for data collection were X= 0.74906
A and A. = 0.68926 A, the latter being 10 eV below the Zr K
absorption edge, which was chosen so as to maximise scattering
contrast between Zr and Ta.

The actual location of the edge was determined by performing
an EXAFS experiment on Zr02 powder. Once the parent structure
unit cell had been determined satellite reflection positions were
located to determine the actual modulation wave-vector magnitude
and check the peak profiles along 9 and (O. The wave vector

magnitude was confirmed as Vga* + b*, which allowed thedata to
be collected in an 8 x aparent /-centred supercell.

At A. = 0.74906 A, a full shellof datawascollected to 60° 20
giving approximately 5000 reflections. Even though the crystal
was small {~750 [im^) excellent counting rates were achieved,
giving good statistics for most satellite reflections.

AtA. = 0.68926 A, afullshellofdatawascollected to54.7°20,
again giving approximately 5000 reflections. At this wavelength,
which is near the extreme monochromator position for Si 111, a 30-

40 times reduction in incident intensity relative to the previous
wavelength was encountered. No satisfactory explanation for this
dramatic reduction in intensity was forthcoming.

Results and Discussion

Initial processing oftheA. =0.74906 Adatarevealed thatthere
was a serious problem with these data. When the data were merged
in mmn after correcting for absorption an Rmerge in F^ of-7 %was
obtained. It is suspected that during data collection at this wave
length there may have been a problem with diffractometer or crystal
alignment. Attempts to obtain a useable data set by identifying then
discarding the problem data have so far been unsuccessful.

Initial processing oftheA. =0.68926 Adataindicated thatthese
data did not suffer from the same problem as the previous data.
When merged inmmm after correcting forabsorption anRmerge in
F^ of -5 % was obtained. However, the consequence of the
intensity reduction was that there were relatively few observed
satellite reflections, which effectively defeated one of the main
purposes of using a synchrotron source for X-ray diffraction data

collection.

During the six days of beam time about six hours was lost due
to beam dumps and late injections. The structure refinement of

Ta2Zrx.202x+i (x = 8) as a composite modulated structure at the two
wavelengths using the program JANA96^^ is still in progress,
though the quality of the refinement is not expected to be as high as
for the niobium analogue.
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Introduction

In some lanthinide compounds, the electron interaction
induces such strong correlation among electrons that it
determines the type ofground state thesystem is in. The
electrons loose their mobility inmetals related materials and
become spatially localized. The valency ofa cation may be
limited more strongly byexchange and Coulomb repulsion
between its neighbours that by theavailability ofhole states
suitable for bonding, This leads to such interesting
phenomena as intermediate valence, heavy fermions, diffuse
magnetic moments.
The lanthnide hexaboride, RBg (R=rare earth), compounds
can serve asmodels displaying phenomena listed above, It
includes a classical intermediate valence compound SmB^, It
also includes the heavy fermion compound CeB(5 exhibiting
theKondo effect aswell asintermediate vacence, the typical
trivalent and a metal like LaB^ and GdB6 and the divalent
compounds YbB6 onthe other hand.
The cubic Laves phases RX2 (R=rare earth, X=3d metal)
are archetypaily significant, magnetically ordered intermetallic
compounds. The series' technologically important members
also serve as models that display interesting behaviour such
asdifiuse magnetic moments andhuge magnetostriction.
Accurate imaging of the electron density distributions in
those materials should improve ourunderstanding ofsuch
phenomena.

Experimental
Diffraction images of the Ap density for naturally faced
crystals with dimensions less than 20 }im for HoFe2 and
DyFe2, and for "anomalous" CeB^, SmBg, and YbBg as well
as for "normal" YBg, LaB6, NdB6 and GdB6 anthanide

compounds weremeasured with focused 0.75 and 0.84 A
synchrotron X-radiation at beam line 14A. Thevertically
polarised beam from the vertical wiggler was
monochromated by a double Si (111) crystal
monochromator. The Avalanche Photodiod Detector (APD)
with high counting rate (10^ cps) has been used. Extinction
corrections (small for all ceses) were evaluated from
equivalent reflections with different X-ray path lengths and
aspartof theleast squares structure refinement.

Results and Discussion

Ap is significantly depleted nearer thenuclei along thelines
ofHo-Ho, Fe-Fe and Ho-Fe vectors for HoFe2 in Figl^z, at
about the distances from thenuclei where theHo ^and the
Fe 5d subshells maximise. Those depletions are
characteristic ofexchange. Excess electron density mid-way
between the Ho metals resembles the peaks attributed to
"covalent bonding" inCandSi crystals. Similar peaks occur
between the Fe atoms. This can be associated wit diffuse

spin moment observed inthis system,
Ap images for SmB6 and CeBg inFigl ^ and c also show
electron accumulation between neighbouring Ratoms as
well as pointing towards to theB5 octahedra inSmBg. Spin
density concentration in this region was also observed by
inelastic neutron scattering. That may result from strong
interaction between 4/wavefunctions of theRatom with d
orp components from its neighbours, leading to an
intermediate-valence state. These features are not observed

for the "normal" lanthanides: LaBg, NdB6 andGdB^ aswell
as for a divalent compound YbBg, where strong exchange
depletion of Ap is observed due to overlap of larger Yb^"*"
caDons,
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Fig, 1, Deformation electron densiry, Ap, for (a) HoFe2, (p) CeBg and (c) SmB^.
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It is well known that 81(001) surface is relaxed, with

the surface atoms forming dimers to minimize the energy.
It reconstructs to form a double domain (2x1) structure,
in which the dimer rows are perpendicular to each other
on adjacent terraces. A vicinal Si (001) surface,
however, forms predominantly a single domain (2x1)
reconstruction on annealing, with dimer rows normal to
the steps. Similarly, after depositing As onto the vicinal
surface, As-As dimers form in rows normal to the steps
[1]. The As adsorbed double domain (2x1) surface has
been studied by N. Jedrecy et al [2], but there have been
no reports of the single domain surface to our knowledge.
We have measured the in-plane surface X-ray
diffraction from As adsorbed on a 4° miscut Si(OOl)

samples.

Our sample was prepared in an MBE facility at the
Tokyo Institute of Technology using the method of R. D.
Bringans et al [1).The observed LEED pattem indicated
that the sample reconstruction was predominantly 2x1
single domain. The sample was transferred to a small
UHV chamber with a hemispherical Be window [3],
mounted on the precise rotary table of BLUB, enabling
the surface to be set in the horizontal plane. Photons of
energy 10.42 keV were selected from the vertical
wiggler source by using a double crystal Si(lll)
monochromator. The X-ray beam was incident on the
sample at 5 times the critical angle, where the wave field
intensity is more stable. This geometry allows the
polarization factor to be neglected.

Rocking curves were measured from one integer
order and three symmetry-nonequivalent fractional order
reflections. For the integer order reflection, the full
width at half maximum (FWHM) was 91 arcsec and for

fractional order reflections, it ranged from 25 to 31
arcsec. It was clear that a contamination had not adhered

to the surface because of the pressure of 9xlO'''Torr in
the UHV chamber. The absolute value squared of the
structure factor was calculated, for each reflection, from
the corrected data (Table.1). A Patterson map calculated
from this data indicates a vector of length 2.54 A
between the origin and the maximum peak in an
asymmetry unit (Fig.l). This coincides with the value of

2.55 A for the As-As dimer length reported by Jedrecy
et al [2]. We thank Dr. Brennan for assistance in our

experiments in Dec. 1996.

Table. 1 The absolute value squared of structure factor
corresponding to each reflection after some corrections
of angular velocity, Lorentz, and area. The polarization
correction is negligible. The surface indices are defined
by converting bulk indices into 1x1 surface unit cell

with basic vectors in the ^[110] and -^[^1 lOj direction.
bulk indices surface indices \^h.kf

hkl hk

330 30 2.4

lio |0 101.5

iT 100.6

2l 20.8

x (a. u.)

Fig.l The Patterson map shows that the length of the
vector 2.54 Abetween the origin and the maximum peak
is consistent with the As-As dimer bondlength 2.55 A.

[1] R. D. Bringans, et al; Phys. Rev. B 44. 3054 (1991).
[2] N. Jedrecy, et al: Surf. Sci. 230, 197 (1990).
[3] 0. Sakata, et al : PF Activity Report vol. 13, 260
(1995).
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One way to realize a smooth and relaxed SiGe or
Go epitaxial layer on Si substrate is by the
introduction of a siirfactant[l,2]. We used x-ray
diffraction and Raman scatterings to investigate the
relaxation of strain in Ge epilayer grown on Si(OOl)
substrate with and without suifactant.

Tlie samples were grown in a Si MBE system
(Riber EVA-32). Tiie x-ray diffraction were carried
out at I4B line at PF(KEK). Tiie wave length of
incident x-ray is O.lOOnm.

Fig. 1 is the large angle x-ray diffraction cui'ves of
sample A and sample B, According to Bragg
equation, the Ge epilayer in sample B is fully relaxed.
It is in agreement with previous result that the grown
Ge layer on Si began to relax at the thickness of 3-
61V1L, and fully relaxed at the thickness of lOML.
Obviously the layer spacing of Ge epilayer in sample
A is larger than that of bulk Ge(004). Two possible
reasons are responsible for it: Sb atoms incorporating
into epilayer as impurities can enlarge the lattice
constant. However, in the process of growt.h, Sb
atoms have strong segregation and suiface
accumulation at conventional growth temperature of
500°C[3]; Tlie second reason is that surfactant Sb
can restrain the lattice relaxation of Ge epilayer, thus
causes the increase of layer spacing along the growth
direction. According to the position of Ge(004) in
sample A, 42% of the strain in Ge epilayer has not
relaxed

As shown in the upper curve in Fig, 1, tlie
oscillations are attributed to the interference effect.

Tliere is no such oscillation in the curve of sample B.
According to the FWH1V1 of Ge(004) peak, the
average height of Ge epilayer of sample B is
estimated to be 17nm, which is much larger than the
controlled thickness, indicating the islands are
formed. Due to the fonnation of islands and different

height of islands, surely the oscillation effect of
interference can not be obseiwed, Tlie small angle x-
ray reflectivities as shown in Fig.2 are consistent with
results of large angle x-ray diffraction; the thickness
of Ge epilayer in sample A is estimated to be 5.4nm,
wluch reasonably agrees with the controlled thickness

of 6nm.

Due to the presence of surfactant Sb, the growing
surface of Ge epilayer will keep flat, thus tlie strain in
the Ge epilayer can not. be relieved by island
formation but by the gradual introduction of
dislocations. So the strain in the Ge epilayer is
relieved gradually.
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Figure 1 Large angle x-ray diffration curves of sample
A(solid line) and sample B(dotted line).
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Figure 2 Reflectivities of x-ray with the incident angle 9.
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We study mosaic silicon crystals for use as
monochromators for high energy synchrotron radiation[l].
From a physical view point it is interesting when we
consider the dstortion mechanisms of mosaic crystals and

the origin of diffuse scattering.
We prepared six kinds of mosaic crystals and one perfect

crystal as samples taken from the same ingot crystal. A
Czochralski-grown (CZ) dislocation-free Si 100 single
crystal containing about 20 ppm oxygen as an impurity was
used. Three of crystal samples were annealed at 780°C for 24
hs, 1000°C for 12 hsandll70''C for 12 hs. Pre-anncalingat

780°C for 24 hs was performed for the crystals annealed at
1000°C and 1170°C. The other three mosaic crystals were
lapped, with metui abrasive ptirticle sizes of 13 pm (No.

2000), 25 pm (No. 1000)and42pm (No. 600). Oneperfect
crystal was also prepared as a sample for comparison.

Expaiments with triple-crystal diffrxtometry were
performed at the BL14B.The incident energy for the sample
crystal was 60 keV. The three Si 400 crystals were set in
parallel (-i-n, -n, -i-n) arrangement of the Bragg case.

Physically the wave vectors, £?,and the reciprocal lattice
space, correspond to lattice parameter fluctuation due to

strain and lattice plane lilt or so-called mostiic spread,
respectively. The directions of and q^ correspond to [100]
and [Oil],respectively. Thereciprocal lattice vector li {4(X)}
is oriented in the direction of [100]. Figures 1 shows
examples of contour maps of diffuse scattering from

annealed and lapped crystals in the reciprocal lattice space,
respectively. The upper and lower panels show the
symmetrical part and antisymmetrical part, respectively.

On the map for the crystals annealed at 780°C and 1000"C
the mosaic spread and lattice plane tilt spretidisotropically.
But for the crystal annealed at 1170°C the contour is
narrower and the mosaic spread at larger q^ is changed

dramatically compared to those for the crystals annealed at
the lower temperatures. The antisymmetrical parts are very
similar for these three annealed samples. The symmetrical

parts are similar for the three lapped samples. As for the

antisymmetrical ptirt, especially for the crystals lappedwith
the No. 600 and No. 1000 particles, these crystals have very

diff^nt distributions compared to those for the annealed
crystals.

From the fact that extinctions occur, the effective depth

which contributes to the diffuse scattering is much smaller

than the absorption depth in the Bragg case and the two

methods, the lapping and the annealing, gave comparable
efTccts on the diffuse scattering in the experiment. The
diffuse scattering intensities of the annealed crystals show

strong annealing temperature dq3cncfcnce. There is critical
temperature for the production of defectbetween 1000°C axi
1170"C. On the other hand, the slope of the profile along
for the lapped crystals does not depend on the lapping
particle size. This indicates that the physical mechanisms of
disordering of the crystal lattice plane by lapping may be

almost the same for all abrasive particle sizes although the
integrated intensity increases with the abrasive particle size.
For lapped crystals, it was considered that the misorienlation
was the main reason for the increase in FWHM of the

rocking curve. However our results suggest that lattice
parameter fluctuations are also an origin of the broadening.
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Figure 1 Contours of symmetrical (uppo" panels) and

antisymmetrical Oower panels) parts for the crystals
annealed at 1170°C and lapped with the No. 600 particles,

respectively. The every level change in the contour lines is

0.1. The central part is gray due to high line density.
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Introduction

We have developed phase-contrast X-ray us
ing an X-ray interferometer. By measuring phase
map images with the fringe scanning method in plu
ral projection directions, phase-contrast tomograms
which reveal the inside distribution of the refractive

index are produced. The merit of this technique is
that weakly X-ray absorbing materials, such as bio
logical soft tissues, can be depicted without the need
for staining with a reasonable exposure to X-rays.
In this study, we report the results of observations of
human tissues.

Experiment

0.7A X-rays from the vertical wiggler were used for
the measurements. Cancerous tissues from livers and

breasts were fixed in formalin. Each sample was cut
in a cylindrical shape, and put in a water-filled cell.
The cell was set in a beam path created in an X-ray
interferometer. The sample was rotated in the cell at
a 0.9® step. Interference fringes were detected with
the X-ray sensing pickup tube, which was operated
with a 12 ^m x 12 /im pixel size.

Results and Discussions

We show two tomograms as examples. Fig. 1 is a
phase-contrast tomogram of breast cancer. The con
trast corresponding to the structure inside the tumor
appeared clearly (normal tissues are not contained in
the view). The necrosis in the tumor was depicted
with a bright contrast. This is the same as our pre
vious study.^^ The detailed histological aspects the
image are now analyzed. Fig. 2 shows a tomogram
of fibroadenoma in a breast. The structure shown

in this image is different from the cancerous tissue.
This suggests that this technique might distinguish
between cancerous and benign tissue.

This kind of study is useful in understanding what
structures in soft tissues can be seen and how they
appear in tomograms. The knowledge will help us in
analyzing unknown structures. In parallel with this
work, we will develop a lager X-ray interferometer for
in vivo observation.

Reference

1) A. Momose, Nucl. Instrum. Methods A 352, 622
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2) A. Momose, T. Takeda, Y. Itai, and K. Hirano,
Nature Medicine 2, 473 (1996).
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Fig. 1 Phase-contrast tomogram of breast cancer.

Fig. 2 Phase-contrast tomogram of fibroadenoma.
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Introduction

Phase-contrast X-ray imaging using an X-ray
interferometer^^ is currently an unique technique
which enables observation of structures in biological
soft tissues without the need for staining in the hard
X-ray energy region. The observation field, however,
is insufficient for biological in vivo observation. The
field is limited by the size of silicon ingot from which
the monolithical interferometer is cut out. Alterna

tively, we studied the feasibility of a two-crystal X-
ray interferometer. By placing the two crystal blocks
with a proper distance, larger samples can be imaged.
In this report, we show the first interference fringes
obtained with the two-crystal X-ray interferometer
using synchrotron X-rays.

Experiment
As shown in Fig. 1, the X-ray interferometer con

sisted of two crystal blocks^^ which werefabricated to
be identical. Each block had two wafers which func

tioned as X-ray beam splatters. The gap between the
wafers was 34 mm.

The merit of this type of interferometer is that any
tuning mechanisms for linear movements are not re
quired because interference do not affected by the
linear displacement between the blocks. Only rota
tions around 9 and (p shown in Fig. 1 are nec
essary, When the 0 axis is detuned, a Moire pattern
appears. By using a synchrotron source, however, the
typical fringe spacing is a few millimeters for A0 =
10". Therefore, it was comparatively easy to tune
the 0 axis. The 6 axis is more important in gener
ating interference. In this case, the displacement be
tween the two wafers is induced by the rotation. The
phase change of 2-k rises when the displacement is
equal to the spacing of diffraction planes. Therefore,
the amplitude of vibration in this direction should be
much less than the placing. Otherwise fringes sway
or smear out.

Therefore, we put an apparatus on a base with
pneumatic sustainment to avoid the vibration. To
pre-align the blocks, corresponding side facets of the
blocks were made parallel with each other using an
autocollimator. Interference fringes were detected by
tuning 9 with a piezoelectric device. 0.92 A X-rays
from a vertical wiggler were used with (220) reflection
to produce an interference pattern.

Result and Discussion

Fig. 2 is an obtained fringe pattern with an ex
posure for 4 seconds. No object was placed in the

beam. Therefore, the fringe was caused by deforma
tion of the interferometer and/or lattice strain in sil
icon crystal. However, the fringe visibility was 70%,
which is enough for image analysis in phase-contrast
X-ray imaging.

Reference

1) A. Momose, T. Takeda, Y. Itai, and K. Hirano,
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(1974).

Fig. 1 Two-crystal X-ray interferometer and its axes
required to be tuned.

Fig.2 Obtained Interference pattern. Visibility was
70%. The fringe spacing was 0.5 mm.
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Introduction

Recently, phase-contrast imaging in the hard X-ray
energy region has been studied actively. However,
ways for quantitative understanding of obtained im
ages are not fully described. Phase retrieval from
phase-contrast images is one solution to this prob
lem. The author has reported a phase retrieval tech
nique using an X-ray interferometer so far^^. This re
port shows an idea of phase retrieval from refraction-
contrast images^^ which are obtainedby reflecting X-
rays passed through an object with an analyzer crys
tal. Refracted X-rays by the object can be empha
sized in the image because the angular width of reflec
tion by the analyzer crystal is narrow. The refraction
method is attractive because high-contrast images
can be obtained with a simple optical setup. How
ever, the demerit is that quantitative understanding
is difficult because all phase information is not con
tained in the image. Therefore, the author studied
a technique to retrieve the phase shift from several
refraction images.

Experiment

Refraction angle is equal to the differential of the
profile of wavefront, that is, a phase map image.
Therefore, if the spatial distribution of the refrac
tive angle is measured, the phase map image can be
obtained by integrating the distribution. The idea
is to obtain the distribution from refraction-contrast

images which are measured by rotating the analyzer
crystal step by step.

Fig. 1 shows the experimental setup for testing
this principle. The author used Si(220) asymmetric
reflections for the analyzer, whose width of the angu
lar acceptance was about 0.5" for 0.92 A X-rays. The
analyzer had a channel-cut structure to prevent the
image from being demagnified. The analyzer was ro
tated at a 0.01" step, and images were obtained with
the X-ray sensing pickup tube. The angular position
of maximum intensity was measured at every pixel.
The map of the maximum angular positions was inte
grated in the direction parallel to the scattering plane
to produce a phase map image.

Result and Discussion

Fig. 2 shows a phase map image obtained for a
acrylic triangle rod (each edge: 3 mm). In this case,
the phase shift exceeded two hundred radian. From
the amount of the phase shift, the refractive index
of the acrylic resin was calculated to be 1 - 1.3 x

10""®. However, the signal to noise ratio was un
satisfactory especially in the direction perpendicular
to the scattering plane. This quality is insufficient
for biological imaging because the accuracy much be
low 27r is required in the determination of the phase
shift to resolve structures inside soft tissues. This

technique would be useful at the region of sensitivity
between that of the interferometric method and the

absorption-contrast method.

Reference

1) A. Momose, Nucl. Instrum. Methods A 352, 622
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X-ray image
sensor

Sample

X-rays

Fig. 1 Experimental setup. Asymmetrical channel-
cut analyzer was rotated. Several refraction-
contrast images were obtained and processed.

Fig. 2 Phase map image obtained for a test object
(triangle rod).
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Introduction

It is well known that double-layer-height steps are
energetically most stable for Si(OOl) surfaces tilted
towards the [110] by a few degrees yielding pre
dominantly 2x1 domains with dimers parallel to the
step edge. When As atoms are deposited on such
surfaces, the in-plane structure depends on the sub
strate temperature, creating either predominantly 2x1
or 1x2 domains or a mixed structure [Ij. In a pre
vious report [2], we deduced the fractions M\ and Mi
(2x1 and a 1x2 domain areas, respectively), and the
As-As bondlength L using grazing-angle X-ray
standing-wave (GAXSW) data for two reflections.
We report here the results obtained from three reflec
tions.

Experiment
Our substrate surface was miscut from the (001)
plane by 4° in the [110] direction. The As was de
posited onto the clean substrate with a surface tem
perature of 580 ° C. LBED data then showed that
the sample has stronger 2x1 spots than 1x2 spots but
their intensities are not quite different. The same
procedure, on the other hand, allowed that the differ
ent sample has predominantly 2x1 domains as re
ported in this volume. We measured the As K edge

fluorescence near the Si 220, 220 and 400 Bragg
positions using incident 17.0 KeV X-rays at BL-14B.
Our X-ray chamber maintained a pressure of less
than 1x10"^ Pa during the measurements. The re
ciprocal-lattice vectors of the 220, 2 20 and 400 po
sitions were directed out of the surface by 0° , 4.0°
and 2.83° with 0.02° accuracy, respectively.

Analvsis

Using rii, r|2 and TI3, which are obtained directly
from the results of least-squares fits to the arsenic
emission profiles, M], Mi and L are expressed as a
function of an isotropic mean-square thermal dis

placement > (Fig. I). This new data allows
us to calculate a value for the residual area fraction

Mx, which is equal to 1- A/]-Mi. Mxis negative in
the shadow range that is inaccessible to M\, Mi and
L. L and Mi / M\ gradually change in the range 2.57
to 2.53 and 1.36 to 1.3, respectively. M\ and Mi,

vary more rapidly (0.28 to 0.43 and 0.39 to 0.56, re
spectively) than L and Mi / M\. Actually,

V< >cannot have a such wide range. For in
stance, in the case of >/<w^ > = 0.17 A which was
calculated from the results [3], we have L = 2.56 A,
Mi= 0.37, Mi = 0.45 and M = 0.21. The value of I

agrees with results obtained from surface x-ray dif
fraction measurements [3] and XSW data [4] but the
ratio of Mi / M\ obtained here is much smaller than
ca. 8 calculated using LEED data [1] and look
strange. But it is consistent with our LEED results.
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Fig.l Ml, M2 andZ dependence on V< > .
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We have constructed an x-ray transmission cell to allowfor
in-situ scattering studies of the liquid-solid interface. We
used this cell to study growth of the calcite (104) surface in
contact with a calcium carbonate in water solution. Rather

than an MBE-like Gaussian roughening, we find evidence
that the surface grows by addition of material to a sparse set
of columns on the surface.

We constructed a fluid cell which allowed us to observe

x-ray scattering from a calcite surface in contact with a
fluid. The x-ray palhlength through the fluid is
approximately 3 mm. A calcite (104)surface was prepared
by cleaving an optical quality calcite crystal. Solutions for
growth or etching of the sample were prepared by
dissolving high-purity NaHCOj and CaCU in ultra-pure
(>18 Mohm) water, and titrating to a desired pH. We
report results obtained here with a CaCOj solution
approximatelyequal to the equilibrium concentration (thus
denoted as a T X solution') of calcium carbonate.

Measurements were made on the vertical wiggler beamline
PF-14B at a wavelength of 1.0 Angstroms. This
wavelengllt was selected for maximum scattered intensity
taking into account the variation of absorption and
scattering with wavelength, as well as the wiggler x-ray
spectrum.

Results and discussion

Reflectivity measurements made after the sample was
exposed to the 1 X solution are shown in figure 1. The time
shown is tlie titne after the cell was filled with fluid. It may
be seen tiiat tiie reflectivity is dropping most rapidly at low
scattering angle. This is in stark contrast to the case of e.g.
semiconductor surfaces roughening during high
temperature deposition, where an increasing Gaussian
roughness leads to an intensity drop which is more rapid
the higher the .scattering angle.

100000 Wf

I 10000
o

t- +4.3 hr
t» +6.5 hr

0 0.2 0.4 0.6 0.8 1
2theia (degrees)

Figure I X-ray refleclivity of a cleaved calcile (104) surface at two
times after e.\posure to an approximately equilibrium concentration of
Caldum Carbonate in water.

Figure 2 shows two rocking curves at 2theta=0.3 degreesat
times indicated after exposure to the 1 X solution. Clearly,

the earlier rocking curve shows two components—a rather
narrow peak and a broader one. As time goes on, the
narrower rocking component apparently disappears,
leaving just the broader component, whose width appears
not to change significantly, but whose amplitude also
decreases.
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Figure 2 rocking curves across the specular rod for the same sample as
Fig 1 at 2lheia=0.3 degrees. ITie narrower component of the earlier curve
has disappeared in the later curve.

These observations are consistent with a surface modeled

as growing by adding material exclusively to a sparse
number of 'columns' or 'islands' on the surface, while the
area between the columns remains smooth. Qualitatively,
at very low incident angles the x-rays scatter
predomindantly from the tops of columns at various non-
uniform heights, and thus scattered intensity is reduced
from the smooth surface case. But at higher incident
angles, x-ray scattering is once more from the
predominantly undisturbed, smootli areas between
columns. Indeed, Atomic Force Microscopy (AFM)
measurements (not shown) made on the surface after

growth do siiow sparse dots or columns on the surface.
This is somewhat surprising, considering that the primary
growth mode of the (104) surface near these chemical
conditions is thought to be step flow. However, in a recent
detailed in-situ AFM study ofgrowth onthe same surface'̂
the authors found evidence for 'spiral growths' presumably
centered on screw dislocations, which grow spirally by a
step flow -mechanism. Quite likely these growths
correspond to the columns discussed above.

Conclusion

In conclusion, first results from our in-situ scattering study
of a growing (104) calcite surface lend support to a
columnar model of surface growth. In further studies, we
hope to be able to study the time behavior of the surface
evolution in more detail, and correlate it more carefully
with a detailed surface growth model.

1) A. J. Gratz, P. E. Hiilner, P. K. Hansma, "Step dynamics and
spiral growth on calcite", Geochimica et Cosmochimica Acta, 57,
491 (1993).
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Introduction

Determination of the equation of states for the mantle
minerals is essential to clarify the temperature distribution
and chemical heterogeneities in the earth's mantle. The

important minerals are a-, p-, and Y-Mg2Si04, and
majorite garnet. In this study we determined the equation
of states of these minerals by measuring the pressure and
temperature dependencies of the volume by the in situ-X
ray diffraction study using synchrotron radiation X-ray
source. We also made a preliminary determination of the
phase boundary of ilmenite-perovskite transition of

MgSiOs, a-p transition of Mg2Si04 by the in situ X-ray
diffraction study at high pressure and temperature.

Experimental procedure
In situ X-ray diffraction experiments at high pressure

and temperature were conducted using DIA type high

pressure apparatus, MAX80 and MAX90. The height of

the incident white X-ray beam was from 0.05mm to
0.1mm and the width was from 0.2mm to 0.3mm. The

diffracted X-ray from the sample with the energy range
from 30 to 100 keV, was observed by the energy

dispersive method using a solid-state detector
A single stage cubic configuration with six sintered-

diamond cubic anvils with a truncation of 3 mm was

employed for the experiments made at pressures below 18
GPa. In this system, the twin graphite discs were used as
the heater and a gold foil was used as a electrode for the

experiments below 850 °C, whereas a composite heater
with a mixture of TiC and diamond and molybdenum
electrode was used for the runs above 850°C. The latter

assembly has been successfully used for heating up to
ISOO'C for several hours.

For the experiments conducted at pressures greater than
18 GPa, we used a double stage configuration, i.e., MAS
apparatus combined with the outer cubic anvils of
MAX80 and MAX90. The edge length of the outer cubic
anvU was 19.5mm, whereas the inner MAS anvUs was

composed of eight sintered diamond 10mm cube anvils
with a 2.0mm truncation edge length. The heating

assembly is essentially the same as those of the single
stage runs, i.e., the heater is a composite of TiC and
diamond, whereas electrode was made of molybdenum. A

thermocouple, W97Re3-W75Re25, with 0.15 mm in

diameter, was used to monitor the run temperature for
both the single stage and double stage runs. The details of
the experimental procedure are given elsewhere^).

In order to minimize the non-hydrostatic component of

the applied stress, we mix the starting material with
NaCl. NaCl was also served as the pressure standard
material. X-ray diffraction data were analyzed by using

Whole-Powder-Pattem Decomposition (WPPD) method to
determine the unit cell parameters.

Experimental results and discussion

The best fit parameters of the equation of state for a-

Mg2SiG4 (a-01), P-Mg2Si04 (P-01) y-Mg2Si04 (y -01),
and majorite garnet (Mj) determined in this study were
summarized in Table 1. The present data give an important
constraint for the possible compositional layering of the

upper mantle, transition zone, and the lower mantle.

Table 1. The best fit parameters for equation of state of
mantle minerals.

cuoi p^oi T^oi
K (GPa) 122±2 153±7 188±4 156±2
K' 5.1±0.6 5±1 3.8±0.5 4.4±0.3

(dK/dT)p -2.1±0.2 -1.7±0.2 -2.2±0.1 -1.9±0.3
xlO-2GPa/K

y-01

188±4

3.8±0.5

Mj

156±2

4.4+0.3

-1.7±0.2 -2.2+0.1 -1.9+0.3

We have determined the phase boundaries between a-

and P-, and y-Mg2Si04 by the present system. The
details of the experiments for a-b transition of Mg2Si04
are given elsewhere^). The phase boundary between a- and
b-Mg2Si04 is experessed as P(GPa)=9.3-i-0.0036T(°C).
Our preliminary determination indicates that the P-y

phase boundary can be written as P(GPa)=8.9+0.0093
T(°C). The slope of the phase boundary is significantly
greater than that determined by theraochemical data^).
Further high pressure experiments are needed for this
phase boundary.
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Introduction

Understanding of phase transition behaviors of the
mantle candidate minerals is important to clarify the
structure and evolution of the silicate mantle of the

terrestrial planets. Among them, Mg2Si04 is the major
end member of the Earth's mantle, and its properties are
believed to control the present mantle dynamics. We
have developed a double stage multianvil system in
order to apply in situ X-ray diffraction method to the
above problem in the extended pressure temperature
conditions [1-3]. Here we report preliminary
observation of the a-y, and y-perovskite+periclase
transitions in Mg2Si04 in the pressure range 24-28 GPa,
which corresponds to the depth of the 670 km
discontinuity of the Earth's mantle.

Experimental method
In situ X-ray diffraction experiments were made at

Nation Laboratory of High Energy Physics using
MAX90 installed at BL-14C of Photon Factory. Details
of the experimental procedure is described in [3]. The
starting material was the powdered mixture of a-
Mg2Si04 and Au, and pressure values were calculated
from equation of state of Au [4].

Results and discussions

Phase transition behaviors were investigated in two
heating cycles of two runs. In the first heating cycle,
gradual relaxation of the deviatric stress component
occurred and the diffraction peaks became sharp at
temperatures above 400°C. The a-y transition started at
800°C and 28 GPa in both runs, and pressure values
decreased gradually with the progress of the transition,
which lasted about 30 min at 850°C and 28 GPa.

In the second heating cycles after the further
compression at room temperature, the transition from y
TO perovskite+periclase occurred within a few minutes
at 1100°Gand 27 GPa in the first run and 900°C and

28.5 GPa in the second run. The run pressures were
found to be decreased after these transition. This

assemblage was stable even by further heating to higher
temperatures.

The critical data points, where the phase transitions
were observed to have started and progressed, are

plotted in Fig.l, together with the acceptable range of
the phase boundary between y and perovskite+periclase
in Mg2Si04 [5-6]. It is noted that y could grow from a
deep inside of the stability field of perovskite+periclase.
The similar observation has been reported using
quenching method, and its mechanism has been
discussed on the basis of the TEM observation of the

recovered run products of San Carlos olivine by [7].
Our data suggest that the blocking temperature, above
which the stable assemblage of perovskite+periclase
could be formed, shows pressure dependence. The
accurate determination of the phase boundary requires
further understanding of the kinetic aspects of the
phase transition.

Mg SiO
4

CD
3 1200

"cS
0
D.

E 800

PtraiiKt range
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Fig.l. Phase boundary between y-pv+pc and blocking
temperature of the transition.
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Introduction

A modification to the general-purpose Monte-Carlo
electron-photon transport code EGS4 [1] was made
in order to treat photoelectrons from L photoabsorp-
tion and L fluorescence photons in elements [2]. Com
parison of a calculation and a measurement using
monochronized synchrotron radiation beam was gret
help for the check of the calculation.

Materials and Method

Among 51 X-rays related to L-shell vacancies, ma
jor 20 X-rays were treated. Coster-Kronig transition
was considered. L-shell vacancy creation by Ka emis
sion is also considered. Atomic energy levels were
taken from [3]. The total atomic level widths for each
subshell, the fluorescence yields for L subshells and
Coster-Kronig yields were taken from [4]. Relative
shell contribution to photoelectric cross section, L X-
ray energies and their relative intensities were taken
from [5].

Results

A linearly polarized 40 keV photon beam (monochro-
matized synchrotron light) was scattered by a Pb sam
ple and the scattered photons were detected by Ge
detector located at 0 = 90°. Experiment geometry is
described in [6]. The interaction of photon and elec
tron with matter in the sample and in the Ge detector
is simulated by the improved EGS4 code. Dead layer
of 0.15 ^m is assumed.

"Ge I X-lay escape

Layer of partial charge collection is also assumed in
order to reproduce low energy tail in the pulse height
distribution. The charge collection efficiency is as
sumed as 7? = 1 - exp(—(2 —0.15^m)/0.15/im) for
z > 0.15/im, where 2 is the distance from Ge front
surface. The calculated photon spectra are smeared
by a Gaussian function in order to account for the
resolution of the Ge detector.

Conclusion

The calculated pulse height spectra of the L-X rays,
Compton and Rayleigh scattering agxeed well with the
measurements. (Fig.l) The improved EGS4 code will
be used for wide range of electron and photon trans
port problems especcialy for keV region.
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Introduction

Pressure induced phase transitions of Cdl^-iype
compounds are only reported for Pbl^ and their phase
relations are shown in Fig.l. Bridgman' first observed
two temperature-independent phase transitions, I/II and
II/III by electric resistance measurements under pressure.
Richter et al." then reported other two phases, IV and V,
and the pressure-temperature phase diagram by means of
DTA in a piston-cylinder apparatus. Very recently, Hiue
et al.^ attempted an x-ray in-situ observation up to 8 GPa
at room temperature using DAC and found phase VI. The
structures of these high pressure forms have not been
revealed yet. Furthermore, as shown in fig. 1, phase
relations at higher pressure and temperature region are
still unknown. In the present study, x-ray in-situ
observations were performed in order to investigate the
possible pressure-induced phase transition of PbF.

Experimental

MAX90 system installed at BL-14C with sintered
diamond anvils of 3 mm edge length was used. Samples
and mixture of NaCl and BN powders for pressure
calibration were inserted separately in a 6 mm cube pressure
medium made of boron epoxy resin. In order to reduce
the effect of x-ray absorption by Pb and I ions, both of
which strongly absorb x-ray, the thickness of the sample
chamber vertical to incident x-ray beam was reduced to
300 }im. X-ray data were collected by an energy dispersive
method using a pure germanium SSD. The pressure and
temperature conditions, at which x-ray data were collected,
are also indicated In Fig. 1.

Results and discussion

Two high pressure phases were newly found; phase
VII which appears at 10-13 GPa and 200-400 °C, and
phase VIII at 13 GPa and 600 °C. Obtained x-ray diffraction
patterns of these two phases are shown in Fig. 2. Although
the phase transitions corresponding to I/II, II/III and III/VI
were observed in the course of compression at room
temperature, their diffraction patterns were loo weak and
broad for further analysis. The obtained phase relations of
Pbl, up to 13 GPa and 600 °C are illustrated in Fig. 1.

Phase transitions of I/II and II/III are reversible'. Phase
VI transforms to a metastable phase on decompression^.
On the contrary, phase VIII was retained down nearly to 1
GPa under releasing pressure, and reverted directly to phase
I. This result suggests the phase VIII is formed by a
reconstructive transition. Diffraction pattern of phase VIII
was successfully indexed assuming orthorhombic

symmetry; a=l 1.130(8), b=9.570(9) and c=5.660C5) A. It
is likely that Pbl, accomplishes a series of transitions to
denser structures such as SrBr,-, Sri,- and PbCl,-type.
Several structure models for phase VIII were assumed

and their powder diffraction patterns were simulated by
using obtained orthorhombic lattice parameters and atomic
coordinates reported for other compounds. Among them,
simulated pattern assuming PbCl,-type structure resembles
observed pattern well. Because present x-ray data were
collected by an energy dispersive method with constrained
conditions under high pressure, we do not attempt Rietveld
analysis. At present, however, PbCl,-type structure is the
most probable candidate for phase VIII.

700
Richter & Clark

This stud>

Pressure (GPa)

Fig. 1Obtained phase relations of Pbl, together with those
reported. X-ray data were collected at conditions indicated
by open circles.

Phase

13.0GPa

Phase

13.lGPa 400" C"

Phase I

20 30 40 50 60 70 80

Energy (keV)
Fig.2 X-ray diffraction patterns of phase I, VII andVIII.
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Introduction

Grown-in microdefects in a slowly pulled (0.4
mm/min) Czochralski(CZ) grown silicon crystal
have been studied by using high energy
synchrotron radiation diffraction topography.
Following a previous report, we describe a
detailed comparison of SR topographs of the
sample in as-grown state with that of the same
sample after heat-treated in dry O2 ambient.
Experimental method was described in the
previous report.

Results and Discussion

Figure 1 shows a topograph of the crystal
annealed in dry O2 ambient. One can see two
types ofmicrodefects; grown-in microdefects and
annealing induced microdefects. The images of
the induced microdefects have characteristics

distinguished from those of the grown-in
microdefects; striate distribution, appeared as
pairs of small dots, with no tail, with weaker
contrast.

Figure 2 shows the density distributions of
the microdefects as a function of position
measured from the center of the crystal. The
annealing induced microdefects appeared during
the first step of the heat-treatment, and increase
drastically their density near the center of the
crystal during the second step.

The size of the grown-in microdefects near
the center of the crystal was larger than that of
peripheral region. The size of the grown-in
microdefects increased at the first step of the
heat-treatments, but not at the second step.
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ambient.
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Introduction

In order to obtain a sharp and high-contrast
image of microdefects in silicon crystals, we used
the section topography in the Bragg-case. In
this method, incident x-rays will be almost
diffracted within the extinction distance from the

entrance surface, when the x-rays satisfy the
Bragg condition for a nearly perfect crystal.
While, incident x-rays, slightly off the Bragg
condition, will penetrate inside the crystal deeper
than the extinction distance, and will be scattered
only if there are deformed regions inside or near
the path of the incident beam. Thus, we will
obtain the clear defect images free from the
background x-rays coming from the nearly perfect
regions of the crystal. This is an advantage of
this method over the section topography in the
Laue-case, where x-rays diffracted from the
defects overlap with x-rays from the nearly
perfect regions.

Experimental

X-ray topography experimentswereperformed
using a experimental set up shown in Fig. 1.
Short wave length synchrotron radiation (0.2A)
from the vertical wiggler beam line (BL-14C)
was used in order to satisfy a condition that the
penetration depth of the x-rays was much
larger than the extinction distance. A CZ-Si
crystal, which was in-situ annealed during a
crystal growth by changing a pulling rate from
0.9 mm/min to 0.2 mm/min for 30 min and then
to 0.9 mm/min, was investigated.

Results and Discussion

Figure 2 is a comparison of section topographs
of the Laue-case (a) and of the Bragg-case (b) of
the CZ-Si crystal obtained by using 6 6 0

reflection. Grown-in microdefects are observed

in both topographs. One can see that the images
of the microdefects are more clear in the Bragg-
case than that in the Laue-case, where the
Pendellosung fringes are stronger than the defect
images.
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Fig. 1. Experimental set-up of the section
topography in the Bragg-case.
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Fig. 2. Section topographs of the in-situ
annealed CZ-Si crystal using 660 reflection, in
the Laue-case (a) and in the Bragg-case (b).
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Introduction

It is well known that angiographic
visualization of immature vascular network due

to angiogenesis is a crucial diagnostic procedure
of malignant from benign tumor. However, a
conventional angiography cannot demonstrate
these characteristic angiographic observations in
small malignant tumor with a diameter of 2 cm
or less. In this study, we visualized immature
vascular network in small tumor with a diameter

of 2 cm or less by microangiography using
monochromatic synchrotron radiation.

Methods

The human malignant tumor cell (Colon26)
was transplanted in the mouse subcutaneous
tissue, and the tumor size increased to 18 mm to
25 mm by the time of 2 weeks. Two weeks after
this surgery, the tumor area was exposed to
monochromatic synchrotron radiation obtained
from beamlines BL-I4 and NE-5 with an energy
of 33.3 keV optimized for iodine detection, while
iodine-contrast material was injected into the
femoral vein. The contrast images were formed
on a fluorescent screen, where 2-3 x 2 cm area
was scanned with 15 frames/sec for 6 sec by a
high-definition TV camera with an avalanche-
type image pick-up tube with 1125 TV lines and
then stored as a digital image (1024 x 1024 pixels,
12-bits/pixel in aframe memory oradigital audio
tape).'^This system had a spatial resolution of
30 pim. After the angiography had been
completed, the animals were killed and
histological study (Hematoxylin and Eosin Stain)
was performed.

Results

The caliber of the visualized smallest vessel

was approximately 50 pim, in the angiographic

image of transplanted cancer. The networks of
tumor feeding arteries were well visualized in
this mouse model. The vessels feeding tumor
had characteristic observations for the malignant
tumor; undulating appearance, irregular wall
shape, lacking side branches, showing abnormal
stains, and arterio-venous shunting.

Light microscopic examination of the nodular
lesion showed highly cellular tumor with rich
vasculature. The tumor cells had round to ovoid,
hyperchromatic and irregularly outlined nuclei
and basophilic cytoplasm and were arranged in
medullary sheets with frequent mitotic figures.
Most of vessels were about 30 to 60 //m in
diameter and lined by single layer of endothelial
cells without fibrous or muscular wall.

Discussion

The present microangiographic system using
monochromatic synchrotron radiation visualized
immature vascular network in small tumor with

a diameter of 2 cm or less. These synchrotron
radiation angiographic observations were
confirmed by histological examinations. The
monochromatic synchrotron radiation with an
energy of 33.3 keV allows us to detect small
amount of iodine contrast in the small vessels
by maximizing the mass absorption coefficient
between iodine and body tissue. '"^^Conventional
angiographic system is not oriented to detect
small vessels with a diameter of 100 pim or less.
In conclusions, this radiographic system
potentially could lead to a new diagnostic
paradigm for malignant tumors at an early stage
in various organs.
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Introduction

A fluorescent scanning (FS) x-ray imaging
system such as tomography [1-3] and
computed tomography (CT) [4-5] is being
developed to detect non-radioactive contrast
materials in living specimens. A new type of
FS x-ray CT with fan collimator have
developed and the experiment was performed
at vertical wiggler beam line of Photon
Factory. In this beam line we expected to use a
linear polarized, high flux synchrotron x-ray
and a stabilized x-ray beam for a long time.
The results of this experiment are reported.

Method

The FS x-ray CT consists of a silicon (111)
double monochromator, an x-ray shutter, an
x-ray slit and a fan collimator for detection, a
scanning table for the target organ and an x-
ray detector with highly purified germanium.
The experiment was carried out at the
superconducting vertical wiggler beam line
BL-14C of the Photon Factory in KEK. The
x-ray energy was set at 37 keV. The
monochromatic x-ray beam was collimatcd

into 1 X 1 mm^ (horizontal and vertical,
respectively) using an x-ray slit system. The
data acquisition time was 20 s at each scanning
point. A FS x-ray CT was obtained by line
scanning parallel to incident x-ray beam and
rotation of a phantom filled with the iodine
contrast material. The size ol' acrylic rounded
phantom is 50 mm in diameter with a 10-mm-
diameter hole filled with iodine contrast

material ( 500 p-g/ml, 1 mg/ml, 2 mg/ml). CT
image was reconstructed by a filtered back

projection method.

Results and discussions
The spectrum of and fluorescent

x-rays, and Compton scatterings could be
observed separately. However, significant
contamination of Compton scattering was
observed in this experiment comparing to that
in bending magnet beam line of Tristan
accumulation ring. Using the counts of
fluorescent x-rays, a FS x-ray CT image of a
phantom was obtained at excited iodine
content of more than 1000 ng.

This experimental results is very
dissatisfied because the iodine content of 50
ng could be imaged in the previous experiment
[4]. Most important reason might be
significant increment ofCompton scattering.
Usually the synchrotron x-ray beam has a
characters of linearpolarization, so this allows
the significant reduction ofCompton scattering
at point perfendicular to incident x-ray beam.
We are now investigating the reason of the
significant contamination of Compton
scattering.
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Introduction

Iron sulfide is one of important materials for
earth and space sciences, At ambient pressure
condition, stoichiometric FeS (troilite) has a
superstructure of the NiAs type structure with a
hexagonal cell.

Fei etal. [1] reported a phase diagram of FeS
under high pressure and temperature up to 25GPa
and 800K, in which a curved phase boundary
between the MnP-related phase and the simple
NiAs type phase was proposed. The internal
structure of the Mars was discussed based on

their diagram. In our previous work, the high
pressure phase was found to has also a NiAs type
superstructure with a monoclinic cell [2,3].

The aim of the present study is to redetermine
phase equilibria of FeS under high pressure and
temperature conditions.

Experiments

Powdered specimen of FeS (troilite) for this
study was synthesized by an evacuated glass tube
method. From the ^/-spacing of the 114
diffraction line, chemical formula of the specimen
was calculated to be Feo.gggS.

High pressure and high temperature
experiments up to 16GPa and 8()0°C were carried
out using DIA type cubic anvil apparata
"MAASO" at AR-NE5C and "MAX90" at PF-

BL14C. X-ray diffraction patterns under high
pressure were taken by an energy dispersive
method using white X-rays from a synchrotron
radiation source. Diffraction lines with d-

spacings larger than 3A were carefully observed,
because phase identification was easily made by
paying attention to such diffraction lines.

Results and Discussion

Phase equilibria of FeS under high pressure
and temperature is shown in Fig. 1. The present
P-T phase diagram is different from Fei's
diagram [1]: 1) We found four phases (the
troilite phase, a MnP-related type phase with a

hexagonal cell, the NiAs type phase and the high
pressure phase). There is no stability field for the
MnP type phase. 2) The phase boundary
between the NiAs type phase and the MnP-related
phase can be described by a straight line. This
result shows that high-pressure behavior of the
simple NiAs-type phase may play an important
role in the interior of the Mars.

All phases expcept the high pressure phase
have a common hexagonal subcell, which is just
the NiAs type cell. Iso da ratio curves for the
cell are also shown in Fig. 1. The curves indicate
a transition at 7.5GPa in the MnP-related phase
stability field. The transition is consistent with
the compression behavior at300''C, and probably
corresponds to the electronic transition at 6GPa
suggested by Fei etal. [Ij. The transition in the
MnP-related phase causes an anomaly in the
phase boundary between the MnP-related phase
and the monoclinic high pressure phase.

NIAs type

MnP-related type

A AAi iA AA

High pressure phase

, O »<X>^ M A OD • • Qtm • •

Pressure / GPs

Fig. 1 Iso c/acurves for the fundamental NiAs
type cell in P-T phase diagram of FeS.
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Introduction

Structure of liquid metals is strongly influ
enced by ion-ion potential which is screened
by conduction electrons. It depends on the
elctron density. We have measured the x-ray
diffraction of liquid metals to investigate how
the structure of liquid metals changes by the
variation of density of conduction electron un
der pressure.

Experimental

The volume dependences of static structure
factor S{Q) for liquid Rb and liquid Na have
been obtained from x-ray diffraction measure
ments under high pressure up to 6 GPa by
using a cubic-type multi anvil press. For liq
uid Rb, it has been measured by an energy-
dispersive method[l-3] to volume change V/Uo
= 0.52 and for liquid Na by an angle-dispersive
method with a multi-channel collimator[4] to
volume change U/Ro = 0.70.

Results and discussion

With increasing pressure, the peaks of S[Q)
of both liquid Rb and liquid Na shift towards
higher Q, and the heights of the first peak in
crease. In Fig. 1 the position of the first peak
Qi is shown as a function of where
Vo is the volume at the atmospheric pressure.

• Na
o Rb

(V/V„)-"^

Fig. 1. Position of the first peak Qi for liquid
Rb and liquid Na as a function of
The solid line shows the values expected from
a uniform contraction model.

For liquid Rb and liquid Na, Qi varies pro
portionally to at lower pressures.
These structural changes of liquid alkali met
als are different from those of polyvalent liquid
metals [3] and the expanded fluid Rb at high
temperatures[5]. At higher pressures where
(R/Ro)~R^ is larger than 1.15, Qi of liquid Rb
deviates from that expected from a uniform-
contraction model as well as liquid Cs. Re
sults for liquid alkali metals are analyzed by
a hard spere model. A core diameter a which
represents repulsive part of ion-ion potential
decreases with increasing density of the con
duction electrons as shown in Fig. 2. The vol
ume dependence of cr agrees with the screening
model including the ion core effect.
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Fig. 2. Hard sphere diameter a of liquid Rb
under high pressure. The solid lines shows the
calculated values from the screening model in
cluding the ion core effect.



96G117

OBSERVATION OF THE PROCESS OF DIAMOND FORMATION

FROM ORGANIC COMPOUNDS

Akifurai ONODERA, Kaichi SUITO, Yozo TANIGUCHI, Junpei NAMBA, and Takashi HORIKAWA
Faculty ofEngineering Science, Osaka University, Toyonaka, Osaka 560

Osamu SHIMOMURA

Photon Factory, National Laboratoryfor High Energy Physics, Tsukuba, Ibaraki 305

Introduction

Although synthesis of diamond is one of the most
exciting subjets that can be performed under high
pressure and it is also industrially applied, there
ramain problems that are of significant importance:
(i) study of the elementary process of diamond forma
tion, (ii) feasibility of organic compounds for the dia
mond source, and (iii) synthesis under graphite-stable
conditions. Such studies have been rarely underaken.

This work was carried out to study the process of
diamond formation from phenolic resin employing
Co as a catalyst under graphite-stable conditions. The
process was studied by in-situ x-ray diffraction.
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Fig. 1 X-ray diffraction pattern of thesample
(resols+Co) while being heated at 3 GPa.

Experiment
Resols prefired at 850°C was mixed with Co in

weight ratios 15;1,3:1, 1:1 and 7; 12, Each was pres
surized to 3 GPa at room temperature with MAX90
installed at BL-14C. X-ray diffraction patterns were
collected while heating the sample at 3 GPa.

Results and discussion

Figure 1 shows diffraction patterns of the 7:12
sample. Because the resols was initially amorphous,
only Co was observable below about 1000'C. Above
this temperature, graphiteappeared owingto graphiti-
zation of the resols. At 1500"C a diffuse scattering
was observed, demostrating that Co was molten. No
diamond peak was observable during the course of
heating.

In Fig,2, however, a small amount of diamond is
perceivable in the diffraction pattern taken after the
release of pressure. The fact suggests that diamond is
likely to be formed upon cooling process.
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Fig,2 X-ray diffraction patterns of the sample
(resols -i-Co) before and after pressurization.
Letter labeled D is for diamond.
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Introduction

The property of compactness is one of the crucial

determinants differentiating proteins from other soluble

heteropolymers, Measurements of the molecular

compactness are thus crucial for a complete description of

the folding process. However, it is still unclear at which

stages of kinetic refolding proteins become compact and
globular. Here we measured directly the compaction process

of /3 -lactoglobulin (j3 LG) using a stopped-flow X-ray
scattering technique.

Results and Discussion

Because of the low signal-to-noise ratio ofthe time-resolved

X-ray scattering measurements, it is difficult to obtain a

time-dependent change in the radius of gyration {R^ of a
molecule. The use of integral scattering intensity is known

to be effective for monitoring the fast compaction process

of a protein molecule during refolding [1]. We first

measured the unfolding kinetics of /3 LG using the integral

scattering intensity and confirmed that time-resolved global

conformational changes of proteins can be monitored in

fairly high resolution by this technique.

Then we measured the refolding reaction of j3 LG by

the stopped-flow X-ray scattering technique using integral

scattering intensity. Within the dead time of the

measurements (30 ms), i.e., in the burst phase, 70% of the

integral intensity change from the unfolded to the native

state is regained (Fig. 1), indicating that the protein

molecule is already compact within 30 ms after initiation of

the refolding. The averaged R^ value within 100 ms
obtained from the Guinier plot is only 1.1-times larger than

that in the native state, ensuring the rapid compaction of a

protein molecule. The f values early and late in refolding
are coincident with each other, demonstrating that /3 LG is

in a monomeric state without any aggregation in this

refolding experiment. The presence of the maximum peak in

the Kratky plot shows that the protein attains the globular

shape within 100 ms of refolding. Thus jSLG becomes

highly compact and globular at least within 100 ms.

Stopped-flow CD measurements show rapid recovery

of substantial secondary structure with concurrent non-

native q;-helix formation within the burst phase. The

subsequent compaction process after the dead time is

accompanied by annealing ofnon-native secondary structure

and slow acquisition of tertiary structure. These findings

strongly suggest that both compaction and secondary

structure formation in protein folding are quite rapid

processes, taking place within a millisecond time scale.

Reference

1. Semisotnov et al., (1996) J. Mol. Biol. 262: 559-574.
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Figure 1: Kinetic refolding curve of 13 LG in 10 mM Gly-
HCl, pH 3.2 at 25 °C monitored by integral scattering
intensity. The refolding reaction was initiated by a
concentration jump of urea from 8 to 3 M.
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Introduction

It is well-known that the complex of Esherichia coli heat
shock proteins GroEL and GroBS, which has been called
chaperonin, assisting protein folding both in vivo and in
vitro. These proteins possess oligomeric quaternary
structure consists of 14 identical subunits arranged into two
stacked seven-membered rings in case of GroEL and of 7

identical subunits arranged into a seven-membered ring in
case of GroES. Thus, a molecular mass of GroEL is nearly
840kDa, while GroES - 70kDa. The crystal structures of
both proteins are well elucidated b2), but a little is known
about its solution structures 3,4). Here we show the result of

the study on solution structures of GroEL, GroES and its

complex by small-angle X-ray scattering and modeling
using the protein crystal structure data.

Experimental

GroEL and GroES were purified after superexpressionin E.
coli of the corresponding gene coding the amino acid
sequences of both proteins. The samples were prepared in
50mM Tris-HCl buffer, pH8 containing lOOmM KCl,
ImM DTT and lOmM Mg-acetate. The formation of
GroEL/ES complex was achived by adding of 2mM ADP.
All experiments were done at the beam line 15A small-

angle installation at 23 'C. The protein concentration was
5mg/ml and time of the scattering data accumulation was
300s.

Results and Discussion

The small-angleX-ray scatteringdata withinthe scattering
vector values from 0.01A-' to 0.15A-' were collected for

GroEL in the absence and in the presence of ADP as well
as for GroES and for GroEL*GroES complex in the
presence of ADP (Fig.l). It was shown that ADP does not
essentially perturb GroEL structure in solution to display
in the GroEL scattering curve, while GroES binding
appreciablly changes GroEL scattering pattern within a
wide interval of scattering vector values. The modeling of
the protein small-angle X-ray scattering pattern was based
on known GroEL and GroES crystal structures and
computer programms developed in the Institute of Protein

Research using the C atom coordinates resolved for GroEL

and overal dimensions for GroES. The satisfactory
discription of the experimental data was achived by the
following modifications of the proteins crystal structures.
In the case of GroES only uniform expansion of the
protein molecule to increase the external radius of the

oligomeric ring (from 40A for crystal structure^) up to
50A) is enough to satisfactorily discribe the experimental
data. GroEL structure in solution is more modified with

respect to the crystal one. In particular, the average
positions of the apical and intermediate domains are
changed on 40° and20° correspondingly in respect with
its position in the crystal structure'). Besides, the external
radius of the oligomeric rings as well as the distance
between the centers of the rings are increased of 9A and
12A correspondingly. The non-resolved by X-ray
crystallography C- and N- terminal residues of the protein
were put inside the rings. Taking into account these
changes we achived a good coincidence of the model and

experimental scattering curves (Fig.l).

GroEL-GroES complex

A GroEL crystal structure

• Model fitting of GroEL

o Model fitting of GroEL-GroES complex

0.02 0.04 0,06 0.08 0.10 C.12

S{A-' )

Figure 1

1.Braig, K., et al. Nature (1994) 371, 578-586.
2.Hunt, J.F., et al. Nature (1996) 379, 37-43.
3.1garashi,Y., et al. Biophys.Chem (1995) 53, 259-266.
4.Thiyagarajan, P., et al. Structure (1996) 4, 79-88.
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Introduction

GroEL (840 kDa) and GroES (70 kDa), E. coli heat-shock

oligomeric proteins called as chaperonins, assist protein

folding both in vivo and in vitro^\ Due to its function to
assist protein folding, GroEL and GroES are very
attractive in order to be used in reactivation of a

recombinant proteins from so-called "inclusion bodies" -

aggregates of non-native protein molecules, hardly soluble
at physiological conditions^). Because "inclusion bodies"
are usually dissolved in the presence of denaturants, it is
important to know what are concentrations of various

denaturants that don't affect GroEL and GroES structure

and function. Here we report small-angle X-ray scattering

(SAXS) study of GroEL and GroES structure at various

concentrations of urea.

Experimental

GroEL and GroES were purified after superexpression of
corresponding align gene in E. coli. Buffer for samples
contains 50 mM Tris-HCl, pH 7.6, 100 mM KCl, 1 mM
DTT and 2 mM Mg-acetate. Concentration of urea in

solution was measured refractometrically. SAXS

experiments were done at the beam line 15A at 23 °C.
Concentration of proteins was 5 mg/ml and time of the
scattering data accumulation was 300 s. SAXS data were
corrected on experimental conditions and electron density
difference between solvent and solution.

Results and Discussion

SAXS patterns for GroEL and GroES at various urea
concentrations were measured, corrected on experimental

conditions and analysed to get radius of gyration, zero
angle scattering intensity and integral intensity values^). It
was shown that equilibrium urea-induced unfolding of
GroEL occurs within very narrow interval of urea
concentrations from 2.3 M up to 3.5 M urea. GroEL
unfolding seems to be cooperative two-state process

without accumulation of any folding intermediates (such

as one-ring structure or monomeric globules) under our

experimental conditions. SAXS parameters for GroEL
molecule at 2.3 M urea (just before the protein unfolding

transition) are the same as without urea, while at 3.5 M

urea (in the end of the transition) GroEL is coil-like

monomeric chain. On the other hand, kinetics of urea-

induced unfolding of GroEL monitored by SAXS stopped-

flow technique using the integral intensity as the
parameter^) shows biphasic behaviour. Amplitudes and

rate constants of the unfolding reaction phases are
dependent on final concentration of urea. Thus, kinetics of
the protein unfolding is not two-state process but goes

through some intermediates.

GroES is essentially associated under native conditions
in the absence of ADP, while the presence of 2 mM ADP

inhibits this association. The urea-induced unfolding

transitions of GroES both in the absence and in the

presence of ADP start from 2.5 M urea and complete at 4
M urea in equilibrium. At the same time, the protein
unfolding processes in the absence and in the presence of

ADP differ from each other. In the absence of ADP, the

protein associates disappear at 1.5 M urea and the
unfolding transition is two-state starting from 2.5 M urea.

In contrast, in the presence of ADP, urea-induced
equilibrium unfolding of GroES goes through
accumulation of some intermediate states looking like a

globular monomeric subunit with molecular weight near
10 kDa and Rg=15A. Note that the seven-subunit native
state of GroES and coil-like subunit are characterized by

Rg values, 29.5A and 28A, correspondingly.

References

1. Becker J.& Graig E.A. Eur. J. Biochem. (1994) 219,

11-23.

2. Mitraki A. and King J. Biotechnol. (1989) 7, 690-697.

3. Semisotnov G.V. et al. J. M. B. (1996) 262, 559-574.
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We have reported that the intensity ratio of the two
equatorial X-ray reflections of skeletal muscle (Ii,o/Ii,i),
believed to reflect the number of myosin head attached to
actin, increases during lightly loaded shortening". The
extent of increase (approach to the resting value) is greater
at submaximal Ca^^ than at saturating Ca^", suggesting that
lightly loaded shortening has a greater tendency to
inactivatemuscle fibers at submaximal Ca^"". In this report
the time courses of the recovery of the intensity ratio after
shortening were compared at submaximal and saturating
Ca'7

Bundles of skinned rabbit psoas fibers were mounted,
activated and allowed to shorten at a light load (<10% P^)
in the beam path as described". Four 20-ms shortenings
(saturating Ca^') or two 40-ms shortenings (submaximal
Ca^"") were appliedduring isometriccontraction.

Fig. 1 shows the time course of length, tension and the

tensi on

= 13.6/s

400 600 800
, time (ms)

k = 9.2/s

equatorial intensity ratio at submaximal Ca^". After the
shortening, the tension redeveloped, and its time course
could be fitted to a single exponential association (rate
constant, 13.6 s"'). During shortening, the Ii,o/Ii,i intensity
ratio increased above the isometric value. It gradually
approached the isometric value after shortening in an
exponential manner, with a rate constant comparable to
that of tlietension redevelopment (9.2s').

The same experiment was done at saturating Ca^"^ (Fig.
2). During shortening, an unusually high intensity ratio
was observed. As soon as the shortening was over, the
ratio returned to the level not different from the pre-
shortening value, and no exponential component
corresponding to the tension redevelopment was
recognized. The results are consistent with the idea that, at
submaximal Ca^"^, lightly loaded shortening inactivates
muscle fibers (specifically the thin filament), while at
saturating Ca^" it does not.

1) Iwamoto H., Wakabayashi, K. & Amemiya, Y. (1997)
Photon Factory Activity Report, 13; 284
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Fig. 1. Length, tension (upper panel) and equatorial
intensity ratio (Ii_o/Ii,i)(lower panel) at submaximal Ca^"^.
Tension is normalized to the isometric level.

Fig. 2. Length, tension (upper panel) and equatorial
intensity ratio (Iiq/Ii i)(lower panel) at saturating Ca^"^.
Tension is normalized to the isometric level.
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Triacylglycerols (TAGs) are major constituents in fats
and oils, and are present in organized biosystems. They
are the most important nutrients together with proteins
and carbohydrates. In food industry,TAGs are used in
oils, margarine, cream, chocolate and other edible fat
products, and also employed as matrix materials in
pharmaceuticals and cosmetics. In the fat product, the fat
structures are the major factors to determine the physical
properties, such as texture, plasticity, morphology and
riieology. However, the expectation of functionality of
fat products is difficult, because of the multicomponent
and the multiple crystalline states. Therefore, the first
step to approach for the mixed system is to study on the
binary systems of major TAG components.

In this study, the phase behavior of TAGs binary
mixture systems in the most stable and metastable states
were investigated using differential scanning calorimetry
(DSC) and synchrotron radiation X-raydiffraction (SR-
XRD). The goal of this study is to clarify physico-
chemical properties of TAGs in the binary system which
contain unsaturated fatty acyl moieties.

Experimantal

We have employed I,3-dipalmitoyl-2-oleoyl glycerol
(POP)as a main component, which is abundant in palm
oil, cocoa butter and other vegetable oils. The binary
mixtures consisted of its component and TAGs having
palmitoyl andoleoyl fatty acyl chains, tripahnitin (PPP),
rac-l,2-dipalmitoyl-3-oleoylglycerol (PPO) and 1,3-
dioleoyl-2-palmitoylglycerol (OPO).
The SR-XRD experiments were examined at beamline
BL-15A with position sensitive detector for small and
wide angle scattering measurements.

Results and Discussion

The major results are summarized as follows;
(1) In the POP-PPO and POP-OPO binary mixture
systems, the molecular compound formed at the 1:1
concentration ratio. l

(2) In particular, POP-PPO and POP-OPO mixtures gave
rise to two monotectic phases of PPO/compound and
compotmd/POP,l and OPO/compound and compound/
OPO in a juxtapositional way.
(3) In the metastable states, polymorphic transformations
exhibited complicated behavior. In the POP-PPP binary

mixture, the phase diagram was divided into two regions.
Below POP 40% concentration ratio, solid state
transformation from a to [3 was observed, indicating that
the a-(3 transition of PPP was promoted in the presence
of POP. By contrast, the polymorphic transition
proceeds from a to (3 through the occurrence of the
intermediate j3' from in the POP 50% concentration ratio
above 50%.2

In the POP-PPO binary mixture, time-resolved SR-
XRD study unveiled the formation of molecular
compounds in the metastable forms, a and P', having the
same POP/PPO concentration ratio as (3. The POP-PPO
compound a and (3' exhibited monotectic phases with
corresponding metastable forms of thepurecomponents.l

In POP-OPO binary mixture, kinetic phase diagrams
were divided into two regions: OPO/compound and
compound/POP in juxtaposition. The crystallization of
the mixtureby rapid cooling (15 "C/min) and by slow
cooling (5 °C/min) were carried out. POP-OPO
compound crystallized in a form, and immediately
transformed to [3 form at the all concentration ratio.
Below the POP50% concentration, OPO crystallized in a
form by rapid cooling and transformed to (3' form and then
to P from by subsequent heating at a rate of 5 ®C/min.
On the other hand, OPO crystallized in [3' form by slow
cooling and transformed to (32 by melt-mediation, then

transformed to (3i. Above the POP50% concentration,

POP crystallized in a by rapid and slow cooling
processes coolingprocess, and transformed to (3' form and
to p form melt-mediated. The melt-mediated
transformation of POP was promoted by the presence of
OPO itself or by presence of the POP/OPO compound.

Conclusion

The present studies gave rise to new findings regarding
the phase behavior and stmctural properties of the
mixture systems of mixed acid TAGs. Particularly,
monotectic nature of the metastable and most stable

forms of the POP-PPO and POP-OPO mixtures was

fully analyses by using SR-XRD and DSC techniques,
which enabled kinetic measurements. All of these

achievements must have highest values from the view
points of fundamental and applications.

1)A. Minato et al., J. Phys. Chem. B (1997) in press.
2)A. Minato et al., J. Am. Oil Chem. Soc. 73(1996)
1567-1572.
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Introduction

Transferrin, a family of iron-transport
glycoprotein, are found from insects (cockroach)
to mammalian blood plasma and body fluids. The
transferrins consist of a single polypeptide with a
molecular weight of ca.SOkDa. X-ray crystallo-
graphic study[l] reveals the proteins consist of
twolobes, eachofwhich has a metal-binding site.

Materials and Methods

Lanthanide complexes of human serum
transferrin were prepared according to the
previous method [2], Solution X-ray scattering
experiments were carried out at BL15A and
BLIOC. Data were analyzed with a program
systems of BL15A and BLIOC stations,
respectively.
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Fig.l. Relation between Rg of human lanthanide-
binding transferrins and their ionic radii.

Results and Discussion

Radii of gyration, Rg, were calculated from
Guinier plots. Rg values at zero concentration
were obtained by extrapolation. Rg of
lanthanide-bound transferrins increased with radii
of the lanthanide(lll) ions (Fig.l). We have
reported that a half value period of EDTA-
mediated metal-releasing reaction of lanthanide-
transferrin is an indicator of stability of
lanthanide-transferrins complexes [2]; the
decrement of halfvalueperiod accampanied with
the increase of ionic radius of bound- metal ion.
In addition, Rg increased with the decrease of half
value period. These results demonstrate that
increment of radius of the bound-lanthanide(lll)
makes thestability decreaseand Rg of the protein
increase.

[1JBailey, S.etai. Biochemistry, 27(1988), 5804-5812
[2]Ichimura,K. and Kihara, H., Proteins, Nucleic acids and

Enzymes, 39(1994), 2297-2309
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Fig.2. The relation between half-value period of
EDTA-mediated metal-release (forC-site) and Rg
of human lanthanide-binding serum transferrin.
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Introduction
When pure glycerophospholipids are dispersed

mechanically in pure water, and heat and cool are
repeated, only in some specific lipids cases, all the
lipids gather together to produce only one gigantic
aggregate (self-assembling) . However, in usual
cases, lipids gather together to make many small
multilamellar vesicles, and the vesicles are well
dispersed in water for a long time
(non-assembling). Besides, when self-assembling
lipid and non-assembling lipid are mixed together
in water, and heat and cool are repeated, in all
cases, independent of the molar ratio of two lipids,
self-assembling always occurs, and only one
gigantic aggregate is produced. Phase transition
behavior is much different between self-assembling
aggregate and non-assembling aggregate. However,
thermochemically, by using DSC(differential
scanning calorimetry), it is impossible to
distinguish two types of self-assembling aggregates
(of pure lipid and of mixed lipids). In diis paper.
X-ray diffractometry is used to distinguish these
self-assembling aggregates.

Experimental
DPPA(dipaImitoylphosphatidic acid) and DPPS

(dipalmitoylphosphatidylserine) are used as self
-assembling lipids, DPPC(dipalmitoyl
phosphatidylcholine), DPPG (dipalmitoyl
phosphatidylglycerol), and many others are used as
non-assembling lipids. Self-assembling aggregate
of pure lipid or mixed lipids, with the size of
3mmX3mmXlmm(thickness), is sealed in a
diamond cell (wall thickness 6.1mm), and the cell
is put into DSC apparatus wirh 2mm 0 holes on
both sides, through the holes X-ray beam can pass
via die sample to the ditector. Temperature
dependent phase transition behavior of
self-assembled lipids is studyed by DSC and X-ray
diffractometry at the same time at the beam line
15A of the Photon Factory, KEK Japan. 9-inch
Be-windowed CCD camera with digital video
recorder is used for X-ray detection. Data
sampling rate for X-ray diffraction is 30 frames
sec"', and for DSC 0.2 seconds for 1 point.

Results and Discussion
In case of pure self-assembling lipid, after

pre-treatment of repetitions of heat and cool, only
one gigantic aggregate is produced. X-ray
diffraction lines, reflecting lipid bilayer distance of
the aggregate, disappear or appear at main phase
transition temperature during heating or cooling
process. And exactly at the same temperature,
large endothermic or exothermic peak is observed
during heating or cooling process by DSC
measurement. And so, X-ray diffraction and DSC
results exactly coincide with each other.

In case of mixture of self-assembling and
non-assembling lipids, when repetition of heat and
cool pre-treatment is not sufficient, plural number
of self-assembling aggregates are produced.
Plural combinations of X-ray diffraction lines,
reflecting different lipid bilayer distances of
different aggregates, are observed. Each
combination of these lines disappear or appear at
the same time at each phase transition temperature
during heating or cooling process. And at each
temperature, large endothermic or exothermic peak
is observed by DSC measurement. And so,
fundamentally, X-ray diffraction and DSC results
coincide with each other.

In case of mixture of self-assembling and
non-assembling lipids, when repetition of heat and
cool pre-treatment is sufficient, only one
self-assembling aggregate is produced. X-ray
diffraction lines, reflecting lipid bilayer structure,
disappear and appear with temperature exactly as
the same manner as pure lipid. And at the same
temperature, DSC curve is observed as pure lipid.
However in this case, especially when molar ratio
of self-assembling lipid in the aggregate is veiy-
small, veiy sharp X-ray diffraction line is observed
at smaller diffraction angle, and this line changes to
scattering pattern or disappear and appear with
temperature, independent of the main phase
transition. It is concluded that, although small
amounts of self-assembling lipids control much
larger amounts of non-assembling lipids
one-sidedly to produce only one gigantic aggregate,
non-assembling lipids fluctuate and rearrange with
temperature. This result is obtained only by real
time X-ray diffraction measurement, and not only
by DSC.
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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. Previously, the retina fixed by
glutaraldehyde was used, because this tissue
disintegrated within 1 hour of dissection. We
have reported that we could succeed in recording
the x-ray diffraction pattern from unfixed retina
by the use of the synchrotron radiation and a
storage phosphor screen, the imaging plate^l
Also, we have reported the some change of
diffraction pattern induced in response to the
light stimulation^^

In the last study^\ we repeated x-ray
experiments with samples in the artificial
seawater containing other ionic components than
the previously used one, in order to disclose the
relation between the light-induced structural
changes observed previously and the visual
excitation of photoreceptors. Then, it was shown
that the quality of the diffraction pattern
including its symmetry and the response to the
light stimulation depended strongly on the
activity of squid and its change was not due to
the difference in ionic components of artificial
seawater. In this study, we have tried to confirm
this results.

Experimental

Living, active specimens of the squid,
Watasenia scintillans were captured at Toyama
Bay of the Japan sea and brought to Tsukuba
within several hours. The squids were
decapitated and their retinas dissected in dim red
light. For the x-ray experiment, a 1-mm thick
slice of retina was kept in an artificial seawater
chamber with Mylar windows at 4 "C.
Schematic diagram of a slice of squid retina was
shown in the previous report^\ The artificial
seawater containing D-glucose was oxygenated
and gently circulated through the sample chamber

during the experiment. A 100 W halogen lamp
in conjunction with an interference filter and a
heat filter, was used for light stimulation (about
500 nm in wavelength).

X-ray experiments have been performed
with a mirror-monochromator optics (the Muscle
Diffractometer) at BL-15A1^\ The wavelength
of the radiation was 0.150 nm. The sample-to-
detector distance was 1872 mm. X-ray
diffraction intensity was recorded on the imaging
plate and stored on magnetic tape after
converting to the digital signals with BAS2000
(Fuji Film). X-ray diffraction data were
successively taken with the same sample in the
dark and light, respectively. The exposure time
was 3 minutes and each recording finished
within 40 minutes after decapitation.

Results

The present study confirmed that the
diffraction patterns depend strongly on the
activity of squid in its symmetries and responses
to the light stimulation. Therefore, the different
symmetries did not occur due to the difference
in ionic components of artificial seawater. Also,
it was observed that cutting and/or transfer into
artificial seawater affected the order of retina. In
this experiment, we could not obtain sufficient
data to deduce any conclusion about structural
change to the light stimulation, as the activity of
squid was not good in many cases.
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Introduction

GroEL is a major heat shock protein (HSP) of
Escherichia coli. Chaperonins including GroEL
belong to a family ofproteins involved in the folding
and assembly of newly synthesized protein and of
denatured protein. GroEL requires, for its
folding activity, ATP, Mg^"*", K"*", and cochaperonin
GroES. GroEL consists of 14-meric identical

subunits composed of two heptameric rings.
Recent studies by electron microscopy suggest
molecular shapes of GroEL were changed by some
ligands such as ATP, Mg^^, bound-polypeptide
and GroES. To clarify their effects on the protein
in solution, solution X-ray scattering experiments

were taken in the presence and absence of these
effectors, based on our conformational analysis
reported previously [1].

Materials and Methods

Escherichia coli chaperonin GroEL was purified
from overexpressing cells according to the method
proposed by Inoue [2].

GroEL was dissolved at 8 to 2 mg/ml in the
standerd buffer (50mM Tris-HCl with lOOmM
KCl, pH7.4) with some effectors such as MgCl2,
ATP, AMP-PNP as an ATP analogue.

Solution X-ray scattering experiments were
performed at BL15A.

Results and discussion

Radii ofgyration, Rg, were calculated from Guinier
plots. Rg values at zero protein concentration were
obtained by extrapolation. Rg obtained are
summarized in the table. As shown in the table,
Rg in the presence of AMP-PNP/Mg is 1Asmaller
than that in the presence of Mg^"*". Existence of
ATP/Mg and the absence of effectors give the Rg
value in the middle. In addition, scattering pattern
also shows some difference in these conditions.

Thus, though the effect is not so large, effectors,
particularly AMP-PNP in the presence of Mg^"*" do
affect on the conformation ofGroEL.

Table

Effectors Rg(A)

none 65.5±0.3

20mM MgCl2 66.0±0.3
lOmM ATP/20mM MgClz 65.8±0.3
lOmM AMP-PNP/20mMMgCl2 65.0±0.3
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Inlroduclion

A solid-solid phase transition of n-alkane (hexatriaconlane) has
beeninvestigated earlier.'̂ The crystalshows a lamellar structure
of the low temperature monoclinic form (Ml) at room
temperature with the molecules inclined in the Z?c-plane. The
solid-solid phase transition is started at 72°C to the high
temperature monoclinic form (Mh) where the molecules are tilt
in the ac-plane. Investigations of the solid-solid phase transition
have been made separately by DSC and X-ray measurements.^^
However, for precise comparison between thermodynamic
properties and structural transformations, simultaneous
measurements using DSC and X-ray diffraction are necessary. In
this study, the simultaneous measurements with DSC, time
resolved SAXS by PSPC and WAXS by X-ray TV detector were
performed using a strong X-ray source of the Photon Factory.

Experimental

The original specimen was highly purified n-C36H74
(hexatriaconlane). The mat-samples prepared from the original
specimen were used in our investigation. We used the facilities
for measurements with DSC, PSPC and X-ray TV detector at the
station BL15A of the Photon Factory, The wavelength used in
this experiment was 1.506 A. The experimental geometry of the
apparatus enables todelect simultaneous DSC and X-ray data.^^
The heating rate was controlled as TC/min by DSC FP84
(Mettler Instrument Corp.). For SAXS measurements, the mat
sample was placed so that lamellar surfaces were parallel to the
beam direction. In time resolved SAXS measurements, 90

frames of diffraction data were collected by the PSPC using 4
sec as the exposure time for each frame. For WAXS
measurements, the surface of the single crystal was set
perpendicular to the beam dire<^lion and an X-ray TV detector
was placed behind the sample. The imaging device converted the
WAXS data into visible light, and then stored in video cassettes.

Results and Discussions

SAXS peaks at temperatures as marked have been shown in the
figure. At 70. rc, the reflection from the (001) plane of the Ml

crystal is arisen at 20=2.03°. A smaller peak appeared at the
lower angle at 72.0°C denotes the lamellar thickening occured by
the transition from the Ml state to the orthorhomic state. At
73.3°C, another more intensified peak appears at an intermediate
angle between the two reflections indicating the diffraction from
the (001) plane of the M^ crystal. Finally at 74.5°C, only one
peak located in the intermediate position shows the complete
phase transition inside the crystal. From the results of SAXS
measurements, the transition process during the solid-solid phase
transition is analysed by the following mechanism; The
molecules of the Ml crystal inclined in the bc-plane once
become upright to form an orlhorhombic structure and then re-
incline in the ac-plane of the Mh crystal.
WAXS results obtained by an X-ray TV during the heat

treatment indicates different features at the onset of the solid-

solid phase transition. At 71.4°C, new (110) reflections of Mjj

crystal appeared at 12° deviation from the original a -axis.

341

.5'C

Scattering angle (29)

Figure: Time resolved SAXS measurements observed by PSPC
at the temparaturcs pointed out in the figure.

By considering the (110) twinning of the original Ml crystal, the

new fl-axis appears in the direction deviated by ±23° from the
original b-axis. In this case, the position of the new (110)
reflection is explained by the result of 12° deviation.
At higher temperature, the WAXS TV displays continuous

increase and decrease of intensity of the (112) refiection of the
Ml crystal. In this case, the transition process can be explained
by stand-up motion of molecules to form the transient
orthorhombic structure as observed in the SAXS measurement.

The sharp reflection indicates that the transition maintains the
crystalline regularity.

To summarize the results of the present investigation, the solid-
solid phase transition undergoes through two different
mechanisms. 1) by a formation of the (110) twin crystal and 2)
by passing the intermediate orthorhombic structure. The first one
is observed at the lower temperature by the X-ray TV, showing
lower energy of the twin mechanism. The second one indicates
the coherent molecular motion resulting the change of lamellar
thickness observed by SAXS and X-ray TV.

From the simultaneous measurements of DSC, SAXS and X-
ray TV (WAXS), we can explain overall mechanisms of the
solid-solid phase transtion of hexatriacontane, which has been
precisely analysed in our recent paper.
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Heat shock protein (HSP) 60 , which is
one of molecular chaperon family, is widely
distributed from prokaryote to mammals, but its
assembly is different. E. coli HSP60, so called
GroEL, is associated to 14-mer; HSP60 from
thermophilus acatics is obtained in heptamer to
14-mer transition and mitochondria HSP60

from vertebrate is heptamer. Native structure of
BaciUus HSP60 was measured by SAXS.

A moderate thermophilus Bacillus
stearothermophilus K1041 strain which was
established by Narumi et al [1] grows up under
the condition of 54C to 60C. We determined the
genomic gene structure of HPS60 of Bacillus
stearothermophilus K1041 (Ichimura et al., in
preparation). We expressed Bacillus HSP60 in
E. coli and then purified.

SAXS experiments were performed on
beam line 15A at Photon Factory. The samples
were contained in a 1mm path length quartz ceU
and irradiated with a monochromatic X-ray of
1.504A. The temperature was set at 25C and
maintained constant by circulating water.
Samples contained 0,15%, 0.3% 0.6% 0.8%
1.0% and 1.2% of HSP60. Exposure time for
each sample was 300s. X-ray scattering data

were expressed in terms of h=47csin0A where

Xis the X-ray wave length and 20 the scattering
angle.

Figure 1 shows the scattering curves of
HSP60 at various concentrations; the vertical
axis is in arbitrary unit. The radius of gyration,
Rg, of HSP60 can be estimated by the Guinier
plots of the normalized scattering curve.
Considering the effect of the protein
concentration on the scattering pattern, the Rg
value at zero protein concentration can however
be evaluated. In figure 2 is the concentration
dependence of the apparent Rg values obtained
from the Guinier plots at different protein
concentration. The extrapolation at zero HSP60
concentration gives a Rg value of 67.3A.

These results of HSP60 from Bacillus

stearothermophilus are similar to those obtained
in the case of E.coli GroEL [2]. Thus many
new experiments, involving temperature

dependence experiments, must be done. These
temperature dependent experiments may help
for a better characterization and understanding
of the temperature effect on FSP60. CD
experiments done on E. coli GroEL and on
HSP60 from Bacillus thermophilus have shown
some differences in stability and in the
temperature transition (data not shown). Future
SAXS on HSP60 should focus on the study of
the temperature effect
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Introduction

We studied the spacing changes of the actin filament by
the application of length changes to isometrically
contracting muscles and rigor muscles to investigate the
relationship between the extensibility and twisting
changes of the actin filaments in response to force
changes.

Experimental

The X-ray. experiments were done at the BL15A. Slow
length-change experiments on contracting and rigor
muscles were performed in the same way as in the
previous studies. 2) Two-dimensional X-ray diffraction
patterns were recorded on the imaging plate (IP) during
rest, isometric plateau, stretching or releasing and after-

stress relaxation phases in the active muscles, and

before and during a stretch in the rigor muscles.
Results and Discussion

Fig.1 summarized the spacing changes of the 2.7 nm,
5,1 nm and 5.9 nm actin-based reflections during the
slow stretch and release applied to a contracting muscle,
together with those during isometric contraction of the full-
overlap muscle and on activation of the overstretched
muscle observed in the previous studies.3) Slow
stretching of the muscle increased not only force but also
the spacings of all these reflections over their isometric
values, while slow releasing decreased them. A slight

shortening {~0.1%) of the actin filament on activation of

the muscle at non-overlap length has been observed. If
the development of full-isometric force extends the actin
filament from this shortened length, a net filament

extension is expected to be 0.35-0.40%, Application of a

stretch (~3%Lo) to a contracting muscle which

generates force amounting to ~1.5Po produced further

~0,2% extension of the actin filament, consistent with

the above expectation. Stretching of the rigor muscle by

~0,5Po caused similar spacing changes in these three

reflections to those observed in the active muscle,The

tendency that the spacing change of the 5,1 nm reflection
is greater than that of the 5.9 nm reflection is observed in
all cases and the spacing changes of these three
reflections occur with keeping the geometrical relation of
the helical structure of the actin filament. This fact

confirms that elongation of the actin filament is associated
with an alteration of its helical structure. Fig.2
summarized the relationship between the extensibility
and twisting of the actin filament on the radial projection

net of the actin helical structure. The development of

force always generates an untwisting of the right-handed
helix.
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Introduction

We have investigated the conformational
change of the chicken skeletal muscle myosin
head upon binding of various nucleotides,
which have been detected by X-ray solution
scattering''"'. In this report, we describe a
detailed conformational change of the myosin
head upon binding of MgADP obtained from
modeling studies using the crystal structure.

Modeling studies
Modeling studies have been done using a-
carbon coordinates of the chicken skeletal

myosin head from the Protein Data Bank.
Refined calculations for SI were made by
defining the five movable domains within the
molecule^'. In order to examine the best fit

model, the R-factor of the intensities and the
radius of gyration were constrained.

Results and Discussion

The myosin head (Si) alters its conformation
substantially in the presence of ATP'""'. Similar
changes in the X-ray scattering curve were
observed for SI bound with ADP.Pi analogs.
On the other hand, the change in the scattering
curve from SI in the presence of MgADP was
intermediate between those from free SI and

Sl.ADP.Pi"'. Fig.l shows the best fit model for
an SI. ADP conformation derived from

searching analysis by changing the relative
positions of each domain. In Fig.l the model
of the SI.ADP is compared with that of free SI
with coinciding their N-terminus domain with
each other. In the previous worU', a similar
comparison is depicted between free SI and
Sl.ADP.Pi. Upon binding of MgADP, a
comparatively large movement is occurring in
the light chain-binding helix, although
movements within the catalytic domains are
small similarly to those occurring in SI bound
ADP.Pi. The longitudinal movement of the tip

of the light chain-binding domain is about 20A
that is half that of SlADP.Pi while an azimuthal

swing of it is dose to that (~20A) in Sl.ADP.Pi.
Such a movement of the light chain-binding
domain is a major determinant of the change in
the scattering curve. Fig-^ shows the
comparison of the observed scattering data and
those calculated from the model of SI.ADP.
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Introduction

The solution structure of a non polymerizable
G-actin and its complex with a myosin head (Si) has
been investigated by X-ray scattering techniques''^'.
The docking model for the acto-Sl complex was
derived by using atomic coordinates of crystal
structures of actin and Si in order to fit the scattering
data. Next, we studied the effect of nucleotide

binding on this complex. In this report, our recent
observations on the structural change of the acto-Sl

complex induced by the binding of MgADP are
described.

Experimental

Purified DHT/MBS-G-actin'' and chymotryptic SI
were mixed at a 1:1 molar ratio under low ionic

strength condition. After MgADP was added at a final
concentration of 2 mM, the mixture was preincubated
for -5 min at room temperature. X-ray solution
scattering experiments were performed at BL15A.
Measurements of each sample were made using an
ID-PSD in an exposure time of 5 min at 18°C. The
specimen-to-detectordistance was 2346 mm.

Results and Discussion

We usually set the actin:Sl molar ratio to 1:1 in the
sample solution where an acto-Sl-ADP complex is
predominant even in the presence of MgADP. The
Guinier plots of the small-angle X-fay scattering from
this solution were all linear. The radius of gyration

(Rg) and the zero-angle intensity (l(0)/c) were
determined as a function of protein concentration (c)
(Fig.1). The true Rg obtained by extrapolating to

zero concentration was about 49A in the absence
of ADP. When MgADP was added to the complex
solution, Rg of this complex decreased by about SA.
The molecular weight estimated from the true l(0)/c
values remained mostly unchanged in the presence
of ADP. indicating that ADP-induced dissociation
was minimized under the present condition. The
biochemical binding studies done in parallel
confirmed that the dissociation of the complex was

negligibly small. The comparison of the Kratky plots
from both data clearly shows that the conformation of
the complex is substantially altered on binding of
MgADP (Fig.2). The maximum chord length

determined from the pair distance distribution
function was -ISSA, smaller by about 20A than in
the absence of MgADP. The distance between the
centers of gravity of two protein molecules in the
complex was estimated to be ~62A which was also
smaller by 1oAthan in its absence.
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Studies of the structure of a- keratin have been on-going
since the 1920's. The diffraction data obtained with

conventional X-ray sources led to a number of postulates
including that of Eraser and Macrae, 1983,^ which
proposed an intermediate filament (IF) structure with an
infinite lattice of spacing 47nm and a finite lattice of
spacing 19.8 nm, set in the non-filamentous matrix of
the hair. This model could not, however, explain the
results from the extended sets of Photon Factory
synchrotron diffraction data for normal and diabetic hair
nor those from the physical swelling experiments by
Feughelman.

Materials and Methods

Samples of normal and diabetic (IDDM) human and
baboon hair were examined using the Photon factory low
angle facility, BL15A. Further a - keratin samples
including wet and dry mammalian hair and wool, echidna
and porcupine quills were then studied to verify the model
proposed to satisfy the synchrotron data for hair. Every
sample was examined at two different camera lengths on
BL15A and the additional samples were also examined on
the Australian Beamline, ANBF, BL20, to obtain
extremely wide angle data. These experiments provided
excellent diffraction patterns for each sample. A typical

attem is given in Figure 1

Figure 1 A typical diffraction pattern of hair
Results

An analysis of the meridional diffraction patterns
obtained for hair and some wool indicated the

superposition of five different lattices with spacings of
47.0nm, 62.6nm, 19.8nm, 27.2nm and 12.3nm.
Although many reflections were composite, there were
sufficient unique reflections for each lattice to confirm its
existence. Only the 47.0 nm and the 62.6 nm were
exhibited by all the keratins examined. Bessel function
analyses were also carried out on the equatorial patterns.
These revealed that for all samples the inter-lF distance
was approximately three times the radius of the IF.

Discussion

Combining the results from the synchrotron data and

the swelling experiments of Feughelman a new model has
been proposed^. This model confirms the cylinders within
cylinders packing arrangement of hair, with the
macrofibrils as the largest cylinders. Within each
macrofibril are a number of IFs of low sulphur content
embedded in a non-fibrillar matrix of high sulphur content
and arranged in hexagonal arrays. The IFs are composed
of 8 tetramers each of which consists of 4 a - keratin

molecules wound into 2 double helices. The tetramers are

tilted at approximately 1° at the surface of the IF and their
tails, are staggered at distances of 7.83nm along the IF
thus creating a slow helix of pitch 47.0 nm. Since the IFs
are arranged in an hexagonal array, the seventh inter-IF
bond is directly below the first. Figure 2(a). The
geometrical relationship between the radii and the inter-IF
spacing results in the infinite lattice, ABCD, of 62.6nm^
(Figure 2b)

a,b,c,d,e,f,g,h are (he 8
lelramers tilted at ~7%t
the suftace ol the I.F.

Shaded areas are the 'tails'
• the linkages 1,2.3,4,5.6,7 etc

f g h a b c d e f

Figure 2. Model of IF surface lattice arrangement.

Changes in the meridional intensity distribution in IDDM
affected only the 47.0nm and 62.6nm reflections. There
was also a slight increase in the radius of the IFs and a
corresponding increase in their centre-to-centre spacing in
IDDM. Both these changes are consistent with extra
material being bound at these sites on the surface of the
IFs. Since glycosylating molecules would attach at the
time of formation of the fibril in the follicle and would

most likely bond to the lysines in the matrix, this
bonding to and enhancing of the links formed by the
helical tails of the low-sulphur protein reaching out into
the matrix would appear to be most natural.

1) R.D.Fraser and T.Macrae Biosci Rep 3 (1983)
2) M. Feughelman, V.James Tex.Res.J (1997)in press.
3) V.James and Y Amemiya Tex.Res.J (1997)in press.
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Introduction

In solid systems, the rotational symmetry of the domain
morphology and arrangement may be broken by the occur
rence of anisotropic interactions due to lattice structure and
lattice strain during coarsening. As to the system Al-Zn, the
GP-zone shape was reported to change from initially spheri
cal to plate-shaped morphology beyond a critical size (the
radius is about 3.0nm) due to elastic slrain.[l] However, few
quantitative analyses of the structures of the initial sphere
shape and the arrangement have been made. The aim of this
study was to estimate the development of anisotropic struc
ture of GP-zone via the analysis of 2dimension small angle
X-ray scattering (SAXS) intensities.

Experimental

As samples for the present study, single crystals of Al-
5.6at%Zn with the (110) surface orientation were used. We
performed the in-situ SAXS measurements at BL-15A. The
samples wctc solution treated at 573K for 1.8 ks and then,
after quenched by cooling Cu block, they were agedat 283K,
R.T. and 333K up to 16.08ks. All heat treatments were
carried out using the heater installed at the sample holder
position of the SAXS equipment. SAXS intensities were
recorded on cooled CCD camera in an exposure time of
2.0~20 second.

Result and Discussion

Figure 1 shows atypical SAXS intensityin the
(iTO) plane of reciprocal space, k is the length of the
scattering vector, and^ is angle measured with respect to
[001] direction. The scattering intensity exhibits strong
maxima along [001] which are reflected the spatial cfistribu-
tion of GP-zones. The maxima indicate the preferred align
ment of GP-zones along the [001] direction. In the high
scattering vector range, the contour of scattering intensities
also showedanisotropy caused by non-spherical morphology
of GP-zones.

The GP-zone shape was estimated by the ratio of zone
sizes as the Guiner radiifrom slices along the [001] and[111]
drections. Consequently we made clear that it is a sphere
faceted for the {111}interface not ellipsoid And the calcu
lated structure factor for faceted sphere agreed with the
experiments.[2]

Genially, precipitates align along elastic soft drec-
tion.[3] A (tegree of the alignment is reflected in the full
width at half maximum (FWHM) as shown in Figure 2. In
order to compare the spatial dstribution with the elastic
effect, we calculated the angular dependence of the valuesof
elastic coefficient y.(in Fig.2)[4] The angular dependence of
FWHM values consistent with the change of Y-

In the case of the system with negligible anisotropic
interaction, the SAXS intensity was ring-shaped Figure 3

shows the angulardependence of peak intensity ^) and
J(2km,^). They suggest that the deviation from isotropy is
developed increasing the radius of GP-zone with aging time.
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FIG. 1. The SAXS intensity is shownin the (110) plane for the
alloy aged 283K for 16.08ks.The scattering vector in the box
for the horizontal [110] direction and the vertical [001]
direction.
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FIG. 2. Angular variation of the width of the peak (FWHM)
with the angle qf for the alloy aged 283K for 16.08ks and
calculated elastic constants.

' if
' 16080a 0-q_ f

(a) i]
i B

S' i
l-H

i KH 0.6

0 50 100 150200

vp / degrees / degrees
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(h)2k„ with the angle qf for the alloy aged 283K for
360s(average radius R=1.05nm), 1035s(1.24nm),
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Introduction

We have explored a relationship between the ordered
structure of block copolymers and their rheological
behaviors. Block copolymer exhibits wide variety of
ordered microdomain structures of a nanometer scale. The

dynamic response of such microdomains of block
copolymers to a flow field provides a fascinating research
theme. In the previous studies, we showed the
deformation mechanism of the bcc lattice formed by
spherical microdomains composed of polystyrene block
chains in a matrix composed of poly(ethylene-
a/?-propylene)''̂ ' and lamellar-forming microdomain of
block copolymer '̂ under large oscillatory shear. In order
to investigate the effect of the composition of the block
copolymer to the deformation behavior, we conducted
dynamic SAXS measurement using a diblock copolymer
having spherical microdomains composed of poly
(ethylene-fl/t-propylene) block chains in a matrix
composed of polystyrene, which has reverse composition
to the samples studied in refs.l and 2.

Experimental
The studied sample is a polystylene(PS)-block-pQly
(ethylene-alt-propylene)(SEP) diblock copolymer. It has
spherical microdomains composed of
poly(ethylene-alt-propylene) block chains in a matrix
composed of polystyrene. The number-average molecular
weight(Mn) is 1,06x10^ and a heterogeneity
index(Mw/Mn) is 1.26, where Mw is the weight-average
molecular weight. The PS volume fraction in the
copolymer is 0.90. The SAXS results indicate that the
spheres are packed in a body-centered-cubic(bcc) lattice
with a paracrystal distortion. The oscillatory shear
deformation with strain amplitude of 0.41 and the
angular frequency 0.0944rad/sec were imposed on the
sample at two temperatures; 95°C and 158°C. The
synchrotron-radiation dynamic small-angle X-ray

Figure 1. SAXS patterns of the N-th cycle measured for
a particular strain phase near the maximum strain
amplitude at (a)95°C and (b)158°C.

scattering measurements were carried out at the beam line
15A of Photon Factory, the National Laboratory for
High Energy Physics, Japan. The direction of the
oscillatory shear deformation is the OX axis. OY axis is
the shear gradient direction. The incident X-ray beam is
irradiated along the OZ axis.

Results and Discussion

At 95°C a SAXS pattern shows eight spots at 1st peak
position, which indicate that the sample has large
domains or a preferential orientation. On the other hand
at 158°C a SAXS pattern is isoiropic, which indicate
that the large domains become smaller or the preferential
orientation disappears. In Figure 1 the inner arrow
indicates the scattering from {110} lattice planes of a bcc
lattice, and the outer arrow indicates the scattering from
isolated spheres. Figure 1 shows the deformation
amplitude of the spherical microdomains and that of

(110) lattice planes at 95°C are larger than that at
158°C. Figure 2 shows the rheological data, measured
simultaneously with scattering patterns, indicate that the
stress amplitude decays with the strain cycle, N and the
Lissajous figure obtained at first cycle shows a linear
stress response, but the nonlinearity increases with N.
The degree of nonlinearity at 158°C is larger than that at
95°C. Especially at 158°C the Lissajous figures at 40th
cycle shows a strain-hardening. These behaviors may be
related to the slip at the grain boundary.
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Introduction

A charge-integrating position-sensitive proportional
counter (CEPSPC) has been developed for use in small
angle X-ray scattering experiments. The signal processor of
this CEPSPC system is capable of time (fivided
experiments of 1ms. With this system we could collect
dynamic small angle X-ray scattering patterns of frog
muscle at the BL-15A of Photon Factory.

Experimental

The differential nonlinearity shown in Fig.l was
measured The pattern of 250 ms measuring time means
summed up 250 patterns of 1ms which were obtained by
Uluminating the full sensitive area with X-rays from a
55Fe source. The solid angle correction was performed The
flowing gas was Ai90%, CH4lO%. The channel width is
0.4mm.

The small angle X-ray scattering pattern of frog muscle
was measured, when the muscle was in resting state. The
obtained 250 patterns of 1ms w^e summed into a single
pattern of 250ms. It is shown in Fig.2. The flowing gas
was Xe90%, C02lO%.

Dynamic small angle X-ray scattering patterns were
collected from the frog muscle. The 250 serial patterns of
1ms were collected in a moment after the muscle was

stimulated by a pulse. The five images of 250 serial
patterns were obtained by five contractions. The five
images were summed into one image. Uie curves shown in
Fig.3 are obtained from data of two channels that present
remarkable changes.

The relationship between theoretical counts and practical
ones is shown in Fig. 4 The theoretical curve was calculated
by using the dead lime data of the detector. Tlie measured
values are in good agreement with the theoretical curve.

•• i/. '.s

Fig.l Differential nonlinearity
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Introduction

Small-angle X-ray scattering (SAXS) is the most power
ful technique for direct measurement of changes in the
compactness during protein folding and unfolding [1,2].
In the present study, the changes in the size and shape of
dimeric creatine kinase during unfolding in urea and
GuHCl were studied by SAXS technique. The aggrega
tion, which can not be detected by commonly employed
spectroscopic method, was observed directly by SAXS.

Methods:

Solution scattering measurements were performed at the
beam line 15 A small-angle installation, with a wave
length of 1.5 A was provided by a bent-crystal horizon
tally focusing monochromator and a vertically focusing
mirror. Samples in a quartz cell with 1 mm pathlength
were irradiated for 300 s for each sample at 25 °C. The
small angle x-ray scattering data were corrected for the
difference in contrast between the protein and solvent
molecules as well as for x-ray absorption. The Rg values
were analyzed by Guinier plot and the compactness was
judged from Kratky plot [1].

Results and Discussion

The radius of gyration (Rg) of CK are 29±0.2 A in native
state and 46±1.2 A in unfolded state in either 8 M urea or

3 M GuHCl. The transition curves derived from the Rg
values and the zero angle intensity (1(0)) during urea de-
naturation are similar to that from intrinsic fluorescence

and circular dichroism[3] (Fig 1), indicating that the
changes in the molecular shape, the tertiary structure, the
dissociation of the subunits processed simultaneously. In
the case of GuHCl-induced denaturation, the Rg value
increases in 0,2-0,5 M GuHCl and reaches to about 55 A

at 0.5 M GuHCl, which is even greater than that in the
fully unfolded state (Fig. 2), accompanied by a dramatic
increase in the value of 1(0) (Fig. 2), while the peak in the
Kratky plot shifts to the smaller angle (Fig,3). The result
indicates clearly that a soluble aggregates form at low
GuHCI concentrations. The aggregates dissociate and the
molecule unfolds at higher GuHCl concentrations. The
aggregations occur at the first stage of the biphasic tran
sition curve monitored by intrinsic fluorescence and far
UV CD spectra[3], The results suggest that the mecha
nisms of CK denaturation in urea and GuHCl is some

what different and the intennediate in GuHCl denatura

tion is much more easy to fonn soluble aggregates.
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Fig. 1 Urea-inducedequilibrium unfolding transition of CK
monitored by the apparent value of Rg(1) and by the apparent
zero-angle intensity (2). Tlie dotted line is the transition curve
measured by intrinsic fluorescence.
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Fig.2 GuHCl-induced equilibrium unfolding transition of CK
monitored by the apparent value of Rg(1) and by the apparent
zero-angleintensity (2). The dotted line is tlie transition curve
measured by intrinsic fluorescence.
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Fig. 3. The Kratkyplots of CK at various concentrations of urea
or GuHCI. 1. native stare, 2. in 0.5 M GuHCI, 3. in 3.5 M urea,
4. in 3 M GuHCl, 5. hi 6 M urea.
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Introduction:

Ribonuclease A ( RNase A ) is one of the most
extensively studied enzymes, witli its sequence and three-
dimensional structure being known completely. However,
contradictory results have been presented for the folding
of the enzyme[l-3]. The controvers}' in the literature may
best be resolved using synclu-otron small-angle x-ray
scattering to measure the overall dimensions of a protein
molecule in solution.

Methods:

Solution scattering measurements were performed at the
beam line 15 A small-angle installation, witli a
wavelength of 1.5 A was provided by a bent-crystal
horizontally focusing monochromator and a vertically
focusing mirror. Samples in a quartz cell with 1 mm
pathlength were irradiated for 300 s for each sampleat 25
°C. The small angle x-ray scattering data was corrected
for tlie difference in contrast between the protein and
solvent molecules as well as for x-ray absorption. The Rg
values were analyzed by Guinier plot and the
compactness was judged from Kratky plot [4].

Results and Discussion:

The dependence of Rg values of RNase A and reduced
RNase A on urea concentration was shown in Fig. 1.
There is no obvious change of the Rg of RNase A with
intact disulfide bound (Curve 1) during urea
denaturation. The Rg values of RNase A in the presence
ofboth 0 and 6 M urea are about 15.4A. The Kratkyplots
show tliat both native and 6 M urea denatured enzj nie are
in globule state ( Fig. 1, curve 1, 2). However, the Rg of
reduced-RNase A is larger than intact-RNase A, 21 A, in
the absence of urea and increases gradually at urea
concentrations higher than 2.5 M, the Rg attains 24 A in
6M urea (Fig. 1, curve 2 ), For the reduced-RNase A, the
Kratky plots show that it is in a partially coiled structure
even in the absence of urea, and is a random coil in the

presence of 6 M urea (Fig.2, cun'es 3,4 ),
The results show that the native and denatured RNase A

keep a compact globule state in solution with a Rg of
about 15.4 A, whereas reduced-RNase A is more
expanded than that disulfide bonds intact enzyme in our
experimental conditions and it could be further expanded
in the presence of high concentrations of denaturants.
The reduced-ribonuclease A is more expanded stale than
non-reduced enzyme and it is in neither a random coil
nor a compact denatured stale.
The controversial results could be due to the reduced

conditions of RNase A, incomplete refolding of the

denatured chains after reducing, and also the different pH
and buffer conditions used by different authors.

Figure1: Urea induced equilibrium transitions of Rg
value. 1, disulfide intact RNase A in 50 inM Tris-HCl
buffer pH 8.1; 2, reduced RNase A, buffer as in curve 1
but containing 20 mM DTT.

h (=4ii»in6/X)

Figure 2: Kratky plots of RNase A. 1, Disulfide intact
RNase A; 2, Disulfide intact RNase A denatured 6 M
U.rea; 3, Reduced-RNase A ; 4, Reduced-RNase A
denatured in 6 M
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In the resting anterior byssus retractor muscle of
Mytilus eduiis (ABRM), the thin and thick filameius are
separately grouped with no association between them.
The sideway packing of the thin filaments in a pseudo-
hexagonal two-dimensional l^ce produces a strong
equatorial peak at 140 A • In the rigor state, almost ail the
thin filaments are packed into a one-dimensional lattice
which surrounds the thick filament (rosette), and the 140

A equatorial peak becomes very weak. It is probable that
almost ail the thin filaments also lie in rings around the
thick filaments for interaction with myosin heads in a
fully activated ABRM.

The 140 A equatorial peak will decrease in intensity
by two processes during contraction'-^^, one is disappear
ance of the pseudo-hexagonal lattice due to reorganiz^on
of the thin filaments to the one-dimensional lattice around

the thick filament, and the other is decrease in density
difference between the thin filaments and the background
in the one-dimensional lattice due to move of myosin
heads into the rosette space for interaction with actins.
The former is a preliminary process for tension generation.
It is supposed that the forma- occurs intensively in the
initial stage of contraction just after the onset of
stimulation, and that the latter predominates in a later
stage before the tension reaches a plateau. Intensity
decrease of the 140 A peak will supposedly run ahead of
incre^e in tension during an initial stage of contraction.

Time-resolved X-ray diffraction experiments were carried
out at BL15A using a rapid transporter of the imaging
plate for taking 8 frames of X^aypattems of the size, 100
mmX 100 mm in an imaging plate of the size, 400 mmX
200 mm. The specimen was stimulated with a strong
acetylcholine solution (10"^ M) to produce large tensions
higher than 12 kg/cm^-. Because the specimen was

Fig. 2

maintained at a temperature as low as 8 it took about
40 s for the tension to reached a plateau. The first frame
of pattern was taken just before the onset of stimulation,
and the next seven frames of patterns were taken between
the beginning of tension rise and the plateau of tension by
1 s X-ray exposure (Fig, 1).

Imensity profiles along the equator was obtained by
axial integration between the midpoints from the equator
to the 360 A layer lines on either side of the equator. The
background intensity distribution was defined as the best
third-order polynomials fitted to the intensity on either
side of the peak. After subtraction of the background, the
intensity of the 140 A peak was int^rated, and the time
courses of iiuensity decrease of the 140 A peak, and
tension generation were compared (Fig. 2). It is shown
that decrease in the integrated intensity of the 140 A peak
is faster than increase in tension at the initial stage of
contraction.

1) J. Lowy & F. R. Poulsen, Nature. 299, 308(1982).
2) P. M. Bennett & A. Elliott, J. Muscle Res. and Cell

Motil. 10, 312(1989).
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OnUCTION EXPERIMENTAL

The alternation of the access side of the active
site is one of the most important elements in the ion
transport mechanism. The structural change during the
photocycle in light driven proton pump,
bacteriorhodopsin(bR) expected to be linked to the
switch was measured by X-ray diffraction. We revealed
the structural changes in the M and the N intermediate.
These density changes were related to the deprotonation
of the active site, Schiff base. The access side is altered
from extracellular to cytoplasmic side by the transition.
Thus, we have proposed the alternate conformation
model for the vectorial proton transport. We have also
clarified the structural difference between the M and N
by X-ray diffraction. The structural changes around
helices B and G occur in M, and those near helices G
and F in N.

In order to clarify the difference of the physical
properties between the two types of the intermediate
conformation, the structural changes in the photo-
intermediate of D96N mutant bR were measured with
changing the hydration level. In the highly hydrated
samples of this mutant, the M intermediate judging
from its color takes the N-type conformation in protein
portion. We report here that the transition between the
N-type and M-type conformations by changing
hydration level.

hydration

0.025 0.030 0.035 0.040 0.045

dehydration

S (=2siDeA)

Fig 1. Difference X-ray diffraction profiles
in the low angle region including (11) and (20) reflection.

Profiles a - e were obtained from samples of various hydration levels.

The purple membrane (PM) including the
D96N mutant bR was purified form H. salinarium. The
hydration level was changed by equilibrating under the
controlled relative humidity, with a saturated Na2HP04
{95%RH), (NH4)2S04 (81%RH), and NaC2H302
(76%RH). The fully hydrated samples were obtained by
soaking into the buffer for one hour. The M
intermediate was produced by irradiating with yellow
light ( X, > 500 nm) at 283K. X-ray diffraction profiles
were recorded with the MUSCLE diffractometer installed

at BL-15A.

RESULT AND DISCUSSION

Fig. 1 shows the difference X-ray diffraction
intensity profiles in low angle region including (11) and
(20) reflections, where is easily observed the intensity
changes at the M intermediate. Each profiles were
measured from the sample under various hydration
levels. The ratio of the difference intensity of each
reflection gradually changes with progressive
dehydration. This indicates that different conformational
changes occur at M between the hydrated and dehydrated
samples.

Fig. 2 a and b, indicate different electron
density maps which were calculated from the average
separated Bragg intensities of fig. lb and Ic, and fig Id
and le, respectively. The slight but noticeable different
features were observed among many positive and
negative density changes around helices B, F, and G.
The prominent positive peak is around helix F in the
hydrated sample, and around helix B in the partially
dehydrated sample. These are the same features as the
conformational changes between the M and N
intermedite.

The N-type conformation forms in the highly
, hydrated sample, while the M-type conformation in the

partially dehydrated sample at the M intermediate of
D96N mutant bR. This suggests that the more water
molecules are bound into the channel in the N-type
conformation than in the M-type conformation.

Fig. 2 Two-dimensional differenceFouriermaps projectedto membranenormal
between the photo-intermediate state and original state

in hydratedD96N-bR(a) and in pariliallydehydratedD96N-bR(b).
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Introduction

Diacylglycerols (DAGs) are recognized as one of
the most important lipids for biological functions
in biomembranes. They play an essential role in
signal transduction and modulation of the
activity of various membrane proteins. The phase
behaviour of mixtures of phospholipids and
DAGs has been therefore investigated in order to
make clear the various mechanism of DAGs in
biomembranes. Without enough knowledge of
the phase behaviour of single DAG system, it is
impossible to understand the phase behaviour of
the mixtures. The knowledge, however, is little at
the present stage. Here we report the effect of
thermal condition on the transition from a

metastable to a stable phase of monoacid DAG,
dipalmitoylglycerol (DPG).

Experimental

DPG was obtained from Sigma Co. The
thermotropic phase behaviour was studied with a
SEIKO DSCIO calorimeter. To study the relation
between the thermal events and the structural

changes, we performed simultaneous x-ray
diffraction and differential scanning calorimetry
(DSC) at a beam line 15A.
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Results and Discussion

Metastable DPG solids are crystallized from the
melted sample by rapid cooling (~1 °C min"').
The metastable phase (a phase) is converted into
a stable phase (p' phase) at about 50 °C on
heating. We found that the behaviour of the a-to-
P' phase transformation depends on the thermal
condition. DPG solid samples incubated at 3 °C
for more than 10 hours after cooling, transformed
directly from the a phase into the P' phase with
heat release. On the other hand, in the solid
samples without incubation, the a phase once
melted into a liquid and then, the crystallization
of the p' phase occurred successively from the
liquid. Figures 1 and 2 show the change of x-ray
diffraction patterns on heating obtained from
simultaneous measurements for the samples
without and with incubation, respectively. In the
sample without incubation, a broad profile was
observed around 50 °C, indicating that the
sample is in a liquid state (Fig.l) In the sample
incubated at 3 °C, the coexistence of two phases
(a and p') was observed in the transition region
(Fig.2).

B phase
48. S'C

48. 2"C

47. e^C 0)

47. CO 2

46, 4"C ^
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45. 8°C
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Fig. 1 Change of X-ray diffraction patterns on
heating (1.0 °C min ') for DPG without
incubation after cooling.

Fig.2 Change of X-ray diffraction patterns on
heating (1.0 °C min"^) for DPG incubatedat 3 °C
for 40 hours after cooling.
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Introduction

Asymmetric phospholipids in which the fetty acyl
residues attached to the s'w-l and sn-2 positions of the
glycerol backbone differ significantly in length are
known to modulate biological membrane functions.
The influence of these asymmetric phospholipids is
believed to result from the tendancy of these lipids to
form interdigitated phases which greatly reduce the
membrane thickness. We have undertaken studies of

the structural transitions associated with thermotropic
phase transitionsin model membranes comprised of
bilayers of phosphatidylcholine with an acyl chain
composition s/j-1, 16:0; 5/7-2, 10:0 (C16C10PC).

Experimental

C16C10PC was synthesized and authenticated for
chemical and isomeric purity by gas chromatogr^hy
and mass spectrometry as described previously
(Koumanov, et al. 1995). Phospholipid was hydrated
with an equal weight of distilled water. Simultaneous
differential scanning calorimetry and time-resolved X-
ray diffraction measurements were performed at
Station BL 15A of the Photon Factory.

-6

h i

S xlO {nm"')

Fig. 1 Small-angle scattering patterns recorded during
the second coolind scan of C16C10PC

Results and Discussion

Dispersions of ClbClOPC in excess water were
cooled and heated between 0.5° and 11.5°C at

l.l7min and changes in enthalpyand X-ray scattering
recorded through two cycles. In the first cycle there
was a single transition enthalpy associate with
transition between a liquid-crystal bilayer phase (d-
spacing, 6.4nm) and an interdigitated gel phase
bilayer (d-spacing, 5.2nm). Two transition
endotherms were observed on the second cooling scan
one of which corresponded with the endotherm seen in
the first cooling scan (5°C) and the other at TC. A
sequence of diffraction patterns recorded in the low
angle region during the second cooling scan is shown
in Fig. 1. In the temperature range T to 5°c a sharp
wide-angle reflection at 0.41nm signified the presence
of a gel phase. Because there was no lamellar repeat
reflection at 5.2nm over this temperature range the
new phase must be a lamellar gel phase. The phase
sequence is illustrated in Fig. 2.
Our results are consistent with a model in which

temperature cycling induces a change in the
macroscopic organization of the bilayers from highly
curved vesicular structures to planar bilayers.
Phospholipid molecules in planar sheets are able to
undergo the transition sequence, La"^ Lp
"^Lp(inicrdigitatcd) whcrcas in curved bilayers the
molecules are constrained such that the Lp phase
cannot form.

La - LP„, ?

ill
LPp

!!!

Fig.2 Molecular model of the transition sequence of
C16C10PC during the second cooling scan.
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Introduction
The Escherichia coli chaperoninGroEL interacts with non-
folded proteins and facilitates their correct folding and
assembly in an ATP dependent manner. For larger,
multidomainproteins, aggregation during refolding is more
the rule than the exception, and the chaperone activity of
GroEL is essentialfor their correct folding. GroEL itself is
a huge oligomeric protein containing 14 identical 57-kDa
subunits arranged in two stacked 7-membered rings that
form a cylinder. Thus the question is how GroEL itself is
folded and assembled. It has been reported that the
spontaneous reassembly of GroEL without the preexisting
native GroEL is successful in the presence or absence of
ATP by special protocols. However, the mechanism of
spontaneous folding and assembly ofGroEL is still unclear.
Our aim is to observe the kinetic process of its folding and
assembly in real time and understand the spontaneous
folding mechanism of GroEL. SolutionX-ray scattering is
the most effectivefor this purpose. With this technique,here
we studied the urea-denatured states of GroEL in several

conditions and attempted to reassemble it by a simple
dilution method to find the condition for stopped-flow
measurements.

Results and Discussion
First we investigated the denatured states of GroEL in the
presence of urea as the initial state for reassembly. We
found that in the transition region of urea-induced
unfolding, the unfolding rate of GroEL is very slow and it
takes more than several hours (Fig. 1). Therefore we have
to be careful in preparation of denatured GroEL. In the
presence of 3 M urea some fraction of GroEL seems to be
still in an oligomeric state. During the urea-induced
unfolding of GroEL we did not observe the formation of
other oligomeric states than the 14-mer, showing that the
oligomerization of GroEL is highly cooperative.
Monomerization at more than 3.2 M urea is also

accompanied by the unfolding of monomer and thus the
GroEL monomer in the folded state was not detectable.

Next we attempted to reassemble the denatured
GroEL by diluting to the native condition in the absence of
ATP. Unfolded and monomeric GroEL at more than 3.2 M

urea cannot refold and reassemble to their native oligomer
(Fig. 2). Attempted reassembly from the denatured state at
3 M urea in addition to the residual 14-mer is not efficient

(Fig. 2). In all cases significantaggregation is observed (Fig.
2). Thus spontaneous folding and assembly of GroEL
without ATP is not efficient by the simple dilution
procedure which is usually successful for the refolding of
small globular proteins.
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— OM urea (at equilibrium)
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Figure 1: Time-dependent changes in Kratky plots ofGroEL
in the presence of 3 M urea after the initiation of
denaturation.
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Figure 2: Guinier plots of GroEL after the attempted
reassembly from the denatured states.
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Polymorphismof triacylglycerols (TAGs) is an
important phenomenon which influences the physical
chemical properties of fats employed in foods,
pharmaceuticals and cosmetics. A special attention
should be paid tas«-l,3-saturated aeyl, 2-oleoyl glycerols
(Sat-O-Sat) should be studied in single and mixed
systems systematically, because they are major
components of vegetable fats which attract new interests
in view of nutritional and industrial applications. Three
fundamental subjects may be inherent to the
polymorphism of Sat-U-Sat TAGs; (1) molecular-level
structural analysis, (2) kinetics of polymorphic
crystallization and (3) dynamics of polymorphic
transformations in crystalline states. The second subject
is related to the melt crystallization techniques of
multiple polymorphs of TAGs, which have widely been
applied in confectionery and food industry.

Recently, X-ray diffraction with synchrotron
radiation source (SR-XRD) has been applied to the
dynamic processes of polymorphic transformations of
TAGs.l-3

In this study, we reported the dynamics of
polymorphic crystallizationof SOS (s«-l,3-distearoyl-
2olelyl glycerol) examined by the time-resolved SR-XRD
technique. SOS has five polymorphs; a, 7, |3',|32 and

The main aim of the present study was to clarify
the mechanism of the melt-mediated crystallization, seed
crystals or embryos formed by the melting of pre-existing
solid phases etc. The crystallization of the least stable a
form from neat liquid by the simple cooling, and the
occurrence of 7, P' and P2 forms via the a-melt mediation
were examined at a time scale of 10 seconds by the SR-
XRD technique.

Experimental
The sample of SOS with more than 99 % purity

was supplied by Fuji Oil Co. and used without further
purification.

SR-XRD experiments were carried out at the
beamline BL-15A with position sensitive proportional
counters (PSPC) for the small and wide angle positions
at the same time. The distances between the sample and
PSPC were 1.28 m and 0.27 m for the small and wide

angle positions, respectively. The temperatures of
sample were controlled by thermostated water circulating
between the sample cell and two thermostated water
baths.

The main results are in the following: (1) the
formation of lamellar ordering of SOS occurred more
rapidly than that of subcell packing, as exhibited in the
earlier occurrence of SR-XRD long spacing spectra in
comparison to the short spacing spectra, (2) the a-melt
mediation without thermal annealing unveiled the
formation of two types of liquid crystalline structures
having long spacing values of 5.1 nm (LCI shown in
Fig.l) and 4.6 nm, (3) the 7 form directly occurred in the
a-melt mediation involving the thermal annealing, which
generated 7-embryos in the solid phase of a to serve as
seed materials, and (4) the formation of the second most
stable {32 form of SOS was obtained after quite long
incubation of the P'-melt mediation, yet the most stable
Pi did not crystallize.

The presence of the liquid crystalline form and the
formation of 7-embryos were directly observed for the
first time.

i' (7.1 nm)| i' (0.45 nmi

y (0.44 nm)!

(0.42 nmi 1-

(0.38 nm)

la (5.3 nm)l

|a (4.4 nm)|

1.0 1.5 2.0 2.5 18 20 22

29 (deg.)

Fig.l SR-XRD spectra of the a-melt mediated
crystallization heating up to 30.0 °C without annealing.

1)M. Kellens et al., Chem. Phys. Lipids 58 (1991) 131.
2)A. Minato et al., J. Am. Oil Chem. Soc. 73 (1996)
1567.

3)A. Minato et al., J. Phys. Chem. B (1997) in press.
4)K. Sato et al., J. Am. Oil Chem. Soc. 66 (1989) 664.
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Introduction

It is known that when stretch velocity is reduced
during moderate velocity stretch in tetanized skeletal
muscle fibers, tension, which had risen during the early
part of stretch, starts to decay (Sugi, 1972). To
investigate molecular mechanism underlying the
stretch velocity sensitive force response to stretch, we
measured the intensity changes of the equatorial
reflections of the X-ray diffraction with 20ms time
resolution, which give information about behavior of
actin-myosin linkages.

Materials and Methods

The sartorius muscle isolated from the bull frog was
mounted isometrically experimental chamber and set
to monochromatized X-ray beam path of wavelength
0.155nm from the synchrotron radiation. The muscle
was tetanized at 20Hz and then the tibialis end of the

muscle was stretched with moderate fast velocity
(1.5%Lo, 0.15Lo/s) followed by slow one (1.5%Lo,
0.015Lo/s) during steady state of tension by the
vibrator. The intensity of the 1,0, 1,1 equatorial
reflections were recorded by the position sensitive
proportional counter (PSPC) with tension response.
All experiments were made at 12°C.

Results and Discussion

When the two different velocity stretches are
independently applied to a tetanized muscle (1.5% of
initial length, Lo at 0.15Lo/s and 0.015Lo/s), initial
isometric force development was associated with an
increase in the 1,1 intensity, and in both of responses
to the application of two different velocity stretches
forces rose to a peak during stretch and started to
decay after the completion of stretch. On the other
hand 1,1 intensities were found to decrease nearly
linearly during stretch and then did to increase again
after that. In contrast figure 1 shows the effect of the

synthesized velocity stretches which is composed of
moderate fast stretch followed by slow stretch applied
to tetanized muscle. In response to application of slow
stretch immediately after fast stretch, force rose to the
peak decreased followed by slight increase during
slow stretch and then started to decay after completion
of stretch. The intensity of 1,1 equatorial reflection
was little changed during subsequent slow stretch and
then started to approach to the level lower than that
immediately before stretch. These results seem to
suggest that the 'locked-on' actin-myosin linkages,
which are believed to be responsible for the
development of force responses to stretch, readily start
decaying, while new 'locked-on' linkage are formed to
develop slight tension with no movement response to
the subsequent stretch on the falling force baseline.

I oOQj CtoJ

Length

L o "cP Qrf O o O «
cP o°tSW^ <POo o ° t

1,1 equatorial reflection

Tension

Time (sec)

Figure 1. Length change, tension and 1,1 equatorial
reflection during fast stretch followed by slow stretch.
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Introduction

The diffusion coefficient of self-interstitial (SI)
molecules under hydrostatic pressure in ice Ih was

determined using a high speed X-ray topography [I]
[2]. The diffusion coefficient of SI molecules (Di) is
derived from the observation of dislocation climb

under supersaturation(or undersaturation) of SI

molecules caused by temperature change or pressure
change. The following phenomenon, however, was
reported. Large difference was found between the
growth rate of the loop in applying pressure and that
in reducing pressure [3]. In the present study to
clarify the origin of this difference, we observed
cHmb motion of dislocations driven by the pressure
change and measured the growth rate of the loop.

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 details of which are
given in the literature [2].The oil pressure was
automatically kept constant by a pressure
controller[l].The cell was cooled by blowing
temperature controlled nitrogen gas. In-situ X-ray
topographic observations were carried out using a
high speed X-ray topography camera installed at BL-
15B of the Photon Factory.

Results and Discussion

It is considered that the difference of the

growth rate of the loop by pressure change result
from the interaction between SI molecules and

vacancies, or increment of the sink density of SI
molecules caused by void formation. If the former is

the origin of the difference of dislocation climb

motion, the growth rate of the loop in applying
pressure become larger than that in reducing
pressure using the interstitial loop while that of
vacancies get smaller[3]. But if latter is the origin,
the dislocation climb motion does not depend on the
type of dislocation loops. Figurel shows pressure
dependence of total chmb distance. In this study,
large differences could be found by pressure change
above lOOMPa. Figure2 shows pressure dependence
of D] which is estimated from the growth rate of the
loop. The value of Dj in applying pressure is larger

than that in reducing pressure in both types of the
dislocation loop. We estimated an activation volume

as 0.39Q fi'om Di in reducing pressure, where

Q is a molar volume of ice. This value agrees well
with that of the previous study[l]. From the results,
the origin of the difference of climb motion driven by
a pressure change is the void which is same formed
by heating[4].
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Introduction arrow in Fig.1(a) and (c) is invisible in the other
topograph. Judging from the direction of the

Interstitial-type and vacancy-type diffraction plane (g) in each topographs and the
dislocation loops were formed even at fairy vanishing condition( g • b = 0), it is concluded
high-temperature(>200 "C) in nearly perfect that the Burgers vector of the loop is one of
aluminum crystals. Interstitial-type dislocation a/2<110>. Namely, the frozen dislocation
looi)s were appeared after up-quenching from loops appeared after up-quenching are perfect
room temperature as vacancy source and loops.
vacancy-type dislocation loops were formed by The experimental monochromatic
quenching after long time annealing at more topograph with (333) reflection was obtained as
high temperature as vacancy sink. However, shown in Fig.2. Numerical simulated
identifications of those loops are based on topographs of dislocation loop based on the
indirect evidences, e.g. the behavior of loops Takagi-Taupin equation are shown in Fig.3.
after re-up-quenching or re-cooling. The Fig.3(a) and (b) are simulated images of
purpose of the present study is to determine the interstitial and vacancy loop, respectively,
nature of loops directly, i.e. to make a The simulated results for both kind loops were
comparison of the loop images between different in the left end, even though the
topograph and computer simulation. different was small. According to compare

with simulated image and experimental one, we
Experiment.al confirmed that the observed loops were

interstitial-type dislocation loops.
The specimen used in this study was a

single crystal of aluminum(99.9999% purity)
with low dislocation density. In order to freeze
loops grown as vacancy source, specimen was
heated up to 300 °C and kept at this
temperature for 15 min., next the specimen was
quenched to room temperature. At the
beginning, eight of white beam topographs were
taken with each {111} and {220} diffraction
planes in order to determine the Burgers vector
(b) of frozen loops. Then monochromatic
topographs were taken with high order
reflections such as (444), Wave length and
width of the monochromatic beam were 0.62A

and 15/im, respectively.

Figure l(a)-(c) shows topographs by
(111),(111) and (202) reflection. In these
topographs, many dislocation loops formed at
300 after up-quenching are observed as
black dots. Dislocation loop indicated by the

-K.' f.-

0.2mm^^

Fig.l White beam topographs.

0.1 mm? ^
• » L

Fig.2
Monochromatic

topograph .

Fig.3 Simulated topographs.
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Introduction

It was reported that only Al(l 11) plane is grown
on Si(ll 1)V3 X Vs-Al and the Vs structure remains
at the interface [1]. In this research, we have
studied crystal orientation of Ag thin films,
superstructure of the interface, and substrate lattice
distortion of Al/Si(ll 1)7X7 and Al/Si(l 11)73 X
73-A1 with the method of X-ray diffraction using
synchrotron radiation.

Experimental

We prepared 2 types of samples: the first one is
Si(lIl)7X7 surface covered with 7 nm Al, and the

second one is Si(l 11)73 X 73-Al surface covered
with 7 nm Al. A Si(l 11)73 X 73-Al surface was
obtained by Al deposition of 1/3 ML onto the
Si(lll)7X7 at room temperature, followed by

annealing at 700U in an UHV chamber operating
in the 10 " Torr range. After the samples were
prepared, they were taken out of the chamber and
transported to the beamline for X-ray diffraction
measurements. First, we performed the grazing
incidence X-ray diffraction measurements. During
measurements the sample was covered with an
evacuated dome Of 10"^ Ton range. The incidence
angle of the X-ray beam was about 0.2 degree. At
BL-15C, we studied lattice distortion of the

substrate with the method of extremely asymmetry
Bragg-case X-ray diffraction.

Results and Discussion

For the sample of Al(7 nm)/Si(l 11)73 X73-Al,
we observed two kinds of 73 fractional order
reflection peaks, which are (2/3, 2/3) and (4/3, 1/3).
This fact means that the 73 structure remains at the
interface. The (4/3, 1/3) peak profile is shown in
Fig. 1. On the other hand, for the sample of Al(7
nm)/Si( 111)7X7, we couldn't observe fractional

reflection peaks. It means that the 7X7 structure

doesn't remain at the interface.

Fig. 2 shows the results of extremely asymmetry
Bragg-case X-ray diffraction measurements. The
FWHM of the sample of Al(7 nm)/Si(l 11)73 X

73-Al is greater than that of Al(7 nm)/Si(l 11)7X7
sample, which indicates that Si substrate lattice
distortion of Al(7 nm)/Si(l 11)73 X 73-Al is
greater than Al(7 nm)/Si(l 11)7X7.
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Fig. 1. Rocking Curve of the (4/3,1/3) rod (open
circles) together with Gaussian fits (solid curves).
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Fig. 2. Rocking Curve by the method of extremely
asymmetry Bragg-case X-ray diffraction for the
sample of Al/Si(lll)7 X 7 (solid circles) and

Al/Si(lll) 73 X 73-Al (open circles).
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Introduction

Recently, it was suggested that existence of oxide
layer on silicon crystal surface causes a large strain
of lattice near silicon oxide-silicon interface [1]. In

this work, we studied the strain field near Si(lll)

7x7 reconstructed surface with X-ray diffraction
method.

Experimental

In order to measure strain filed near crystal
surface, we developed a new technique of X-ray
diffraction under ultra high vacuum (UHV)
condition. A UHV chamber equipped a precision
manipulator (minimum step of 0.0036°) and RHEED
system was prepared at BL-15C.

The optics of experiment is extremely asymmetric
Bragg-case bulk reflection and glancing angle for
sample can be set near critical angle of total
reflection (-0.2°) with tuning wavelength
continuously. A 311 plane for Si(lll) surface was
selected as reflection plane. In order to measure
rocking curves from small surface regions, some mm
width slit was set in front of detector. The measured

rocking curves should be explained by a dynamical
theory of extremely asymmetric Bragg-case
diffraction.

With above mentioned technique, we measured
rocking curves of some surface structures:
Si02/Si(lll) surface, Si(lll) 1x1 structure, and
Si( 111) 7x7 reconstructed surface.

Results and Discussion

The rocking curves corresponding to each surface
structure and theoretical curve are shown in Fig.l
and Fig.2. Asymmetry of curves are intrinsic
phenomena for the these X-ray optics. From Fig.l, it
is clear that the FWHM of Si(lll) 1x1 is smaller
than that of SiO,/Si(111). Furthermore, from Fig.2,
it is clear that the FWHM of Si(l 11) 7x7 is smaller
than Si(lll) 1x1. Strain filed near surface affects
the FWHM for rocking curve. Therefore It means
that the strain field caused by the existence of
Si(lll) 7x7 reconstruction surface is weaker than
that caused by existence of oxide layer on silicon
crystal surface.

Reference

[ 1] E.Hasegawa et al., J.Electrochemical Soc., 142
(1995) 273.
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Fig. 1 Rocking curves corresponding to Si02/Si(l 11)
(•), and Si(l 11) 1x1 surface(n). Wave length of X-
rays is 1.6101A .

DEVIATION FROM PEAK (ARC SECOND)

Fig.2 Rocking curves corresponding to Si(lll) 1x1
(•), and Si(lU) 7x7 (A) surfaces. The solid line
(—) is dynamical theoretical curve. Wave length is
1.6093 A.
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Magnetic circular x-ray dichroism
(MCXD) provides detailed information about
electronic states in magnetic materials. For the
MCXD experiments, polarization-tunable inser
tion devices and off-axis radiation from bending
magnets have been mainly used to produce circu
larly polarized x rays. Another promising way to
measure MCXD spectra is to transform horizon
tal polarization of synchrotron radiation to circu
lar by means of an x-ray phase plate. Recent
progress of x-ray phase plates [1] has made this
scheme quite feasible. Here we report on the re
sults of MCXD spectra measurements with polar
ization-tunable x-ray optics using a phase plate.

Experimental and Results
The experimental setup is schematically

shown in Fig. 1. Incident white radiation from the
bending magnet was monochromated by a pair of
Si(lll) crystal. Subsequently, a transmission x-
ray phase plate transformed horizontal polariza
tion to circular. For the phase plate, we used a
(OOl)-diamond crystal slab of 1.09 mm thickness.
The diamond crystal was adjusted to be close to
the 111 diffraction condition of the asymmetric
Laue-case. The incident beam intensity to the
sample was monitored by an ionization chamber
and the transmitted intensity by another ioniza
tion chamber. The magnetic field was applied
parallel to the sample plane and the field direction
was tilted by 45° with respect to the incident
beam direction.

We measured the MCXD and XANES

spectra at the Pt L3-edge (Eo=11.565 keV) in a
disordered 37.1at%Pt-Fe alloy with 1 eV energy
interval. The measured energy range was from -
50 to -1-50 eV with respect to the absorption edge
energy Eo. The XANES \it and MCXD Ajit are
shown in Fig. 2. The obtained MCXD spectra re
produces well the MCXD spectra measured with
elliptical multipole wiggler on the BL-28B [2].
This result indicates the usefulness of the polar
ization-tunable x-ray optics for the MCXD mea
surements.

[1] K. Hirano et al.: Rev. Sci. Instrum. 66 (1995) 1604.

[2] H. Maruyamac/ al.: Jpn. J. Appl. Phys.32 (1993) 290.
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Fig. 2 XANES and MCXD spectra at the Pt L3-
edge (Eo=l 1.565 keV) in a disordered 37.1at%Pt-
Fe alloy
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Fig.l Schematic view of the experimental setup.
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I. Introduction

For the purpose of the x-ray energy and/or

electron-temperature analyses using intensive x-

ray emission, a new multilayer semiconductor x-

ray detector is designed and fabricated. The

applications of the detectors are carried out using

strong x-ray radiation from hot plasma electrons

with relativistic energies.

XL Experimental Apparatus

The characterization experiments of a newly

designed multilayer detector are made using

synchrotron radiation at the Photon Factory. The

5-20-keV-range x rays monochromatized with a

double-crystal [Si(l 11)] monochromator are used

with the resolution of a few eV (BL-15C).

The specifications for the multilayer detector

are as follows: Each layer is essentially a p-n

junction photodiode; this diode unit has a 300-

|imwafer thickness, and a lOxlO-mm^ active
area. A fully depleted operation is employed.

Each diode-unit layer has its own output wires.

For adjoining diode units, the same type of a

semiconductor region faces to each other (i.e., p

type to p type and n type to n type).

III. Characterization of The Multilayer

Detector

In Fig. 1, the data on the response

characteristics of each photodiode layer to

incident x rays are plotted. The curves in Fig. 1

are calculated under the conditions of four

aligned fully depleted 300-|im-thick photodiodes.

Good agreement between the data and the

calculations from our new theory [1] motivates to

utilize this configuration of the multilayer detector

as an x-ray-energy resolved detector; that is, for

one layer behind some layers, these front layers

work as x-ray absorbers for the one layer. The

data comparison between these multilayers, thus,

is utilized for x-ray energy analyses even if no

"real" x-ray filters are prepared.

6 7 8 91 0 2 0
E (keV)

Fig. 1

IV. An Application for A Plasma-

Electron-Temperature Detector

The apphcation of the multilayer detector is

carried out for the observation of plasma x-ray

radiation to interpret plasma electron temperatures

in the tandem mirror GAMMA 10. Using the

fundamental data in Fig. 1, the same temperature

obtained with an NaI(Tl) detector confirms the

validity of the detector for such apphcations.

[1] T. Cho et al, Nucl. Instnim. Methods A348,
475 (1994).
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1. Introduction

Under the Germany-Japan fusion

cooperating investigations, new semiconductor-

detector arrays for plasma x-ray tomographic

researches are characterized. Such fundamental

efforts provide precise bases for analyzing the x-

ray tomography data so as to investigate electron

spatial behavior in the ASDEX-Upgrade tokamak

plasmas at the Max-Planck Institut fiir

Plasmaphysik.

2. Experimental Apparatus

The x-ray detector unit is characterized

using synchroti'on radiation (BL15C) from a 2.5-

GeV positron storage ring at the Photon Factory

of the National Institute of High Energy Physics.

X rays ranging from 5 to 20 keV are monitored

by ionization chambers using nitrogen or argon

gas. The detector is set on a computer-controlled

position-adjustable system having a position

reproducibility within the accuracy of 0.5 pm and

0.005° on the detector surface along with a

goniometric control within 0.002°.

3. Experimental Results and Discussion

In Fig. 1, the open circles and the crosses

stand for the quantum efficiencies noimalized by

the x-ray energy, rj/E, obtained from the

ASDEX Upgrade detector unit at 80- and 25-V

bias voltages, V/?, respectively. Recently we

proposed a new theoiy on the X-ray energy

response of a semiconductor X-ray detector'.
Our new theory predicts rj/E as a function of the

detector bias; in Fig. 1, the thin solid, the dotted,

the dashed, and the thin dot-dashed curves are

calculated using Vi, =80, 25, 15, and 5 V,

respectively. Each data set agrees well with its

con'esponding theoretical curve.

In these cases, the detector responses at

both Vi, happen to have nearly the same values.

This occurs from the use of a high-purity silicon

wafer with a long diffusion length L (in this case,

L=100 pm). The bias required for the fully

depleted operation is 80 V. On the other hand,

the thickness of the depletion layer,d^ep, at 25 V

is extended to 270 pm. A "further x-ray-sensitive

region" ranges about L; consequently, the total

thickness of d^ep+C is then long enough

compared to the wafer thickness. This is the

reason both response curves at 80 and 25 V lie

on nearly the same trace in Fig. 1.

For compai'ison, the conventional theory^
is employed for the calculations of T]IE ; in Fig.

I, the thick dot-dashed and thick solid curves are

calculated using V^ =5 and 0 V, respectively. A

remarkable difference in rjlE from the actual

response is found.

^T. Cho, M. Hirata et at., Nucl. Instmm.
Methods A348, 475 (1994).

^ W. J. Price, Nuclear Radiation Detection
(McGraw-Hill, New York, 1964), Chap. 8.
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I. Introduction

Recently a multichannel semiconductor
detector array fabricated on one silicon tip is
widely utilized for position-sensitive observations
in various research fields. In this manuscript, the
first verification of our recently proposed three-
dimensional theory on the X-ray response of a
multichannel semiconductor-detector array [1] is
reported. The three dimensional diffusion effect
in a semiconductor detector is directly
demonstrated using a spatially distributed charge
profile produced by a monochromatic energy X-
ray beam in a multichannel semiconductor
detector.

II. Experimental Apparatus

A rectangular collimated X-ray beam (240 |im
X 3.5 mm) at 9.5 keV monochromatized with a
double-crystal [Si(lll)] monochromator (BL-
15C) is incident onto a microstrip semiconductor
detector having 520 channels on a 5.2 mm x 5.2
mm X 300 pm thick silicon wafer. Each channel
has a width of 10 pm. A precise computer-
controlled position scanner for the microstrip
detector is prepared for its precise setting with
respect to incident X-ray beam direction. Position
resolution and reproducibility in the x, y, and 6
directions on the detector surface, within the
accuracy of 0.5 pm, 0.5 pm and 0.005°
respectively, are achieved along with a
goniometric control within 0.002°.

III. Experimental Results

In Fig. 1, the filled and the open circles show
the signal outputs in the cases of a fully depleted
and a partially depleted operation, respectively.
The origin of the abscissa is defined at the
position of the incident beam edge; that is, an

additional y=0.5 pm or a ^0.005° scan makes a

signal output for the adjoining channel to the
beam-edge-located channel in a fully depleted
operation.

The curves in Fig. 1 represent the dependence
of the predicted diffusion signals Fdif for detector
channels aligned in the y direction using our new
three-dimensional diffusion theory [1] as a
function of the thermal charge diffusion length L.
The anticipated diffusion signal is clearly
observed when the applied bias is reduced and
the field-free substrate region is formed. The
charges created by the X-ray diffuse three-
dimensionally in the field-free substrate region,
while the charges produced in the depletion layer
drift along the electric field only one-
dimensionally without penetration into the
adjoining channels.

These first data for the verification of the

theory [1] or the evaluation of L are cross
checked by the X-ray energy response data. Both

data show the consistent value of 1/=100 pm.

X-RAY BEAM
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[1] T. Cho, M. Hirata, J. Kohagura et at.,
Nucl. Instrum. Methods A348, 475 (1994).
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Introduction

The dynamical theory of x-ray diffraction
shows that the phase of diffracted and forward-
diffracted X rays by a periodic medium varies
around a diffraction condition. Recently, we
could, for the first time, observe the phase shift of
forward-diffracted x rays by a crystal with a LLL-
type x-ray interferometer. [1] This success has
opened up a new possibility for the phase-con
trast imaging of crystals. Here, we report on the
first successful observation of the phase-contrast
images of crystals.

Experimental and Results

Figure 1 shows a schematic view of the op
tics for the phase-contrast imaging of crystals.
The monochromated and collimated x rays by a
double-crystal are incident upon a LLL-type x-
ray interferometer. When the incident beam satis
fies the Bragg condition, the beam splitter (S) cre
ates two coherent beams, and subsequently, the
mirror (M) and the analyzer (A) recombine the
interfering beams and produce two outgoing
beams. A sample crystal is inserted into one of the
coherent beam paths, and an attenuator into an
other path to balance the intensity of the two co
herent beams. When the sample is adjusted near
to a diffraction condition, the phase-contrast im
age is recorded on an x-ray film at the position B,
while the image of transmission intensity contrast
is recorded at the position A.

The experiment was carried out on the BL-
15C. The wavelength of the incident x rays was
tuned at 0.1 nm by the monochromator. For the
sample we used a Si(220) wafer, which was in
serted into one of the two coherent beam paths in
the interferometer and was adjusted near to the
symmetric Laue-case 220 diffraction condition.
The obtained intensity-contrast image is shown in
Photo. 1(a) and the phase-contrast image in
Photo. 1(b). In Photo. 1(a) a white region is run
ning in the horizontal direction, which indicates

that the diffraction condition was satisfied at this

region and the transmitted intensity was weak. In
Photo. 1(b), on the contrary, many white and
black regions appear alternately, which shows the
variation of the phase shift of the transmitted x
rays caused by the strain fields in the sample.

Reference

[1] K. Hirano and A. Momose: Phys. Rev. Lett.,
76 (1996) 3735.

LLL-Interferometer

Attenuator

Double Crystal Sample

Fig. 1 Scematic view of the optics for the phase-
contrast imaging of crystals

Photo. 1 (a) Transmission-intensity-contrast and
(b) phase-contrast images of the Si wafer. The ob
served area is 3mmx5mm in size.



95-P012 
PERFORMANCE OF AN X-RAY ZOOMING TUBE AS A DETECTOR 

FOR IDGH-RESOLUTION X-RAY TOPOGRAPHY 
Shigeru KIMURA

1
, Tatsuya MATSUMURA2

, Katsuyuki KINOSHITA2
, Keiichi HIRAN03 and Hiroshi KIHARA4 

1 
Microelectronics Research Laboratories, NEC Corporation, 34 Miyukigaoka, Tsukuba, lbaraki 305 
2
Electron Tube Division, Hamamatsu Photonics, 314-5 Shimokanzo, Toyooka, Shizuoka 438-01 

3 
Photon Factory, KEK, 1-1 Oho, Tsukuba, Ibaraki 305 

4 
Kansai Medical University, 18-89 Uyama-Higashi , Hirakata, Osaka 573 

Introduction 

The Be-window-type x-ray zooming tube is a two
dimensional x-ray detector whose magnification factor 
of 4- to 20-keV x-ray images can be easily varied from 
I 0 to 200, and whose spatial resolution is less than 0.5 
µm.1

) We used this x-ray zooming tube as a detector in 
double-crystal x-ray topography using 11 .024-keV x
rays , and sought to obtain high resolution images of 
dislocations in silicon. 

Experimental 

The experimental arrangement was set up at BL-
15C (Fig. 1 ). X-rays with a wavelength of 0.1124 nm 
are selected by double-crystal monochromator using 
flat Si(l 11) crystals. The x-rays are collimated by a 
Si( 111) crystal using 008 asymmetric reflection. Since 
the angle between the collimator crystal surface and 
diffraction plane a is 55.90°, the asymmetric factor b 
[ = sin(08-a)/ sin(00+a)] , is calculated at about 0.02. 
Thus, the angular divergence of the x-ray beam from 
the collimator crystal is reduced to about 0.13 arcsec. A 
sample was prepared from a <001 >-oriented Cz-Si 
crystal with dislocations. A half-circle-shaped wafer 
with a diameter of about 25 mm and a thickness of 
about 5 mm was used. The sample was aligned to give 
008 symmetric reflection, thereby allowing an (n,-n) 
nondispersive setting. To take topographs , the x-rays 
reflected from the sample were recorded on the x-ray 
zooming tube. For comparison, topographs were also 
taken with nuclear emulsion plates. 

Results 

As an example of the results, Fig. 2 shows a typical 
topographic image of a dislocation recorded on the x
ray zooming tube taken at Lic.o= + 1.0 arcsec, where Liw 
represents the offset angle from the peak angular 
position of the 008 reflection profile. X-ray interference 
fringes of about 5 µm were clearly observed. However, 
optimal performance of the x-ray zooming tube could 
not be achieved because the distance from the sample 
to the Be-window of the x-ray zooming tube was 
limited to over 400 mm due to the stage structure of the 

368 

zooming tube. In order to obtain higher resolution 
images of less than I µm, we have only to shorten the 
distance from the sample to the x-ray zooming tube. 
Since the x-ray zooming tube has some advantages 
compared with nuclear emulsion plates, e.g., develop
ment and fixation processes are not required and 
digitizing of the observed images is easy, it might make 
a good detector for x-ray topography with minor 
improvements in its stage structure. 

Reference 

1) T. Matsumura et al. , PF Activity Report 13, 89 
(1995). 

Ex lmental hutch 

lonlzadon X-ray zooming tube 

Collimator cryatal 

Fig. I . Schematic diagram of the experimental 

Fig. 2. A dislocation image recorded on the x
ray zooming tube taken at Liw= + 1.0 arcsec. 
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Introduction

Surface imperfections of a bonded SOI wafer
thinned by plasma assisted chemical etching (PACE)
technology," which is one of methods to realize SOI
wafers with top Si layers of 0.1|i.m order thickness,
were investigated by means of extremely asymmetric
x-ray reflection topography (EAXRT), in which the
glancing angle of the incident x-rays is near the critical
angle of total reflection; this geometry is achieved by
using tunable wavelength synchrotron radiation. The
experimental topographs revealed a characteristic con
trast, which cannot be observed by conventional x-ray
topography.

Experimental

For samples, <{X)l>-oriented bonded SOI wafers
with diameters of 150 mm, before and after PACE

process were used. The bonded SOI wafer before
PACE process has a top Si layer of 1.0 ± 0.3 pm thick

ness, a buried SiOj layer of about 1.0 pm thickness, and

a silicon substrate of 625 pm thickness. The top Si
layer of the sample after PACE process was thinned to
0.15 ± 0.01 pm thickness by PACE technology.
EAXRT arrangement was set up at BL-15C (Fig. 1)."
The samples were imaged with the 555 reflection at a
glancing angle of 2.94 mrad. In this condition, the
wavelength is estimated to 0.102345 nm and the pene
tration depth is about 270 nm. The topographs were
recorded on a nuclear emulsion plate (Ilford L4). Expo
sure times were about 6 minutes while the storage ring
was operating at an energy of 2.5 GeV with an average
positron beam current of about 330 mA.

Results

Figure 2 (a) and 2(b) show topographs of the
bonded SOI wafers before and after PACE process,
respectively. In Fig. 2(a), many concentric circular
wavelike patterns are observed, with their center corre
sponding to the wafer center. It was considered that
these images come from strains caused by the polishing
pad during the mechano-chemical polishing. '̂ On the
other hand, weak lateral striped patterns with an inter
val of about 1.6 mm were observed in Fig. 2(b). Since
the EAXRT images for top Si layers of thickness less
than the penetration depth are sensitive to not only

strain but also thickness variation of about a few nm.
These images come from slight spatial variation of the
top Si layer due to scanning marks of the plasma elec
trode. Furthermore, similar concentric circular wave

like patterns to those in Fig. 2(a) are also observed.
This might be caused by spatial etching speed differ
ence due to residual polishing strain of the initial SOI
wafer. This indicates that polishing strain of initial SOI
wafers influence on surface imperfections of bonded
SOI wafers after PACE process.

References

1) P. B. Mumola et al., in Proc. IEEE International SOI

Conference (1992) p. 152.
2) S. Kimura et al., Appl. Phys, Lett. 68, 693 (1996).
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Fig. 1. Schematic diagram of the experimental ar
rangement.
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Fig. 2. Topographs of the bonded SOI wafers (a) before
and (b) after PACE process.
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Introduction

When minute lattice distortions in as-grown
silicon crystals were measured using imaging-
plate (IP) plane-wave x-ray topography (PWT), a
monotonous increase in the variations in lattice
plane orientation was often observed, and it was
considered to be independent of intrinsic
distortions in sample crystals.'̂ This paper
reports that this extrinsic distortion component
can be eliminated by reconstructing intensity
distributions on original x-ray topographs on the
basis of correction factors determined using the
sample-rotation and area detector-traverse (RT)
method.

Experimental
PWT experiments were performed at the

BL-15C station in the Photon Factory. A
wavelength of an x-ray beam was tuned to be
0.112 nm by a Si double-crystal monochromator
using the 111 reflection. The beam size was
enlarged and the angular divergence was made
narrow by a Si collimator using the 800
asymmetric reflection with an asymmetric factor
of 1/60. The collimated x-ray beam was irradiated
on a sample crystal of 50X50 X 10 mm^ in size
prepared from as-grown floating-zone silicon.
The topographic image of the sample from the
800 symmetric reflection was recorded on an IP.
After the ordinary PWT experiment, the area of
the x-ray beam diffracted from the sample was
restricted within a narrow region along the
scattering plane by a slit. The RT method was
used to rocord the diffraction intensity changing
with a rotation of the sample on the IP, which
was traversing in the direction perpendicular to
the scattering plane.

Results and discussion
An x-ray image taken by the RT method (RT

image) is shown in Fig. 1. The position on the
sample along the scattering plane and the rotation
angle of the sample are shown in the vertical and
horizontal directions, respectively. The intensity
profiles along three horizontal lines (a, b, c) give
the rocking curves at three positions (a, b, c) on
the sample, as shown in Fig. 2. These rocking
curves show that the diffraction area on the
sample was monotonously shifted down at a

constant rate of 1.0 X 10" mm/ai-csec in the

vertical direction with the sample rotation. In
addition, the peak intensity varied because the
incident x-ray beam had an intensity distribution
along the scattering plane. Using the diffraction
area shift and the peak intensity variation as
correction factors, the intensity distribution on the
original topograph [Fig. 3(a)] was reconstructed
to produce the modified topograph [Fig. 3(b)].
Two-dimensional images showing valuations in
lattice plane spacing and orientation, AJ/7 and
Aa, were obtained without the extrinsic compo
nent of lattice distortion, as shown in Fig. 4.

Reference

1) Y. Kudo, et al.. Semiconductor Silicon/i994
(The Electrochem. Soc., 1994) p. 1135.

Fig. 1
RT image.
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Pig 2 (arcsec)
Intensity profiles on three horizontal
lines in Fig. 1. The rotation angle
was converted from the horizontal
position.

Fig. 3
(a) Original plane-wave x-ray topograph, and
(b) its modified topograph.

Fig. 4 10 mm
Two-dimensional images of (a) ^d/d and (b) Aor.
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Introduction

We have studied local lattice distortions in
as-grown Si crystals using synchrotron
plane-wave x-ray diffraction topography

(PWT)/' Distortion was determined from
intensity distribution variation on several
topographs which were taken at different angles
of the sample rotation. In this measurement, we
often found that the intensity distribution moved
along the scattering plane as the sample was
rotated, and consequently an extrinsic distortion
component was added to lattice distortions
inherent in the sample. Elimination of this
extrinsic component is reported in another paper
in this volume. In this work, the intensity
distribution along the scattering plane was
investigated experimentally and theoredcally in
order to clarify the origin of the diffraction
intensity variation.

Experimental
The PWT optics used in this experiment was

the same as described in the previous paper. '
The sample was an floating-zone (FZ) silicon
crystal with [001] orientation. The variation in the
x-ray intensity diffracted from the sample along
the scattering plane was recorded on an imaging
plate (IP) using the sample-rotation and area
detector-traverse (RT) method as shown in Fig.
1. Figure 2 shows an example of RT images in
which the position on the sample along the
scattering plane and the rotation angle of the
sample are given in the vertical and horizontal
directions, respectively. A tilt of a dark region
(enhanced x-ray intensity) on the image revealed

that the diffraction area was monotonousl;^
shifted down at a constant rate of 1.0 X 10
mm/arcsec in the vertical direction with the

rotation of the sample.

Theoretical consideration

The intensity distribution on RT images was
investigated using a ray-tracing method based on
the dynamical theory of x-ray diffraction. Under
the condition that ^ the Si crystals used in the
PWT optics were perfect, theoretical intensity
profiles on three vertical lines (a, b, c) drawn at
intervals of 0.5 arcsec in Fig. 2 were calculated,
and the result is shown in Fig. 3. In order to

compare it with the experimental result, measured
intensity profiles on the vertical lines in Fig. 2 are
shown in Fig. 4. Calculated profiles are clearly
different from the experimental ones. Next,
intensity profiles were calculated by assuming
that the sample crystal was bent to the extent of
the value estimated from the monotonous shift of

the diffraction area, and the result is shown in
Fig. 4. The measured and calculated profiles are
in good agreement. This indicates that the
variation in diffraction intensity along the
scattering plane with the sample rotation resulted
from a bend with a curvature of about 21 km.

This slight bend was probably caused by fixing
the sample on the sample holder.

Reference

1) Y. Kudo etal., Jpn. J. Appl. Phys. 33 (1994)
L823.
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Fig. 1
Diagram of the RT method.
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Fig. 3
Intensity profiles
calculated in case that
all the Si crystals used
in the PWT optics are
perfect. The value on
the horizontal axis

indicates the distance

from the bottom edge
of the RT image in
Fig. 2.

Fig. 2
RT image of a FZ
Si crystal.
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Fig. 4
Experimental (fluctuated)
intensity profiles and
calculated (smooth) ones
in case that the sample
crystal is slightly bent.
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Introduction

By using surfaces without dangling chemical bonds
as substrates, it is possible to obtain epitaxial films of various
layered materials and organic molecules (van der Waals epit
axy) Since the layered materials and organic crystals have
many polytypes (Fig. 1) which have significant influence to
the physical properties of the materials, it is important to find
the way to control the polytype of the grown films. We ap
plied grazing incidence x-ray diffraction to analyze the rela
tion of the growth condition to the polytypes and the crystal-
Unity of the grown films. We also made a preliminary at
tempt to measure fluorescent x-ray from the migrating spe
cies on the surface at the initial stage of the growth using x-
ray standing waves from the substrates with superlattice struc
tures.

Experimental
The epitaxial growth of the layered materials (NbSe^

and TaSe^) was performed under uitrahigh vacuum (UHV)
condition. The substrate used was highly oriented pyrolytic
graphite (HOPG) and Se-terminated GaAs(lll) (Se-GaAs).
The range of the substrate temperature during the growth was
from 410-590°C. The GID measurement was carried out un

der ambient atmosphere at BL-16X at the photon factory. The
wavelength of the x-ray was 0.902±0.003A and the glancing
angle of the incident beam to the sample surface was 1.8 mrad.

Results and Discussions

The analysis of the Bragg rod profile is already re
ported elsewhere Figure 2 shows the intensity distribu
tion on thecrosssection of theBragg rodof NbSCj film grown
on Se-GaAs at 500°C. Fitting the intensity profile to Laue
function, domain sizes of the films are estimated. The results

are summarized in Table 1, which revealed that the relation

of polytypes and the growth temperature are different from
the bulk crystal growth using halogen vapor transport.. Along
with the ligand field theory it is suggested that the poly
types are determined by the stability of small molecular clus
ters of metal-chalcogen. The domain size of the film is at
tributed the stability of the polytype at the growth condition.

We also attempted to measure the fluorescent x-ray
from organic molecules (Cu-phthalocyanine and Pb-phthalo-
cyanine) migrating on the surface during the initial stage of
the growth using the substrate with superlattice structure ,

but it was not successful due to the strong interferrence signal
from the air. We would like to try on another occasion.
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Sample Growth Thickness Polytype Domain size
temp. (°C) (ML) (ratio) (A)

NbSe^ 535 11 2Ha-f-2Hb(l:l) 11019

500 7 2Hb+3R(I:l) 232+25

420 8 2Hb+3R(l:l) 192±23

TaSe, 590 15 2Ha-H2Hb(l;l) 86±13

495 16 2Ha-F2Hb(l:l) 104+24

410 8 4Hb-h6R (2:1) 60±18

Table I
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Muscle contraction is caused by the ATP-
hydrolysing interaction between myosin and
actin on myofilaments. The head of myosin ex
tends to actin, forms a cross-bridge between the
filaments and produce the sliding force on the
filaments using the energy from ATP
hydrolysis. To study the mechanism of this
cross-bridge function chemo-mechanically and
structurally, we have combined the mechanics
of skinned muscle fibres with flash photolysis
of caged-ATP and time-resolved x-ray
diffraction^). We are allowed to correlate
mechanics with chemical reaction and

molecular structures, respectively, by caged-
ATP photolysis and x-ray diffraction.

In the present experiments, we aimed a 'single
turn-over' of the cross-bridge ATPase to resolve
the deactivation process of the cross-bridge
that was activated with a single ATP molecule.

Experimejital

We photoreleased 0.13 mM ATP, which is less
than that of the myosin heads, in rat psoas
muscle fibres in rigor in the presence of Ca^^ at
16°C, measuring tension, 500-Hz stiffness and
intensity of several reflections arising from the
myofilaments^). After the short activation with
ATP, the muscle returned to the rigor state due
to consumption of the ATP. The mechanical
deactivation monitored by the quadrature
stiffness preceded the structural recovery to
rigor observed in the reflection intensities (Fig.
1). During this recovery phase, little tension
was developed, although the change in the
diffraction pattern indicated attachment of a
large number of myosin heads (Fig. 1).

The observed discrepancies between mechanics
and structure suggest that, either a large number
of the myosin heads are unattached during the

active contraction and they produce little force
on transition to the rigor attachment, or the ac
tivated myosin heads are in a weak and rapid
interaction with actin and their impulsive force
generation is not related with the rigor attach
ment.
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Fig. 1. Tension and intensity of x-ray
reflections on photorelease of 0.13 mM ATP.
The signal values are normalized to those
before release of ATP.
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Introduction

It has long been pointed out that the generalized
oscillator strength is of fundamental importance
in understanding optical and dielectric properties
of substances, as well as the interaction of
matters with charged particles.1) The GOS,
df(q,E)/dE is defined by Eq.l.

df(q,E) E
Z f Lexp iqTj WclE R(qao) f \ j=i /

The GOSis a normalized quantity because of
Bethe sum rule.l) X-ray inelastic scattering
spectroscopy can be used to obtain GOS, because
double scattering cross section of the inelastic
scattering is expressed by the dynamic structure
factor S(q,E), which is related to df(q,E)/dE as is
evident from Eq.2.

6Q8E
S(q,E,

E (f Z exp(iqT )1
\ j.i

Experimental

X-ray inelastic scattering spectra of H20 were
obtained at BL-16A over a range 0.69<q<3.59
a.u.Scattered x-rays were analyzed with a
cylindrically bent Ge(440) crystal having a
55()mm radius of curvature.Spectra were
converted to S(q,E) by the use of eq.2 and then
to GOS.

Results and Discussion

Fig.shows GOS of H20. From a comparison
with the gas phase GOS studied by electron
energy loss spectroscopy it was found that the
GOS of liquid water2) is dominated by individual
molecular properties over the q range studied.

From GOS various properties of matters can be
extractedidielectric response function,
polarizability, stopping power and so on.In
particular, the static structure which is a very
correlation sensitive property, can be deduced.
These are fully discussed in a separate
publication.3)

^RGYLOSSfcVJ

° energy loss teVI

Fig.l Bethe surface of liquid water viewed from
two different directions.
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Introduction

We have developed a photoelectron microspeciroscopy
system that achieves both high energy-resolution and high
spatial-resolution to obtain surface electronic and
chemical information from submicron areas using a soft
X-ray undulator microbeam'̂ We report evaluations of
the mjcrobeam size by knife-edge measurement and the
energy resolution by measuring the Fermi edge
photoelectron spectra.

Experimental
We used the undulator beamline BL-16U which

provides a soft X-ray beam with high energy resolution
and high photon flux with the use of a 24-m-spherical
grating monochromator '̂. The microbeam optics consists
of a pinhole slit, a Schwarzschild objective'̂ ', and a
sample stage as shown in Fig. 1. To acquire photoelectron
spectra with high energy-resolution, a high photon flux on
the sample is necessary. The microbeam optics must,
therefore, offer high throughput. However, when a larger-
diameter pinhole is used, to obtain high throughput, the
focused beam size broadens. Hence, this system uses a
sufficiently large diameter pinhole (30-pm) to form a
submicron beam, which can be achieved owing to the high
reduction ratio (1/224) of the Schwarzschild objective.
The sample stage consists of a piezo-driven fine
movement x-y stage and a bimorph-driven coarse
movement x-y stage was installed in order to obtain
spectra with high lateral resolution at any point on a
sample. To acquire the high energy resolution spectra, a
200-mm radius hemispherical electron energy analyzer
was installed.

Test experiments
The beam size was measured by using a silicon knife

edge at the sample position. For the beam size evaluation,
the knife edge was moved across the focused soft X-ray
beam, and then the intensity of the transmitted soft X-ray
beam (knife edge response) was measured using a multi
channel plate (MCP). Figure 2 shows the knife edge
response curve. By using the 25-75% criterion, the size of

the beam is estimated to be 0.28 Mm.
To estimate the combined energy resolution of the

monochromator and electron energy analyzer, the Fermi
edge photoelectron spectrum from a Au plate was
measured (Fig. 3). This figure shows that the Fermi edge
width is 0.12 eV. By removing the natural broadening of
the Fermi edge at room temperature, the combined energy
resolution was estimated to be about 0.05 eV.

T. Kiyokura et al. :Photon Factory Activity Report
#13,311(1995).

E, Shigemasa et al.: KEK report 95-2 (1995).
Y. Iketaki et al. ;J. Electron Spectrosc Rel Phenom.
80.353(1996).
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Tliin films of fen'o-electric materials are extensively
studied because of its industrial application. Two
dimensional features of the tliin film can be also focused

in solid state physics. Ultra-tliin ballium titanate (BaTi03
abbreviated as BTO) films have been epitaxially gi'own
by reactive evaporation.^2) Polished substrate of SrTi03
(abbreviated as STO, a=3.905A) was used. High quality
thin films were successfully grown by the dtanetive
evaporation.

Advantages ol" using the synclu-oti-on radiation for
these measurements are (a) that liiglily collimated bemn
with liigh brilliimce makes the controll of die incidence
juigle precise iuid (b) diat tlie wide range angle
mecisurement can be performed wiUihigh S/N ratio.

X-ray characterization of die film utilizing the
synclvrotron radiation was perfonned at BL-17A mid
17C.3^ Reilectivity is able to be measured widi
diffractometer at BL-17A and the diffractometer equipped
on 17C is for grazing incidence geometry especially
iiimed to characterize thin films. It took much time to

filign die sample for its small size.
Fifure I shows the reflectivity and similuated value

of 10-units BTO film on STO substarte. Simulated vdue

is shown by die dotted line. Many submaxima ctre found
in die profile, which is coming from the interlerence
between the top surface and die interface. The intensive
peak aroimd 29=0.5° is not important, because die peak
originates from the oudook of die smnple. The profile
m-ound the critical angle are lost owing to die small size
of the smnple. Best fitted curve was obtained with the
rougluiess 2A rouglmess for substrate and for the film.
The nomimtil tliickness and die resulted value are agreed.

Figure 2 shows the in-plane, (200) scattering from
40 and 80A BTO tliin film udlizing 1.3A radiation. Most
intense peiik (29=38.88°) comes from die substrate.
Solid tiianlge (29=38.2°) shows that the component of

BaTiO 3(10units) on SrTlOs

Observed

Calculated

20 (deg.)

Figure 1. Reflectivity (circle) and calculated (dotted)
data from 10-units BaTi03 thin film.

wliicli d-spacing is different from that of STO. Most
probable origin of the small peak comes from die a-axis
component (d=3.992A)of the BTO diin film, which
relaxed from die strain field in epitiixial layer. The
intensity of die pe^ik is, however, 2-3 order weak
compared with that from the thin film, suggesting that the
tliin film was quite unifrom.

Curious fine structure is seen in the profile from
80A-thiii film around the Bragg reilection of STO. The
average period of the peak, A29=0.07degree diat
coiTesponds to the coherence length of lOOOA in real
space.

Higlily collimated bcmn used in these beam-line
increase the resolution in the grazing incidence geometry.
We obseiwed the in-plane structure with the resolution of
0.5 ° in the laboratory, wliicli is 10 times worse than that
obtained in the BL..

Although we are now analyzing the diffraction data,
die intensity oscilladon seen in Fig. 2 is very interesting.
In 40A sample, small satellite peaks are also found at the
tail of the profile. These oscillations seem to depend on
the tliickness of the film. It is pointed out that the profile
found in Fig. 2 is not for gi'owdi direction. Since we
could not obtain the enough iiifoimation, we are planning
to claiify the origin of the oscillation in next
measurement.
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Figure 2 Radial scan from 40 and 80A thin film measured
by the grazing incidence geometry.
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Introduction

SiH4 based Low pressure (LP-) CVD Si02 has
been used for a sidewall spacer for lightly doped drain
(LDD) structure of MOSFETs. For narrow gate, a hot
careers are injected into the sidewall at a gate edge in
addition to the gate oxide. A CVD-Si02 contains many
Si-OH and Si-H bonds in the film that create the charge
trap by the hot carrier injection that introduce the Vth
shifts. To improve the hot career reliability, thermal
annealing of CVD-Si02 in several ambient has been
tried. To understand the change of the electric
properties, we applied the X-ray interference techniques,
which has been developed for thin gate oxides [1] to
evaluate the structural evolution of LPCVD-Si02
films.

Experimental
LPCVD films with the thicknesses of 300, 600

and lOOOA were deposited onp-type Si(lOO) wafer at a
temperature of 800°C with 1-Torr SiH4 and N2O
ambient. To improve the electric properties of the film,
a post annealing treatment has been performed at a
temperature between 700 to 900°C under a 200 Torr
O2, O3, and Ar ambient for 30, 60, 120 minutes. A
high precision X-ray reflectivity measurement was
carried out at the PF beamline 17A. The X-ray
wavelength of 1.3 A was selected with a Si(111) double
crystal monochrometer. For the precise investigation of
the interference pattern in reflected X-ray, we obtained
the difference X-ray reflectivity (DXR) by subtracting
the average reflectivity from the measured reflectivity.
[1]

Results and discussion

In figure 1, the DXRfrom a 300Athick LPCVD-
Si02 after 30 minutes annealing in 200 Torr O3
ambient at temperature 700°C, SOO^C and 900°C are
compared. The DXR of sample annealed at 700°C
shows no clear change of interference pattern compared
to that without annealing. The DXR of sample
annealed at 800°C shows a node on an interference

intensity that indicates the existence of additional layer
with different physical density whose interference
oscillation overlapped on the original oscillation. In
900°C annealed data, at least two nodes are clearly seen
which implies the thicker layer exists.

The observed interference pattern has successfully
reproduced by assuming the two distinct layers on Si as
shown by the solid line in the figure. From the
estimated density around 2.3g/cm^, the interfacial layer
can be considered as a thermal oxide. The thickness of

the thermally grown oxide under several conditions has
been analyzed based on the 2-layer-oxidation model,
extended from that of Deal-grove[2], provided about 3
times large diffusion constant of oxygen in CVD-Si02
compared to that of thermally grown oxide at 800°C.

A high frequency C-V measurement has been
carried out to evaluate the Vth shift after current stress
by using the same samples as above. The observed Vth
shift is positive (electron trap) before annealing, which
is typical for CVD-Si02, and minimized after the
slight oxidation (~10A) at the interface and then
becomes negative (hole trap), which is typical for dry
thermal oxides, as the thermal oxide grows. These
results indicate the electric properties of oxides are
mainly determined by the structure of oxide/Si
interface.
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Fig.l Difference-X-ray-reflectivity for the 300A
LPCVD Si02 film annealed at a temperature 700®C,
800°C and 900°C in 200 Torr O3 ambient respectively.
Solid line represents the result of model calcuration.
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Introduction

We reported the anisotropic and highly selective etching

of silicon dioxide films by vacuum-ultra-violet light

induced surface reaction using AHF (anhydrous hydrogen

fluoride) gas.'̂ In this study, we discuss photo-induced
surface phenomena in terms of the effective photon energy

on this reaction system, comparing the experimental result

to the theoretical result.

Experimental procedure

Synthesized silica substrates were used as the samples.

AHF gas and Ar gas were introduced into the reaction

chamber. The total pressure in the reaction chamber was

maintained to 0.05 Torr by evacuation, where the partial

pressure of AHF was 0.02 Torr. The sample surface

was irradiated with synchrotron radiation light through the

stencil mask made of nickel. The distance between the

mask and the sample surface was 0.3 mm.

Results and Discussion

Figure 1 shows a SEM image of the etched surface near

the edge of the pattern. This broad slope is derived from

the diffraction phenomena of the irradiated light through

the mask. We have confirmed that the etch rate would

be proportional to the light intensity from the previous

experiments.

In order to investigate the effective energy of the

irradiated photons on the etching process, we calculated the

distribution of the absorbed light intensity according to the

two models. The first model is that the etching proceeds

by the absorbed photons in the silica substrate. The

second model is that the etching proceeds by the absorbed

photons to the adsorbed AHF molecules, The products of

irradiated spectra and absorption coefficients for SiO: and

AHF are plotted in Fig.2. Then, we calculated the

distribution of the absorbed light intensity, supposing the

Fresnel diffraction and the spectra in Fig.2. Figure 3

shows the estimated configuration of the etched surfaces

from the above calculation. Compared the configuration

in Fig.3 to that in Fig.l, the second model is consistent

with the results.
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Fig.2 Calcurated spectra of absorbed photo-density in

Si02 substrate and adsorbed AHF molecules.
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Fig.3 Calcurated distribution of absorbed photo-density.
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Introduction

Langmuir-Blodgett (LB) films were
demonstrated in a series of elegant experiments,
in which amphipathic molecules composed of a
hydrophobic tail and a hydrophilic head group
are assembled. These films are at the focus of

intense current worldwide interest, as the organic
films of nanometer thickness has capability in
materials science, and in the development of new
electronic and opto-electronic devices.
Especially, LB films serve as useful models for
elucidating structure and function of biological
membranes in their interactions with lipids,
steroids, sugars, proteins and ions. They may also
be designed to induce nucleation of organic or
inorganic three-dimensional crystals from
molecules or ions present in the subphase by
formation of epitaxial growth. With the recent
development of surface X-ray measurements
applied to crystalline films, their structures can
be derived at almost atomic resolution. However,

it is not known whether the ion distribution near

such charged, ordered surfaces is crystalline or
whether the ions are located at precise binding
sites over a long range, particularly if the head
groups of amphipathic organic molecules are
singly or doubly charged and the counterion
doubly charged.

In this paper we will describe the results
for the two-dimensional packing arrangement of
the head groups in arachidate and phospholipid
LB films and the counterionic layer using the
multiple wavelength anomalous dispersion
(MAD). This techniques is a powerful method
for the structural analysis of the interface
between head groups of amphipathic organic
molecules and ions such as alkaline earth metals

in LB films.

Experimental

To prepare the LB film we spread L-a-
dipalmitoylphosphatidic acid (DPPA; Avanti

Polar Lipids, Inc., Alabaster, AL) from
chloroform/methanol (3/1) solution (1.3 mg/ml)
and arachidic acid(AA; Sigma Chem. Co., St.
Louis, MO) from chloroform solution (1.5
mg/ml) on water subphase of a trough (USI Co.,
Fukuoka, Japan). The subphase of Millipore-
filtered water with 0.1 mM metal ion such as

Ba'", Pb^* andCd^* was adjusted to thedesired pH
by adding either HCl or NaOH. By vertical
dipping (12 mm/min) the films were transferred
to a Si (100) wafer at surface pressures of 40 ±
0.5 mN/m at 20.0 ± 0.1 °C. The resulting transfer
ratios were in the range of 0.95 - 1.05 which
indicates full monolayer coverage. The
continuous deposition resulted in a Y-type
multilayer structure. After the samples were
prepared, they were transported to BL-17C for
X-ray diffraction measurements. The incidence
angle of the X-ray beam was about 0.4 degree.

Results and Discussion

Fifteen distinct diffraction peaks were
observed with X-ray diffraction in Barium DPPA
LB films. And two distinct diffraction peaks
were observed in other DPPA LB films and

arachidate LB film. These peaks were attributed
to scattering primarily from the DPPA and
arachidate layers. The molecules in the
arachidate layer arrange in a pseudorectangular
unit cell with dimensions a = 4.86 A, b = 7.46 A
(Cd'"), and a = 4.95 A, b = 7.32 A (Pb'").

The MAD experiment on lead arachidate
LB films at room temperature in air might
suggest the ordering Pb"" ions at the charged face
of head groups, if the couterionic layer which
consists of a Pb^^ species bound to the arachidate
layer in a stoichometry close to 1:1. This is the
first time that the interfacial structure between

head groups of amphipathic organic molecules
and ions in LB films were observed with MAD.
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Introduction

In-plane magnetic anisotropy is widely observed in thin-film
CoCr magnetic media prepared on textured substrates. About
the origins of this anisotropy several mechanisms, including c-
axis preferential orientation and strain effect, have been

proposed' . But the most important mechanism is not clear.

We have studied in-plane crystallographic structures of thin-
film media by grazing incidence X-ray diffraction (GIXD)
using synchrotron radiation, and have studied the correlation
between crystallographic anisotropy and magnetic anisotropy.

We have also studied the effects of preparation conditions.

Experimental

Cr under layer films (50nm thickness) and CoCr alloy films
(30nm thickness) were successively deposited on

circumferentially textured NiP/Al substrates using a dc
magnetron sputtering system. Mechanical texturing condition
was identical (fia = 5nm) and substrate temperature and

substrate bias voltage were systematically varied. In-plane
crystallographic structures were estimated by a grazing
incidence X-ray diffraction (GIXD) system on Beamline BL-
17C at Photon Factory-". Measurements were performed at a
radiation wavelength of 0. lOnm.

Results and discussion

The critical angle of total reflection was 0.25'̂ and the
grazing incident angle was set to 0.2" . The detection angle
was 2" from specimen surface. Figure 1 shows in-plane 6-2 6
scan diflfaction profiles of a sample disk with magnetic
anisotropy measured in the circumferential and radial
directions of scattering vectors. This figure shows that the
peak intensity ratio of Co (002) to Co (100) of circumferential
direction is higher than that of radial direction. The normal of

Co (002) plane is parallel and that of Co (100) plane is
pei^pendicular to c-axis of hcp-Co. Then, this result indicates
that c-axes of hcp-Co tend to align preferentially in
circumferential direction.

Figure 2 shows coercivity He as a function of the intensity
ratio I[Co(002))/I[Co(100)]. He increases with increasing the

intensity ratio in the circumferential direction. This result
indicates that He increases with increasing in-plane c-axis

preferential orientation and suggests that in-plane c-axis

orientation plays an important role in magnetic anisotropy.
We also estimated in-plane strain and observed in-plane

strain anisotropy". Coercivity increases with increasing not

only c-axis orientation but also compressive strain. We think
that magnetic anisotropy depends on both in-plane c-axis
orientation and in-plane strain anisotropy.

The sti-uctural anisotropies increase with increasing

substrate temperature and substrate bias voltage'"". It suggests
that the structural anisotropies appear through a mechanism
related with the nucleation and growth of Co alloy crystallites
along the texture grooves under high energy conditions.
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Grazing incidence x-ray diffraction
(GIXD) is a useful method to characterize
thin film structure with several nm thick.

We apphed it to observe alloying reaction
of AI-Ti thin film. Reduced the ULSI

device size, AI interconnection has been
required higher current density and
narrower line width. Electromigration
(EM) leads to line opening and decreases
the time to failure. To improve EM
resistance, doping a few percent Cu and
Al-Ti compound formation at interface by
thermal treatment are used during
fabrication process. We investigated the
dependence of Al-Ti alloying reaction on
Cu dopant and annealing temperature.

Experimental procedure
We prepared TiN(60 nm)/Ti(20 nm) /AlCu(400
nm) /Ti(20 nm)/TiN(60 nm)/Si02 on Si
substrate. Cu concentration in Al is 0.1 wt. %

and 1.0 wt. %. The experiment was performed
at the beamline 17C of Photon Factory. We
measure x-ray diffraction at X=1.0A under the
grazing incidence condition of angle (p=0.3°.
The thermal treatment is preformed at 370°C -
430°C for 300 minutes in Nj atmosphere.

Results

As increasing annealing time, Ti related
diffraction peaks disappeared and AljTi peaks
appeared. In case of Cu (1.0 wt.%) sample in
430°C, the intensity of AfTi was saturated in
60 minutes thermal treatment and alloying
reaction finished (Fig. 1.). The observed AfTi
formation is faster for less Cu doped sample.
The intensity of AfTi is proportional to square
root of annealing time. Therefore, it is indicated
that AljTi alloying reaction is dominated by
diffusion mechanism. The activation energy of
AfTi formation is obtained 1.8 eV (0.1 wt.%
Cu) and 1.5 eV (1.0 wt.% Cu) (Fig. 2.).
According to Al-Cu phase diagram, Cu atoms

exist as Al solution in 0.1 vv1.% sample and as
CuAf or Cu precipitation in 1.0 wt.% samples
on this experimental temperature region. In
spite of lower activation energy, AfTi
formation is retarded by Cu related precipitation
in higher Cu concentration sample. It is thought
that pre-exponential factor in diffusion equation
determines this alloying reaction.

3

M (c)30 min

20 22 24 26 28

Fig.l. In-situ GIXD profiles of Al-Cu 1.0 wt.%
film at 430°C.

Cu 0.1 wt.%

E = 1.8 eV

Cu 1.0 wt.%

E = 1.5 eV

1.4 1.45 1.5 1.55 1.6
1000^

Fig. 2. Arrhenius plot for ABTi formation using
in-situ GIXD results.
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Introduction

By reason of low resistivity, TiSij is used as contacts

and local interconnects in microelectronic devices.

TiSi2 has two structure phases, C49-TiSi2 and C54-

TiSij. It is important to transform TiSij from C49 to

C54 structure completely because C54-TiSi2 has

much lower resistivity than C49-TiSi2.

So far we reported orientation relationships of

C49-TiSi2 on Si wafer with or without BF2^

implantation. '̂̂ ' In this report, we shows that

suppression of TiSij phase transition depends on

substrate temperature in Ti deposition and how

preferred orientation of TiSi2 affects such

dependence of suppressing TiSiz phase transition.

Experiment

Following Ti (30nm) films depositions on Si(OOl)

substrate at room-temperature, SSCC, 450^0 and

55OT), respectively,C49-TiSi2 films wereformed by

rapid thermal annealing (1st RTA; 550*C). The

examinations for preferred orientations were

performed by grazing incidence X-ray diffraction

method using azimuth scanning in plane of sample

surface (6-scanning).

Sequentially we annealed samples to transform

TiSij films from C49 to C54 structure measuring

sheet resistance of them. (2nd RTA ; riSO'C) We

defined transition time of TiSia " ti/' as total

annealing time taken till sheet resistance plateaued.

Result

According to 0-scanning profiles for C49(060),

C49(131) and C49(200) diffraction peak,

orientational relationships between C49-TiSi2

microcrystal and Si substrate are as follows.

(A) C49(101) //Si(OOl), C49(010) //Si(nO),

(B) C49(101) //Si(OOl), C49(010) //Si(lOO),

(C) C49(051) //Si(OOl), C49(031) //Si(nO).

In Figure 1, "R" means quantity of C49-TiSi2

microcrystal that has each of orientation

relationship (A),(B) and (C). This figure shows that

microcrystal oriented with the relationship (B)

increases drastically with substrate temperature in Ti

deposition. On the other hand, tj^also increases with

substrate temperature. It is likely that the

orientational relationship (B) makes more difficult

to transform TiSi2 from C49 structure to C54

structure.

Substrate temperature CC)

Figure 1. Dependence of 'R" and 'V' substrate

temperaturein Ti deposition.'R" of the relationship (B)and

'\t" increase with substrate temperature.
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Usually, the spin-orbit branching ratio (BR) has
been treated as a constant of its statistical value in the

photoemission spectroscopy for solid surfaces. However,
BR actually varies from the statistical value as a function
of hv and emission angle. BR anisotoropy in gas phase
photoemission has been established and attributed mainly
to the difference in the initial state radial wave functions

for two spin-orbit components along with possible final
slate effects [1], On a solid surface, BR anisotropy appears
in the energy scanned and angle scanned photoelcctron
diffraction (PD) studies [2-5]. Thus, the observed BR
anisotropy involves the diffraction effect from the surface
structure. The problem is occurred because it is impossible
to separate the diffraction effect and the initial stale effect
from the BR oscillation. Recently, structural analysis has
been performed using hv scanned BR oscillation [5].
However, the authors did not consider the initial state

difference of spin-orbit components. Their treatment
seems oversimplified to analyze a surface structure from
BR anisotropy. The present study aims to estimate the
initial state effect and diffraction effect on the BR

anisotropy, and In 4d core level has been investigated for
In/Si(001) using synchrotron radiation.

The angle-scanned photoelectron diffraction
measurements were performed on the beam line BL-18A at
the Photon Factory [4,6]. In 4d spin-orbit pair spectra
were measured for the different surface structures of

In/Si(001), i.e. the single-domain (SD) 2x3-, 2x2- and
double-domain (DD) 4x3-In phases [7], in order to evaluate
the diffraction effect on the BR (4d5/2l4d3i2). Resulted

BR's changed very drastically as a function of the emission
angle. The BR variations were almost identical for the
2x2 and 2x3 phase, which were totally different from that
of 4x3 phase. The similarity of the BR anisotropies for
2x2 and 2x3 phases seems to have the same origin as in
the very close similarity found in the photoelcctron
diffraction (PD) pattern, which indicates the proximity of
the local structures of 2x2 and 2x3 structures. On the

other hand, the different local structure has been suggested
by the core-level photoemission[6] for 4x3 phases. These
results clearly indicate the BR anisotropies strongly
reflects the local structures of the surfaces.

Angular scanned PD patterns of the 2x2 surface,
including BR anisotropies, were measured at three different
hv's of 100, 100-A„ ( = 99.1) and 70.6 eV, where A,„ ( =
0.9eV) is the spin-orbit splitting of In 4d. Assuming that
the initial state difference is negligible or has small
contribution to the BR anisotropy, BR anisotropy should
be mainly caused by the diffraction effect occurring from
kinetic energy difference between 4d3/2 and 4d3i2, i.e. A .

However, 4dsi2 component excited with hv of 100-A eV

exhibit the same angular variation with 4d5i2 component

excited with lOOeV; the same j component has the same
angular variation, and the kinetic energy difference by A,,,
has little conu^ibution. If there is no initial state effect,
BR showed little variation along emission angles and hv
's, and it should be impossible to explain the large
divergence of the BR from its statistical value. The fact
does not deny the strong diffraction effect involving in the
BR anisotropy, but tell that such a small difference of
kinetic energy, i.e. by A„, has little contribution through
the diffraction. PD patterns as well as BR anisotropies
excited with 70.6 eV are very different from those of
excited with lOOeV. This large difference of BR
anisotropy includes the diffraction effect induced by such a
large difference of kinetic energy. A wide extent of energy
scanned BR anisotropy should include the oscillation
related with the diffraction from the surface structure.
However, the present study prove that the initial slate
effect also largely contribute to the BR anisotropy from
solid surfaces. The initial state difference must be properly
considered to analyze a surface structure from BR
anisotropy.

[1] For example, A. Ausmees et al., Phys. Rev. A51,
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80, 147(1996).
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[6] H. W. Yeom, et al., Phys. Rev. 354,4456(1996)
[7] H. W. Yeom, et al. Surf. Sci. 341, 328(1995)
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Introduction

In the series of rare-earth hexaborides, their
interesting physical properties depend on the
rare-earth atoms. These characteristic differences

are originated from the variation in the properties
of rare-earth 4f electron. In this work, we carried
out the resonant photoemission study of single
crystaUine NdBg (110) clean surface so as to
elucidate electronic structure of NdBg. Since the
photoemission spectroscopy is very surface
sensitive and the different electronic structures

between bulk and surface components are often
observed in the rare-earth compounds, we
have prepared the clean surface of single
crystalhne NdBg by annealing (not by scraping)
and have observed the photoemission spectra
against the well-defined surface.

The resonant photoemission measurement was
carried out with ADES 500 (VG Scientific Co.
Ltd.) photoemission spectrometer, which was
installed at BL-18A of the Photon Factory,
National Laboratory for High Energy Physics.
Under the ultra-high vacuum in the
photoemission spectrometer, the surface of NdBg
single crystal was cleaned by repeated cycles of
annealing around 900 °C and flashing around
1200 °C by electron beam bombardment

Results and Discussion

Figure 1 shows the photon energy dependence
of the valence band spectra in the region of Nd
4d-Af excitation for single crystalline NdBg(llO)
clean surface. As shown in Fig. 1, the
photoemission spectra with higher photon energy
show a broad peak centered around 6.5 eV
binding energy. These broad structures
correspond to the Nd 4/ derived states and this
systematic change as a function of the photon
energy is due to the Nd 4d-4f resonant
phenomena. From the CIS spectra at this broad
Nd 4/ derived structure, it is confirmed that the
photon energies for on-resonance and

off-resonance are hv=l2S eV and 120 eV,
respectively. It is considered that these broad and
slightly asymmetric features of Nd 4/ derived
spectra arise from the nature of the underlying
ligand boron density of states due to the
hybridization with tiie ligand boron states.
Though we prepared the clean well-ordered
surface of single crystalline NdBg(llO) in the
present experiment, no additional structure has
been observed in the Nd 4/ spectrum, indicating
that no characteristic electronic structure having
the Nd 4/ components exist on the clean surface
ofNdBg(llO).
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Fig. 1. Valence band photoemission spectra of
NdBg (110) clean surface as a function of photon
energy in the Nd 4d-4f excitation region.
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Introduction

Silicon carbide(SIC) is emerging as the

semiconductor device material for high-po\A^er,

high-frequency and high-temperatures

environments. In the present study, we have

adopted angle resolved photoemission

spectroscopy (AR-PES) using synchrotron

radiation (SR) and low energy electron

diffraction (LEED) in order to investigate the

correlation between electronic and structure

properties of 6H-SiC(0001)Si surface prepared

at various temperatures.

Experimental

Specimens had 6H-SiC(0001)Si face.

Samples were first cleaned by dipping in HP

solution. 6H-SiC(0001) clean surfaces were

obtained by resistive heating of samples at

about 950-1250''C in ultra-high-vacuum (UHV).

The annealing temperature was measured by

an optical pyrometer. The AR-PES

measurements were carried out at the BL-18A,

PF KEK.

Results and Discussion

A signal was observed at Eb~3eV along T-M

direction in the 1x1 SBZ in ARPES spectra for

surface, which was not detected in that

for 1x1 surface. This signal is supposed to be

derived from Si. This suggests that /3x/"3

structure is formed by Si atoms on bilayer of SiC.

At about 1250°C, the intensity of Si(2p) signal

became below the detection limit. Moreover,

experimental energy dispersion of VB-EDC for

sample annealed at about 1250°G was similar

to that of graphite as shown in Fig. 1. These

results indicate that graphite-like structure is

formed in the selvedge at ~ 1250°C for 6H-

SiC(0001)Si surface.

k II (A-')
Fig . 1 Experimentally derived band dispersion

for sampie annealed at ~ 1250°C: employed

photon energy (hv) is 30eV.
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Introduction

For the last decade, coadsorption of alkali metal(AM)
and oxygen on the metal or semiconductor surface has
received increasing attention because of their
technological application and fundamental interesting.
In particular, it has been well known that AM play a
role of promotion in oxidation of semiconductor[l-2]. As
another interesting phenomenun of this coadsorption
system, an increase in AM core level intensity have
been previously reported for various AM-adsorbed
systems such as Na/Ta(110), K/Ru(001), Na/Ru(001),
Cs/Ru(001), K/Si(lll) surfaces[3-6]. Despite of so
many studies, the increase in AM core level intensity
are not well understood yet.

We present the results of coadsorption of sodium(Na)
and oxygen on the Si(113) surface using X-ray
photoelectron spectroscopy(XPS) and synchrotron
radiation photoemission spectroscopy(SRPES) at room
temperature(RT). This work was focused on the increase
in the AM core level intensity.

Results and discussion

As expected from the results of AM/Si(100) and
Si(ni) surface, the Na/Si(I13) surface also have a
saturation coverage at RT. For the RT saturation
coverage, 0 Is, Na Is and Na 2p core level were
measured with the oxygen exposure up to 5 Lanmuir(l
L = 1.0x10"^ torr • sec) using XPS(Mgka) and
SRPES(photon energy : 44eV). The O Is spectra show
two chemical-shifted components ; oxygen atoms bonded
to Si and Na. As shown in fig. 1, the peak intensity of
Na Is and 2p core level continue to increase drastically
with increasing oxygen exposure up to about 0.5L and
the change nearly stop with the completion of the
AM-oxidation. It is noted that the enhancement rate of
shallow core(Na 2p)(~130%) is larger than that of deep
core level(Na ls)(~50%). This strongly indicate that the
change is not due to the segregation of interdiffused Na
toward surface. From the above mentioned results, the
increase in core level intensity seems to be related to
the bonding nature between Na and oxygen.
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Introduction

The origin of visible photoluminescence (PL) in porous
Si (PS) is still controversial, though many researchers have
ascribed it to Si quantum-sized effects and local-electronic-
states-related transitions which are originating from Si crys-
talhtes." In this work, we have investigated the existence of
band dispersion in PS which is deeply related to the origin
of the PLand phonon-relatedphysical properties and Si skel
etal structures of PS. Through this work, we first found 1-D
band dispersion in PS.

Experimental
Two kinds of PS samples were prepared by anodizing

4.5-6 Q-cm (sample 1) and 0.01 Q-cm (sample 2) Si(OOl)
wafers in a mixture of 55 wt. % aqueous HF solution and
ethanolat an anodization current density of 100 mA/cm^ for
20-30 s. Angle-resolved photoemission spectra were taken
from these PS samples at different polar emissionangles (0)
in the (010) plane and at 0 = 0° in the [001] F-X line (normal
emission). Incident light angle from the normal direction to
the siuface (0.) was 45°.

Results and Discussion

Angle-resolved photoemission spectra obtained from
sample 2 are shown in Fig. 1. Compared to the results of our
previous angle-integrated photoemission study of PS^ ®', the
a, and b and c states are assignable to p-derived Si valence
statesand Si-H^ induced states, respectively. As shownin
Fig.1, the "a" states energy disperses in the A line normal to
the surface by ~ 0.8 eV,however, it does not disperse in the
Aline parallel to the surface. Sample 1 also exhibits almost
the samedispersionrelation,although theporosityis lower
than that of sample 2. Thus, without depending on the PS
porosity,band dispersion only in the direction normal to the
surface are preserved. This may be attributed to the anod
ization nature of PS. Using the theoretical band structure,®
the "a" transitions arewell fitted to the transitions from A^
valence band to theA'̂ conduction band. This transition is
allowed for the normal emission with the polarization vec
tor parallel to the surface and is observed in the nonnal pho
toemission spectra obtained from the Si(OOl) 2x1 surface.®
The width of band dispersion for quantum wires with diam
eters of less than 30 A, which emit the same wavelength
range of PL as the samples used here, has been calculated to
be less than~ 1 eV.®^ Sincethe "a" energypositions are at >
1 eV below the valence band maximum, the dispersedva

porous Si

0.01 —0.02 0cm

h V = 16eV

Porous Si

0.01—0.020cm

Binding Energy (eV relaSve to Binding Energy (eV relative to

Fig.l Angle-resolved photoemission spectra from porous Si
formed by anodizing 0.01~0.02Qcm Si(OOl) obtained (a) at
diffrent polar emission angles (0) and (b) at 0 = 0°.

lence states may originate from the mixture of bands for
quantum-sizedcrystalhles and dispersed bands for bulky Si
columnar skeleton.
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Introduction

Fl-ATPase (Fl) is a soluble catalytic
component of the membrane-bound ATP
synthase, which is a primary energy converter
in mitochondria, chloroplasts and bacteria,
generating ATP from ADP and Pi utilizing
transmembrane electrochemical potential. Fl
from the theimophilic bacterium PS3 (TFl) has
a molecular mass of 385 k with a subunit

composition of a3p3Y5£ (a, 55 k; p, 52 k; y, 32k;
5,20k;e, 14 k).

The a3p3 sub-assembly has been character
ized only for TFl by virtue of its exceptional
stability While the sub-assembly retains 20-
25% of the ATPase activity of intact TFl as well
as similar catalytic properties to those of TFl, it
lacks some properties typical of intact TFl, such
as cooperativity in catalysis, sensitivity to azide,
and specificity for divalent cations.

Establishment of a high-level expression
system in E. coli and purification methods
lead us to X-ray crystallographic study of the
sub-assembly. In this report, we describe the
ciystal sti'ucture of the nucleotide-free form of
the a3p3 sub-assembly determined at 3.2 A.

Experimental
From native data sets collected to 3.2 A

resolution at BL18B using Sakabe camera with
430 mm film cassette, a complete reflection data
set was obtained with AUTO, DENZO, and the
CCP4 programs The data was rendered to
the molecular replacement calculation with
AMORE using the structure model of bovine
Fl (MFl) as the search model. X-PLOR was
used for further rigid body refinement and
conventional refinement The final refinement

statistics are summarized in Table 1.

Results

The sti-ucture of the nucleotide-free a3p3 sub-
assembly of PS3 has strict three-fold symmetry.

which is in contrast to a marked asymmetry in
the confoimation and nucleotide content of the

p-subunits in the crystal structure of MFl.
The p-subunits in the sub-assembly have a

conformation similar to the nucleotide-free p-
subunit of MFl. Accordingly, this conformation
is stable in the absence of a y-subunit. It
suggests that the conformations of the p-
subunits may be influenced both by binding of
the nucleotide and by interactions with y-
subunits. On the other hand, a-subunits have
similar conformations in both sti'uctures,
showing little influence of nucleotide binding to
the conformation of the a-subunit.

The major differences between the bacterial
sub-assembly and MFl are localized in their
membrane-proximal halves of the structure,
while other portions are highly conserved.

Table 1. Refinement statistics
Resolution range 6 - 3.2 A
No. of reflections 17963

R-factor for 95 % data 0.222
Free-R-factor for 95 % data 0.299

No. of atoms 9141

r.m.s deviations from ideality
Bond lengths 0.012 A
Bond angles 1.60°

1) Miwa, K. &Yoshida, M. (1989) Proc. Natl
Acad. Sci., 86, 6484-6487.

2) Shirakihara, Y. etal. (1991) J Biochem, 109,
466-471.

3) Shirakihara, Y. et al. (1993) Photon Factory
Activity Report, 11, 387.

4) Abrahams J. P. et al. (1994) Nature 370,621-
628.

5) Shirakihara, Y. et al. (1994) Photon Factory
Activity Report, 12,338.



94-G256

X-RAY CRYSTAL ANALYSIS OF ARGININE DEIMINASE FROM

MYCOPLASMA ARGININl

Yasuo Shirakihara L.2)^ Takashi Ueda L, Minoru Kambara
Satoru Misawa and Mitsuhiro Matsumoto

1) Department of Physics, Hyogo University of Education, Yashiro, Hyogo 673-14
2) National Institute of Genetics, Mishima, Shizuoka, 411
3)Pharmaceuticals and Biotechnology Laboratory, Japan Energy Co., Toda, Saitama 335

Arginine deiminase (AD) (EC 3.5.3.6), which
catalyzes the hydrolysis of L-arginine to L-
citrulline and ammonia, exists in various
microorganisms including non-glycolytic
arginine-utilizing Mycoplasina. The enzyme
constitutes the first step in the arginine
dihydrolase pathway, through which many
strains of Mycoplasma obtain energy from the
arginine metabolism

AD have anti-tumor activities. The enzyme
purified from culture medium of a mycoplasma-
infected rat cell line strongly inhibited the growth
of mouse and human tumor cell lines in vitro
and prolonged the survival time of mice
implanted with mouse tumor cell lines

We established a high-level production
system for AD from M. arginini in E. coli cells

The recombinant enzyme available now in
large amount prompted us to cairy out X-ray
crystallographic analysis of AD to provide
detailed information of the structure-activity
relationship, which should facilitate the
development of AD as a new anti-tumor drug.

Recombinant arginine deiminase (r-AD) was
purified by a modification of the procedure
described previously The final product
showed a single band of a molecular mass of
45 k in SDS-PAGE patterns and a single peak of
a molecular mass of 90 k in gel-filti'ation HPLC
analysis, confirming a native dimeric form of the
enzyme. The purified r-AD was confirmed to
have the same enzymatic properties and growth-
inhibitory activity as the native enzyme.

Crystals of r-AD were grown by batch
method in the 30p.l mother liquor containing 10-
15 mg AD (50 mM Tris-HCl (pH 8.0)), 0.5 M
NaCl and 10-15 % polyethylene glycol 6000.

Large plate crystals with typical dimensions 1.0
mm X 1.0 mm x 0.4 mm grew in 2 weeks at 15
°C. The crystals are PI, with cell dimensions
a=79.8 A, b=41.1 A, c=72.3 A, a=90.2°,
j9=113.3°, and 7= 103.5°. Assuming one AD
molecule in an asymmetric unit, a value of
Vm = 2.6 / dalton is obtained, which is
consistent with values for other protein crystals.

Native data sets to 2.4 A resolution were
collected at BL18B, using Sakabe camera with
430 mm film cassette. Both rotation and
Weissenberg mode of data collection were tried,
though the latter was favoured due to fewer shots
to cover 180 ° rotation necessary for the present
crytal symmetry. Two derivative data sets, ethyl
mercury chloride and methyl mercury chloride,
were collected to a resolution of 3 A.

Both DENZO and our version of WEIS were
used for analysis of the Weissenberg data sets.
The modifications applied to WEIS was
described previously The collected intensity
by eitherprogram wasevaluated using rotaprep,
scala, agrovatain CCP4 program package
The further analysis is in progress.

1) Schimke R. T., et al. (1966) J. Biol. Cheiru
241, 2228-2236.

2) Miyazaki,K., etal. (1990) Cancer Res. 50,
4522-4527.

3) Takaku, H., etal. (1992) Int. J. Cancer 51,
244-249.

4) Misawa, S., et al. (1994) J. Biotechnology
36,145-155.

5) Shirakihara, Y., et al. (1993) Photon Factory
Activity Report .

6) Collaborative Computational Project,
Number4 (1994) Acta Cryst., D50, 760-763.
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INTRODUCTION

Glutathione synthetase (GSHase;EC 6.3.2.3)
from Escherica coli B catalyzes the synthesis of
glutathione (GSH) from y-L-glutamyl-L-cysteine
(y-GC) and glycine in the presence of MgATP.
The postulated mechanism is thought to occur
with two steps; phosphoryl group transfer from
ATP to y-GC to produce acylphosphate inter
mediate, and nucleophilic attack of glycine to this
intermediate to produce GSH. In the light of the
reaction mechanism, we synthesized a transition
state analog inhibitor (TSA), of which phospho-
rylation by ATP at the enzyme active site provid
ed tightly-bound species resembled the transition
state. The features of tight-binding and catalytic
single turnover allow us to apply time-resolved
crystallographic analysis to capture a transit
ternary complex structure (ATP:TSA:GSHase
complex) just before the phosphoryltransfer
reaction. We used flash photolysis of caged-ATP
to synchronize the enzymatic reaction in crystal
line state, and Laue diffraction to gain fast data
collection.

METHODS AND RESULTS

Hexagonal crystals were grown by a batch
method in 0.90 - 1.0 % GSHase, 50 mM HEPES
(pH 7.5), 0.75 - 0.85 M Li2S04, 15 - 87 mM
MgCl2, 1.9 mM caged-ATP, and 5.4 mM TSA in
the dark. Rate of ADP formation in the crystals
was measured using HPLC. Flash photolysis
was achieved with a Xe flash lamp developed by
G. Rapp (Hitech. Co.). Its half lives (f 1/2)
obtained were < 0.30 min at 20 °C, 0.40 ~ 0.75
min at 0 °C, and 1.0 ~ 1.8 min at -20 °C. The X-
ray diffraction data before and after photolysis
were collected by Laue diffrac-tion with 50 msec
exposure time per an image at BL-18B station.
Photon Factory. Two sets of data (at 17 and
-10°C) were measured for a state after photolysis
whereas a data set was measured at 17 °C for that
before photolysis. The intensity data were
processed with the in-house program by T.
Higashi. Their statistics are in Table. 1.

The Laue data before photolysis showed
clear electron densities correspond to caged-ATP,
TSA and Mg ion by difference Fourier analysis.

-10°C

35
4

2.45

36948
9312

The data 45 sec after photolysis at 17°C gave the
densities assigned for ADP, phosphoryl-TSA,
and two Mg ions. In the case of the data 35 sec
after photolysis at -10°C, the bound TSA was
observed at the same position before photolysis.
However, the electron density correspond to
ATP was ambiguous and the position of y-phos-
phate moiety of ATP was unable to be defined.
Taking into account the results of the kinetic ex
periment by HPLC, it is implicated that the X-ray
measurement at 35 sec after photolysis at -10 °C
may have captured a ternary complex of ATP,
TSA and GSHase, although the bound ATP
possess multiple conformation.

Table 1. Summarv of Laue x-ray diffraction data.

Temperature 17°C 17°C -10°C
Time(sec) (No flash) 45 35
No. of images 3 4 4
dmin(A)* 2.35 2.40 2.45
Reflections (I/5(I)>2)
(Total) 22028 29431 36948
(Unique) 8168 8822 9312

Completeness(%) 53.9 61.5 68.5
Redundancy 2.7 3.3 4.0
Normalization R

Rl(%) II.1 12.8 11.8
R2(%) 10.6 11.8 11.1
R3(%) 8.2 9.2 7.5

53.9 61.5 68.5

2.7 3.3 4.0

11.1 12.8 11.8

10.6 11.8 11.1

8.2 9.2 7.5

*, Resolution(dmin) was determined by the Hao's methods.
Wavelength range used (Xmin - A.max) was set to 0.5 - 2.0 A.

REFERENCES
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Introduction

Hemoglobin is the most widely distributed

transport molecule, serving as an oxygen carrier

in nearly all vertebrate organisms. Human Hbs

A exists as a heterotetramer (aP)2 .In

contrast, invertebrate Hbs exist as monomers ,

dimer , tetramers and higher polymeric forms .

A few structure of invertebrate Hbs have been

determined these include monomeric and

dimeric Hbs of Caudina arenicola , dimeric

and tetrameric Hbs of Scapharca and tetrameric

Hbs of Urachis Caupo . Although the tertiary

structures of invertebrate Hbs closely resemble

that of vertebrate Hbs, the quaternary structures

are strikingly different than that seen for

vertebrate Hbs . Elasmobranchs considered to

be a primitive class of vertebrate, except for the

Cyclostomata , the most primitive extant

vertebrate . Therefore , the determination of the

quaternary structure of the.vhn^^ ray could add

the knowledge of Hbs evolution and the

principle of quaternary structure construction.

Experimental and Results

Deoxy hemoglobin crystals of sting ray was

obtained at 25°C by batch method using

ammonium sulfate as a precipitant . The crystals

belong to space group P 3,12 with unit cell

dimensions of a = h = 11.1A A, c —99.25 A ,

and contain ap dimeric molecule in the

asymmetric unit.

Native data sets up to 2.0 A resolution were

collected using Weissenberg camera with a

crystal to film distance of 430mm and with the

X-ray wavelength of TOO A . The data sets

were processed using the program DENZO and
SCALEPACK . Intensity data ( I > 3 a (I) )

included 192107 total reflections , merged to

28663 unique reflections with , and

completeness of 89.4 % (100-1.8A).

The rotation function and translation searches

were carried out using X-PLOR , using the

human deoxy hemoglobin ap dimer as a model.

Model refinement was carried out by the energy

minimization and simulated annealing from 8.0

to 2.OA with X-PLOR . Model rebuilding was

carried out using FRODO . Several cycles of

refinement and model adjustment gave a final R-

factor of 0.213 , using all the data within 6.0-

1.8A resolution .

The quaternary structure observed for Hb

from sting ray is was similar to that seen for

human Hbs , suggesting that the quaternary

structure of vertebrate Hbs have been

constructed and stabilized before the appearance

of Elasmobranch . The absence of D helix was

also confirmed from electron density map .

Reference

1)David T. Mitchell, Stephen R. Ernst, W-X.

Wu, and Marvin L. Hackert, Acta Cryst .,D51,

647-653 (1995)
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Introduction

Isoamylase (glycogen 6-gIucanohydrase), isolated
from Pseudomonas amyloderamosa. is composed of 750
amino acid residues''. This enzyme catalyze the
hydrolysis of the a-l,6-gIucosidic linkages specifically in
a-glucans such as amylopectin or glycogen. In the
sequence of isoamylase, there are four regions that are
homologous with those conserved in a-amylases.

In order to understand the substrate specificity and
cataljtic mechanism of Pseudomonas isoamylase. we
have carried out the X-ray structure analysis of this
enzyme.

Experimantal

Pseudomonas isoamylase crystals were prepared by
dialysis of 20mg/ml protein solution against 0.6M
ammonium sulfate solution at pH4.8. The crystals
belong to orthorhombic space group Pl\1\1\. with the
cell dimensions of a =138,8A b =152,7A c =53.6A. Two

kinds of useful heavy-atom derivative that is Au- and
Hg-derivative were prepared by soaking technique.

In order to obtain anomalous scattering data, the
intensity data collection for the native and the Au-
derivative crystals was also carried out Sakabe's
Weissenberg camera^' at BL18B station in the Photon
Factorj' using the wavelength of l.OOOA. The exposed
images in the imaging plates were digitized with a Fuji
BAS-2000 analj'zer at Photon Factory. The integrated
intensities were evaluated using the WEIS program

sj'^stem^'.
The positions of heavy-atoms were determined by

the difference Patterson and the cross chfference

Fourier syntheses. There is one heavy-atom position in
each derivative. The anomalous difference Patterson

functions of Au-derivative were calculated at 6.0A
resolution. The position of Au atom was confirmed in
the anomalous difference Patterson maps.

The phase determination at 2.5A resolution was
carried out by the conventional multiple isomorphous
replacement method supplemented with anomalous
scattering effects of Au-derivative by using the program
package PHASES^'. The mean figure of merit was 0.701
at 2.5A resolution. The electron density map was

improved by solvent-flattening method.
The structure model of isoamylase was budt against

the electron density map at 2.5A resolution using
QUANTA/X-AUTOFIT. The model consisting of 6,143
atoms in the protein and 407 water oxygens was refined
at 2.2A resolution by using the program X-PLOR. The

crystallographic R-factor for the model was converged to
0.161 for 50,452 unique reflections.

Results

The structure of isoamylase is divided into three
domains. There are 7 anti-parallel p-strands in the N-
terminal domain containing 160 residues. Second
domain including 470 residues has 8-stranded parallel
p-barrel which is similar to (p/a)8 barrel but only 7 a-
helices are found around the barrel. The barrel forms

the bottom of the cleft in the middle of this domain. The

conserved amino acid residues are found at the bottom

of the cleft. In the C-terminal domain which is

composed of 120 residues, there is a 5 stranded anti-
parallel P-sheet.

We would Hke to thank Dr.N.Watanabe and

Dr.M.Suzuki for their kind help in data collection.

Fig.l. Ca-trace structure of PseudomonasisoaxrojXase.
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Introduction

Temperature jump coupled with the
Laue diffraction method has been

postulated to analyze crystal structures
at a high temperature in a short time
period. This method may permit an
opportunity of collection of
diffraction data prior to destruction of
crystal lattice. Rapid increase of
crystal temperature was achieved by a
laser impact with an infrared-ray
irradiation.

Experimental
The first applications of temperature
jump experiments were applied on the
structure analysis of 3-isopropylmalate
dehydrogenase that isolated from a
thermophile D.The temperature jump
device has been developed by a
cooperation between Rigaku Co. Ltd.
and us. The diffraction experiments in
a mode of temperature jump coupled
with the Laue method were performed
at Beam Line 18B of Photon Factory
at Institute of High Energy Physics in
Tsukuba, Japan. A crystal was
mounted as a usual manner then laser

was input for a period of time and
white ray was incident by an
automated and/or manually linked
temperature jump controller. The
exposure time was 10 mS. The
collected diffraction images on large
imagine plates, 400 mm x 800 mm,

were processed by the in PF-in-house
programs including index, intlaue,
Ipcor, and lauenorm. The process had
been done up to 2.25 Angstrom
resolution over the wavelength range
between 0.80 and 2.40 A. The

processed data gave R factor, Imean
from all measurements for the

reflection, at 0.113 in the both data set.
Results

The structure of 3-isopropylmalate
dehydrogenase was directly refined
using theintact and t-jump iLaue data,
those refinements gave
crystallographic R factor of 0.20 and
0.19, respectively. The temperature
factors for the intact and t-jump
structures were 24 A^. The structural

r.m.s.d was 0.88 Angstrom and the
major differences were found in
surface-hydrophilic residues.

Table. Required heat in T-jump experiment.

Items Lysozyme IPMDH Myoglobin

R-heat/xlO-5j 7.5
E-CLat/K 328

R-heat, Calculated required heat to break
molecule-molecule interaction. E-CLaT,
Experimental Critical Lattice Temperature
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Introduction

The macrophage migration inhibitory factor (MIF) was
originally identified as a cytokine, derived from T
-lymphocytes to prevent the mobilization of guinea-pig
macrophages in vitro. Further investigation revealed that
MIF is secreted from the pituitary and macrophages by
lipopolysaccharide (LPS) stimulation, and counter-
regulates the immunosuppressive effects of glucocorticoid
to act as a critical component of the immunity system.
Many other properties of MIF, besides its property as an
immunoregulatory protein, have also been found. MIF
exists not only in immune cells, but also in other cell
types such as chicken differentiating cells of the eye lens,
mouse 3T3 fibroblastic cells and rat liver cells.

Structure determination of MIF from rat liver

The monomers of MIF consist of 114 amino acid

residues and its molecular weight is 12,300Da. Crystals
of rat liver MIF were grown by hanging drop vapor
diffusion at 18°C with 1.6M ammonium sulphate
buffered with O.IM MES (pH6.5) and 10% dioxane. The
crystal belongs to P63 with unit cell dimensions of
a=b-6\.Z, c=53.4A. The three-dimensional crystal
structure of MIF from rat liver was determined at 2.2A

resolution". The structure was solved by the multi-
wavelength anomalous diffraction method using the
selenomethionyl protein and refined to the
crystallographic R-factor of 0.197. 103 of 114 amino
acid residues (1-103) could be identified during the
refinement, but remaining 11 residues (104-114) could
not be identified because this region is completely
disordered. The monomer consists of two p/a/p motifs
aligned in quasi two-fold symmetry, comprising a domain
consisting a four-stranded mixed P-sheet and two

Schematic presentation of human MIF monomer

antiparallel a-helices. In crystal, the MIF molecule
exists as a trimer, and an extra p-strand that is almost
perpendicular to the other P-strandsjoins to the p-sheet of
the neighbouring monomer in the trimer.

Structure of MIF from human Ivmphocvte
Human MIF is composed of 114 amino acid residues and
has 90% amino acid sequence homology to the rat MIF.
Crystals of human MIF were grown by hanging-drop
vapor diffusion at 18°C with 2.1M ammonium sulfate
buffered with lOOmM Tris-HCl (pH 8.5). The
orthorhombic crystal form was used. The space group of
this crystal form is P2i2,2, with unit cell parameters
a=68.4, i?=68.8, c=86.8A, and the crystal contains one
trimer in an asymmetric unit. The crystal structure of
human MIF was solve by molecular replacement using
the refined coordinate of rat MIF, and the structure was
refined at2.1Ato the crystallographic J?-factor of0.224 '̂.
All amino acid residues of a molecule could be identified

during the refinement. The extra C-terminal region (104-
114) forms P-strands and Joins to the P-sheet of the other
neighbouring subunit in the trimer. Thus, the trimer
structure consists of three seven-stranded p-sheets
surrounded by six a-helices. We call this structure a
trimeric P-cage. The architecture is almost identical to 5-
carboxymethyl-2-hydroxymuconate isomerase (CHMI)
and is related to the E. coli signal transducing protein P,j.
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Introduction

It has been suggested that N6-methoxy-
lation on adenine moiety of DNA causes
mutagenesis[l]. This may be ascribed to that the
methoxylated adenine can form a base pair not
only with thymine but also with cytosine,
because the adenine derivative is possible to have
two toutomers between amino and imino types
with anti or syn conformation around the N6-C6
bond[2]. In order to reveal the base pairing
mode, we have been engaged in x-ray analysis of
DNA dodecamer with the sequence of d(CGCG
XATCCGCG) containing N6-methoxyadenine at
the position X.

Experimental

Crystals with about 0.05x0.05x0.10mm in
size were obtained by the hanging vapour
diffusion method. X-ray experiments were
carried out at BL-18B beam line with the Sakabe's

Weissenberg camera. For higher resolution, the
DNA dodecamer was synthesized again. As
larger crystals with about 0.20x0.20x0. SOmm in
size were obtained, x-ray data were taken on a

RIGAKU R-AXIS Uc with CuKa radiation.

Results and Discussion

The first crystal (Form I) belongs to a
space group P2i2i2i with cell dimensions of a=
25.1, b=40.6, c=66.5A. 4959 reflection spots
recorded on imaging plates were indexed and
their intensities were integrated by the program
DENZO. They were scaled on a common scale
and merged into 1297 independent reflections
with the program SCALA in CCP4. Rmeige IS 9. 6
%and the completeness within 3.oA resolution is
86.4%. The cell parameters of the second crystal

(Form II) were shrunk by about 4% to be a=
24.2, b=39.0 and c=64.2A (Form II) from the
first crystal of Form I, keeping the same space
group. The diffraction patterns were also
changed from those of Form I, suggesting the
structural difference. During the course of data
collection it has been found that this crystal is
changed from Form II to Form I depending on
atmosphere. Intensities of 5662 reflection spots
of Form II were measured. 1356 independent
reflections with the completeness of 80.6%
within 2.8A resolution and with Rmeige of 9.8%
were obtained. To estimate the initial phases, the
molecular replacement method was applied with
the program AMoRe using the structure of DNA
dodecamer d(CGCGAATTCGCG) [3] as a
probe. The structure was constructed and
modified on a computer graphic workstation by
referring omit maps at each nucleotide residue.
The atomic parameters were refined with the
program X-PLOR. The final R-factor is 17.5%
and R&ee is 22.1%. The present analysis revealed
that the DNA dodecamers are formed double

helix structures with B form conformation and
that the N6-methoxyadenine takes a imino form
and interacts with cytosine to form a Watson-
Crick type base pairing.
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Introduction

PH04 is one of the regulatory proteins
indispensable for transcription of the several
genes in phosphatase (PHO) system of the
yeast Saccharomyces cerevisiae is The PH04
protein consists of 312 amino acid residues and
the C-terminal region is a DNA binding domain
composed of a basic (b) region, followed
successively by a helix-Ioop-helix (HUH) motif.
The consensus DNA sequence targeted by
several bHLH proteins is reported to be 5'-
CANNTG-3' element known as the E-box.
PH04 can bind as a homodimer to its upstream
activation sites (UASs) containing an E-box
motif in the promoter regions of PH05 etc genes
via the bHLH motif. Ogawa et al. determined the
UAS sequences of several genes and proposed
consensus sequences of PH04 binding sites
containing their flanking bases. Hence,
important questions remain in regard to the
bHLH proteins, though some three-dimensional
structures of bHLH and bHLH/Zip domain-
DNA complexes have provided valuable
information. It is of especial interest whether the
recognition of bases on the flanking side of the
E-box occurs in the PH04 protein. Here, we
have determined the three-dimensional structure
of a complex of the bHLH domain of the PH04
protein with DNA by X-ray crystallography.

Data collection and structure determination

The crystal belongs to the orthorhombic space
group P2i2i2i, with unit cell dimensions a =
53.51 k, b = 68.30 A, and c = 108.77 A.
Assuming one protein dimer-DNA complex in
the asymmetric unit, the packing density (Vm) of
the crystal is evaluated to be 4.2 Da/A\ which
indicates that the solvent content is quite high
(71%)(Toumoto , 1997). Diffraction data
were collected to 2.8 A, using a Weissenberg
camera for macromolecules installed on the beam
line 18B at the Photon Factory (Tsukuba,
Japan). The wavelength was set to 1.00 A and
the diffraction path was filled with helium gas to
avoid air scattering. The data were processed
by the program WEIS. A total of 36943
measurements were merged to obtain 9398
unique reflections which constitute 92.0%.

The R-merge value based on intensity data was
8.70%. The heavy atom sites in the crystals were
located by difference Patterson methods. All
calculations were performed using programs
from the CCP4 program package. Phases for the
last MIR map had a mean figure-of-merit of 0.40
for data from 12-3.5 A resolution. The phases
were improved by the program DM. A model
was built into the map using the program O. All
crystallographic refinement was carried out using
the X-PLOR package, version 3.1. After several
rounds of refinement and manual rebuilding, the
crystallographic R factor of the final model was
23.0 %(free R: 28.2%).The stereochemical
quality of the model was monitored using
PROCHECK and DNA conformation was

analyzed using the program NEWHEL93.

Results

The crystal structure of a DNA-binding domain
of PH04 complexed with DNA revealed that the
domain folds into a basic-helix-loop-helix
(bHLH) motif with a long but compact loop that
contains a short a-helical segment. This helical
structure positions a tryptophane residue into an
aromatic cluster so as to make the loop compact.
PH04 binds to DNA as a homodimer with direct

reading of the core E-box sequence CACGTG
but also of its 3'-flanking bases. The 3'-
flanking bases GG are recognized by Arg2 and
His5. The residues involved in the E-Box
recognition are His5, Glu9, and ArgI3, as
already reported for bHLH/Zip proteins MAX
and USF, and are different from those by bHLH
proteins MyoD and E47, though PH04 is one of
the bHLH proteins.
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Introduction

The tolerance of proteins against the
heat is sometimes critical in the

biological system. It is because the
heat tolerance of protein determines
the functional limitation of the

organism. The process of the
denatiiration of protein by the heat has
been studied by many methods
including circular dichrolism and
spectroscopic methods. The DSC
method is one of the important method
to follow the denaruration process by
measuring the absorption of the heat.
However, until now, the denature
process had not been elucidated by the

Table. Refinements of IPMDH structure.

Items Native T-jump

P3221
a=b=78.4

c=156.5
0.85-2.35
0.09

P3221
a=b=78.4

c=156.4
0.85-2.35

0.11

0.05

6.0-2.7 6.0-2.7
12,415 12,532
55% 55%
0.19 0.19

Data collection

Space group
Cell constants/A

Wave length/A
Rm
Rdf
Refinement

Resolution /A
Used reflections

Completeness
R

Stmcture

<B> (max/min)

rmsd Ca (dl/d2)

21.8
(9.6/43)

20.8
(10.7/43.9)
0.21 (0.23/0.17)

atomic level. It is because the major
method to analyze the 3D-structure
NMR and X-ray crystallography, take
a long time to measure the necessary
data. Recently, Laue photography has
been enable us to do the time resolve

experiment with using synchrotron
radiation.

Experimental
A crystal of isopropylmalate
dehydrogenase was mounted in a thin
glass capillary and the laser irradiation
was done simultaneously addition of
white X-ray at BL-18 in Photon
Factory. The raw images were
digitized by RAISX-LIP then
processed by the in house program.

Results

1. Batch type Temperature Jump -
Laue method has been developed.
2. In IPMDH, the outer domain is the
more sensitive than inner domain upon
T-Jump. The present result explains
the two step denaturation of IPMDH
that observed by the Difference
Scanning Calorimetory method.
3. To see the more detailed 'per se'
structure of proteins, the more small
period of the sampling is requested.
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In molecular solids, the intramolecular bonding
force is much stronger than the intermolecular one.
This results in a wide variety of changes in their
structures and physical properties under pressure. Tin
tetraiodide, Snl^, forms a tetrahedral molecule. At
ambient pressure and temperature Snl^ crystallizes
in a cubic lattice with space group PcB. Riggleman
and Drickamer (1963) first reported a remarkable
decrease in electrical resistance above 7 GPa. An

x-ray diffraction study by Fujii et a/. (1985) revealed
that Snl^ gradually transformed into amorphous state
between 10 and 20 GPa. Since then Snl^ has been
known to have the amorphous-metallic state at high
pressure and has been the subject of extensive
investigations.

In this study, we have carried out powder x-ray
diffraction experiments with the aim of studying the
amorphization process, stability of the amorphous
state and whether Snl^ undergoes pressure-induced
molecular dissociation or not. All experiments were
carried out using a synchrotron radiation x-ray in
combination with an imaging plate, high sensitive
x-ray two-dimensional detector, A diamond anvil cell
was used to generate high pressures up to 153 GPa
at room temperature. Eventually we have found that
Snl^ exhibits high-pressure structural sequence,
crystalline phase 1 {Pd3) - crystalline phase II -
amorphous state - crystalline phase III.

Since the amorphization was previously believed
to take place in phase I, we paid special attention to
the movements of atoms in this phase. The results of
Rietveld analysis show that Snl^ molecules are rigid
and the most of the volume contraction results from

a shrinkage in intermolecular distance. This may be
regarded as a normal behavior of molecular crystals.
Thus we find no precursor of the structural
disordering. Phase I transformed to a new crystalline
phase II at 7.2 GPa. Comparing this transition pressure
with the pressure where the electrical resistance begins
to decrease, we conclude that the phase I - phase II
transition corresponds to an insulator-to-metal
transition.

The metallic phase II transformed gradually into
amorphous state. Crystallization to the another new
phase 111 took place at 61 GPa. The observed
diffraction pattern is indexed with the fee structure.
Since the nearest atomic distance measured in this

phase is much shorter than that in the molecular
crystalline phase, the tetrahedral SnU molecules must
break up in phase 111. This is the first example of
pressure-induced molecular dissociation in

polyhedral molecular solids. Phase 111 was found to
be stable up to 153 GPa. Its compression curve
coincides with that of the fcc-l2, as shown in Fig. 1.
Upon releasing pressure, phase HI transformed into
the amorphous state at 30 GPa. Then, it recovered to
the original crystalline structure composed of
tetrahedral molecules at 0.3 GPa. In one experiment,
the amorphous state was re-compressed from 2.3 GPa
after the pressure was decreased from 27 GPa. Two
discontinuous changes in halo position as well as its
width were observed. These facts suggest the
occurrence of structural changes in the amorphous
state. Thus three amorphous states can be recognized.
Those changes take place at almost the same pressures
as the transition pressures of crystalline phases,
indicating that the stabilities of amorphous states are
correlated with those of crystalline phases.

The observed fee diffraction pattern of phase III
can be explained by three crystal structures; (1) phase
separation into 1^ and Sn or and Snl^, (2) full
disorder model that both iodine and tin ions are

randomly located at the fcc-sites, (3) partial disorder
model. Iodine ions are located at the ideal fcc-sites

and tin ions randomly occupy interstitial sites in the
fee lattice. In order to obtain reliable intensity data
of phase III, further x-ray diffraction measurement
is in progress.

I

\

PRESSURE (GPa)

Figure 1. Compression data for Snl^ andL. Thesolid
circle denotes the volume of Snl^-phase III (present
work) and opencircle fcc-^ (Reichlin et ai, 1994).
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Introduction

It is known that Csl is an isoelectronic compound
with Xe which undergo insulator-to-metal transition under
high pressure more than 130 GPa. At atmospheric pressure,
most of alkaline halides has a NaCl-type structure (Bl)
which subsequently change to a CsCl-type (B2) structure
under high pressure. On the other hand, Csl has the B2
structure even at ambient pressure. Therefore, the pressure-
induced phase transition of Csl is important to investigation
of a post B2 phase. Several x-ray diffraction experiments
of Csl under high pressure using a diamond anvil cell
have been carried out in 1980's"'^'. However, the nature
of the transition and the structure still have some uncertainty
because the diffraction pattern is extremely broad with
increasing pressure. To reduce the peak width, we tried
to heat the sample under high pressure using a laser.

Experimental

A diamond anvil cell was employed for high pressure
experiments around 100 GPa. Powdered sample of Csl
(99.9 %) was placed in the stainless gasket hole (0.07
mm(|)) without a pressure transmitting medium. To heat
the sample under high pressure, we use a Nd:YLF laser
(cw, 27W). Accompanying with the metallization around
40 GPa, the absorption coefficient of the sample is increased
at the laser wavelength (1.053 nm). The laser was focussed
to the sample and scanned at intervals of 10 jam for 20
minutes. After heating experiments, high resolution angle
dispersive X-ray diffraction experiments were carried out
using synchrotron radiation from the bending magnet on
beam line 18c at PF in KEK. The X-ray was
monochoromatized to the wavelength of 0.62 A (20 keV)
and was collimated to a thin beam of 40 |im in diameter.
Diffracted X-ray was detected by an imaging plate. The
exposure time of each run was 40 minutes. The diffraction
data were collected in the pressure range between 27 GPa
and 108 GPa. No chemical reaction in the heated sample
was confirmed by the diffraction pattern obtained at latm.

Results and discussion

Typical diffraction patterns before and after heating
under high pressure are indicated in Fig. 1. It is found that
FWHM of the peaks after heating quite small as compared
with that of before heating. Furthermore, the multiple
peak located around 14 degree split into five peaks after
heating. This suggest that the high pressure phase has a
lower symmetry than a tetragonal phase as suggested by
Knittle and Jeanloz (1985). D-values are plotted as a
function of pressure in Fig. 2. The structural change from

CsCl-type to the lower symmetry phase occur around 43
GPa. The narrow pressure range of the transition does
not support a sluggish second order transition concluded
by Mao ct al. (1990) on the basis of their experiments at
room temperature. We survey the possible index as the
high pressure phase using a program DICVOL 91 '̂. As a
result, the index as a orthorhombic structure, which was

proposed by Mao et al. (1990), is only acceptable for the
present d-values. Further analysis using Rietvelt method
will be expected in the future work.

After heating

Before heating

5 10 15 20 25 30

20/ degree (k=0.6200A )
Fig. 1 X-ray diffraction pattern of Csl before heating and
after heating at 58.8 GPa.

j a • ..

" 15 118 i • «
• • i 15 i : :
* • • • • •! I * • •

Pressure I GPa

Fig. 2 Observed d-values with pressure variation.
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•Introduction

Superconductivity of alkali metal intercalated
Cfto has attracted considerable interest due to their
high Tc reaching 33K at ambient pressure. In A^Cf^
compounds, (A=alkali metals) Tc increases with the
lattice parameter. Motivated by this empirical rule,
efforts in synthesis of fullerides with large lattice
parameters have been made. Intercalation of
neutral ammonia molecules is a good means to
expand the lattice keeping the valence state at Cgo '̂.
Figure 1 shows the relation between Tc and volume
per C^o- Small black and white dots represents the
conventional alkali metal Qo fullerides, most of
which follow a positive correlation between Tc and
the volume per Qo- Tfiangles and squares are
ammoniated alkali fullerides. (NH,)4Na2CsC6o falls
on the conventional line, indicating that the
ammoniation is not fatal for superconductivity.
Another interesting example is (NH^O.NaKzCgo and
(NH3)^NaRb2C6o. where we can tune the lattice
parameter by the concentration of ammonia. Tc is
dramatically lower than that of the conventional
group. Of particular interest is that Tc decreases
with increasing the lattice parameter. To search for
the reason for this anomalous correlation, we have
investigated the low temperature structure of
{NH3).NaA2C^.

Experimental

The samples of (NH3),N^2C6o were synthesized
from recrystallization from liquid ammonia
solution, in which stoichiometric mixture of alkali
metals and 0^ molecules are dissolved. Ammonia
molecules remain inside the crystals. The low
temerature powder diffractograms were collected
by a curved imaging plate combined with a He
closed-cycle cryostat equiped at the BL-18C,
Photon Factory.

Results

The diffraction patterns of (NH3)^NaK2C6o (x=0.67)
at room temperature and 35K are shown in Fig. 1.
Both patterns can be indexed as single phase fee
with the cell parameter of 14.336A and 14.252A,
respectively. Absence of structural change is in a
sharp contrast with NHjKjCso- Since the
temperature dependence of lattice parameter for

(NH3),NaK2C6o was comparable to that of standard
KjCfiO' the anomalously low Tc can not be attributed
to the lattice parameters. These result indicates that
the anomalous relation between Tc and the lattice

parameter in (NH3),NaA2C6o appears even in the
conventional fee structure. In other words, the Tc of
this group of materials is scaled not only by the
lattice parameter, but also by another hidden
parameter. Rietveld analysis suggests that the only
difference in crystal structure between the
conventional and low Tc compounds is the position
of the octahedral cations: In the low Tc materials,
the cations are off-centered in the octahedral site,
while all the cations are at the high symmetry
positions in the conventional materials.

40, 1

(NH3)4Na2aC6

(NH3)^aK2C«,

(NH3),NaRb2C6o

(NH3)K3C«,
/

Pc c CNH3)6Na3C6o

650 ' '700 75^ m 850 900

Volume/Cffl (A^)
Fig. 1 Relation between Tc and volume per Qo for
conventional and ammoniated iAjCgo compounds.

(NH3)o.67NaK2C6o

300K

10 20 30 40 50

20 (degree)
Fig. 2 Powder diffraction patterns (A=1.iA) for
(NHjl.NaKjCfto at 300K and 35K.
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Introduction iuvi111^ IW/
The endohedral metaliofullerene La@C82 is avery interesting \ ^

material because of its novel molecular structure. However, the

position of La atom in the Rugby ball shaped C82 cage has not \ ^ \ /
been determined so far because of the small amount of the ^
sample, although it gives an important information to discuss ^ ( (£
their physical properties. We succeeded in determining the IC?'
position of La atom by using an anomalous scattering effect of

Experimental Procedure

XRD were performed for solvent free La@C82 powder crystals J \ \
(lOpg) using MPD system at BL18c. The incident beam was

monochromatized and collimated to 0.2mm in diameter and the \ (23 /
scattering from sample was detected by a round type imaging f
plate. The experiments were performed at two wavelength, I
X^=2.2616A and ^b=2.2740A near an absorption edge of La r~^
(L„r, ^2.2610A). By an anomalous scattering effect of La, at —
scattering from La is selectively reduced much more than at

resulting the different XRD pattern between them. So taking a

difference between the these two spectra, we extract the form

factor of La and obtained the electron density map of only La

atom by Fourier synthesis. In addition to this we can also

determine the phase of form factor and the total electron density.

Results and Discussion

La@C8 2 form a crystal structure of fee lattice (3^=15.78 A) and
Fig. la and Fig. lb show our result of the electron distribution of h

La atom and total electron distribution respectively at the cross ^

section of (001) plane. In Fig. lb we can see the electrons

distribute as concentric rings, the inner ring and the outer ring

correspond to the distribution of La andC82 respectively, which

clearly indicates the La atom is inside the cage. The density of La > i i

atom is high at four equivalent positions of <100> direction with [100] {001)plane
respect to the C82 center (in three dimensions six equivalent Fig. 1 (a) electron density distributions of La atoms in

positions) and the La atom takes one of these positions La@C82 crystal, (b) total electron density distributions

randomly (merohedral disorder). Also for the C82 cage the long ofLa@C82.

axis orients along <1I1> or its equivalents and merohedral v

disorder occurs. This situation is reflected in Fig. lb, where the

four equivalent position is expressed as high denisty resulting X\\^
from the overlap of cages orienting equivallent directions. With /
refined analysis of the XRD intensity by model calculation,

molecular structure is determined as Fig. 2 in which La atom I nf<
locates off cage center by 1.9Aand is shifted from both long and electric dipole^\ 2 yf
short axis. For the reason why molecules take such orientation, \ 2s,. f
especially about La atom position, we can explain by an electric 2 ŷ
dipole (ED) model. Since the electrons are transfered to the C82 ® \
cage from La atom, alarge ED moment is induced. If we consider / La^"*" j
the interaction between two ED pair at the nearest neighbor, the i J
configuration shown in Fig. 2 is a most stable one. This V*

configuration is consistent with the result of Fourier thynthesis. cage
It is one of the remarkable feaure of endohedral metallofulleren [^00]
crystal different from "empty" fulleren that molecular orientation Fig. 2 Molecular structure model of La@C82, view along [(
depends on interaction between EDs. direction.

Cg2cage

electric dipole

C82 cage

Fig. 2 Molecular structure model of La@C82, view along [001]

direction.
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Introduction

The superconducting transition temperature (Tc) of
AaCeo (A is an alkali atom) with the fee lattice has a
well-known relationship with the lattice constantt^^f^I
The lattice constant is controlled by the substitution of
alkali cations or the application of high pressure. Am
monia intercalation into AgCeo causes the lattice ex
pansion with no influence to the tri-oxidation state of

Ceo, but the behavior of Tc is more complicated^^lWls).
In the case of (NH3)a,NaA2C6o (0.45< x <1.11,
A=K,Rb) which has the fee cell, dT^/da. is negative,
when the lattice constant is changed by the ammonia
intercalation, which is in contrast to the relation de
scribed above^^^. To understand this feature, it is very
important to know the behavior of Tc when the lattice
constant is reduced by applying pressure.

Experimental

The samples were synthesized by the liquid am
monia method^®^ and the ammonia concentration was
determined by and NMR. The high pres
sure measurements were made by putting the crystals
into a diamond anvil cell with mineral oil as pressure
medium. Powder x-ray diffraction measurements were
performed at BL-18C, Photon Factory, KEK. Syn
chrotron radiation x-rays were monochromatized to
thewavelength 0.6198A with a Si(lll) monochromator
and collimated to 0.2mm in diameter. The diffraction

spectra were detected by an imaging plate. Tc was
determined from the ac susceptibility measurement.

Results and Discussion

Almost all the diffraction peaks are indexed and the
lattice constant is determined by assuming an fee unit
cell. Above IGPa, we observed a weak peak which can
not be indexed by the fee cell, but it is still uncertain
weather the structural phase transition exists or not.

The compressibilities calculated from the data be
low 1.5GPa are summarized in Tab. 1. There is no

significant difference in the compressibility between

(NH3)2,NaA2C6o a-nd AaCeo- The relation between Tc
and lattice constant is shown in Fig. 1. 5Tc/5a is
much smaller than the case in which the lattice con

stant is changed by x. Moreover the crystal structure
analysis by the Rietveld method shows no significant
structural change when applying pressure. The pres
sure effect to the crystal structure is considered only

to shrink the lattice. This result suggests that Tc is
not scaled by the lattice constant in the case of am-
moniated fullerides, in which more important factor
might exist. As is described in ref. 5, a possible factor
for Tc is the reduction of the local symmetry by the
ammoniation. In the case of A3C60, a very high sym
metry originated from the Ceo molecular form causes
the degeneracy of the LUMO band and a large den
sity of states at Fermi level, and consequently leads to
a higher Tc- For the superconductors based on Ceo,
the symmetry might be much more essential than the
lattice expansion to achieve higher Tc compounds.

Tab. 1 Compressibility and lattice constant at am
bient pressure (ao).

sample I x10~^GPa"^) j ao{A)
(NH3)i,iiNaK2C6o 1.35±0.01 14.412

{NH3)o.45NaRb2C6o 1.12±0.05 14.488
(NHaji.oTNaRbaCeo 1.24±0.03 14.531

KsCeo^^^ 1.20±0.09 14.24
RbsCeo^^J I 1.52±0.Q9 | 14.43

a'o(A)
14.412

14.488

14.531

14.24

14.43

° (NH3)o.45NaRb2C6o

(NH3)|,]iNaRb2C6o

(NH3)i_o7NaK2C6o

13.8 13.9 14.0 14.1 14,2 14.3 14.4 14.5 14.6
a(A)

Fig. 1 The plots of Tc vs. lattice constant (a). Filled
triangles show the data in this experiment. Open cir
cles and open squares are respectively the plots for

AaCeo^^^ and (NH3)a;NaA2C6o when the lattice con
stant is changed by the ammonia concentration .
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Introduction

On the basis of Rb K-edge XAFS, we recently studied the
mean-square displacements, <u^>, between the tetrahedral site
(t-site) Rb" ion and the nearest neighboring C atoms, and
between the octahedral site (o-site) Rb" ion and the C atoms in
superconducting RbjC^g, RbjCsCgQ and KjRbCgg.'"'' The value
of <u^> for the o-site Rb-C and its temperaturedependence were
larger than those for the t-site Rb-C. Furthermore, the increase
in <u^> for the t-site Rb-C was observed around their
superconducting critical temperature, T^. Oi the other hand, no
anomalous temperature dependence of <u^> was observed in
non-superconducting RbgCgg.''̂ ^ In the present study, we have
studied the temperature dependence of lattice constant and <u^>
for each atom in K2RbCgo and RbgCjo by X-ray powder
diffraction to obtain the structural information at low temperature
and to confirm the increase in <u^> around for the fullerene
superconductor by a method other than XAFS.

Experimental

X-ray powder diffraction data were measured with
synchrotron X-ray radiation (A = 1.2000 A for KjRbC^o and
1.1000 Afor RbjCgg) at the BL-18C of the Photon Factory at
National Laboratory for High Energy Physics. The sample
temperature was regulated within ±0.1 K using a closed-cycle
He refrigerator (Cryodine 22C/350C). Structure parameters
were determined by Rietveld refinement withRIETAN-94. "Rb
NMR spectrum of KjRbC^g was measured at room temperature
using a Matec 5100 spectrometer with an Oxford 270WB
magnet.

Results and Discussion

1. Structure of K2RbCgo

AH X-ray diffraction patterns measured in temperature range
from 10.2 to 190.1 K could be indexed as a single phase with
the fee structure, (space group: Rm3m).'* In the Rietveld
refinements we assumed that Rb" ions occupy not only the o-site
but also the t-site. A satisfactory fit to the X-ray diffraction
pattern at 10.2 Kwas obtained (RL =0.050, R =0.036 and Rg
= 0.057). It has been found that 71% of Rb" ions occupy the o-
site and 29% occupy the t-site, being consistent with Ae result
obtained from "Rb NMR. The C-C bond lengths lie between
1.37 and 1.49 A.

The values of lattice constant, a, deviate around and 60 K
from the Griineisen relation. Though it is not clear whether these
deviations are meaningful or not, similar deviations have also
been observed around and 50 K for the a of RbgCgg. Debye
temperamre, 0^, was estimated to be 238 K.

The temperature dependence of <u^> for the o-site metal ion
(Figure 1) is more remarkable than tiiat for the C atoms and the
t-site metal ion, and the values of <m^> become larger in the
order of the t-site metal, C atoms and o-site metal. The larger

<u^>of the o-site metal originate from a larger space around the
o-site. Furthermore, The <u^> for each atom seems to increase
around T^.

2. Structure of RbgC^g

All X-ray diffraction patterns for Rb^C^g measured in
temperature range from 10.0 to 149.5 K can be indexed as a
single phase with the bcc structure (space group: Im 3).* '̂ This
result shows that in RbgC^o no structural phase transition occurs
in the temperature range from 10.0 to 149.5 K. Good fit to the
X-ray diffraction pattem at 10.0 K was obtained (R = 0.065,
Rp = 0.051 and Rg = 0.061). The C-C bond length was
estimated to be 1.44 A, which is consistent with the molecular
radius of3.49 Afor C^q-

The a values at low temperatures deviate from the Debye
curve (0(3 = 284 K). The reason for the deviation cannot be
clarified at present.

The <«^> for the C atoms and Rb" ion show small
temperature dependence, and the anomalous increase of <«">
around for fte atoms at respective sites were not observed.
These results are in contrast to those in superconducting
K,RbC,,.

s ^ v.vo

A 0.06

V 0.04

0.0 50.0 100.0 150.0 200.C

T/K

Figure 1. Temperature dependence of <u for the o-site metal
ions in KjRbCgg.
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The Bi2Sr2CaCu20g^5 superconductor (Bi-
2212) has a quasi-tetragonal structure and
exhibits highly anisotropic electronic properties
in the ab plane and along the c-axis in both
normal and superconducting states. The
structural anisotropy may lead to the electron
transport anisotropy. It is reported that the
iodine can intercalate epitaxially into Bi-2212,
yielding a new stage-1 compound of I-Bi-2212,
which leads to expansion along the c-axis by
0.36 nm for each BiO bilayers and the decrease
of 7, by 10 K.

lire pressure dependence of Hall coefficients
and 7g for as-grown and stage-1
Bi22Sri 3CaCu20g^5 (Bi-2'2'12) have been
previously measured, where the coefficients
linearly decreased with pressure for both
crystals, while the negative derivatives for iodine
intercalated crystals had the values twice as large
as pristine crystals. In this study, we examine
the relationship between the negative derivatives
of the Hall coefficients and iodine intercalation.

Exnerimental

In order to reduce the strong background
caused by iodine fluorescent X-rays,
synchrotron radiation experiments have been
performed by the angle dispersive method at the
BL-18C station on July, 1996. The storage ring
was operated at 2.5 GeV and 370-250 mA, and
the X-rays with E = 18 keV was selected by an
Si(lll) double-crystal monochromator.

The as-grown single crystals were prepared
by the traveling solvent floating zone method, of
which the chemical compositions were
determined by the inductive coupled plasma. A
part of oxygen-annealed sample was intercalated
by the gas-diffusion method at 180 °C for 5
days. The compressibility was measured in a
diamond-anvil pressure cell up to 9 GPa. The
crushed powder crystals were put into a hole of

0.2 mm in the gasket with the pressure
transmitting fluid of methanol-ethanol 4:1.

Results and discussion

Compressibility measurements were carried
out for both Bi-2'2'12 and I-Bi-2'2'12 crystals.
Figure 1 shows the profiles of intensity versus
<i-values under various pressures. The sharp
peak dXd= 0.24 nm is from the gasket and four
peaks above 0.24 nm are intrinsic, indexed as
007, 008, 112 and 003. The values of bulk
modulus are 68.6 and 48.2 GPa for Bi-2'2'12
and I-Bi-2'2'12, respectively.

The 6RJ6P value for oxygen-annealed
crystal, -0.06 x 10"^ cm^C"^GPa'\ was one third
for the as-grown crystal. The value for loj-Bi-
2'2'12 was -0.39 x 10"^ cm^C^GPa"', having a
similar value for I-Bi-2'2'12. The negative
d/?H/dP value may concern with the deposition of
iodine molecular state under pressure. The of
oxygen-annealed Bi-2'2'12 increases with the
pressure in a parabolic function up to 1.5 GPa.
The maximum was simulated as 88 K at P =
4.1 GPa by using the Gupta model.

0.20 0.30

036 Gpa.
1.40 Gpa
1.62 Gpa

2.72 Gpa
3.20 Gpa
3.84 Gpa
4J1 Gpa
5.15 Gpa

0.01 Gpa J L. ' ^

{released from 9.0 GPa)

0.40 0.50

d(nm}

Fig. 1, Angle-dispersiveX-ray diffraction profiles for I-
Bi-2'2' 12 at various pressures.
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Introduction

Recently, Isobe and Ueda^^ successfully syn
thesized a high-quality inorganic compound,

Q'-NaV205, and discovered a spin-Peierls be
havior in its magnetic susceptibility. Our X-

ray and neutron scattering experiments have

demonstrated the lattice dimerization and the

spin-gap formation below Tsp=36K^h

Experimental

The Q:'-NaV205 sample was provided by
Isobe and Ueda who grew by the same method

as before^\ X-ray scattering experiments were
carried out at BL-4C and BL-18C. A diamond

anvil-cell was used for high pressure experi

ments.

Results and Discussion

a'-NaV205 has an orthorhombic structure
(space group C^v-PSimn; a=11.318, b=3.611,
c=4.797 A at room temperature) with 1-D
magnetic ^^"^"^(8=5) chains along the b axis.
We have made precise measurements of pres

sure effect on its crystal lattice.

Pressure dependence of lattice constants

normalized at room pressure is displayed in

the figure(T=RT). Upon compression, the c-
axis contracts remarkably while the a- and b-

axes increase anomalously. Furthermore, we

discovered that this crystal undergoes a struc

tural phase transition at about 13GPa, where

all lattice constants tend to change compress

ibility and new superlattice reflections emerge.

5:. 0.90
-a

v.-

Pressure(GPa)
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Layered silicates such as vermiculite and i

artificial fluor-tetrasilicic mica can be intercalated

with alkali metals by vapor transport [1]. For in- J ^ doped venmcuute(airexposed)|
stance, vermiculite, originally transparent, be- ^ ^
comes metallic silver, and the conductivity in- | I Rb doped veimicuiite
creases drastically upon intercalation. The tern- I V I A I 1 1
perature dependence of conductivity indicates that ^
the electrical conduction is activation-type and can ^ I I cauon exchanged vennicuiitc
be approximated with

a=aoexp(-^)
where E « 0.1 eV and Oq depends on the amount

of intercalants in the sample. It is noted that the

system is highlyanisotropic(possiblya playground

for the two-dimensional physics) and can be con

trolled by a degree of intercalation and a kind of

intercalants.

Synchrotron x-ray diffraction experiments

were conducted on alkali-metal cation-exchanged

and intercalatedsamples at room temperature.Fig

ure 1 shows diffraction patterns taken from ver

miculite. It is noticed from the figure that the

(00 ^ ) Bragg peak positions shifted slightly but

definitely upon intercalation. The c-axis lattice

constant of Rb cation-exchanged vermiculite can

be estimated to be 10.51 A from the out-of-plane

(001) peakat Q = 0.6A"', whereas thatof Rbdoped

vermiculite is estimated to be 10.25 A. The

"shrinkage" of the lattice upon Rb and K interca

lation was also confirmed by neutron-diffraction

experiments [2]. When Na vermiculite was exam

ined, however, the c-axis lattice expanded from

Rb doped vermiculite

Rb cation-exchanged venniculite

Q(A-i)

Figure}. X-ray diffraction patterns taken from vermiculite.

9.91 A to 10.19A upon Na-atom intercalation. We

do not understand the intercalant dependence of

the c-axis constant at this time, but suspect that it

might be related to charge transfer, intercalant sizes

or residual interlamellar water molecules if any.

Artificial fluor-tetrasilicic mica was also

found to change its structure by intercalation. In-

plane superlattice diffraction patterns (also seen

from Rb vermiculite; see Fig.1) became more com

plex upon intercalation. We are in the process of

performing detailed Rietveld analyses on the dif

fraction patterns taken from those samples to

clarify the in-plane intercalant structure and the

effects of charge transfer to the host-layer struc

ture.
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Introduction

Crystals of Hexa-ammine Metal complexes are
commonly known to have disordered structures due to
the rotational motions of the ammonia molecules at
room temperature. It was suggested that the freezing of
the motions triggers the phase transitions which occur
in all hexa-ammine metal compounds^^. All compounds
belong to space group FmSm at room temperature.
However, information of the space groups of the low
temperature phases are seldom found in literature
because of the difficulty in obtaining good single crystals
in the low temperature phase.
In the present work, we measured the powder
diffraction pattern of Ru(NH3)6Cl2 in low temperature
phase.

Experimental
The powder of RufNHsleCb was put into a 0.3 mm^
capillary and it was sealed with silicon grease. All
procedures were carried out in a vinyl bag filled with
heHum gas. The measurements were performed with the
powder diffractometer at BL-18C. The X-ray wavelength
of I.IA was selected. The Tc of RuCNHslGCk
was estimated in our laboratory with a Powder
diffractometer by using Cu Ka radiation to be about 90 -
80K at cooling and 90 - 93K at heating.

Results
The powder patterns at room temperature and llK are
given in figure 1 (a) and (b) respectively. The lattice
constant at room temperature was determined from the
pattern to be a=10.0600(2). In the low temperature
phase, high angle peaks seriously overlap, which makes
difficult to determine space group or even crystal system.
We tried to determine crystal system. The lattice
parameters whose pattern fits best with the observed
one was triclinic. We, however, do not believe in this
result since a phase transition from cubic to triclinic
system is very unlikely. In order to determine the
crystal system, Much better quality of data is required.
We made data collections at several temperatures in the
cubic phase. The values of the lattice constant are
plotted in figure (2) with those for NilNHsleCb which
were measured in our laboratory. The thermal
expansion coefficient of Ru(NH3)6Cl2 is much smaller
than that of NifNHsleCh. Both plots show similar
character. The values of the lattice constant linearly
change from 300K to just above Tc.
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Figure 1. The powder pattern of Ru(NH3)6Cl2.

(a) At room temperature (cubic phase).
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Figure 2. Lattice constant (ratio to the value at 300 K)
vs temperature, plotted with that of Ni(NH3)6Cl2.
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Introduction
The ferromagnetic manganese pnictides MnAs, MnSb,
and MnBi are promising candidates for magnetic record
ing devices because of their large magneto-optical Kerr
effect.^ This holds even more since it has very recently
become possible to grow MnAs^ and MnSb^ as epitaxial
films of NiAs structure onto semiconductor substrates.

A thorough understanding of the electronic structure of
these materials is therefore highly desired. However, in
contrast to ferrimagnetic Mn2As, Mn2Sb and other mag
netic compounds of Cu2Sb structure, for which XPS and
resonant UPS data have recently been reported,^ pho
toemission data on the monopnictides is scarce, and for
MnSb has to our knowledge only valence-band XPS been
published®. Various models for the electronic structure
of MnSb have been suggested '̂®. The bandstructure cal
culations by Coehoorn et al.^ and Shirai® predict a large
Mn magnetic moment and strong interactions between
MnSd and SbSp states.

We want to verify these models experimentally. Ana
lysis of the spin in valence band photoemission is consi
dered essential in view of the complicated bandstructure
of MnSb.

Experimental procedure
MnSb(OOOl) films in the pm thickness range were grown
onto GaAs(lll) in an MBE chamber at JRCAT. The
samples were exposed to air during transport to the
beamline. The surfaces were re-prepared in situ by ion
bombardment and annealing until an intense and sharp
hexagonal LEED pattern became visible. Spin-resolved
photoemission measurements were done using light from
the revolver undulator beamline IQA'^ for excitation and
a 100 keV Mott detector® for spin analysis.

Spin-resolved data
Fig. 1 shows spin-resolved photoelectron spectra in
normal-emission geometry. The spectrum measured at
25.8 eV shows large differences between majority spin
(broad structure with shoulder at higher binding energy)
and minority spin (single peak) proving ferromagnetic or
der in the topmost surface atomic layers that are probed
here. For 25.8 eV and 38.2 eV photon energy we expect to
probe bulk initial states near the A and F points, respec
tively (for states around 3 eV binding energy). We deter
mine from the spectrum the exchange splitting (Aex) for
Sb5p states of A3 symmetry as w 1.6 eV in good agree
ment with local density theory (1.7 eV\ 2.00 eV®). The
splitting of Mn3ci states is so large that minority states
are expected '̂® to be unoccupied at A, but on the way
to r they cross Ep and we can determine Ae* of Mn
Fs^ states from the 38.2 eV spetrum as 2.7 eV (the

ory gives 2.5 eV^, 2.74 eV®). We conclude that the good
agreement with band theory indicates that electron cor
relation plays in spite of the large splitting and moment
only a minor role in the electronic structure of MnSb.

MnSb(OOOI) ;<: , :>
k A (r,)

Normal emission T

hv=38.2 eV Sb J 7?
r point 1 $

hv=25.8 eV

A point

' J A (AJJfec-

-10 -8 -6 -4-2 0 2

Energy relative to E^. (eV)

Fig. 1. Spin-resolved photoemission of MnSb(OOOl).
Upward triangles denote majority spin, downward tri
angles minority spin. Spectral features corresponding to
exchange-split states are indicated.
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Magnetic linear and circular dichroism

(MLDAD and MCDAD) in 2p and 3p core-level and

valence band photoemission were measured for a

ferromagnetic nickel single crystal surface.

Effect of resonance was also measured for the 2p

and 3p absorption region.

By using soft x-ray synchrotron radiation,

photoemission normally emitted from the Ni (110)

surface were detected. The cleanliness and the

ordering of the sample surface were checked using

Auger spectroscopy and LEED measurement.

MLDAD measurement was performed at the

Revolver undulator beamline, BL19B, and

MCDAD measurement at the hehcal undulator

beamline, BL28A.

MLDAD in 3p photoemission was similar to

the MCDAD obsereved by van der Laan^) in

agreement with the theoretical expectation (see

Fig. 1). The observed MLDAD in 2p

photoemission (see Fig.2) was compared with the

calculated MCDAD^). Although the hne-shape in

the j2p=3/2 region agrees well, that in the j2p=3/2

region did not agree well. We expect that the

calculations still have to be refined. The effect of

the resonance at the 2p absorption was studied for

the valence band photoemission, 3p and 3s

photoemission and the 2p3p3p Auger emission.

The results will be published elsewhere.
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Fig. 1. (a) Ni 3p photoemission spectra taken with

178 eV photon energy for the magnetization up

(open circles) and down (full circles). (b)
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Fig. 2. MLDAD in Ni 2p photoemission for
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vector of the incident hght. (a) 2p photoemission

for magnetization up and down. (b) The

difference spectrum (MLDAD).
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Introduction

Very large (4.0 cm x 0.4 cm x 0.2 cm) intergrowth
crystal have been grown by the melt-textured growth
process from feed stock of composition (NdojYo.s)
Ba2Cu307.5 [I, 2]. These crystals consist of two phases,
97% Ndo.6o''̂ 0.40 Ra2.00GU2.95O6.76[O7.g] and 3% Ndg gs
Yi.ssBai ooCui,oo04.95[05-x]^s determined by synchro

tron diffraction studies [2] and are ideal for studies of the
unoccupied density of states near the Fermi level as a
function of temperature. As the surfaces of the rare-earth
HTS materials are not oxygen stable under vacuum
conditions the fluorescence-yield-mode was used for the
measurements as it has a probe depth of 0.2|j.m for Ols
x-ray absorption studies.

Experimental

Studies of the crystallographic and temperature
dependence of the unoccupied density of states near Ep
for both tetragonal and orthorhombic crystals were
undertaken using polarised x-ray absorption
spectroscopy of the Ols core level. These measurements
were performed using instruments on Beam Line 19B.
The intensity variation of the synchrotron radiation
beam, as a function of energy, was derived from total-
electron-yield measurements of a clean gold surface; the
beam energy was indirectly calibrated by performing
XPS measurements and the instrumental energy
resolution was <0.1 eV at the energy of the Ols
absorption threshold.

The orthorhombic crystals studied showed a very
dense fine twin pattern, a Tc ~ 93K and an oxygen
content > 6.90. The tetragonal crystals had an oxygen
content ~ 6.0 produced by vacuum annealing.

Results and Discussion

Figures 1(a) and (b) show the Ols absorption fcr
orthorhombic crystals at 300K and 20K spectra over a
restricted energy range to avoid features corresponding to
unoccupied states of the hybrids of 02p states with Ba5d
and Y4d. The angle 0 corresponds to rotation of the
crystal from normal incidence so that at 0° the electric
field vector E of the incident linear polarised beam is in
the a - b plane, while at 80° E Is considered to be
almost parallel to the c-axis. E is at an azimuthal angle
~ 45° to the a-axis. At this stage full corrections to the
spectra have not been made and in particular for 0= 80°
the admixture of the in-plane component has not been
accounted for.

At 300K the Ols absorption spectra shown in
Figure 1(a)are consistent with the analogous results for
YBa2Cu307.5(Y123) with a high oxygen content [3]. At

0 = 0° the results are basically the average of the E//a
and E//b spectra for Y123 while at 0 = 80° the spectrum
agrees with E//c. At 20K, with the crystals
superconducting, the most significant change is the
appearance of peaks, for 0 = 0°, at 528.3 eV and 529.7
eV. This result is consistent with a redistribution of the
hole sites and the enhancement of the spectrum by the
E//b component or by 0(1) hole sites, that is, an
increase in the number of holes present in the chains.
Alternatively, a significant decrease occurs in the density
of unoccupied states corresponding to the 0(2, 3) atoms
in the a - b plane.
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Fig. 1 Ols absorption spectra for orthorhombic
(Nd/Y)123 ai (a) 300 K and (b) 20 K, for beam incidence
angles of 0°, 40° and 80°.
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We measured soft x-ray fluorescence spectra for
various excitation energies on MnFi powder. The
structure of emission spectra changed drastically by
setting the excitation energy to absorption edge.
Measuring soft x-ray emission spectra is one of the
useful methods to investigate the electronic structure of
solids, because difference of the profile depends on the
electron density of states function of the solid.

The Mn La.x-ray emission spectra were measured
for MnFi powder on the beam line BL-19B. The
synchrotron radiation from an undulator'̂ was
monocliromatized '̂ and used as the incident x-rays.
The spectrometer '̂ was a spherical grating type, line
density of which was 2400 lines/mm. MnF2 was put on
the sample holder with carbon tape. Mn La.p x-ray
emission spectra were recorded by several excitation
energies in the vicinity of the Mn 12,3 edge described
later.

Figures 1 and 2 show Mn Lj,.? absorption and La,p
fluorescence spectra, respectively. The absorption
spectmm was recorded by measuring electric current of
the sample. The fluorescence spectra were recorded
when the excitation energy was set to the energies
indicated in Figure 1 (from a to g). The absorption of
Mn L? peak was smaller than that of L^. Fine structures
were found at Mn L; peak in Figure 1. The
fluorescence spectral profile changed as the change of
the excitation energy. The intensity of La was smaller
than that of LA when the excitation energy was set to
just above thehp energy. La became stronger thanLp,
excited by much higher energy than the Lp.
Comparison of the present spectra with tliose measured
by Butorin et al."', who measured resonant Mn La,p of
MnO, reveals the difference of electronic structure
between MnFi and MnO.

References

1) G. Isoyama et ah. Rev. Sci. Instrum. 60 (1989) 1863.
2) M, Fujisawaet al.. Rev. Sci. Instaim. 67 (1996)345.
3) S. Shin et ah. Rev. Sci. Instmm. 66 (1995) 1584.
4) S. M. Butorin et ah, Phys. Rev. B 54 (1996) 4405.

/ ;
- dA: ^
4.L* X t

630 635 640 645 650 655 660

Energy (eV)

Figure 1. Mn L2.3 x-rayabsorption spectrumof MnFi.

MnF2

620 630 640 650 660 670

Photon energy (eV)
Figure 2. Resonant Mn La,p x-ray fluorescence spectraof
MnF2.



94-G375

ABSOLUTE MEASUREMENTS OF PHOTOABSORPTION, PHOTOIONIZATION, AND NEUTEAL-
DISSOCIATION CROSS SECTIONS OF ALKANES IN THE EXTREME ULTRAVIOLET RANGE

Kosei Kameta, Katsuhiko Muramatsu, Shuntaro Machida, Tatsuji Hayaishi*,

Noriyuki Kouchi and Yoshiliiko Hatano

Department of Chemistry, Tokyo Institute of Technology, Meguro-ku, Tokyo 152, Japan

*Institute of Applied Physics, University of Tsukuba, Tsukuba, Ibaraki 305, Japan

Introduction

Advances in spectroscopy and dynamics studies
of molecular superexcited states have been recently
summarized^ Their electronic structures have been as

signed in most cases to highly lying Rydberg states.
It has been, however, revealed that non-Rydberg type
superexcited states contribute largely to the neutral-
dissociation processes in the extreme ultraviolet (euv)
range.^ A recent theoretical study by Lindholm et al."'̂
has emphasized the importance of the electronic tra.nsi-
tions into antibonding orbitals, especially a* orbitals,
in the assignments of uv-euv absorption. A neutra.l-
dissociation cross section ((7^), however, should reflect
the nature of the decay of superexcited states more
directry than a photoabsorption (at) or a photoion-
ization (tTj) cross section, Therefore, clear correla
tion is expected between MO calculation and neutral-
dissociation cross sections. In the energy range higher
than the LiF cutoff at 11.8 eV, however, measurements
of absolute Ot, u",:, and values ha.ve been largely lim
ited due to the lack of appropriate window materials
and a continuous light source. We have recently over
come these difficulties and have measured these quan
tities of some simple molecules in this " wiiidowless"
range.^

In the present investigation we have measured the
absolute cross sections of normal alkanes (C2H6, CsHg
and C4Hio) and cyclic aJkanes (cyclo-CsHg, cyclo-
C5H10 and cyclo-C6Hi2 ) in the range of 10 - 25 eV
(50 - 120 nm) as a pa.rt of the measurements of alkane
series which are chemically of great importance.

Experimenta.l

Synchrotron radia.tion dispersed by a 3m-NIM
rnonochromator at BL-20A entered into the ionization

cimmber^ through the Sn (for the incident light wave
length of 52 - 77 nm). In (74 - 110nm), or LiF window
(> 105 nm). These windows enabled precise measure
ments of Ot and t] values by eliminating higher order
components of the dispersed light a.nd by preventing
sample gas effusion out to the optica.l path. Using
tliese values we have determined the photoionization
cross sections Oi, the neutral-dissociation cross sections
rjd, according to Oj, = ot x r] a.nd Od = x {1 - 7}).

Results

The Ot values of cyclo-CaHg are shown in Fig.l
along with those by Sciioen'' and Koizumi et al.® Al
though the general appearance of our photoabsorption
spectrum is similar to that by Schoen^, the peak ob
served in the present experiment at 15 eV and the min
imum at 14 eV were not observed in his Ot spectrum
due to his larger wavelength scan step because of using
a discharge lamp as a light source. The peak positions
around 10 eV and 15 eV were ascribed to the valence

transitions based on the caluculation by Lindholm.''
The Ot and t] spectra of cyclic alka.ne series mea

sured in the present investigation are more structureful
in this energy ra,nge than those of normal alkanes. Sev
eral Rydberg states which had not been reported were
also observed in each of the Ot a,nd Oi spectra-
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Introduction

Threshold electron-ion coincidence spectra of
three heteronuclear diraers of rare gases ArKr, ArXe,
KrXe are observed. There were many investigations
about heteronuclear rare gases. Emission spectra of
heteronuclear rare gases were investigated by Tanaka
et. al. and Huber and Lipson^^\ Dehmer and Pratt'̂ ^
studied Photoionization cross sections of ArKr, ArXe
and KrXe. The experiment was performed using beam
line 20A. Heteronuclear rare gas dimers ArKr, ArXe
and KrXe were prepared by premixed rare gases
through a 30 m diameter supersonic jet nozzle.

Results and Discussion

There are a total of six ionic states in

heteronuclear rare gas ions. Vibrational progressions
of three heteronuclear rare gas ionic states are
observed. Coincidence between ArXe' and the
threshold electron is seen in Fig. 1. Vibrational levels
of the X ^ 2 1/2 state and the Aj ^ IT 3,2 state are
observed in tlie region of 1023-1038A andthoseof
the Ci^n 3/2 state and the B ^2 1/2 state in the region
of 785-810A. Vibrational constants obtained agree
with that of Huber and Lipson^^^ in the case of ArXe^
states.

•lAr (xl/IOOOO)

1/ '/V-vV'-v--'

xe- (xi/iOOO)

790 792 7M

KavelengthCA) (0 06Astep)

HavelengthCA) (O.OSAateo)

Fig. 1 ArXe • states

The X 2 2 1/2 state and the A2 ^ II 1/2 state of
Ajr'Kr^ are seen in Fig. 2. We calculated Morse
potential curves of these ionic states with the
aid of the study of Holland et.

KfJvA !^r\n

f[avfllength(AM0.04A<tflp)

Mill 11 111 in 1 III I I I I I 1

' 'u/ 'mmiykj.M
Raval«n(th( A ) (0 04A steo)

Fig.2 ArKr" X

Five states except for the Cs ^ fl 1/2 state are
assigned to KrXe"^ ionic states as seen in Fig. 3.
Vibrational constants are estimated for each of
the heteronuclear rare gas ionic states'̂ ^ '̂̂ ^i-^^^
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Fig. 3 KrXc'' states
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Introduction

Several emission studies of heteronuclear

rare gas dimers were done in recent years. Tsuji
et. al. observed three emission band systems of
KrXe'*' in Kr-Xe afterglow'̂ They also observed
two emission band systems of ArKr"^ in Ar-Kr
afterglow^l

We have recently studied the vibrational
structures of several homonuclear rare gas
dimers '̂'̂ ^ We observed many vibrational levels
of various electronic states and determined

several vibrational constants of observed states

by measuring our threshold photoelectron
spectrum with high resolution and the TPEPICO
technique.

Experiment
The experiments were performed on beam

line 20A. A 3m normal incidence
raonochromator equipped with 2400 lines/mm
grating was used. Photon bandwidths of 0.1 A
could be obtained with 50 n m slit widths,

I PROTON
onrrr beam

TUBE

tllspfipiiqi?

Fig.1 The experimental setup

The experimental setup of the penetration
field threshold photoelectron analyzer and TOF
ion mass analyzer are shown in Fig. 1.

A threshold photoelectron released from a
KrXe dimer was extracted by the penetrating
field, and focused and discriminated by the
chromatic aberration of an electrical lens system.
Then, the hot electrons which could not yet be
discriminated were energy-selected by a
hemispherical analyzer. The TOF ion mass

analyzer was used to distinguish KrXe"^ from the
other ions. The threshold electrons were

obtained by setting the analyzer to collect zero
kinetic energy electrons, as described above.
The spectrum were obtained by scanning the
photon wavelength.

Result

The observed KrXe"^ X m state spectrum
was shown in fig. 2 with the Aj 3/2 state
spectrum. Fig. 2 a) showed the Xe2^ spectrum,
and Fig. 2 b) showed the KrXe"^ spectrum.
Because they don't resemble at all, it is
recognized that the TPEPICO spectra are
separated well form each other.

W OH— . 1 • 1 • I
C 1020 1030 1040 1050

O 500H—-T ' ' ' 'u b) ! A. stat« niiiii III 11 I 1 I I I I I I I I I I I I I i i i i I
400- ill I . X state

200H «| i, i
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savelength(A)

Fig. 2 The TPEPICO spectrum of KrXe+

Similarly, the several TPEPICO spectra of
KrXe+, ArKr+ and ArXe+ were observed and
analyzed.
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Ionic states of O2 have been studied by
many investLgators and many states have been
precisely identified. The vihrational level of the
A2n u state overlapped with that of the a^ H u
state as well as the H g state and an accurate
measurement of the higher vibrational energy
levels of the A^11u state has not been performed,
though the emission measurement of the
transition to the H gfrom the A^H u, which is
called second negative band, was performed in
the lower vibrational levels by many
investigators (for example Aibritton et al^).
Edqvist et al^ measured the A^ H u in the
photoelectron spectrum of oxygen. In their
experiment, the resolution was about 12 meV
halfwidth as measured for the Ar(3p)-^ doublet.

Threshold photoelectron spectroscopy(TPES)
has the characteristic that it is strongly affected
by autoionization in contrast with photoelectron
spectroscopy(PES) in which intensity is mainly
determined by Franck-Condon factors.
Therefore, if a vibrational level of an ionic state
coincides with an autoionization state which has
an appropriate absorption cross-section from the
ground state, the TPES signal of the level may
be observed even if the Franck-Condon factor for
the direct transition is too small.

The threshold photoelectron spectrum of
oxygen has been measured with high resolution
( A E=lmeV) in the V.U.V.region using a
penetrating field technique and a synchrotron
radiation source. Figure 1 shows part of the
threshold photoelectron spectrum obtained in
the present experiment from 660 to 668A. The
long vibrational progression of the A^ H u state of
02"^ was observed to the first dissociation limit.
A least squares fit of a polynomial
approximation for A G in the plot can be seen to
be quite smooth in Fig.2. An extrapolation of
A G to zero gives both a maximum vibrational
level v'max=31 and a dissociation limit 18.809eV.

A Le Roy-Bemstein-pIot^ was tried to obtain
more reliable dissociation limit. The Plot was

shown in figure 2, as well as a Birge-Sponer-Plot.
In the present experiment, energies of the
vibrational states near the dissociation limit are
not so exact to analyze by a Le Roy-Berstein-Plot.

If we assume the last number of the vibrational
quantum number should be 48.5, we can obtain
the value 18.900 eV as the dissociation limit

which we think too larger than the well-known
value 18.733 eV.

Wavelength(A)

Fig. 1 The threshold electron spectrum of O2

near the first dissociation limit.

0 10 20 30 40 so
1000

A2n State

•«
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Birge-Sponet^Pl^

Fig.2 Birge-Sponer and Le Roy-Bernstein plots
of the A2 n u state of 02"^
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The interfacial joughness of sputtered
Fe{15A)/Au(21 A) crystalline multilayers
was studied using X-ray specular and non-
specular reflectivity at the Australian
National Beam Facility. The non-specular
scattering was collected using a two-
dimensional image plate detector which
allowed us to map the very weak X-ray
diffuse intensity in one in-plane (px) and
one out-of-plane (pz) momentum transfer
direction. We have evaluated the
interfacial static and dynamic roughness
exponents from the in-plane diffuse
scattering and the roughness conformality,
and found them to be a = 0.45±0.05 and

z = 1.61±0.14, respectively. From this
result we show that the growth of this
metallic thin film is well described by the
Kardar-Parizi-Zhang (KPZ) model. By
following the evolution of the interfacial
roughness of this multilayer, starting from
the MgO(001)/Fe(65A)/Au(30A) buffer used
to initiate a coherent growth, we observe a

tendency toward stationary growth and
interfacial smoothing after the deposition of
40 bilayers. This asymptotic smoothing is
induced by the interfacial step density as a
function of time and according to the
relation it is proportional to time to the
power -0.34. We have also found that the
in-plane roughness cutoff length remains
small throughout the multilayer and does
not increase to the lateral length of the
sample, even after 100 bilayers have been
grown.
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Introduction

Preparing for experimental investigation of magnetic
roughness at rare-earth multilayer interfaces by com
bining the grazing-angle X-ray scattering technique
with the resonant exchange scattering of hard X-rays,
we measured the specular reflectivities of a Gd thin
film at five photon energies close to the L3 absorption
edge, which led to the dispersion corrections,/ and/",
to the Gd atomic form factor in good agreement with
calculations.

Experiment and Data processing
Reflectivity measurements used a 70 A-thick Gd film
on Si(lOO) substrate, with a linearly polarized X-ray
beam from the 20B bending-magnet source. The top
surface was capped with a 50 A-thick protective A1
layer. The photon energy was tuned to five different
values between 7.0 and 7.4 keV, spanning the L3 edge
of Gd (7.243 keV). For each energy rocking
(sample) scans were made for fixed detector positions
to keep track of the specular rod. The specular in
tensity was estimated in each scan by integrating the
photon counts under the sharp peak after stripping off
the broad diffuse scatter.

To obtain initial estimates of the structure

parameter values for the sample, we fit the data
collected with 7.0 keV photons using Parratt's formu
lae, with the/ and/" parameters for Gd fixed at the
values from Cromer 8c Liberman. The five data sets

for the different photon energies were then simultane
ously fit with common structure parameters and
energy-dependent/ and/" parameters for Gd. There
were a total of 22 variable parameters, including 7
structure parameters and 5 scale factors.

52.32(151) A
^/Gd = 65.43(138) A
Qa] = 0.983(18)*
QGd= 1-006(11)*
aAir/A^ = 5.28(76) A
aAi/Gd = 7.93(101) A
Cod/si ~ 1.50(78) A

Table 1. Structure parameters determined from X-ray
reflectivity. Thickness dX and mass density qx of X
layer, and" rms roughness oavv at theX/Y interface.
* shows values normalized to the bulk crystal densities.

This work

Cromer-Liberman's calculation

Gd Lz edge

photon energy (keV)

Fig. 1. Experimental/ and/" values for Gd compared
with the Cromer-Liberman calculations (lines). The
error bars show standard deviations of the fits.

Results and Discussion

Table 1 lists the refined structure parameters, and Fig.
1 plots the/ and/" values for Gd determined for the
five photon ener^es used. The a values in Tab. 1
represent the chemical roughness at the layer
interfaces. The experimental/ and/" values for Gd
near the L3 edge are in good agreement with the
calculation by Cromer & Liberman. It should be
noted that/ and/" were independent free parameters
in our data fit, which used Cromer-Liberman's
calculations for the A1 and Si form factor. This may
account for the good agreement of the absolute/ and
/' values for Gd with Cromer-Liberman. Precise
knowledge of / and /" is important to determine the
chemical roughness, and hence, in comparison, the
magnetic roughness. Information about the magnetic
roughness is to be obtained from the difference
reflectivity signal measured under reversing magnetic
fields at the absoprtion edge. It is then to be
compared to the summed average reflectivity signal
dominated by the dectronic contribution [1].
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Introduction

Photon-induced Auger cascades in phos
phorus may result in multiple electron emission
and multiply charged atoms, and the resultant
deposited energy may be sufficient to cause
some biological effect. Our previous studies
showed that inactivation of bacteriophage TT^^
and lethality of Escherichia colf^ were
significantly enhanced at 2.153 keV (the
resonance peak of K-shell photoabsorption of
phosphorus). The present study was conducted
to clarify the repairabiiity of chromatin breaks
produced in mammalian cells by photon-
induced Auger cascades from phosphorus.

Materials and Methods

V79 cells were cultured to confluence in
plastic dishes. For X-ray irradiation medium
was removed by aspiration and then petri
dishes were covered with mylar film (5 um).
White synchrotron radiation were monochroma-
tized with an InSb double-crystal mono-
chromater at beam-line 27A. The calibration

of energy of resonance K-absorption peak of
phosphorus was performed using the absorption
spectrum of a DNA film. The cell-loaded
plastic dish was moved up and down on a
sample scanning stage. The number of
chromatin breaks in cells after irradiation was
assessed with the method of premature
chromosome condensation using CHO cells (M-
phase) as a inducer. The number of chromatin
breaks induced by irradiation was represented as
the number (N) of excess fragments per cells:
N=(the number of chromatin fragments per cell
irradiated) - (the number of chromatin fragments
per cell unirradiated). Cells were incubated to
allow repair of chromatin breaks for 16 hrs at 37
C.

Results and Discussion

Killing enhancement ratio, which was
defined as the ratio of the lethality at a given
energy to that at 2.146 keV, was 1.3 at 2.153
keV and 1.0 at 2.160 keV, respectively, for
cells plating immediately after irradiation for
colony formation.

The number of excess fragments per cells
after irradiation increased with increasing
exposure (X) of X-rays. N=AX (Fig.l). The

enhancement factor based on the value of the
sIope(A) was 1.9 at 2.153 keV and 1.1 at 2.160
keV regarding the chromatin breaks in reference
of 2.146 keV irradiation in the absence of repair
incubation. When cells were allowed to repair,
the number of excess fragments per cell per
exposure reduced at 2.146 keV and 2.160 keV.
At 2.153 keV, no significant difference of the
number of excess fragments per cell per
exposure, however, was observed in the present
and absence of repair incubation. The repair
rate (R) was calculated using the formula:
R(%)=100x {( A c/o repair)-(A d repair)} / (A
c/o repair). The repair rate was 60% at 2.146
keV, 3 % at 2.153 keV and 25 % at 2.160 keV,
respectively.

Present results clearly show that the Auger
cascades after K-shell absorption of phosphorus
produces the unrepairable chromatin breaks in
mammalian cells.

References
1)Y.Furusawa, H.Maezawa et. al., AAPM
Symposium Series, 8, 37-49 (1992).
2)H.Maezawa, Y.Furusawa et al., Acta
Oncologica, 35, 889-894 (1996).

—Z.ltSkeV (rep* -)

--9--Z.146koV (fi** +)

—^2.153IibV (•)

•-A--2.153keV (t)

—2.160koV (-)

--B--2.I60k9V (+)

4--

EXPOSURE (C/Xg)

Fig.l. Exposure dependency of the production
of chromatin breaks in'V79 cells with (open
symbols) or without (closed symbols) repair
after irradiation with 2.146 keV, 2.153 keV and
2.146 keV radiation.
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INTRODUCTION

We have recently reported that the energy
of an Auger electron could change with a
photon energy near a threshold. This was well

explained in terms of so-called the Auger
resonant Raman effect [1,2]. This effect has
another characteristic feature, i.e., linewidth

narrowing. Here we present the results
obtained for 4d-metal L3M4,5M4.5 transitions in

sohd systems.

EXPERIMENTAL

The experiments were performed at the BL-

27A station. Samples were metallic substances
(Nb, Mo and M0O2) and insulating oxides 0^203,
Zr02, Nb205 and M0O3). Auger spectra were
measured using a VSW Class 100 electron
energy analyzer, X-ray absorption spectra were
taken in an Auger electron yield mode. Other
details were given elsewhere [1].

RESULTS AND DISCUSSION

Figure 1(a) shows photon energy

dependence of Auger peak
energies for Mo near a M0-L5 (2p3/2) edge. It is
noticed that the spectator peak originating
from the resonant excitation shows linear

energy dispersion whereas the energy of the
normal peak is almost constant, The linear
dispersion is well understood in connection

with an electron localization in unoccupied

states [2], Figure 1(b) shows a plot of linewidths
of the Auger peaks. At glancing, the width of
the spectator peak is obviously narrower than
that of the normal one around the on-resonance

photon energy. These were observed also for

both the other metallic substances and the

oxides as seen in figure 2, except that the
energy dispersion of the spectator peak extends

above the edge for the latter systems, This is
probably owing to localized states formed

because of poor carrier screening [1],

REFERENCES
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Introduction

It is investing to stui^ dieAugerresonant Ramanscattaing

process in the condensed matterbecause the available empty

states can be affected from their electronic bands and/or

electrcffi transfa* from thesubstrate. We focused the analysis

of AugCT rescmant Raman scattoing on the trans-1^-

didilcroetitylaie in thisccmmunication.

Experimental

All e?q)erimaits i '̂cre carriedout in BL-27A Tie trans-

1,2-didiloroethylene of98% puritywerefurtherpurifiedby

rqieated fieeze^ump-thaw cycles. The liquid nitrogai-

cooled Cu substrate was exposed to die dichloroediyletie

v^r introduced through a capillary plate to make a

CCTidensed multilayer. The C1 K-edge was resonantly

excited by monodilomated synchrotron radiaticHi (SR).

Total electron yield spectra were recorded by measuring

sarrqile current, scanning the SR wavelength. The emitted

electron aiergy was analyzed by using a hemispherical

electron aieigy analyzer (VSW class-100). The aieigy

resolution was estimated to be 1.6 eV. In order to

minimize the chaige-build-up effect, the samplesurfecewas

flooded with low energy electrons during x-ray absorpticn

near-edge stmcture (XANES) and x-ray photoemissicn

spectioscc^y(XPS) measurements.

Results

The most intaise absorption peak in the XANES

spectrum was attributed to the resonant excitation fiom C1
Is to the lowest unoccupied molecular orbital (LUMO) a*
whidi contributed to C-Cl antibcxiding.'̂ The electronic
tiansiticai fiom C1 Is to the a* state results in Auger
processes. The CI-A2X and LW Auger lines were

observed by the resonance excitaticxi. The main line of

KLL Auger peaks is assigned as KL23L23. The satellite
peak lying below about 10eV fitxn die KL23L23 peak may

be attributed to KL2L2.

The normaland spectator Augerpeaksare plotted on the

XANESspectrum in Fig. 1. Thenormal Au^ peakdrifts

sh^Tfly towards lower electrmaieigy side. This is dueto

the phencxnenon weU known as post-coUisicxi interacticsi

vshere the core-hole screening is strongly affected by a

slowly ou^oing photoelectrm near the icsiizaticn threshold.

Ondieotherhand, themostprcoiinent feahire in Fig. I is the
linearenergydispersion of the spectator Augerpeaksalmost

in proportion to thephotonenergy.

An inportant feature in die evolution is a narrowing of

die spectatorAugerlineCOTipared to thenormalAu^r line.

The width measured for the spectator Auger line cxi just

resonance positicxi is 2.0 eV (FWHM) while diat for die

normalAuger lineabovethe ionization threshold and for the

off-resonant spectator Auger line is 2.8 eV (FWHM).

The narrowing is due to the feet that the width of the

spectator Auger line is governed by the lifetime of caily the

finaltwohole state in theAuger rescmnt Raman scattering,

whilethe normal Auger line is broadened primarily by the

intermediate one-hole lifetime. Therefore, the Auger

resonant Raman scattering ccsitributos to the spectator

Au^ lineintensity onthe resonance.
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Introduction

With the advances in silicon technology, it
has become required to fabricate ultra-thin and
homogeneous oxide overlayers on semiconductor
in metal-oxide-semiconductor (MOS) devices.
Several methods have been established to deposit
thin oxide overlayer on silicon, such as thermal
oxidation and chemical vapor deposition. Here
we report on a new simple method to form ultra-
thin SiOj layer on Si(lOO) using silicon alkoxide.
The thickness of the layer is determined by X-ray
photoelectron spectroscopy (XPS) using photons
in wide energy range.

Experimental
The experiments were performed at the BL-

27A station. The purified tetramethoxysilane,
Si(CX!!H3)4, was dosed on clean surface of
Si{100) at 80 K up to 300 layers. Then the
substrate was heated to 400 K at a rate of O.S'C/s.
The surface composition and chemical states
before and after heating were measured by XPS
using photons from 1900 eV to 3000 eV.

Results and discussion

Fig. 1 shows the XPS spectra in Si Is region
using 2000-eV photons. After heating, two
peaks corresponding to the elemental silicon and
Si'*'̂ are observed, but any intermediate valence
states such as Si""^ (n= 1,2,3) are not observed.
Also the C Is peak originating from methyl
group has completely disappeared after heating.
On the basis of these results, the chemical state of
the surface layer after heating is identified as pure
SiO^.

Fig.2 displays the Si Is XPS spectra at
various photon energies. The relative peak
intensity of the elemental silicon increases with
the photon energy, owing to the increase in the
escape depth (mean free path) of photoelectron.
We have proposed that the plot of the peak
intensity ratio (Isj/Isioi) ^ ^ function of the kinetic
energy of the photoelectron can be applied to the
estimation of the thickness and depth profile of
the surface oxide layer.The method was
applied to the present results, and it is elucidated
that the thickness of the Si02 layer is 0.3 nm and
the layer is nearly homogeneous. It is
presumed that the $162 layer is produced by the

thermal decomposition of tetramethoxysilane in
the top surface region of Si(lOO).
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Introduction

Desorption of positive ions from adsorbed
molecules by core excitation is in many cases
triggered by Auger decay (KF-model). In case
of molecular adsorbate on metal surface, the
decay dynamics is greatly influenced by the
coupling between adsorbate and substrate, i.e.,
screening and quenching by charge transfer.
Here we compare the ion desorption processes
from CCl4/Cu(100) by C1 X-edge photoexcitation
between monolayer (strong coupling) and
multilayer (week coupling).

Experimental
The experiments were performed at the BL-

27A station. The purified CCI4 was dosed on
Cu(lOO) at 85 K. The number of adsorbed
layer was precisely determined by temperature
programmed desorption (TPD) spectroscopy.
The desorbed ions were analyzed by a
quadrupole mass spectrometer. The X-ray
absorption spectra were measured by total
electron yield mode.

Results and discussion
Fig. 1 shows the mass spectra of desorbed

ions by the C1 Is^ o *(7a,) resonance for
various thickness. Both CP and CCl^"^ are
desorbed from multilayer but only atomic CT
ions are detected from monolayer.

The photon-energy dependences of the
electron yield (XANES) and desorption yields
are displayed in fig.2. For both mono- and
multi-layer, the desorption of the Cr ions
happens only at the C1 Is—resonance. We
have reported that the C1 Is^a* resonance is
mostly followed by the C1 KL23L2 , spectator
Auger decay which ends up in the v a *' state
where v denotes the valence orbital. The

results indicate that the v"^ a *' state survives
even in strong coupling system probably due to
the fast bond-breaking process. In contrast, the
desorption yield of CCl^ ions is almost
proportional to the electron yield, which suggests
that the desorption of the CClj"^ ions is triggered
by the secondary electrons due to relatively slow
movement of the CCl/ compared to that of the
cr. The missing of the CCl,"^ ions from
monolayer (fig.l) supports this interpretation.
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Introduction

Because of its unique catalytic properties^, PdO
is a compound of widespread technologicsil interest
for experimental chemistry and material science, and
has been used as various applications. However then-
electronic structure is not well understood. In this

work, we present experimental and theoretical investi

gations on resonant Auger electron spectra
(RAES).

Experimental

Experiments were carried out using monochromated
synchrotron radiation from BL-27A. The samples of
PdO were pellets of lOmm0 with ~2 mm thickness.

Surface contaminations were removed by heating the
samples before the introduction to an analyzer cham
ber and by scraping it. The other details are given in
Ref. 2.

Results and Discussion

The observed RAES with distinct four peaks indi
cated by A-D are shown in Fig. 1, where the incident
photon energies are indicated by bars in the observed
Z/3 absorption spectra (inset). Normal Auger compo
nent with an almost constant kinetic energy for various
incident photon energies is also observed.

The theoretical RAES calculated by means of an im
purity Anderson model with fuU-multiplet coupling ef
fect is shown in Fig. 2, and shows good agreement with
the experimental data. Here, the peaks A-C are re
sulted from an intra-atomic multiplet <x)upling effect
in final states, while the satellite structure D from an

inter-atomic charge transfer effect.

Prom the above results and 3d core-level photoe-
mission analysis, solid state parameters of PdO are
also estimated : 4d correlation energy U^d —4.5eV,
4d —2p charge transger energy A = 5.0eV and id —2p
hybridization pdcr = —1.9eV. It is also shown, from
the analyses, that the ground state of PdO corre

sponds not to a high-spin state (S=l) but to a low-spin
state (S=0), which indicates strong anisotropic effect
in PdO.
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Introduction

Site-specific fragmentation following inner-
shell photoexcitation has been extensively
investigated for both gas-phase molecules'̂ and
solid surfaces. In order to clarify its
mechanism, it is essential to investigate both
Auger decay and fragmentation in a same system.
Here we report on the fragment-ion desorption
and Auger decay in condensed (CH3S)2
(dimethyldisulfide, DMDS) following theS Is^
a * resonant photoexcitation.

Experimental
The experiments were performed at the BL-

21A station. The purified DMDS was dosed on
Cu(IOO) at 85 K up to the 300 layers. The
desorbed ions were analyzed by a quadrupole
mass spectrometer. The X-ray absorption
spectra were measured by total electron yield
mode, and the Auger spectra were measured by a
hemispherical electron energy analyzer.

Results and discussion

The main desorbed species by S Is excitation
were CH3^ (M/e=15) and S"" (M/e=32). Fig.1
shows the photon energy dependences of the
electron yield (XANES) and desorption yields
around the S X-edge. The two components in
the XANES peak correspond to the excitations
into the unoccupied o * orbitals around the S-S
and S-C bonds. The ions are mainly
desorbed at the S Is^ a *(S-S) excitation, and
the S Is^ a *(S-C) excitation predominantly
yields CH,"^ ions. The Auger decay spectra
revealed that most of the decay channels after the
S Is^ a * excitation is the S spectator
Auger decay.

Fig. 2 shows the photon-energy dependences
of the kinetic energy of the Auger peaks. The
linear energy shift of the spectator Auger peak is
observed, which is ascribed to the Auger
resonant Raman effect.* '̂ Two-step linear shift
suggests that the excited electron in the a *(S-S)
or o *(S-C) orbital localizes in each orbital. We
conclude that the localization of "spectator
electron" in the highly antibonding a *(S-S) and
o *(S-C) orbitals is the main cause of the site-
specific fragmentation and ion desorption.
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Introduction

Recent ourstudies on the resonant excitations of thedeep-

coreoibitals (KandL)revealed thatthespectator Augersignal

is 5 - 20 more intense than the normal Auger signal. The
fonner is accompanied with peak energy dispersion andpeak

narrowing, known as Augerresonant Raman scattering In

thiswork, decay processes ofthe resonant U3d52(e.g Ms,
3550 eV in binding energy) ^ 5f excitation in UO2 and

UsOhare studied.

The pureoxides wereobtained bytiiermal decomposition

of uranium nitrate at high temperatures. Thesamples were

pellet form of 10 mm i.d prepared under 1 ton/cm^. The
SR experiment werecarried outat the photoemission station

of BL-27A at the Photon Factory using a VSW OASS-lOO

electron spectrometer. The FWHM value of the 3550 eV

photon energy wasabout 1.8 eV. Since thephoton beams

employed were regions of the surfece insensitive energy,

photoemission signals from the impurities such as adsorbed

o?^gensand organic carbons werenegligibly small.

Results

Results obtained are as follows, i) Width of decay

channels ofthe U3d5(2*'-^5f* is in the order ofM5N(s.7N6.7>
M5N5N5 ^ M5N4N4 MsOyOi,!- ii) The U-M5N{-,_7Nr),7

Auger signals split into the spectator andnormal peaks where

the dispersion eneigy amounts to ca 30 eV. iii) U Aisa and

4fv2 photoemission peaks showsharp Fano shaperesonance.
Figure 1 shows spectral evolution of the U-MsN6jN6.7

Auger signals with theexcitation photon energy. A splitting

of the Auger signals is clearly observed at the 3572.7 eV

photoneneigy. Thedec^ channelsofthe core-hole statesare

represented by solid lines in the right-hand sideof the figure.

The darkness of the line shows approximate ratio of the
branching at the on-resonance photon energy. Figure 2

shows thephoton energy dependences of theFWHM values
at the on-resonance region, Decreases of ca 40 % in the

valuesaredue to theAugerresonant Ramanscattering at the

on-resonance regioii

It was also confirmed that the spectral evolution of the

Auger features are well reproduced on the basis of the

framework oftheimpurity Anderson model calculations.
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In order to induce strand breaks in DNA effectively,

we have investigated DNA damage using "atomic

target method". DNA makes complex with metal in

aqueous solution which involves metal compounds. In

the PF activity report in 1994 and 1995, we have

reported the strand breaks in DNA formed Ca complex

in aqueous solution caused by the irradiation with

monochromatic X-rays having energy around the

K-shell absorption edge of Ca atom (4.047 keV}. In

the work, Ca atom is used as atomic target and it is

observed that the yieid of double strand breaks

(DSB) in DNA formed Ca-compiexis 1.21 times higher

than that in free DNA. 4.071 keV corresponds to the

energy of slightly above the K-shell absorption edge

of Ca atom. The results from this study has been

published already (1). in this report, Cu atom was

used instead of Ca atom and Cu-DNA complex in

aqueous solution was irradiated with the mono

chromatic X-rays having energy around the K-shell

absorption edge of Cu atom (9.002 keV). The

enhancement effect caused by Cu atom was

observed more effectively than by Ca atom.

Col El plasmid DNA purchased from Takara Co.

Ltd. was irradiated in buffered aqueous solution

consisted of 10 mM/dm^Tris and 1 mM/dm^EDTA (pH
8.0). The concentration of DNA was 2.7 mM/dm^ as

concentration of nucleotides. Sample solutions for

irradition were prepared by the addition of CuClg
solutions. The energies selected for irradiation were

9.028 keV and 8.938 keV, which are correspondent
to slightly below and above the K-shell absorption
edge of Cu atom. The three forms ( I, II and III) of

plasmid DNA were separated in 1.2 % agarose gel
after an electrophoretic run at 50 V constant voltage
for 3 hrs in a cooling box set at 13 C. The amount of

fluorescence from these bands excited at 254 nm was

measured using a C4880 CCD camera (Hamamatsu

Photonics). The number of DSB (n2) and

single-strand breaks (SSB, n1) per one molecule of

Col E1 DNAwere calculated using Povirk's equation.

In the figure 1, ng is shown as a function of the

absorbed dose after the irradiation with 9.028 keV in a

solution with and without 3 mM/dm^ Cu ions. The

difference was clearly observed between the slopes

in dose-responce curves. From the slopes in the

figure, the enhancement factor (the ratio of the yield

of DSB in metal-DNA complex to that in free DNA)

observed to be 1.95. In this case it may be considered

that 95% increase of the yield of DSB is caused mainly

through Cu atomic target. In the system of Ca-DNA

complex, the enhancement factor is found to be 1.21,

when the 4.071 keV X-rays are used as irradiation

source. The difference of the enhancement factor

between in Cu-DNA system and in Ca-DNA system

should be caused by the bonding scheme between

metal and DNA. Some studies have referred that Ca

ions is tend to bond to phosphate moiety in DNA but

Cu ions to base moiety in DNA.

9.026 keV, DSB

-0.02

-50 0 50 100 150 200 250

Dose (Gy)

Figure 1, Dose dependence of the number of DSB

(ng) per molecule of Col E1 DNA at 9.028 keV irra

diation with 3 miVl/dm^ Cu ions (x)and withoutCu
ions(o).
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Introduction

It is well known that porous Si fabricated by

electrochemical anodization shows intense visible

photoluminescence above the normal band gap of

Si (l.leV). This luminescence is usually explained

by quantum confinement effect which occurs in

nano structuresAlthough porous Si is attractive

for the opto electronic devices, light emission from

porous Si is generally in the red-green range. In

this study, we have formed porous SiC by

anodization and have investigated characteristics

of porous SiC using photoluminescence, EXAFS

and XANES.

Experimental methods

Porous SiC was prepared by electrochemical

anodization of n-type poly-3C-SiC. Thin A1 films

were evaporated on the backside of the wafers.

The anodization was carried out in a HF-ethanol

solution (HF:H20:C2H60H=1:1:2) at a current

density of lOOmA/cm^ for 5 minutes. The

photoluminescence measurements were performed

using a N2 laser (337nm). After measuring

photoluminescence, we worked on EXAFS and

XANES measurements at BL-27a.

RpaiiltH and niscnssion

Blue-green light emission were confirmed by

photoluminescence measurements. This property

could make porous SiC promising for Si based opto

electronics devices.

EXAFS spectra before and after anodization are

shown in Fig.l (Fourier transforms have been

done). The position of the main peak (around 2.6A)

remains unchanged even after anodization.

Therefore, it can be said that the local structure

doesn't change during anodization.

Figure 2 shows XANES spectra. Peaks at

1843eV and 1846eV are found for both spectra.

From the band calculation performed by X.Hu et

al.'̂ ', these peaks can be assigned to the p-state of

Si in the bulk 3C-SiC. An additional peak at

1845eV can be seen only in spectrum for porous

SiC. Although we haven't succeeded in the

assignment of this peak, this fact indicates some

changes in electron states of the SiC during

anodization. Further investigation is needed to

identify whether this new state is responsible for

photoluminescence of porous SiC or not.
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Fig. 1 Results of EXAFS studies
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Fig.2 The results of XANES studies
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Introduction

Electronic structures of phosphates have been
studied by X-ray Absorption Near-Edge Structure
(XANES) spectroscopy and Resonant Auger Electron
Spectroscopy The aim of this study is to distinguish the
chemicalstatesof phosphorus in variouschromates, which
can be responsible for the corrosion resistance, since
conventional X-ray Photoelectron Spectroscopy cannot
distinguish these stales.

Experimental

P Is XANES and P KL^jL^, Auger spectra for
Cr(PO^)'6H20 and ZOjCPOJ '̂̂ H^iO were measured atBL-
27A. XANES measurements were carried out at total-
electron-yield mode based on specimen current
measurements.

Results and Discussion

P Is XANES spectra for Cr(P0J'6H20 and
Zn3(P0^)2*4H20 are shown in Fig. 1. The main peaks
correspond to the electron transition from P Is to P 3p-
dominant unoccupied states which satisfies the dipole-
selection rule. The pre-edge peak for Cr(P0^)*6H20
reflects the partially-unoccupied 3d states of irivalent
chromium, which hybridize with the P 3p-dominant states.
A similar pre-edge peak has been observed for
FejCPO^j'̂ ^i^ which contains partially-unoccupied 3d
states of divalent iron. The main peak for Cr(P0J'6H20
has higher photon energy than for Zn3(P0^)2'4H20, which
can also be attributed to the difference of the hybridization.

Zn3(P04)2
• 4H20 ,

.CrP04
• 6H20

2140 2145 2150 2155 2160 2165 2170

Pholon energy (eV)

Fig. 1 P Is XANES spectra for Cr(PO_,)*6H20
andZn3(P0,)2«4H20.

P KLjgLjj Auger spectra measured for
Cr(P0,)-6H20' (a) and Zn3(P0,)2-4H20 (b) using the
photon energies around theP Is absorption edgeare shown
in Fig. 2. Normaland spectatorAugerpeaks (shown as A
and B, respectively, in the figure) are observed in both
compounds. PeakB shifts to higher-energy side with the

photon energy, while the energy of peak A is almost
constant. The peak separation measured at a specific
photon energy for Zn3(P04)2'4H20 is larger than for
Cr(P0,).6H20.

These characteristics observed in the P Is XANES
spectra and the P KL23L23 resonant Auger spectra can
provide new measures todistinguish these two compounds.

50001 1
A Pholon energy

Kinalic energy (eV)

(a)Zn3(PO,)2.4H20
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(b) Cr(PO^)«6H20

Fig. 2 PKL23L23 Anger spectra for Zn3(P0^)2*4H20 (a)
and Cr(P0^)*6H20 (b) measured using photon
energies around P Is absorption edge.
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1.Introduction

Electrolytic decomposition of uranium
nitride(UN) pellet in LiCl-KCl-UCL mixture
melt has been considered as one of the main

processes'̂ of advanced nuclear fuel cycle.
Uranium nitrogen chIoride(UNCl), which had
not been expected to be formed under normal
operating condition, was obtained as a
byproduct(bottom sediment) in the electrolytic
decomposition process. Knowledge of the
physical properties of UNCl as well as the
electronic stmcture, is important to develop the
above process. In the present study, the X-ray
absorption near edge stmcture(XANES) was
measured to investigate the electronic states of
UNCl.

2.Experiment
Three kinds of UNCl samples were

measured in the present work. a)the bottom
sediment of electrolytic decomposition process.
It also contained LiCl-KCI-UCls. b)the sediment
washed by ethanol. A small amount of U2N3
was contained. c)pure UNCl synthesized by
reaction between UCI3 and U2N3. The samples
were mixed with epoxy resign and pressed to a
disk shape. The disk was covered with
polyethylene film to avoid contacting with air.
The Ls-edge data were taken in a transmission
geometry at the BL-27 hard X-ray line of the
Photon Factory. Other uranium compounds
(UF4, UCI3, UCI4, U2N3 and UO2) were also
measured to be compared with UNCl.
3.Results and Discussion

The XANES spectrum of pure UNCl[c)],
UO2, UCI4 and UCI3 are shown in Fig.l. The
two other UNCl samples [a) and b)] resulted in
considerable shifts from the white line peak for

the pure UNCl. These shifts were compatible
with the white line for their impurities (UCI3 and
U2N3). Peak position of the white line for the
UNCl is almost the same as other tetravalent

UO2 and UCI4. Also mixed-valent state like
U03^\ however, should be considered, since the
white line for the UNCl is less symmetric.
Halfwidth and relative amplitude of the white
line for the UNCl is broader and lower than

those for UO2 and UCI4, respectively. It is
considered that 5f electron of UNCl is more

itinerant than that in UO2.
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of uranium compounds



95G112

ESR-DETECTION OF ACTIVE OXYGEN SPECIES IN VARIOUS

SOLUTIONS IRRADIATED BY MONOCHROMATIC X-RAYS

Norio MIYOSHI, Kazuhiro KARAYA*, Katsumi KOBAYASHI**, Masaru FUKUDA
Department of Pathology, *Department of Biochemistry, Fukui Medical School and **Photon Factory,

National Laboratory of High Energy Physics

Introduction

A thymidine analogue of bromodeoxyuridine
(BrdU) had been used as a radiosensitizer. The
mechanisms of radiosensitization of BrdU-

sensitized in cells were reported by Webb, et al.^^
and Ling, et al.^\ But, these data did not support
the hypothesis that a component of the enhanced
radiosensitivity of BrdU-substituted cells results
from greater interaction between hydroxyl
radicals (from H2O2) and BrdU-substituted
DNA. The process of the DNA damages from an
hydrated electron is unclear. Then, we examined
the detection of the active oxygen species using a

spin trapping agent by ESR measurement^^ in
aqueous solution contained an anionic surfactant,
sodium dodecylsulfate (SDS), BrdU and/or a
human melanoma cultivated (HMF) cells.
Furthermore, we examined the dose-dependency
of a monochromatic X-rays on the ESR signal
intensity and observed the DNA ladders
throughout apoptotic cell death process.

Experimental and Methods

(1) Human melanoma (HMF) cells were
treated with different concentrations (0, 20, 60,
lOOug/ml) of BrdU for 6 hr before harvesting.
(2)HMF cells were .washed with medium
RPMI1640 and were added a spin trapping
agents (TMP=2,2,6,6-tetramethyl-piperidone
hydrochloride; DMPO=5,5-dimethyl-l-pyrroline
N-oxide) before irradiation with different
wavelength (0.918A, 0.922A) and doses (1, 3,
6, lOkR) of the X-rays. (3)l()mM SDS aqueous
solutions contained with spin trapping agents
were irradiated with different wavelengths and
doses of the X-rays. (4)The irradiated samples
were stoked at 77K and were measured by ESR
(JEOL, RE3XR type) after thawing of the
samples. (5)The DNA fragmentation were
analyzed by an electrophoretic detection of
endonucleosomal DNA cleavage.

Results and Discussion

(1) Fig.l shows that the ESR signal intensity
increased with increasing of X-ray doses at
0.918A. Espeacially, singlet oxygen increases

lineally in HMF cell suspension with 100(xg/ml
BrdU.

(2) Fig.2 shows the kinetics of the BrdU-
sensitizing radiated fragmentation of DNA by 0,
3, 5 and lOkR (lanes 1,2,3,4) irradiation at
0.918A. It was found that the singlet oxygen
species induced to the apoptotic cell death by the
BrdU-sensitization.

Fig.l Dose Dependence on the ESR Signal Intensity
(O.910A, [BrdUl-100ug/ml)

TMP-NCVSOS

DMPOOH/SDS

TMP-HCWHMF

DMPO-OH/HMF

1 234S678910

Dose (kR)

Fig.2
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Introduction

Anomalous increases in the heat capacity curve of
each (Uo.85Mgo.i5)02.y san^le ( y = 0.0 and 0.1 ) were
observed at temperatures above about 550 and 1300K,
respectively, depending on its oxygen-metal ratio[l,2].
This anomalous increase was interpreted as due to the

formation of Frenkel pair-like defects of oxygen and the
dopant dependence may have some relation with the

local atomic structure. Therefore, in this study we have
used EXAFS spectrometry to determine the local
structure around U in (Uo85Mgois)02.y ( y = 0.0 and
0.1).

Experimental
The X-ray absorption measurement near U-L3 edge

at room ten^erature was made with Synchrotron

Radiation by use of the EXAFS facilities on the beam

line 27B. The powder samples of the single fluorite

(Uo.85Mgo.i5)02.y ( y = 0.0 and 0.1 ) phasewere prepared
by heating a mixture of UO2 and MgO powders at
1623K for 144h in Ar and purified Ar, respectively.

Results and Discussion

The U-0 interatomic distances of UO2 and

(Uo.85Mgo.i5)02.y calculated from the least-square fitting
are shown in fig.l. The U-0 interatomic distances of

UO2 and (Uq ssMgo.isjOi.p were almost the same as those
calculated from the lattice constants by X-ray
diffraction. On the other hand, the presenceof more than
two kinds of U-0 interatomic distances was found for

(Uo,85Mgo.i5)02,o from EXAFS dissimilarly to the single
value from the lattice constant. Thus, in the case of

{Uo.85Mgo.i5)02,o, oxygen environment around the
cations including oxygen vacancies around magnesium
atom is also considered to be disordered i.e. non-

uniform. Therefore oxygen Frenkel defects are
preferably formed with increasing temperatures such as
to make the distribution of oxygen defects around
magnesium and uranium uniform ( disordered ),

resulting in the heat capacity anomaly, consisting to the
smaller enthalpy of formation of oxygen Frenkel defect
for (Uo.85Mgo.i5)02,o con:5)ared to (Uo.8sMgo.is)03.9.
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Fig.1 Uranium-Oxygen Interatomic distances.
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Introduction

Structural studies of lanthanides (III) in the
aqueous chloride and perchlorate solutions have
been studied by many researches, but
unexpectedly those in the nitrate ones are httle.
Aqueous nitrate solutions are often used for the
separations of the lanthanides such as solvent
extraction and ion exchange. Since nitrate ions
have the relatively high stabihty constants with
lanthanides in the fundamental anions. Structural
informations are important for understanding the
separation behavior of lanthanides. Accordingly,
we studied the solvation structures of lanthanide
ions (Nd ~ Lu) in the aqueous nitrate solutions by
the EXAFS, and also in the chloride ones as a
comparison.

Experimental
Sample solutions were prepared by the

dissolution of lanthanum nitrate and chloride salts

into waters and acid solutions: 1) 1 MLn(N03)3 -
0-10 M HNO3 and 2) 1 M LnCl3 - 0-6 M HCl.
These samples were sealed with the polyethylene
film including Teflon spacer. The x-ray
absorption spectra around Ljjj-edge of lanthanides
were measured in the transmission mode at the
BL-27B station of KEK.

Results and Discussion
Figure 1 shows that the representative

radial structural functions (RSF) by the EXAFS.
The RSF's appeared to be mainly characterized
by the coordinative oxygens of waters (a~d) and
nitrate ions (a,b): the peaks around 200 pm and
the non-coordinative oxygens of nitrate ions
(a,b): peak around 380 pm. From these results,
nitrate ions form inner-sphere complexes with the
lanthanides. In contrast, chloride ions were not
observed around the lanthanides, therefore,
chloride ions do not form inner-sphere complexes.
The quantitative analyses of the EXAFS data

have revealed that the coordination numbers of
the lanthanides ranged from about 8 for Eu - Lu
to about 9 for Nd, Sm in all the samples. The
bond distances were from about 230 to 250 pm
for Ln - OH2 and from about 240 to 260 pm for
Ln - O2NO. The nitrate ions would coordinate to
the lanthanides about 10 pm longer in bond
distance than water.

Ho-0(OH2+02NO)

Ho-0(ON02).

Ho-0(OH,

0 1 2 3 4 5 6

r/IO^pm

Figure 1. Radial stmcturai functions in the Ho^-
NOg'and CI" aqueous solutions
a) 1M Ho(N03)3-H20
b) 1M Ho(N03)3-6M HNO3-H2O
c)1MHoCl3-H20
d)1MHoCl3-6M HCi-HaO
•The phase shifts in ail the data were not corrected.
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It is necessary to understand the radiation
processes in alloys which is the elucidation of
the interaction between defect and solute atoms.

It has been shown that as a consequence of this
interaction, alloy phases become redistributed
and a new phase forms by radiation enhanced
diffusion and radiation induced segregation.
Such effects have obvious implications for the
design of materials to be used in fusion reactor
environments. Several techniques, for example
Transmission Electron Microscopy (TEM) or
Positron Annihilation Spectroscopy , have been
applied to investigate defect-solute reactions.
The radiation processes needs to know the
agglomerates mechanism of points defects and
small defect which defect sizes ranging from the
atomic level up to large dislocation loops that
are well below the visibility limit of the TEM.
The determination of the structural properties of
such small agglomerates (defects types and size
distribution of each defect) has become a unique
field of application for Diffuse X-ray Scattering
(DXS) technique.

We investigated the damage of pure Ni,
dilute Ni-Cu, and dilute Ni-Fe alloys by using
the DXS technique. Although nickel is of great
importance because of its use in many base
alloys for nuclear reactors, its small defect
structure has not been so well established as

44.

those of other fee metals. In an attempt to obtain
a better understanding of the defect behavior in
Ni-base alloys, a detailed comparison between
pure Ni and Ni-base alloys seemed to be
necessary.

Ni alloys containing 0.04at.%Cu and
0.05at.%Fe were irradiated with either 2MeV

electrons at JAERI Takasaki or 150MeV ion

at JAERI Tokai. The DXS experiments on
electron irradiated samples were performed with
four circle diffractometer at room temperature
installed at BL-27B at Photon Factory of
National Laboratory for High Energy Physics in
Tsukuba. The high flux photon beam enabled us
to isolate diffuse scattering clearly. Background
from temperature diffuse and Compton
scattering was removed by taking a difference
between as irradiated and annealed samples.
DXS experiments on ion irradiated samples
were performed with a 18 kW rotating anode
source.

The result of DXS measurements on either

electron or ion irradiated specimens showed that
the concentration of defect agglomerates was
affected by addition of solute Cu and Fe atoms.
The results of ion irradiated specimens
indicated that the addition of solute atoms

suppressed the vacancy-type defect
agglomeration.

. X . ^ q'
1 ^ ^
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irradiation of materials with energetic

ions produces point defects and

displacement cascades containing high
local concentrations of vacancy- interstitial

pairs, and at ambient temperature these
vacancies and interstitials aggregated to

form clusters such as dislocation loops,
stacking fault tetrahedra, or voids.

Transmission electron microscopy has
provided a considerable amount of

information on this process. However,
additional quantitative information regarding
small sizes , morphologies, internal defect
densities and thermal evolution is needed

for comparison with theoretical calculations

and for obtaining a more complete picture of
the physics of defect production and defect
interaction. X-ray diffuse scattering
provides information complementary to that

obtained by the microscopy imaging in the
sense that the defects are studied

nondestructively with inherently, good
sampling statistics.

We report x-ray diffuse scattering
measurements using the synchrotoron
radiation source for the study of dislocation
loops in heavy ion- irradiated copper,
platinum and gold single crystals. The
specimens with <111 > orientation were

irradiated at 30 K with 150 MeV

P(phosphorus) ions using 20 MV tandem
Accelerator to fluence of 8.3 x 10^^
ions/cm^. Diffuse scattering experiments
were performed on a four-circle

diffractometer installed at BL-27B at the

Photon Factory of the KEK in Tsukuba. The

diffuse scattering near the 111 reflection

was measured at room temperature. The

measured diffuse scattering for P ion

irradiated copper is shown in the figure.

These data are scaled by q^and plotted as a
function q along the 111 direction in
reciprocal space. We note that the scattering
magnitudes were found to be relatively
comparable for positive and negative q for
the irradiation, suggesting the presence of

substantial numbers of both vacancy and

interstitial loops.

We found size dependence of interstitial
loops with ion dose. The diffuse scattering
intensities also depended with irradiation

dose, suggesting that number of defects
increased with ion doses.

^10-^

Plot of irradiated Cu (111)
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Introduction

The coherence is one of the most important property
for optics. There are two concepts for the coherence.
One is the spatial coherence which represents how
the two points perpendicular to the optical axis can in
terfere. The other is the temporal coherence which
is equivalent to the length of the wave packet. The
aim of our experiment is to measure the spatial coher
ence of the synchrotron radiation by the Young's in
terferometer and to estimate the emittance of the light
beam. The region of the photon energy that we have
used is the VUV region, from about 70eV to 180eV.

Experimental

We constructed a new system of the Young's interfer
ometer (Fig.l). The light from beam lines enters the
double slit. Just behind the exit slit a photomultiplier
detector is located. The position of the photomulti
plier can be scanned on the line perpendicular to the
optical axis from -4mm to 4mm. By changing the en
trance and the exit angle of the grating, we choose the
wavelength. The whole system of this interferometer
can be rotated around the optical axis preserving high
vacuum. By this mechanism we can easily measure
the spatial coherence of arbitrary two points,

Results and Discussion

We measured the interference patterns at BL28A (he
lical undulator) and BLT2A (bending magnet) of the
Photon Factory. KEK (Fig.2). The great difference of
the visibilities between the vertical and the horizontal

directions was found, which comes from the electron

beam property. The relation between the visibility V
and the slit separation D is written as

V —exp —
F'-el)
St^el •

where e is the total photon emittance, ^pi= is
the emittance of diffraction limit Ught, S is the beam
size on the double slit. From (1), if we fix the photon
energy and change the slit separation D, we can see a
linear relation between —log{V) and D^. The gradient
will depend on the photon energy through Sp and s.
It will be larger as the photon energy becomes larger
and the emittance becomes smaller. These properties
were confirmed by our experiment.

Double Sill

(a = Sum, 0 = 30, 50, 100, ISO, 200|im)

Entrance Sill

(lOOum)

Young Interferometer

Monochromator

a= 530rrm=50r*n

Fig.l Design of the Young's interferometer

1 15

PMT position (mm)

Fig.2 Interference pattern for the vertical and hori
zontal direction at BL28A (photon energy = lOOeV,
slit separation D = 100 fim)
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Introduction

Circularly polarized ligjit has been
suggested as an origin of chirality of biological
amino acids[l]. In this work, we tried to detect
an absolute asymmetric decomposition of
amino acids by irradiation of helical undulator
radiation.

Experimental
E?qDeriments were performed at the BL-

28A of the KEK-PF.

We prepared the mixture of 50% D-
pheny lalanine and 50% L-phenylalanine and
made the water solution of which concentration

was 6x10 mol/1. We dropped 2.5 microlitters
of these solutions on aluminum substrates to

make dried thin films with diameters of 2 mm.

Undulator was operated with the E2P
mode ( rightly polarized radiation mode ) at 35
eV. The spot size of the light was ~0.3 mm.
Irradiation time was adjusted sample by sample
from 1 minute to 60 minutes.

Analysis of irradiated samples were made
with the high pressure liquid chromatography
(HPLC, Shimadzu LC-lOA ) with the column
Crownpak CR(+) at 288K.

Result and Discussion

Fig 1 shows an example of obtained
chromatograms recorded for the sample
irradiated 60 minutes. In the figure, each peak
designated as DA, LA, DP and LP is due to D-
alanine, L-alanine, D-pheny lalanine and L-
phenylalanine, respectively.

Since the detector sensitivity of HPLC for
DA and LA is smaller than that for DP and LP

by a factor of 40, appearance of clear peaks of
DA and LA shows that samples were stron^y
decomposed. But in this experiment, we
could not detect the clear difference in the peak
area between DP and LP, which means that the

magnitude of the asymmetric composition was
smaller than the experimental resolution.
Measurement system of the circular dichroism
is necessary to make this project possible.

Authors thank deeply toDrs. T.Miyahara
and Y.Hatano for their guidance to use the
beamline.
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Fig 1. Chromatogram of the (50%D-phenyl-
alanine + 50%L-pheny lalanine) irradiated with
35 eV rightly circularly polarized light.
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Introduction

Energy- ajid angle-resolved electroii-electron couicidence

ineasureineiits give us direct information on electron

correlation. We have applied the coincidence measurements
in direct double photoionization process using a circularly

polarized photon beam from a helical undulator and we

have succeeded to demonstrate circular dichroism in angular
correlation patterns between two outgoing 5p electrons in

direct double photoionization of xenon. Tlie direct double

plioloionizatioii process of

Xe -H hv ^ Xe2+(5p-2: iIJc) + l-i + (^2
lias been selected from three possible final ionic states. -^Pc.

iDe. and iSe, of Xe2+,

Experimental

Tlie experiment was performed at the helical undulator

beam line BL-28A which can provide a high grade circularly
polarized photon beam. Experimental apparatus juid
procedure have been previously described in delail(i-2). Tlie

apparatus consists of two parallel plate energy analyzers
placed in a plane perpendicular li) the photon beam
direction. One analyzer was fixed position and the other
analyzer was rotatable around the photon beam axis. Tlie
energy of the circularly polarized photon beam was tuned to
44.75 eV. where excess energy E=EI-i-E2 of y,?5 eV for the

final ionic state should be shared by kinetic energies.

El and E2, of two outgoing 5p pholoeleclrons. Tlie

angular correlation patterns were mecksured under the unequal
kinetic energy .sharing of El=l eV and E2=8..'̂ 5 eV, Tlie

typical counting rates for the slow and fast outgoing 5p
photoclectrons were the order of a few hundred and a few

counts per second, respectively. Tlie acquisition time of
120 minutes was neccs.sar)' to get a coincidence data with

sufficientlv .small statistical error.

ResuUs

Tlic angular correlation patterns measured are shown in

figures 1(a), (b) for the right and left circularly polarized
photon beam, respectively. Tlie intensity of the true

comcidence are plotted m a polar diagram. Tlie measured
patterns are not symmetric with respect to the fixed
detection angle for the slow el pholoelectron and the

angular correlations for right and left circular piilarization

are a mirror image of each other. It is interesting that the

present angular correlation patterns can be recognized to
consist of a large lobe and a small lobe as well as
theoretical prediction for heliumt-"^), nevertheless the final
ionic state of atid excess energy of 50 eV for helium

are quite different from ID'̂ and 9.."^5 cV for xenon.

Tlius, we have revealed that the circularly polarized

photon beam from the helical undulator is a powerful

tool to deep understanding on electron correlation in
atomic photoionization processes through the circular

dichroism phenomenon.

Fig.l. Angular correlations between two ejected 5p

pholoelectroiis from Xe for the right (a) and left (b)
circular polarization.
References

1. E. Shigemasa et al.. Rev. Sci. lustrum. 63(1) 1505
(1992).

2. K. Soejima et al., J. Phys, B29 L.'̂ 67 (1996).
?>. J. Berakdar and H. Klar, Phys. Rev. Lett. 69 1175

(1992).



95-P003

MAGNETIC CIRCULAR DICHROISM OF Tb/Fe
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1. Introduction

RE-TM alloy thin films is being applied in
Magneto-Optical (MO) recording widely.
Furthermore magnetic anisotropy of RE/TM
multilayer film was enhanced by interface in
multilayer structure.' It was confirmed that the
mechanism of enhanced magnetic anisotropy came
from structure anisotropy through EXAFS
measurement.^ However electronic state of

interface is still unknown. Magnetic Circular
Dichroism (MOD) is a usefu I tooI to measure spin
state of outside electron for interested atom. Here

we report the results of investigation and
discussion.

2. Experimental

Tb/Fe multilayered film was made by an
alternative rf sputtering method. Samples were
deposited on the glass substrate The total thickness
is 1200 A MCD measurements were performed
by the total field mode at Lig. temperature in
BL-28A.

3. Results and Discussion

MCD spectra of Tb/Fe from Fe 3p-3d and
Tb 4d-4f are shown in Fig.l and Fig.2,
respectively. It is seen that peaks corresponding
to Tb 4d-4f in MCD spectra appeared clearlyfor
all samples, while peaks corresponding to Fe 3p-
3dappeared bilayer period 40 A The sign of peaks
changes at the bilayer of between 40 A and55 A
The change in sign of the spectra reflects the
magnetic properties, that is to say that the magnetic
film changes from TM-rich to RE-rich at this
bilayer period. It is confirmed by Kerr hysteresis
loops. However Tb spectra did not change the sign
for all films. Considering that the < 'Jpc-tb' ^

I^Fe-Fe' ' Understand and explain this
phenomena.

MCD spectra of Fe suggested that the spin-
orbit interaction for 3p state at RE-rich regime
appears as a diminishing one while existing for 3p
and 3d states in the TM-rich regime.^
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CIRCULAR DICHORISM IN ANGULAR DISTRIBUTION OF THE PHOTOELECTRON
FROM 81(001) VALENCE BAND II : UPS REGION
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C.-H.Solterbeck'^ and W.Schattke'^
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Wc have iiivcslipnicti Ihc circular dicliroisin in angular
distribution (CDAD) of the photoclcctron from Si (tXII) .surface,
a non-chira! and non-magnetic material. I'or the photoelectron
from Si 2p core level, there exists a strong C'DAI) corresponding
to the rotation of the forward focusing peaks due to the angular
momentum of the photoelectron." l-or tlie photoelectron from
valence band at kinetic energy (F.k) of 246cV. we also found
strong CDAI) which is considered to be the superiiosition of
one-d i meni i (ma I dcnsiiv "f "iialc 'ID DOS) and the

phoiocleclKiri tlilft.K lion p.illcin ' A theoretical calculation by a
highly accurate one sieji model uhiclr contains the photoelectron
diffraction effect ha>< also (oiind ( DAD in this binding energy
region at much hiwei kinetic energy (liK~4()eV) of the
pliotoeleclron by Solterbeck and Schattke." Iherefore. we
measured CDAD at low |-k so as to compare them with the
theoretical work

The experiment was peilortucd at bl. 2kA using left and
right circularly irolari/ed (Icp and icp. respectively) VDV light.
Die sample was cleaned by direct current heating up to I2.'i0't.'.
and showed a clear 2x I I.F.F.D pattern. I'he display-type
spherical mirror anal)/er was usetl to measure the angular
distribution of the photoelectron in the Constant Final State
(CFS) mode.

Figure I shows ilic results at the binding ciieigy (Fn) of
- leV and the final state cvcigv of 4()eV. (a) arul lb) are the
distributions excited by Icp and icp light. rcs|iecti\cly. VV'c can
clearly sec CDAD; the distribution along hori/ontal IkJ axis
rotates conter-clockwise (CCW) in (a) and clockwise (CW) in

(b), while that along vertical (k>) axis behaves in the opposite
way. (c) and (d) are theoretical ones for I x I surface, (c) is the
caluculated angular distribution by highly accurate one-step
model for Icp light and (d) is 1-1) DOS. Cenerally. the angular
distribution of the photoelectron is described as / ( . ^ ) oc D'
(k ,) \MAMr 11 where /)' ik ,) is the I-1) DOS, M\ is the
matrix element of the dipole transition from atomic orbital of the
initial state to the time-reversed FFT.D state, which is the final

state, and Mr s the photocmission structure factor which
determines the intensity distribution of each Brillouin /one." In
(a) and (b), the mtcnsity along k, axis is strong. This indicates
that the initial state has p, character since the photoelectron from
p, atomic orbital is known to have strong intensity along k, axis.
Comparing (a) and (d), they cjuantitativcly look similar to each
other although the intensity in 1st and .frd Brillouin /ones have
vanished. This suggest that the experimental results contain the
angular distribution of l-D DOS and also the photocmission
structure factor {Mr) (a) and (c) show quantitatively good
correspondence except for the difference of the rotation
direction of the'weak (waks alcmg ky axis, i e., CW in (a) and
CCW in (c). This difference would be referred to the 2x1

reconstruction cT the real surface. Actually, the forward
focusing peak scattered by the dimcr atoms will appear at the
same position a.^ these in (a).

In sumtoary, we investigated CDAD of the photoelectron
from Si (001) valence band at UPS region and compared them
with the theoretical results. The results show apparent CDAD
and contain the effect of the transition from atomic orbital, l-D

DOS. photocmission structure factor, and also photoelectron
diffraction. To make clear the effect of photoelectron
diffraction, calculation on the reconstructed surface is needed.

Fig. 1 Comparison of the experimental results (a),(b)
with theoretical calculations (c),(ci) at EeleV. (a)
and (b) are the angular distributions excited by
Icp light using high accurate one-step model and
(d) is the distribution of 1-D DOS. White frames
in the figures denote the 1 x 1 unit cells In the
reciprocal lattice.
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Great experimental and theoretical effort has been
spent into the photoionization of helium, because it al
lows to investigate one of the most fundamental prob
lems in quantum mechanics: electron-electron correla
tion. Especially fully differential cross sections (apart
from the spin) yield information on the complex three-
body coulomb problemV Until last year experiments
were restricted to the use of linearly polarized light.
However, the use of circularly polarized light lead to a
new generation of experiments, because of the break
ing of the mirror symmetry in the initial state. After
the pioneering theoretical work of Berakdar and Klar^
on the effect of dichroism in photo-double ionization
of helium by circularly polarized light, only one group
(Viefliaus et al.^) could perform a successful measure
ment of the 5-fold differential cross sections (FDCS)
with time-of-flight electron spectrometers. But this
experiment suffered from a very low statistical signifi
cance, thus they could only get energy distributions at
very few angles.
Using COLTRIMS, we measured now the 3 momen
tum components and the charge state of the recoil ion
in coincidence with 2 momentum components and the
emission direction of one electron at energies of = 20
and lOOeV above the double ionization threshold. This

is equivalent to a (7,2e)-experiment, leading to the
FDCS. We achieved with this technique a conincidence
solid angle of 10%, which is more than 4 orders of mag
nitude larger than in the Berlin experiment^.
Our experiment was performed at the beamline BL28A
at the Photon factory in Tsukuba/Japan, which pro
vides a photon flux of lO^^s"^ and a degree of po
larization of around 0.95. By the combination of
COLTRIMS with this, most advanced beamline for
low energy circular photons (40-300eV), we achieved a
coincidence count rate of around 10s~\ thus we could
get about 10® coincidences in total. This enabled us to
map a large part of the square of the final state wave
function |^'(ki, ka, K)p, where ki,k2 and K are the
momenta of the 2 electrons and the recoiling He '̂'"-ion.
Figure 1 shows a preliminary analysis of the recoil ion

momentum distribution in the R'l-Zi'y-plane (/G = 0)
at E = 20eV, where x,y denote the cartesian compo
nents perpendicular and z parallel to the photon di
rection. For this plot we fixed the detected electron
with 1.0a.u. < kix < 1.2a.u. and kiy = kiz = 0. We
observe a strongly asymmetric emission (dichroism) of
the ions in the y-direction, which is perpendicular to
the x-z-plane, defined by the incident photon {z) and
kix- The left picture shows the emission with right
and the right with left helicity of the photons, which
was switched by changing the undulator mode. This
preliminary, qualitative result is in agreement with the
predictions of Berakdar and Klar^.
At the time of writing this abstract the analysis is in
a very early stage.

righthand helicity lefthand helicity

.1 4 .1 2 -10 -08 -06 .0 4 .0 2 00 .1 4 -1 2 -10 -0 8 -0 6 -0 4 0 2 0 0

K,(a u.) K,(a u )

Figure 1: Recoil ion momentum distribution in the x-
y-plane at E —20eV (see text).
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Introduction

The 5d transition metal (TM) and rare earth
(R) elements form a large number of intermetallic
compounds. In these compounds the R6Mn23
compounds are very interesting. In general the R
and 3(/rM magnetic moments couple antiparallel
for heavy lanthanides. However GdeMni? appears
to be ferromagnetic.'̂ Bushow and Sherwood
suggested the presence of the complex magnetic
structure m Gd6Mn23.

Experimental
The polycrystalline samples were prepared by

arc melting of 99.9 % pure primary materials in
argon atmosphere. X-ray diffraction analysis was
employed to detect the phase structure. The
MCXD and XANES spectra were measured
using the left-circularly polarized x-rays at the
BL-28B in Photon Factory. The measurements
were made at room temperature and 77 K in
transmission mode.

Results and Discussion

Figure 1 shows the XANES and MCXD
spectra at the Gd Y2,3-edges in Gd6Mn23. The
MCXD spectrum is positive (negative) at the Gd
T3-edge (l2-edge). This feature is consistent
with one observed for pure Gd metal. That is,
the magnetic moment on the Gd sublattice is
parallel to the applied magnetic fields. The
MCXD intensity ratio between L3- and L2-edges
is close to statistical value -1. On the other

hand the ratio in Co-Gd and Fe-Gd system
deviate from the statistical value. This

suggests that Gd-Mn interaction is weaker than
Gd-Co and Gd-Fe ones which are fairly strong.

Figure 2 shows Furier transforms (FT)
obtained from the normal and magnetic EXAFS
signals. The imaginary part of usual FT has two
peaks A and B corresponding to the distance of
Gd-Mn and Gd-Gd pairs, respectively. Although
the peak B is clear in magnetic FT, the amplitude

of peak A decrease drastically. This result reflects
that theMn magnetic moments are very smalP'.

Mn-,,Gd. R. T

O Gd Lycd\^c

Gd L^-edgc

-30 -20 -10 0 20 30 40

Energy E - Eq / eV

Figure 1. (a) XANES and (b) MCXD spectra at the Gd
Ly edge (open circle) and L2-edge (closed circle) in
Gdf,Mn23.

< 0.0^^^

A B

Normal

Gd /,,-cdge 77 K
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Magnetic
Z'

Figure 2. Furier transforms obtained from normal (upper
panel) and magnetic (lower panel) EXAFS signal at Gd
A3-edge in GdgMn-s.
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Introduction

Multi-Electron Excitation (MI'.E) is obser\'ed on a X-ray
Absorption Spectrum (XAS) as a universal phenomenon. In
recent }ears, Dart '̂ge et al." reported that a dichroic etTect for
MEE (2p4d—>5d^), that is called as magnetic MEE, is
substantially large and its feature only depends on an element
and is not sensitive to a crystal structure. An interference
between the magnetic MEE and the magnetic EXAFS signals
IS a significant problem to analyze the aspects of the magnetic
MEE in most of systems. The present experiments for
amorphous systems make it possible to determine spectra of
magnetic MEE and thier physical characters, because an
disorder state suppresses its magnetic EXAFS amplitude and
prevent the interference.

The magnetic MEE at 2p4d^5d" edge, which corresponds
to the energy' around 120~150 eV abo\'e Rare-Earth L3-edge,
were measured in Co-Sm and Co-Gd amorphous thin films.
The features of the magnetic MEE will be discussed.

E.xpcrimental

Co-Sm and Co-Gd amorphous thin films were deposited
to the thickness of 2pm on polyimide substrates by RF
magnetron sputtering method. The measurements of
magnetic MEE were carried out at room temperature at the
beam line PF-BL28B with a circularly polarized X-ray. The
transmission geometry, in which two ion chambers are used
in front and behind of the sample, was adopted and the
applied magnetic field was about 6 kOe. All the spectra were
normalized by the edge-jump at L3-edge. The first inflection
point of XANES (X-ray Absorption Near Edge Structure)
was chosen as the zero point at the energy scale of MCD
spectra.

Results and discussion

Figure 1 shows a magnetic XAS spectrum at Sm L3-edge
(6715 eV) in a Co-gSm2i amorphous thin film. The magnetic
MEE structure wakes up at 120 eV of the photoelectron
energy and has negative and positive peaks with a veiy broad
decaying background. The background above MEE is
discontinuous with that in pre-MEli region and this character
was observed in all the systems we have measured. An insert
shows the conventional EXAFS oscillation and the vertical

dotted line corresponds to the peak position for negative peak
of magnetic MEE. The edge-jump are obviously found on the
EXAFS oscillation as a shoulder and its magnitude is less
than 1% to the height of edge-jump of a single electron
transition at L3-edge. This indicates that a magnetic effect for
MEE occupies 20 % of a total probability of MEE, while an
intensity of magnetic effect around near edge is about 0.4 %.

Figure 2 shows the correlation between a magnitude of
magnetic effects for MEE and that for XANES at Gd L3-edge
in Coioo-xGdx (x=33, 25, 17, 7) amorphous thin films. The
fitted line in the figure was assumed to pass the origin of the

Fig.2. The correlation indicates that the intensity of magnetic
MEE only depend on the polarization of final states (5d) of
transitions.
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The Magnetic XAS at .Sm L3-edge in a Co79Sm2i
amorphous thin film. The Magnetic MEE structure
appeares between 120 eV and 220 eV. The insert
shows a part of conventional EXAFS oscillation
and the vertical dotted line corresponds to the peak
position for a negative peak of the magnetic MEE.
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Fig.2 The correlation between a magnitude of magnetic
effects for MEE and that for XANES at Gd L3-edge in
Coioo-.xGdx (x=33, 25, 17, 7) amorphous thin films. The
fitted line in the figure is assumed to pass the origin.
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Introduction

Hole-doped manganese oxides Lai.xSrxMn03
with perovskite structure are known to show the
behavior as conducting ferromagnets for x larger
than about 0.16 where the magnetic interaction
is mediated by the double exchange interaction.
Recently MCXD was measured in

La(),84Sp) irjMnO? for the La Ad XAS^\ Presence
of the magnetic moment on the La 4/ state was
clarified, where the spin was found to be parallel
to the Mn spin resulting from the hybridization
between the La 4/, La 5d, O 2p and Mn 3d states.
Therefore, it is necessary to probe the La 5d
conduction band for a better understanding of
electronic and magnetic properties. Here we
report on the spin polarization of the La 5d
conduction bands in Lai-xSrxMn03 (x=0.165) by
means of the MCXD spectra in the La 12,5-
edges.

Experimental
A single crystal of Lai.xSrxMn03 (x=0.165)

was grown by the floating zone (FZ) method.
The sample is a ferromagnetic metal below 7c~
270 K. The MCXD and XANES spectra were
measured using the left-circularly polarized
x-rays at the BL-28B in Photon Factory. The
measurements were made at 200 K in

fluorescence mode.

Results and Discussion

Figure 1 shows the XANES and MCXD
spectra at the La l2,3-edges. The obtained
MCXD spectra indicate a complicated structure,
suggesting the band exchange splitting This
result indicates that the La 5c/-state strongly
correlates with other states. On the basis of the

simple atomic model, the integrated intensity
ratio of MCXD signals between the L3- and L2-
edges is equal to -1 in the valence bands with no
spin-orbit coupling. The derived ratio

considerably deviates from the statistical value.
This indicates that an orbital angular momentum
remains in the La 5<i-state. In order to estimate

the La 5d magnetic moments, we have applied
the present XANES and MCXD data to the sum
ailes We found that the orbital and spin
magnetic moments are antiparallel. As a result
of their compensation, the total magnetic
moment becomes less than 0.1 jUb. The present
result is different from that for

intermetalic compounds (M=Fe,Co), where the
spin character is dominant in the La 5c/-state

3.

ITj

2;

X 10 '

(a) r=200K

0 La,.,(Sr.^Mn03

La Li-edB.e

-10 0 10 20 30 -10 0

Energy E - Eq /keV

Figure 1. (a) XANES and (b) MCXD spectra at the La
L3- edge (open circle) and L-edge (solid circle) in Lai.
xSr^MnOs (x=0.165) after the correction for self-
absorption effects.
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Introduction

We report a first successful observation of resonant
circular dichroic Bragg reflections from a multilayer
on the elliptical multipole wiggler beamline BL28B of
the Photon Factory. The result shows that the
circularly polarized X-ray beam from the insertion
device is useful for the determination of the spin
structures of rare-earth multilayers by measurement
of specular reflections and diffuse scattering.

Experimental
Our sample has 20 bilayers of 36 A-thick magnetic
Gdo.4Coo.6 and 15 A-thick non-magnetic Ag on a
silicon substrate. The X-ray optics of the BL28B
was tuned to 7.246 keV, 2 eV below the white-line
peak at the Gd L3 edge, where a positive peak was
located in a magnetic X-ray circular dichroic
(MXCD) spectrum from a 3000 A-thick film of the
same GdCo alloy (Fig. 1). The scattering experi
ment used an electromagnet mounted on a four-circle
goniometer, which applied a field of 2.5 kOe on the
sample parallel to the surface and the plane of scatter
ing. This magnet has bored pole pieces to allow the
X-ray beams to pass through in the small scattering-
angle geometry used. We switched the field direc
tion during scans to collect the /(-t-) and /(-) data in
single runs.

Results and Discussion
The average signal /(-f-)-»-/(-), solid line in Fig. 2,
shows the second-order Bragg peak arising from the
periodic charge distribution in the multilayer. The
difference signal, I{+)-!{-), consistently negative at
all scattering angles, peaks (negatively) at the Bragg
position. Similar negative peaks were observed at
the first and third Bragg peak positions as well. The
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Fig. 1. MXCD spectrum (dotted line) and average
absorption (solid line) for the GdCo alloy.
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Fig. 2. Circular dichroic specular reflectivities
(dotted line) for the GdCo/Ag multilayer plotted
against scattering angle 20.

size of these peaks is less than 1 % when expressed by
asymmetry ratio [/(-t-)-/(-)]/[/(-l-)-»-/(-)], which re
presents the cross-section of magnetic scattering
relative to that of the charge scattering. The nega
tive difference signal was surprising but found to be
consistent with the positive MXCD peak. This is a
property of the resonant-magnetic charge interference
scattering observed with a circularly polarized X-ray
beam [Ij. The sign of the difference signal depends
on where we are exactly located in the spectrum.
The data shows layers of magnetically ordered Gd
ions stacked with the same period as the chemical
structure of the multilayer. Clearly, no Bragg peak
would be observed in /(-!-)-/(-) if Gd moments are
randomly oriented in the GdCo layers. Further dis
cussion Ls given in Ref. 1. We make two remarks
here. The off-specular radial scaas showed diffuse
Bragg peaks in /(+)-/(-), suggesting a correlated
structure of magnetic roughness on successive multi
layer interfaces. The size of the magnetic signal
observed is consistent with that measured in Bragg
reflectioas from bulk Gd crystal with a linearly polar
ized beam [2].

Given an extended beam time, we are codain to
collect high-quality data to determine the spin struc
ture of the multilayer. We appreciate the participa
tion of YJ. Park in the experiment from Pohang Univ.
of Sci. and Tech., Korea, and discussion with K.
Namikawa.
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Introduction

USe is one of uranium monochalcogenides which have
highfy anisotropic magnetization along the crystal axis of
< 111 > direction . This feature is believed to come from

the characteristic nature of 5f electrons in U .

The circular magnetic X-ray dichroism (CMXD) is a
powerful and unique technique to get the orbital- and
element-selective magnetic informations in ferro(ferri)-mag
netic materials .

The magneto-optical sum rules by Carra et aL[l] gives
us the possibility of separating the orbital momentum ,
< Lx> , and the effective spin moment , < S^ >=< S^ >
-i-3 < Tx > , where < 5^ > is the spin momentum and
< Tx > is the magnetic dipole term . Therefore , if we
could get the information of either < > or < > , we
obtain the other .

In this paper , we report the CMXD spectra of USe
and then try to separate the expectation value of < >
and < Se > .

Experimental

The single crystal of USe was made by Bridgeman
method. The specimen was mounted on Cu sample holder
with 24 mm in diameter and sealed by Kapton film with
thickness of 12.5 pm under 1 atomosphere of He gas .

The measurement of CMXD was carried out at BL28B
beam-line of Photon Factory . The sample was cooled by
cryogenic refrigerator to T=120K (The Curie temperature
of this USe single crystal is Tc = 17AK ) . The magnetic
field of 6kOe generated by electromagnet was applied to
this sample with reversing the field direction . The en
ergy was changed from 3.5 keV to 3.8 keV at the interval
of 2 eV with doubly-bent Si(lll) monochromater in or
der to observe electric dipole transion in M4(3d^ —» 5/) ,
M5(3£i| —> 5/) edge ofUranium . The fluorescence emit
ted from the sample waa detected by "Lytle detector "
filled with N2 gas .

Result and Discussion

The observed fluorescence intensity and the CMXD
signal of M4 , M5 edge of uranium are shown in Fig 1
. As can be seen in Fig.l , CMXD spectra in Both M4
and Ms edges show negative values . According to the
magneto-optical sum rules , these qualitatively show neg
ative < Lx > , which in turn the orbital moment is par
allel to the direction of magnetic field . The corrections
of background and selfabsorption by specimen were made

foUowing the procedures by S.F.Collins et.al.[2] . After
these corrections , the magneto-optical sum rules were ap
plied , giving the values of p —0.106 and 6 0.140 ,
respectively .

If we take the values of < Lx >= -3.62 and < > =
0.75 from our magnetic Compton profile of USe[3] , we
could obtain the number of 5f electron , n = 2.62 , which
is close to the band structure calculation [4] . Fnthermore
, < Tx > is estimated to be 0.55 . Relatively large < T, >
may be correlated to the large anisotropy of this material

c/2 +0.4

+^•5 +3.6 +3.7 +3.8

Incident X-ray Energy (keV)

Figure 1: The fluorescence intensity and CMXD spectra
of USe at T=120K.
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Introduction

In the study of the electronic structure of metals and
alloys (MA), it is the most essential to know the
Fermi surface or the momentum distribution of

conduction electrons because almost all the physical
properties of MA are dominated by the behaviors of
conduction electrons. The compton scattering is well
known to be a good technique to get Fermi surface.
On the other hand high pressure also a good tool to
investigate the electronic structure of MA since we
can observe a lot of electronic phase transition by
applying pressure, i.e., by changing the volume. Thus
we expect to obtain deep insight about the electronic
structures of MA bi combining these two methods.
However these have been a few reports to study the
momentum distribution of conduction electrons under

high pressure until now because of a lack of intense
X-ray source. In the present study we report the
measurement of Compton profile at high pressure.

Experimental
Polycrystalline Li was used as a sample because the

contribution from core electron to Compton profile is
small. High pressure was generated by using
Bridgman type sintered diamond anvils having a face
of 3 mm in diameter. Be disk was used as a gasket
and the pressure inside the cell was calibrated by
measuring the lattice constant of Li. Compton
scattering measurement was carried out by using
59.34 keV X-ray (Tm K-edge) from synchrotron
radiation (SR). The scattered X-ray was detected by
means of solid state detector.

Results and discussion

The Compton profile J(^) of Li at 1.8 GPa is shown
in Fig. 1 as a function of electron momentum q. It is
found that the value of J(0) decreases with increasing
pressure, which indicates an increase of Fermi
momentum by applying pressure because of the
relation /(0)o«^p~^. In order to examine the pressure
dependence of more precisely, we attempted to fit
the observed J{q) to the free electron model(FEM).
J{q) is described in the framework of FEM as.

(1)

P,0.5

1.8 GPa

Fig. 1 The Compton profile J{q) of Li at 1.8 GPa.

where z is the number of valence electrons per atom.
From the least square fitting of the observed J{q) to
eq. (1), we get ^p as a function of pressure.

0.5 1 1.5 2

P(GPa)

Fig. 2 Pressure dependence of 2<7p,

Figure 2 shows the pressure dependence of
2^P, in which the pressure coefficient of q^ is 3.
8x10"^ GPa~^. On the other hand, we estimate the
pressure coefficient to be 3.3x10"^ GPa~^ by using
FEM, which is in good agreement with that observed
in the present work.
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Introduction

The 3-dimentional electron momentum density (3D-
EMD) parallel to c-axis of graphite were evaluated by
coincidence measurement between the Compton X-ray photon

and the recoiled electron (X,eX). This experiment provides the
direct information of 3D-EMD. It is possible to measure on a
high momentum resolution (0.3a.u.) by detecting the electron
energy. Theresultwascompared to the theoretical data".

Experimental
The experiment was carried out at AR-NEl beam-line.

Figure 1 shows the schematic view of the experiment.
Compton scattered X-rays were detected by a Ge solid state
detector (energy / momentum resolution - 0.48keV / 0.7a.u.)
that placed at scattering angle 0~15O°, and recoiled electrons

were detected by a multi-charmel-plate electron detector that
was mounted at (t)~12.5°. The incident X-ray energy was

65.0keV. The average energy of Compton scattered X-rays

was 52.5keV, and that of recoiled electrons was 12.5keV. The

electron energy was measured by a tdme-of-flight method
(TOF). The photo diode to get a timing trigger was placed at
an upper side of the incident X-rays. The pass length of the
electron fight was 2.00m, the time resolution was ~230ps,
then the over-all electron energy resolution was O.lOkeV,
which corresponded to 0.3a.u. momentum resolution.

The sample was a self-support graphite foil whose
thickness was 5|ig/cm^(22nm). Its basal planes oriented
randomly parallel to the surfaceofthe foil '̂. The foil was set to
its normal was parallel to scattering vector. On this alignment,
the electron momentum distribution parallel to c-axis p(0,0,p^)
could he measured.

Results and Discussions

Figure 2-A and 2-B show 3D-EMDs p(0,0,p^) of graphite

obtained by the measurements of the energy on the recoiled

electrons and Compton scattered X-rays, respectively. The
solid lines are the EMD calculations by Gao et al. " obtained
within a mixed basis pseudopotential approach. These lines
are averaged azimuthaUy to c-axis and convoluted with 0.3a.u.
and 0.7a.u., respectively.

We want to remark the feature of both experimental
data at the region near p^ =0 in Fig.2-Aand B. The data in Fig.
2-A clearly shows a flat top profile, on the other hand, these in
Fig. 2-B shows just like a Gaussian peak profile. This fact can

be understood by the difference of the momentum space

resolution; 0.3a.u. and 0.7a.u., respectively. It is difficult to say
whether there is a small dip near p^=0 in Fig. 2-A (as
theoretically predicted), because of a poor statistical accuracy

in a moment. Even there are some small discrepancies, these

experimental data were almost reprtxluced by the theoretical
calculations as shows by solid lines, and the hig^ resolution
3D-EMD measurement could be successfully demonstrated

by using a TOF spectrometer for the recoiled electrons.
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Introduction

Coincidence measurements of energy
spectrum between the inelastically scattered
photons and recoil electrons in the Compton
scattering process , which we call (X,eX)
measurements, can give directly three
dimensional electron momentum density(3D-
EMD) in the ground states. A time of tlight
spectroscopy has a possibility to measure the
energy spectrum of recoil electron with high
resolution of 0.3 A.U. in momentum space. In
this paper we show 3D-EMD of A1 sample.
The multiple scattering etYects of recoil
electron are discussed and the feasibility of
application to material research are
demonstrated.

Experiment
Experiments were performed at AR-NEl at
KEK. A newly developed (X, eX)
spectrometer arc shown in another paper. The
incident X-ray of 65 keV was impinged on
the sample with a repetition time of 1.28 /i
sec. The recoil electrons of about 12.5 keV

were detected by multi-channel plate (MCP)
in coincidence with saittered photons
detected by SSD with scattering angle of 150
degree. The electron flight path was 2 m and
the overall time resolution was 250 psec
which correspond to the momentum
resolution of 0.3 A.U. at Pz""0. The self-

supporting A1 sample had thickness of 85 nm
with a diameter of 5 mm.

Results and Discussion

The observed profile does show a smeared
Fermi cut off but the width is broader than a

free electron model (Figure 1). Since the

recoil electrons have the mean free path of 14
nm at 12.5 keV, the multiple scattering effects
of the recoil electron are considered to be

serious. However the multiple scattering
simulation does not reproduce the smearing of
Fermi cut off of the experimental profile, too
(A dashed line in Fig. 1). An ESCA (Electron
Spectroscopy for Chemical Analysis)
observation of the Al sample shows the
existence of some kinds of aluminum oxide

layer with thickness of about 20 nm on the
surface. A model profile constructing of
AI2O3/AI are found to reproduce the feature of
experimental profile (A solid line in Fig. 1).
Although the multiple scattering effects are
important, we can separate surfaceoxide layer
from Al because of high resolution
measurements.

N
n ^

Q.

0 2
Pz(a.ii.)

Figure 1
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Introduc^on

The coincidence technique between the Compton
scattered X-ray photon and the recoiled electron (X,eX)
provides direct information of 3D electron momentum density
{3D-EMD). We successfully measured four components of
Comptonscattering in coincidence; the directions and energies
of the Compton scattered X-ray photon and the recoiled
electron. This measurement gives us the possibility to
measure the state-selective 3D-EMD by using a binding

energy effect.

Experimental

The Kcperiment was carried out at AR-NEl beam-line.
The energy of the incident X-ray (fioj ) is 65keV. Compton

scattered X-rays were detected by a Ge solid state detector
( energy / momentum resolution ~ 0.48keV / 0.7a.u.) that
placed at scattering angle -150°, and the recoiled electrons

were detected by a mirlti-channel-plate (scattering angle
-12.5°) and the energy was measured by a tdme-of-flight

method. The over-aH electron energy / momentum resolution

was O.lOkeV / 0.3au. Both data was collected by a multi-
parameter-analyzer on a list mode. The samples were a
graphite foil (thickness~22nm) and an aluminum foil
(thickness~85nm).

Re^ts

Figure 1 shows the coincident events fium a graphite foil
between the Compton scattered energy ifico') and the

recoiled electron energy (T). The coincident events should keep
the relationship of energy conservation; tico = ftco'

where Ej, is the electron binding energy. The solid line is
+T=65.0keV and dashed hne is /jcy'+T-Ej,=64.7keV

(E^=284keV for carbon Is electrons). These lines correspond to
the relationship for valence electrons and Is core electrons,
respectively. In a low momentum region (A in Fig. 1), events

are located around the solid Hne, because the main
contribution comes from valence electrons. In a hgh
momentum region (C), the main contribution comes from Is

electrons and these should be located around the broken hne.

Fig. 2-a shows the event distribution for the total energy of
Compton scattered X-ray and the recoiled electron; (fio)' +T).

The black dots (white circles) correspond to the distribution
int^rated over a momentum region A (C) in Fig. 1. The peak
position ofthe black dots, which correspond to the events from
valence electrons, is located at 65.0keV, and that of white

circles whose main contribution is Is electrons is located at

64.7keV. Sohd lines show the theoretical calculation obtained

by an atomic model. Their intensity were normalized to the

experimental data on the region A. The experimental data
show a good agreement with the theoretical calculation in

both of peak positions and the intensity.
Figuer 2-b and 2-c. show similar plots for aluminum

experimental data in the region (B) whose main contribution
comes frem Al-2s, 2p electrons and in all area, respectively.
The events caused by Is electrons should be appeared as a
sub peak in F^ 2-c. We calculated the effect of multiple-
scattering on the recoiled electrons by a Monte-Calro

simulation, because the sample thickness is much larger than
the electron mean fi:ee pass (14nm for elastic scattering). The
lines are calculated one, and the experimental results are in a

good agreement with them.

graphite (20nin)

A

X
5.0 7.5 10.0 12.5 15.0 17.5 20.0

electron energy (keV)

0 5 10 15 20 25 30

Fig. 1. Coincident events of graphite foil

(photon h (1) + electron T) energy (keV )

Fig. 2. The event distribution for the total energy of Compton
scattered X-ray and the recoiled electron; {fico' -t-T). Sample is

(a) graphite and (b) (c) Al.
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Introduction

Magnetic Compton scattering experiment is well es
tablished as a method to give only spin magnetic moment

The magnetic Compton profile (MOP) , Jmag(F^) , is
given by

=11(ntm -MP)} dP.dPy, (1)
where nRP) and nj_(P) are the momentum density of ma
jority and minority band , respectively . The integral of
JmagiPz) then gb/es the spin moment as follows ,

-/• ,{P,)dP,.

The feature of MOP is that it reflects only spin moment
in ferro{ferri)- magnetic materials .

USe sample is feno-magnetic material with relatively
higher Cnrie temperature (174K) with a strong magne-
tociystaUine anisotropy along the < 111 > direction .
Therefore it is interesting to study the behavior of 5f mag
netic moment in USe in detail.

In this paper , we report the MOP of USe and discuss
separation of orbital magnetic moment , spin magnetic
moment of 5f electrons by combining with the magnetiza
tion measurement .

Experimental

The single crystal of USe was grown by a Bridgeman
method . The specimen of USe was fixed on a Cu sample
holder with radius of 12mm and was sealed by a Kapton
film with thicknesa of 12.5/im under 1 atomcephere of He
gas .

The magnetic Compton scattering experiment was car
ried out at the NE-1 beam line of Accumidation Ring .
The sample was cooled by cryogenic refrigerator to 160K .
The magnetic field of 5kOe generated by an electromagnet
was applied to this sample with reversing the field direc
tion . The incident X-ray ener©' was 59.38 keV which is
lower than K-edge of uranium . The scattered X-rays were
detected with 13-segmented solid state detector (SSD) of
germanium located about 90 cm apart from the sample .
The average scattering angle was 160° ± 2° .

Result and Discussion

calculated MOP of uranium 5f and 6d lelativistlc Diiac-

Hartree-Fock wave functions by the least squares method
as shown in Fig.l . The difference Jmagi^^V)~ Jmagi^f)
is considered to be diffused spin moments ( Fig.l) and is
found to be well fitted with 6d wave function .

From Fig.l , it Is seen that the spin moments are nega
tive and antl-parallel to the magnetic field , which in turn
the orbital moments dominate the whole magnetization .
The following results are obtained .

1. The whole spin moment of USe, pi{U$e) = -1.85±
0.04(/is)

2. Combing with the value of magnetization M = 1.77(/is)
, we obtain the value of orbital moment, p^^USe) =
2.62±0M(iib)

3. The diffused spin moment value , fas{6d) = -0.36 ±
O.OI(as)

4. The spin moment value of 5f in uranium , Ms (5/) =
-1.50±0.03(mb)

5. If we assume /j,£,(USe) = /i£,(5/), the total magnetic
moment of 5i electrons in USe , p(5f) —pii^f) -\-
MA5/)=2.12±0.05(/rs)

J™g(5Md)

W50

Pz(a.u.)

Figure 1: The MCP of USe at T=150K . The solid curve

The MCP of USe after making the energy-dependent theoriticaly calculated curve and the crosses denote
the difference JAag {&ccp) —J^,coriections for absorption and crces-section in momen

tum apace is shown in Fig.l . The MCP was fitted with
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Si(OOl) surface is a non-chiral and non-magnetic
material, and is of interest whether the circular dichroism

in angular distribution (CDAD) of the photoelectron is
observed in such kind of system or not. We previously
observed the CDAD of the photoelectron from Si 2p core
level in the XPS region, which is referred to the rotation
of the forward focusing peaks caused by the existence of
the angular momentum of the photoelectron. This report
describes the existence of CDAD of the photoelectron in the
XPS region also from valence band of Si(001) surface whose
initial state is not localized around individual Si atom.

The experiment was performed at AR-NEIB using
left and right circularly polarized light. The sample was
cleaned by resistive heating up to 125013 and showed a
clear 2x 1 LEED pattern. A display-type spherical mirror
analyzer was used to measure the angular distribution of
the photoelectron.

Figures 1(a) and (b) show the angular distribution of
the photoelectron of the binding energy of 4eV excited by
left and right polarized light, respectively. The kinetic
energy (Ek) of the photoelectron is 246eV. White frames
indicate the 1 x 1 Brillouin zones of the surface.

Comparing these two panels, we can clearly see the
CDAD; the rotation of 4 strong peaks from the high
symmetry lines. These strong peaks are assigned to the
forward focusing peaks, which were also observed in our
previous study for the Si 2p core photoeiectrons of nearly
the same kinetic energy." This suggests that the forward
focusing effect also exists in this Ek region although the
initial state of the photoelectron is not localized. On the
other hand there is a weak distribution along the boundary
of the unit cells. This distribution corresponds to the one-
dimensional density of states (1-D DOS), i.e., the density
of states projected on the kxky plane. Therefore, the
observed angular distribution is considered to be the
superposition of the 1-D DOS and the photoelectron
diffraction pattern. Generally, the angular distribution of
the photoelectron is described as distribution of the
photoelectron is described as I {6 , cc D' (/ci)! </ I
p* AI / >13 where D' {kU is the 1-D DOS and the bracket
is the matrix element of the dipole transition from an
initial state \i >, which is a Bloch stale described by the
tight binding approximation, to a final state </|. The
experimental results suggest that </] should contain the
scattering effects. Figure 2 is a schematic view of this
situation. The photoelectron from each Si atom (O) is
scattered by the neighboring atom (A) and makes the
rotation of the forward focusing peaks. The total angular
distribution is 1-D DOS multiplied by the sum of these
waves considering the phase differences originating from the
phase shift among each Si atomic orbitals in the initial state.

•:. 1

m. m
m-. ;;iie
» if i

K 1

Fig. 1 The angular distribution of photoelectron excited
by left (a) and right (b) circularlypolarized light,
respectively, See the text in details.

A VA

0 <-^0

Fig. 2 A schemative view of the origin of the observed
CDAD. The photoelectron emitted from each site
of Si atom (0) is scattered by the scatterer atom (A)
and makes the rotation of forward focusing peak.
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Introduction

Only several combinations of magnetic and nonmag
netic metals are found to exhibit perpendicular mag
netic anisotropy (PMA): e.g. Co/(Pd,Pt) and Fe/Pt
multilayers. This suggests the interfacial hybridization
is important for the appearance of PMA. Co/Pt mul
tilayers with thin Co layers show PMA, although Co
thin films with several monolayers (ML) grown on Pt
base don't exhibit PMA. In this study, the influence of
hybridization on magnetic properties of Co/Pt multi
layers is reported.

Experimental

Ten Co/Pt layered samples were prepared on glass
substrates by an rf sputtering method. The structure
was analyzed by an X-ray diffractometer. The Co layer
thickness (dco) ranges from 2ML to 38ML, whereas the
Pt layer thickness is fixed to lOML. From the torque
measurement, it was found that samples with dco <
4ML show strong PMA.

Magnetic circular dichroism (MCD) experiments
were made using circularly polarized undulator radi
ation on beamline AR-NEIB. The degree of the circu
lar polarization is estimated to be 95±3%. The MCD
spectra were taken with the total electron yield method
under magnetic fields of ±1.1T. The photon helicity
was fixed and the magnetic field was reversed.

Results and Discussion

Figure 1 shows the MCD spectra around the Co L2,3
edges. Together with the x-ray absorption spectra (not
shown here), the orbital angular momentum ((L^)) was
estimated by the following formula^,

(L,) =1(10 - .

For nsd, which is the Co 3d electron occupation num
ber, we used a value of 7.51, as averaged from those
reported in refs. 2. The result is shown in fig. 2 as a
function of dco- A steep enhancement of {Lz) is ob
served at dco < 4ML where clear PMA was observed.

Given the enhancement occurs only at the interfaces,
the {Lz) obeys a simple 1/dco-low. The solid line in fig.
2 is a fit to data. The value of {Lz) at larger Co thick
ness (0.12fl.) corresponds to the theoretical prediction
for fee Co^.

In summary, the enhancement of {Lz), which occurs
only at the interfaces, is closely related to PMA. More
detailed discussion will be given in ref. 4.

OML

20ML

38ML

760 770 • 780 ' m ' 800 ' 810 8^0
Photon Energy (eV)

Fig.1 MCD spectra around the Co L2,3 edges for
different Co layer thicknesses.

O.VA-

20

^Co (ML)

Fig.2 Orbital angular momentum((I/2)) as a function
of Co layer thickness(dco)- The solid line is a fit
to the data with 1/dco-low.
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Introduction

Accurate dosimetry of ionising radiation is one of the most
important tasks in radiotherapy of cancer patients. This is
particularly difficult for low to medium energy x-rays as
different interaction processes determine the dose
distribution in tissues. The relative importance of each
process is determined by the photon energy, the electron
density and effective atomic number of the irradiated
material. Monoenergetic X-rays from synchrotron
radiation offer the unique opportunity to study the dose
response variation with photon energy without the
compounding effect of the spectral distribution of x-rays
from conventional sources.

Thermoluminescence dosimetry (TUD) is a versatile
technique with many apphcations for the dosimetry of
ionising radiation. Itwas the aim ofthe present stu^ to
investigate the variation of dose response of TLDs with
photon energy using mono-energetic X-rays from
synchrotron radiation.

Materials and Methods

The dose response of various TL detector types was
investigated in mono-energetic x-ray beams of 26.8, 33.2,
40, 80.4 and 99.6keV from a synchrotron radiation source
at KEK (Accumulation ring beamline NE5A). This
response was studied as a function of TL material
(LiF:MgTi, LiF:MgCu,P and AI2O3), the detector
geometry and size, and their thermal history. Due to the
asymmetric diffraction from a Si crystal employed to
produce monoenergetic photons there was more thm 50%
d)se inhomogeneity in some of radiation fields used
Therefore, the different TL dosimeter types were rotated
around and the results related to the reading of a set of
"standard" LiF:MgTi ribbons which were included in aU
experiments as reference detectors. The radiation beams
were characterised using a plane parallel ionisation
chamber (PTW 2536/3C) connected to an electrometer
(Victoreen 500). Half value layer, contamination with
higher energy X-rays and dose rate was determined The
dose was derived following an international protocol.'̂
Field size and beam profiles were determined by shifting
the ionisation chamber in the beam and using radiographic
film (Kodak X-Omat V). The TLDs were read out using a
Victoreen 2800M manual TLD reader.

Results and Discussion

No significant influence of the detector shape (physical
size, thickness) on the dose response with energy could be

100000

2 10000

UF:Mg,Cu.p\

UF:Mg, Ti - fyst anneal

UF:Mg,TI - slow anneal

X-ray energy (keV)

found However, the pre-iiradiation thermal history
influences the dose response with radiation ener^: a fast
cool down of LiF:MgTi after a high temperature anneal
was shown to increase the sensitivity by more than a fector
of two. The relatively new TLD material LiF;MgCu,P
(GR-200, obtained from Sohd Dosimeter & Detector
Laboratories, Beijing) was found to be aj^roximately 50
times more sensitive than the standard LiF:MgTi. In
addition it proved to be more tissue equivalent for photon
radiation b^een 27keVand 40keV.

Conclusion

The results are of inqwitance for the use of TL detectors
for dosimetry in diagnostic radiology and radiotherapy. In
particular, the performance of LiF:MgCu,P makes it a
very interesting TL material deserving further evaluation
for apphcations indiagnostic and therapeutic X-rays.^^
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Introduction
This paper reports the incoherent-scatter computed
tomography (ISCT) system with synchrotron radiation ap
plied to in vivo imaging. ISCT imaging offers the spatial
distribution of a micro-structural information with respect
to the electron density in the object low-invasively. Previ
ous studies by others also indicate that the imagings using
incoherent-scatter x-ray, which were not CT imaging, can
give much more physical information than the conventional
transmission me^od [1,2]. Earlier, we developed a fluores
cent x-ray computed tomography (FXCT) imaging system,
and devised a new reconstruction method for it [3,4]. The
experiment demonstrated that FXCT using synchrotron ra
diation can image tracer materials with much sensitivity [5].
Then, we applied our method to ISCT, and proved that an
incoherent scatter computed tomogram can also be obtained
from the data collected by the FXCT imaging system.

Method
The schematic diagram of ISCT system is shown in Fig.l.
The beam was monochromatized using a two crystal mono-
chromator employing Si(l 11) crystals in the Bragg-Bragg
configuration. It was then collimated into a pencil beam
using a thin tantalum slit. Incoherent scatter x-ray, which is
being emitted almost isotropically along the line of the
incident beam, was detected in an HPGe detector,
positioned in the horizontal plane perpendicular to the
beam. The detector operated in a photon counting mode.
The incoherently scattered photons were collected by
passing through a fan collimator to reduce the amount of
stray radiation. The counts for the incoherent scatter x-ray
spectral lines at each projection point were used to generate
CT projection data arrays. Projections were acquired at
constant angular steps using a translation-rotation motion
of the subject over 180 degrees. The subject motions were
facilitated by a stepping motor. The experiment was carried
out at the bending magnet beam line of BLNF-5A of the
Tristan Accumulation Ring (6.5GeV, 10-30mA) in KFK,
Japan. The incident beam energy was tuned to 33.4 keV.
The observed photon flux in front of the specimen was
approximately 7x10^ photons/mm^/s at a storage-ring cur
rent of 30mA. The incident monochromatic x-ray beam was
a fixed horizontal pencil beam, collimated to 1mm
(horizontal)xlmm (vertical) size. The dimensions of the
collimator was the following: D=25mm, L=100mm, and
W=4mm. The distance between the specimen and the
detector was 250mm. The data acquisition time was 20s at
each scanning point.

Result
A typical energy spectrum obtained in the experiment is
shown in Fig.2. Here, the Ka fluorescent x-ray peak
(28.IkeV), the incoherent scattering peak (31.3keV), the Kpi
fluorescent x-ray peak (32.3keV) and the coherent scatter
ing peak (33.4keV) are observed in this order from left to
right. The acrylic cylindrical phantom was imaged, which
was a 20mm-diameter with a cross-shaped channel filled
with iodine contrast material (200|j,g/ml) (Fig.3). The trans
lation and rotation steps were set at 1mm and 5°, respec

tively. The cross-shaped channel is clearly discerned in the
reconstructed images shown in Fig.4.

Conclusion
To demonstrate the feasibility of CT imaging using inco
herent scattering and the effectiveness of our reconstruction
method for ISCT, an experiment was performed with SR.
The result indicates that ISCT can delineate micro-struc
tural subject features that cannot be obtained by the conven
tional CT.
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Fig.l: Schematic diagram of ISCT imaging system.
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Fig.2: Energy spectrum obtained by the experiment.
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Fig.3: Physical phantom. Fig.4: ISCT image.
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Introduction

V2O5 has an anisotropic layered structure
with an orthorhombic unitcell, in which van der
Waals V-O bonds are parallel to the c axis
direction. In the previous high pressure study,
an electrical resistance anomaly has been
observed at around 7GPa by Decker's pressure
scale. A quenchable high pressure phase has
been observed from higher than 4GPa.

The aim of the present study is to observe
compression behavior of V2O5 with the layered
structure, and to find another high pressure
phases.

Experiments

High pressure experiments were carried out
using a DIA type cubic anvil apparatus
"MAX80" installed at AR-NE5 in KEK.

Chemical reagents of V2O5 (4N) and NaCl (5N)
were separately encased in a boron-epoxy cubic
pressure medium. A pair of carbon disk heaters
were also encased, in order to elevate

temperature. For hydrostatic compression
experiment, V2O5 (4N) and NaCl (5N) were
encased in an Al-alloy capsule with a mixture of
methanol and ethanol (4:1). X-ray diffraction
patterns under high pressure were taken by an
energy dispersive method.

Results

Under hydrostatic condition, an anisotroic
compression behavior of the layered V2O5 was
observed up to 7GPa at room temperature, as
shown in Fig. 1. In the pressure range, the c
axis was much more compressive than the other
axes. The anisotropic behavior could be
explained by a large compressiblity of the van
der Waals V-O bond. Its bulk modulus at room

temperature is determined to be K=34.5 (1.1)
GPa and K'=14.0 (1.0) using the Birch-
Murnaghan equation.

In the high pressure and temperature conditions
up to llGPa and 400°C, two high pressure

phases were observed, as shown in Fig. 2.
One was the reported high pressure phase,
which was stable up to about 7GPa. The other
phase was a new high pressure phase, which
was stable higher than 7GPa.
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I ^ [|]nrTroo 1.00
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Fig. 1 Anisotropic compression behavior of the
layered type V2O5.
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Fig. 1 X-ray powder diffraction patterns of V2O5

(20=5.01°), a) the layered V2O5 at 0. IMPa and 27°C, b)

the high pressure phase at 4.9GPa and 350°C, and c) the
new high pressure phase at lO.lGPa and 400°C.
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Layered CdL-type hydroxides are model
systems for the investigation of the effects of
pressure on hydrogen bonding in solids (Fig. 1).
For example Mg(OH);, has been investigated
extensively by a number of theoretical and
experimental techniques and several authors have
presented arguments for pressure-induced H-
bonding, based upon spectroscopic^"^ and
crystallographic studies" '̂̂ . One consequences of
this increased bonding is an increase in the
temperature of dehydration as pressure
increases^ and this has implications for the
dewatering temperature of hydrous minerals in
the earth's mantle, for example. As part of a
program to determine the structural and
spectroscopic properties of hydrous materials
and the consequences of increased H-bonding on
the physical properties of model and likely
mantle phases, we carried out dehydration and
structural experiments at the MAX-80 HP device
at AR-NE5C.

Fig. 1. Structure of Cdlj-type (P3 ml) deuteroxides
such as Mg(0D)2, CaCOD), and Cd(0D)2. The lines

indicate tri-fucated H-bonds.

Samples of Cd(0H)2, Ni(0H)2 and Ca(0H)2 were
loaded into graphite furnaces and studied at high
pressure and temperature. The Ni(0H)2 and the
Cd(0H)2 phases dehydrate with the production of
oxide at moderate conditions (Fig. 2) while
Ca(0H)2 undergoes a phase transition from the
CdL structure (Fig. 1) to a Zr02 (baddeleyite-
type) at about 6 GPa and 500°C. The
dehydration temperatures at room pressure for
Cd(0H)2 and Ni(0H)2 are 300°C and 230°C
respectively. At high pressures this value has not
increase for Cd but is considerably higher for

9.1 GPa
400T:

9.1 GPa
200T:

4.9 GPa
ZOOG

4.9 GPa (102)
22°C

0.0 G
22°C

channel

Cd(0H)2

number

Fig. 2. Part of the energy dispersive powder diffraction
pattern recorded for a sample of Cd(0H)2 at the
conditions indicated. At room temperature the pattern
first broadens under the effects of deviatoric stress.
Upon heating the sharpness of the peaks related to the
layered structure (Fig. 1) are restored. Dehydration to
produce CdO (rock salt phase) occurs between 200 -
400°C. For Ni(OH)-, dehydration occurs at 3.7 GPa and
300°C.

Ni(OH)2.
bonding in
study.

Monochromatic radiation and imaging
plate detectors were used to collect data for the
Ca(0H)2 sample at 8GPa below and above the
transition to the Zr02 phase at room temperature.
The results of the Rietveld refinement using this
data are consistent with previous investigations'^'^
with the Ca-0 bond in this material twice as
compressible as Mg(0H)2 in the 4-8 GPa
pressure range.

(1) Nguyen et al. Phys. Rev. B 1994, 49, 3734.
(2) Nguyen et al. Phys Rev Lett 1997, 49, 1936.
(3) Kruger et al. J. Chem. Phys. 1989, 97, 5910.
(4) Parise et al.Am. Mineral. 1994, 79, 193.
(5) Kunz et al. J. High Press. Res. 1996, 14, 311.
(6) Parise et al. Phys. Chem. Mineral. 1997, in
press,

(7) Leinenweber et al. Eos 1993, 74, 170.
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The possible role of hydrogen
this difference required further
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INTRODUCTION

Zirconia has a monoclinic symmetry at
ambient conditions and two high pressure
polymorphs of orthol and ortholl have been
reported so far. Most of these studies have mainly
been made at room temperature or, at most, a
few hundred degree. The phase relation at
elevated temperature is still unknown. In order
to reveal the phase relation and the crystal
structure for the high-pressure-and-temperature
ZrOj phases, we have attempted in situ
observation under high pressure by means of
MAX80 system.

EXPERIMENTAL

Powder samples of ZrO, and NaCl, as a
pressure marker, were mixed with about 40 wt%
BN or B-epoxy resin and charged in B-epoxy
resin pressure medium separately. Graphite disk
heater was used and temperature in the pressure
cell was monitored with a K-type thermocouple.

X-ray observations under high pressure and
temperature were carried out using MAX80
system with sintered diamond anvils of 3 mm
truncation at AR-NE5C station of National
Laboratory for High Energy Physics. The incident
x-ray beam was collimated to O.I mm in height
and 0.3 mm in width, and diffracted x-ray was
measured with a pure germanium solid-state
detector (SSD) by an energy dispersive method.
The SSD was fixed at 2 0 =6° . The energy range
used for the analysis was approximately 20-80
keV.

RESULTS AND DISCUSSION

Experimental conditions for present x-ray
observations under high pressure and temperature
using MAX80 system are indicated in Fig. I
with dashed lines and allows. X-ray diffraction
data were collected along these paths. Below
I IOO°C, obtained x-ray data were well explained
by orthol and tetragonal structure (it is impossible
to distinguish these two phases by present x-ray
data) and phase transition was observed between
1100 and I200°C at I2.5GPa. Figure 2 shows
obtained x-ray pattern recorded at 12.5 GPa and
1200^0. This pattern is successfully indexed as

ortholl and relative intensities are in good
agreement with those recorded at amSent
conditions for synthesized ortholl phase. Figure
I also summarizes phase relations drawn by
means of quench experiments. Present results
show remarkable difference from those reported.
In order to clear the discrepancy, further
investigation by in situ observations is needed.
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Figure I Pressure-temperature phase
diagram of ZrOj.Dashed lines and allows indicate
experimental pathsalong whichx-raydiffraction
data were collected.
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Figure 2 X-ray diffraction pattern of ZrO^
recorded at at 12.5 GPa and I200°C.

Representative diffraction lines are indexed
assuming ortholl structure.
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Introduction

High pressure polymorphs of SiO^ have been of interest
in mineral physics, petrology and geophysics, because the
a-quartz phase of SiO^ is one of the most abundant minerals
in the Earth's crust. Coesite is a high pressure phase of
quartz and had occurred only in impact-metamorphosed
rocks before, however, ultra high pressure facies was newly
classified by the discovery of coesite in static metamorphic
rocks (Chopin, 1984). This petrological evidence interested
us not only in the stability of the coesite phase but also in
the kinetics of the quartz-to-coesite transition. In this
study, time-resolved x ray diffraction measurements using
synchrotron radiation were performed and the kinetics of
the phase transition was discussed.

Experimental
Kinetic experiments were performed using the MAX80

cubic-anvil apparatus installed on the accumulation ring.
3-mm sintered diamond anvils and a 6-mm cube pressure
medium, which made from a mixture of amorphous boron
and epoxy resin, were used. Carbon disks were used as
heaters and an almel-chromel thermocouple monitored
sample temperatures. A half of a sample chamber was
filled with quartz powder and the other half was loaded
with a powder mixture of NaCl and BN for pressure
calibration. The grain size of the sample was about l-pm.

In the present kinetic experiments, starting materials
were first hot-pressed at 1.5 GPa and 7(X)°C, which
conditions are within the a-quartz stability field, and kept
at these conditions for 10 minutes. After the hot-pressing,
a pressure and a temperature were changed to conditions
required for a kinetic experiment.

Time resolved x ray diffraction patterns were collected
at measurement intervals of 30 ~ 40 s with energy-dispersive
measurements. A pure Ge solid state detector was placed
at a fixed 20 angle of 4.00°.

Results and Discussion

A typical sequence of diffraction patterns as a function
of time is shown in Fig. 1. The diffraction pattern of the
a-quartz phase changes into that of coesite progressively.
The volume fractions of coesite were determined from the

observed intensities of a-quartz and coeste. The relation
between the volume fractions and the intensity ratios was
experimentally estimated.

The isothermal kinetics of phase transitions of many
earth materials can be described empirically by the Avrami
equation as follows:

X(t) = 1 - exp (-kt)"
where X(t) is a estimated transformed volume fraction at
t, k is a rate constant and n is a constant which depends
on the mechanism.

2GPa, 1093K

Energy (keV)

Fig. 1. Part of a typical sequence of x ray diffraction
patterns obtained at 6.2 GPa and 1093 K.

The parameters k and n were calculated by a least squares
fitting of X(t)-t data. As the result, obtained n values
were estimated as almost 1. This result suggests that the
kinetics of the quartz-coesite transition under the present
experimental conditions is controlled by the growth rate
of coesite. An activation energy can be determined from
a slope (-Q/R) of an Arrhenius plot of Ink against 1/T.
Fig. 2 shows an Arrhenius plot of the obtained data at
pressure overstep of 3.5 GPa from the quartz-coesite
equilibrium pressure and gives an empirical activation
energy of 210(±40) kJ/mol. This value is similar to the
activation energy (243 kJ/mol) of the self-diffusion of
oxygen atoms in the quartz structure (Farver and Yund,
1992). This consistency suggests that the oxygen diffusion
controls the growth rate of the coesite phase at the present
experimental conditions.

E=210(±40) kJ/mol

^ -7

10 10.5

10 "/K
Fig. 2. An Arrhenius plot of the rate constant k at pressure
overstep of 3.5 GPa.
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Introduction

Positronium (Ps) is a bound state of an electron
and a positron which is suitable for verification of
quantum electrodynamics (QED) in which strong
and weak interactions are negligible. As Ps
consists of particle and anti-particle system, it is
an eigenstate of parity (P), charge-conjugation
(C) and CP. Therefore it is a good place to test
the discrete symmetries in QED.
We have been measuring decay rates of 4 photon
[1] and 5 photon [2] decay of Ps using a multi- y
-ray spectrometer (UNI). The measured decay
rates are compared with the QED calculations and
they are in accord with each other. In addition
search for a C violation process of o-Ps—*-47
enabled us to verify the C invariance [3].

So far, we have been using positron emitting
radio-isotope as a positron source. However in
order to increase the statistics, we are planning to
measure the rare decay processes from Ps at the
KEK-PF slow positron beam facility.

The advantage of using PF slow positron beam
over a positron emitting radio-isotope is come
from the low energy beam as low as 500eV. The
low energy positron produces Ps with high
efficiency and negligible bremsstrahlung
photons. And low target mass is enough to stop
the positron so that Compton scattering processes
of the produced photons in the target decreases.
The reduction of the background allows to
increase the positron beam intensity which gives
us high statistics.
Using the DC slow positron beam intensity of

f\ 7
10 /s during the beam time of 10 s, number of
events is expected to increase from 203(1) to
10,000(10) in the 4(5)photon decay where the
numbers in the parentheses show the numbers for
the 5 photon decay. The upper limit of the C
violation process will be improved 100 times.

461

Experiment
UNI is consisted with a target made of

aluminum foil with the thickness of 15// m at
the center which is surrounded by 32 NaI(Tl)
scintillation counters, each located on a
surface of a truncated icosahedron. The beam

is transported by solenoidal magnetic field
between 100 and 140 gauss to the target. The

vacuum can be maintained under 1X10"^ Pa
by 801/s ion pump. The thickness of the
vacuum pipe around the target is 0.2mm
which pass lOOkev photons over 90%
efficiency.
Since the detector was set not so far from a

klystron of the 2.5GeV linac, the noise is
easily picked up as the Nal(Tl) scintillation
counter pulse. One method to reject the noise
is to stop the power supply of the nearest
klystron. By which the slow positron beam
was not changed. Another method is to veto
the data-taking system while the klystron
pulse is generated. Cosmic-ray background
for the trigger is rejected by utilizing window
type discriminators.
The injection test of the slow positron beam

to the UNI target showed that we should
change the table of UNI to a magnetic free
material and configuration of magnetic shield
pipes of the photomultipliers for the Nal(Tl)
scintillation counters to a symmetrical
configuration around the beam pipe.
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Introduction

There have been two measurements of the
energy of positronium (Ps) emitted from Si02
surface; angular correlation of annihilation
radiation (ACAR) from silica aerogel'-2) and
time-of-flight (TOE) of Ps from Si02 single
crystal surface^). The obtained energies were
0.8eV and 3.27eV, respectively. We investigated
the discrepancy by measuring the TOF of Ps
from Si02 surface. An intense pulsed positron
beam at KEK'*-^^ was used.

Experimental
We obtained the energy distribution of Ps by
adopting the time-of flight (TOF) method to
emitted Ps. The apparatus for Ps-TOF
measurements is schematically shown in Fig. 1.
The TOF was determined by measuring the time
interval between the arrival time of a pulsed-

positron beam and the detection of radiated y-ray
from annihilated Ps. Since the lifetime of Ps is
well known, we can easily deduce the energy
distribution of Ps from the TOF spectra, which
were measured by changing the distance
between the sample surface and the annihilation

y-ray detector. The pulse width of the injected

Sample ^Scintillator + PMT
Solenoids

positron beam is 23 ns (FWHM) in the present
case.

Slow e+

Fig. 1 The apparatus for Ps-TOF measurements

462

200
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"40D 500 ^00 1000

time (lch=lns)

Fig. 2 TOF spectrum of Ps from Si02 surface.

Results and Discussion

Figure 2 shows the preliminary result of a
positronium TOF spectrum measured with a

distance between the sample surface and the y-
ray detector of 90 mm. Two Ps components with
energies about leV and 3eV were observed in
the TOF spectra. These correspond to the
component obtained in the ACAR measurement
'•2) and that in the TOF measurement^',

respectively. The two components may be
attributed to the Ps formed in the bulk of the
specimen and that formed on the surface.
However, final assignments have not been made.
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