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Introduction

Calucium fluoride is an insulator which is

lattice matched with GaAs to a high degree.

These properties make a CaF2 a technological

ly important material since it can be grown

on GaAs as an epitaxial insulator. In order

to understand the bonding at the CaF2/GaAs

interface, this system was studied using

photoelectron spectroscopy with synchrotron

radiation.

Experimental

The experiments were carried out at the

BL-lA beam line. To obtain a minimum depth

resolution, the radiation was tuned to a

photon energy of about 120eV. GaAs surface

was cleaned by Ar-ion bombardment and then

annealed at 600 C. Surface reconstruction was

checked by LEED method. CaF2 films were grown

on this surface by deposition of a disordered

film at room temperature and subsequently

recrystallized by annealing at 600 C.

96 92 88

Kinetic Energy / eV

Fig. 1 Photoelectron spectra from Ca3p and

F2s core levels for CaF2/GaAs(100)

Results and discussion

Figure 1 shows photoelectron spectra from

Ca3p and F2s core levels. At the first stage

of CaF2 growth, the dissociation reaction of

CaF2 was caused and F atoms were removed so
that Ca atoms remained on the surface with

2.3eV binding energy shift. Considering

photoelectron spectra from Ga3d and As3d core

levels, it is concluded that this shift comes

from production of Ca-As bonding. For Inm

coverage, CaF2 films grow on the transition

layer containing Ca-As bonding. At this

stage, Ca3p spectrum consists of three

components( Ca-1, Ca-2, and Ca-3 ).

Figure 2 shows the structural model for

the CaF2/GaAs(100) interface. There are three
bonding states of Ca. Ca-1 stands for the Ca

atom in GaAs lattice ocuppying Ga position,

Ca-2 for the Ca atom surrounded As and F

atoms, and Ca-3 for the Ca atom in CaF2

lattice. This interface is not abrupt. It is

not Ga atom, but As atom that is involved in

the interfacial bonding. Therefore the

control of Ga/As ratio and As state on clean

GaAs surface might be a key role for

production of interface with good quarity.

Ca-1

As

Fig. 2 The structural model for the

CaF2/GaAs(100) interface
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Introduction

One of our goals for surface analysis at
Deamline lA in Photon Factory is to perform
EXAFS analysis for SiO^ gate oxides because Si02
film is a key material for silicon device
technology. Recently, the nrcinochromatized beam
in the region of oxygen k-edge has become
available for experiments at the Beamline lA. In
this scudy this beam was applied to measuring
EXAFS of Si02 film for considering the best
detection technique for EXAFS above oxygen K-
edge.

Experimental

The sample used for the experiments was a
Si02 ,thermal ly grown on Si to a thickness about
lOOOA. Oxygen k-edge EXAFS measurements by
means of three detection techniques (Auger
electron yield, secondary electron yield and
fluorescence yield) were performed at the
Beamline lA wir.h a Grating/Crystal Monochromator
and a multi-functional surface analysis system.
The Auger electron with kinetic energy of
504+8.TeV and the secondary electron of
8.5+8.5eV from the sample were detected by an
electron analyzer equipped in the surface
analysis system. A Si(Li) detector connected
with the beam line end was utilized for

recording 0 K{!323eV) fluorescence yield.

Results and Discussion

Figures 1 show EXAFS spectra obtained with
three detection techniques. The fluorescence(FY)
spectrum was recorded with hundred times longer
data acquisition time than that in the Auger
electron yieId{AY) and the secondary electron
yield(SY) detection because of its poor
sensitivity for light elements. Nevertheless,
this FY spectrum has still the worst signal-to-
noise ratio among three spectra. The AY
spectrum has a serious problem of interfering
photoemission peaks(Si2s and Si2p). Therefore,
it is difficult to analysis the AY and the FY
spectrum. In the case of the SY spectrum with
the background in the pte-edge, the pre-edge
background can be eliminated by subtracting the
SY spectrum of a clean Si from that of the
sample \ Figure 2 shows the Fourier transform
of EXAFS oscillation obtained from the SY

spectrum using calculated phase shift . The
derived 0-Si bond length in the Si02 film is
1.60A, which is in good agreement with that
determined form other diffraction technique .
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Fig.l. EXAFS spectra above 0 K-edge for SiO,
film : (a) Oj^^l ^^ger electron yield, (b)
Secondary electron yield, (c) 0 K fluorescence
yield.
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Fig.2. Fourier transform of secondary electron
yield EXAFS spectrum of Si02.
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Ti3p peak is in the TiOz stale with a small amount

of TiO state. This annealig feature can be

explained by a ball-up of GaTl complex oxides,

taking into cf)nsideraLion the TFM and Sl->1 images of

islands.

In order to invesLi.gate the reiationsliip beLwecn

these interfacial reactions and GaAs crystal growth

on various itisulators, MOCVD GaAs growtli was

conductefl. Striking coincidence of the surface

migration rate; SiOz> TozOs^AlzOa^-TiOz with the Ga

-insulator interfacial reactions; SiOz" ^Ta205<AlzOa'̂

<TiOz was observed, indicating that Ga-in.sulator

reaction is dominant in the surface migration

process.

We also ol>servc<l surface trcatmi^nl effect by Ar

spulteritig which is useful to diminish the lla-

insuintor interaction. This treatment changes the Ga

growth mode from "Island growth" to "Layerloke

growth". This may be due to an increase in surface

energy caused by sputtering-iiidiiced (iaiigling bonds.

lilt nxluction 1

(laAs lai.<'ral exitaxial growth on insulators such c

as glass suDsf.rates is a promising technique for c

dov<'lo[)ing 3 D devices and new function devices. In t

onler to realize a high lateral growth rate, the i

lateral growt.h mechanism must be clearly un<lcrstood

from the viewpoints of surface migration and I

interfacial reaction, in this study, in situ SRPFS c

was performr^d in order to understatid the Ga- c

insulator interfacial reaction. Furthermor<', n

surface mi.gration rates were evaluated in onler to

invr-stigate the relationshii^s involved. '

I

l'X[>ei iniental [

Fxperiments loere carried out using an in situ

multi-technique surface analysis system at BL-IA of <

the Photon Factory. Photon energy was set at 120 eV i

to o[)tain very surface sensitive informatifMi of the j

inn^rfaces. Samples wf^re I50A SmzOa, MgO, AlzO;?, j

TiOz, SiDz, and TazOs layers deposited on Si wafers. (

Three step Ga deposition and following annealing

were perfornied to observe the Ga - i nsii 1a tor

interfacial reactions at each step.

Results and discu-ssion ==

Surface sensitice PFS results indicate that^

only Ga on TiOz, which has larger fonRation energy ^ ,
per oxygen atom than GazOo, is heavily oxidized, ^
and that interfacial TiOz is strongly reduced to«,ca~ioA

^ - -

metallic Ti, as shown in Fig. 1, The largo°- ,
^ G a — 5 A

metallic peak suggests that metallic Ti atoms"

might diffuse out from the interface and exist on

top of the Ga overlayer. Furthermore, Lhi.s quite

sma11 T13p oxide peak indicate that the TiOz '

.surface is almost covered with the Ga islands at

about 10 A de|H)sition. On the annealed surface, pjg
more than l.wo Lliirds of Gn3d peak is in the aninx
incompletely oxidized state, and nImosL all the

h !✓ = 120 eV.

't ^ V
G a G a, 0,

BINDING ENERGY (eV)

h = 120 eV.

A n n c a I c

G o ~ I 0 A

c 0 -1 A

BINDING ENERGY (eV)

Fig. 1 Ga3d and Ti3p specra of Ga-deposi ted an<]

annealed TiOz surfaces. Photon encrg>' was 120 eV.
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Introduction

In order to monochromatize the energy region
which is almojit difficult to cover using either
crystals or gratings, the authors have a plan to
employ multilayers as diffracting elements of
a Grating/Crystal Monochromatot(GCM) ' installed
at Beamline lA in the Photon Factory. For the
first step of realizing the multilayer
monochromator, transmission function of GCM
using a multilayer mirror in combination with a
grating was investigated.

Experimental

The multilayer used for a 4 degree incidence
mirror of GCM was deposited on a very flat pylex
glass substrate by sputtering method. The
multilayer coating consists of 6 layer pairs of
C(114A) and w(25A). Transmission function of
GCM using the multilayer mirror-grating(2400g/mm)
combination was measured by mean of output from
an electron multiplier with a polypropylen
window set at the beam line end. In addition,
0 K fluorescence radiation from a Si02 film was
recorded with a Si(Li) detector.

Results

Figure 1 shows the transmission function of
GCM using the multilayer mirror. The increment
of monochromatized beam flux was observed at

about BSOeV in the transmission function. This

phenomenon is thought to be caused by
diffraction effect of multilayer used as a
mirror, since this effect was not observed at
all when a Pt mirror was used in stead of the

multilayer. Figure 2 shows the calculated
reflectivity profile of this multilayer based on
the dynamical theory . The diffraction effect
was confirmed by comparing the calculated result
and the experimental result.

Figure 3 shows the 0 K fluorescence yield
spectrum above the 0 K-edge for the Si02 film.
Although EXAFS oscillation is not clear due to
the bad signal-to-noise ratio, there is a broad
peak near 850eV which is not due to EXAFS
oscillation. This yield increment can be
attributed to the increased incident beam flux

correspond to the transmission function in
Fig. 1.

In conclusion, we observed the diffraction
effect of the multilayer used as the mirror of
GCM in the energy range of 850eV,
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Fig.l. Transmission function measured by means
of output from electron multiplier.
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Fig.3. 0 K fluorescence yield spectrum above 0
K-edge for Si02 film.
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Introduction

The surface analysis beamline BL-lA was
constructed to provide the wide range monoch
romatic beam from VUV to soft X-ray for cha
racterization with photoemission and EXAFS.
Last year, we performed the monochroamtiza-
tion in VUV region from 20eV to 250eV by
using a 1200 g/mm grating^ . In this re
port, monochromatic properties in higher
energy region below 900 eV is described.

Experimental and Result

A 1200 g/mm grating with 1 degree blaze
angle and a 2400 g/mm grating with 2 degree
were used for monochromatization. Photon

energy range was set by changing the incident
angle to a plane mirror and gratings between
80 and 86 degree. Figure 1 shows the output
flux measured by an Au photocathode placed at
the downstream side of the exit slit. The

solid lines mean the output flux of the 1200
g/tnm grating and dashed line means the output
of the 2400 g/mm grating. The maximum flux
was obtained at about lOOeV with the combina

tion of the 80 degree incidence angle and
the 1200 grating. In the case of the 2400
grating, the range of 400eV -900eV was co
vered although the photocurrent was smaller
than O.lnA measured by the Au photocathode.

To confirm the possibility of the "on
blaze" operation by the GCM, the blaze condi
tion monochromatization was tried. The result

shows that in the 2400 g/mm grating case,
the maximum value is obtained at the energy
position of "blaze condition" but the maxi
mum was far from the "on blaze condition" in

the case of the 1200 grating. This is due to
the rapidly decreasing reflectivity of the

1.0|]
/s a= 80®
j\ 1200 g/mm

=- '/ r-i/ 2400 g/mm

PHOTON ENRGY(eV)

Fig.l Output flux of GCM measured by an Au
photocathode

grating and the plane mirror, which strongly
depends on the increasing of the energy and
incident angle for the grating and plane
mirror.

The energy resolution was measured by
several gases such as Kt, Ar, O2, CF^ and Ne.
In the 1200 g/mm grating case, the resolu
tions were 600-400 in lOOev to 250eV from

Kr M,4 c(92eV) and Ar L2 ;j(230eV) absorption.
In the'nigher energy region, the 0 K-egde,
P K-edge and Ne K-Edge absorption was mea
sured with the 2400 g/mm grating. The reso
lution of 350 and 250 was obtained from
0(540eV) and F K-edge {800eV) peaks. Neat the

Ne K-edge (870eV) case, a small jump derived
from the absorption edge was observed and the
upper limit of the monochromatization was
estimated about 900eV in this arrangement.

For the monochromatization with the

gratings, the improvement will be expected
with the low emittance operation which dec
reases the source size. The effect of low

emittance will be measured in near future.

(1) Kawamura, Maeyama, Oshima, Ishii and
Miyahata, Photon FActory Acitivity Report,
1986, pll8

01s /! .-A. O2 gas

PHOTON ENERGY {eV)

(a) O Kedge Absorption

CF4 gas

PHOTON ENRGY (eV)

(b) FKedge Absorption

Fig.2 Absorption spectra of 0 K-edge and F K-
edge
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Introduction

The wide range monochromatized beam from
VUV to soft X-ray is required for characteri
zation of the solid materials by using photo-
emission and EXAFS, required . A grating/cr
ystal monochromator (GCM) was installed at
the beamline BL-lA for this purpose, and the
preliminary results with gratings had been
reported' ' in the lower region than 250 eV.
On the other hand, the different technique
such as the maximum peak search method and
the roll adjustment in vacuum are required to
obtain the monochromatization. In this study.

2nd Crystal

1 si Crystal

Fig.l crystal arrangement for energy scanning

Bragg peak

1-10.0 -5.0 0.0 5.0 10.0

( " )
(1) Rough scanning
(2) Determining the scan direction
(3) Measuring the peak profile
(4) Setting the peak position

Fig.2 Sequence of the maximum peak search
method

the monochromatization with crystals are
performed.

Experimental and Results

A set of InSb (111) crystals were chosen
for monochromatization in 1.7 keV - 4 keV
region. Figure 1 shows the arrangement for
energy scanning with two crystals in GCM. In
this arrangement, the 1st crystal is moved
along both rotational and translational axes,
and the 2nd crystal is moved only along rota
tional axis in order to obtain the monochro
matic energy beam at the required value.
Since we have a problem concerning the 2nd
crystal instability due to the vibration of
air-bearing system, we stopped the ait-bea
ring of 2nd crystal, and translate only the
1st crystal.

Because of the lack of the peak search
feedback system in hardware, the maximum peak
search was carried out in software. Figure 2
shows the sequence of this maximum peak
search method. In addition, the roll adjus
tment in vacuum was carried out by using an
original crystal holder and a new manipula
tor.

Figure 3 shows the preliminary result
of monochromatization in 2.5 keV -4 keV. The
steep decrease in intensity below 2.5keV
region is due to the incomplete roll adjus
tment of 1st and 2nd crystals. The monochro
matized region should expand between 1.7 keV
and 4 keV with mote precise roll adjustment
of 1st and 2nd crystals.

(1) Kawamura, Maeyama, Oshima, Ishii and
Miyahara, Photon Factory Activity Report,
1986 pll8

Photon Energy (keV)

Fig.3 Output flux of InSb(lll) monochromati
zation
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Pxeal-tiine monitoring of high-resolution x-ray
images is needed for the possible development of
future soft-x-ray-i ..microscope systems, such as
x-ray holography. Currently available x-ray
detectors ( polyimr resist, silver halide film,
photocathode Cube and some semiconductor devices
) cannot produce real-time monitoring of adequate
resolution. Some of these techniques can provide
high resolution characteristics only by using
treatment, such as wet development following
x-ray exposure. This report proposes a new
soft-x-ray imaging plate of Ag/chalcogenide film,
which offers the possibility of the real-time
soft-X-ray microscope ( with near-molecular
resolution ).

EXPERD-lErTrAL

Exp>osure experiments were conducted in the beam
line BL-IB at the PHOTON FACTORY. A synchrotron
radiation beam of soft x rays ( 2- to 10-A
wavelength ) was collimated Ag/chalcogenide film
through x-ray ma.slcs constructed with 0.4-pm thick
Au film. The gap between Che mask and the sarrple
was adjusted to approximately 20 jam. The 1500-A
thick Ag/chalcogenide film was fabricated with Ag
placing on a sputtered Ge-Se film surface. Auger
analysis revealed a 200-A thick Ag-Se film of Che
siirfacc.

RESULTS AND DISCUSSIONS

Film color effectively changed only with x-ray
exposure. The exposure-dose dependence of the
film's optical characteristics were measured with
a He-Me laser ( wavelength : 633 nm ) and
recorded in Fig. 1 . The maximum change in
transmittance is ZlT/T =0.9 and in reflectance is
^R/R = -0.5. As seen in Fig. 1, dynamic ranges
are large, making neutral tints available.
Utilizing this phenomenon, the phase-diffraction
gratings were fabricated on the film by

10^ 10^ 10'
EXPOSURE ( mA-sec )

Fig. 1 X-ray exposure dependence of optical
characteristics.

replicating the grating patterns on the Au mask.
( Fig. 2 ) Also shown are the diffraction ( 0th,
1st, 2nd order ) light beams produced from the
He-Ne laser beam incidence on the gratings. A
larger spatial frequency of the grating caused a
larger diffraction angle. The diffraction
efficiency characteristics of the Ist-order
difraction light is given in Fig. 3. Efficiency
increased to a maximum of 7 % with x-ray
exposure. The spatial frequency dependence of the
diffraction efficiency was due to the grating
quality in the Au mask. He-Ne laser beam
irradiation did not damage the the phase
diffraction gratings.
In conclusion, it is posssible to realize

real-time monitoring system of the fine x-ray
images, using soft x rays as the imaging
radiation, Ag/chalcogenide film as the imaging
detector, and a He-Ne laser as the image-
reconstructing light.
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Fig. 2 Phase diffraction gratings on
Ag/chalcogenide film ( upper ) and
diffraction light beam images ( lower )
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Fig. 3 Dependences of diffraction efficincy on
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Ulien syncrotron radiation ( SR ) irradiates vaccura
ducts, outgassing occurs violently from those ducts.
This phenomenon is known as photon stimulated
desorption ( PSD ) and is one of the majior probrems
in ultra-high vaccum systems using SR. PSD has been
investigated in many SR facilities, but most of these
studies have been carried out using hard X-ray.
Meanwhile, PSD in the soft X-ray region has been
largely neglected. In the soft X-ray region, the mass
absorption coefficient is larger than that in the
hard X-ray region. For this reason, soft X-rays are
absorbed in the vicinity of the sample surface and
hardly effect the inner part of the sample. It is
thus thought that the behavior of PSD in soft X-ray is
defferent from that in hard X-ray, This is one
reason we wish to focus on PSD in the soft X-ray
region. In this letter, a PSD measurement apparatus
placed on the BL-IB bearaline for studying soft X-ray
effects is presented.

In the soft X-ray beamline BL-IB, SR beam is
deflected by 2* using a flat SiC mirror to eliminate
the hard X-ray. The caliculated SR spectrum is shown
in Fig.l. The SR beam is collimated and shaped by a
perforated shield placed in downstream of the mirror
10X10 mm area on the sample surface. This perforated
shield is made of oxygen-free copper and located 3 ra
upstream from the sample. This permits outgassing
from the sample to be measured without any outgassing
interference from the perforated shield.

Figure 2 shows a schimatic view of the PSD
measurement apparatus. Outgassing from the sample
irradiated by SR beam is detected by the throughput
method and the PSD coefficient?? C molecules/photon 1
is caliculated from the data. Nude ionization guages
are mounted in the port that can trap photons and
photoelectrons, to prevent any influence from these
particles. Vaccum pumping system consisted of two
turbomolecular pumps connected in tandem to efficient
ly pump the light-mass gas molecules. Sample and
shield-pipes can be moved independently in the vaccum
chamber. The shield-pipe is located immediately in
front of the sample and the SR beam passing through
this pipe irradiates the sample.

H S P m 0

G1 G2

Fig.2 Aschimatic view of the PSD measurement apparatus
H:mirror, Sp:perforated shield, O:orifice, G:nude
ionization guage, QMArmass analyzer, P:shield-pipe,
Srsample, Ihheatsink, C:chaniber, TMP:turbomolecular
pump

One of the shield-pipes is made of single-crystal Si
whose surface is polished by chemical eching. This
pipe traps more than 90 H of the SR photon? reflected,
and the photoelectrons emitted from the irradiated
sample surface. This pipe then prevents outgassing
from the interior wall of the chamber. Figure 3 shows
the experimental results of the shield-pipe effect on
PSD coefficient V measurement. The sample is oxygen-
free copper. When shield-pipe is in position (A), the
7? values are exactly obtained. By contrast, those
are high without shield-pipe (B) by influence from the
chamber. It is clear from Fig.3 that the PSD
coefficient can be exactly measured using the shield-
pipe.

1) O.Grobner, A.G.Hathewson, H.Stoti and P.Strubin:
Vaccum 33, 397 (1983)
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Fig.l The caliculated.spectrum of SR deflected

.by 2 'using a flat SiC mirror

TIME ( hour )
Fig.3 Experimental results of the shield-pipe effect

on PSD coefficient measurement

(A) with shield-pipe and (B)without shield-pipe
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Introduction

The synchrotron radiation, which is an
intensive light source from X-ray to vacuum
ultraviolet,is expected to be anexcellent
light source of photoexcited semiconductor
processes(1,2) . In the present work, to
assure this feasibility of the SR, the
etching of Si and Si02 t)y use of SF^ +O2
reaction gases have been conducted at the
beam line DL-IC.

Experiments and Results.

The white beam of the SR radiation with

about 5x10mm^ spot size impinged perpendi
cularly on the surface of the Si substrate
or SiOp filn^ thermally deposited on Si.
The etching gas SF^or mixture of SFg and
O2 was fed into reaction chamber.

Figurel shows observed etching rates.
Both Si and Si02 showed almost equal
etching rate without oxygen addition.
However, it was found that the dependence
on the oxygen concentration was quite
different between Si and Si02^.

The etching rate of Si1l)2 gradually
decreased with increasing oxygen concent
ration. On the other hand, the etching
rate of Si rapidly decreased to zero with
slight addition of oxygen. This indicates
that extremely large etching selectivity
ratio is realized between Si and Si02.
Furthermore, the etching selectivity is
quite different from that in rf plasma
etching.where etching rate of Si is about
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Figure 1

two orders of magnitudes larger than 3102-
The second interesting point with this
system is in the excitation mechanism.
In the etching of Si02, it was observed
that the etching proceeded only in the
irradiated area. On the other hand, in
etching of Si, a relatively broad etched
pattern extending to the nonirradiated
area was observed. This indicates that

the etching proceeds through the excita
tion of the substrate surface or adsorbed

molecules in the Si02,and the excitation
of gas phase molecules is an important
mechanism in Si etching.

Figure 2 shows the cross sectional
view of the Si02 etched pattern. The
polysilicon film( 200 nm thickness) with
through-hole pattern ( 0.5 ^m diameter)
fabricated by electron beam lithography
was used as the etching mask. No under
cutting of the sidewall is observed,
indicating that,as a result of the surface
excitation mechanism and good directivity
of the light beam, the etching proceeds
only in the direction of the light beam.
So the anisotropic etching is realized
in the Si02 etching.

Re ferences

(1) H.Kyuragi and T.Urisu: J. Appl. Phys.
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(2) T.Urisu and fl. Kyuragi:to be published
in J. Vac. Sci. &. Teohnol, D., Sept.
/Oct.(1987)
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INTRODUCTION

Elements of third period from Na to 01
have been difficult to analyze with high
sensitivity by the X-ray fluorescence
technique. Since the double crystal
monochromator has been installed in the

undulator beamline (BL-2A) \ the highly
monochromatized and high intensity X-rays with
energy range from 1 keV to i keV has been now
available. Undulator is essentially suitable
for the micro and trace element analysis \
Furthermore, there is a possibility of studying
the threshold effect on the X-ray emission
spectrum-^'. In this report, the preliminaly
results of X-ray fluorescence (XRF) analysis
using monochormatic undulator radiation is
described.

EXPERIMENTAL

Undulator radiation was monochromatized by
the InSb (111) double crystal monochromator.
The beam size at the sample was about 1x1 mm.
A Si(Li) detector (energy dispersive mode) and
a linear focusing crystal spectrometer
(wavelength dispersive mode) equipped with a
curved ADP crystal were used for the energy
analysis of emitted X-rays.

2 i
X-BtT EMEBCT Ik.VI

X-RkT EHERCT Ik.VI

Fig.1 Energy dispersive X-ray fluorescence
spectra. 5 keV(a), 2.5 keV(b) and 2 keV(c)
excitation energy.

Results and Discussion

(1) Energy dispersive XRF; Fig.1(a),(b) and (c)
show the spectra from Sargasso(NIES certified
reference material) excited with 5 keV, 2.5 keV
and 2keV X-rays respectively. Enhancement in
the sensitivity for Mg through S by the tunable
X-ray source is clearly demonstrated.
(2) Wavelength dispersive XRF: Fig.2 show the
spectrum from a GaAlAS epitaxial layer. It is
difficult to separate these lines by the Si(Li)
detector due to the poor energy resolution, the
advantage of the wavelength spectrometer is
evident. Fig. 3 shows the typical Si Ka
spectrum from the silicon wafer. As the
excitation energy lowered down to around the Si
K absorption edge, the satellite peak (Ka, ,)
disappeared. The effect of the excitation

energy on the X-ray emission spectrum was
shown.

The relatively large beam size degrades
the detection performance of the curved crystal
spectrometer. Improvements are now underway.

References

1) PF Activity Report, 1986 p91
2) A. lida et al.. Adv. in X-ray Anal.
29(1986)A27
3) R.D.Deslattes et al., Phys. Rev. 27(1983)923
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Fig.2 Wavelength dispersive X-ray fluorescence
spectrum from GaAlAs.

Fig.3 Si Ka X-ray emisssion spectra with 2.4
keV (solid line) and 1.87 keV (broken line)
excitation energy.
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Introduction

Inelastic soft-X-ray scattering by

inner-shell electrons in solids of light

elements has not been fully investigated

either theoretically or experimentally.

Recently Ohmura and Suzuki^^computed the
cross section of the scattering under the

condition of 2na/Ao<l and lOi^^'^o^^'

where A,and hv, are the wavelength and

the energy of the incident X-rays and a

and I are the radius and the ionization

energy of the inner-shell electron, re

spectively. As can be seen in Fig.2,

which is an example of the computed re

sults, the scattering intensity increases

towards larger energy region. This tend

ency reflects the off-resonant p.A term

contribution in the Hamiltonian. The p.A

term contribution is not negligible com-

pared with the A -term under the above
2 )

mentioned condition.

Therefore, an experiment using the

monochromatic intense radiation from an

undulator equipped in a synchrotron or

bit would be useful to confirm the stat

ed theoretical results.

Fig . 1
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Experiment and Results

Soft-X-rays generated through an

undulator and monochromatized by two-

crystal monochromator were guided onto

a ploycrystalline beryllium plate of 5
O

mm thick with an incident angle of 20.
«

Wavelength of the X-rays were 30.6A. The

scattered radiation was detected at 90

to the polarization direction of incident

rays. A photomultiplier with good sensi

tivity for 300nm to 900nm was used.

Raw spectrum including thermal noise

of the detector and other background sig

nals is shown in Fig.4. After extracting

the specimen from the path of incident

rays, similar measurements were repeated.

Net signal the disturbing noises sub

tracted is shown in Fig.5. Too small net

signals, which should correspond to small

scattering cross section, do not allow us

to say anything in detail. However, the

result gives us a clue to further inves

tigation .
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In troduction

V/ and Be multilayer mirrors are
expected to have high reflectivity in
the energy range from 500eV to 2500 eV,
which is important for x-ray
lithography, as beryllium has the
highest transmissivity in this energy
range among applicable materials.
However, optical characteristics for
multilayers containing Be layers have
not been investigated so far. In this
work, reflectivities of W/Be multilayer
have been measured using synchrotron
radiation(950-1250eV) and compared with
calculations.

Experimental
The W/Be multilayer were deposited

by sputtering technique using a neutral
Ar atom beam(1). An advantage of this
technique is that the substrate does not
suffer from radiation damage by ionized
particles. Targets and mechano-
chemically polished Si substrates were
cooled by water, and substrates were
reciprocated to obtain uniform film
thickness. Reflectivities of the

fabricated W/Be multilayer mirror were
measured in the range 900eV-1250eV,
using synchrotron radiation
monochromatized by a 10m grazing
incidence monochromator at beamline BL-

2.

The measurement system is shown
schematically in Fig.1. Resolution of
the monochromator was 0.007A and beam
divergence was less than 0.8 mrad. The
design parameters of this multilayer are
NCnumber of layers)=30, d(period ) =77.0A
and ^ (thickness of reflective layer
divided by the period)=0.50. The
multilayer mirror was set in a chamber
kept at a vacuum higher than 2.0x10"
Pa. The grazing incidence angle of
synchrotron radiation to the mirror was
5.0 degrees. The incident and reflected
SR beam intensities were measured by
photo-multiplier at (J)and positions
respectively in Fig.l.

Results and Discussion

Figure 2(a) shows the observed
dependence of the reflectivity on photon
energy. The observed peak reflectivity
was about 30J. This value is about 75%
of the calculated value (b) assuming
ideal W/Be multilayer structure. This
peak reflectivity decrease is attributed
to two factors : the most important
factor is interface roughness and the
other factor is the increase in the
absorption coefficient of the
transmissive Be layer due to oxygen
contamination (20 - 30atJ) from the
sputtering atmosphere.

The effect of interface roughness
on reflectivity was calculated assuming
that interface roughness was given by
the Gaussian distribution with standard
deviationcy ,which was preliminarily
determined to be 2.5A by observed x-
ray(Cu Ka 1.5iJA) diffraction curve. The
reduction of peak reflectivity due to
25atJ oxygen contamination was IJ.BJ of
the ideal peak value. The calculated
reflectivity curve(Fig.2(c)) considering
these two effects was in fairly good
agreement with the observed curve as
shown in Fig.2.

Re ference
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Fig.l Schematic arrangement of
reflectivity measurement system.

^ 10

900 1000 1100 1200

PHOTON ENERGY (eV)

Fig.2 Observed and calculated
reflectivities of W/Be mirror.
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Introduction

X-ray contact microscopy of intact biologi
cal specimen using polymethylmethacrylate (PMMA)
requires intense monochromatic radiation such as
undulator radiation. As a step to observe
irttact biological materials, we have observed
unstained human chromosomes dried with no fixa

tive by x-ray contact microscopy using undulator
radiat ion.

Materials and Methods

Chromosomes from human lymphocytes (RPMI
1788) were spread on a surface of distilled
water and whole-mounted on PMMA(l). They were
dried immediately without fixation. The PMMA
with chromosomes was exposed to the 2.98 nm
monochromatic undulator radiation from BL-2B at

the Photon Factory, National Lab^ratogy for High
Energy Physics, in a vacuum (10 -10 Torr).
A zone plate monochromator (stopping material,
tantalum; thickness, 1 um; innermost diameter,
62.9 um; outermost diameter, 2 mm) was installed.
The exposure (972 mA*min) was expressed as ring
current (mA) x time (min). The exposed speci
mens were treated as described elsewhere(2).
Briefly, chromosomes were removed with sodium
hypochlorite from the PMMA. The PMMA was devel
oped with a mixture of methylisobutylketone and
isopropanol. The developed images were observed
either with differential interference microscope
or with transmission electron microscope by
replica method with the plasma polymerization-
film in a glow discharge.

Results and Discussion

X-ray image of chromosomes was observed in
differential interference microscope (Fig. 1)
and in transmission electron microscope (Fig. 2).
Fig. 3 shows a stretched portion of a chromo
some as seen in transmission electron microscope.
We can see a superbeads structure of a chromatic
fibril.

In this report, we demonstrated that the
observation of human chromosomes dried with no

fixative was possible at high resolution without
further staining process which may induce arti
fact. We are now planning to try to observe
these chromosomes in a wet condition.
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High resolution soft x-ray microscopes have
been studied In some pioneering works and the
feasibility of the soft x-ray microscope has
been demonstrated in them.l»2) in those
microscopes a Fresncl zone plate is used as an
optical element and synchrotron radiation as an
x-ray source. However, since a zone plate needs
a higli brilliant x-ray source because of its low
efficiency, tlie undulator radiation seems to be
suitable for the soft'x-ray microscope.

A schematic optical system of the zone
plate soft x-ray microscope is shown in Fig.l.
The optical svstem consists of a condenser zone
plate, a pinhole, an object zone plate and a
screen. An incident x-ray beam radiated from
the undulator is focused on an object plane by
tlie condenser zone plate and illuminates the
object on tlie pihhole. The pinhole works as a
stopper so that the undiffracted direct beam
through the condenser zone plate may not reach
the screen and disturb an imaging area. The
object zone plate generates a magnified image
of the object on the screen.

Numerical parameters of the optical system
were calculated by taking following conditions
into account:

.1) wavelength range : ZO^loX
2) magnification : ISO'vZOO
3) theoreti»:.Tl resolution limit : 0.25pm.

The condition 1) means the wavelength range of
the first harmonic of the undulator radiation.

The condition 2) was imposed to be able to
observe a magnified image on the niicrochannel
plate. The cfindition 3) was determined by the
narrowest annular width of the zone plate.
Numerical parameters thus obtained are shown in
table 1.

As a stopping material of a zone plate
against an x-ray beam tantalum was chosen
because of its properties as follow. Tahtalum
has as high absorption coefficients as gold in
the soft x-ray region. Tlie residual stress is
tour times higher than that of gold and can be
successfully controlled by the sputtering
conditions. The reactive ion-etching (RTE)
process can be applied for the patterning of
tantalurn.

A preliminary experiment was performed at
station BL-2B using the undulator radiation
with the optical system mentioned above and
zone plates shown in table 1. Fig.2 shows a
magnified image of a copper mesh //lOOO, which
wag used as a model sample. The wavelength was
2^A, the film used was FUJI MiNICOPY FILM,
exposure time was A seconds at the ring current
of 157mA and the magnification was 180. A pair
of black crossed lines corresponds to that of
the mesh, where the line width was 7.5iJm.

A white blurry circle covering over the image
corresponds to the defocused image of a 20pm-diam.
pinhole.
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A soft x-ray microscope with zone plates has
been studied in a beamline of a soft x-ray
undulator at the Photon Factory. A preliminary
experiment was performed and a magnified image
of a model sample (copper mesh lllOOO) was
already obtained.However, the imaging
performance such as the resolving power has not
been evaluated exactly yet. Therefore an
experiment was made by using grating patterns
with various pitches to evaluate the resolving
power.

Fig.l shows a scliematic drawing of the soft
x-ray microscope installed in station BL-2B. An
incident X-ray beam radiated from the undulator
comes from the left and enters into vacuum

chambers constructed on an optical bench. Tlie
soft x-ray microscope system consists of four
parts, i.e., a condenser chamber, an object
chamber, a photodiode chamber and a photographic
chamber. There are two gate valves, a top valve
and an end valve. The top valve isolates the
microscope system from the upstream beamline for
vacuum. The end valve isolates the microscope
system into two parts so that only the
photographic cliamber can be independent of other
front chambers.

An experiment was performed by using the
test grating patterns with various pitches which
were made to evaluate the resolving power of the
soft x-ray microscope. The grating patterns
were made of tantalum and the pitches were from
2.0pm to O.Aijm. Magnified images of these
grating patterns were taken. In this experiment
a O.bpm pitch grating pattern was resolVed.
Fig.2 shows a SEM magnified image and an x-ray
magnified image of a l.Opm pitch grating pattern.
The wavelength was 29.8A, the film used was FUJI
MINICOPY FILM, the exposure time was 4 seconds
at the ring current of 163mA and the magnifica
tion was 140.

A performance test made by using test
grating patterns with various pitches. A O.bpm
pitch grating pattern was resolved. The result
shows that the resolving power of the soft x-ray
microscope was estimated to be O.lpm. From the
fact that the theoretical resolution limit of

the soft x-ray microscope is about 0.3pm, the
experimental limit attained is very close to the
theoretical one. Furthermore, the system of the
zone plate soft x-ray microscope with the
undulator radiation is feasible to observe

micron-order samples. By using the finer
structural zone plate, the resolution will be
improved.
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Introduction

It is important to know the mechanism and the
possibility of enhanced killing of bromo-substi-
tuted phage and cells by irradiation with soft-
X-rays around K absorption edge of Br. For the
purpose, the radiation products of Br compound
mononucleotide, Br-dCMP, caused by mono-energetic
X-rays, just atiovo and below the K-absorption edge
of bromine (13.A7 KeV) were analysed by nuclear
magnetic resonance (NMR) and high-performance
liquid chromatogrnphy.

Experimental and Results

5-Bromo-2'-Deoxycytidine-5'-monophosphate
(Br-dCMP) purchased from Sigma Co.Ltd. was dissol
ved in D-0 at concentration of 5 mg/ml. 200 pi of
the solution was irradiated in a plastic cell.
Mono-energetic synchrotron radiation at Photon
Factory was used as a radiation source. Two wave
lengths, 0.919 A (13.A9 KeV) and 0.923 I (13.A3
KeV) were selected for irradiation. The chromato-
graphy employed a C^g reverse phase column, 10 mm
in diameter by 100 mm in length (Waters p bondapak
Cjp)- Elution was by 0.007 MK2HPO, solution (pH
7.0). Ttie spectra were monitored By optical detec
tion at 260 nm. ri'-NMR spectra were recorded at
21"C on a Varinn XI.,-300 spectrometer.

Tlje chroninl.ogram of l3r-dCMP irradiated with
0.923 A soft-X-ray was shown in Fig.l. The amount
of dCMP (peak b in Fig.l) increased as increasing
the dose, suggesting the debromination from Br-
dCMP by irradiation. Another two peaks (peak a
and peak c) for unknown radiation-products were
observed in the cliromatogram. The chromatogram of
Br-dCMP irradiated with 0.919 X soft-X-ray was
almost the same as that with 0.923 A, though t^e
debromination was somewhat effective in 0.923 A

irradiation ' (shown in Fig.2). DCMP in D^O solu
tion was also Irradiated with 0.919 k ana 0.923 A
soft -X-rays. Isolation of cytosine from dCMP ^as
observed aoparontly in the both case of 0.919 A
and 0.923 A irradiation, as though no isolation
of cytosine from Br-dCMP was observed. From these
results it may bo suggested that the bromine
combined to Br-dCMP has a role to protect the
isolation of base from the mononucleotide.

Phosphorus-NMR (P-NMR) and proton-NMR (ll-NMR)
were measured for Br-dCMP in D_0 solution. Thg ll-
NMR spoctrg of Br-dCMP irradiated with 0.919 A
and 0.923 A soft-X-rays had almost no change com
paring with tiiat of control. However, in the
P-NMR spectrum of irradiated Br-dCMP two new peaks
were obscrved(peak A and B in Fig.3), revealing
tl>e radiation-products from Br-dCMP irradiated
witli aoft-X-ray;5. Futher investigation to identify
the products is advanced.

0 100 200 300

Fig.2 Dose dependence of the
production of dCMP from
Br-dCMP induged by soft-J-
rays, 0.919 A and 0.923 A.

0 A 8 12 '
Elution Time

(min)

Fig.l The chromatogram gf Br-dCMP
irradiated with 0.923 A soft-X-ray.
Irradiation doses on the surfase of
samples are 220 KR, 183 KR and 0 KR
(control).

0.919 A

0.923 A

VVAv/\A."*>/*V^

control

Cliemical Shift (ppm)
Fig.3 P-NMR spectra of Br-dCMP in D„0 solution
irradiated with soft-X-rays, a) 0.9J9 A, 155 KR
on tlie surfase of sample, b) 0.923 A, 155 KR on
the surfase of sample, c) control.
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Introduction

Monoenergetic X-rays just above K-absorption
edge of bromine (13.47 keV, 0.920 A) produce
predominantly K-shell ioni2ation followed by Auger
cascade in bromine. X-ray induced Auger cascade of
bromine produces enhancement in killing of
bromouracil(BU)-label led phages and cells. The
enhancement of killing may mean the enhanced
production of DNA damage by Auger cascade.
Recently. Hieda et al.'^ measured single-strand
breaks of BU-suhstituted pBR322 plasmid DNA after
irradiation in ihe dry state with monoenergetic X-
rays at 12.40 and 13.55 keV Just below and above
K-absorption edge of bromine. Unexpectedly,
induction of single-strand breaks versus exposure
dose (R) was same at both energies. However, the
DNA sample was proved to be contaminated with CsCI
and the results were distor-ted by the
contamination. In this report we describe recent
results using DNA sample without contamination.

Materials and Methods

BU-snlisti tilted DNA was isolated from E. coI i

B/r (thy") ceils earring pBR322 cultured in BU
containing mineral medium. Non-substituted DNA
was isolated from £. coIi H6I0I cells earring
pBR322 cultured in L-broth. Isolation was
performed by alkaline method and CsCI/ethidiurn
bromide density gradient. Isolated DNA was
dialygeil. filtered by Molcut (Millipore), and
finally dissolved in 3 mN Tris-llCI and 0.3 mM
EDTA. pH 8.0. Aliquot of I /z I containing I /i g
DNA and 0.5 /i g buffer solute was spotted on
polypropylene strip and dried in air. Samples in
dry N2 gas were irradiated with monoenergetic X-
rays at BL-4A. Redissolved DNA was
electrophoresed in agarose gel and three DNA
forms (Form 1 ,11 and in ) were separated. Single-
and double-strand breaks were determined as a
conversion from Form I to Form II and that from

Form I to Form III, respectively.

ResuIts

Form I fraction was decreased exponentially

with dose and Form m fraction was increased
linearly with dose. E\posui*e doses in R measured
by a free air ionization chamber were converted to
absorbed doses in Cy by conversion factors
calculated from mass energy-absorption coefficient
tabulated by flubbell 2) and elemental compositions
of the samples which consist of I/i g of BU-
substituted or non-substituted DNA and 0.5/ig
buffer solute. Absorbed doses giving one strand
break, Dq. were calculated from dose-effect curves
and tabulated in Table 1.

For single-strand break. Do were almost same
(7—8 kGy) regardless of photon energy and BU-
suhsti tii t i on. 7'--8 kGy ( =kj/kg) equals 206—234
eV/pBR322 molecule. This means that one single-
strand break is induced by absorption of energy of
about 220 eV per molecule wliich is provided mainly
by secondary electrons. K-shell ionization of
bromine has little effect because number of K-
shell ionization of bromine per per molecule
was calculated at only 0.02.

For double-strand breaks of BU-suhstituted

DNA, Do at 13.55 keV was 0.827 times smaller than
that at 12.40 keV. This decrease in Dq may be
caused by K-shell ionization of bromine
(calculated at 0.57 ionization per Dq per
molecule) that leads efficiently to double-strand
break.
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Table 1 Absorbed dose (Dq) giving one strand break
in a pBR322 DNA molecule after irradiation of
monoenergetic X-rays at 12.40 and 13.55 keV.
X-ray Dn(kGy)
energy Single-strand break Double-strand break
(keV) T^= liF" T BU
12.40 7.6 8.0 200 266

13.55 7.0 7.7 276 220

(12.40/13.55) 1.00 1.04 0.72 1.21
i TINon-siibsti luted DNA. BlKBU-siibstitiited DNA.
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Introduction

The formation of chromosome structural

rearrangements have been closely linked to the
expression of a variety of specific cellular
injuries in cells exposed to ionizing
radiations. In view of the formation of the

generalized model of radiation action, the
underlying mechanisms, particularly the
microstructure of energy deposition and its
involvement in the formation of chromosome

structural rearrangements are particularly
intriguing.

Monochromatic X-rays of sufficiently long
wavelength generate photoelectrons having
discrete initial energy and range. Recently,
extensive studies have been made by Goodhead and
his coworkers for the induction of mutations,
chromosome aberrations and cell killing by
aluminium and carbon K characteristic X-

rays' Goodhead postulate an hypothesis
called "threshold-energy repair-saturation
model".

In this paper, we report the chromosomal
response of human lymphocytes exposed in vitro
to synchrotron produced monoenergetic X-rays.
The efficiency and LET dependence of chromosome
aberration formation were consistent with the

pairwise interaction of sublesions produced with
limited spatial proximity.

Experimental and Results

Monolayers of human peripheral blood
lymphocytes were irradiated with the
synchrotron-produced monochromatic X-rays with
varying wavelengths, and the chromosome
aberrations were studied in relation to the

quality of radiations. For comparison, similar
experiments were made with ^^Co y-rays, and 50
kVp and 200 kVp olthovoltage X-rays.

The efficiency of chromosome aberration
formation increased with increase of wavelength,
which was represented by an increase of the o
term when the dose-response relations were
fitted to the 1inear-qudratic model, Y=C+aD+6D^.
Figure 1 shows the LET dependence of the a term
for dicentric formation (solid symbols). Data
on chrome, aluminium and carbon K-characteristic

X-rays in the literatures (open symbols) are
also included for comparison. The efficiency
first arises, subsequently falls and then arises
again with a peak LET at around 2-3keV/um.

This unique LET dependence can not readily
be explained by the recently proposed concept on
radiation action, "threshold-energy repair-
saturation model" of Goodhead (1980)^, but
rather consistent with the idea that the

chromosome exchange aberrations, probably also
mutation and cell inactivation which may have
different target size and peak efficiency, arise
as a consequence of pairwise interaction of two
lesions, e.g., DNA double strand breaks, but the
elemental chromatin fiber with 30-34 nm
diameter, rather than DNA duplex itself,
constitutes a unit of damage interaction in the
formation of chromosome aberrations. The

fall of the efficiency may be a consequence of a
limited track segments as compared with the
diameter of elemental fibers and their
intranuclear geometry. The second raise may be
the results of non-uniform distribution of dose

to cell nucleus due to the strong attenuation
during the pass through the cells. Our results
thus raises a proposition that the relative
biological effectiveness (RBE) should be
considered separately for electrons and heavy
charged particles as well as for the biological
endpoints with different target size. We
were now led to a new concept of the
recombination-mediated damage fixation, which
constitute a testable proposition for future
experiments.

j-20

0.1 1 10
LET (keV/pm)

Figure 1. The linear component, a term, of
the dose-response relationship for dicentric
formation plotted against the LET. Open circles
are data replotted from Virsik et al. (1980)
on the chrome (Cr), aluminium (Al) and carbon
(C) K-characteristic X-rays.
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Introduction

A focused synchrotron radiation(SR) source Improvements in the optical system are now
is expected to realize X-ray analysis with in progress,
spatial resolution . We developed a 10 keV
scanning X-ray fluorescence(XRF) microprobe
using Wolter type 1 optics as a focusing References
system . In this report, the performance of the
optical system and the micro and trace XRF 1) C. J. Sparks: Synchrotron Radiation Research,
analysis are described. eda. H. Winick and S. Doniach (Plenum, New

York, 1980) chap. H.
2) Y. Gohshi, S. Aoki, A. lida, S. Hayakawa,

H. Yamaji and K. Sakurai, Japan. J. Appl.
Phys. 26 (1987) L1260

Experimental

Experiments were performed on the BL-4.A with
a white SR. A schematic beam line layout is
shown in Fig.1(a). Two Wolter type 1 mirror
systems were used, and each system consisted of
an ellipsoidal and a hyperboloidal mirror.
Mirror surfaces were coated with Pt, and the
average glancing angle was 7 mrad to reflect the
X-rays up to 10 keV. The first optical system(
condenser mirror system ) was designed to
demagnify the source 1/20, and the second
optical system ( focusing mirror system ) was
designed to demagnify the image 1/13- At the
first focal plane(FI), a pinhole of 60 pm in
diameter with 0.1 mm thick Ta was placed, which
defined the final beam size.

A SR XRF microprobe consisted of the optical
system, an energy dispersive XRF(EDXRF) system
and a scanning system of sarnples(Fig. 1(b)). A
micro and trace XRF analysis was realized under
atmospheric condition.

Results and Discussion

The performance of the optical system was
examined. The smallest beam size was obtained

when the reflecting parts of the mirror were
restricted by the slits before the condenser
mirror system. The estimated beam size was 10
pm(V) " 30 pm(H). The difference between the
observed size and the designed one( 4.6 pm in
diameter) was thought to be caused by the error
in the mirror shape and the incomplete alignment
of the optical system. The photon flux of the
focused beam measured by an ionization chamber
was much less than the designed value with the

small beam size.

The minimum detection limit(MDL) was
estimated by the measurement of a reference
sample. For Mn, the MDL in relative
concentration and in absolute amount was 6 ppra
and about 0.1 pg respectively. Improvements in
the optical system will increase the beam
intensity and the signal. The background was
mainly from the lower energy part of the
incident X-rays, which will be reduced with the
monochromatic excitation.

Cr patterns of 20 pm , 10 pm and 4 pm in
width were measured and the pattern of 4 pm was
quite recognizable (Fig. 2). The practical
resolution of this microprobe was better than 10
pm.

CONDENSER
SR. , MIRROR

MONITOR
SYSTEM

FOCUSING MIRROR IC

+x.y.z.0,^ STAGE

FOCUSING
MIRROR

ELECTRONICS

SAMPLE
+ x.y.z STAGE

Fig. 1 a: A schematic beamline layout, and b: A
schematic arrangement in the hutch.
IC : ionization chamber

Fig. 2 Cr Ko( image of the Cr deposited patterns
and the field examined. 40 " 20 points



proposal No 87-053

DETEIIMINATION OF THE COMPOSITION OF MIXED CHEWICAL STATES
BY X-RAY FLUORESCENCE DETECTION

USING CHFWICAL SHIFT OF ABSORPTION EDGE

Kenji Sakurai, Atsuo lida , and Yohichi Gohshi

Department of Industrial Chemistry, Faculty of Engineering, University of Tokyo, Hongo, Tokyo 113
"Photon Factory, National Laboratory for High Energy Physics, Oho-machi, Tsukuba-gun, Ibaraki 305

Introduction

The selectively induced X-ray emission
spectroscopy (SIXES) is the analytical technique
based on the detection of the fluorescent X-rays
due to the selective excitation of specific
chemical species by tunable synchrotron radiation
(SR). The present method, compared with the
conventional transmission experiment, is
particularly suitable for the ^measurement of
trace elements of less than 10 g because of
its high sensitivity. One of the most feasible
application of SIXES is the determination of the
concentration of specific chemical species in a
mixture containing several chemical states.

Experimental

Mixed samples containing FeO and ^"^2^3
various ratio were prepared as pellets oi ca.150
mg/cm . Total concentration of iron in each
pellet was 2.5 The experiment was carried out
on the beam line ik. The energy disper^ve XRF
system with a Si(Li) detector was used. The
horizontal axis was adopted for the channel cut
crystal monochromator (Si 111). The energy
resolution of incident X-rays was estimated to be
1.5 eV at the iron absorption edge (7.111 keV).

Results and Discussion

Absorption spectra of iron from the mixed
powder samples of iron oxides are shown in Fig.1.
The intensity of the Fe Kot X-ray fluorescence is
measured as a function of the incident energy.
The absorption edge systematically shifts to
higher energy as the concentration of ^^2*^3
increases. Total concentration of iron is

determined by the fluorescence intensity above
edge, and the concentration of each chemical

<1> 4
o

to 3

1
o

£ 0-

- /y'V/

/W
W1 - //••y

^ ____ A<//
Fe203

X-ray energy (eV)

Fig.1 Near edge absorption spectrum of the
mixture of iron oxides taken by SIXES.

species can be determined using the chemical
shift of absorption edge.

Figure 2 shows the relationship between the
chemical shift of the edge (i.e. the energy of
the mid-point of the curve) and the concentration
of iron(III). Calculated calibration curve is
based on the experimental results of pure Fe^O.
and FeO. Determination of the mixed ratio of the
unknown sample can be performed using the
calibration curve in Fig.2, although it is not
linear due to the difference in the shape of the
curves for FeO and Fe20,.

However, experimental results directly
obtained from Fig.1 do not agree with the
calculated calibration curve. It was found that
this was due to the particle size effect of the
X-ray fluorescence intensity. Since the particle
size of Fe-Oj (< a few pm) was smaller than that
of FeO (a few tens of pm) in our case, iron

fluorescent X-rays from Fe_0- is more intense
than that from FeO provided that the same
quantity of iron was contained. These data were,
however, successfully corrected as shown in Fig.2
using the fluorescence intensity measured far
above the absorption edge, where fluorescence
intensity does not depend on chemical natures.

Precision of the present technique depends on
the values of the chemical shifts, and error in
the determination of the absorption edge mainly
due to the counting statistics. Since the
differences between the edge energy of FeO and
Fe-G- is about 3*5 eV, the mixed ratio of each
chemical state in the mixture can be determined

within ± 6 % error, assuming that the absorption
edge is determined within ± 0.2 eV.
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IFe'X (Fe'*] + [Fe**])

Fig.2 Quantitative analysis of the mixture of
iron oxides. Energy of the absorption edge was
defined as the mid-point of the normalized
absorption curve. Calculated calibration curve
is shown by the broken line. Open circles and
crosses show the raw and corrected experimental
results respectively.
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Introduction

The fluorescent X-rays is abruptly emitted
from the chemical species as the energy of the
Incident X-rays crosses the absorption edge of
interest. Since the energy of absorption edges
are affected by the chemical environment of the
element, specific chemical species can be almost
selectively excited by tuning the incident
energy. In this report, determination of the
spatial distribution of specific chemical species
using the selectively induced X-ray emission
spectroscopy (SIXES) is described. The present
technique is decidedly superior to the absorption
imaging technique in the sensitivity.

Experimental

The experiment was carried out on the beam
line iiA and 68. The horizontal axis was adopted
for the channel cut crystal monochromator (Si
111). The intensity of fluorescent X-rays was
measured by a Si(Li) detector.

Results and Discussion

Near edge absorption spectra of iron oxides
taken by X-ray fluorescence detection are shown
in Fig.1. The absorption edge systematically
shifts to higher energy as the oxidation number
increases. While both FeO and are excited

at the higher energy (E^j), the intensity of the
fluorescence signal from Ee^O- is far lower than
that from FeO at the lower energy (Ej).

The intensity distribution of Fe"" Ka from the
model sample, which contains both FeO and FOjO^,
were measured with 250um x 500um incident X-
rays. Results obtained at the incident energy
and are shown in Fig.2. By using the
reference spectra shown in Fig.1, the spatial

obove edge

below edge

<u [ FeO-

X-Roy Energy (eV)

Fig.1 Near edge absorption spectra of iron
oxides.

distributions of FeO and determined

independently, and are shown in Fig.3. The
results are in good agreement with the
distribution confirmed by the optical microscope.

For the imaging of the chemical state by the
present technique, not only the two dimensional
scanning of the sample using a point shaped beam
but also the tomographic approach using a line
shaped beam are promising. The latter approach
is based on the the image reconstruction from the
projection. Sample used was thin film of Cr and
Cr„0- on a glass. Preliminary measurement was
made with 8mm x lOOpm incident X-rays, and Cr
image obtained are shown in Fig.4.

References

1)K.Sakurai et al., submitted to Anal. Sci.
2)J.Kinney et al.', Appl. Optics 25(1986)-4583
3)N.Gurker: X-ray Spectrom. 8(l979)li9

P
Fig.4^ (a)Optical microscope image of the sample.
Region measured is shown in circle. Or was
deposited drawing the letters of 'PF', and Cr-0,
was deposited around them, (b) Cr image processed
by the image reconstruction technique.

Eig-2 ^ Fig.3
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INTRODUCTION

The aim of this study is to represent the
natural dynamics of the elemental quantity in sea
water adjacent Japan. For this trace level
multi-elemental analysis, synchrotron
monochromatized X-rays seemed to be effective.
Experimental condition on the incident beam energy
was the main focus in our previous paper. Since
Na-DBDTC replaced by APDC seemed to be
advantageous, sea water samples were
preconcentrated through this chelating process
under the beam condition.

Elemental results will supply particular data
, especially for locality problem, in which the
basic concern of radioecology is to obtain
detailed concentration factors of elements for the

evaluation of r.idiation dose to men.

1. EXPERIMENTAL

1) Sampling, Preparation and Targeting
Sample sea waters were collected at

Onagawa(off-shore), Miyagi, and at
Nakaminato(coastal), Ibaraki, every month during
the period from May 1986 to Aug. 1987.

After filtration by 0.45 pm membrane filter,
1 liter of sea water was treated with

Na-DBDTC(Sodium Di-benzyl Di-thio Carbamate),
passed througli a chromosorb column so as to adsorb
clielates onto it, then elated with organic
solvent (CHCl^.'EtOH=l: 1) onto 2 pm Makrofol
backing. Finally, it was dryed to a deposit on a
ceramic hot plate at 60 °C.

2) Layout, Bombardment and X-ray Analysis
As for the system installed in the BL-4A,

referenc^. should be made to the report by Y.
Gohshi2 A monochromatized 20 keV beam of l.O^x
1.0 mm was introduced to the target under 10
torr for 2000 sec.

Peak identification was made manually,
presenting three point standards on a calibration
curve, and the peak area on the background was
determined by a computer program EDAP2. The area
was converted to into ppb concentration.

II. RESULTS AND DISCUSSION

According to the previous report stating
that SRXRF was particulary effective for sea water
analysis, this method was applied to obtain the
variation of elemental quality and quantity
through the year.

Advantage of Na-DBDTC was compared with
APDC(Ammonium Pyrrolldine Dithio Carbamate).
Recovery of elememts was reasonably similar for
the two chelating reagents. However, the former
was remarkably effective concerning the handling
of sea water especially for the column separation
with chromosorb and tlie final stage of the target
preparation.

Because in the APDC method, several tens of
mg of activated carbon are weighed into a plastic
bottle after the HF treatment. This process is
rather difficult in the actual handling of sea

Fig. 1 X-fay spectrum of Onagawa sea water FILE ; SR138

water. Also the method requires a small amount of
2N-HN0_ for the elation of elements from the

activated carbon surface, and preparation of a
small deposit onto a 2 pm Makrofol film is again
difficult.

From these points of view, Na-DBDTC method

makes it possible to elute accumulated elements
from chromosorb surface with organic solvent of
MeOH and CHCl., (=1:1), and the solvent does not
damage the M^rofol film, consequently it is
easily evaporated from the film surface.

During tlie period from May 1986 to Aug. 1987,
sea water samples were collected monthly at
Onagawa, Miyagi, and at Nakaminato. Discussions on
details of annual variation of elemental quantity
for the two sampling stations are still underway.
Characteristic X-ray spectrum from the Onagawa
site is shown in Fig. 1. Sea water showed its
elemental amount as follows; (unit in ppb)
elem. S K Ca T1 V Cr Mn Fe Ni

conc. 1.9 60 87 1.9 2.2 1.6 l.A 58.3 5.3

Cu Zn As Se Br Sr Zr Hg Pb U
11.2 11.6 0.6 0.8 18.6 1.8 1.6 0.01 0.02 0.02

Nearly 20 elements were determined
sufficiently at the level of ppb. Compared to, the
latter sea waters as previously reported ,
elemental quantities are relatively higher for the
Nakaminato sea water. It may be due to tHe the
reason chat the sample from Nakaminato contains
many particulates, because it is a coastal water,
although both water samples had been filtrated
preliminarily through a membrane filter HA.

These data will supply effective information
when Che radiation dose to men is evaluated from

the environmental radioisotopes.
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Introduction

A study of trace element in human
hair is one of the useful means of
investigating environmental influences,
pathological histories, nutritive con
ditions of a human body and individual
characteristics.

The experiment was conducted to anal
yse each part of a single hair from the
root to its top by SR excited X-ray
fluorescence.

Experiment

Hair samples of black hair and white
hair v/ere collected from two adult mal
es and two adult females, were washed
by the IAEA method with acetone and
distilled water. Samples of single
hair lOcm(male) and 15cm(female) cut
5cm pieces and each of them was set
in a holder as shown in Fig.l.
The monochromated SR beam irradiated an
analysing part of a single strand of
hair at 1mm in length. The analysing
position of the hair was scanned by a
holder moving system with 2.5 fi step.

X-ray fluorescence spectra were mea
sured by Si(Li) detector. Measuring
time was 500 seconds. Energy of SR
was 16.5keV.

Results and Discussion

Detected elements were S,Ca,Ti,Cr,
Ni , Zn,Hg,Pb,Br and Sr. Fig.2 repre
sents the variation of trace elements

S,Ca,Zn concentrations as a function
of distance from the scalp.

a single
hai r

5R beam

move to
upper direction

.holder

1mmJx;^VS

Si(Li)
\ detecler

move to

lower direction

Electronics

System

Fjgl Schematic diagram of
the experimental system.

Concentration of S seems to increase

from a hair root to its top. A similar
tendency was observed in Ca and Zn.

Concentration of Ca in white hairs

was lower by 20% to 70% than that in
black hairs of the same person.

In the case of female M.S.,
concentration of Ca in black hairs ".'as

by 1200ppm to 1700ppm in between 20mm
and 80mm from the scalp. In her white
hairs, by SOOppm to 1200ppm in the same
range. Concentration of Zn in her
black hairs was by 200ppm to 260ppm and
in white hairs by 170ppm to 220ppm in
the same range as in Ca.
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Fig.2 Variation of trace elements S,
Ca,Zn concentration as function
of distance from the scalp.
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Introduction

X-ray Fluorescence (XRF) technique has been
widely used in the chemical analysis of ancient
artifacts, because the method enable us to carry
out a nondestructive rapid multielemental
analysis of the samples. It is expected that
application of SR X-ray to the XRF analysis will
greatly improve its analytical ability because of
the high brightness, polarization, and wavelength
tunability of the SR X-ray. Besides, there is a
hidden advantage of the utilization of SR: i.e.
the SR facility provides spatial freedom, which
allows truel.y nondestructive analysis of large
artifacts such as sculptures, paintings etc. This
is owing to the following advantages of the SR:
the light source is far away from the samples and
the SR beam is a highly collimated parallel beam.
Therefore, it is expected that the SR becomes an
ideal light source for XRF analysis of archaeo
logical objects. Taking these advantages, we have
started the following research programs in order
to establish the experimental procedures of
archaeometric analysis and to apply the technique
to the practical problems in archaeology.

1) Two dimensional chemical imaging of artistic
pattern This technique is used for the
transformation of artistic pattern into two
dimensional chemical compositional image. The
technique is particularly useful when the pattern
is complicated or very small.
2) Multielemental bulk analysis for provenance

investigation Capability of rapid and non
destructive multielemental analysis allows to
investigate a large number of samples, which are
necessary for provenance investigation and
documentation of ancient trade routes. Highly
polarized and energy-tunable radiation allow to
analyze a trace amount of desired element, which
can be a fingerprint element for the above
purposes.

3) Chemical speciation of colorant element of
archaeological objects by measuring chemical
shift of X-ray absorption edge by detection of
XRF Knowledge of the oxidation state of
coloring elements in pigments, glaze etc. will
provide useful information on the technology of
the production of artifacts such as firing
temperature of potteries or origin of raw
materials. This paper reports a preliminary
result of the research project (1) and that of
the project (2) is presented in the succeeding
page. Project (3) is currently underway.

Experimental
The measurement were carried out at BL-4A

using the XRF-analysis facilities. Samples were
excited by monochromated X-ray at either 8 keV or
20 keV using Si(111) channel cut crystal. The
analysis was made by energy dispersive mode using
a Si(Li) detector. Because of the small
divergence of the SR beam, a fine parallel beam
of desirable size was obtained by a simple set of
vertical and horizontal slits. During the two
dimensional analysis the sample was placed on a

remote controlled X-Y stage with pulse motors (ca.
2.5 u/pulse) and the analyzed point was monitored
with a TV camera. The intensity data were stored
in a PG9801 personal computer.

Results and Discussion

Figure 1 shows photographs of the samples
used in the present study: (a) a china dish made
at "Kutani", a famous Japansese pottery producing
district; (b) a fragment of enamel glassware (10
- lie) excavated at a site of Egypt.

The intensity data were processed with the
personal computer into two dimensional image on a
color display. Figure 2 show the examples of the
images. The intensity were scaled with 9 colors
depending on the magnitude. The Fe Kq image in
Fig. 2a corresponds well with the Chinese
characters "Kutani" painted with red color on the
backside of the dish indicating that the colorant
is Fe20^, i.e. Indian red.

On the other hand, Fig. 2b and 2c are Pb La
image and Au La image of the enamel glass,
respectively. The line-drawing on the glass
(inside the mark on Fig. lb) corresponds to the Pb
indicating the use of lead glass. Figure 2c shows
that the surface of the glass is decorated with
gold. Consequently, a one-to-one correspondence
between artistic design and their chemical
composition provides useful information for
understanding the decoration technique of glass
during the Middle Ages in Egypt. A further
analysis is now in progress.

Fig. 1. Samples used in the chemical imaging,
(a) china dish (b) enamel glass

Fig. 2. Results of the chemical imagings.
(a) Fe Ka image of the sample (a).
(b) Pb La image of the sample (b).
(c) Au La image of the sample (b).
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Introduction

A wide selection of methods of chemical
analysis have been employed for archaeological
objects and works of art. The artifacts of
ancient glass and glaze have been studied by X-
ray fluorescence analysis, emission spectro-
graphy, neutron activation analysis and so on.
The colorant of ancient glass and glaze have
been studied, but there have been a little
information as to their origins, trading routes,
distributions, etc. Since SRXRF analysis is a
nondestructive method and superior to the above
methods in some respects, this method is
excellent for obtaining these information.

In this paper, we attempted the application
of SRXRF analysis to ancient glass and glaze
artifacts excavated in Egypt and Japan.

Experimental

Measurements were made using the energy
dispersive XRF system installed at BL-4A in
Photon Factory. Samples were set on a sample
holder and were excited by monochromated X-ray
with a Si (111) crystal at 20.0keV in air. X-ray
fluorescence spectra were measured by a Si(Li)
detector.

Samples used were as follows.
1.Group A:Samples excavated at a site of Egypt.

The samples were produced between ca.lOc. and
14c. Eighty samples(134 analyzed points) were
composed of glass wares, glass beads, glass
bracelets, glaze of potteries and so on.

2.Group BrSamples excavated in the sites of
Okayama Pefecture, Japan. Fourty four samples
(58 analyzed points) were glaze of potteries,
which were produced in Japan or imported from
China, etc. between the period of ancient burial
mound and the Edo period(ca.6c.~18c.).

Results

About 52 percent of the samples of Group A
and 20 percent of Group B show strong spectra of
lead and belong to the category of lead glass
and glaze. The other samples are alkali-lime
glass or glaze.

The relationship between the colors of
measured samples and their colorants are given
in Table 1. The color of glass or glaze is blue
in the presence of copper, but it grows green
with the increase of lead concentration. Copper
detected in the samples tinted with red is
probably univalont. Colorless or pale green
samples contain a little iron and/or a large
amount of manganese which acts as a decolorant
of the green color of iron. The strong chracter-
istic line assigned to gold(AuLc<) explains the
golden color of the samples which are known as
"luster".

The representative XRF patterns of alkali-
lime glass or glaze are shown in Fig. 1. Classi
fication of the samples of alkali-lime glass and
glaze based on the Zr/Rb-Sr/Rb ratios is given
in Fig. 2. It is difficult to classify the lead
glass and glaze based on the similar systematics

because the peaks of• rubidium, strontium and
zirconium were hidden by the peaks of lead. Most
samples are classified into two types | and |[
which correspond to Group A and Group B, respec
tively. Six samples of Croup A do not fall in
either type and are classified into three types
HI , IV and V • These samples seem to be import
ed from other districts. But this is uncertain
because of the shortage of number of the samples
analyzed and lack of the analytical data of the
similar samples excavated in the origins.

1 0 'I Fe scaFT
Group A A Sr zj- Aa

Zn Pb

Group B Fe
scat.

Rb Zr aa

LlL^rn
I , ra Pb Pb

viVyu*'
0 5 10 15 2C

X-ray Energy (keV)

Fig. I Representative X-ray spectra of alkali-
lime glass or glaze.

Table 1 The relationship between the colors of
measured samples and their colorants,
color colorant color colorant

green Fe, Pb+Cu
red Cu

blue Cu
violet Hn
yellow Fe,Ti?

black Fe(+Mn)
deep blue Co
gold Au
brown Fe

colorless Fe+Mn,nothing

/"VTypelV

Type II '

/v.

TypeV

• Group A

• Group B

0 30 60 90 120
Sr/Rb

Fig. 2 Classification of the samples of alkali-
lime glass and glaze based on Zr/Rb-Sr/Rb ratios.
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INTRODUCTION

Grazing incidence X-ray fluorescence
anlysis is useful technique for the analysis
of the thin film and the surface of the

material. The trace impurity near the
semiconductor surface and the liquid-air
interface of the po2^mer solution were
succesfully analyzed X-ray fluorescence
analysis is also useful for the determination
of major and minor elements with precision. In
this report, The surface elemental composition
of a GaAlAs epilayer was studied using the
grazing incident X-ray fluorescence.

Experimental

The experiments were carried out at BL-
iA. Fig. 1 shows the side view of the
experimental arrangement. The energy of the
monochromated synchrotron X-rays was fixed at
13 keV, which is high enough to excite Ga K
and As K lines. The sample was mounted on a
goniometer with a horizontal rotation axis.
The X-ray fluorescence intensities were
measured by a Si(Li) detector as a function of
the glancing angle. The Si(Li) detector was
set at the right angle to the incident beam
with a slight inclination to the horizontal
plane. Due to the poor energy resolution of
the Si(Li) detector, Ga Kp and AS lines
overlap each other.

A Ga^_j^Alj^As epilayer (x=0.298) was used
for the sample. The epitaxial layer of 3.5 pm
thick was grown on the GaAs wafer by the
liquid phase epitaxy using the sliding boat
technique. A mirror polished GaAs wafer was
also used for the reference sample.

Results and discussion

Fig. 2 (a), (b) shows the intensities of
the reflected X-rays and the ratio of the X-
ray fluorescence signals (As Ki<+ Ga K(3)/Ga Ke<
from the GaAs wafer and GaAlAs epilayer

respectively. Since the surface of the
epitaxial wafer shows the "waves" pattern, the
reflection curve of Fig. 2(b) is rather broad
compared to that of Fig. 2(a). While the
intensity ratio obtained from the GaAs wafer

Side view

•loiil.le eiyalal

Fig.1 Experimental arrangement.

in Fig. 2(a) is constant and shows no angular
dependence, that in Fig. 2(b) decreases at the
lower angle. The comparison between the
observed Ga K and As K intensities showed that
the variation in the ratio in Fig. 2(b) was
not due to the enhancement of the Ga
concentration but was mainly due to the
reduction of the As concentration. Since the
penetration depth of ^the incident X-rays is
less than a hundred A in the angular range
below the critical angle, the concentration of
As atoms is reduced near the surface.
Quantitative analysis shows that the As
exhausted region is about 100 A. The
sublimation of the As atoms seems to occur
during the cooling process after the epitaxial
growth at 800"C.

The variation in stoichiometry at the
surface of the compound semiconductor has been
studied mainly by ion channeling and secondary
ion mass spectrometry, but the present method
has possibility of quantitative analysis of
surface stoichiomety nondestructively.
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Fig.2 The angular dependence of the ratio of
the X-ray fluorescence intensities and the
reflectivity from the GaAs wafer (a) and GaAlAs
epilayer (b).
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Introduction

X-ray fluorescence anlysis under the
grazing incidence condition is useful for both
the highly sensitive anlysis of the solution
sample ' . and the near-surface depth
profiling . To make quantitative analysis,
however, there is a difficulty in the
evaluation of the fluorescence intensity when
the sample has the layered structure. Since an
interference between the incident and

reflected X-rays occurs in the thin film as
well as above the substrate, it modifies
the electric field resulting in the intensity
modulation of the emitted X-rays.

In this report, the interference effect
on the X-ray fluorescence intensity is
demonstrated.

Experimental

The beam line was used. The SR beam

was monochromated by a double crystal
monochromator. The sample was mounted on a
goniometer with a horizontal rotation axis.
The intensity of the reflected beam and the X-
ray fluorescence signal were measured as a
function of the glancing angle by an
ionization chamber and by a Si(Li) detector
respectively. Exnerimental details are
described elsewhere-'''. Samples used were a Si
wafer covered with a 1.2 um thick resist

polymer and a layered structure with 34- A of
Ni, 843 A of C and 111 A of Fe on a Si wafer.

Results and Discussion

Fig. 1 shows the reflected intensity from
the polymer sample as a function of the
glancing angle. Below the critical angle of
the polymer{2.15 mrad for 9.6 keV incident X-
rays), the incident X-rays reflected almost
totally at the polymer surface. As the
glancing angle increases, the incident beam
reaches the substrate of Si wafer and is

totally reflected. Since the critical angle of
the Si is 3.2 mrad, the interference between
the incident and the reflected X-rays occurs
between these two critical angles resulting in
the intensity modulation. For the thick
overlayer, however, the period of the
modulation is smaller than the angular
resolution of the present optics, only the
hump in the reflection curve is observed.

To anlyze the interference phenomenon
quantitatively, the layered structure was
measured. Fig. 2 shows the Ni and Fe
fluorescence intesnities as a function of the
glancing angle. At the low angle, only the Ni
layer was excited because the incident X-rays
were totally reflected at the surface. After
the incident X-rays penetrate deeply into the
C layer, the Fe layer was also excited and the

standing wave is formed in the G layer
resulting in the intensity modulation. The
angle region, where the interference occurs,
is between the critical angles of C and Fe
(3.4 mrad and 6.0 mrad for 9 keV X-rays
respectively). The calculated result is in
good agreement with Fig. 2, which shows the
direct evidence of the interference phenomenon
in the layered structure. Detailed analysis
shows that it is possible to analyze the
thickness and the mass of each layer by
anlyzing the period and the phase of the X-ray
fluorescence intensity modulation.

The autors would like to thank Mr.

A.Mikuni for the fabrication of the sample.
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Fig. 1. The angular dependence of the
reflected intensity from the Si wafer covered
with the resist polymer.

Glancing Angle (mrad)

Fig. 2. The angular dependence of the
fluorescence intensities from the Ni/C/Fe film
on the Si wafer. Ni K (solid line) and Fe K
(dotted line)
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Introduction

The heat generation by monochromatic
X-ray irradiation was detected by
photoacoustic method using the
synchrotron radiation at PF ^ and the K-
edge absorption was also found in the
spectra. ' Recently, the fine structure
at K-edge region which is well known as
extended X-ray absorption fine
structure(EXAFS) was also found in the
photoacoustic X-ray absorption spectra.

Experimental

The monochromatic X-ray was obtained
by silicon (ill) channel cut double
crystal monochromator using white X-ray
at Beam Line 4A. The photoacoustic cell
was detailed elsewhere. •' The ion
chambers were set to the both side of

the photoacoustic cell Just like
sandwich, in order to compare the
spectrum by photoacoustic X-ray
absorption spectroscopy(PAXAS) and usual
absorption spectrum, simultaneously. The
chopper at chopping frequency at 10 Hz
was set at the up-stream of these
detectors. Copper foil (5pm thick) was
used as a sample.

Results and Discussion

Figure 1 is the PAXAS spectrum and the
absorption spectrum of the Cu sample.
Quite corresponding fine structure shows
that the information of EXAFS is also

reflected in the PAXAS spectrum, in
other word, the heat production process
also Includes the EXAFS, The only
difference is the monotonous increasing
trend of PAXAS signal intensity along
with the photon energy increase. This is
also seen in the previous rough PAXAS
spectrum and seems to be concluded that
the amount of heat depends also on the
absolute photon energy. The more the
photon energy is, the higher the PAXAS
signal is. Figure 2 shows the Fourier
transform of these data. Face center

cubic lattice gives the^nearest neighbor
atomic distance of 2.6 A and the second

nearest neighbor atomic distance of 3.6
X and the peaks were seen^ln these
region. The shoulder around 5 A seems to
be the effect of included noise. The

ratio of the structure amplitude to the
K-edge absorption amplitude is smaller
for PA-EXAFS than for absorption
spectrum. This should be due to the fact
that the heat generation process
includes some multi-processes which can
be converted to the heat. Photoacoustic

method can be applied any types of
shapes and states of the samples and
also to non-destructive depth-profiling.
Thus this finding expands the
methodology of EXAFS much wider than
before. Now, various samples are under
the study.
Acknowledgement The authors are
grateful to Dr. A. lida(PF) for his kind
help in the use of BL4A.
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Figure 1. Photoacoustic EXAFS spectrum
absorption spectrum of copper foil.

Figure 2. Fourier transform of kX(f<) of Cu foil.
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Introduction

One of the unique application of photo-
acoustic spectroscopy is depth-profiling.
The heat which was generated by the X-ray
absorption under the surface, propagates
to the surface. The time which was

needed for propagation can be detected as
the phase-lag. Phase analysis together
with the intensity can reveal the
subsurface structure without destructive
treatment of samples. X-ray edge
absorption is quite suitable for this
purpose because of the specificity and
discontinuity of absorption profile.

Experimental

Ni-plated Cu foil(10 pm thick) was used
as a model sample. The setting of
apparatus is the same as that of photo-
acoustic EXAFS The experiments were
performed at white X-ray Beam Line 4A.
The calibration of phase-lag using Ni
foils of various thickness was studied by
separate experiment. One side of a Ni
foil which was painted in black was glued
on the glass plate (1mm thick) by
optically transparent epoxy resin. From
the bottom of the glass plate, He-Ne
laser beam was irradiated in order to
generate the heat wave at the bottom of
the attached Ni foil. The heat propagate
onto the surface and contribute to the
photoacoustic signal with certain phase-
lag (at 27.6 Hz) which depend on the
thickness of the foils.

Results and Discussion

Figure 1 shows the calibration curve of
phase-lag for the Ni foils of various
thickness. This result suggests the
capability to estimate the thickness of
plated materials on the metal. Figure 2
shows the PAXAS spectrum of Ni-plated Cu.
In the photoacoustic amplitude spectrum,
EXAFS of Cu at the subsurface of sample
was still detected clearly. This means
that PAXAS method can be applied even for
the EXAFS analysis of subsurface
materials. The phase spectrum shows
sudden change at the K-edge points of Ni
and Cu. The phase-lag when the heat was
generated mainly at Cu area at
subsurface, shows lower shift. According

to Fig. 2, the phase-lag is 4.6+1 degree
at 10 Hz. This value is converted to
7.6+1.7 degree at 27.6 Hz which is equal
to be 0.5-2 pm of Ni-plate. This value
was consistent with the data of 0.65 pro
of Ni-plate layer which was estimated by
the weight analysis.

More general method is under the
development.
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Figure 2. The photoacoustic X-ray
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foil, (10 pm thick; chopping freq. 10 Hz)
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Introduction

In this January, a newly designed powder
diffractmeter for the Photon Factory (PFPD) was
constructed. The PFPD is characterized by the
easiness of the alignment for the incident beam
and the change of the wavelength, and the high
accuracy of the goniometer. In this report,
the basic specification is described.

Experimentals

The PFPD system is shown in Fig. 1. The X-ray
path around the monochromator, the monitor and
the sample holder is evacuated to about 10 Pa.
The energy dispersive X-ray diffractometry can
be readily carried out by the displacement of
the monochromator.

A special slit system is prepared to align the
optical axis through the monochromator and the
goniometgr with the SOR beam, within the error
of 6x10 rad. The origig of 20 was determined
within the error of ^ 10 deg.

The monochromator is a Si (111) monolithic one
with fixed exit beam position . However, it was
founded that the exit beam shifted by about
200 ym in the range of the wavelength from 1.0 to
2.5 A. The resolution of the encoder attached

directly to the axis is 0.001®. The wavelength
was determined from the absorption edge of Cu or
the high angle diffraction lines of NBS standard
Si powder. The accuracy estimated was about
10-5 by the scattering angle and about 10"^ from
the diffraction.

We have used the scattered X-ray from an A1
foil for monitoring. We obtained a good result
that the integrated intensity of Si(lll) was
independent of the width of the incident beam,
within 1 %.

0 and 20 of the goniometer are measured by
rotatory encoders attached directly to the axis.
Their resolution is 0.0005®. A powder specimen
can be spun at about 1 rev/s. The goniometer

covers the angle range from -40° to 150® for 26
and from -10® to 190® for 0.

Results

The results for Si(111) at several wavelengths
are shown in Table. The peak intensity was
several tenths higher than those obtained by
Parrish^^ at the 0.2 mm incident slit. The
diffraction profile normalized by the monitor
intensity is shown in Fig. 2 with a fitted
pseudo-Voigt function. We found that the

fraction of the Gaussian increased with the
slit width at a fixed wavelength.

Discussion

The accuracy of the goniometer was higher than
expected. It is useful for experiments taking
advantage of the anomalos dispersion and high
resolution measurements.
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X

(A)
1.48858

1.29869

0.95405

current

(mA)
165

195

230

I '•> 20 FWHM
CPS (®) (®)

2500 27.465 0.0537 0.1196

3600 23.894 0.0597 0.2285
1400 17.488 0.0637 0.6732

1) the intensity of the line at the peak.
2) the intensity of monitor at the peak.
3) the integrated intensity normalized by

the monitor intensity.
condition of measurement :

R.S. = 0.2 mm, Soller slit = 2'

Fig. 2 X = 1.48858A R„p = 2.8%
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Introduction

The high Tc superconductor Ba2YCu^0'7_y shows
a reversible orthorhombic-tetragonal transition
with temperature. A large number of studies
indicate that the phase transition is related to
the appearance of superconductivity. Since the
high temperature tetragonal phase is quenchable,
a study of the structural transition around the
transition temperature can be performed by the
powder X-ray diffraction method using quenched
samples. However, the powder diffraction data
related to the phase transition exhibit a
complicated pattern. So it is difficult to carry
out accurate analysis by using conventional X-ray
source because of its optical limitation such as
interference from Ka2 component.

It was expected that highly collimated
synchrotron radiation (SR) would enable the
performance of a high-resolution diffraction
study on the phase transition. Therefore, we
have applied this technique to the above problem.
This study has also been made to examine the
general capability of the powder diffraction
technique by using the SR source.

Experimental

Four kinds of BajYCu^Oy samples
synthesized under different conditions were used
for measurements. One sample was obtained by
annealing Ba2YCu^0y_y at low temperature in O2
gas flow (designated as sample A) and the others
were obtained by quenching at 600, 700 and 850°G
(samples B,C,D, respectively). These samples were
mounted on glass plates and used for the
measurements.

The measurements were performed at BL-AB
station by using a Rigaku vertical-type
diffractomator designed for PP. The wavelength
of radiation was set at 1.A91A^ by using Si(111)
channel-cut monochromator and a 0.3mm divergence
slit was employed. During the data collection,
samples were kept rotating by spiner and the
sample room was held at high vacuum.

Intensity data were collected by using 20-0
step scan method with 0.01''(in 20) step width for
5 sec, from 31-00° to 32.20°. The range includes
the three strongest diffraction lines whose
profile is sensitive to the phase transition.

Results and Discussion

Fig.1 shows a comparison of the powder
diffraction patterns from conventional X-ray tube
(a:GuKa radiation) and synchrotron radiation (b).
Peak separation of the pattern (b) is much
clearer than that of the pattern (a)
demonstrating high resolution of the SR
diffraction data. Taking this advantage, a
pattern fitting analysis was attempted to study
the phase transition. Psuedo-Voigt function was
employed for the analysis.

The results for the sample A and D are shown
in Fig.2. As can be seen from Fig.2, the (103)
and (110) peaks overlap for the orthorhombic

phase (a), and the (103) and (013) peaks overlap
for the tetragonal phase (b). It was found that
the (103) peak shifts to lower angle with the
increase in the synthesis temperature.

Although the process of the shifting of the
(103) line was clearly observed, the pattern
fitting analysis was difficult for the samples B
and C. The reason is ascribed to the fact that

these samples were obtained by quenching at
around the transition temperature, so they
include both orthorhombic and tetragonal phases.
In addition, the distortion of the structure due
to the phase transition appears to cause the
broadening of the diffraction peaks. Besides,
the quality of the samples used were not so good
because the method of synthesis had not been
established when these samples were synthesized.
However, it will be possible to obtain much
higher resolution patterns and hence good fitting
result if we would use the samples with better
quality.

The present analysis has indicated that the
pattern change is due to the structural
transition accompanying change in their unit
cells from the low temperature orthorhombic phase
(c/3=a<b) to the high temperature tetragonal
phase (a=b>c/3).

This study was carried out as a preliminary
experiment of our research program on structure
analysis of inorganic chalcogenides by using
synchrotron X-ray powder data (PF proposal No.85-
1A8). Further application of this method to
mineralogical problems is currently under way.

7\ (in h nri

\/1

12 32.5 33 31 31.5 32
2e/deg. 2e/deg.

Fig.1. A comparison of X-ray powder diffraction
patterns obtained by using conventional X-ray
tube (a) and SR (b).

(013) (013) M
W'"'' . (io3)in

(110)

n 31 .5 32
20/deg. 2e/deg.

Fig.2. Results of the pattern fitting analysis
for sample A (a) and sample D (b).
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Introduction

X-rny diffraction experiments with
polychromatic photons can be made in terms of
its energy dispersive (ED) measurement under the
condition of a fixed optical geometry. The
Synchrotron Radiation (SR) X-ray has following
excellent properties for the ED measurement:
a) the smooth white radiation without any
characteristic lines, b) the high intensity
through the wide energy range, c) the higli
collimated beam providing the high energy
resolution. These superiorities in the SR X-ray
characteristics has been reported for the ED
powder profile refinement.
The ED method is also capable for the fast
spectra measurement and time dependent
experiment particularly in studies of phase
transformations at elevated temperatures and/or
high pressures.

Profile of the ED spectra.

The diffraction intensity y(Ej) by the ED
method is expressed by the following equation,
in consideration of the relation,

Ehvi= 12.903/(2dhk1sinO)keV at the Bragg angleO.

= • f' [Cl+cos^0)/sin^2(? • cos 0 ]

I F„ I ^ • exp( - 20 • tin ' si 0 /li^c^ )A(f:ii)

Since the number of photons varies with the
energy Ej, a source brightness calculated by the
second order Bessel function directly
contributes to the intensity I (E^). Mass
absorption coefficient as a function of energy
A(Ei) is calculated.

An intrinsic Ge BSD has a large dynamic
range from 2 to 100 KeV. A counting efficiency
at each channel has been tested in advance by
an radio active isotope. The correction of the
counting loss and test of energy resolution
caused by the dead time of the linear amplifier
ore made. An absorption edge of Ge is present
at 11.1 KeV, at which the counting efficiency
indicates a discontinuity. Photon counting
correction is made for the escape peaks at

the energy E.-E^, where Ej. is a energy of the
X-ray fluorescence of Ge. Compton peaks caused
by tlic X-roy recoil are subtracted from the ED
spectra, which is eminent especially at high
etiergies under the conditions of light elements
in tlie sample. An ED spectra after the
intensity data process including the subtraction

of the background is expressed by the pseudo-
Voigt function, which is a sum of Gaussian and
Lorentzen function. FWHM's of the diffraction
peaks varies with E^.

A computer program for the ED spectrum
pattern fitting on the basis of the profile
deconvolution procedure has been written in
FORTRAN for a microcomputer. The fitting
routine in the program takes into account of
the following parameters: scale factor lattice
constant, sample thickness related to the
absorption correction structure factors, shape
function ( pseudo-Voigt function ), UVW
parameters of the FWHM, asymmetry parameters of
the peak shape, parameters of a FWHM increment
with energy. Three different reliability factor
{R^, Rp, Rf) were functioned.

ED spectra of GeO.^ at pressure and temperature.

The ED measurement is applied for powder
diffractions under high pressures and
temperatures using a diamond anvil pressure
cell. Platinum ring heater and thermocouple are
installed in the cell. The maximum pressure
550°C.. NaCl powder was also placed in the cell
for an internal standard of the pressure
calibrant. In order to avoid the effect of the

grain growth on the diffraction intensity, the
diamond anvil is oscillated around the incident

beam.

The ED pattern fitting experiments
regarding Ge02 polymorphs trigonal (P32], z = 3)
and tetragonal {P^j/mnm, z = 2) phases, have
been performed at high temperatures and
pressures. Their lattice constants were also
calculated from the peak position, providing
their compressibility and thermal expansion
coefficient. r crrtcnvE escap(
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INTRODUCTION

The Radial Distribution Function (RDF) ana
lysis employing anomalous X-ray scattering, which
give essential improvements to structural studies
of non-cr ys ta 11 in e solid, become available by
using X-rays from Synchrotron Radiation(SR). The
present study concern with the structural studies
on a series of Ge-Se glasses in the Selenium-
rich compositions, which allows formation of
glass by quenching from the melt, by applying
the RDF employing anomalous scattering at Ge and
Se absorption edges.

EXPERIMENTAL

Chemical compositions of glasses used are
x = 0.5, 0.10 , 0.15 , 0.20, 0.25 and 0.30 for
Ge Se, . All data were taken on beam line IV,

X 1 ~x
which was equipped with a Si(220) two crystal,
parallel setting monoch rome to r. Measurements
were carried out at mainly three different wave
lengths:
^. = 1.1917A (far from both absorption edges)

= i.ll70A (Ge absorption edge, I.1165A)
= 0.9807A (Se absorption edge, 0.9798A)

At near the Se edge, a flat graphite monochrome-
tor was used to eliminate the Ge and part of the
Se K fluorescence, and the Compton scattering.

RESULTS AND DISCUSSION

The superposition of distances between diffe
rent types of atom pairs in experimental RDF can
be removed to individual pair distribution fun
ctions by employing the anomalous X-ray scatte
ring according to Krogh-Moe . The practical
data analysis is given at another paper . In
analysis we use the differential intensities
which based on differences between intensities

taken at far from absorption edge of Ge(or Se)
and at Ge(or Se) absorption edge, in order to
subtract the contribution of Ge-Ge or Se-Se pair.
Then we can obtained the Partial Pair RDF

(PPRDF), AAur which reflects the
local atomic arrangements around the Ge atoms (or
the Se atoms), by Fourier transformation of the
differential intensities.

Figure I and 2 show the Differential Interfe

rence Function(DIF), Asi(s)„ s=47isin0/X and
the Partial Pair RDF of Ge^Y^eQ obtained by
the experiments employed X-rays wi'tn three diffe
rent wave lengths.

The most RDF studies of non-crystalline Ge-Se
system have been done by a single scattering ex
periment of electron X-ray diffraction, excep
ting for Fuoss's study by employed anomalous X-
ray scattering. As the results, two different

structural models were subsequently proposed for
the non-crystalline Ge-Se system with different

ASe Edge

i^Ge Edge

Fig. I Wfferenlial Interference tig. 2 Partial Pair
functions. DIFCe(Se) deduced froa calculated by Fourier transtoVma-
the data taken at 1.1917 and tion of DIFg^ (upper curve) and of
0.9807A (upper curve) and at 1.1917 (lower curve),
and 1.1170A (lower curve).

Table I. Structural data deduced from PPRDF,„ ,
(GeSe)

Atomic Distances Coordination

1st Peak 2nd Peak Numbers

2.36A*

(2.36)
3.74A*

(3.77)
2.4*

(2.35)

* Average Values and ( );Malaurent et al.

Ge/Se ratio, because the RDF resulted from the
single scattered data reflected the weighted sum
of every pair of constituent atoms. In order to
compare with the such the data, we calculated the
RDF resulted from using only the X-rays of
Xj^=l. 19 17 A. As can be seen in Tabl e 1, t he ave

rage structural data obtained here are almost the

same those reported by Malaurent et al.. On the
other hand, the f ir st-n ei gh bo r peak areas in
PPRDFg ,g , were calculated to be 3.9 atoms for Ge
and Z. 1 atoms for Se. The first-neighbor
distances around Ge were 2.36, and that around Se,
2.36 A, respectively.

Integrating the results of other samples, it
concluded that the Ge-Se glasses of Selenium-rich
compositions were consisted basically with four
fold coordination around Ge atom and two-hold

coordination around Se atom. Thus we can discuss
more detailed and exact structures from the expe
rimental facts by applying the present method
instead of the estimation deduced from the normal

RDF.
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Introduction

In 198A, Shechtmnn et alP discovered the new
ordered phase with icosahedral symmetry in quenched
Al-Mn alloy. I'ho new phase can be explained in
terms of three-dimensional quasi-periodic lattice
called by "quasi-crystal". Strong interest has
been focused on its electronic state because

quasi-crystal has only an orientational order and
the intermediate property between a periodic lat
tice and an amorphous state. The theoretical
studies of the electronic state of the one-dimen-

sional (l-D) quasi-crystal with an incommensurate
potential have been carried out. Recently, Merlin
et al?) succeeded in the synthesis of the l-D
quasi-crystal, by molecular beam epitaxy (MBE),
namely "Fibonacci superlattice". Their crystal
is composed of two different semiconductor layers
of GaAs and AlAs, which form the Fibonacci se
quence. The ratio of the layer thickness is the
golden mean T (=(l+>f5)/2), which gives a "self-
similarity". "Self-similarity" is the most inter
esting property of the Fibonacci sequence and
gives many singularities to the physical property
of the l-D quasi-crystals. Todd et al.-' have
clearly shown the self-similarity characterized
by T on the x-ray diffraction patterns using
synchrotron radiation.

In the present, we have synthesized new
Fibonacci superlattices in which the ratio of the
layer thickness is not T (called by "configura-
tional Fibonacci superlattice"), and have dis
cussed the "self-similarity" of the x-ray diffrac
tion pattern of our superlattices.

Experimental

The crystal is designed in the following

^n^^n-l'^0-2

with Si=A, S2=BC, n=l4,

A : Alo.5Gao.5As ;5aAiGaAs

B : GaAs ;5aGaAs

C : AlAs »5ay\]^/\s

where respective lattice constants of composites
are denoted by SAlGaAs' ^GaAs a^iAs. respec
tively. Note that the ratio of layer thickness
is not T.

The crystal were grown by tlie Riber 2300 R&D
MBE system. The alloy composition and layer
thickness were determined by the monitoring the
specularly reflected electron beam oscillations
of reflection high-energy diffraction. The sub
strate temperature was kept at 550°C during growth
and its rate was about 1 monolayer/s.

X-ray diffraction measurements were performed
at the station 4C by Huber high-precision 4-circle
diffractometer with analyser.

Results

Figure I sliows an x-ray diffraction pattern
around the (004) reflection in very narrow q region
along the layer stacking direction. An inset shows
a diffraction pattern observed by convetJtional
diffractometer. The region between peaks -2 and -3
is expanded in main part of figure. Very fine
structure can be seen. Apparently, every peak
positions con be characterized by T. This fact
implies that "confIgurational Fibonacci superlat
tice" shows the "self-similarity" characterized by
golden mean T even though tlie ratio of layer thick
ness is not T. The studies of other Fibonacci lat
tices are in progress.
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Fig. 1. X-ray diffraction pattern around the (004)
reflection along the layer stacking direc
tion. An inset shows the diffraction

pattern at lower resolution.



proposal No 86-051

High Resolution Investigation of Rod-Shaped Scattering from
(111) Si Surface by Triple-Axis Diffractometer

Nobuo KASHIWAGURA. Yasiiharu KASHIHARA', Makoto SAKATA\ Jimpel IIARADA*.
Stephen V. Wllkins*' and Andrew V. Stevenson"

Department of Basic Sciences, Faculty of Engineering. Gifu University,
Yanagido, Gifu 501-11, Japan.

'Department of Applied Physics, Nagoya University, Chlkusa-ku, Nagoya 4G4, Japan.
"CSIRO, Division of Materials Science and Technology,

Gate 5 Normanby Road, Clayton, Locked Bag 33, Clayton, Victoria 3168, Australia.

Introduct ion

By using a high resolution triple-axis x-
ray spectrometer , a rod-shaped scattering due
to crystal truncation (RSCT), which
is elongated along the normal of a crystal
surface through a Bragg point, was investigated
for two (111) silicon wafers of which surfaces
were differently processed.

Experimental and Results

One of the samples (sample B) had been
lapped by ttl200 AlaOa abrasive powder, and then
chemically etched by an amount of 30//m- The
surface of the other sample (sample A) was
polished mechano-chemica1ly after above
treatment. No special attention has been paid
for protecting against oxidation of the surface.

A 1.54A radiation, monochromated by a
sagittal focusing double crystal monochromator
of Si 111, was employed at beam line 4-C. A
vertical type Huber 4-clrcle d 1ffractometer with
a Si crystal analyzer of the (111) surface was
Installed to the beam line.

Fig. 1 shows the comparison of the co-scan
profiles of the rod-shaped scattering from the
sample A with those from the sample B for
several different values of q ( I q 1 represents
the distance from the 111 Bragg point along the
[111] direction In the unit of the reciprocal

lattice a'). The FVHM values are very narrow and
about 12 seconds in arc (Including instrumental
broadening) and are independent of | q I for the
sample A, while it gets broader and broader with
the increase of I q 1 for the sample B. If the
angular divergence of the RSCT is measured with
the center at the 111 Bragg point, It is
estlmat-ed to be about 2.3 degree. The profile

of the scattering in reciprocal space is,
therefore, of a cone-shape with a solid angle of
about 2.3 degree. In general, the scattering
from a surface truncation Is not of a rod-shape

but a cone-shape, and the solid angle depends
directly upon the mean-square surface roughness
of the crystal.

Fig.2 shows the integrated Intensity
distribution along the central axis of the RSCT
for the sample A and sample B, where linicc
represents the intensity integrated along each
CO-scan direction. There is a considerable

asymmetry between the intensity distribution
for q<0 and that for q>0, especially for
sample A. This asymmetric intensity
distribution has recently been identified as
being due to the effects of a lattice expansion
perpendicular to the surface in addition to the
existence of a slight atomic density undulation
at the interface between the Si crystal and the
amorphous SiOz layer®'. It should be pointed
out that the extent of falling off of the
intensity along the RSCT is different for sample
A to that of sample B. This might be attributed
to the fact that sample A could be expected to
have a larger coherent region than sample B.
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For x-ray diffraction studies of phase trans
itions driven by pressure, we have developed a
new high-pressure apparatus which has special
capabilities of controlling pressure with
precision of £1 bars and of performing j^^a quick
change in pressure applied to a sample. This
apparatus consists of three major parts connected
with high-pressure tubings:

(1) Pressure generator It has been specially
designed for higli-precision pressure control in
both loading and unloading processes with three
hand pumps. The first pump is used to raise
pressure up to 2 kbar and higher pressures up to
10 kbar can be reached by an intensifier driven
with the second pump. The third one is employed
to regulate tlie back-pressure exerted on a check
valve for a smooth pressure release. The mixture
of the castor oil and methanol is used as pres
sure-transmitting fluid. The pressure is meas
ured with a Bourdon gauge.
(2) Fast valve It performs opening/closing of

the pressure circuit connected between the gen
erator and the cell within a second. This fun

ction made with a pneumatic valve is utilized to
execute a sudden application of desired magnitude
of pressure to a sample and also a sudden release
for studying kinetics of phase transition.

(3) High-pressure cell Its structure is
illustrated in Fig. 1. A conical Be cylinder(A)
with taper angle 1.5 degrees of arc has dimen
sions of 30mm in length, 2mm in inside diameter,
and 8mm in outside diameter. It is press-fitted
into a supporting jacket(B), made out of copper-
beryllium alloy. The pressure seal is made by

30°—^

20mm

Fig. 1

line contact of 60° cones at both edges of the Be
cylinder against two other 59° cones of the
tube(D) and the sample holder(C). With the aid
of a simple finite-element-stress-analysis on a
Be cylinder, the vertical width of x-ray win
dow (E) on the supporting jacket was determined
to be l.hrnn for the maximum pressure 5.2 kbar.
As also shown in Fig. 1, the supporting jacket
has the openings of 120 and jfl5 in the
horizontal and vertical directions, respectively,
for incident and diffracted x-ray beams. Figure
2 shows the pressure cell mounted on a large chi-
circle of a four-circle diffractometer (Huber
5020.4) ' installed on BL-4C at the Photon Fac
tory. One can also see the manganin gauge
attached to the cell which monitors pressure
applied to the sample.

In cooperation with the high pressure-
controllability AP=+2bars of the present appara
tus and the high momentum resolution capability
AQ/Q=5xlO of the SRX diffractometer, we have
carried out an experiment on the commensurate-
incommensurate phase transition in ferroelastic
crystal [N(CM2)^]2MnCl^. Our purpose is to
explore any transient lock-in phase possibly
existent in the previously-reported incommensu
rate phase. The results will appear elsewhere.
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Introduction

Human adult hemoglobin (HbA) is a tetrameric
metalloprotein and is composed of two a and
subunits. Each subunit enfolds a prosthetic
group, a heme [Fe(II) protoporphyrin IX], of
which the primary coordinate bond to the globin
moiety is formed between the Fe(II) atom and the
nitrogen atom of the proximal histidine residue.
Recently, artificial metal-substituted hybrid
Hbs, in which the hemes in either a or fi
subunits are substituted with Ni(II)
protoporphyrin IX (Ni-PPIX), have been prepared
and characterized by various spectroscopic
methods. Since the Ni X-ray absorption K-edge is
well separated from the Fe K-edge, it is
possible to investigate the local structure
separately for the a and {3 subunits by use of
Ni (or Fe) XANES spectra.

Experimental Procedures

Ni(n)-Fe(II) hybrid Hbs were prepared as
previously described''. A sagittally bent
crystal monochromator and a fluorescence-
detection spectrometer were employed for XANES
measurements. Scattered X-rays were eliminated
by use of a Si (Li) detector fitted with a Co
filter. Measurements were carried out at 80 K.
The concentration of all samples was several mM
for Ni atoms. The buffer used was 20 mM Tris-HCl

at pH 7.4 (before freezing). Oxygen-bound
Ni(II)-Fe(II) hybrid Hbs were deoxygenated by
flushing with nitrogen gas and by adding a small
amount of dithionite under nitrogen flux.

Results and Discussion

Ni(II)-Fe(II) hybrid Hbs, a , (Ni) , (Fe) and
a !, (Fe) ,0 j, (Ni), exhibit quite different Ni XANES
spectra as shown in Fig. 1 (solid lines).
Previous spectrophotometric studies on Ni(II)-
Fe(II) hybrid Hbs have revealed that four-
coordinated Ni-PPIX with no axial ligand is
predominant in ?(Ni) ^ (Fe) , while Ni-PPIX in
the p subunits is always five-coordinated with
the proximal histidine as an axial ligand. Such
a difference in coordination number could be due

to a considerably low affinity of Ni-PPIX for a
nitrogen base. In Fig. 1, Ni XANES spectra of
four-coordinated Ni-PPIX in dimethylformamide
and six-coordinated Ni-PPIX in piperidine are
also presented for comparison (broken lines).
One of the most significant differences between
the four-coordinated Ni-PPIX and the five-

coordinated (or six-coordinated) Ni-PPIX is a

shoulder (denoted by A) on a rising absorption
curve, which has been previously reported as
typical absorption of square-planar four-
coordinated Ni(II) complexes^'.

Although no large difference is observed
between hybrid Hbs and their model compounds,
the XANES spectra of hybrid Hbs seem to be
slightly broader than those of the corresponding
model compounds. In the case of nr , (Ni) ? (Fe),
the broadening can be caused by a small amount
of thermally mixed five-coordinated Ni-PPIX in
the a subunits. On the other hand, differences
observed between or ^(Fe) ? (Ni) and Ni-PPIX in
piperidine may be attributed to structual
differences between the five-coordinated square-
pyramidal and six-coordinated square-bipyramidal
Ni-PPIX.
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Introduction

Since the first report on a possible higliTc

(30 K) superconductivity in the Ba-La-Cu-0
system by Bednortz and MulIerU, a number of
studies were aimed at understanding the nature
of high T(. superconductivity. The purpose of
this project is to study the role of oxygen
vacancies in superconducting properties of
Ba2YCu30y from microscopic viewpoints. In the
present study, (I) the local structure of
Ba2YCu30y and (2) Cu-0 stretchinng bivrations
were analyzed by Cu K-EXAFS^).

Experimental and Results

Ba2YCu30y (6.22<y<6.96) samples were
prepared by controlling the cooling temperature
after sintering pressed pellets at 930 ®C. In Fig.
1, the magnitude of Fourier transform of EXAFS
for orthorhombic Ba2YCu306_87 (7^=90 K) and
tetragonal Ba2YCu306 36 (non-superconducting)
are shown. Bold and fine lines indicate the

results for Ba2YCu3O6.87andBa2YCu3O6.36. The
first peak is due to the Cu-0 distance (1.96 A)
and more distant peaks are the Cu-Ba(Y) and
second nearest Cu-Cu distances. On going from
the orthorhombic to tetragonal structure, (1)
radial distribution narrows, (2)the Cu-Ba(Y)

Cu K-edge 20K

B02YCU3O6.87
(orthorhombic)

Ba2YCU306.36
(letragonol)
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distance decreases by ca. 0.13 A and (3) the
Cu-0 and Cu-Cu distances are essentially
unchanged.

In Fig. 2, the crystal structures of idealized
orthorhombic Ba2YCu307 and tetragonal
Ba2YCu306. Ordered oxygen vacancies in

orthorhombic Ba2YCu307 form the O-CupO
linear chain, which is not present in tetragonal
Ba2YCu306. The orthorhombic distortion
displaces Ba(Y) atoms along the c-axis. Oxygen
vacancies modify the local structure around Cu
species both in basal planes and linear chain.
As a result, the structural disorder are
introduced within and between basal planes.
The temperature dependence of the mean
relative displacement for Cu-O bond is larger in
the orthorhombic phase than in the tetragonal
phase, impling that antisymmetric (breathing
mode) Cu-O stretching vibration is suppressed
in the tetragonal phase.
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Introduction

A strong correlation has been found between
the oxygen content y in Ba2YCu30y and i.e.,
high Tc superconductivity (90 K) degrades to
lower value (50-60 K) at the critical oxygen
content y=6.7-6.8U, We have investigated the
local structure of orthorhombic and tetragonal
Ba2YCu30yand found that oxygen vacancies
affect both structure and electronic states. The

purpose of this project is to systematically
investigate the valency of Cu ions in Ba2YCu30y
as a function of y using near-edge X-ray
absorption spectroscopy^).

Experimental and Results

Orthorhombic Ba2YCu30y showed a high
value ofTj- (90 K) for y>6.8 and lower T^.
value (50-60 K) for y<6.7. The tetragonal phase
with y<6.3 is non-superconducting and shows a
semiconductive temperature dependence of
resistivity. 1-2) Cu-K near-edge spectra of
Ba2YCu30y (6.22<y<6.96) are shown in Fig. 1.
The average position of absorption lies at a
similar position to that of CuO indicating that
the Cu valency is primarily divalent. However,
with the decrease of oxygen content, the
characteristic feature A grows at 8982.5 eV.
This sharp ls-4p„* bound state transition lies at
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the same energy as that of CU2O, 3.4 eV lower
than that of CuO, which indicates that oxygen
vacancies create Cu+ species at the two-fold
coordinated Cuj sites on the z=l/2 plane.

In Fig. 2, difference spectra demonstrate the
systematic change of near-edge spectra as the
average Cu valency varies from 2.31 (y=6.96)lo
1.81 (y=6.22). The positive region (8975-8996
eV) increases with the decrease of y while the
negative region (8996-9018 eV) decreases.
These spectra measuret/ie formation of Cu^ as a
positive part and the decrease of ?is a
negative part. We find that the formation of
Cu* is enhanced at the critical oxygen content or
Cu valency for 90 K superconductivity although
whether oxygen vacancies create Cu3+ (d^)
slates or O (2p) holes is not settled yet.
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Introduction

Metal-containing porphyrins are a simple
model system of functional proteins, e.g. ,
oxygen-binding hemeproteins such as
hemoglobin (Hb) or myoglobin (Mb).
Porphyrins exhibit interesting photoelectrical
properties as a stable ji-electron system. In
functional studies of porphyrins, the use of
Langmuir-BIodgett (LB) technique which
provides well-defined molecular assembly is
useful. In this project, the orientation of
asymmetric copper phthalocyanine (asy-CuPc)
mono- and multi-layers were studied by
polarized near-edge spectra'.

Experimental and Results

Asy-CuPc samples mono- and multi-layers
were prepared by vertical dipping method onto
flat quartz substrates. The first application of
X-ray absorption spectroscopy to LB films^
utilized fluorescence-detection technique. In
this experiment, surface-sensitivity has been
improved by a total reflection geometry and a
high energy resolution detector. Figure I shows
the schematic of experimental setup. In a total
reflection regime. X-ray evanescent waves
cannot penetrate beyond ca. 50 A.

Fig. 1
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In Fig. 2, the near-edge region (<50 eV) for
1 ML asy-CuPc is shown. Peaks A and B are
ascribed to the transition from Is to 4p7c states.
The two split peaks arise from the interaction
between 4p2 orbitals and ligand k* orbitals.
These transitions are emphasized when E is
parallel to porphyrin normal. Peaks Cj and C2

are assigned to the transition from Is to 4p(j

states, which splits into two peaks due to the
interaction between 4px,y orbitals and ligand a
states. These peaks are emphasized for E
perpendicular to the porphyrin normal. The
observed polarization dependence rules out a
possible orientation of asy-CuPc with its
porphyrin plane parallel to the substrate. The
results suggest that porphyrin plane is faced
with the dipping direction with a tilted normal
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Introduction

Heteroepitaxial growth of GCxSii.x/Si
strained-layer superlaltice (SLS) on Si
substrates attracts much attention because of

interesting properties such as strain-induced
new optical transitionsU or two-dimensional
transport properties^). Confined electron states
in Ge^Sii.x /S SLS's are sensitive to internal
strains, and therefore it is important to study
the lattice strains from microscopic viewpoints.
We report the surface-sensitive EXAFS studies
on MBE grown Si/Ge/Si mono- and multi-ayer
heteroslructurevS.

Experimental and Results

Si/Ge/Si monolayer heterostructures were
prepared on well-oriented p-type Si(IOO) (4
ohm-cm) in an UHV MBE growth chamber with
a base pressure of 1 x 10"^ Torr. One
monolayer (ML) Ge was deposited at 400 °C
monitoring RHEED intensity variation during
MBE growth as previously reported^). The
maximum-RHEED-spot intensity is attained at a
full coverage ofl ML growth. After the Ge
monolayer was grown, 22 ML's of Si (30 A)
were successively grown.

Figure I shows the results of the Fourier
transform for SiGe/Si (upper curve) and c-Ge
(lower curve). Dashed lines indicate the results

Fig. 1 6e K-edge
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Fig. 2
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of the same transform for a-Geo.o5Sio.95'H. The
appearance of the second and third nearest
peaks clearly indicates the presence of a long
range order. The Ge-Si distance in Si/Ge/Si
heterostructure (2.38 A) is shorter than that in
a-Geo.o5Sio.95:H by 0.02 A but rather close to the
Si-Si distance in c-Si (2.35 A).

The idealized structure of Si/Ge/Si
heterointerface is shown in Fig. 2 neglecting a
possible antiphase boundary. Although a
lattice-mismatch between bulk Ge and Si

amounts to 4.2 % , the bond length difference in
Si/Ge/Si is actually less thanl.3 %, due to the
observed Ge-Si bond contraction. In SLS's, a
lattice-mismatch induces the in-plane strain.
The present results indicate that in case of
Si/Ge/Si heterostructure, bond contraction
seems to effectively reduce the bending-type
relaxation
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Introduction

(Ga,In)(As,P) alloys and (InAs)ni(GaAs)n
strained-layer superlattice (SLS) attract much
attention as a class of promising materials as
optical devices. Nature of strains in these
systems affects optical and electronic
properties. To study the lattice relaxation, and
hopefully, to distinguish layered (ordered)
crystals from random alloys, we have
performed EXAFS measurementsU on thin
(InAs)m(GaAs)n SLSs prepared by molecular
beam epitaxy (MBE) technique.

Experimental and Results

(Ga,In)(As,P) alloys lattice-matched with InP
substrates were grown by LPE at 625-635 °C
with the layer thickness around 5000 A.
(InAs)m(GaAs)nSLSs were grown by MBE on
InP substrates. The horizontally focused
monochromalized X-ray beam irradiated the
sample and fluorescence X-rays were recorded
by a NaT scintillation detector array consisting
of 9 detectors 2). For a dilute samples, X-rtiy
filters were used to reduce the scattering
background.

Figure 1 shows the Ga K-EXAFS oscillations
for (InAs)6.45(GaAs)o.5i and crystalline GaAs
plotted as a function of photoelectron
wavenumber k. The results of Fourier

transform are plotted in Fig. 2. Bold lines

Fig- 1 As K-edge
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indicate the imaginary part of the Fourier
transform while fine lines indicate the

magnitude IF(r)l. The Ga-As distance in
(InAs)^ 45(GaAs)o.5i is determined as 2.51 A.
The Ga-As distance in SLS is longer than that of
binary crystal by 0.06 A. Compared to the
results for random alloys, this deviation (2.4 %)
is much larger.

The As-In distance in SLS was determined as

2.60A from the Ga K-edge EXAFS data and a
similar analysis. This value is shorter than that
of InAs (2.62 A) by only 0.7 %. Thus, in
(InAs)ni(GaAs)n SLS for m»n, strains are
localized in the GaAs layer as a bond length
relaxation. The deviation is clearly larger than
that in random alloys. At this rnoment it is not
clear whether this comes from the long-range
order or interface effects. Experiments with
various m/n ratio will clarify this point.
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INTRODUCTION

Dislocations in bulk crystals can be reduced
by In-doping in GaAs or co-doping of Ga and As
in InP. The local structure around impurities is
a key to understand how isoelectronic
impurities are related with dislocation-free
crystal growth. The local structure around
doped Ga and As impurities in InP has been
studied as-grown by fluorescence-detected
EXAFS technique.

EXPERIMENTAL AND RESUITS

Gas/As-doped InP is a bulk crystal with a low
dislocation density prepared by a magnetic
field-applied LEG method with a small
temperature gradient. The concentration of Ga
and As wasl.l6xl0'^/cm3 and 7.32xl0^9^cm3,
respectively. Dilute (In,Ga)(As,P) alloys of InP-
rich composition (Ga- and As-composition less
than 0.1), lattice-matched to InP, was grown by
LPE at 650 °C. X-ray filters (Zn and Ge02) and a
Si(Li) solid state detector
were used.

In Fig. 1, (a) and (b) indicate the Fourier
transform results of the As K-EXAFS data for

Ga/As-doped InP and non-doped InAs,
respectively. The magnitude (dotted line) and
imaginary part (solid line) are plotted as a
function of radial distance R in A. The
determined As-In ^distance in Ga/As-doped InP
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(2.62 A) is close to that in pure InAs (2.623 A)
rather than the In-P distance (2.541 A). These
results indicate that the nearest In atoms are

displaced along the <111> direction by 0.08 A,
which amounts to 3 % bondlength-mismatch.
The determined Ga-P distance (2.39 A) is much
shorter than the In-P distance (2.54 A) but
rather close to the Ga-P distance in pure GaP (
2.360 A). As a result, P atoms are displaced by
0.15 A toward Ga atoms along the <in>
direction.

Figure 2 shows the obtained bond lengths as
a function of number of bond pairs. For the As-
In and Ga-P distances in Ga/As-doped InP, the
observed values (closed circle) are rather close
to those in binary compounds than the
interatomic distance of host lattice. The

deviations are consistent with those observed

for dilute (In,Ga)(As,P) alloys (open circles).
The present result') indicates that the host
lattice relaxes, i.e., the nearest neighbor (host)
atoms are displaced along the <111> direction
until a bond length mismatch (3-6 %) is
accomodated. This impurity-originated lattice
relaxation may contribute to delocalize strains
which otherwise result in dislocations, by
averaging out localized strains.
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w-Amino acid : pyruvate aminotransferase from
p.seudomoixis SR. F-126 catalyzes the reversible
transfer of an amino group from /1-alanine to
pyruvate. Such transamination is an essential
reaction in the last stage of pyrimidine
nucleotide metabolism. This enzyme is a tetramer
of four identical subunits and the molecular
weight is about 172,000. Each subunit consist of
approximately 400 amino acid residues, and 70% of
the primary sequence has been determined by K.
Yonaha. One molecule of pyridoxal- 5"-phospate
and one molecule of vitamin B6 compound are found
in one tetramer. The function of these coenzymes
is still unsettled. The crystals are in space
group 1222 with the unit cell dimensions of
a-124,76A , b---!37.90A and c=61.45A. Here we
report on the analysis of the data and the
structure model of the enzyme.

EXPERIMENTAL

Crystals were grown in a solution of 0.02
potassium phosphate buffer at pH 7.66 containing
0.5 saturated ammonium sulfate. Two heavy atom
derivatives have been prepared by soaking
crystals in each solution containing SnM mersalyl
and 2mM K2PLCI4. respectively.

All diffraction data were collected using a
Weissenberg camera ( BL6A2 ) with an Imaging
Plate and BAIOO. With this system, we could
collect all inci<;pendent data about one axis using
only one crystal with an exposure time of less
than one hour. The intensity data of native
crystal and PLClf" derivative were collected with
the rotation of the crystal about two axes ( b
and c ). Those of mersalyl derivative were
collected only about c axis. The evaluation of
the intensity data is summarized in Table I.

Table I. Evaluation of Intensity Data.

Resolution i.Name Resoli
Native 1.8A

mersalyl 2-3A

Data No, Rimerge) No, of Site

a: only aboiil b axis data
b: No, of anortpalou.<: data

RESULTS AND DISCUSSION

The heavy atom positions were obtained from a
difference Patterson and a cross Fourier's

technique. The positional parameters were refined
using a least-squares technique. This refinement
resulted in a mean figure of merit of 0.65 with
17,953 data of 2.3A resolution.

Figure I shows two sets of sections of the
electron density map. The boundary of the
tetramer is easily recognized and the contact
between monomer and monomer is stronger than that

Z:(0-7)c/60 Y:(75 - 62)b/l40

Fig. I, Composit Fourier Map of 2.3A
resolution.

of dimers. The dimensions of one subunit are
40A x45A X 55A .

The subunit contains twelve helixes and two
beta-sheets. Many helical structures exist at the
surface of the subunit. Figure II shows an
element of the secondary structure and a partial
arrangement of polypeptide chain in the subunit,
which consists of two domains. This secondary
structure is quite different from that of
cy/osoiic aspartate aminotransferase, which
primary sequence has no homology with this
enzyme. The tracing of the chain is in progress
using polyserine chain on 2.3A map with FRODO on
PS340.

Fig. n. Model of the subunit. The Rods
are helixes. and the plates are
0-sheets. The tvo domains are
distinguished by stripes.

We are very thankful to Dr. K. Namba of the
Hotani Project in ERATO for giving us a chance to
use the BAIOO system.
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Introduction

The trypsin like serine protease(SET)
secreted by Streptomyaes erythvaeus does
not exhibit the property of self-auto-
lysis at its active pH region. SET is
therefore suitable to study the relation
ship between the function and structure.
In order to determine the three-dimen

sional structure of SET precisely and
obtain some informations for the mole

cular design of protease the X-ray
structure analysis was undertaken.

SET crystallizes to a trigonal system,
P3_21 with the cell parameters of a=47.0
and c=178.9A. The structure has been

determined by the heavy atom method at
3.lA resolution, where the X-ray data
were collected using a diffractometer
equipped on a rotating anode X-ray gene
rator. The model structure of SET is

shown in Fig. 1. The higher resolution
data were requested to refine the model
structure. The data collection less than
3.lA resolution is, however, difficult
because of the rather long c parameter.
Therefore the high resolution data up to
d=1.7A was measured using SR sources.

iAr

WAP

"My

Fig. 1. Stereo view of the main chain
folding of Gtreptomyces erythraeus trypsin.

Experimental

The reflection intensities were col
lected using Sakabe's Weissenberg camera
associated with BL-6A2. Atomospheric
temperature in the hatch was hold at
about 12°C. For the data collection the
imaging plate with the dimensions of 40x
20cm was mounted in the film cassette, of
which radius is 28.65cm. The wave length
was set to 1.488A. Under these conditions

the data up to 1.7A resolution could be
measured. A crystal is mounted in a glass
capillary coinciding its u-axis to the
camera rotation axis. The minimun sepa
ration between the 7-layer lines is 3mm.

Thus the oscillation range of 6° and the
ratio of oscillation angle vs. cassette
moving distance of 3®/mm were selected.
These resulted to the cassette movement of

2mm. To cover the independent region for
oscillation, a total of 6 data sets (N31 to
N36) were measured. The exposure time was
2.5min. for each data set by the use of
the imaging plate, while it was about 2hr
if the Kodak DEF-5 X-ray film was used.

Results

The imaging plates were digitized on a
BAIOO scanner using a lOOym raster step
size, and processed with the use of WEIS16
which is the revised version of WEISd) to
process the imaging plate data. The
results are summarized in Tables 1 and 2.
A total of 10111 independent reflections
from 15015 observed ones were obtained and

the merging R factor(MR) is 0.124. This
data set was merged to the diffractometer
data, giving 12173 reflections and MR=
0.107. The refinement of the model struc

ture is being continued using this new
data set.

Tlic authors arc greatly indebted to Prof. N.
Sakabe and Dr. A. Nakagawa, Photon Factory,KEK, for
tiieir kind help and suggestions in tlie data collec
tion. We are also gratefull to Dr. K. Nanba of
llotani project in RRATO for making available the
BAIOO scanner system.

Table 1. Processing results of N31

d/A^ No. of ref. <I> <0l>

17.0 12 247 15

8.5 28 418 34
5.7 70 1148 85
4 . 3 194 1409 119
3.4 267 1862 160
2.8 281 1579 113
2.4 322 1026 77
2.1 367 668 60
1.9 386 346 40
1.7 381 167 27

Table 2. Summary of the data proces

No. of Oscillation No. of reflections
data set range rejected accepted

N31 0'"^ 6® 722 2316
H32 5 ~ 11 802 2383
N33 10 16 420 2546
N34 15 21 650 2715
N35 20 26 523 2552
N36 25 31 701 2503

Reference

1) T. nigashi, J. Crystallogr. Soc. Jpn,
20 (1906) 356.
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Irit.roduclioi.n

Hydrogenfise is an enzyme which catalyzes
reversible d cli yd r ogena L i on of molecular
hydrogen. Tlio solubilzed hydrogonase (hydrogen
: for r J cy t.ocli roine cj ox ido-reduc tase , FC
1.12.2.1) from fovibrio \ailgnris Miyazak i F
(DvMF) has 89000 of molecular weight and has two
or throe IFe-'lS tyix) clusters as the active cen
ter. It is well known that anomalous dispersion
of heavy atoms in t.lie protein molecules may give
useful informal ion to determine the location of

them, and that the anomalous scattering power is
dej-jend on the wavelength of x-ray. X-ray beam
from synchrotron radiation (SR) is suitable for
the structure analysis using anomalous scatter
ing Ixjcausc x-ray of desired i'«avelengths can be
easily obtained. In this report, we describe
the collection of intensity data from DvMF
hydrogenase crystal at wavelengths of 1.388 and
1. 736 A of x-ray.

Exjierimental and Results

Membrane-lKiund hydrogenase was solubilizod
by trypsin digestion from the wet cells of DvMF
bacterium cultiired by Ajinomoto Co. The protein
was isolated' and purified^ as described before.
.Single crystals of freshly prepared hydrogenase
wore obtained ity sitting-drop vapor diffusion
method from 15-20% (w/w) polyethylene giycol
1000 buffer solution {25iiiM Tris-HCl, containing
0.05% NaNs p!l=7.5). X-ray intensity data wore
collected at 5"C \ising a Weissonberg camera
designed for inacromolecular crystallography by
Sakabe et .al'' (r=430.5 mm) installed in BL-6A2.
The wavelengths of x-ray used were 1.736 A (this
is a wavelengt.h near absorption edge of Fe atom
and inL'iginary component (f" ) of atomic scatter
ing power is compjirably large) .and 1.388 A (f"
component of this wavelength is not so large)
from SR of Rational I^aboratory for High Energy
Physics. The diffraction patterns were recorded
on Fuji Film 'Imaging Plate' (20 X 40cm), and
read out by a Fuji Film BAIOO. The beam pass
from collimator to film was filled with He gas
to reduce air scattering. Tlie hydrogenase crys
tals of 0.2X0.25X0.8 mm (Crystal-T) and
0.35X0.3X0.8 mm (Crystal-II) were sealed in
glass t.ubes, and mounted on goniometer head,
being one crystal axis visually parallel to the
spindle axis of the camera. Then the axes of
crystals were exactly aligned manually to the
spindle .axis considering the diffraction cones
of staall angle oscillation photographs recorded
on Pol.aroid film (exposure time : 20s/film, os
cillation anglf- : 1 degree). Tlie collected in-
tensil.y patterns on Imaging Plate were processed
by program WETS developed by Higashi et al.^ in
order to obLain indexed F-data. For Cryslal-T,
31590 of Hijvoet pair data {b h 1 and b k -1)

have been collected to about 3.OA from 7 Weis-

senborg jjiiotographs using 1.736 A wavelength of
x-ray. On the other hand, for Crystal-II, Bij-
voet reflections data (/i k 1 and b -k 1) liave
been obtairjed to alwut 3.0 A from 7 and 12 Weis-
senberg photographs using x-ray of 1.736 and
1.388 A, respectively. The details of the data
collection procedure are listed in Table I.
Hydrogenase crystals showed distinct decay
during data collection at room temperature.
Decreasing temperatui'e down to 5'"C , however,
showed great improvement to reduce radiation
danuige of the cryst.als. It is expected that the
difference of Bijvoet data from Crystal-T and
th<at of intensity data from two different
wavelengths of x-ray nuiy give useful information
in order to dtermine the positions of Fe atoms.
Data processing, evaiviation of Bijvoet dif
ferences and comparison with data obtained by 4-
circie diffractometer using rotating anode are
now in progress.

We are indebted to Prof. Noriyoshi Sakabe,
Dr. Atsushi Nakagawa, Dr. Kiwako Sakabe and Dr.

Tsuneyuki Iligashi for their t€jchnic.'il advice and
use of computer programs. We also thank Dr.
Keiichi Nomba In HouLani Project, FliATO, for use
of a Fuji Film BAIOO system.

Table I

Experimental Condition of Data Collection by
Weissenberg Camera (r=130.5mm)

Crys LaI
Wavelengt.h (A)
Be;un current(mA)

Crystal
rotation axis

Osci 3lation

angle(w :deg)
FiIm moving
distance(d:mm)

R;it.io of a) and d

Repeat of
osciIlatioin

Rotation speed
of (O (deg/.s)

Exposure time (s)
Number of film

I

1.736

241-230

II

1.736

229-221

II

1.388

179-173

15.45 16.20 8.40

10.3 5.4 4.2

1.5 3.0 3.0

30 20 8

2.0 2.0 2.0

463.5 324 67.2

7 7 12
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By combining focusing optics with an imaging
plate (IP) system, we have been developing a
rapid Laue-diffraction technique for protein
crystallography''. This technique aims at
giving a diffraction pattern with a short
exposure time in order to perform time-resolved
structural studies. Diffraction patterns from
such protein crystals as FUT-inhibited trypsin
(by courtesy of Dr. A.Itai) and hen egg white
lysozyme were recorded with exposure times of
few millisecomds.

The focusing optics applied here utilizes a
vertically bent 1 m-long plane mirror of fused
quartz, which was recently implemented into BL-
6A. A synchrotron radiation beam output through
beryllium windows (total thickness of 1.2 mm)
was reflected by the focussing mirror set to a
grazing angle of 3.3 mrad (a critical wavelength
of 1 ky. X-rays irradiated to specimens at 17.1
m from the source point (Fig. 1) were about 10
times intense when compared to those of an
unfocused beam, and were mostly ranged between
0.9 and 1.7 A (an aluminium filter of 0.02 mm
thick was used). Specimens were mounted on an
Enraf-Nonius oscillation camera with a specimen-
to-film distance of 90-100 mm and a collimator
of an aperture size of 0.23 mm. Quantitative
evaluation of wavelength distribution of the
beam as well as its degree of polarization is
under way by use of diffraction profiles from a
nonoriented polyethylene plate.

The IP (prod. Fuji Photo Film Co., Ltd.)
utilizes photostimulated luminescence from its
phosphor surface^'. The most advatageous
characteristic of the IP is in its high quantum
efficiency. From our preliminary application of
the IP to Laue diffraction, the X-ray dose
required is approximately one thirtieth of that
for the highly sensitive X-ray film''. The
multiple film technique as is usually required
for X-ray films is unnecessary for the IP to
cover the full range of intensities, so that
this will greatly simplify corrections for
intensity response to X-rays. In the present
experiments, diffraction patterns were read out
by a drum-type scanner which had been newly
constructed to further improve a high quantum
efficiency and wide dynamic range of the IP as
well as its spatial resolutions^'.

Diffraction patterns of good quality were
obtained by 7 ms exposures for the lysozyme
crystal with stored electron current of 159 mA
(Fig. 2). Since the band pass of the beam was
restricted by the optics, reflections including

PF

RING

BL-6A.

Vacuum

11.8 m

BENT MIRROR

Quartz

2.58 m

weak ones were recorded well resolved each other
on the patterns. Peak intensities for stronger
reflections yielded about 12000 photons/0.01 mm^.
After continuous 3 s irradiation of the beam to
the crystal, radiation damage on it was apparently
noticed. On the other hand, when short
irradiation intervals of 50-700 ms were applied,
no damage was appreciable even after beam
irradiation of a total of 10 s. Therefore, more
than thousand exposures could be obtained from one
crystal in actual data collection.

Both the 8 ms and 0.7 ms exposures for the
trypsin and lysozyme crystals, respectively, were
recorded well featured, but numbers of photons
picked up in the patterns were insufficient for
quantitative analyses. Thus we are preparing a
double-focusing toroidal mirror in order to
increase photon flux of the beam.
' Y.Satow, Y.Amemiya & T.Matsushita; PF Activity

Report 1985, p 326.
^ J.Miyahara, K.Takahashi, Y.Amemiya, N.Kamiya &

Y.Satow; Nucl. Instr. Meth. A2A6 (1986), 572.
^ Y.Amemiya, T.Matsushita, A.Nakagawa, Y.Satow,

J.Miyahara & J.Chikawa; to be published in Nucl.
Instr. Meth.
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Introduction

oC-Mn, the most stable form of manganese
metal under normal conditions, has an
exotic crystal structure. The purpose of
the present study is to investigate the
stability of=^-Mn structure under
pressure.

Experimental and Results

The powdered specimen (99.995%, anneal
ed) was loaded into a gasketed diamond
anvil cell together with an alcohol
pressure medium. The pressure was deter
mined by the ruby fluorescence method.
Diffraction patterns were obtained in
energy dispeirsive mode at BL-6B. All
measurements were done at room temperat
ure. Typical diffraction patterns of o(-
Mn ore sliown in Fig.l. No structural
phase transition has been found to 42
GPa. Intensity ratio of diffraction
peaks showed no significant change with
pressure, indicating that the atomic
positions were almost unchanged. The
pressure-volume data are fitted to the
Birch equation of state. The bulk modu
lus and its pressure derivative at atmo
spheric pressure are determined as =
131 + 6 GPa and Bq » 6,6 + 0.7, respect
ively. The bulk moduli Bq of 3d t^ransi-
tion metals are shown in Fig.2 ' .
The small bulk modulus of o^-Mn results
from the large local magnetic moment of
Mn atom, which persists in the paramagn
etic state '. The pressure derivative of
the bulk modulus of -Mn (Bq=6.6) is
significantly larger compared to the
normal 3d metals. The rapid increase of

the bulk modulus of o<-Mn with pressure
may arise from the loss of magnetic
moment of Mn atoms caused by the deloca-
lization of 3d electrons.

References

1) Moruzzi V L, Janak J F and Williams A
R 1978 Calculated Electronic Propert
ies of Metals (New York ; Pergamon)

2) Janak J F and Williams A R 1976 Phys.
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Fig.l Energy dispersive powder X-ray
diffraction patterns ofo<-Mn
under pressure.
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0 ^ ' I • • I I
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Fig.2 Bulk moduli of 3d metals.
X : obs. •: present result.
O : cal. (nonmagnetic, ref.l)
• : cal. (magnetic, re£.2)
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The superconductivity of phosphorus and phos
phorus-arsenic alloy has been studied at low tem
peratures and high pressures^'^^. This supercon
ductivity is closely related to pressure-induced
phase transitions of phosphorus. The black phos-
phorus(black P) transforms an orthorhombic struc
ture to a rhombohedral structure and then further

to a simple cubic form with increasing pressure
at room temperature-^'. The pressures of the phase
transitions at liquid nitrogen temperature are
higher than those at room temperature"^'. By using
synchrotron radiation, we have investigated the

pressure-induced phase transitions of black P at
liquid helium temperature.

A new diamond-anvil cell was developed for X-
ray diffraction measurement which makes possible
a continuous change in the pressure at low temper-
atures^'. The diffraction patterns of black P and
NaCl were recorded at 2 = 21°. The diffraction

lines of NaCl were used to determine the pressure
value according to Decker's scale.

Figure 1-a and 1-b show energy dispersive X-ray
diffraction profiles of the black P at about 10 K
and at high pressures. A single-phase pattern of
the orthorhombic form was found at 3»3 GPa. The
transition to the rhombohedral structure started

at around 10 GPa under 10 K. The pressure of the

Fig. 1-a

transition rised from about 6 GPa at 77 K to about
10 GPa at 10 K. The element transformed from the
rhombohedral structure to the simple cubic form at
around 16 GPa under 10 K. This value was about 6
GPa higher than that at 77 K. The coexistence of
two or three phases was observed in a wide pres
sure range at 10 K. As the pressure was reduced
from 25 GPa to 16.8 GPa, the simple cubic phase
began to be transformed into the rhombohedral
one. This phase was stable on a decrease in the
pressure. The diffraction lines of the orthorhom
bic structure at 10 K could not be observed even
in the very low pressure region.

1) H. Kawamura, I. Shirotani and K. Tachikawa,
Solid State Commun., i9, 879(1984), ibid, 54,
775(1985).

2) I. Shirotani, H. Kawamura, K. Tsuburaya and
K. Tachikawa, Jpn. J. Appl. Phys., 26, supple
ment, 26-3, 921(1987).

3) J. C. Jamieson, Science, 139, 1291(1963).
4) I. Shirotani, H. Kawamura, K. Tsuji, K.

Tsuburaya and K. Tachikawa, Bull. Ghem. Soc.
Japan, in press.

5) K. Tsuji, Solid state Physics under pressure,
ed by S. Minomura(KTK Scientic Publisher,
Tokyo, 1985), P. 375.

Figure 1-a. Energy dispersive X-ray
diffraction profiles of black phos
phorus at about 10 K and at high
pressures.

Figure 1-b. Energy dispersive X-ray
diffraction patterns at about 10 K
under decreasing pressure.
0: orthorhombic

R: rhombohedral

C: simple cubic
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Introduction

Synchrotron Radiation (SR) has been proved to
be a powerful tool for X-ray study under pres
sure. So far, an energy dispersive method has
been used because the intensity of
monochromatized beam is not so strong for the
very small sample under pressure even when SR is
used. In order to perform an angle dispersive
method under pressure, we need to use one or two
dimensional detector. Recently, a photo-
stimulable pliospher film named an imaging plate
(IP) has been succesfully used as an X-ray
detector at the; Photon Factory. We tried to
combine a diamond anvil cell, SR and IP.

Experiment

Experiments were performed at DL6B. X-ray was
monochromatized by a portable type monochromator
with double crystal setting of Si(lll). The
beam was impinged to a sample in a diamond anvil
cell through a single pinhole collimator (0.2mm
). The collimator and the cell were separately
set on adjusting tables . Distance between the
sample and an li' was 10 to 15 cm.

Results

A diffaction pattern of Ag in the diamond an
vil cell was recorded on IP with exposure time
of 10 min (Fig. 1), Figure 2 shows the treated
profile of the pattern together with a den-
sitometer trace of a photograph taken with the
same condition as the IP. Enlarged sections in
the ceiiter part show the fluctuation of the
background. The middle of fig. 2 is a one pixel
trace along the horizontal line through the cen
ter. Tlie quality is slightly better than that of
the dcnsitometer trace (bottom). Tliis means
that the sensitivity is about 50 times better in
case of the IP.

By utilizing the merit of digitally two dimen-
sinal data, a profile was obtained by integrat
ing the intensity along the ring (Fig.2 top).
There are more tlian 200 points along the ring,
so that the standard deviation is reduced by a
factor of 15, as is clearly seen by comparing
the top and middle profiles.

The full widths at half maximum of the

strongest peak are 0.26mm for both IP and X-ray
photograph.

Fig. 3 shows the diffraction profile of InSb
with X-ray energy of 27.933 keV which is lower
by 5eV than the K absorption edge of In. The
relative intensty of 200 reflection is practi
cally null because it is proportional to square
of tlie difference of scattering factor of In and
Sb. But it becomes 0.005 by using an anomalous
scattering. This very weak peak is evidently
seen in fig 3.

Figure 1. A diffraction pattern of Ag on IP.
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Figure 2. Treated profiles of Ag (see text).
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Introduction

Chromiun is well known to have a spin
density wave(SDW) state below 310K , in which the
spin density varies sinusoidally in space. The
period of the SDW is incommensurate with the
lattice periodicity. Satellite refrecjions were
observed with X-ray diffraction method , whose
period is one half of that of SDW. Main origin of
these reflections is neither caused by the
freezing of the transverse phonon mode modulation
nor caused by the pure charge density modulation.
Real main origin is the strain wave(SW) caused by
the longitudinal lattice modulation. Two
theoretical propositions are considered as the
cause of this SW. One is the^exchange striction
model by Teraoka and Kanamori . The others is
the two band_nesting model,developed by Nakajima
and Kurihara and Kotani . Charge density wave
(CDW) is the leading role in the latters case.
Therefore, this experimental aim is not the
observation of SW but the observation of CDW

hidden by the very large contribution of SW.

Experimental and Results

It has been 1.5 years before the completion
of four circle diffractometer on 6C-BL. We had

only one chance for an experiment. It could not
be observed that CDW's contribution is included

in the intensity of satellite refrections.
Because the counting system had high background
noise due to the unfinished diffractometer. The

preliminary experiments have been done with the
usual two-axis diffractometer, using on Cu-K x-
ray radiation monochromated by PG. In order to
reduce the strong fluorescent radiation, a sharp
collimation system and an aluminium filter of

{2-21. 0.0)

(2*21,0.0)

Fig.l. The comparison of both satellite
refrections around 200 reflection at 150K.

suitable thickness were used. The specimen was a

single crystal grown from the vapor of chromium
iodide.

Fig.l shows the scattered intensity of both
satellite reflections observed around 200

refrection at 150K. This pattern was obtained by
6-26 scanning.

In the case of coexisting of SW and CDW, the
atomic position with SW and the charge density is
written as ® m " ®i- A (j)

^e(r) = -f-CTcn (2)
where /J(nr) is the averaged electron density
without CDW and (TCc) is the CDW amplitude.
Substituting (1) and (2) to the expression of the
structure factor

- X. fp. (IT) -Hnn

as the result of interference between both waves

we obtain _ , —,

The intensity ratio of the (2-2^,0,0) and {2+2^,
0,0) peaks is written as

Assuming Q'(K) =0 and ji^O.002a, the intensity ratio
of two peaks R is estimated to be 0.933 under th
consideration of atomic form factor, Lorentz-

polarozation factor and Debye-Waller factor.
Observed intensity ratio is 0.908. (TCK^U) is
estimated to be 0.008 electrons/atom from this

experimental value, where we assumed the form
factor of 3d-electrons for OTjfK). However, we
should be more carefull about the absolute value

of CDW amplitude because the estimation of
depends sensitively on the correction factors.
This study needs more experiments in order to
determine the CDW's amplitude and the
contribution for this phase transition.
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Introduction

Amorphous silicon and germanium prepared by
vacuum evaporation (a-Si and a-Ge) have been
found to show a pressure-induced semiconductor to
metal transition accompanimg a sharp resistance
drop by six orders of magnitude.Their transi
tion pressures are 10 GPa for a-Si and 6 GPa for
a-Ge. These transitions are accompanied by a
change of structure which is heterogeneous with a
mixture of two metastable phases. The high pres
sure phase of a-Si below 15 GPa is reversible to
the amorphous state after compression. On the
other hand, the high pressure phases of a-Ge is
irreversible to the amorphous state after com
pression. It transforms to the BC-8 structure,
but in a few days it shows a further transforma
tion to hexagonal 6H structure.

As potential barrier between two phases is
usually high in covalent materials, there are
many metastable forms of amorphous semiconductors
under pressure. The purpose of the present study
is to determine the temperature dependence of
these pressure-induced phase transition.

At the first stage, we have performed the x-
ray diffraction measurements for hydrogenated
amorphous silicon {a-Si:H) under pressure at room
temperature.

Experimental

A diamond-anvil cell was used for x-ray dif
fraction measurements which make possible a con
tinuous change in the pressure at low tempera
tures.^'^ Film of a-Si:H was prepared by glow
discharge decomposition of silane.^"'''^ At first
a-Si:H was deposited on a aluminium substrate,
and then the substrate was dissolved with acid.

The mixture of a-Si:H and NaCl, which was used as
a pressure marker, was put in a hole of gasket.
Methanol and ethanol mixture was used as a pres
sure-transmitting medium.

Results and discussion

In the pressure range of 0-6 GPa, diffrac
tion intensity shows a broad pattern which cor-
resonds to the amorphous state. At 7.5 GPa, there
appear peaks which correspond to the white-tin
structure and the intensity increases rapidly
above 10 GPa. In the Fig. 1, the intensity of
(200) peak of white-tin structure is shown as a
function of pressure. After compression at lOGPa,
diffraction intensity recovered to broad pattern,
which is similar to evaporated a-Si:H. At 2 GPa
after releasing pressure of 15 GPa, new peaks
were observed which correspond to metastable
form. In this case, tetragonal form, which ap-

5 10 15

PRESSURE P/GPa

Fig. 1

peared after compression of a-Si:H at 18 GPa by
using a opposed anvil device with solid pressure-
trans-mitting medium, was not observed. This sug
gests the phase transition is sensitive to the
degree of hydrostaticity of the liquid- and
solid-pressure transmitting media. At 20 GPa,
primitive hexagonal form was observed similar to
c-Si.^-'
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In general, no forerunners are observed
prior to the phase transition of the first order.
Thus, a noticeable change just before the semi-
conductor-to-nrctal transition, as reported by
Yoder-Short et al. with Si and InSb seemed to

be a promising candidate. By applying pressures
on these materials, they found that near the
transition to the metallic structure, the x-ray
scattering of (222) sharply decreased. In Si, the
(222) line is a forbidden reflection and in InSb,
it is very weak. However, if there are anisotrop-
ic bonding charges between atoms in diamond
structures, the intensity of (222), 1(222), in
creases with the pileup of interatomic charges.
Thus, it was natural that Yoder-Short et al.
ascribed the sharp decrease of 1(222) either to a
smearing of the bonding charges or to an enhance
ment of phonon anharmonicity.

The aim of the present study is to examine
the view of Yoder-Short et al. experimentally. If
the intensity of (222) reflection, 1(222), of
InSb and Si is suddenly decreased at a critical
pressure, (ca. 3 GPa for InSb), just before
the transition for the reason as mentioned by
Yoder-Short et al., the specimen will continue to
show the decreased 1(222) above p^ as long as it
retains the original diamond structure. The pres
sure range of diamond structure is extended by
cooling the specimen. For this reason, the 1(222)
of InSb was measured in the present study at
liquid nitrogen temperature up to the transition
pressure, A.5 GPa.

^02
fsl

o V» •

P(GPa)

The samples were single crystals cut parallel
to (112). A diamond-anvil device was used. The
[iTOj direction of the specimens was oriented ver
tically so that the (111) plane became the reflec
tion plane to horizontally incident x-rays. The
angle of reflection was set to 6~7''so that the
(222) Bragg reflection coincided with the maximum
of the SR spectra within the cell. Details of the
apparatus are described elsewhere. ''

InFigs.l and 2 are shown the ratios
I(222)/I(111) and 1(222)/I(333) , respectively.
The open circles are measurements at room tem
perature and the closed ones are at 77K. The
abrupt decrease at p^. as reproted by Yoder-Short
et al. was not observed in the present study; at
liquid nitrogen temperature, neither sharp de
crease nor sudden change in the gradient was de
tected at p^. The variation of 1(222) with pres
sure was monotonous and continuous, as seen from

Figs. 1 and 2. Therefore, we can conclude that the
sharp decrease, as reported by Yoder-Short et al.,
was not due to a sudden smearing of the bonding
charges nor abrupt change of the Dawson and Willis
anharmonic force-constant , the sharp decrease of
Yoder-Short et al. is not a forerunner of the

transition. In the present study too, 1(222) de
creased just before the transition at 77K. This is
probal)ly related to dynamics of the transition,
e.g., partial transition or some misfits accompa
nied with it.
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ro.sonant scattei'fng causes
;tic changes in the x-ray
1 intensities very near the

edge of the constituent atom
crystal. This resonant

has a wide variety of

IS in structure analysis of
matters such as the polarity
ar carystal, the absolute

and the pliase problem.
)f the resonant scattering
V(?ry near tlie absorption edge

)ver. not enough for these

The thickness fringe (Pendeilosung
fringe) is caused by the interference
between the incident and the diffracted

x-i*ays in a perfect crystal. It has
been observed by changing the thickness
of the crystal continuously for a wedge-
shaped crystal. The thickness fringe is
used to determine.the crystal structure
factor precisely. The Pendellosung
fringe l»as also been observed by
changing the x-ray wavelength, which is
applied to accurate determination2jOf
structure factors for many crystals.

In this paper, we have obseived a
new kind of Pendellosung fringe which is
induced by x-ray resonant scattering.
The real part of anomalous scattering
factor f" varies very much just below

the absorption edge due to the resonant
scattering, which results in oscillatory
behaviors in the integrated reflection
intensities .is a function of x-ray

energy. Tlic samples were GaAs(lQt))
single crystal,, which contained about
2x10 atom/cm' In as a dopant(denoted
as Ga(In)As). The perfection of the
samples was extremely good and almost
free from lattice defects. The 200

diffracted intensities were measured as

a function of x-ray energy across the Ga
K-absorption edge. The g^asuring system
was desciMbed elsewhere.

*• • •• *. •.

Fig. 1

An example of the measured
integrated intensities is shown in Fig.
1. The sample thickness is 150 ;im. The
large fluctuations of measured intensity
seem to be caused by movement of the
focussed points of x-ray source. We
normalized the 200 reflection

intensities (O) by the 400 Intensities
(•) for eliminating the fluctuation of

the x-ray source. The result is shown
in Fig. 2 (a). Peaks are observed at 4
and 50 ev below the absorption edge.
The solid lino is the calculated

intensities and the broken line is the
calculated ones without the oscillating

part. In Fig. 2 (b), the intensity
curve for a sample of 90 /im thick is
shown. The two peaks in Fig. 2 (a) and
one peak in (b) are caused by the
Pendellosung fringe due to x-ray
resonant scattering. From the
measurement of energy position of peaks
and dips in the) intensities, we can
determine the real part of the anomalous
scattering factor f*. We conclude that
this new kind of PeTidel losung fringe is
useful to determine the anomalous

scattering factor precisely near the
absorption edge, especially below the
edge.

The authors thank to Mr. Nagasawa
of Iwaki Handoutai Corporation for
supplying the GaAs sample.
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Introduction

There are several inconsistent reports^"^^
on variations in GaAs lattice parameter (Ad/d
'^10"^ ) with non-s t oichiomet ry and with
defects. When the measurement is carried out

by Bond's method the accuracy is limited
by the angular divergence ("^10 rad) and
wavelength dispersion (AX/A'VlO"'^ order) of
incident X-ray beams. We constructed a high-
resolution diffractometer with 3 - crystal
arrangement using monochromatic synchrotron
radiation, and hence the lattice parameter
variation can be discussed with 10"^
accuracy.

Experimental

Figure 1 shows a plan view of the
present diffractometer set-up at BL-6C2. The
1st crystal is a (111) channel-cut Si
crystal. The 2nd crystal is a monolithic
monochromator, which has two reflection
planes (335, 535). A Si crystal was used as
a reference sample to calibrate the system
resolution regarding,its lattice parameter as
being d = 5.4310652 X, as derived by
Deslattes et al . As a result, an X-ray
beam with 1.3536 A for the wavelength, AA/X=
3.2 X 10"^ for the dispersion, and A6 = 5.0 x
10~® rad for the angular divergence,
respectively, were obtained. Hence, the
lattice parameter was determined with an
accuracy better than Ad/d% 2.6 x 10"®. The
angular positions of the 2nd and 3rd
goniometers were monitored by rotary-encoders
which read 1/10000 degree of arc. This
diffractometer was in a room in which
temperature fluctuations were kept within
+0.05 C during a measurement of one sample.

Results and Discussion

In Fig. 2, we compare the lattice
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Fig. 1 Experimental arrangement for lattice
parameter measurement.

parameters obtained for undoped, 3 inch
diameter MLEC crystals with varied raw
material compositions. The same magnetic
field was applied to samples A, B and C, but
not to sample D. For crystals grown under
the same magnetic field, the lattice
parameter seems to increase as the As
fraction increases. However, the lattice
parameter difference among the crystals with
the same material composition (B and D) is
larger than that among sample A, B and C.
Incidentally, the topographs taken at peak
positions of the rocking curves for sample A
'V. D clearly show tliat sample A % C contain a
higher density of dislocations than sample D.
We hence conclude that further investigation
is required for extracting meaningful results
on effects of composition on the lattice
parameter.
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Fig. 2 Lattice parameter variation obtained
for crystals grown from varied raw
composition. Each topograph was
taken at one of peaks of respective
rocking curves.
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A soft X-ray beam line whose energy range is
from 20 to 1000 eV has been designed for surface
studies and constructed at BL-7A in Rioton Ffic-
tory. It was planned that the photon intensity
and the energy resolution at 500 eV of the e.x-
citatiorj energy were more than
10'' photons/s. 100mA and less than 1 eV, respec
tively.

The beam line is, now, available for experi
ments of photoelectron spectroscopy and surface
EX.AFS after many cycles of performance test and
improvements. We report some characteristics of
the beam line.

Outline of the beam line
The beam line is composed from a prefocusing

mirror apparatus and a plane grating
monochromator. The schematics of the optics and
their parameters are shown in Fig.l. A bent
toroidal mirror installed at 14 m from the source
point reshapes the incident radiation as ap
proximately parallel rays in vertical which is
tlie direction of the grating dispersion. One of
the five plane mirrors with different incident
angles is inserted on the optical axis. Each
plane mirror acts as a low pass filter against
white light of synchrotron radiation. Dispersed
radiation is focused on the exit slit by two
splierical mirrors. The parameters of the sfheri-
cal mii-rors wej*e chosen as the spherical aberra
tion could be cancel ed each together. Diversing
monocliromatized light is focused by the
postfocusing mirror on a sample put at 26 m from
the source point. Details of the beam line will
be published elsewhere.

Experimental and Results
We note a remark on stability of the grating

surface under irradiation. A replica grating on
a quartz substrate(Hitachi, 1200 1/mm) was used
in the experiment. Spectra were degradated in
short time, because the grating surface was
damaged by intense synchrotron radiation. So we
installed a cooling mechanism for reducing heat
of the grating and used SiC as the grating sub
strate. Stability of the grating surface is sig
nificantly improved.

Spectral characteristics of the beam line were
examined by measuring the Itnown absorption of Ni,
Ar, Kr and Xe. We also measured the photocurrent
flowed out of the postfocusing mirror surface un
der irradiation. The photocurrent measured as a
function of the incident energy is shown in Fig.
2. TJie maximum intensity is found to be from 300
to 400 eV. Tlie dip around 280 eV is due to ab
sorption by carbon contamination sticked on the

optics surfaces. The photocurrent measured on
PM5 is too low because of damage of PM5 mirror
surface. The full width at half maximum(FWHM) of
N Is absorption peak at 400 eV is 1.5 eV.

We examined photoelectron intensity and con
tribution of higher order light by angle resolved
photoelectron spectroscopy. Samples used in the
experiments were clean Au and Ni(lOO). The
photoelectron intensity and the Fl'HJM of Au 4f
peak excited by 250 eV of the photon energy is
about 1.5 kc/s.lOOmA and 1.5 eV, respectively.

In summary, the results mentioned above
roughly agree with the design characteristics.
However the energy resolution should be more im
proved and the absolute photon intensity is to be
measured.
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Introduction

Metal atoms adsorbed on one dimensional atomic
array of the substrate surface has sho'^m one
dimensional metallic charactor''. It has been

suggested that clean surfaces of diamond{lll) and
(100) have given such atomic arrays2>. So it is
expected that metal atoms adsorbed on clean
diamond surfaces show characteristics of low

dimensional metal. However surface characteriza

tion of diajnond is not enough clear yet.
We studied 2x1 reconstructed surface of

diamond(lll) by ultraviolet photoelectron
spectroscopy(UPS) and electron energy loss
spectroscopy(EELS). We report the experimental
results auid discuss the electronic structure of

the reconstructed surface.

Experimental and Results

A clean and 2x1 reconstructed sample examined
by low energy electron diffraction (LEEU) weis ob
tained by heating the sample to about 900C.
The LEED pattern irreversibly transforms from 2x1
to 1x1 by hj*drogen adsorption as the result that
hydrogen atom occupy one dangling bond of surface
diamond atom.

The UPS results are shown in Fig.l. The posi
tion of the Fermi level indicated in the figure
was determined by the simultaneous UPS measure
ments on a clean Au. On the 2x1 surface, a sur
face state peak whose position is almost indepen
dent of the photon energy appears just below the
Fermi level. It is confirmed that by analysing
the difference spectra between 2x1 and 1x1 sur
faces, the surface state peak has two maxima at
-1.2 and -2.6 eV,respectively.

The difference spectrum of EELS between 2x1
and 1x1 surfaces is shown in Fig. 2. A clear
peak and a broad weak peak detected at 2 and
6.5 eV, respectively. These energy loss peaks
and the surface state peak detected in UPS are
surface sensitive, because those peaks simul
taneously dis appear by h>*drogen adsorption.
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Discussion

We put a remark on the fact that The energy
losses and the emission peak from the surface
states simultaneously appear with the formation
of a 2x1 T.FFD pattern and dissappear by hydrogen
adsorption. Tlie results suggest that the initial
states are common for both in UPS and EELS.
Based on the interpretation, we assigned the
energy losses as shown in the upper part of
Fig.3. Tlie energy loss of 2 eV is due to the ex
citation from the occupied surface states around
-1.2 eV to the imoccupied states at 0.8 eV. Tlie
energy loss of 6.5 eV is explained as the excita
tion from the occupied states at -2.6 eV to the
unoccupied states at 3.9 eV. The present results
can be fitted to the band structure based on a
dimerized-chain model'' as shown in Fig. 3. The
band gap around J-point of the calculated band
structure adjusted to 2 eV which corresponded to
the energy loss. The energy loss of 6.5 eV is
interpreted as the interband excitation in the
surface states along J-point to the origin.

References
1)H. Tochihara and Y. flurata ! J . Phys. Soc . Japan
51(1082)2920.
2)P.G. Lurie and J.M. Wi1 son:Surface Scl.
65(1977)153.
3)J.F. Morar, F.J. Ilimpsel, G. Holllnger, J.L.
Jordon, G. Hughes and F.R.
McFee1y:Phys.Rev.B33(1986)1316.

Fig.2 A difference
spectrum of

~ Y ELS. The pri-
^ ciiary enefgy is

Y 120eV.

ENERGY LOSS (evi

-A -2 0 *2 *4

Fig.3 Camparison
of the present
results in UPS

and ELS (upper
figure) with
the band stru

cture based on

a dimerized-

chain model

(lower figure)



A VUV BEAM LINE(5-45EV) WITH A IM SEYA-NAMIOKA MONOCHROMATOR FOR SURFACE STUDIES.

"k
Hidetoshi NAHBA, Toshiaki OHTA , Masataka MASUDA and llaruo KURODA

Researcli Centre for Spectrochemistry and Department of Chemistry, Faculty of Science, The University
of Tokyo, Hon{;o, Bunkyo-ku, Tokyo 113, Japan
A

Department of Physics, Faculty of Science, Hie University of Hiroshima, Higashisenda-cho, Naka-
ku, Hiroshima 730, Japan

A VUV beam line whose energy reinge is from 5
to 45 eV has been designed and constructed at BL-
7B in Photon Factory. The design principle was
to obtain high photon intensity in the order of
10" photons/s. 100mA with moderate energy resolu
tion. The beam line is almost completed. We
report a brief summary of the characteristics of
the beam line.

Outline of the beam line

The optical system is illustrated in Fig.l.
Tlie synchrotron radiation(SR) is deflected to the
vertical direction by two prefocusing mirrors.
One is a cylindrical mirror made by pure copper
and another is a splierical one made by quartz.
SR is focused on the entrance slit of 1 m Seya-
Namioka monochromator. Three gratings were set

in the monochromator. The bIazed wavelength of
each grating is 38, 96, 150 nm, respectively.
Depending on energy range which is preferable in
each e.Nperiment, one of them can be selected
from outside of the vacuum. Monochromatized

radiation is focused on a sample by the
postfocusing toroidal mirror. The monochromator
was installed on the second floor, and so, the
space for experimental apparatus was limited.
Details of the beam line will be published else
where.

Experimental and Results
In early times of the experiments, the first

copper mirror was cooled by only thermal conduc
tion through the support of the mirror. The
beam position on the entrance slit of the
monochromator moved as a function of the irradia

tion time and of the ring current. A water cool
ing system was adopted to the mirror support, and
so, the beam shift was greatly reduced.

Spectral profile was monitored by measuring
the photocurrent flowed out of the postfocusing
mirror under irradiation. The profiles for three
gratings are sliown in Fig. 2. Each curve shown
in the figure corresponds to one of three grat
ings »jith different blazed angles. Each curve
shows a maximum at the energy corresponding to
the blazed wavelength. We also measured lumines
cence of sodium salicylate by a F^otomultiplyer
in the energy range below 10 eV of the excitation
energy.

The energy resolution and the absolute photon
intensity were estimated in the absorption
measurements by the double ion chamber technique.
Tlie energy resolution is less than 15 meV at the
best around 15 eV of the excitation energy in the
case that 2400 1/mm of grating has been used.
Moi-e than 1x10" photons/s. 100mA at maximum can
be obtained but. the slit has to be much opened.

We exJimined photoelectron intensity and con
tribution of higiier order light by angle resolved
photoelectron spectroscopy. Sample was clean Au.
The peak intensity of Au 5d is about 5 kc/s.100mA,

In conclusion, the results mentioned above
satisfy the specification of the beam line
design. The first experiment of photoelectron
spectroscopy has been already finished and a
preliminary experiment of photochemical decom
position of adsorbed species has been started.
However further test of lo monitor and improve
ment of surface roughness of the copper mirror
are necessary.
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Introduction

Monoclinlc ZrOz which is stable at room tem

perature undergoes phase transitions at 1150 C°
to tetragonal ZrOz and at 2370 C® to cubic ZrOa.
The high temperature phases can be stabilized at
room temperature by the addition of impurities
such as YaOa and Ce02. Since a high fracture
toughness was obtained for sintered bodies
containing tetragonal ZrOa polycrystals, CeOz-
stabilized tetragonal ZrOz is considered a candi
date materials for toughened zirconia ceramics.
In the present study, local structures around Ce
atoms in CeOz-stabilized tetragonal ZrO? are
investigated by Ce Lm EXAFS analysis to clarify
the role of Ce ions in stabilizing tetragonal
phase.

Experimental and Results

The CEIO sample (SbZrOz.lOCeOz.4Y0i.5) was
synthesized by coprecipitatlon at pH=9 from a
mixed solution of Zr(S0t,)2, dissolved Y2O3 in
H2SO1, and dissolved Ce02 in HzSOi, using (NH4)0H
followed by calcination at 900 C". The CE4 sam
ple (93Zr02.ACeOz.3GdOi.5) was similarly synthe
sized from a aqueous solution of ZrOClz, CeC] ij
and GdCls. The samples were subsequently heated
at 1500 C" for 1.5 h and then powdered. After
annealing at 1200 C" for 1.5 h, the samples were
quenched to room temperature and used for EXAFS
measurements.

EXAFS spectra of the samples in the neigh
borhood of the Ce Liii absorption edge(5.723 keV)
were measured by the normal absorption mode with
a two crystals Si(lll) monochromator. CeOz
crystals (Ce-0=2.34 A, eight-fold coordination)
were used for a reference sample (CElOO). The
EXAFS oscillation curves X(l^) were obtained
after subtraction of the smooth X-ray absorption
backgrounds and normalization and the transformed
magnitudes ]F(r)i were calculated. By comparing

the first peaks on the curves of the samples with
that of the reference sample, real atomic distances
of Ce-0 pairs for tetragonal ZrOz were estimated.
Atomic distances of the second coordination shell

in the samples were analyzed by the curve-fitting
method. Results obtained were listed in Table 1

together with cell dimensions and average Zr-Zr
distance calculated from the cell dimensions.

The Ce-0 distance of 2.32 A in tetragonal

Zr02 is slightly shorter than that in Ce02 crystals
(Ce-0=2.34 A) however, longer than that in pure
tetragonal crystals (Zr-0=2.22 A). When Zr02
changes from tetragonal into monoclinlc phase with
decreasing of temperature, cell volume increases
by about 4%. Since the ionic radius of Ce ion is
larger than that of Zr ion, the introductuion of
Ce02 into Zr02 causes the Increase of cell volume,
which prevents the stabilized Zr02 transforming
into monoclinlc phase.

The Ce-Zr distances are close to the average
Zr-Zr distances, indicating that the addition of
Ce02 does not deform the atomic arrangement in the
Zr02 crystals to a great extent.

Talilfi I RcsuM.s of tXAFS analysis for stiUiilizecl ZrO? crystals.

Sanpl e Alonic llislatice Ce! 1 Average Zr-Z Kenarks

M-i). f|-7,r .A I)lacs ions .A 1)1s latice, A

CtIO 2.:i2 3.(12 a=3.(!25 3.G4 Cc KXAFS

((o-O) c=5.201 Tc Iragoiia 1

CFI 2.32 3.{il a=3.fll i 3.G3 Ce EXATS

(Ce-0) C=5.I07 Te Iragona1

VI9- 2.28 3. SI) a:5. MS 3.01 y EXAFS

(V-0) Ciiliic

ZR8r 1 2.11 3.55 a:5. MS 3.G1 Zi EXAFS

(Zr-0) Cull 1 c

♦ Callow el al.. J. Aaer . Ceraa. Soc . . G9. 272(11180)

0.0 1.0 2.0 3.0 4.0 S.O S.O

r / A

Fig.l Magnitude of Fourier transform. CE4
and CEIO: Ce02-stabllized tetragonal
Zr02, CElOO: Ce02 crystals



proposal No 86-059

EXAFS STUDY OF RELAXATION OF A Cu+ IMPURITY IN ALKALI HALIDES

Takatoshi MURATA, Shuichi EMURA*, Hiroyuki ITO*, and Hironobu MAEDA**

Department of Physics, Kyoto University of Education, Fushimi-ku, Kyoto 612
•Institute of Scientific and Industrial Research Osaka University-Suita Campus,

8-1 Mihogaoka, Ibaraki, Osaka 565
••Department of Chemistry, Faculty of Science, Okayama University, Okayama 700

Introduction

On the lattice relaxation at an impurity
ion site in a crystal, several alkali halides
containing Cu"*" ions are known to be in the
situation that the substitutional Cu"*" ion is not
located at a normal lattice site, but at an off-
center position. Several experimental ' and
theoretical •' works have been done to reveal the
off-center distance and its direction. No

definite results, however, have been obtained so
far. EXAFS is the most suitable method for ob

serving the amount of the ionic relaxation in the
lattice. Preliminary results have been reported
recently for NaCltCu"^.^ We report here the
extended studies of the previous work.

Experimental

Samples investigated were NaBrrCu"*" and
KBriCu"*". CuBr was used as a reference material.
Methods of the sample preparations were discribed
in the previous report. ^ EXAFS measurements on
Cu K-edge in a fluorescence mode at room and at
about 50 K were made at EXAFS station installed

at at BL-7C using a fluorescence detector de
veloped by Lytle et al. '

Results and Discussions

In Figs. I and 2 are shown the spectra of
magnitude of Fourier transform of the EXAFS for
two samples. The best fit values of the 1st and
2nd shell distances obtained from inverse Fourier

transformed EXAFS spectra are shown in Table 1.

Table 1

Sample Cu-Br Distance/A

NaBr:Cu+ (50 K)
KBrrCu"*" (300 K)

2.5A±0.02

2.36±0.35

2.5110.34

Hm

ill mmw

Fig. 1

3.5110.02

4.5410.02

4.7810.02

T-eO 9.00 4.00

OISTnHCE RIfll

Fig. 2

These values are very different from the values
of tlie 1st shelj distances of host matrices, i.e.
2.98 and 3.30A for NaBr and for KBr, res
pectively. They arg rather similar with the
value of CuBr, 2.464A. This fact means that the
deformation around a Cu"*" ion in the host is very
large.

We performed a simulation in the case of
NaBr:Cu"'' by calculating the EXAFS spectrum with
assuming a displacement of the impurity ion
toward various direction in the NaCl gatrix
putting the off-center distance as 0.55A. A
plausible result was obtained in the case of
<111> displacement. The Fourier spectrum of the
simulation is shown in Fig. 3. Only in this case
are obtained the double peaks in Fourier
spectrum; in other cases of the displacement
towards <100 or <110> direction, no clear cut
doublet was obtained. The different positions of
the Fourier peaks from the experimental results
are due to the situation that in the simulation a

perfect lattice of the host was assumed. We
believe that this is the first work of obtaining
a direct evidence of the off-center relaxation of

an impurity ion.
Further analysis is in progress in order to

explain the result of the KBrtCu"^ with a
reasonable model.
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Introduction

Glasses with high ionic conductivity have
been prepared in the systems based on silver
halides. •' Local structures around Ge and Ag
atoms of the glasses in the system AgI-Ag20-GeO2
were investigated by the EXAFS method. Ge atoms^'
mainly occupy tetrahedral sites. On the other
hand, Ag atoms^^ are surrounded by two or more 0
atoms with Ag-0=2.15-2.22 A or by four I atoms
with Ag-I=2.74-2.87 A. The present report des
cribes an EXAFS study of AgBr-Ag20-Ge02 glass
carried out to examine the local structure around

Br atoms.

Experimental
Mixtures of AgBr, Ag 0 and GeO were melted

in a silica crucible and the melt was poured onto
a copper plate to obtain galss. Table 1 listed
the nominal compositions of the glasses prepared.

Table I Cheaica! coaposition and Br-Ag atoaic distance

esLiaated by the EXAfS analysis.

Saaple Cheaical coaposilion<aolX} . 0/Ge Br-Ag

GeO} Ag}0 AgBr ratio distance(A)

EXAFS spectra of the glasses in the neighbor
hood of the Br K absorption edge(13.470 keV) were
measured by the normal absorption mode using a
two-crystal Si(111) monochromator. Absorption
spectrum of AgBr crystals were also measured as
a reference sample. Powder-.- sample was mixed with
polyethylene powder and then pressed to a disc
with a diameter of 12 mm, which was used for EXAFS
measurements.

Results and Discussions

Fif. 1 showed X-ray absorption spectra for
the glass sample(G30) together with the reference
sample from 12.970 to 14.570 keV. The k^x(l^) in
the range 2.2gkilO.O was Fourier transformed to
get |F(r)i curve. Atomic distance of the first
coordination shell was analyzed by the curve-
fitting method using phase shifts and back-scatte-
ing amplitudes reported by Teo and Lee.'*'' Least
squares curve-fitting was carried out in the range
4.0ck£7.0. AgBr crystals(Br-Ag=2.88 A, six-fold
coordination) were used to determine the inner
potential energy of 4.011 eV and the mean free
path for photoelectron of 2.79 A.

The Br-Ag distance is 2.88 A and the coordina
tion number is 6 for AgBr crystals which do not
show ionic conductivity, while the I-Ag distance
is 2.82 A and the coordination number is 4 for AgX
crystals wliich show ionic conductivity. Average
Br-Ag distances for three kinds of glasses were
estimated by the present EXAFS analysis to be
2.76-2.77 A and coordination numbers to be

approximately 4. One of the reasons for ionic
conductivity of the AgBr-Ag20-Ge02 glass may result
from the structural similarity around halogen atoms
between Agl crystal and AgBr-Ag20-Ge02 glass.
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Introduction

Austenitic steel strengthened by nitrogen
and carbon are remarkably soften during low
cyclic deformation, and the softening tendency
is more marked in the case of nitrogen than
of carbon. These softening phenomena can be
explained quantitatively by presuming a
existence of the short range ordering of
substitutional and interstitial atoms (I-S
complex), and its breakdown during cyclic
deformation^K However,any direct evidence of
the I-S complexes has never been shown yet.
On the other hand, XANES'̂ ^gives local
information about electronic structure and bond

state around alloying atoms. In this study, in
order to have some evidences of the existence

of I-S complexes XANES observation of austenitic
stainless steels was made with a high and a
very low content of nitrogen or carbon
before and after the low cyclic deformation.

Experimental procedures
Tablel shows the chemical compositions of

the steels. The steels were prepared by melting
high purity materials in vacuum, and were forged
and rolled to plates. After the solution
treatment at 1573K for 1.5h the plates were
water quenched and machined to round specimens
of 8mm diameter by 10mm gage length for cyclic
deformation which was conducted with an Instron-

type machine at ambient temperature. Thin plates
were cut from as-solution treated and cyclically
deformed specimens, and were polished
mechanically and then electrolitically in a 5%
solution of oxailic acid to foils of 20 to AO ym
in thickness for XANES observations. XANES

observations were carried out at room

temperature by using synchrotron radiation at 7C
beam line of the Photon Factory in the National
Laboratry for High Energy Phisics at Tsukuba.

Results

Fig.1 shows the change of stress amplitude
of the steels subjected to XANES observations
with the cyclic deformation. The steel B
containing nitrogen exhibites large softening
after the initial work hardening,while the low
nitrogen steel. A shows the hardening with a
saturated stage. The similar tendency was
observed in the steels C and D. Fig.2 shows
absorption spectra at K-edge of .Or. Shoulder
peaks which indicate the exitation of electrons
to the Fermi level are obserbed in the center of

all the spectra. However, the shapes of peaks
varied with the addition of interstitial

atoms. The shoulder peaks that observed in
steels B and D containing nitrogen and carbon,
respectively, are more clear than in steels A,G
containing very few interstitial atoms. Fig.2
shows the effect of cyclic deformation on the
peak of the steel B. The shapes of the peaks are
very similar before and after the deformation.

Conclusion

The XANES of the austenitic stainless steels
were observed. It was found that the existence
of Interstitial atoms around Or atoms chants
the shape of the shoulder peak in absorption
spectra of Or K-edge. The effect of cyclic
deformation on XANES may be very small , so a
more precise observation is necessary.
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O.OOS 0.037 Id.005 0.073 jo.007 10.003 I 20.1 | i«.o jo.oooej
0.008 0.11 0.031 0.052 |0.007 {o.003 I 20.3 ; 15.3 0.18 I
0.01 0.77 1.00 10.020 {0.003) 10.007] | IS.8 I 15.2 0.005 IC 0.01 I 0.77 1.00 0.020 j0.003) 10.007] | IS.8 I 15.2 0.005 I

1) 0.28 I 0.80 1.50 0.010 10.0002 10.0074 | IS.5 | 15.< lO.OQS j

7OC'-ISMi-0l8N

1573Kxlh-»-WQ

alR.T.

a£pi= lO.SV.

Fig.1.Stress amplitude reapons of steels
Aand B for constant plastic strain
amplitude teoto at room temperature.
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Fig.2.Effect of interstitial atoms and
cyclic deformation on Cr K-edge
absorption apcctra.
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Introduction

V20^ is known to have a layered structure
with an orthorhombic symmetry, in which
ions occupy sfiuare pyramidal five-coordinated
sites. A high pressure phase has been reported
above about 3 GPa, although the crystal struc
ture was not cletermined yet. Under high pres
sure, we may expect an increase in coordination
number and more averaged bond length, and XANES
and EXAFS studies are most appropriate to obtain

information of the short range structure around
vanadium ions.

Experimental and Results

The high pressure phase of V2O5 was synthe
sized at high pressure and high temperature con
dition of 3-7 GPa and l450-75D°C, using a 250 ton
cubic anvil press. UN V2O5 powders were encased
in a platinum capsule, which served as a heater
by applying a large current. High pressure
phase was obtained by quenching from high pres
sure and high temperature condition, and examin
ed by x-ray powder diffraction and electron dif
fraction analyses (Fig. l). The unit cell di
mensions of the high pressure phase were tenta
tively determined to be a = 7.16A, b = 7.00A
and c = 6.3IA, by assuming an orthorhombic sym
metry. XANES and EXAFS measurements were

carried out by utilizing intense x-ray source
from synchrotron radiation at BL-7C port of the
Photon Factory, KEK. Powder specimens were
spread on thin plastic films, and appropriate
absorption was obtained by changing the number
of specimen films.

Figure 2 (a) and (b) show XANES spectra of
the ambient and high pressure phase of res
pectively. Rather resembled features were ob
served in both spectra, suggesting that short-
range structure around vanadium ions were not

much altered by the pressure-induced phase tran
sition. Energy position of observed XANES peaks
of various vanadium oxides are summarized in

Table I. Peak positions of the high pressure
phase can be interpreted on the way from square-

Table I Energy position of various spectral
features in XANES spectra of vanadium oxides^)

Com- Thresh- Pre-edge Is -itp Cage
pound old (eV) peak transition geometry

1.9 3.U 23.5 Distorted

3.5 ^.5 26.6 octahedron

I..8 5.6 30.1 Distorted

h.6 5.6 30. li square-

'1.7 5.5 28.3 pyramid2 5~

*This work

pyramid to regular octahedron. Detailed analysis
of EXAFS spectra is now being made. Experimental
results of LiVO^ will also be reported shortly.
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Introduction

A combination of the EXAFS method with the dia
mond anvil cell technique is useful for structur
al studies under high pressures. However, con
ceivable problems for adopting the diamond anvil
to generate high pressure are diffraction and
absorption by the diamonds. For eliminating the
effect of disturbing diffraction peaks, adjust
ment of the orientation of the cell by changing a
tilt angle of the goniometer arc prior to the
measurement is effective when the number of dif

fraction is small. Absorption is more important
for atoms such as Cr and Mn with a lower energy
absorption edge. Previous studies reported
that EXAFS spectra for Cr, Mn, Fe, Co and Ni K-
edges were successfully measured by using a
specially designed apparatus. This study examined
the possibility to obtain an analyzable EXAFS
spectrum on Zn atom, under high pressures.

Experimental and Results
The measurements of absorption spectra for Zn K-
edge were carried out at the 7C beam line in the
Pf at an energy of 2.5 GeV.

2n roll with
dlatond onvil e«ll
(dftlft At dliturblAi
pofk# 4r9 Ofllttod*

Normal 1/8 carats anvils(3.5 mm in total thickness)
were used. A Zn foil was placed outside of the
cell and therefore the pressure was not charged to
the foil in the present study. X-ray absorption
spectra were measured from 9.161 to 10.661 keV with
a constant step interval of 2.5 eV. The measuring
time is 10 s for each step. The disturbing dif
fraction peaks were not serious around the absorp
tion edge, however, 17 peaks were observed on the
spectrum shown in Fig.l. The disturbing peaks are
very sharp and consist of one or two datum points.
Therefore, the data points distrubed by diffraction
are easily distinguishable from others. The lower
spectrum in Fig.l is obtained by omitting the data
disturbed hy diffraction due to diamond.
The Fourier transforms ]F(r)| of k^x^^) were cal
culated, using the data from 3.0 to 13.0 in k and
shown in Fig.2. The range includes
three disturbing diffraction peaks. The phase
shifts were not taken into accounts in the Fourier

transforms. The strong peaks around 2.30 A corre
sponding to the nearest neighbor Zn-Zn pairs were
observed on jF(r)| curves of both with and without
diamond anvil cell.

The present study clarified that Zn K-edge EXAFS
analysis can be performed under high pressures
using the diamond anvil cell.

2n (all »llh
•nvll ctll

(dill dl9lurbln|
BT9 ovllladT

.! M i i }.6 I.S 4.0 4.S ) I

Fig.2 The fourier transforms of Zn K-edge for Zn foil
Cflorif ( koV )

Fig.l Zn K-edge X-ray absorption spectra of Zn foil
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Introduction

Ethylenediaminetetraacetic acid (EDTA) is
used for quantitative analysis of many kinds
of metal ions in water. The metal-EDTA complexes
take various forms in solution, because for some
metal ions the EDTA is not large enough as a six-
coordinate ligand.

We report the difference of structures of
Co(III)-EDTA complexes in solids, aqueous
solutions, and dimethylformamide (DMF) solution
by EXAFS and XANES.

Experimental

X-ray absorption spectra measurements were
performed at BL-7C using Si(lll) double crystal
monochromator.

Solid samples, NH^[Co(edta)]•and
Na[Co(edta))•^H^O, were prepared in usual way.
Aqueous solutions were prepared from sodium salt,
and NaOH were used to adjust their pH to
3, 5, 7, or 9. DMF solution was prepared from
potassium salt which was synthesized by
conventional method. 18-crown-6-ether was also

added to get sufficient solubility.

Results and Discussion

No dependence on pH was observed in both
EXAFS and XANES spectra of aqueous solutions.
Therefore, [Co(edta)]~ has a very stable
structure in the aqueous solution of pH 3 to 9.

Fig.l shows XANES spectra of two powder
samples, and aqueous and DMF solutions. These
spectra are slightly different from each other.
The spectrum of aqueous solution is similar to
that of Na salt.

y N

jl

/f '/ (a) aqueous solution
(b) Na[Co(edta)] •4H.0

/•, / (c) NH,[Co(edta)].2fl (
• » / (d) DMF solution

Fourier transforms of EXAFS for these

samples are shown in Fig.2. Three peaks are
observed in all of them. By referring to the
crystallographic data of NH^ salt^\ these peaks
are assigned to the bond distances between Co and
coordinating 0^^ and N(1.9A), all of C (2.75X) ,
and O2 (3.8a) of not coordinating in the carboxyl
groups of EDTA. In spite of the small number of 0^
in th third shell and its long distance, third
peaks for NH^ salt and DMF solution are anomalously
strong. This must be the result of multiple scattering
effect since the angles of Co-Cj^-O^are about 170®.

Peak heights are quite different, i.e., Na
salt=aqueous solution<NH^ salt<DMF solution. For
Na salt and aqueous solution, the first peaks
consisting of the bonds of Co-0^ and Co-N appear
at shorter distance than that for NH^ salt.
Infrared and Raman spectra for the complexes show
quite different behavior in the region of the
carboxyl group vibrations , but very similar
frequencies for Co-N vibration. Thus, we conclude
that the length of Co-N are similar among the
samples, while that of Co-Oj^ are shorter for Na
salt and aqueous solution.

It seems that the distributions of the Co-Oj^
bond distances are different from sample to
sample because the peak heights widely differs.
One of the origins of such large distribution
of the distance must be the hydrogen bond between
carboxyl group and water molecules.
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Fig.2 Fourier transforms of EXAFS

.1 XANES spectra of Co K-edge for Co(III)-EDTA complexes
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Introduction

Garnet group minerals commonly occur in meta-
morphic rocks, but are also found in igneous rocks.
They have a wide range of chemical composition
X3Y2Z3012(X=Ca,Mg,Fe2"'",Mn2+; Y=Al,Fe3+, Cr3+,Ti^"'';
Z=Si,Al) with X in dodecahedral sites, Y in octa
hedral sites and Z in tetrahedral sites. It has

been known tliat there is a strong correlation
between tlie chemical compositions and the condi
tion under which metamorphic rocks were formed
to produce garnets. Some investigations with X-
ray diffraction technique showed that differences
in growth conditions and chemical compositions
cause a kind of cations to occupy different sites
in the garnet structure. It is, however, diffi
cult to determine the cation distributions over

these sites by X-ray diffraction experiments when
several kinds of cations are contained in the

structure. Local structures around Fe atoms were

investigated by EXAFS spectroscopy with the inten
sion to obtain detailed knowledges on the relation
between distribution of Fe atoms and occurrence

of the minerals.

Experimental and results
Experimental formulae were obtained from

results of chemical analyses carried out by the
ICP methoG for the garnet samples on the basis of
ordinary site assignment for cations as
follows:

Mg-Almandine (Fe '̂|'2Cao. iMnQ, 2Mgo ,6) (AI3.
2+ ^Sis^gAlo.4)024

Fe-Pyrope (Fe;!. gCaQ. 6MnO.lMg2. 3) (Al3.lFe0.9)

2+ (Si5.3Alo,7)024
Andradite (Feo,2Ca5.6MnO.2)(Al2.1FeX.9)

Si6.l024 ,
Alkali metals were analysed by tlie atomic absorp
tion spectroscopy but only the traces of them were
found. All the samples are confirmed to consist
only of garnets with X-ray powder diffractometry.
EXAFS spectra of powdered samples were collected
at room temperature with monochromatized X-ray
by Si(111) double crystals over the energy range
from 6.67 KeV to 7.91 KeV at BL7C.

X-ray absorption spectra near Fe K-edge of
garnet samples are shown in Fig. 1 together with
Fe foil and a-FG203 for comparison. Magnitudes
iF(r)|'s of the Fourier transforms of k x(k)'s
are depicted in Fig. 2 for all samples and ref
erence material a-Fe203 without taking account
of phase shifts. The first peak of each |F(r)|
curve, which is dvie to the nearest neighbor Fe-0
pairs, is backtrausformed into tlie k space, and
then analysed by the curve-fitting method to
obtain the mean Fe-0 distance, using the theoret
ical phase shifts and backscattering ampli-
tudes^^^. The results are given in the column
"observed" in Table 1. The expected Fe^"^-0 dis
tance for 8-fold coordinations and Fe "*"-0 dis
tance for 6-fold coordinations were calculated as

the sums of the effective ionic radii^ ^ to be
2.30A and 2.03A, respectively. Using these values
average Fe-0 distances expected for samples were
evaluated on the basis of the ratios of dodeca

hedral Fe^"^ to octaliedral Fe^"^ in experimental
formulae, and given in the column "predicted" in
Table 1. As seen in Table 1 there are significant

discrepancies between the observed and expected
bond distances, in particular Fe-Pyrope. If we
assume that the total numbers of Fe and Fe

ions per formula unit were equal to those given
in the chemical formulae determined by the chemi
cal analyses, and that Fe^"*" and Fe^"^ ions occupy
the dodecahedral and octahedral s^tes, respec
tively, the ratios of Fe to Fe should be
changed as sliown in the following formulae to
make the expected Fe-0 distances equal to the
observed ones:

Mg-Almandine (Fe^^qCao.iMnQ,2^80.6^(AI3 _4Fe^^9)
2+ ^^^5.6^^0.4^^24 3+

(Fe2. yCao. 6^1^0.1^82. 3) (AI3. iFeQ. i)Fe-Pyrope

24. (Si5^3Alo.7)024
Andradite (feQ. 2*^35. 2) (AI2. 1^61. 9)

516.1024.
Although there exist no significant differences
between these formulae and those from chemical

analyses in Mg-Almandlne and Andrdite, a large
difference is observed in Fe-Pyrope. The observed
distance indicates that almost all iron atoms

should be in the divalent state in this garnet.
Considerable amounts of vacancies are suggested
to exist in dodecahedral sites in Mg-Almandine
and in octahedral sites in Fe-Pyrope from the
above formulae, but we need more accurate chemical
analysis to give definite conclusion.

References
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Table 1 Fe-0 distances

Mg-Almandine
Fe-Pyrope

Andradite

observed(A)
2.26

2.29

2.03

- re-Fyrop€

6.8 T.O 7.2 ?.< 7.6 7
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rio.l Pe K-edqe EXAFS spectra.

predicted(A)
2.27

2.23

2.06

Ho-Alaandine

0.0 1.0 2.0 3.0 4.0 5.0

distance/A

Fio.2 Fourier transionn.
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We have previously reported the structures of
vanadium oxide supported on silica and alumina
using EXAFS/XANKS' and concluded that vanadium
oxide on alumina has an isolated tetrahedral

structure while the oxide on silica la present
mainly as a two-dimensional array of VOs
octaliedra. The conclusion is inconsiistent with

that de<hiced from ESIt studies.^ So for, isolated
tetrahedra on silica hove been thought to be the
active species in photocatalysis' and the ESR
results have justified the hypothesis.

The result of our EXAFS/XANES is inconsistent

with not only ESli results but also those from
other techniques; UV/VIS, Raman, IR, etc. This
may be related to the mode of measurments. Since
our experiments were carried out ex situ, it is
possible that the catalyst adsobed water molecules
resulting in an increase in the coordination
number. In order to avoid such effects, the
measurements were carried out under the Ar-purged
condition in the present study.

Experimental

The catalyst samples (VS,VA: vanadium oxide
supported on silica and alumina, respectively.)
were the same as reported previously.' Dried
samples (VSD, VAD) were treated in vacuo at 673 K
and pressed into tliscs in the argon atmosphere.
Jlydrated siimplns (VSH, VAH) were pressed into
dis<ts und«?r the ambient condition. The disc was

sealed with polyjiropylene film. X-Ray absorption
experiments were t:arried out using an Si(lll)
two-crj'stal monochrometer on the beam line 7-c at

KEK-FF.

Results and Discussion

Silica-supported vanadium oxide. Normalized
XANES spectra of VSH and VSD are shown In fig. 1
(a) and (b), respectively. A characteristic
pre-edge peak in the vicinity of 0 eV changed in
height by hydrnl.ion. In the case of VSD, the
pre-edge peak is higher than that of VSH. This
suggests that a vanadium ion of the catalyst is
present in a dried state as a coordinatively
tinsal.urated inr> and the coordination number

increases aft-er hydralion because of adsorption of
water molecules. Eig. 1 {a') and (b') show the
Emirier transforms (FTs) of EXAFS of VSH and VSD.
The FTs are very <Iirferent from each other. The
moat striking feHture is that a peak is well
recognized at R = 2.6 A due to a V-V pair in VSH,
but not in VSD. Structural parameters obtained
from a rairve-fitting procedure are summarized in
Table I.

Tliese results show that isolated VO4 species
exist on a dried catalyst surface, while an

adstu-hed ILO inobvuiles bridges two VO4 species
resulting in fixing an adjacent vanadium ion.

/Mutniria-supporf.ed vanadium oxide. In marked
contrast with the VS system, both XANES and EXAFS
of H VA catalyst <io not change by hydration. This

W 2

-40 0 40 0 2 .4
Relativephoton energy/eV R/A

Figure 1 XANES of A-VSH(a) and A-VSD(b)
and Fourier transforms of EXAFS of

A-VSH(a') and A-VSD(b'). Energy offset

of XANES is taken to be 5470.0 eV.

Table 1 Structural parameters
for v-o shells

catalyst hydrated

1.0 1.62 0.9 1.61

1.0 1.70 1.5 1.81
2.0 1.92 1.8 1.98

1.0 1.63 1.3 1.67

2.9 1.78 2.6 1.77

CNj coordination number

R : bond length in A

implies tliat water molecules are not adsorbed on a
vanadium ion directly although a vanadium ion on
alumina is located in the center of an oxygen-

tetralusdron as T-ej)orted previously. However, the
shoi'l. bond, corresponding to a V=0 bond, elongates
aftei- hydi-ation as shown in Table 1. This shows
that adsorbed water tnolectiles interact witli a
vanadium oxide cluster. The similar phenomenon
WHS <jbserved in a Raman spectroscopic study.*
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Introduction

Activated carbon fiber (ACF) has uniform

micropores. The ACF modified with iron oxides can
adsorb NO molecules up to 300 mg/g-adsorbent at 30

C, although the critical temperature of NO is -93
C. One of these authors proposed the mechanism

of the chemisorption-assisted micropore filling
for the anomalous NO adsorptivity (1). The
structure of iron oxides on the ACF should be

characterized in order to understand the role of

iron oxides in the NO micropore filling. We
characterized iron oxides formed on the ACF with

the aid of X-ray absorption spectroscopy.

Experimental and Results

The cellulose-based ACF was mainly used. 0<-
FeOOH was dispersed on the ACF preoxidized in 6 M
HNO^ (of-ox-ACF^. 0(-ox-ACF was heated at 300-500

C under 10 Terr for 15 h; h-ox-ACF-t was
obtained by heating e(-ox-ACF at t C in vacuo.
Also the ACF modified with Cu oxides was prepared
for comparison.

We measured Fe K-edge XANES and EXAFS
spectra of 0(-Fe001I, ^-FeOOH, T-FeOOH, Of-Fe 0 , 7^
Fe_0., Fe„0., c<-ox-ACF, and h-ox-ACF by use of the
EXAFS facilities at BL7C of Photon Factory in the
National Laboratory for High Energy Physics. The
XANES and EXAFS spectra of Cu(0H)2» CuO, and Cu
oxide-ACF were measured, too. ^

Figure 1 shows Fourier transforms of the k -
weighted EXAFS spectra for o<-ox-ACF, h-ox-ACF-
500, c(-FeOOH, and ot-Fe^O.. Each spectrum has two
main peaks at near 1.4 and 2.8 8; the 1.4 and 2.8
8 peaks can be assigned to the Fe-0 and Fe-Fe
distances, respectively. The spectrum of ®^-FeOOH
has a different feature of that of 0(-Fe202.

h-o*.ACF-50

a-rciOj

0123 A 56 0123^56

DISTANCE , X

The predominant features of <^-ox-ACF and h-ox-ACF-
500 resemble to those of Ot^FeOOH and (X-Fe^O^,
respectively. The amplitudes of the Fe-Fe peak
for 6<-ox-ACF and h-ox-ACF-500 ate much less than

those for bulk<y-Fe00H and0t-Fe_0„, respectively,
suggesting that ultrafine of-FeOOH substance isonrt.
-ox-ACF and transforms into o<-Fe„0„-like one on

heating OC-ox-ACF at 500 °C. The XANES spectra
of oC-FeOOH, O^-Fe^O^, <X-ox-ACF, and h-ox-ACF-500
are shown in Figure 2. The spectra of 0<-Fe0OH, OL-
ox-ACF, and h-ox-ACF resemble closely each other;
each spectrum has a weak ls-3d absorption and a
strong ls-4p absorption with a shoulder. Only oC-
Fe^O. has different features; the oCrFe^O^-like
substance on h-ox-ACF-500 suggested by the EXAFS
spectra may have a slightly different structure
from bulk (X-Fe^O^- Also h-ox-ACF-300 and -400
gave the similar results to h-ox-ACF-500 (2).

The ultrafine oC-Fe_0^-like crystallites
assume to take a role of pillars between the slit-
shaped micropores of the ACF, strengthening the
adsorption field against N0(3).

The EXAFS and XANES spectra of Cu(OH) , CuO,
and Cu oxide-ACF showed that ultrafine Cu(on). or

CuO is produced on the ACF in the case or Cu
oxides. Also Cu oxides on the ACF enhance the NO

adsorptivity as well as the iron oxides on the
ACF(4).
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Introduction

The Al203-supported P2O5-V2O5
catalysis is known for the synthesis of
maleic anhydride from the 1-butene^'. We
studied the structure change of
AI2O3-supported P205"V2^5 catalysis
during the 1-butene oxidation reaction
by means of EXAFS spectroscopy.

Experimental
The Al203-supported P2O5-V2O5

catalyst v;as prepared in the previous
reported way^J. The EXAFS measurements
were carrj.ed out at BL-7C.

Results and Discussion.

Fig.1 shows the Fourier transforms
of V K-edge EXAFS spectra of P205~V205
catalysts during the oxidation reaction.
Fig.la shows the P2O5-V2O5 catalysts
calcined at 673 K. The first peak is
due to V-0 coordination. After the

reaction of C4H3 at 750 K, the Fourier
transform as shown in Fig.1b was
obtained. The peak corresponding to V-0
shifted to the longer side compared to
that shov/n in Fig.la. The interatomic
distance reflects the valency of the
central atom and coordination number.

As the valency increases and the
coordination number decreases, the
interatomic distance decreases. The

EXAFS analysis shows no change in tlie
oxygen coordination number before and
after the reaction. Thus the longer
distance of V-0 as shown in Fig.lb means
that the V^"*" is reduced to V^"*" in the
reaction with C4HQ. The sample was
subsequently treated with O2 at 673 K,
the V-0 distance v^as shortened again.
Thus the V was reoxidised to V^+. Thus
the Valency of V varied between 4+ to 5+
during the reaction.

1)Histubishi Kasei, Japan. Pat.,
40-7808.

. 0 <.0

Fig.l Fourier transform of
VOPO^/Al^Oj

9-0 10 >.a >.0

Fig.2 Fourier transform of
the sample after the C.Hg
reaction.

Fig,3 Fourier transform
of the sample after the re
oxidation.
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We have reported the synthesis and activities
of unusual catalysts prepared by the solvated
metal atom dispersion (SMAD) method.Metal
atoms are solvated at low temperatures in
some appropriate solvents, and upon warming
metal atom clustering begins. The growing
clusters incorporate carbonaceous fragments
which stabilize them as amorphous
"orgnnometallic" powders and provide good means
of attachment of the metal particles to support
surfaces. Bimetallic catalysts are formed by
the cocondensal.ion of two metals. The addition

of an equimolnr amount of Mn to Co/SiOj SMAD
catalysts increased the catalytic activity for
hydrogenation of olefins by 100 fold.'*' This
prompted us to use EXAFS spectroscopy to obtain
informations on the local structure surrounding
the Co and Mn atoms.

Experimental

The Co-Mn/Si02 catalysts which were prepared
by the SMAD method" were pressed under N2 into
disks of 20 mm diameter using polyethylene
powder as a filler. The Si02-supported
catalysts include the following: 3.67%Co,
8.32%Co-1.57%-Mn, 5.6%Co-1.47%Mn, and 3.24%Co-
3.98%Mn/Si02. These catalysts and some Co and
Mn reference compounds were measured at r.t.
using the EXAFS spectrometer at BL-7C.

Results and Discussion

The Fourier transforms of Co K-edge EXAFS
for SMAD Co-Mri/Si02 bimetallic catalysts are
shown in Fig. 1. Most of the cobalt in 3.67%-
Co/SiOa is oxidized. However, the addition of
Mn (Mn/Co = 0.2 mole ratio) inhibits the

formation of cobalt oxides. When the ratio of

Mn/Co reaches a value of 1.32, the Fourier
transform of the 3.24%Co-3.98%Mn catalyst
indicates that there are a large number of
metallic Co-Co bonds. Interestingly, the most
active Co-Mn/Si02 catalyst has a Mn:Co of ca.
1. Most of cobalt clusters should be very
small (ultra-fine particles) since the
contributions from the higher coordiantion
shells are small. The best result in the curve

3.67XCO

5.6XCO-

1.IXMn
(0.27)

8.32XCO-

1.57XMn

(0.20)

3.24XCO-

3.98XHn
(1.32)

Fig. 1. Fourier transforms of Co K-edge EXAFS
for Co-Hn/SiO„ bimetallic catalysts. ( ):Mn/Co

fitting analysis (Table 1) was obtained only
when the contribution of C atoms was taken into
account. There seems to be at least some

coordination between carbonaceous fragments and
Co atoms.

Tlie Fourier transform of Mn K-edge EXAFS of
3.24%Co-3.98%Mn shows that Mn species are in
the oxidized state. The SiO: surface can
provide significant but limited amount of
oxygen. The more oxophilic Mn scavenges the
oxygen allowing Co to remain in the metallic
slate. The enliancement of reactions by the
addition of Mn is due to the large amount of
reactive metallic Co species whose electrons
are partially withdrawn by the oxidized Mn
species.

References

la) K.J.KIabunde and Y.Imizu, J. Am. Chem.
Soc., 106, 2721 (1984);b) H.Kanai, B.J.Tan and
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Table 1 Structural parameters for Co-Mn/SiO,, bimetallic catalysts' Langmuir, 2, 760
(1986) and references
cited thei-ein.Catalyst (Mn/Co) Co-Co

CN R

Co-Mn

CN R

Co-C

CN R

Co-0

CN R

3-G7%Co 0.27 2.40 0.13 1.89 1.42 2.01

8.32%Co-1.57%Mn (0.20) 2.95 2.47 0.51 2.67 0.25 1.96 0.25 2.01

5.60%Co-l.40%Mn (0.27) 2.30 2.47 0.24 2.72 0.33 1.92 0.51 2.04

3.24%Co-3.9B%Mn (1.32) 3.29 2.48 1.25 2.67 0.32 1.91 0.10 2.03

11 ) Q
CN: Coordination number, R: bond length (A)
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The synthesis of a new type of
catalytically active species on the
solid surface is one of the intriguing
problem in surface science. The
stepwise fixation reaction has
possibility to produce the bimetallic
catalyst with a well-defined structure.

We intended to prepare the Si02
attached Nb-Se catalyst by using the
two-step fixation reaction between the
Se(CH3)2 and the Nb{C3n5)3(0)x- already
attached on Si02 with the reaction of
Nb(C3H5)4 and OH groups of the Si02. We
studied the structure of tlie

thus-obtained surface species by means
of EXAFS to examine the existence of the
Nb-Se bonding.

Experimental
The Se(CH3)2 purchased from the

Toyo-Stopher Chemical Co. v;as used
without any purification. The Si02-
attached allyl Nb comlex was prepared in
a previously reported way^ ^. The attached
allyl Nb v/as pretreated at 323 K under
H2 atmospliere. The 13 Torr of Se(CH3)2
was introduced into the glass system and
reacted with the Si02-attached Nb '•
complex at 323 K. The amount of
introduced Se v/as twice as large as that
of Nb complex. The sample v;as then
transferred to the EXAFS measurement

cell. EXAFS spectra were taken at
BL-1OB.

a

Results and discussion

Fig. 1 shows the normalized EXAFS
oscillation and Fourier transform of

Se{Cn3)2 in the gas phase. The Se-C
bonding was observed. The normalized
EXAFS oscillation and Fourier transform

after the deposition of Se(CH3)2 on the
Si02-attached allyl Nb was shov/n in Fig.
2. The first peak was attibuted to the
bonding betv/eon the light element such
as Se-0 or Se-C. It possibly arises
from the methyl ligand of Se^ The peak
at 0.24 nm was well reproduced in the
several independent measurements. In
Fig.3 the comparison of the
Fourier-filtered EXAFS oscillation of

the peak at 0.24 nm and the calculated
EXAFS oscillation based on the Se-Nb

bonding. The distance between Se-Nb was

0.267 nm, well corresponding to that of
Se-Nb in the bulk NbSe2. We concluded
that Se-Nb v/as attached selectively on
Nb site. This work gives the direct
evidence for the possibility to produce
a desined structure on the surface if

one uses the stepwise fixation process.

Fig.l EXAFS oscillation and its Fourier
transform of Se(Cllj)2

Hi
m

Fig.2 EXAFS oscillation and its Fourier
transform of the surface Nb-Se complex
(a,b). Theoretical fit of the data
inversely Fourier filtered over 0.2-0.3
nm.(c)

1) M.Mishimura, K.Asakura, and
Y.Iwasawa, Chem. Lett., 1 966, 1 457.
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The local chemical environments around a

specific element is strongly required for de
scribing the fine structure in multi-component
disordered materials. For this purpose, the
Anomalous X-ray Scattering (AXS) by applying the
anomalous dispersion effect near an absorption
edge of a constituent element has recently re
ceived much attention coupled with the availa
bility of synchrotron radiation source. The main
purposes of this proposal is to develop the AXS
technique itself and to characterize the struc
ture of disordered materials by this relatively
new technique.

Fig.1 shows the schematic diagram for the
experimental set-up of the present AXS measure
ments at BL-7C beam line. This facility involves
the (0-2 0 goniometer designed by Ishikawa et al
and the associated electronics prepared by
Nomura^, although some modification were re
quired for the present purpose.

The present interest for the AXS measure
ments focuses on the lower energy side of the
absorption edge where only monotonic energy
dependence of the real part of f is observed
and the imaginary part of f" is almost constant
and small. It contrasts to the energy region of
the EXAFS. The energy dependence of the real
part part of the anomalous dispersion, f, was
experimentally determined at several photon
energies by measuring the intensity of the Bragg
reflection from several polycrystalline powder
samples. For the purpose of normalizing the
intensity, the value of f at energy by about
500 eV away from the edge was assumed to be the
theoretical value. Fig.2 shows the energy de
pendence of f obtained in this work with Cu and
Ge powders as an example and agreement appears
to be satisfactory. Thus, the incident energies
could be selected accurately for further AXS
measurements.

Recent works on the Al-Mn based alloys
clearly indicate the formation of the certain
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Supporting Table

Fig.l Schematic diagram for AXS measurements.

chemical short range order (SRO) in these alloys
and then the formation of a similar SRO is
strongly suggested in these alloys in the amor
phous and liquid states. Such point may be
strongly related to the formation of the quasi-
periodicity found in these alloys. The variation
of the intensity of amorphous Al^QGengMn-iQ alloy
was measured at several energies close to the
absorption of Ge-K edge and the part of the
results is given in Fig.3« Some distinct struc
tural features such as three headed first peak
and the second peak with shoulder are detected.
As shown in Fig.3, the intensity is also sig
nificantly dependent upon energy and such varia
tion corresponds to the local chemical environ
ment around a Ge atom in amorphous Al^gGe^QMn-,g
alloy, although the detailed information is not
obtained yet.

1.T.Ishikawa,J.Matsui and T.Kitano; Nucl.
Instr. Meth., A246{1986)613.

2. M.Nomura: KEK Report Inter. No.87-1(1987).
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Fig.3 Energy dependence of the intensity pattern

of amorphous Al-Ge-Mn alloy.
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Introduction

The free-living nitrogen-fixing bacterium
Azotabacter chroococcum has recently been shown

to contain two nttrogenase systems. One of these
is the well-characterised molybdenum-containing
enzyme and the other, which is encoded by differ
ent genes, contains vanadium^'^ . Our initial
EXAFS study has shown that tlie V environment
contains O, S and Fe and has a striking simil
arity to the environment of Mo in FeMoco, thus
suggesting the presence of a vanadium-containing
cofactor^'.

Vanadium K-edge X-ray absorption spectra

have been collected for samples of thionine-
oxidised, super-reduced (during enzyme turnover)
and dithionite-reduced vanadium-iron protein of

the vanadium nitrogenase from Azotabacter
chroococcum (Acl*)^'^'. Both the extended X-ray
absorption fine structure (EXAFS) and the X-ray
absorption near-edge structure (XANES) are
consistent with previous data for the dithionite-
reduced protein^', implying that the vanadium
is present as part of a VFeS cluster and that the
environment of the vanadium is not significantly
altered in different oxidation states of the

protein.

Experimental and Results

X-ray absorption spectra were recorded in
fluorescence mode on EXAFS station 7C at the

Photon Factory; ca. ten scans were recorded and
averaged for each sample. A sagittal focusing,
double crystal Si(111) monochromator was used
together with a 200 mm long fused quartz mirror
placed at an angle of £a. 8 mrad to reduce
harmonic contamination. Incident intensity was

measured using a windowless ionisation chamber
whilst a Lytle cell, filled with 100% argon and
masked with a titanium foil, monitored fluores
cent intensity. An average sample temperature of
80 K was maintained during data collection by use
of a liquid nitrogen cryostat. Data analysis was
accomplished via the single-scattering spherical-

wave method for EXAFS calculation and phaseshifts
were derived from ab initio calculations as

described previous ly'^ '.
Vanadium K-absorption edge and XANES data

are shown in Fig. 1 for both the thionine-
oxidised and dithionite reduced forms of Acl*,

together with a single scan for the protein
during enzyme turnover. The structure of the

edge and XANES are similar for all samples,
namely a weak pre-edge feature and edge inflec
tion, and a 'doublet' in the XANES, and also

resemble those previously observed for the
dithionite-reduced protein^K This overall

Super-reducec

Reduced

Oxidised

Fig. 1

similarity implies that no major changes are
occurring in the local environment of the
vanadium. The intensity of the pre-edge feature
implies distorted octahedral coordination of the
vanadium in all the systems studied^ . The
position of the edge and pre-edge feature rela
tive to vanadium metal indicate an oxidation

state of between V(II) and V(IV).

Fig. 2 shows the vanadium K-edge EXAFS data
for dithionite-reduced and thionine-oxidised Acl*

((a) and (b) respectively) together with their
Fourier transforms and simulations employing the
parameters given in the Figure. The two sets of
data resemble each other closely and are also
like the previously published data for the
dithionite-reduced protein^ . In both cases the
data were best simulated with backscattering from

3 + 1 oxygen, 3 ± 1 sulphur and 3 ± 1 iron atoms,
assuming octahedral coordination at vanadium, as
deduced from the edge data.

Thus the edge, XANES and EXAFS data present
ed here are consistent with vanadium in the

reduced and oxidised forms of Acl* being coordin
ated in a similar environment to the cluster

compound [NMe^)(VFejS^Clj(DMF)31® . This situ
ation is analogous to that of the MoFe protein of
nitrogenases where X-ray absorption studies of
reduced and oxidised samples showed that molyb

denum is present as part of a MoFeS cluster and
that there are no appreciable differences in the
molybdenum K-edge EXAFS upon a change in the
oxidation level' . In the case of molybdenum

this has been attributed to delocalisation

effects and similar effects are probably operable
for vanadium in the VFe protein.
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Fig. 2. Theoretical simulations using (a) three oxygen at 2.13 A, three sulphur at 2.35 A and three
iron at 2.71 A, and (b) three oxygen at 2.13 A, three sulphur at 2.35 A and three iron at 2.70 A.
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Introduction

Until now, selective coronary angiography
requires invasive procedure. Study on new
nethod with less-invasive transvenous injection
of contrast materials is being carried out in

several facilities using synchrotron radiation'.^
This study aims to develop a high-speed, high-
resolution imaging system. A proto-type system
has been constructed for phantom and small
animal studies.

Experiment

The present system is shown in Fig. 1.
Synchrotron radiation 60 mm in width was
obtained at Hitachi beam line (BL-8C) of Photon

Caaera ^ Video deta _ Coopuler
controller acquisition unit syatea

Shutter ^ Fraoe blanking _ Pulse eotor
controller controller driver

' PLZT shutter
Monochrome x-ray beam

<50 X 60 am )

I

MonochrooAtor

Fig.1. System configuration

la K

Vessel phantom
fi1 led with
25-f old d iluted

10 mm air gap

Factory. A 450 mm x 70 ram silicon monocrystal
is used for raonochromator. Asymmetric
reflections at silicon (111) planes expand beam
size 25 times and offer a 50 mm x 60 am
monochromatic x-ray beam, whose intensity is 400
raR/s at electron current of 200 mA. Change of
x-ray photon energy is performed by stepping
motor controlled rotation of the crystal. Time
required to change energy between above and
below iodine K-edge is less than 16 ms for 500
eV change. The TV camera incorporates high-
resolution Saticon tube, and is operated 1125
lines for precise mode. It can be operated
either 525 or 262 lines for dynamic mode. Frame
scanning time is 33.3 ras and 16.7 ms
respectively. 8 images are acquired
continuously in 2M byte frame memory. Further
developments are being planned.

Results

For 2 mm vessel phantom filled with 25-fold
diluted agent (14 mg/ml iodine) in composite
phantoo, 44 percent contraction was clearly
visualized (Fig. 2). Detection limit of the
diluted agent was 0.5 mm. For a phantom
consisted of Lucite, pig ribs, and a coronary
artery filled with denser contrast material, 0.3
mm vessels were visualized free from obstruction
of the rib image (Fig. 3). Energy subtraction
with each exposure time of 16.7 ms and time
interval of 16.7 bis was achieved, and 1 mm
vessel phantom moving at 30 mm/s was clearly

This work has been performed under the
approval of National Laboratory for High Energy
Physics (Acceptance No. 86-018).
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Introduction
RcccnI.ly, X-ray conputed toBography(CT) using

synchrotron radintion(SR) has been applied in
nonmodical fii^lds such as industrial materials

research. CT using SR is able to observe

the distribution of a specific element and to
provide CT imiges with high spatial resolution.''*'
In order l.o get high quality CT images with high
resolution, it is necessary to use not only
nronochromatized X-ray beam from a point-like X-ray
source, but also an X-ray i«age detector with high
spatial resolution. This report describes
high resolution CT images detected by an X-ray
sensing pickup tube.

Expcrimenta1 and Results
The CT instruments are installed on BL-8C

connected to KFK Photon Factory storage ring.
SR having a wliite spectrum is monochromatized
by an SiCdOO) channel cut monochroraetor. It is
collimat.ed into a width of SOmm and a height of
0.05-2nira by the entrance slit. The beam is applied
to the sample, before being led to the image
detector. A test sample which is SiC fiber

reinforced Si,N, ceramics is used to confirm high
spatial resolution of the CT image. The SiC fiber
(MO/xm^) consists of a carbon core(30/xm^) and
SiC whJcli is deposited around the core by CVD(scc
Fig.l).

Firstly, A photo diode array detector(rDA) which
has lOZdch and 25/xm width % 2.5mm height is used.
The projectjoM image of the sample is magnified by
asymmetric Bragg diffraction because the spatial
resolution of the PDA is about I20|im.*' As shown
in Fig.2, the CT image of the sample is obtained
with an exposure time of 30s per one projection,
using nine fold magnification, at 24keV photon
energy.The carbon fiber core and SiC fiber are
found as individual components. It is not, however.

Si,N, ceramics

SiC(140/tm* )

carbon fiber core

(30 <x m* )

Figl. An illustration of the SiC fiber
Si,N., ceramics composite.

enough only to dislingiiish the boundaries

between carbon fiber core, SiC fiber and SijN,
ceramics.

Secondly, the projection image of the sample
is delected with an X-ray direct-sensing pickup
tube wliose spatial resolution is about S/xm, as
estimateii with a radial pattern test rhart.^'
Channel size of tills pickup tube is 7.5/im wide
X R.O/im high for the i>resent scanning size of
7.7x6.Inm*. In Fig.3 the CT imago of the sample
is shown with an exposure time of 1.2s at ZdkeV
photon energy. No magnification is used. The
boundaries between carbon fiber core,SiC fiber

and SijN, ceramics are clearly seen. The X-ray
direct-sensing pickup tube is able to obtain
higher resolution CT images than those measured

by PDA with several fold magnification.

This work has been performed under the approval
of the Photon Factory Program Advisory Committee
(Proposal No.86-018)
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Fig2. A CT image with nine fold magnification
of the sample measured by PDA. Slice width is
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Fig3. A CT image of the sample measured
by the X-ray sensing pickup tube with no
magnification. Slice width is O.Oram.
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The X-ray two-dimensional image sensor is one of
the most important components in X-ray microscopy
and X-ray topography. Chikawa et al [1] have
recently developed a high resolution (6 pm) X-ray
sensing pickup tube. The X-ray direct-sensing
pickup tube has a beryllium faceplate. The
faceplate adversely affects image quality of the
pickup tube: white defects appear in the scanning
area. Since it is very difficult to make smooth
beryllium surfaces, small pits remain. These
small pits on the faceplate are believed to cause
the white defects. This report describes an X-ray
direct-sensing pickup tube with a new faceplate
structure free of white defects.

Tube structure Is shown in Fig. 1. The faceplate
consists of two parts. The atmosphere side is 500
fjm thick beryllium. The vacuum side is a 25 )Jb
glass plate. The transparent electrode and
photoconduct1ve layer are deposited on this glass
plate. Using this faceplate, both high X-ray
transmittance and smooth surface are obtained,
since glass polishes much easily than beryllium.
The glass plate is so thin that transmittance is
sufficiently high. The photoconductive layer is
identical to that of Chikawa. Amorphous Se/As
alloy of 20 jim thick Is used. A diode electron
gun [2] of high definition pickup tube (H4186,
Hobara Works, Hitachi Ltd.) provides narrow
scanning electron beam.

The pickup tube's characteristics has been
evaluated at BL 8C. Measured spectral response is
shown in Fig. 2. This pickup tube functions in
wide X-ray energy range from 7 to 40 keV...
Sensitivity takes a maximum (6 x 10
A/(photons/s)) at 20 keV. Measured square wave
amplitude response is shown in Fig. 3. A lead
test chart whose finest pattern Is 10 line
pairs/ram is retluccd to 20X by a.symmetrtc Bragg
diffraction. The measured amplitude response at
50 line pairs/mm is about 9X. Limiting
resolution is estimated to be about 8 pm.
Preliminary study for monochromatic X-ray

microradiography has also been performed as shown
in Fig. 4. Projection Images of a test sample are
Bef yllium

Window OotW Elpclfon Gun
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F^oKxooduclivf Lavff

Cf«iuri Onidf

Transpar»nl
\ Elfclfodf
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\E(>o«Y Layer

yllium Window

Fig.l
Pickup tube

and

faceplate

taken at different X-ray energies above and !>elow
the Mo K-absorption edge. Elemental mapping of
the sample can be observed by difference between
two images. No defects such as white spots are
observed in the scanning area.

The authors would like to thank Dr.T.Kawaraura of
NIIK Science and Technical Research Laboratories
for valuable discussions on developing the pickup
tube and appreciate the staff of KEK-PF for
useful advice for use of synchrotron radiation.
This study has been performed under the approval
of National Laboratory for High Energy Physics
(Accepted No.86-014)
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Introduction

Synchrotron radiation (SR) lithography is a
promising technology for replacing
photolithography in future dimensions below
0.5pm. The high intensity and good collimation
achievable by using SR appear to realize high
throughput and highest resolution. Recently, we
have developed an SR lithography beamline using
the BL-9A branch line. '

During the present work, system reliability
has been investigated in terms of vacuum
breakdown protect ion.

FCV and ADL

The BL-9A SR lithography beamline, one of 3
branch lines split from a basic beamline, is a
10"' Pa UHV system with an oscillating mirror.
In addition to a ^0 msec closing-time fast
closing valve (FCV) and an acoustic delay line
(ADL), installed in the basic beamline,^' we
have set up a <15 msec closing-time FCV and AO
msec delay-time ADL in the branch beamline, thus
organizing a double vacuum protection system.
Particularly, the FCV and ADL are placed far
upstream of the oscillating mirror, to cope with
unforeseen occurrences, such as gas leakage
caused by the oscillating mechanism and gas
release from the mirror irradiated by SR. A
vacuum breakdown test was undertaken to confirm
the performance of the FCV and ADL installed in
the branch beamline. The variation in pressure
with time lapse is demonstrated in Fig. 1. The
results showed that the pressure, measured at a
cold-cathode gauge set up just upstream of the
FCV, was increased from 1X10"^ Pa to 5X10"^ Pa,
when 10^ Pa air was introduced downstream of the
ADL. The 10^ Pa air introduction leads to an
abrupt increase in pressure, measured at a

,OPERATING PRESSURE FOR
IFCV SENSOR 6.7x10'̂ Po

<

a:

> 5x10"® Po
IxiO"' Po

ION PUMPOFF

INTRODUCTION OF

IO^®Pa AiR\

5x10"® Po

TIME (0.6sec/Dlv)
Fig. 1. Vacuum breakdown test, using

present FCV and ADL,

Bayard-Alpert pressure gauge placed downstream
of the ADL. After the FCV operated, the
pressure at the cold-cathode pressure gauge was
kept at 5x10'^ Pa. As a result, it was found
that the FCV and ADL provided appreciably good
performance and operated successfully for the
present purpose.

Double—structured bellows

The oscillating mirror is driven through a
bellows by a combination of DC servomotor and a
cam mechanism. The bellows expands and
contracts with a vibrating shaft motion.
Therefore, it could happen that a small but
sudden leakage in the bellows would lead to a
vacuum breakdown. In order to provide against
such a gas leakage, a double-structured bellows
has been contrived, as shown in Fig. 2. Low
vacuum evacuation is made in the space between
the two bellows. Even if a gas leakage were to
take place in the outer bellows, the system
would not be damaged. In the case of a gas
leakage in the inner bellows, the increase in
pressure at the mirror chamber results in the
operation of an interlock function, followed by
shutting all gate valves in the beamline.
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Introduction

Heterojunctions are widely used in semi
conductor devices. In these systems, the inter
faces often play an important role in the deter
mination of physical characterictics. Although a
reconstructed structure on a clean solid surface
is well studied by many techniques, it has not
been clear so far that a reconstructed structure
or a superstructure does exist at an interface
between two solid layers.

Recently, a 7x7 interfacial superstructure
was observed at an a-Si/Si(lll) interface by the
TED technique 1). In this report, we will show
the experimental results of the structural studies
on a-Si/Si (111 )-7x7 and a-Si/6e^ j,Si« g(lll)-5x5
interfacial superstructures. Ana"Re will discuss
these structures in the real space according to
the DAS model 2).

Experimental

The sample preparation procedure is as
follows. Ge^. _Si- o(lll) alloy layers were grown
by an MBE tednniqCie. After a Si(lll)-7x7 or a
GSq g(111)-5x5 RHEED pattern was obtained,
an 'amorpnous Si layer of 100 A in thickness was
deposited at room temperature.

X-Ray Bragg peaks from interfacial super
structure of a-Si/Si(in)-7x7 and a-Si/Ge« «Sip, .
{Ill)-5x5 were observed by the grazing inCTdenCe
X-ray diffraction technique. The experimental
configuration in detail was described in the
previous report 3).

Results and Discussion

The observed 7x7 intensity diagram is shown
in Fig. 1. Areas of the solid circles are

• • •

• • • O • O 0 O ^ I

• • • ••A*

Fig. 1

proportional to intensities. The open circles
show that at the corresponding reciprocal lattice
points, no diffraction peaks were observed. The
star marks show the fundamental lattice points.
The observed 5x5 intensity diagram is shown in
Fig. 2.

It was found that the intense peaks lay
around fundamental lattice points ( (10), (01),
(11) etc. ) and on the line connecting fundamen
tal lattice points in both samples.

In the Patterson maps constructed from the
observed intensities of fractional-order reflec
tions, Patterson peaks concerned with adatoms in
the DAS model disappear or intensity of those
peaks is weak. This implies that the deposition
of a-Si results in destroying the periodic order
of adatoms in the DAS model.

The diagram illustrating the observed
intensity distribution has a resemblance to that
calculated from the stacking-fault structure in
the DAS model. This may suggest that the ordering
of amorphous layers occurs on top of the stacking-
fault layer and the interface structure results
in emphasizing stacking-fault layers.

The intensity diagram in which two stacking-
fault layers and one dimer layer are taken into
account, agrees fairly well with the observed
intensity diagram.
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Introduction , r S .u .u1.5 A struck the sample at the grazing incident
angle of 0.2'. The experimental configulation in
detail was described in the previous report 2).

Results and Discussion

The diffraction profiles from the sample of
Si(111)/B(/3xi3)/Si(111) are shown in Fig. 2. The
diffraction profiles are taken with 9-scans at
the (2/3,2/3) and the (-2/3,4/3) fractional lat
tice points in the two-dimensional reciprocal
lattice space. These profiles show existence of
('/3xJ3)R30'' superstructure.

The diffraction profiles from the sample of
a-Si/B(i3xJ3)/Si(111) are shown in Fig. 3. The
diffraction peaks were observed at the (-2/3,4/3)
and the (-1/3,5/3) fractional lattice points.
Intensity of these peaks is higher than that of
the diffraction peaks from the interfacial super
structure between epitaxial layers. This is
because the interfacial superstructure between
epitaxial layers may be partially destroyed,
relative to that between an amorphous layer and a
substrate.

Using this interfacial superstructure, a
three-dimensional superstructure can be formed.
And a two-dimensinal monolayer doping can be
reali zed.
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Heterojunctions are widely used in semi
conductor devices. In these systems, the inter
faces often play an important role in the deter
mination of physical characterictics. Although a
reconstructed structure on a clean solid surface
is well studied by many techniques, an atomic
structure at the interface has not been clear so
far.

In this report, we will show that the
superstructure exists at the interface between
epitaxial layers 1).

Experimental

The sample preparation procedure is as fol
lows. A Si(lll)-7x7 RHEED pattern was obtained by
the surface cleaning technique. A pure Si(lll)
buffer layer of 300 A in thickness was grown
on the cleaned Si(lll) surface, whose temperature
was 750'C. Boron from an HBO2 crucible cell was
deposited on the substrate at 750 °C. The (-^xy3)
R30'RHEED pattern was observed at the coverage of
1/3 ML of boron. Finally, a Si{lll) epitaxial
layer of 100 A in thickness was grown on this
( Jlx 43)R30''-B ( 9 = 1/3 ML } surface structure at
the substrate temperature of 600'C. The surface
structure of this Si(lll) epitaxial overlayer was
7x7 reconstructed structure. The structure of
this sample is shown in Fig. 1(a).

As another sample, an amorphous Si layer of
100 A in thickness was deposited on the (J3xj3)
R30'-B ( 0 = 1/3 ML ) surface structure processed
by the same procedure. The sample structure is
shown in Fig. 1(b).

A grazing incidence X-ray diffraction tech
nique was employed to study the interfacial
superstructure. The X-rays with a wavelength of

SI (111) epitaxial layef 100A Tsub*600'C (33)
B-SxJS 5

SI (111) butler layer 300 A Tsub-750'C 1/3ML - ' "

SI (111) substrate

amorphous Si 100 A T»ub-R.T.

Si (111) buffer layer 300 A Tsub*750 'C

51 (111) substrate

Fig. 1
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IntroductioD

Our understanding of the metal-
semiconductor contact has been relatively poor
so far in spite of extensive studies nearly a
half century. An Al on GaAs surfaces, for
instance, is of some interest as the system,
which can be used as an example in both
experimental and theoretical investigations of
Schottky barriers and adsorption phenomena.
Since the atomic structure at the interface,
which must be important to understand the
Schottky barrier height, has not been clear so
far, no single model can explain all the
experimental data for the formation of Schottky
barrier height. In this report, we will show
the existence of the super—structure at the
interface between Al and GaAs(OOl) by grazing
incidence X-ray diffraction!).

Experimental and Results

The sample structure studied in the present
experiment consists of a 90-130 A-thick Al top
layer and 1 pm- thick Si-doped GaAs epitaxial
layer. The Al layer was deposited at 30*C in
the MBE-grown chamber after the desired surface
structure on GaAs (001) was formed. The two

kinds of samples were prepared for the present
studies; one is that the (2xA)-reconstructed
structure, which is As-stabilized surface
structure, was formed before the deposition of
Al layer (labeled Sample A), and the other is
the (4X6)-reconstructed structure, which is Ga-
stabilized surface structure (labeled Sample B).
The present experiment was performed at BL-9C.
The X-rays of 1.5 A in wavelength were selected
by two (lll)Si monochromators and was impinged
on the sample under the condition of 0.3 grazing
incident angle. The experimental configulation
in detail was described in the previous
report^). The typical scattering patterns with
Sample B are shown in Figure 1. They were taken
by rocking the sample. The direction and the
center of the scan in the reciprocal lattice

2.6|-(0-"/6)

Kool 2-4

2.2 . ' •
. • . • . 'N "

space are indicated in the right hand side of
the figure. On the other hand, the scattered X-
ray profile with Sample A did not show the peaks
at any fractional ordered points which cor
respond with the (2x4)-reconstructed structure.
Figure 2 shows the observed structure factor
with the correction for the polarization,
Lorentz factor and the variation of the active

sample area. The radius of the circles is
proportional to the observed structure factor.

Discussion

G. Landgren et al.^) studied the dependence
of the degrees of the interface reactivity on
the surface reconstruction for the Al deposi
tion. They investigated Che interaction of Al
with C(2X8)-GaAs(001), which is As-stabilized,
and with (AX6)-GaAs(001), which is Ga-stabi-
lized. They concluded that an exchange reac
tion was observed at room temperature for the
(Ax6)-GaAs (001) surface, but not for the
C(2X8). From the present results with con
sidering theirs, one may assume Chat the (Ax6)-
reconstructed structure must be constructed by
at least two layers accompanied with stacking
faults and vacancies. On the other hand, the
(2XA)-reconsCruction might be stabilized by,
for instance, the As-dimers which are destroyed
easily by an Al deposition because of the con
struction of the stable covalent Al-As bonds. To
clarify these, more experiments for investiga
ting Che atomic structure not only at the
interface, but also on Che clean surface are
required.
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Introduction

51 wafers with large diameters of, for
example, more than 4 inches are now required to
cope with low cost LSI. Also, quality Si crystals
are necessary for the high performance of an
integrated circuit. We detected small change of
lattice distortion under the condition of plane
wave X-ray topography and took the surface
sensitive X-ray topographs under the condition of
specular reflection for 6 inch Si crystal.

Experimental
TTie experimental arrangement for the X-ray

topography is as follows . Plane wave X-ray was
obtained by the double crystal monochro-
collimator of {+,+) setting. The first and second
crystals were (111) 6 inch Si wafers grown by CZ
method. The first crystal was aligned as a
monochromator to give 111 symmetric reflection
and the second one as a collimator to give 008
asymmetric reflection. A (001) CZ Si wafer was
aligned at the third crystal and 008 symmetric
reflection was used. (+,-) non-dispersive setting
was constructed between the second and third

crystal. Selected wavelength was O.llllnm and the
asymmetric factor of the second crystal was
estimated to be 0.0043. Surface sensitive

topographs of the second crystal was taken by
adjusting glancing angle to the second crystal
changing the X-ray wavelength from the first
crystal. Experiments was performed at beam line
9C with a wide horizontal beam divergence of
5mrad to cover the beam width of 150mm at the 30m
position from the source point of the storage
ring. Employing asymmetric reflection, X-ray
topographs of 6 inch Si wafer can be taken
without sample scanning.

Results and Discussion

Figure 1 shows a series of plane wave X-ray
topographs of the third crystal which was taken
around the Bragg peak by the (+,+,-) triple
crystal arrangement. The swirl pattern was
observed and the change in image contrast was
clearly observed at intervals of 0.2 arc second.
The swirl pattern was not so fine because
penetration depth was so great that the spatial
resolution became poor. Figure 2 shows a
topograph of the second crystal with a glancing
angle of 0.1 The intensity of diffracted beam
was very weak on this condition. Calculated
penetration depth taking only the incident wave
into account is several nm as shown by arrow (a)
in Fig.3. This topograph is sensitive enough to
the surface that defects such as scratch or

damage layer by mechanochemical polishing can be
detected. Penetration depth is so small that a
fine swirl pattern can be detected in the wafer,
even though the fluctuation of solid-liquid
interface perpendicular to the pulling axis is
very small in the CZ Si crystal. When the
glancing angle becomes larger than the critical
angle, however, the penetration depth increases

abruptly (arrow (b) in Fig.3), so that the
topograph is not so sensitive to the surface as
shown in Fig.2 (b).
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Introduction

TTie nati ve defects in III-V semiconductor
crystals are often electrically active and form
the deep level such as EL2 and DX center. The
configuration-coordinate model together with the
lattice relaxation has been widely proposed to
explain the capture and recombination of carriers
at the deel level(l). However, the abscissa of
the configuration-coordinate model has remained
ambiguous. In the present work we investigated
the lattice relaxation in AlGaAs doped with Se
donor impurities by measuring the local structure
of Se by means of fluorescence EXAFS.

Experimental „
Sample was Al^. ^«As:Se(lxlO atom/cm )

on (001) GaAs groWn by RodvD. EXAFS measurements
were performed for the same sample under the two
condition (a)the sample was placed in the dark
space at the temperature of 70 K. (b)the sample
was irradiated by a halogen lamp at the
temperature of 8 K. Under the, condition (a)
carrier concentration was 1x10 atom/cm , in
this case, electrons were localized at the Se and
nearly all the Se were in the deep DX state.
Under the condition (b) PRC was realized and
electrons localized at the deep DX state were
changed into the shallow DX state. According to
the configuration-coordinate model together with
the lattice relaxation, the large lattice
relaxation was generated under the condition (a)
and was not generated under the condition (b). We
investigated the lattice relaxation with respect
to displacement by comparison between the
conditions (a) and (b).

Results and Discussion
Figure 1 shows the oscillation of the Se K

fluorescence yield as a function of incident X-
ray energy above threshold under the conditions
(a) and (b). Figure 2 shows the imarginary part
Im F(r) and the magnitude |F(r)| of the Fourier
transform without phase shift correction for the
EXAFS oscillation displayed in Fig.1. E^ has been
taken to coincide with the maxium of the
derivative at the absorption edge. The difference
of chemical bonding between the conditions (a)
and (b) can be roughly considered as the
difference of activation energy by C-V
measurements. These value were (a)119mev and
(b)16mev, respectively and the effect of E, on
the displacement determination was considered to
be the same between the conditions (a) and (b).
Furthermore, considering the transferabi1ity, we
can discuss the displacement of the nearest
neighbor atoms around Se between the conditions
(a) and (b) by comparing the first peak positions
in Fig.2 directly. From Fig.2 it was said that
since the first peak positions coincided between
the conditions (a) and (b), although the first
peak was attributed by the two elements A1 and
Ga, no large lattice relaxation as large as 0.4
A reported by Morgan(2) was observed even though
the deep DX state existed.

References
(1) D.V.Lang and R.A.Logan: Rhys. Rev. Lett. 39

(1977) 635.
(2) T.N.Morgan: Rhys. Rev. B34 (1986) 2664.

12.7 12.8 12.9 13.0

photon energy (KeV)

3 4

distace (A)

Fig. 2
Fourier

transform

of kX(k)



proposal No 87-YOOl

Fluorecence EXAFS Study of Zn Doped LEG InP Crystal

Tomohisa KITANO, Hisao WATANABE and Junji MATSUI

Fundamental Reseach Laboratories, NEC Corporation, 4-1-1
Miyazaki, Miyamae-ku, Kawasaki 213, Japan

Introduction

Doping with certain kinds of impurities is
effective in reducing the dislocation density in
III-V semiconductor crystals grown by LEG method.
Various models of interaction between the
impurity^_2atom and dislocation have been
proposed , but atomic structure of the
impurity atom was not necessarily clearified. In
the present work we studied the interatomic
distance between the impurity atom and the host
atom in Zn doped LEG InP crystal, in which system
dislocation density was effectively reduced , by
means of EXAFS by monitoring of the Zn
fluorescence yield.

Experimental

Sample was LEG InP:Zn crystal. Polycrystal1ine
InP was placed in a silica crucible and them
covered with a dried B«0- to form a encapsulant
on top of the melt. Zn impurity was added into
the crucible as element form. The concentration
of Zn atom was estimated to be 8x10 atoms/cm .
Grystal was pulled in a 111 In direction. X-ray
from SR was monochromatized by Si(lll) double
crystals and Zn Ko(. fluorescence yield was
detected using a pure Ge SSD.

Results and Discussion

Figure 1 shows the oscillation of the Zn K
fluorescence yield as a function of incident X-
ray energy above threshold. Figure 2 shows the
imarginary part Im F{r) and the magnitude F(r) of
the Fourier transform using the phase shift and
the^vbackscattering amplitude given by Teo and
Lee . By comparing the Zn K absorption spectra
between InP:Zn and ZnP- with respect to the
damping and period of the oscillation, it was
considered that Zn atom was surrounded by P atom
as nearest neighbors. Zn-P interatomic distance
was determined to be 2.41 A. This value does not
coincided the value calculated from VGA but the
value calculated from Pauling's tetrahedral radii
for zinc blende structure . In the case of LEG
InP:Zn crystal where the impurity doping was
simultaneously performed during crystal growth,
Zn-P bond might be preferentially formed in
liquid state and was succeeded to solid state.
Since Zn-P interatomic distance was remarkably
different from that of InP host crystal, lattice
distortion might be easy to be generated around
the impurity atom, which was shown in XANES
specta. This local structure was assumed to
contribute to suppress the dislocation
motion(slip and/or climbing) and to reduce the
dislocation density.
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Introduction

Taenite is one of the Fe-Ni minerals which is

commonly found in meteorites. The crystal
structure of taenite is simply described as
face-centerc'd cubic structure, where all the
atomic positions are occupied by Fe and Ni with
equal probability. Its space group symmetry is
Fm3m.

Tetrataenite is found only in the extremely
slow-cooled meteorite (cooling rate of some
degrees per million years for the temperature
interval of 700-350®C). The structure of
tetrataenite can be derived from taenite struc

ture by ordering of Fe and Ni atoms and it is,
therefore, described to be C-centered tetragonal
and reduced to primitive tetragonal with;
i =l/2ac+l/2Bc» Bp=I/2ac-l/2Bc and cp=cc (p:
primitive lattice and c:C-centered lattice).
The space group symmetry has been described
P4/mmm by Clarke and Scott (1980). The ex
istence of the ordered tetragonal phase has been
confirmed by optical observation and Moessbauer
experiments. But the structure analysis of
tetrataenite has not been carried out because of

the difficulties to find good single crystal and
to distinguish Fe and Ni with usual X-ray
sources.

In this study, we report the results of the
single crystal experiments on tetrataenite using
synchrotron radiation, which is characterized by
its strong intensity and the tunable wave
length.

Experimental and results

A single crystal of tetrataenite of 50um in
diameter could be separated from the Saint-
Severin meteorite (type-LL6). The chemical
composition was determined to be FeNi by means
of the electron microprobe analysis. Lattice
constants were determined by the four-circle
diffractometer using Moka radiation are :
a=3.577(2), b=3.576(3), c=3.569(2) A,
a=6=Y= 90 (same orientation with FCC-lattice).
The crystal was then mounted on a four-circle
diffractometer of vertical type on BL-lOa in
Photon Factory, Laboratory for High Energy
Physics, Tsukuba. The diffraction data was
collected with the ring current of 135-85 mA.
The X-ray of A=1.746 A was used to the experi
ment by Si(lll) monochromator. The correction
parameters for anomalous scattering are:
for Fe atom; f'=-6.299, f''=0.469 and
for Ni atom; f'=-1.740, f''=0.638
(Sasaki, 1984).
The large difference in f and the small differ
ence in f' are very adequate to determine the
site occupancies in the structure. A total of

56 reflections were collected with 1O<20<1OO*'.
The standard reflections measured at intervals

of five reflections were used to the correction

for decreasing intensity of the primary X-ray.
All the reflections which contradict with the

extinction rule of the C-centered lattice

symmetry were observed. Tetrataenite has
P-lattice with lattice constants of a=b=3.577

and c=3.569 A. The structure determination was

carried out using least squares program. On the
first stage of the structure determination, the
space group symmetry of P4mm was assumed, in
which only occupational parameters, z-co-
ordinates and temperature factors (anisotropic)
of the atoms can be refined. R-factor was 12%.

Then, the space group symmetry of Pm was as
sumed, where x-coordinates can additionally be
refined. The final R-factor is 7%. The results

of the refinements shows ;
1) Fe and Ni atoms are almost perfectly ordered
and construct a layer-like structure.
2) Fe and Ni atoms move of about 0.04-0.07 A
from the positions of the disordered structure.

Discussion

Tetrataenite was first found by its optical
anisotropy, which indicates that it has a lower
symmetry than cubic one. Then the lattice
constants were measured and it was concluded

that tetrataenite was tetragonal. According to
the present results, tetrataenite is only
metrically tetragonal and its structure has
monoclinic symmetry. The lower symmetry was
attained by the ordering of Fe and Ni and their
slight shifts from the averaged positions.

Clark RS & Scott ERD (1980) Am Min 65, 624-630.
Sasaki S (1984) KEK Rep KEK 83-22.
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Xq tl!2dl!£bion

A four-circle diffractometer combined

with synchrotron radiation has a great
advantage to determine the crystal
structures of mlcrocrystals. The BL-lOA
station is supplied with strong photon flux
because of its shorter distance from the
SR source and the horizontal focussing
system using an asymmetric curved crystal

We successfully analyzed the crystal
structure of a single crystal of KBSigOg
smaller than 40 micron in length.

l2iB§li!neDtals

The specimen investigated was a new
potassium borosi1icate, KBSigO-,
synthesized hydrothen .ally under the
condition of 430°C, 430kg/cm and 90
days. Table 1 contains the crystal and
diffraction data for KBSigOg. The
wavelength was determined by calibration
with the already-known cell parameters
of this sample. Dimensions of the sample
were accurate in SEM measurement. Data

were collected by step-scanning at 0.01
intervals with collection time of Is per
point.

Structure solution and refinement

The
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solution of the structure was
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t calculations.are carried out

program RFINE2 '.

Fig. 1. A j>rojection onto (100) of the
KBSigOg structure.

Structure description and discussion

The KBSigOg crystal determined is
different from reedmergnerite NaBSigOg
with the low albite structure, ana
isostructural with danburite CaBgSigOg.
The chemical relationship between this
sample and danburite is the coupled
substitution K + Si = Ca + B in

the extraframework and tetrahedral
sites. However, in both frameworks there
is complete ordering of tetrahedral

cations, i.e., (B,Si), for the latter
and the present analysis revealed
partial disordering of the B and Si
atoms which jointly reside in two kinds
of general equivalent points, T(l) and
T(2) sites. Thus the expanded crystal-
chemical formula can be written in the
form ^0,44^^0.66^2*^0.06^^0.94'2°8'
which is the first report on the
borosilicate with B/Si disordering.

1) Main, P. : MULTAN80. University of
Cambridge, England (1980)

2) Phillips, M. W., Gibbs, G. V. and
Ribbe, P. H. : Am. Mineral. 59 (1974)
79.

3) Finger, 1. W. and Prince, E. : Nat.
Bur. Stand. U.S. Tech. Note 854
( 1975) .

Table 1. Crystal and diffraction
data for KBSigOg.

Formula

Molar wt.

Symmetry
S.G.

Crystal size

f?86o)
Radiation

Wavelength
Monochromator

20 range
Observed

reflections

(with F>3a'F)
R(unweighted)
R (weighted)

w

K-danburi te

KBSi.Oo

262.16^
orthorhombic

Pnam

8.683(1)A
9 .253( 1 )A
8.272( 1 )A.,
664 .4 ( 1 )A"^
4
20x29x37/im
2.620g/cm

420

synchrotron
0.7055A
flat SiUll)
13.34cm

<90'
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Introduction

Since the discovery of pscudoclaslicity and
shape memory effect of the Cu-Al-Ni alloy,
crystallngraphical studies on such alloy receive
a wide interest because of its unique mechanical
behavior and i elated application expected as a
kind of excellent functional material, ft is now

considered that both shape memory effect and
pseudoclastici ly have a close relationship to the
thermoclastic martensitic transformation bet

ween the pai'cnt and martensite phase [1].
Therefore, llie detailed structural information
concei'ning the T|' martensite phase is undoubted
ly very impoi tant for better understanding of tlie
mechanisms. Unforl»inatc!y, because of the great
difficulty both in obtaining a single crystal of
the martensite and keeping it stable during
expeiimonts, and the fact that Cu follows Ni in
atomic number in the periodic table makes the
site occupancies difficult to be determined, the
detailed structure information of the marten

site has not yet been reported.
In the present work, we have used four diffe

rent wave Icngtlis close to Cu and Ni k-absorption

edges in order to determine the Cu/Ni distribu
tion in the structure by applying anomalous
dispersion effects. And the structure refine
ment was based on the model established by Otsuka

and Shimi zu [21.

Experimental and results

A Cu-27.1 lal?iAl-3.64at/iNi Tj' single crystal
(0.23x0.29x0.37mm in size) synthesized using
modified Bridgcman method [3], has been selected
for the reflection intensity data collection. In
Older to prevent from reverse transformation of
the martensite phase (As=32*C), the specimen was
kept undci' 27 'C during the experiment process.
The data have been collected using four different

wave lengths on the vertical type four-circle
diffraclometor at BL-lOA station. A 0-2® step
scan mode (fl0 = O.OT, scan range =1.0* ) was
emploicd foi- the careful examination of the
reflection profiles. Four attenuators were used,
and the standard reflection 113 was measured at

an interval of ten reflections so as to check the

declining of source intensity with lime. Among
the four different wave lengths used, two of them

(l.SSboA and 1.40G5A) are close to Cu K-absorp-
lion edge (Xk-1.38oA) , another one (].496rA),
close to Ni K-absorption edge (Xk =1.488A), and
the last one, very short (0.5622A) for the sake
of small linear absorption coefficient. As a
result, within the range of 25<120', 504 reflec
tions (145 independent) have been obtained using
the wave lengths of 1.3850A and 1.406gA; 373
reflections (100 independent) for the wave length
of 1.496GA.

After having substracted backgrounds, wc integ
rated the diffraction intensity over all steps
which were rectified by Lorentz factor. And from
which the structure factors (F) have been calcu
lated according to the following function:

1F12 = Ka+Ks*i

here Ka, the atlanuator factor; Ks, the normali
zation factor drived from the intensity of
standard loflection; 1, integrated intensity.
The structure refinement has boon cai'ried out

using the program RFINE 2. The anormnlous
dispersion factors wore taken from the list of
Sasaki (1984) that are calculated with the method

presented by Cromer 8 Libcrman (1970). Varing
the parameters, such as scale faolor, positional
paramoteis, site occupancies, anisolropic tempe
rature factors and the isotropic extinction
factor in the refinement cycles, we obtained the
R factor about 3.9^ using the data collected with
the wave 1.49GCA in length. Tlie results of
refinement are shown in Table 1, and the shifting
of atoms from ideal 2H structure are schematical

ly 111 ustrated in Fig.1.

The further study on the structure using other
data sets is being processed

Table 1 The structural parameters nf 7,- martensite

3/A 1
3/4 I

X Y Z
5.tO._0182.C3) 3/4 3^4
5+0.0,11U,2) 1/4 3/4_
3-O..J)lljj4liLJbO..JK)052/8) 1/4

Symbol i ComposJ t_ion
AJ I M

__Ciil I C\ig,914, A10.086
_,Cu2 I ^CuCLJ).21 Ni0.073
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First (left) and second layer (right)
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Introduction

Excess lines were observed across thermal

diffuse spots in X-ray diffraction patterns of
perfect crystals of germanium and silicon. Their
origin was assigned to dynamical diffraction and
anomalous transmission of thermally scattered
X-rays.^' The present report is made on a
further investigation of such lines for germanium
crystals. Dlffractomotry as well as photographic
observation was carried out.

Experimental

The experiment was performed at BL-lOA using
synchrotron radiation monochromatized by the Si-
Ill reflection. Diffraction lines due to thermal

diffuse scattering (TDS) from germanium crystals
were observed across the 220 TDS spot and near
the incident spot in the Laue case. Observation
was made under various conditions of X-ray wave
length, crystal thickness and crystal orientation.

The wavelengths were 1.5405 K and 1.15 %.
Thin plates of thickness 0.10.2mm were used as
specimens. Their surfaces were parallel to the
(111) plane. The rocking curves of the 111 Bragg

reflection from the crystals had full widths at
half maximum about 25", which were close to that

of an ideally perfect crystal. Orientations of
crystals were varied in the range -0.6*~ 0.6* of
the angular deviation from the 220 Bragg position

A0 - O- 022O- cross section of the incident
beam collimated with slits was 0.25mm x 2.5mm.

Diffraction photographs were taken on cosmic ray
films and medical X-ray films. Line profiles
were also measured by 20 diffractometry with the
scintillation counter, where the receiving slit

width was about 0.1mm.

Result and Discussion

As was previously reported, an excess line
was observed across the 220 TDS spot.^'^^ Besides
an excess-defect line was found as shown in Fig.

l(a).^^ This depends on X-ray wavelength \ and
crystal thickness D. When X = 1.5405^, an excess
line was observed for D0.2mm, and an excess-
defect line for D —- 0.1mm. When X = 1.15

however, an excess-defect line was observed for
D— 0.2mm. The excess part of the excess-defect
line was always on the side of the incident spot.
The line profiles were not so affected by crystal
orientation A6. Near the incident spot,an excess
line was found In Fig. 1(b). This is the pair of
the line across the 220 TDS spot and moves with
AO in the same manner. The line is produced by
the 220 Bragg reflection of the 220 TDS waves.

Profiles in diffractometry of excess-defect
and excess lines across the 220 TDS spot are
shown in Fig. 2 (a) and (b). The line width is
determined mainly by the incident beam size.

The experimental results can be interpreted
reasonably within the framework of the dynamical
theory of X-ray diffraction for absorbing perfect

crystals. The wavelength and thickness dependence
of line profiles follows from absorption of TDS
waves propagating dynamically to the observation
point. The lines observed above are distinct
from defect lines in the case of mosaic crystals

dealt with by the kinematical theory.
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Fig. 1. Diffraction photographs of the lines at

X = 1.5405 A and A0 = 0.4*. (a) Excess-defect
line(EDL) across the 220 TDS spot for D--O.Imm
where LS indicates a Laue spot. (b) Excess
line (EL) near the incident spot for D~ 0.2mm.
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Fig. 2. Line profiles in 20 diffractometry at
X = 1.5405 A. (a) Excess-defect line for
D0.1mm and A0 = 0.4*. (b) Excess line

for D0.2inm and A0 = -0.4*.
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Introduction

It is well known in light optics that

the photon counting distribution and the

time correlation are useful measures

for characterizing light beams. No equi

valent work, however, has been reported
in any extent of detailes in X-ray

optics.

The motivation of our research is to

see how far the photon counting method
is useful in a region of A X-rays.
For this purpose, the following subjects
must be worked but step by step.

(a) I nstrumentaI inovations and
the theoritical understanding.

(b)The chracterization of
X-ray sou rces.

(c)The application to any time-dependent
diffraction phenomena.

In this report, the first two will be

presented.

ExperimentaIs and Results

(a): For the photon counting method,
a new digital memory system was dev
eloped. This enables us to count photon
numbers in a fixed time interval from

1 p. s to 99 fi s sequentially up to 10®
times without interruption. All data

are stored in a floppy disc for the
later analysis. Usually, such data are
collected within a few seconds or less

, so that cares on physical environments
are much easier than ordinary exper
iments. This is a potential advantage
in the subject (c) .

(b)! Wp applied this method to chara
cterizing the beam source of the Photon

Factory (BL-lOA station). Fig.l shows
the photon distribution (black columns)
and the theoretical Poisson distribution

(white). The discrepancy was well inter

preted in terras of the dead time, if

one assumes 0.27 p s in this case.

The correction can be performed by the
theory of Omote ' > • ?' ,

Fig.2 indicates the normalized corr

elation of the photon numbers at two
different times against the time int
erval. The same data were used as those

of Fig.l. It is clear that the source

was oscillating with two frequencies,
5.6 ms and 20 ms. It must be pointed out
, however , that the experiment was
performed by using a periphery of the
beam. If the central part was used, no
appreciable fluctuation was detected.

From the analysis of our data, it is

possible to measure the normal corr

elation with an accuracy of lO'^ in

the order of magnitude.
We hope to apply the method to any

physical phenomena in near future.
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Introduction

One of the most outstanding properties of
amorphous alloy is the mechanical property.
For example amorphous alloys exhibit very high
fracture strength, toughness and very small
strain-hardening^). Amorphous alloys are not
perfectly elastic, but posses anelasticity.
The stress-strain curves show a hysteresis loop
on loading and unloading process. In this
report, the atomic scale process of mechanical
deformation of Pd83Sii7 amorphous alloy has been
studied using EXAFS measurement.

Experimental

Amorphous samples were in shape of ribbon
(2.7 mm width and 0.03 mm thickness) prepared
by single-roller quenching method. The compo
sition used here was Pd83Si]_7. EXAFS spectra of
Pd83Sii7 amorphous alloy were measured in situ
under some degrees of tensile strain. The amount
of tensile strain were 0.0, 0.3, 0.6 and 0.8 %.
Extended X-ray absorption fine structure(EXAFS)
measurement from Pd K-edge up to about 1 keV
above the edge energy were carried out for Pd83
Sii7 amorphous alloy with synchrotron radiation
at the beam line lOB of the Photon Factory of
KEK. The structure parameters, coordination

number N, interatomic distance R and Debye-
Waller type factor a,were derived by curve

TENSILE STRAIN* (%)

fitting after the EXAFS measurement.

Results

The structure parameters derived by the curve
fitting procedure, which are the refined coordi
nation number N and interatomic distance R, are
shown in Fig.l (A) and (B) . Tlie Pd-Si atomic
distance increases with increasing the strain,
but the coordination number change is rather
small. The Pd-Pd atomic distance, however,

decreases witli Increasing the strain, accompanied
with large change in the coordination number.
This may be an indication that there exist a
strong chemical bonding between Pd-Si (metal-
metalloid) atomic pair. It is to be noticed
that both the atomic distance and the coordi

nation number in Pd-Si and Pd-Pd pairs do not
return to their initial values after the loading-
unloading process. The present EXAFS measurement
confirmed that the anelasticity can occur in the
atomic scale by the irreversible rearrangement
of atoms.
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Fig. 1 (A) (B) Strain dependence of interatomic distance (closed circle) and coordination
number (open circle) for Pd83Sil7 amorphous alloy derived by parameter fitting.
(A) for Pd-Si atomic pair and (B) for Pd-Pd atomic pair.
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Introduction

The fluorite-type high oxide ion conductors of
Bi^O^ can be stabilized by adding certain metal
oxides at low temperatures but the conductivity
decreases with increasing the content of doped
oxides 1).

The displacement of oxide ions from the normal

tetrahedral site in the fluorite-type structure
decreases with increasing ^<3^0 content and is
zero value at about 32 molt ^*^2^3
Although there exist the different configurations
of oxide ions around Bi in the electron density
map 2), no appreciable difference is observed in
profile and distance of Bi for the compounds with
10 and 30 mol% '̂ ^^2*^3

Local structures of the compounds for various
compositions of the Bi O -Gd O system were
studied by EXAFS and XANES.

Experimental

The compounds were synthesized by using
O-Bi^O^ (99.99%) and ^^2^3 powder form
as starting materials. Appropriate amounts of
well-blended mixture of Bi 0 and Gd O were

calcined at 850-1040 for 14 hours in^p2atinum
crucible and quenched into cold water. The
samples for EXAFS study were prepared by dusting
the powder uniformly onto both sides of
cellophane tape. Several layers of tape were used
to make a complete sample. X-ray absorption
measurements near Bi L3 and Gd L3 edges were
made for the samples with 10, 15, 20, 25, 27, 30,
33, 35, 37 and 40 mol% contents at room

temperature in transmission with synchrotron
radiation on the Beam Line 10-B at Photon
Factory.

In obtaining the EXAFS function X(k), the
background level was subtracted from the observed
absorption coefficient by using Victoreen fit and
the absorption coefficient for the isolated atom
was obtained by the cubic spline technique. Bond
distances were refined by the curve-fitting
method. The results are shown in Fig. 1.

Fig. 1

*/mol7o

Distances of M-0 (M=Gd, Bi) refined
by the curve-fitting method in the
(1-x)Bi^O^*xGd^O^ system.

Results

The Gd-0 distances are longer than those of
the Bi-0 by 0.4-0.7 a in the composition range
studied. The Gd-0 distances remain constant but

the Bi-0 distances decrease by about 0.3 a at the
composition of 33 mol% content.

The features of primary differential by energy
of XANES of Gd L3 (Fig. 2) remain unchanged, but
one of the changes in the features of Bi L3 is
sharpening of the shoulder after the main peak
(+18eV) at 33 mol% '̂ '̂ 2^3 content which is the
same composition at which the Bi-0 distance
decreases(Fig. 3). The results obtained by EXAFS
and XANES explain the dependence of displacement
from the normal site on composition by X-ray

diffraction 2).

Gd L3 edge
Bi L3 edge

normalized X-ray J I \ \x=q37
photon energy(eV) ^"^7

Fig. 2 y \x=Q40
Primary differential of \'
XANES of Gd L3 in the L • . . . .

(l-x)Bi203-xGd203 system. 0
normalized X-ray
photon energy(eV)

Fig. 3
Primary differential of
XANES of Bi L3 in the
(l-x)Bi20^.xGd203 system.

The authors are indebted to Dr. H. Maeda,
Okayama Univ., for providing us the programs of
EXAFS 'analysis. Thanks are also to Drs. S. Nomura
and A. Koyama, KEK, for their help and useful
advices in the experiments.
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Intrpduc^on
Liquid selenium (l-Se) with 2-fold coordi

nated chain structure is a semiconductor with
optical gap of 1.8 eV. On the other hand liquid
tellurium (1-Te) is a roetal and has 3-fold

coordinated network structure. In liquid Se-Te
mixed system a semiconductor to metal transi
tion is known to occur with increasing.tempe
rature or increasing Te concentration. It

is interesting to study how the chain structure
of Se is changed on this transition. EXAFS
measurement on the Se K-edge is expected to
give information on local environment around a
central Se atom. In this paper we report re
sults of the first observation of EXAFS for

liquid Se and Se-Te mixtures up to 750*^0.

Experimental

We have made a special polycrystalline
sapphire cell in order to measure EXAFS of a
liquid sample up to 1100°C. In the cell a
liquid sample fills the space with 50 pra
thickness between sapphire X-ray windows. EXif\FS
spectra of l-SOg^Te-^ were obtained up to 750°C
using this cell. A graphite cell in which a
sample is sandwiched between grafoil was also
used for measurements up to 650°C. The X-ray
absorption spectra were obtained by using the
EIXAFS facilities installed at BL-IOB.

Resuls and discussion

Figure 1 shows the Se K-edge EXAFS oscil
lation X(k) of (a) 1-Se at ZSCC, (b) 1-

Lj_l_L-l_L.i-UU I..I_lJ
2 4 6 8 10 12 16

k(A-')

Fig.l. ITic Sc K-o<ij!e EXAFS
oscillntion X(k) of (o) 1-Se
ot 250°C, (b) l-Sc„„Tc„. at
300*C. {c) l-Se,..To,,°"Qt^i?00*C
and (d) l-Sn„T?'' Si 125'c.

2 6 6 6 10 12 16

k(A-')

Fig.2. The X(k) of l-Se,.Te„
at (a) 100'C, (b) 500*CT (cj
600*C. (d) 700"C and (e)

Sep-Te,^ at 300°C, (c) l-Se.^Tef.^ at -100^0 and
(d) 1-Seg-Te.^g at 425®C. With increasing Te
content, the amplitude in small k region be
comes large owing to strong bacluvard scattering
from Te. Figure 2 shows X(k) of l-Seg^Te-Q at
various temperatures up to 750*'C. witn in
creasing temperature, EXAFS oscillation be
comes attenuated because of thermal disortier.

It should be noticed that in this system the
oscillation remains even at high temperatures
near the boiling point. Figure 3 shows the
magnitude of Fourier transform |F(r)| of k
times %.{K) for the data shown in Fig.l. The
first peak is clearly observed in 1-Se, which
represents intrachain nearest neighbor dis
tance. A shoulder is seen for l-SCg„Te2Q on
the small-r side of the peak. In I-Se-QTegQ
and l-Seg^TCp^Q, there is a pealt at 1.8 A be
sides a main peaii at 2.4 A. The distance of
1.8 A is too short to be assigned as a real
bond length even if the phase shift effect is
taken into account. A preliminary analysis
shows that the split of the first peak could
originate from the interference between the
backward scattering from Te and Se. Figure 4
shows |F(r)| of l-SegpTe^Q in the temperature
range covering the semiconductor-metal transi
tion region. Detailed analysis of EXAFS spectra
in this temperature range is now in progress.

1) J.C.Perron, Adv. Phys. 16 (1967) 657
2) H.Endo, J.Non-Cryst. Solids 59-60 (1983)
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Fig.3. The nignitude of
Fourier tranaforro |F(r)| of
(a) J-Se, (b) l-SOpoTc . (c)

Fig.4. Tlie lF(r)l of 1-
Se,-Te.. at (a) 400'C. (b)
5O0"c, (c) 600'C, (d) 700''C
and (e) 750"c.
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Introduction

It is receiving increasing attention to
develop the methods whereby metals promote
transformation of sugars in bioinorganic
chemistry. We have recently found the novel
C-2 epimerization of aldoses promoted by
nickel(II) diamine complexes (diamine =
N,N,N'-trimethylethylenediamine (N,N,N'-
Me en), and N,N,N',N'-
tetramethylethylenediamine (N,N,N',N'-Me.en)),
which has much potential for the synthesis of
naturally r^re aldoses as well as theoretical
importance. In this report, the reaction
mechanism was investigated in detail
especially by EXAFS analyses for the
intermediate nickel(II) complex containing
sugar moieties.

Experimental
X-ray absorption measurements near Ni-K

edge were made at room temperature in
transmission mode with synchrotron radiation
(PF) using the EXAFS facilities installed on
the Beam Line 10B. EXAFS analyses were carried
out by the use of theoretical least-squares
curve-fitting techniques for Fourier filtered
waves with the program EXAFS1.

Results and Discussions

First of all, the EXAFS spectra of
[Ni(en),)(NO,)„ (J.i, [Ni,Cl,(en) JCI., (2),
[Ni(N-(L-RhaJ-tn) ] (__^), and /«-(D-Man)-
[Ni (CH OH)(N-{D-M^5)-N,N'-Me2en)(N,N'-(D-
Man;2-N,N' -Me^en) ) (4.) were measured as
reference compounds to examine the reliability
of our EXAFS analyses for nickel(II) complexes
containing diamines and sugars, and the
results derived from EXAFS are in good
agreement with those from X-ray
crystallography (Table I).

The Fourier transform of the methanolic

solution of NiCl .6H 0 (0.1M) and N,N,N',N'-
Me^en (0.2M), (the starting complex) is shown
in Figure la, which is very similar to that of
dimeric (^). Four peaks around 1.6, 2.1, 2.6-
2.7, and 3-4 A are attributable to the N or 0
atoms in the first shell, the bridging C1
atoms, the C atoms in the outer sphere, and
the Ni atom in the outer shell, respectively.
Further, the coordination numbers of N (or 0),
Cl, C, and Ni suggest the dimeric structure of
nickel with the six-coordinated octahedral

geometry (Table I). In contrast, the Fourier
transform of the methanolic solution of

NiGl2.6H20 (0.1M), N,N,N',N'-Me en (0.2M), and
D-glucose (O.IM), which contains mainly the
stable intermediate nickel(II) complex,
dramatically changes from that of the starting
solution (Figure lb); the Ni-Cl and Ni-Ni
peaks disappear an^ the remaining two peaks at
about 1.6 and 2.5 A are attributable to the N
or 0 atoms in the first sphere (N = 5.8) and
the C atoms in the outer shell, directly

indicating that the stable intermediate complex
supposed from AB and CD spectral data is a
mononuclear nickel(ll) complex having the six-
coordinated octahedral structure (Table I).

In this EXAFS study, it was revealed that
the present C-2 epimerization of aldoses
proceeds via a mononuclear intermediate
nickel(ll) complex where the stereospecific
rearrangement of carbon skeleton smoothly takes
place.

<llstanco r<AI distance r(A»

Figure 1. Fourier transforms
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Introduction

Since the martensitic transformation is a

typical first-order phase transition, an inter
face between the matrix and the transformation

product properly exists. In the vicinity of the
starting temperature Mg of the transformation,
however, several features of second-order transi

tion characterized by a continuous change have
been observed. Therefore, a nucleation process
comes into question. Although several theoreti
cal models on the nucleation and growth of
martensite have been proposed^»2)^ there is very
little direct observation of local-structure

change with the martensitic transformation. It
is clear that information of the local-structure

change is essential to an understanding of the
mechanism of martensitic nucleation. For this

purpose, we have carried out EXAFS and XANES

studies on iron base alloys.

Experimental

Fe-Ni, Fe-Pd and Fe-Pt alloys were prepared
by induction melting. Hie concentration was
determined by chemical analysis. After grinding
the Ingots, the powdered samples were annealed

for 2 hours at

} SOO'C under
j vacuum and sub-

. I sequently given
•g i /. a suitable ther-
3 jI mal treatment to

•Q j/i obtain the or-
3 i|/l dered or disor-

•.\j\ dered alloy.
" }/ A order to de-^ .V—termine the lat-
^ I '« tice parameter

j T-300K Mg-tem-
perature, X-ray

1 1 1 1 diffraction
7-06 7-10 7-14 7*18 7-22 measurementsiwere carried

(b) out. X-ray ab
sorption mea-

'-v J surements near

.•2 ' I ij the K-edge of Fe
§ 'i|. ^ and the L3-edge
j3 jj'/ of Pd and Pt
o • ]f\ were made by use
^ / 1 of the EXAFS
^ . ._J j \ facility install-

• / '/ beam line
^ / V 10-B in KEK-PF.
S j - Data analysis

T=20K majg by the
^ I I , conventional

7-06 7.10 7.K 7.18 7.22 procedure^).
PHOTON ENERGY (keV)

Fig.i. XANES spectrum (solid line) and the first
derivative (broken line) of Fe K-edge on
the disordered 25.0at%Pt-Fe.

T=300K

T=20K

Results and Discussion

As a typical example, we will report the
results of the disordered 25.0at%Pt-Fe alloy,
which undergoes the martensitic transformation
from FCC into BCC at the Mg-temperature previously
determined to be 260K by X-ray diffraction.
Figure 1(a) shows the XANES spectrum for Fe K-edge
and tlie first derivative of that on the disordered

25.0at%Pt-Fe alloy at room temperature. They at
low temperatures (T<Mg) are shown in Fig.1(b).
From these figures, it is easily found out that
the XANES of Fe K-edge transforms clearly from
double peak in FCC at R.T. into single peak in
BCC at low temperatures. However, no chemical
shift has appeared in the X-ray absorption thresh
old energy within the resolution of O.SeV. These
features insist that the martensitic transformation

has strongly influenced the electronic state of
the Fe atoms resulting from the structural change
from the FCC to the BCC phase, but has not influ
enced the Fermi energy. On the other hand, no
change has been recognized in the XANES of Pt and
Pd (L3-edge).

Figure 2 shows radial structure function (RSF)
obtained by the Fourier transform of the EXAFS of
Fe K-edge on the disordered 26.4at%Ni-Fe alloy.
RSF at 300K indicates the pattern arising from FCC
structure; on the other hand, RSF at 20K transforms
entirely to that originating in BCC structure.
It is caused by the martensitic transformation.
Unfortunately, a determination of the local-struc
ture parameters has not yet succeeded. It may be
ascribed to a complicated state of the low temper
ature-phase; that is, the sample becomes a mixture
of the FCC matrix and the BCC transformation

product; and the local-structure near the Interface
is largely distorted. More detailed analysis of
EXAFS on the disordered Fe-Pd and Fe-Pt alloys is
also in progress.
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Introduction

Pentanary alloy semiconductor (Al^Ga^^
^P As^ is an interesting material from tne
vi^w po^nt of material design, because in the
alloy three compositional parameters can be
varied independently. Hence, three of various
physical parameters such as the lattice
constant, batid gap energy, refractive index,
and thermal expansion coefficient can be
selecte<l independently. On the other hand,
the translational symmetry will be broken out
in tiie crystal of multinary alloy. These
disordered effects appear on above physical
parameters. Here, the disordered effects
will be investigated by EXAFS, discussing
mean free path of photo-electron.

Experimental

The pentanary alloy samples (A1 Ga^^ ).
^P Asj_ studied here were grown on ^he SaAs
iui^stra^es by liquid phase epitaxy. The com
positions of the grown layers were examined
with electron microprobe analysis. For EXAFS
measurement, the epitaxial layers of about
4x3 mm are cleaved on the glass of 0.18 mm
in thickness and the GaAs substrate is

removed by tiie selective etching. The x-ray
absorption spectra were observed near Ga and
As K-edges at the Beam Line 10-B at Photon
Factory.

In obtaining the EXAFS function x(k), the
background level was subtracted from the
observed spectrum by using Victoreem fit. The
absorption spectrum corresponding to a
isolated atom was obtained by the cubic
spline technique.

Results and Discussion

Figures 1(a) and 1(b) show the spectra of
x(k)k at Ga K-edge of bulk GaAs and (A1 Ga,
) P As, (x=0.322, y=0.035, z=0.5l2),

respec^i vel]'. The intensity of EXAFS X(k)
depends on a Debye-Waller factor and a mean-
free-path of i)hoto-electron \=k/n, where k is
wave vector of photo-electron and constant
determin.i.ng the length of mean-free-path.
The X(k) of AlGalnPAs is more attenuated in
comparison with the X(k) of GaAs in the re
gion of shorter wave vector. It indicates
that tlie mean-free-path in pentanary alloy
semiconductor AlGalnPAs is shorter than in

compound GaAs (see Figs. 3.8(a) and (b) in
Ref. 1) ). Tlie randomness of the potential

3-20 <,eO 6.40 8.00 9.60 11.20 12.80

4.00 S.60

12 x=0.32
y=0.04
2=0.01

(AI,6o,.,)i.jIn^PyASi.,

7-20 8.80 10.40 12.00 13.80

HAVE yECTOR Kt l/fll

Fig. 1. EXAFS oscillations at Ga K-edge, (a)
for GaAs, (b) for pentanary alloy
AlGalnPAs.

which an electron feels is greater in alloy
than in compound. The photo-electron will
strongly scattered by this random potential
and this is reflected in the attenuation of
the EXAFS oscillation at the region of
shorter wave vector.

The authors are indebted to Dr. II. Maeda
(Okayama Univ.) for providing us the programs
of EXAFS analysis, and are grateful to Drs.
S. Nomura and A. Koyama, KEK, for their help
and useful advices in the experiments.
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INTRODUCTION

{NbSe^)^I undergoes to the successive struc
tural phase transition below room temperature.
To clarify the mechanism of the phase transitions
from the point of the local-crystal structure,
the EXAFS and near-edge spectra were measured on
the Nb K-shell absorption below room tempera
tures .

Experimental and Results

The Fourier transformation of the EXAFS func
tion induced from the Nb K-edge spectra of
(NbSey)^I at room temperature is shown in Fig. 1.
The correction of the phase shift by scattering
has not been done. The most intensified peak
corresponds to the distance between Nb atoms at
two symmetry sites and Se atoms st four symmetry
sites in the unit cell of the crystal structure
(1). The peak which corresponds to the bond
distance in-between Nb atoms has relatively small
intensity around 2.8 A. In this material the
second-order displacive type of the phase transi
tions occur around 11U and 90 K. Existence of a
softenning of the mode at q=0 has been observed
by means of X-ray diffuse scattering studies
around 27/* K [2-/,] and atomic displacement pat
tern has been characterised by a freezing of the
soft B-|̂ phonon mode [5]. We attempted the study
of the temperature dependence of the Debye-
Waller-like factors in EXAFS spectra in the vici
nity of the critical transition temperature 274
K. The Debye-Waller-like factor of EXAFS is the
average of the square of the fluctuation of the
distance between the central atom and a

scatterer. A theoretical approach has been done
on the EXAFS near second order phase transition
[6]. ,It was shown that thermal damping of the

Fig. 1
0 1 2 3,4

DISTANCE (A)

EXAFS is caused by bond-length fluctuations and
is predicted to show a weak change in temperature
derivative at transition temperature [6].
EXAFS and near-edge spectra were obtained at
temperatures between 280 and 260 K with tempera
ture interval of 2 K. Curve fitting (7) were
performed under the assumption of six kinds of
Nb-Se bond length for each EXAFS oscillation
spectra between 5 and 15 A~ . The obtained
Debye-Waller-like factors are plotted as a
function of temperature in Fig. 2. It seems to
be some kind of anomaly in the temperature depen
dence of the value of the obtained Debye-Waller-
like parameters around 270 K. Further analysis
including XAHES spectra is now under progress.
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INTRODUCTION

chain, the crystal of metallic NbS^ must be the
mixture of the crystals of semiconductor and
metallic phases and/or intermediate phase between
undistorted and distorted phases. From this hypo
thesis, the crystal of semiconducting NbS^ must
be also the mixture or intermediate phase because
the small shoulder is present in the middle of
two arrows in Fig. 1, The obtained results lead
that the main difference between the structures

of semiconducting NbS^ and metallic NbS^^ is the
existence ratio of the distorted to the undistor

ted Nb chains in the crystal.
Present study clearly shows the microscopic

evidence of the difference of the structure of Nb
chain between semiconducting and metallic crys
tals. The existence of the undistorted chains is
deeply related to the transport properties, since
the semiconducting properties of NbS^ has been
interpreted to come from the formation of Nb-Nb
pair. The analysis of the EXAFS data was carried
out by using the program by Kosugi and Kuroda
[5].
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The EXAFS spectra were measured on the Nb K-
shell absorption semiconducting NbS^ and metallic
NbSjj (xcr3). The motivation of the present study
was to clarify the difference of the crystal
structure between semiconductor NbS^ and metallic
NbSj. from the point of microscopic view of the
local structure.

Experimental and Results
The radial distribution function of the semi

conductor NbS^ at room temperature is shown in
Fig. 1. The correction of the phase shift by
scattering has not been done. The most
intensified peak corresponds to the distance
between Nb and S. The two peaks which are indi
cated by arrows correspond to the two different
distances between Nb atoms along the chain direc
tion. Thus the results of the Fourier transform
of the EXAFS data show that each metal atom forms

Nb-Nb pair [1]. Figure 2 shows the Fourier
transformation of the EXAFS of metallic NbS^^ at
room temperature. The main difference between
Figs. 1 and 2 is the app,earance of the second
largest peak around 3.0 A. The position of the
most prominent peak in Fig. 2 is nearly equal to
the most intensified peak of semiconducting NbS^.
Then the most prominent peak in Fig. 2 corres
ponds to the distance between,Nb and S. The
position of the peak around 3^0 A is just in the
middle of two arrows which indicate the two
different distances between Nb atoms of semicon
ductor NbS^ as shown in Fig. 1. In metallic NbS^^
the obtained revsults exhibits that the Nb-Nb pair
is deformed and the Nb chain is undistorted as
shown in Fig. 2.

The difference of the radial distribution
function of metallic NbS^^ from that of
semiconducting NbS^ should be strongly related to
the origin of the difference of the electrical
transport properties between both type of crys
tals (2-A]. Two small peaks are present around
the positions Indicated by arrows in Fig. 2. If
these two peaks are due to the distorted Nb

Fig. 1
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Introduction

The structural change of Ge-Sn and Ge-Sn-0
alloy by compositional change has been
investigated. The optical properties of these
films can be applied in the field of optical
record media. Because Gei_xSnx and Ge-|_xSnxO
(X<0.6) is amorphous as deposited, the structural
studies is actually difficult by X-ray and
electron diffraction.^^

In this report, we have undertaken an
investigation of the local structure around Ge of
a-Ge-|_xSnxO by EXAFS at the Ge K-edge.

Experimental and Results

The samples of a-Gei_xSnxO films were
prepared on Kapton films by the conventional rf
sputtering of a crystalline Ge target in mixed
gases of Ar and Oj. Tin was introduced in the
films by placing small pieces of Sn on the Ge
target in radial array. The Sn content in the
films was controlled by varying pieces of Sn on
the target. The oxygen content in the films was
altered by oxygen partial pressure (0 and
2.67x10"^ Pa) under the constant total pressure
(0.67 Pa). Usually, the rf power and substrate
temperature were 30 Wand 20 "C (water-cooled),
respectively. The film thickness was '*'20 pm.

The composition of the films was determined
by the relative photo-ionization yields and the
intensity ratio of the photoelectrons from Ge^^j
and Sn^j core levels in X-ray photoelectron
spectroscopy.

X-ray absorption measurements were carried
out with Synchrotron orbital radiation (SOR) at
the Photon Factory in National Laboratory for
High Energy Physics on 10-b beam line.

Figure 1 shows normalized EXAFS oscillation
of the Ge-K absorption edge for (a) a-Ge, (b) a-
GeO, (c) a-Ceo.83Sno.i 7 and (d) a-Geo.83Sno.i7O
films as a function of photoelectron wave number
k. Figure 2 shows the Fourier transform |F(r)|
of the EXAFS oscillation of the Ge-K absorption
edge for the same samples as shown in Fig. 1.
The peaks in this figure are influenced by the
phase shift effect. The dependence of the phase
shift 6j on k (wave number) can be approximated
by the simple equation 6j(k)=-aj+pj.^) Then, the
peak position is represented as Ri-oi, where Ri
is the nearest neighbor atom distance around Ge.

Figure 3 shows Ri-ct^ as a function of Sn
content in the alloy films. The nearest neighbor
distance of Ge-Ge is linearly increasing with the
Sn content. Considering the appearance of
microcrystalline GeSn by annealing at 100
this result shows a-Gei_xSnx alloy films consist
of uniform mixture of Ge and Sn atoms. On the

other hands, in the films containing oxygen,
both of the nearest neighbor distances in Ge-Ge
and Ge-0 are linearly increasing with the
increase of Sn content in the films. The nearest

neighbor distance of Ge-Ge in a-Ge-]_xSnxO is
smaller than that of Ge-Ge in a-Ge-j_xSax each
Sn content and the proportional constant is
smaller too. This result suggests the existence
of GeOx and SnOx which restricts the degree of
freedom on the bonding between Ge and Sn atom.
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Introduction

The CeTeg films prepared by sputtering
technique are amorphous when they are formed on
substrates at room temperature. Amorphous{a-)
GeTej films with the thickness less than 1 um
transform into crystalline(c-) GeTe2, a new phase
recently found by our group, at T^ (annealing
temperature)=200 °C.^^ X-ray diffraction measure
ments show the structure of c-GeTe2 seems to be
cubic and isomorphic to that of 6-cristobalite
Si02.^^ Furthermore, the stability of c-GeTe2 is
related to the film thickness and existence of

substrates

The purpose of this study is to clarify the
local structure around Ge atom in a-GeTe2 that is
converted into c-GeTe2 at Tg^=200 "C.

Experimental and Results

All samples were prepared onto 0.8 urn thick
Kapton substrat.es by sputtering a Ge target upon
which Te chips were placed. The film thicknesses
of the samples are about 1 urn. About 20 layers of
the film were stacked to attain a P x of about

2-5 for EXAFS measurements. EXAFS spectra of Ge-K
edge were measured at room temperature in the
air.

Our measurements were carried out at the

Photon Factory in National Laboratory for High
Energy Physics on 10-b beam line. The details of
the theory and the measurements of EXAFS are
described in references 3)-5).

In Fig. 1, normalized EXAFS oscillations of
the Ge-K absorption edge for GeTe2 films are
plotted as a function of the photoelectron wave
number k.

- 0
X

(a) as-depo.

(b) 200®C

0 f—^1-
4 -

Figure 2 shows the'Fourier transform of the
EXAFS oscillations shown in Fig. 1. The peaks in
this figure are shifted toward smaller radial
distance r due to the phase shift effects. The
first nearest neighbor is observed, but another
peaks are not clear. We consider that the reason
for this phenomena is the influence of the
measurements temperature for S/N ratio on the
EXAFS spectra.

In Table 1, r- a of each samples are listed.
The phase shifts factor (a) is constant in all
samples. Hence, the bond length of Ge-Te atoms in
amorphous is 0.0.i A larger than that of crystal
line GeTe2. From a comparison with the
experimental bond length of c-GeTe and the peak
position of the nearest neighbor in Fig. 2 (c),
the phase shift factor is "^0.21 A.

We can estimate the coordination number of Ge

atoms by comparing with the EXAFS of a reference,
in which the coordination number of Ge atom is

known. Now, we are planning the next measurements
of EXAFS. The coordination number of Ge atoms in

GeTe2 films, and EXAFS measurements of Te edge
will be reported in next report.
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Sn I
Introduction 3 ?5 f_

A-15 compounds undergo a cubic-to-tetragonal 3?<. , |} 1 — I
phase transition, a martensitic transformation, at I H i
Tm. In Nb3Sn and V3Si, precursor phenomena such as 3?2 .
an anisotropic dilatation^»2) and an appearance of ?55 ^ . I
the forbidden refrection3) have been observed above -j—j 1
Tm. The precursor region is referred to premartens-
itic phase. It is not clear whether the precursor _
is the critical phenomenon of martensitic trans- I ii
formation or is caused by a static origin such as "*'1.
a local strain^—'*). We report on EXAFS study in u \
Nb3Sn and V3Si t.o clarify the local structure. < i

Tm Tp\

I I IExperiments

EXAFS measurements of Nb3Sn and V3Si were car
ried out at BL-10B {Si(311) channel cut crystal)
and BL-7C (Si(111) double crystal monochromator),
respectively. The procedure of sample preparations
and methods of the spectral analysis are reported
elsewhere?).

in the crystal. Tt is not evident, however, that

767 I /'.ND-Nodlfll)
I M »Nb-Nt>($ecOnOl •

> r.rtr • ••I '

ND-No{llrSl) • hto-l^billroclion)
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Fig.1. Temperature dependence of the interatomic
Results and Discussions distances between the 1st neighbor Nb-Nb (o), the

The temperature dependence of the interatomic 2nd neighbor Nb-Nb (o) and the Nb-Sn (A). (•), (•)
distances of Nb3Sn is shown in Fig.1. It is clear and (A) represent interatomic distances estimated
that the interatomic distance between the 1st- from the diffraction.

neighbor Nb-Nb atoms (o) splits into three kinds
above Tm. The distances in the premartensitic phase v,s:
are nearly equal to those at 20K (<Tm). The fact ?-90 •
suggests that there is a region with the local te- ^
1 Ti. i. -xu X -x- u 200 • I • V-V(»econd)tragonal structure in the premartensitic phase, _ t
because the cubic structure is comfirmed^^ The •<
interatomic distances {•) estimated from the lattice uj ^
constant'7) are shown in Fig.1. The estimated dif- ^
ference between 1st and 3rd neighbor distances at 5 .ij j{j i i T"
20K is 0.07A, while that determined by EXAFS is 0.09A. ° j,^q '\ '

A similar behaviour is seen in V3Si as shown in '.tp
Fig.2. The splitting of the distances starts at 60K. 7./.0 1| 'j
In addition, an anomalous increase of the inter- H T"
atomic distance between V-Si (A) was observed below IDO

• V-V (Ii f s I)
60K. These facts indicate that the local distortion
in the premartensitic phase is characterized by the ^^
martensitic structure. The internal displacement lEMPEnAiune(k)
parameter 6 estimated from the EXAFS analysis is
2.19^10-3 at 9K; its magnitude is comparable to Fig.2. Temperature dependence of the interatom
that of Nb3Sn {6=3'2xlO-3). distances between the 1st neighbor V-V (o), th

The local tetragonal distortion exists above Tm 2nd neighbor V-V (•) and the V-Si (A) in V3Si.
because of the existence of the tetragonal structure
in cubic matrix. The distortion may be due to an References
embryo of the martensitic phase distributed randomly-i) T.Kobayashi, T.Fukase, N.Toyota and Y.Muto:
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Fig.2. Temperature dependence of the interatomic
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Introduction

The a-phase silver iodide is the typical
superionic conductor of Ag ions. Covalent
character in the Agl-AgBr system is increasing
from AgBr to Agl. Under ambient conditions Agl is
stable in the tetrahedrally-coordinated wurtzite
type structure,while AgBr is in the octahedrally-
coordinated rock-salt type. a-Agl^ Br^ solid
solution is stable in the cubic system* (space
group Im3m) over a wide range of composition and
temperature. In the a-Agl^ ^Br solid-solution
having a statistically disor3ere8 distribution of
Ag ions, it is expected that the local
environments of the Br ions differ from those of

the I ions though the chemical composition and
basic structure are simple. EXAFS spectroscopy is
a useful probe of the local environment around a
particular absorbing atom in the random solid-
solution.

Experimental
Agl and AgBr were mixed together in

appropriate proportions. The mixture was melted
under the iodine atmosphere (about 100 mmHg) at
973K for 20 hours in silica tube and then
quenched. The sample was ground to a fine powder
and annealed at 623K for two hours before
measurements. The formation of single phase a-
Agl^ Br solid-solution (0£x<0.A) was confirmed
by X-ray powder diffraction technique at 573K.
For high temperature X-ray absorption
measurements, the fine powder samples were mixed
with boron nitride and pressed into pellets. Our
fabricated furnace for X-ray absorption
measurements maintained the samples at 623K and
573K with a stability of IK.

The X-ray absorption measurements near the
Br K- and Ag K-edges were made with synchrotoron
radiation (FF) by use of the EXAFS facilities
installed at the beam line 10B. The Fourier

transforms for Ag K-edge are shown in Fig. 1.
Using a curve-fitting analysis of EXAFS, the
structure parameters (coordination number,
interatomic distance and Debye-Waller factor) of
the a-AgI, Br^ solid-solution are determined by
the least-squares parameter fitting. The
amplitude and phase shift parameters are obtained
from the reference saijjples (pure 6-AgI and AgBr
at room temperature) . Data processing and
analysis applied to the absorption spectra were
discribed in detail in our previous work .

Results and Discussion

The cell dimensions (Fig. 2) decrease
linearly with increasing AgBr content because of
the substitution of smaller ion Br for I and it

follows Vegard's law. The peak in each radial
structure function around the Ag ion of the
solid-solution at 573K (Fig. 1) gradually
develops a shoulder at shorter distance with
increasing AgBr content. Through the solid-
solution range, the Ag-I and Ag-Br distances are
constant and 2.76(2)X and 2.70(2)X, respectively.
The experimental Ag K-edge XANES spectra are
shown in Fig. 3 with the reference samples. It is
suggested from the EXAFS results that only
tetrahedral sites are appreciably occupied at
equilibrium in the solid-solution.

We are grateful to Dr. H.Maeda, Okayama
Univ., for providing us the programs and to Drs.
S.Nomura and A.Koyama, KEK, for their assistance
on the EXAFS measurement.

1) A.Yoshiasa et al., Acta Cryst. in press
2) A.Yoshiasa et al., J. Phys. Colloq. ^ (1986)

C-8 803
XANtS Of Ao K-educ

o-Ag(I(j,86ro.2>

S73X

5751!

o-Agdo.gBro.fll

o-Ag( 'o.7'''^0.5'

573K

0.0 2.0 1.0 6.0

Distance <h

Fig. 1. Fourier transforms ^
for Ag K-edge of a-Agl. Br |
solid solution (x = 0.0, "6.2^ •
0.3, 0.4) at 573K. Phase shift |
is not taken into account. g

AgBr 20 40 60 80 Agl
(2)

Fig. 2. Relationship between cell
parameter and composition of n-AgI Br
solid solution at 573K. *

Fig. 3.
25.50 25.50 25.58

riioton energy (KeV>



proposal No 86-078

EXAFS AND XANES STUDIES ON Na20-B203 GLASSES CONTAINING COPPER ION

Qiang XU, Takashi MAEKAWA, Hideki MAEKAWA, Katsuyuki KAWAMURA, Toshio YOKOKAWA,
Hiroyuki OYANAGI*, Masayuki OKUNO** and Fumiyuki MARUMO***
Department of Cliemistry, Faculty of Science, Hokkaido University, Sapporo 060
*Eiectrotechnical Laboratory, Sakuramura, Niiharigun, Ibaraki 305
**Department of Geology, Faculty of Science, Kanazawa University, Kanazawa 920
***Research Laboratory of Engineering Materials, Tokyo Institute of Technology, Nagatsuta, Yokohama 227

Introduction

There have been reported many EXAFS and XANES
studies on the oxide glasses containing
transition metals in order to clarify the
electronic states and the coordination situation
of these ions in oxide glasses. Among them the
local structure and the oxidation state of iron
and titanium in oxide glasses have been
investigated by combining with the other
analytical methods. However, there have not
been reported the EXAFS and XANES investigations
of oxide glasses containing copper ion, though
their physical and optical properties were
studied. In the present study, EXAFS and XANES
experiments were carried out in order to
determine the distance of copper-oxygen bond as
well as the coordination number of copper ion in
the sodium borate glasses.

Experimental

xNa20*(1-X)B2O3 oxide glasses, where x are
0.05, 0.1 , 0.1 5, 0.2, 0.25, 0.3 0.4 and 0.7,
were prepared from CuO, Na2C03 and H3BO3 by the
usual melt quenching method. The powder samples
of 150 meshes on Scotch tape were used for the
measurements, except for a glass of x=0.7 ( in a
plate ) because the glass is very hygroscopic.

The X-ray absorption measurements near Cu-K
edge were carried out at BL-10B of the Photon
Factory in tne National Laboratory for High
Energy Physics ( KEK ).

Results and Discussion

The XANES spectra of Na20-B203 oxide glasses
containing 1mol% CuO, CuO and CU2O powders are
shown in Fig.1. The pre-edge peak at
8977'v8978eV, assigned to a transiton from Is to
3d state, are very weak due to the forbidden
transition. This pre-edge peak in oxide glasses
appeared at leV lower than that of CuO powder
sample and did not change among glasses
investigated. Though the peak near 8982'^'8983eV
in oxide glasses does not shift, the change of
intensity is extensive. It is considered that

0970 8900 8990 9000 9010

ENERGY ( eV )

Fig.1 XANES of Cu-K edge for sodium borate
glasses containing 1mol% CuO, CuO and Cu20
powders.

the peak at 8985'\,8988eV in oxide glasses
corresponds to that of CuO. The peak position
shifts to lower energy side with an increase of
Na20 content. On the other hand, it is found
that the apparent peak at 0992'v8999eV, which may
be due to a transition from Is to 4p state,
separates into two peaks with an increase of
Na20 content.

Fig.2 presents the result of Fourier
transform of Cu-K edge EXAFS for oxide glass of
x=0.2. It has a peak in the region of 1'v2A,
which is attributable to Cu-0 bond. The results
of curve-fitting analyses are shown in Table 1.

Table 1 . Results of curve-fitting analyses for
xNa20«(1-x)B203 glasses containing 1mol% CuO.

0.05 1 .936 3.70 0.117
0.10 1 .940 4.10 0.116

0.15 1 .934 4.29 0.116

0.20 1 .922 4.00 0.117

0.25 1 .91 2 3.79 0.115

0.30 1 .908 3.65 0.116
0.40 1.913 3.74 0.11 7

0.70 1 .936 3.98 0.11 3

error ±0.003 ±0.25 ±0.002

It is indicated that the nearest Cu-0
distance decreases systematically when the Na20
content, x, changes from 0.05 to 0.4. The value
for a glass of x=0.7 shows a similar one to that
of low content glass. Debye-Waller factor o
keeps mostly a constant value. It is also shown
that the copper ions coordinated with 4 nearest
oxide ions, although some change can be found
with an increase of Na20 content. It means that
the bond distance of nearest Cu-0 is much
influenced, whereas coordination number does not
change with an increase of the basicity in the
sodium borate glasses.

It is reported by ESR studies that oxygen
coordination arround copper ion has an elongated
octahedral structure. At present, it is not
certain whether the peak appeared at about 2.7A
in Fig.2 corresponds to the oxide ions in the
longer axis of octahedron reported or not.

0 I 2 3 4 S 6

Fig. 2 Fourier transform of Cu-K edge EXAFS for
Na20-4B203 glass.
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Introduction

We found in the ESR experiment^^ that the
conduction electrons are located not only on the
ligand but also on the metal in bis(phthalocya-
ninatonickel) hexafluoroantimonate (NiPc)2SbF6 in
contrast of phthalocyaninatonickel iodide NiPcI.
That is, the ligand and Ni 3d orbitals of NiPc
are partially oxidized by SbF5 while only the
ligand orbital of NiPc is oxidized by I3. The
structure of the molecular column of (NiPc)2SbF5
is almost the same as that of NiPcI, except
slight shortening of the Ni-Ni distance of (NiPc)2
SbFg from 3.2^44 A to 3.230 X. The crucial differ
ence is the degree of oxidation from 1/3 for NiPc*
(l3~)]^/3 to 1/2 for NiPc• (SbF^~) increase
in the degree of oxidation pushes down the Fermi
energy and generates some 3d vacancy. The 3d^2-y2
orbital is sufficiently separated from the other
3d orbitals and is already unoccupied in NiPcO.
It is, however, difficult to predict which orbital

of the closely located 3d22, 3djjy, 3djrz and Ody^
orbitals is involved in the conduction band.

In the present work, we measured Ni K-edge
XANES spectra of the (NiPc)2SbF5 single crystal
in order to characterize the symmetry of the
vacant 3d orbitals by observing the polarization
dependence of ls-3d electric quadrupole transition.

Experimental

The single crystal of the dimension 0.15^ x 2
mm^ was fixed with vacuum grease onto the round
mask which was made from stainless steel with the

thickness of 0.1 mm and had a diaphragm of 0.1 x 1
mm^. Polarized Ni K-edge XANES spectra were
measured at Beam Line lOB in Photon Factory with
the X-ray polarization plane (the plane of vibrat
ion of electric field) parallel, 45° and perpen
dicular to the stacking axis of the crystal, in
which NiPc molecules are stacking along the c axis
and perpendicular to the stacking axis.

Results and Discussion

Fig.l shows the X-ray absorption spectra of
the powdered sample of NiPc and (NiPc)2SbFg. The
Weak absorption band at about 8321.5 eV is quadru-
pole-allowed ls-3d transition. Fig.2 shows the
polarization dependence of the ls-3d transition
of the single crystal of (NiPc)2SbF6. Since XANES
of CoPc and FePc exhibited only a single ls-3d
band within the resolution of the monochromator

used, we can expect that the ls-3d band of (NiPc)2
SbF^ observed is attributable to the superposition
of the 3dx2-y2 and the other 3d transitions. The
candidate of the oxidized orbital is 3d22 or 3dxy
from the quadrupole selection rule shown in Table
1. The 3d22 orbital is expected to become higher
in energy in the solid state due to the electro
static effect between the neighboring Ni atoms.
Furthermore, the slight shortening of the Ni-Ni
distance from 3.244 A to 3.230 A contributes to

make more holes in the d band through the expans
ion of the band width and the unstabilization of
the 3d^2 orbital. In conclusion, it is the most
probable that the origin of the d character of
the unpaired electron is 38^2.

1) K.Yakushi et al., Chem.Lett. (1986) 1161 ;
Synthetic Metals (1987) 769.

Table 1. Selection rule of quadrupole transition.
It is impossible to distinguish d^^ from dy^ and
dx2-y2 from d^y experimentally because the NiPc
ligands are alternately twisted by about 40° along
the stacking c-axis in (NiPc)2SbF5.

dx2—y2,dxy dz2 dxz,dyz exptl.

E J_c 0 X X DBS

1E//C X X 0 NOT CBS

EA c = 45° 0 0 X OBS

(NiPc)2SbF,

8315 8330 8345 8360 8375 8390

(NiPc)2SbF^ 4pTT

)310 8322 8326 8330
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Introduction

Stabilized zirconias, oxide ion
conductors, are generally synthesized by
calcining and sintering gel obtained by wet
chemical method. In the process of calcining
and sintering, the peak profile in the X-ray
diffraction pattern changes from halo pattern
for gel to sharp peak for the well sintered
compound, indicating crystallization from
amorphous state to the well ordered
arrangement oi' atoms 1).

The crystallization process of the GdjO^
stabilized zirconia with the pyrochlore
composition from gel was studied by EXAFS and
XANES.

Experimental and Results

TI)g precipitated zirconium and gadolinium
hydroxide gel with the composition of Zr/Gd=l
was obtained by coprecipitation method using
ZrOCl-81120 (D9%) and GdCly 6H2O (99.9%) in
powder form (Wako) as starting materials. The
samples were lieated at 30'',110'',A50®,950® and
1370 "C for one day. TG-DTA curve from room
tempernture to SOC^C was obtained by using
the sample dried at 30°C. X-ray diffraction
patterns were obtained for all the samples.
Chemical compositions were analyzed by

analytical electron microscopy to confirm the
homogeneity of the samples.

The mixture of the sample and BN powder
was pressed l.o make a pellet with 10 mm 0 and
was used for EXAFS study. X-ray absorption
measurements near Zr-K and Gd-Ll edges were
made at room temperature in transmission with
synchrotron radiation on the Beam Line 10-B
at Photon Factory. The data analysis was made
using the program written by H. Maeda. The
results were shown in Fig.l and listed in
Table 1.

The distance of the first sliell of Zr

remains constant whereas those of the second

shell of Zr and the first shell of Gd become
large with increasing crystallization. The
changes of the; features of XANES(Fig.2) agree
with those of the distances in the Fourier
transform. Tliese suggest increasing
interaction between polyhedra of metal atoms
in the process of crystallization.

The authors thank to Dr. H. Maeda, Okayama
Univ., for providing us the program of EXAFS
analysis. Thanks are also to Drs. S. Nomura
and A. Koyama, KEK, for useful advices in the
experiments.

Reference

1) T. Uoharn, K. Koto, F. Kanamaru and H.
lloriuchi: Solid State Ionics 2^ (1987)
137.
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Distances (X) In the Fourier transform.
phase shift corrections
X-roy Zr
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H : Halo pattern, F(D): Broad fluorite-typepeak.
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Fig.l The Fourier transform for Zr-K edge of the
phase sliift corrections were made.
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Fig.2 Experimental XANES specta of the compounds
with Zr2Gd202 composition for Zr K-edge.
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Introduction

Functional properties such as
superconductivity and catalytic activity for
oxidation of CO have been found in the perovskite
and its related compounds.

The system SrCo^ forms a continuous
solid solution *tne ^^perovskite type
structure. Both Mn and Co ions occupy the
octahedral site randomly. The octahedra that
constitute the framework of the structure share

corners each other^ It has been reported that the
spin ^state of Co ion changes from low ([dc]
( dY ] ) to high ([de] [dy] ) at about x=0.33 in
connection with the peculiar variation of the
lattice constant . In this study the local
structure of the solid solution has been studied

to elucidate the characteristic features.of the

lattice constant and the spin state of Co ion.
Experimental

The mixture of SrCO„, MnCO„, and CoCO_
powder in the desired ratio was fired under the
appropr:^ate conditions according to the previous
study . As the compounds obtained in this way
were oxygen-deficient, they were annealed under
oxygen pressure of 1300 atm at 300 °C. The
formation of single phase solid solution was
confirmed by X-ray diffractometry. The lattice
constants are shown in Fig. 1. The X-ray
absorption measurements near the Mn K- and Co K-
edges were made for the samples formed to pellets
with BN powder with synchrotron radiation on the
Beam Line 10B at Photon Factory. Each Fourier
transform of k -weighted Mn K-edge EXAFS for the
solid solutions is shown in Fig.2. Using a curve
fitting analysis of EXAFS, the structure
parameters of the solid solution were determined
by the least-squares parameter fitting. The
amplitude and phase shift parameters are obtained
from the reference samples (both end-members).

Results and Discussion

It is revealed that the Mn-0 distance from

EXAFS analysis decreases with increase of Co
ion content, nevertheless the mean (Mn,Co)-0
distance, one half of the lattice constant,
becomes large (Fig. 3^. This trend is,jonsidered
due to the shift of 0 ~ ion toward Mn ion in
the Mn-O-Co combination.

The variation of the lattice constant in the

range 0.0^x^0.33 is explained from the formation
of Mn-O-Co combinations by partial increase of
Co~0 distances. It is expected that the strength

§ 3.85

•Co'̂ + I
•low spin
.state ! Co^ ^

high spin
state

of the ligand field for Co"" igi|i becomes weak
gradually with increase of Mn ion content.
Since four of six Oo-O bonds in a

octahedron are lengthened at the composition or
x=0.33, the strength of the ligag^ field
decreases so that the spic state of Co ion is
changed from low to^high . Similarly it can be
understood why Co^ ion in the high spin state,
which has a larger ionic radius, becomes more
stable than that in the low spin state in the
range 0.33<x<1.0 though the solid solutions have
smaller unit cell volumes.

The features of Co K-edge XANES spectra
(Fig.i) change discontinuously at x=0.33
accompanying with the change of the spin state of
Co ion. On the other hand, such a behavior is
not observed in the Mn K-edge XANES spectra.

We are grateful to Dr. H.Maeda, Okayama
Univ., for providing us the programs and to Drs.
S.Nomura and A.Koyama, KEK, for their assistance
on the EXAFS measurement.

1)Taguchi et al.,J. Solid State
Chem., 35 (1980) 2X6.

2)Inoue et al.,Mineral. Soc. Japan,
1987 Ann. Meet. Abst. (1987) 103.
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Fig. 2. Fourier transforms of the k^-weighted Mn K-
edge spectra. Phase shift is not taken into account.
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Fig. 3. The Mn-0 distance measured
by EXAFS vs composition(X).Solid
circles denote the mean (Mn,Co)-0
distances obtained from diffraction
experiment.
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Introduction

Zeolites are crystalline aluminosilicates
containing three dimensional arrays of SiO^
and AlO^ tetrnhedra. Because of the presence
of aluminum atoms in the zeolite lattice,
there is a net; charge in the lattice, and the
compensating cations, typically sodium, are
required to balance the anionic framework
cliarge. Other kinds of cations are relatively
easily exchangeable. It is well-known that
the catalytic properties of zeolites are
influenced by the variety, amount,and
distribution of the exchanged cations. •' It
was found in our laboratory that the Cu-
exchanged mordenites can contain an excess
amount of Cu ions compared with that expected
from tlie stoicbiometry. It is interesting to
investigate the local structure of the Cu
ions. The Fourier transform method of the

EXAFS spectrum is one of the powerful
techniques for the investigation of the
structure of the exchanged zeolites. In this
work, we report the result of the EXAFS study
on the local structure of Cu-exchanged
mordenites.

Experimental

Cu-exchangod mordenites with different
amounts of Cu ions were prepared from Na-
mordcnite by the usual method. -' The extent
of ion exchange, determined by chelatometric
titratioii, were found to be 27, 89, 114, 150,
and 215 for Cu(II) ions (CuM-27 etc.). The X-
ray absorption measurement was performed by
using the synclirotron radiation from the
Photon Factory (PF) at the National Laboratory
of High Energy Physics (KEK, Tsukuba). The Cu
K-edge EXAFS spectra of the CuM samples and
the reference sample Cu(II)0 were taken with
the transmission mode, using a beam line BL-
lOB witli channel-cut silicon (311) crystal
monocliromator under a ring operating
conditions of 2.5 GeV and 200 mA maximal

current. The energy resolution is 0.5 eV for
near-edge scan and 2.0'v3.0 eV for EXAFS scan.
The Photon energy, E, was calibrated with
respect to a Cu foil by assigning 8.9788 keV
to the pre-edge peak on the absorption edge.
Details of the performance for both EXAFS
spectrometers and data processing procedure
have been described in refs. 3 and 4.

Results and Discussion

The Fourier transform of the EXAFS

function of CuM-27, -89, -114, -150, and -215
at room temperature is shown in Fig. 1. Using

CuO and CuCl2 solution as the reference
substances, we attributed the first major peak
centered at 1.54 A (no phase-shift correction)
to the backscattering from the nearest
neighbor oxygen atoms. It is seen from Fig. 1
that the second major peak appears when the
extent of exchange exceeds 100 %, and the
intensity of this peak increases wj.th
increasing extent of exchange. From this
fact, we attributed the second major peak at
2.85 A (no phase-shift correction) to the
backscattering from the second nearest Cu
ions. Tiiese results suggest that Cu ions are
bound to each other to form dimers, i.e., in
the form Detail analysis of

hJo " H.0 " progress.
1) L. Kevan, Acc. Chem. Res., 7^, 1, 1987.
2) J. R. Rearce, W, J. Mortier, J. B.
Uytterhoeven, and J. H. Lunsford, J. Chem.
Soc. Faraday 1, _77, 937, 1981.
3) U. Oyanagi, T. matsushita, M. Ito and H.
Kuroda, KEK Report, 83-30, 1984.
4) H. Maeda, J. Phys. Soc. Jpn., 2777,
1987.
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Introduction

The hydrated niobium and tantalum*

oxides, or the niobic and tantalic acids,

show strong acid properties and they are

expected to be applicable as industrial
1-2)

catalysts. In their active forms,

they are amorphous in state below about

580 and 730 'C for niobic and tantalic

acids, respectively. Thus, there has been

little knowledge about the structures of

these solid acids. B. K. Sen et al. pos

tulated that the structure of niobic acid

was an isopoly acid of composition of

HgNbgOj^g.^ their postulate has not
been confirmed spectroscopically, yet. So

we tried to study the structures of

niobic and tantalic acids by using EXAFS.

Experimental and Results

The Nb K-cdge and Ta Lj^-edge EXAFS

data of these oxides were obtained at

EXAFS apparatus(BL-lOB). Fig. 1 shows the

results of Fourier transformations of the

EXAFS data for (a), (b) niobic acid (heat

-treated at 120 and 300 °C, respectively)

(c) T-Nb^O^, which was formed by heating
of niobic acid at 700 'C and (d) niobium

isopoly acid potassium salt (KgNbgO^^),
in momentum (k) space, (left side) over

0-1
the finite k range about 2.5 - 13 A , in

order to determine their Nb-0 bonds, and

(right side) over the finite k range
0 _ 1

about 7-1'i A , in order to determine

their Nb-Nb bonds. Although the dehydra

tion of niobic acid occured by heat-

treatment at about 300 "C, the Nb-Nb bond

length of niobic acid did not change,

thus, suggesting the retention of the

skeleton of niobic aci.d during the heat-

treatment. The Nb-Nb distance of niobic

acid is intermediate between those of

T-Nb^O^and KgNbgO^g. It might be due to
difference of the share of 0-atom in NbO^
octahedra among these oxides.

Furthermore, it was found that Nb-0

distances were significantly different

from each other among niobic acid, T-Nb20^
and KoNb^O,o- The exsistence of at least

o b ly

two types of Nb-0 bonds was suggested for

niobic acid. Confirming these results by

Raman spectroscopy is under investigation.

In the similar studies on tantalum

oxides, Fig. 2 shows the Fourier trans

formations of the EXAFS data for (e)

tantalic acid, (f) and (g) KgTa^Oj^g.
The more detailed studies will be reported

in another places.

References

T. lizuka, K. Ogasawara and K. Tanabe,
Bull. Chem. Soc., Jpn. 2927 ( 1983).
T. Ushikubo, Y. Koike, K. Wada and S.
Ogura, Proceeding of Japan-France Semi
nar on Catalysis with Metal Compounds,
111 (1987).
B. K. Sen et al.. Mat. Res. Bull.,

923 (I98I).
B. K. Sen et al., ibid., jj, I6I (1982).
B. K. Sen et al., ibid., 17, 6II (1982)
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The 3d valence state of Cu in high-T^ super
conductors La2_xSrxCuOii (x=~0.15) and YBa2Cu307_y
{y=-0.1) can be clarified by observing ls-3d
absorption. We measured highly-resolved Cu K-
edge XANES spectra at Beam Line lOB in Photon
Factory in order to determine the valency of Cu
ions in the high-Tc superconductors and related
compounds.

Figs.l and 2 show Cu K-edge XANES for La2-x
SrxCuOii (x=~0.L5) and YBa2Cu307_y (y=~0 .1 ,~0.6,
-0.9), respectively, together with some cupric
and cuprous compounds. We obtained YBa2Cu30~6.9
by cooling slowly in O2, YBa2Cu30-6.4 by quench
ing in air, and YBa2Cu30-6,l by quenching in N2.
Powder X-ray diffraction showed that the y=-0.1
and -0.6 species have orthorhombic structure and
the y=-0.9 tetragonal one. Tc of Laj^ 85^^0.15
CUO4, YBa2Cu30c,_g and YBa2Cu30g 4 were about aOK,
90K and 50K, respectively. Tetragonal YBa2Cu305.i
showed no superconductivity.

In Fig.l, Cu ls-3d transitions are distinctly
observed in the pre-edge region of XANES. This
observation shows that Cu ions in Lai,85Sro.l5Cu04
are mainly in a divalent d9 state. Although it
is possible to estimate the number of 3d holes
from the intensity of ls-3d transition, it is
difficult witliin the framework of experiments for
powder samples. For example, the Cu ls~3d transi
tion in Y2CU2O5 has larger intensity than that of
CuO though they are both "purely" cupric
compounds and have four oxygen atoms coordinated
around Cu. Information about the coordination

symmetry ( nearly square-planar (D4h) in CuO;
distorted like Tj in Y2CU2O5 ) is necessary to
explain the difference in intensity. Distortion
like Tfj from D4I1 induces hybridization of 3d with
a •t=l component; therefore, the ls-3d transition
can borrow the intensity from dipole-allowed Is-p
transition. On the other hand, sub-peaks about
half-way up to the main absorption give another
information about the oxygen coordination. The
sub-peak is a Js-4p7r transition and the main
absorption ls-4pa. In octahedrally coordinated
compounds like g5SrQ 35CUO4, there is no sub-
peak because of no 4p7T orbitals.

In Fig.2, no ls-3d pre-edge structure is
observed for the cuprous dlO compounds, and weak
pre-edge structure for the YBa2Cu307_y compounds.
Fig.3 shows spectra magnified around the ls-3d
and ls-4p7T enei-gy region. A weak ls-3d absorpt
ion is observed for the y=0.6 and 0.9 species and
a broad ls-3d band for the y=0.1. The former
shows existenc<; of divalent d^ Cu atoms. Inter
pretation of the latter is difficult under the
present stage of study. There are some candi
dates: contribution of trivalent Cu, band broad
ening induced by strong covalency between Cu and
0, and so on. In the y=0.6 and 0.9 species,
distinct contribution of ls-4pTT is observed. The
energy (and intensity) of ls-4p7T transition is
dependent on the coordination number, the coordi
nation bond length and the bonding character
(covalency or ionicity), but not dependent on the

valence state of Cu atom. The Cu compound and
complex, CU2O and CuCl2~ (with BEDT-TTF), are
coordinated by two ligand atoms; therefore, the
observation shows existence of Cu ions coordi
nated by two oxygen atoms in the y=0.6 and 0.9
species considering the energy position of the
ls-4p7T absorption.
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Introduction

In vapor quenching methods such as sputter
ing and tJiermal evaporation, a high energy vapor
solution is condensed onto a cold substrate so

as to exhibit nonequilibrium alloys''^'. The
typical examples are Fe-Ag solid solutions and
Fe-Ti amorphous alloys2>, where Fe and Ag are
immiscible in each other even in the equilibrium
liquid state -»t 2300 K and no amorphous single
phase has been obtained by liquid quenching.
This report mentions the experimental results of
the X-rny diffraction and the extended X-ray
absorption fine structure (EXAFS) on amorphous
Fe-Ti alloys.

Experimental

Fe-Ti alloy specimens with thickness from 5
^ to 50 /an were prepared by a facing target
type DC sputtering on polyimide and silicon
wafer substrates whose temperatures were about
SO'C during sputter-deposition. The electron
probe inicronnn] ysis was made for the determina
tion of chemical compositions of these sputter-
deposited alloys. X-ray diffraction patterns at
290 K were observed using Mo-Ki* radiations and a
graphite mono<;hromator. EXAFS study was done by
using EX-I2 in Photon Factory, National Labora
tory for High Energy Physics.

Results

Figure 1 shows the radial distribution
function of an amorphous Fe-34at%Ti alloy with
thickness of about 50 The first, second and
third peaks correspond to the first, second and
third coordination shells within the spiral

3Aat7oTi

polytetrohedral cluster model of an amorphous
structure^', which consists of a monotonic and
dense stacking of tet.rahedra^>. The siJltting of
second and third peaks becomes vague with
increasing Ti concentration. The average coor
dination number is estimated to be about 11.5
and independent of the alloy concentration. In
the amorphous Fe-Ti alloys, the Mdssbauer
spectra have also showed that their local atomic
structures are resemble to topologically close
packed intermetallics constructed from the
stacking of tetrahedra and insensitive to the
alloy concentration^'.

Figure 2 shows the Fourier transform of
EXAFS oscillation, k3;*<k), at the Fe-Krt edge for
an ft-Fe metal and an amorphous Fe-34at%Ti alloy
with thickness of about 5 In the amor
phous Fe-34at%Ti alloy, the number of nearest
neighbor pairs of Fe-Fe and Fe-Ti are about 7
and 4, being roughly consistent with the analy
sis of the X-ray diffraction spectra. EXAFS
data on other amorphous Fe-Ti alloys and crystal
line Fe-Ag alloys are now under analysis.
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Introduction

Premartensitic phenomena in thermoelastic
martensite transformations are one of the renewed

interest in connection with the mechanism of the

phase transition, particulaly from a bcc or a
CsCl type 3~pliaso to an R-type martensite phase.
As precursor phenomena, tweed patterns in elec
tron microscopies, anomalous incommensurability
in diffraction patterns, soft phonon modes, etc.
are reported. Based on the analysis of X-ray
diffraction experiments of a NiTi(Fe) alloy^ and
a AuCd alloy^, tlie modulated lattice relaxations
(Ml.R's) model was proposed^, in which an embryo
dressed by ^fI.R's within the B-matrix plays an im
portant role. Tlie idea of the model is that the
embryo created by thermal excitations introduces
the modulated strain field in tiie raather lattice

within the period of its life time. The struc
ture of the IfLR's might be very similar to that
of the embryo and also of the martensite itself
because the characteristics of the soft phonon
mode are responsible to the phase transition as
well as the formation of the quasi-static lattice
modulation in the B-phase.

The purpose of the present investigation is
to carry out the local structure analysis of the
AuCd alloy by EXAFS techniques to verify the ex
istence of the modulated lattice in the B-phase.

Experimental and Results

Powder samples of the AuCd alloy are pre
pared from a single crystal which was previously
used in the X-ray diffraction experiment^. Con
ventional EXAFS experiments on tlie lOB beam line
as well as a preliminary fluorescence EXAFS ex
periment on the 7C beam line were carried out at
the temperature from 200K up to ^iSOK. The Ms
point of this powder sample Is confirmed by an
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Fig. 1

X-ray diffraction experiment to be about 300K.
Following the standard procedure,

are obtained. We assumed that the structure of

the sample at 200K is that of the martensite phase
so that the first nearest neighbor distance (8 at
oms around the probed atom) in the B-phase splitts
to three shells; inner shell(2), intermediate
shell(4) and outer shell(2). By comparing the

200K with the above model, we obtained

the energy shift Eo, the parameter of the phase
shift as well as the atomic distances and the tem

perature factor. For the further analyses, two
parameters, Eo and the phase shift are fixed with
the values given at 200K. Atomic distances, coor
dination numbers and tlie temperature factor are the
fitting parameters. Results are summarized in Fig.
1. Even though the data points are scattered, the
coordination numbers and the atomic distances above

the Ms point show still the characteristics of the
martensite phase. Wlien the temperature is raised
up far above the Ms point, the tendency of the de
viation from the martensite structure is seen in

the figure.
Discussions

When we consider the existence of the marten-

site-like region in the B-phase, it is straightfor
ward to calculate the probability of the volume
of each region from Fig.lb). Results are given in
Fig.2. Remarkable point is that the probability
of the volume of the martensite-like region is
still high in the S-phase from the view point of
die local structure. This conclusion is qualita
tively consistent with the previous X-ray diffrac
tion experiment^, and it should be emphasized that
the local structure in the premartensitic state is
directly analyzed on the present EXAFS experiments.

In connection with the existence of embryos
in a metal alloy, the local structure of the (o-
phase are also investigated and the data analysis
is now undergoing.
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Introduction

We have previously demonstrated that EXAFS
and XANES are powerful techniques in the study of
metamic.t minernls-naturnl amorphous substances
caused by radiation damage . To study
alterations .i.n these minerals during the
metamictization process, it is useful to obtain
the chemical and structural information around

Fe, because Fo is easily affected by redox
atmospliere. Fo K-edge XANES spectra give much
information on details of the oxidation state and

the coordination environment though it seems
desirable to use other spectroscopic technique
simultaneously. The present report describes Fe
K-eclge XANES study of metamict gadolinite and
samarskite, and the results are compared with
those of the Mossbauer analysis.

Experimental

X-ray absorption measurement near Fe K-edge
was made at room temperature using the EXAFS
facilities installed at BL-lOB in PF. M'ossbauer
measurement was made at Tandem Accelerator
Center, the University of Tsukuba (UTTAC) using

Co as a source. Samples used were metamict and
annealed gadollni.te Y2FeBe2Si20^Q, samarskite
(Y,U,Ca)(Nb,Ta,Fe)20g?, and some synthetic
compounds.

Results and Discussion

The prc-e<lge absorption, which is due to
electronic transitions from inner Is state to

empty d, s or p states, is often observed in Fe
K-edge XANES spectra. The energy shift of this
absorption due to valence change is mainly an
electrostatic effect due to the increased binding
energy of the Is electron as the formal valence
increases.

The pre-e<lge absorption spectra of four
reference compounds are shown in Fig. 1(a).
These spectra indicate that the doublet pre-edge
peaks (I and If) in the ferric compounds (YFeO^
and a-Fe20-%), are shifted to higher energy side
by 1.0-2.0 eV compared with those in the ferrous
compounds (FG2SiO^ and FeCO^). This tendency is
in good acreemont with the results in previous
reports Fig. 1(b) shows the pre-edge
absorption spectra of the gadolinite group
samples. The spectra of metamict, annealed and
crystalline sam|)les have the pre-edge absorptions
at approximately equal energy (7112 eV), which
can be assigned to the divalent Fe. These data
are consistent with the results of MUssbauer

analysis.
It is known that the intensity of the pre-

edge absorption varies according to the degree of
distortion from centrosymmetry in octahedral Fe
compounds . Tlie tendency observed in our
reference compounds (Fig. 1(a)) is consistent
with their crystallographic data.

In Fig. 1(h), the intensity of the pre-edge
absorption of metamict gadolinite is about tliree

times as high as that of the crystalline
gadolinites. This suggests that the octahedral
Fe-0 coordination symmetry in the metamict
gadolinite is significantly lower than that in the
crystalline gadolinite. These results are
consistent with the results of Mossbauer analysis:
that is, the QS values of crystalline gadolinites
(av:1.7 mm/sec) are much smaller than that of the
metamict sample (2.0 mm/sec) indicating lower
coordination symmetry in the latter structure, and
whereas the IS values of all the samples are about
1.0 mm/sec.

It is reported that the role of Fe in the
construction of gadolinite structure is pot
important and the Fe site tends to have vacancy
This may indicate that the Fe-0 bonds are weaker
than the other metal-oxygen bonds in gadolinite.
Therefore, it is expected that the Fe-0
coordination geometry would suffer serious
radiation damage. The results of XANES and
Mossbauer analyses indicate that metamict
gadolinite has a very distorted octahedral Fe-0
coordination compared with crystalline gadolinite.
In contrast to Fe, EXAF^ analysis of Y K-edge
indicated that there was no significant difference
in the Y-0 coordination geometry between metamict
and crystalline gadolinites K Accordingly, Fe may
be one of the key elements of metamict minerals to
reveal "why a mineral occurs in the amorphous
state?"., —, , I ,
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Fig. 1. The pre-edge absorption spectra in the Fe
K-edge XANES of (a) reference compounds and (b)
gadolinite group samples. All spectra have been
normalized with respect to edge-crest absorption
intensity.
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Introduction

Aromatic o-diamines (o-phenylenediamine and
its derivatives, X-methyl-, A-chloro-, X,5-
dichloro- and /i-nitoro-o-phenylenediamine) and
Bismuthiol II {3-phenyl-5-mercapto-1 ,3,4.-
thiodiazole-2-thione) have been used as reagents
for the determination of Se(T7). These reagents
react with Se{ jj) in acidic solution to form
piaselenols and an Se-Bismuthiol H complex, which
can be extracted into organic solvents. However,
the structures of these compounds formed are
still ambiguous : the structures and chemical
formulas of the products a) ~ d) have been
proposed (Fig. 1).

In the present study we aimed at determining
the structures and the oxidation state of

selenium for these products in crystals and
nitrobenzene solutions by EXAFS/XANES technique.
The electronic effects of substituents are also
discussed in connection with the structures of
piaselenols.

Experimental

The piaselenols and the Se-BismuthioI H
complex, we re prepared as described
previously ' with a slight modification.

Powder samples of piaselenols and its
methyl-, chloro-, dichloro-, nitoro-derivatives
and the Se -Bismuthiol H complex were measured by
dusting onto Sooch tapes. Commercially available
NapSeOo, NapSeO, and (C/H/-)pSeo were used as
standard mateVials ror XANES spectra.
Nitrobenzene solutions containing piaselenols
except NO2- derivative and the Se-Bismutiol U
complex were also measured. Se-K absorption
spectra were measured by using a Si(311) channel-
cut crystal monochromator on the EXAFS facilities
installed at BL-10B at PF.

Results and Discussion

XANES spectra of Se-K edge of piaselenol,
Se-Bismuthioi IT complex, (CiHcKSen, NapSeO-, and

piaselenols are given in Fig. 3- From the
comparison of the XANES spectra of the

in piaselenol is not quadrivalent but
divalent. Thus the structure shown in Fig.
1-a) is recommended. Similarly, oxidation
state of Se for the Bismuthiol H complex
is found to be divalent and the complex
takes the formula given in Fig. 1-c).

The firsi- strongest peaks in Fig. 3
correspond to the Se-N bond distance. The
Se-N bond distances of the substituted
piaselenols were compared with that of the
non-substituted compound. It was observed
that the Se-N bond distances for NO2- and

dichloro substituted piaselenols are O.IO9A and
O.OO7A shorter than that of the non-substituted
piaselenols, whereas those for CHt- and
monochloro substituted ones are O.OIOA anr O.OO4A
longer than the non-substituted compounds,
respectively. The results araexplained on the
basis of the Hammett rule.^-' The resonance
effect of CHo and NO2 groups can transmit their
electronic effects over long conjugated systems,
but' resonance effect of CH^ groups is weaker than
that of NO2 groups. Further, the resonance
effect of Crio and NO2 groups affect the Se-N bond
distance in an opposite manner, because CHt and
NOp are electron donating and electroph^ilic
substituents. On the other hand,the inductive
effects of C1 groups decrease rapidly with the
increase in the distance between interacting
groups. Therefore, no apparent effect on the Se-
N distance has been observed for monochloro and
dichloro substituted compounds.

The second peaks in Fig. 3 correspond to the
Se-C nonbonding distance. It is observed that
the Se-C distances of NOp-, CHo- and monochloro
substituted piaselenols are O.OISA, O.OO3A and
O.O40A longer than that of the non-substituted
one, respectively. The Se-C distance of dichloro
derivative are O.OI7A shorter than that of the
non-substituted one. These results suggest that
the changes in the Se-C distances may result from
the decrease in the C-N distance or changes in
bond angles, etc. It is noteworthy that the
effect of substituent groups on the Se-N
distances of piaselenols were not observed in the
nitrobenzene solutions. A further study will be
necessary to clarify the solvent effect on the
structures of piaselenols.
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Introduction

Several EXAFS studies have been carried out
to investigate tijie local structure of as-prepared
amorphous alloys , but the EXAFS studies on the
change in the local structure of amorphous alloy
during the crystallization process2have only
recently studied by A. Sadoc et al . In this
study. Short range structural changes of
amorphous CuggZr^Q alloy during the
crystallization process have been investigated by
EXAFS at both the Cu and Zr K-absorption edges.

Experimental
The CuggZr^Q amorphous alloy in a form of

ribbon was prepared by th^ rapid quenching method
using a single steel roll and heated at various
temperatures in the range 473-773 K under vacuum
for 30 min. EXAFS data were obtained at room

temperature by employing the EXAFS facilities at
BL-lOB of KEK-PF.

Results and Discussion
Cu K-edge. The EXAFS spectra (a-e) and their

Fourier transforms (A-E) in the alloys heated at
various temperatures are shown in Fig. 1. The
EXAFS oscillations in the as-quenched am<j)rphous
alloy (a) became negligible beyond 10 A
However, the EXAFS oscillations in the alloys
heated at 573 and 623 K (b,c) could be observed
clearly over a wide range of energies and the
amplitude of the oscillations were larger than
those of the as-quenched amorphous alloy. The FT
in the as-quenched amorphous alloy (A) exhibited
the main peak with 3.15 peak height (PH). The
intensity of this main peak increased with the
heating temperature up to 623 K (PH=4.65 (573 K);
5.10 (623 K)) (B,C). These results suggest that
the disodered structure of the as-quenched
amorphous al^oy induced the quenching of EXAFS
oscillations and the structure of the amorphous
alloy became less-disordered by the heating at

Wave Nu

heated at

573 K

573 and 623 K. On the other hand, the EXAFS
oscillations in the alloy heated at 773 K (e)
became negligible beyond 9 A~ . This might be due
to the formation of multi-phases, because '̂ ^• '̂''2
phase is not stable at room temperature.

The Cu K-edge EXAFS spectra were
reconstructed well by using combinations of four
subshells. The results of the curve-fitting
suggested that a weak increase of tlie Cu K-edge
EXAFS spectrum observed in the alloy heated at
623 K is due to the increase of the amount of
neighboring atoms in the 3rd and 4th shells. The
short range structural rearrangement might occur
remarkably in the atoms which exist at a distance
from the central Cu atom, such as the atoms in

•the 3rd or 4th shells, but in the nearest
neighboring atoms.

Zr K-edge. The EXAFS oscillations in the
alloy heated at 623 K could be observed clearly
over the wider range of energies than those in
the as-quenched amorphous alloy and the alloys
heated at 773 K. This result indicates that the
structure of amorphous alloy became
1ess-disordered by heating at 623 K, as well as
the results observed in the case of the Cu K-edge
EXAFS oscillations. However, the maximum
intensity of the main FT peak was observed in the
alloy heated at 773 K, while the decrease in the
intensity of the main peak was observed in the FT
of Cu K-edge EXAFS. These results indicate that
the aggregation of zirconium atoms occurs by
heating at 773 K and induces the formation of the
multi-phases which is suggested from the results
in the Cu K-edge EXAFS analyses.
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Introduction

Mixed-valence molybdenum complexes (Mo-MIX)
produced from pentavalent and hexavalent molyb
denum have bci^n known as molybdenum blue, how
ever, few study concerning to the structure and
properties of Nl-MIX has been reported. Our
previous investigation^^ about the Mo-MIX in
weakly acidic solution (pH 2.5) indicated that
Mo-Mo distance for Mo-MIX is somewhat longer
than that for Mo(VI) polyanion, Mog025^~- In
the present work we found a new Mo-MIX in 9 M
1I2S0^ (also blue solution) and analyzed its
XANES and EXAFS.

Experimental

Mo(VI) solutions were prepared from sodium
molybdate (Na2Mo0/, •2H2O) . Mo(V) in IlCl was pre
pared by reducing Mo(VI) in 2-3 M HCl solution
with mercury. For Mo(V) in H^SO^, Mo(V) in less
than 1 MHCl, Mo204 '̂̂ , was collected on a cation
exchange column (Dowex 50W-X8) and eluted by 2 M
II2SOZ,. Mo-HlX solutions were prepared by mixing
adequate quantities of Mo(Vl) and Mo(V) solu
tions. Mo(V) and Mo-MIX solutions were deoxy-
genatcd by bubbling pure nitrogen. The X-ray
absorption measurements were carried out with
the EXAFS apparatus at BL lOB. Photon energy
was calibrated by using the pre-edge peak of
Na2Mo04 •21I2O at 20007.0 eV. Other experimental
conditions are in the same as those reported
previously.

Results and Discussion

Figure 1 shows the XANES spectra for Mo(VI),
Mo-MIX and Mo(V) in pH 2.5 (pH of the solution
was adjusted by using H2SO4 and NaOH) and in 9 M
11250^ solutions. In both cases pre-edge peaks
assigned to be Is-Ad transition-'' are observed.
The intensity of tliis peak has correlation with
the number of the Mo=0 bond per molybdenum atom,

tiierefore, for Mo(VI), Mo-MIX and Mo(V) the
number gradually decreases in this series. This
phenomenon was also observed for pH 2.5 solution
which contained chloride ion.^^

EXAFS Fourier transforms (FT) of molybdenum
samples are shown in Fig.2. In pH 2^5 solutioHj
for Mo(VI), Mog026^", peaks at 1.70 Aand 3.24 A
correspond to Mo=0 and Mo-Mo, respectively. For
Mo-MIX, peaks for Mo=0 and Mo-Mo are observed at
1.68 X and 3.31 X. The Mo=0 destance for Mo-MIX
is almost the same as that for Mo(VI), while the
Mo-Mo distance for Mo-MIX is somewhat longer
than that for Mo(VI). For Mo(V), Mo20^^"^, the
peak for Mo-Mo is observed at 2.59 X. Similar
results were obtained for pH 2.5 solution in the
presence of chloride ion.2)

In 9 M H2^04 solution, for Mo(VI), the peak
for Mo=0 is observed at 1.72 A while no peak
corresponding to Mo-Mo is observed, indicating
that no polymerized species exists. For Mo(V),
peaks at 1.79 A and 2.53 A correspond to Mo=0
and Mo-Mo, respectively, and the small peak at

3.82 A may also correspond to Mo-Mo indicating
that the polymer-
ized species exists, pjj 2.5 3
For Mo-MIX, also
polymerized species, (f
two peaks at 3.24 X ^ Jl. 0.15 MMo(VI)
and 3.78 A are con- J 2. 0.09 MMo(V)
sidered to corres- 3^ q.I MMo(VI)
pond to Mo-Mo, how- ^ q q5 j.,
ever, tlie structural r
difference between /
Mo(V) and Mo-MIX .—•—

remains to be , ; , , , , , , ,
established.
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Copper(n) perchlorate is well known to take
distorted octahedral structure of [CuCOlDo] '̂ in
its aqueous solution owing to Jahn-Teller effect.
However, there found significant distribution on
the axial Cu-0 bond-length (2.28-2.60A) among
reported structural parameters.The reason
of this distribution may be large Debye-Waller
factor(Oat) and concentration dependence of the
bond length. Determination of complex structure
at low temperature is one of the most reliable
way to determine structural parameters on such
weak bonds. A solution at low temperature will
be represented by a gllasy state solution.
However, there is no EXAFS study on the solute
structure in glassy solutions except our report
on copper(II) acetate solutions.

We report here the solute structure of
copper(II) perchlorate aqueous solutions in glassy
state compared with that in liquid state.

Experimental
Weighed amounts of copper(II) perchlorate

was dissolved in distilled water(A) or equivolume
mixture of water and glyceroi(AG). The copper
content was determined by direct titration with a
standard EDTA solution. Sample solutions were
sealed in cells or treated as liquid films, then
immersed in liquid nitrogen. After
vitrification, tliey were kept at this or lower
temperature. The vitrification of solutions
was visually checked that they were optically
transparent, which is good index according to our
experiences.®^ XANES was also used as an
indicator of a structural change during
vitrification, because it is sensitive to the
change of electronic state and the symmetry around
the X-ray absorbing atom.®^ X-Ray absorption
spectra were measured at BLIOB using a Si(311)
channel-cut monochromator in transmission mode.

R<2suIts and Discussi^
XANES spectra of glassy solutions are shown

in Fig. 1. The structures B and D in glassy state
became more enhanced than those in liquid state,
when solutions were vitrified. These structures

became clearer with increasing solute
concetration. Other structures did not change
with vitrification nor increasing concetration.
It is confirmed that hydrolysis and addition of
glycerol is not the reason of the concentration
dependence of XANES. As perchlorate ion has
very low coordination ability in aqueous
solutions, thi.s concentration dependence should
be due to the outer-sphere coordination of
perchlorate ions.

The number ratio of short and long Cu 0 bonds
were assumed to be 4:2 during the analysis of
EXAFS. Equatorial Cu-0 bond-length and
Debye Waller factor does not change with
concentration: 1.96A and 0.06A , respectively.
Axial Debye Waller factor, however, increases with

increasing concentration from O.lOA at 0.3
mol/dm^ to 0.14 A at 3.4 mol/dm^ though the axial
bond length does not change significontly(2.3A).

In summary, XANES and axial Debye-Waller
factor changes with the concentration in
copper(II) perchlorate aqueous solution.
Crystalline sample shows different XANES spectrum
from solution, which may be also due to the medium
range order around an X-ray absorbing atom. So
the outer-sphere contribution must be included in
calculating XANES spectra.
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Introduction

The shift of the pentaammine Cu(II)
complex in aqueous solution has been known for
a long tine, but its structure in the solid state
has recently been revealed to have a square
pyramid with four ammonia molecules in the
equatorial plane and the fifth one in the axial

site.'' No atom occupies another axial site of
Cu(II). In aqueous solution the structure of
the pentaammine Cu(II) has also been investigated
by the X-ray diffraction^' and EXAFS '̂ methods.
However, their conclusions are not consistent
with each other. In the present study we have
examined the solvation structure of Cu(II) in
liquid ammonia, in which all coordination sites
of the Cu(II) have to be occupied by ammonia
molecules.

Experimental and Results

Tetraammine Cu(II) nitrate was prepared in
a standard manner, dissolved in liquid ammonia
filling a high pressure cell made from a
stainless steel. The cell was opened just before
EXAFS measurements. EXAFS spectra were measured
at 223 K using a cryostat cooled with a mixture
of alcohol and dry ice at the BLIOB station of
the Photon Factory. A structure standard used
was crystalline [Cu(en)2!!Cl2.2H20. The analysis

Energy(eV)

of the spectra was performed in a usual manner.
The values of the phase shift and backscattering
amplitude were taken from the Teo and Lee table.

The XANES spectrum of the liquid ammonia
solution is shown in Fig. 1. Its feature is very
similar to that found in a highly concentrated
ammoniacal solution of copper(II) sulfate. It
should be noted that an absorption spectrum of
copper(II) in liquid ammonia does not differ
significantly from that of the pentaammine Cu(II)
complex in aqueous solution except for about
10 7. higher intensity in liquid ammonia. The
Fourier transform of the sample is shown in
Fig. 2. The first peak is due to the Cu-N bonds
within solvated Cu(II). The structure parameter
was obtained by a least-squares fitting procedure
applied to the Fourier filtered data of the first
peak. Preliminary results showed that Cu(II)
was surrounded by 4.5 ammonia molecules at 2.03
A. Further refinements are now in progress.
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Introduction

Solvation structure of Ag(I) in liquid
ammonia has been an open question. From Raman
spectroscoplc measurements of liquid ammonia
solutions of silver nitrate. Cans et al.''
proposed four ammonia molecules bound to Ag(I),
while Tobias et al.^^ suggested that solvated
Ag(I) complex had a distorted octahedron with
two short and four long Ag-N bonds. In
connection with the liquid ammonia system,
solvation of Ag(I) In pyrldlne and acetonitrlle
(AN) with different donlclty is also of Interest.
The EXAFS spectroscopy has been applied to
determine the structure of Ag(I) solvates in
these non-aqueous solvents.

^p_erlmental and Results

Silver nitrate and perchlorate were dried
in vacuo over 12 hours and solvents were dried

in the usual way. The concentration of sample
solutions was ca. 0.2 mol/dm"^. EXAFS spectra
near the AgK edge were measured at the BLIOB
station of the Photon Factory. A liquid ammonia
solution was measured at 223 K using a cryostat
containing a mixture of alcohol and dry ice.
The absorption spectra were corrected for
background expressed by an equation a+5/t, where
I', is the energy. The values of the phase shift
and backscatterlng amplitude were taken from
the Teo and Lee table.

The Fourier transforms of Che sample
solutions are given in Fig. 1. The first peak
is assignable to Ag-N bonds in solvated Ag(I)
complexes. In acetonitrlle and pyrldlne there
also appear peaks corresponding to the
interactions between Ag(I) and other atoms in
coordinated solvent molecules. Structure

parameters were extracted from a least-squares
fitting procedure applied to Fourier filterd

Table 1. Structure parameters of solvated Ag(I)
The values in parentheses are X-ray data.

Solvent

NH3
Pyridine
Acetonitrlle

H-O

2.31 3.7 0.100 59

2.39 (2.32) 3.9 0.091 33.1
2.24 (2.26) 3.7 0.089 14.1
2.37 (2.40) 3.9 18.1

modulations of the first peak. The final results
are given in Table 1. The values of Ag]I)
hydration is also included for comparison. In
liquid ammonia Ag(I) is coordinated by four
ammonia molecules with Ag-N distance of 2.31 A.
The Tobias model could not reproduce the
experimental data. In pyridine the solvation
number of Ag{I) is also four, and the Ag-N bond
length is close to that in the solid state. In
poor donating acetonitrlle the Ag-N distance is
2.24 A, significantly shorter than Chose found
in the solvents of stronger donlclty. In the
crystal of [Ag(AN)^]C104 the Ag-N distances vary
in the range 2.18-2.33 A, their average value
being 2.26 A. The various Ag-N bond lengths in
the crystal may be due to weak acetonitrile
coordination to Ag(I). In the solution, however,
the o value is similar to those for the other

solvents, indicating regular tetrahedral
coordination of acetonitrile molecules to Ag(I).
The Ag-N distance in Che solvents may depend on
a electronic state of N atoms in coordinating
molecules, not on the solvent donlclty.
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Introduction

Bis(2,3 -a) Kancd ione d io.viniato)ni eke 1( II )
cnmpiextfs, Ni (R.R' - tli oxH)2, shows red color and
thcii- crystal structures (A, B and C in Table 1)
are hni It up hy square planar Ni(n) complexes
ovelappin." ''arh other along the axial Ni-Ni

tlirection Pyridine solutions of these

cromple.xes also shows reddish orange color, which
indicates the presence of similar structure in

the solutions. Absorption spectra of pyridine
solutions of 'he complexes , however , suggested
that eacli stpiare planar complex existed as a
monomer with no pyridine molecule solvated at

axial sites in the solution In this study,
we aimefl at iletermining structures of a series
of Ni (R,R'-d ioxll)? complexes (Table 1) both in
crystals and in pyridine solution hy EXAFS
sfiec troscopy.

E\peiimet<tal and Results

Ni K-edf.e spectra were measured at KEK-PF

(BL-lOB) for crystalline powder and pyridine
solutions of N1 (R,R'-di0x11)2 complexes . The
concenl.ration of the NKII) complexes in the
pyridine solulions were 0.042, 0.343, 0.347 and

0.342 mol flm '' for complexes C, D, E and F,
respectively. A reference compound used was

complex A since its crystal structure has been

reported ''.
Figure 2 shows the radial distribution

curves , ! F(r) | , of the solid and pyridine
solution of romp Iexes C — F . In each railla)

d 1sl.rijiiit ion curve the prominent peak found

about l.SA corresponds to Ni-N it)teractions
within Ni(n) complex. Peaks in the range of 2~
3a may he due to Ni--C and Ni--n interactions .
In Fig.3 are plotted the Ni-N interatomic

distances determineil for the Ni(n) complexes in
solid and pyridine solutions . From these
results , we can conclude as follows ; (1) two
different Ni-N Interatomic distances are shorter

in pyridine solution than in sol it] , (2) the
difference between the two Ni-N bond lengths is

larger in pyridine solution than in solid , and

(3) no pyridine molecule is coordinated at t.)ie
a[iical positions of Ni(n). From (l)'~-(3) it is
snggpsteil that Ni(n) complex is more distorted
in pyridine solution than in the solid state. In

connection with the present study, we have also
measm-eil melts of the above complexes.
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Introduct i ojj

The structure of metal complexes in glassy
ionic solutions has been of great interest in
Mossbauer, ESR and Raman spectroscopic
measurements in connection with structural

investigations of the corresponding liquid state.
We have developed a cryostat and a cell suitable
for EXAFS measurements of glassy ionic
solutions.'^ In the present study we have
determined the structure of zinc(II) bromide
complexes in both liquid and glassy states by
the EXAFS spectroscopy.

EXperime_n_tal and Results

Sample solutions were prepared by dissolving
commercial zinc(II) bromide of reagent grade in
water. The samples measured were ZnBr2./?H20
(/?«4,10,30, 60) and ZnBr2.3LiBr. 15H20. Structure
standards used were crystalline ZnBr2 and
ZnS04.7H20. EXAFS spectra near the Zr\K- and Br^C
edges were measured at the BLIOB station of the
Photon Factory. Glassy samples were prepared
by quickly immersing the liquid solutions into
liquid nitrogen just before EXAFS measurements.
The analysis of the EXAFS data were performed
in a usual manner with the phase shifts and
backscattering amplitudes taken from the Teo and
Lee table.

Figure 1 shows the Fourier transforms of

i 4L ZnSO^- THjO cryst.

Liquid state

the sample solutions. The peaks for glassy
samples are more enhanced than those for liquid
solutions, indicating less active thermal motion
of species in the glassy state. The first peak
seen for 2nS0.1.7H20 is ascribed to Zn-0H2 bonds
within octahedral Zn(II) hydrates. In the ZnBr2
solutions a new peak appears at the longer
distance and increases with increasing solute
concentration. This peak corresponds to Zn-Br
bonds within 2inc(II) bromide complex ] formed
in the solutions. These peaks were extracted by
a Fourier filtering technique and structure
parameters of an average species were determined
by a least-squares method. The Zn-Br distance
determined from both edges is 2.38 A, independent
on the solute concentration. For a solution with

the same composition the coordination number of
the Zn-Br pairs is significantly smaller in the
glassy state than in the liquid state. This may
indicate that complex formation is less
favourable in the glassy state. The coordination
number of Br atom in the ZnBr2.4H20 solution was

found to be close to two, indicating
polymerization of the complexes in the solution.
In the corresponding glassy state, however, such
aggregate was not evidenced.
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Introduction

It has been considered that supported molyb
denum sulfide catalysts are deactivated not only
by deposition of carbonaceous materials and metal
lic foulants onto the catalysts, but also by
changes in the structure or properties of the
catalyst species during the hydrotreating process.
Many studies concerning the deactivation of molyb
denum catalysts by the depositions have been pub
lished, but little information has been obtained
on the local environment around Mo because of the

lack of an effective technique to study them.
Recently, EXAFS has been used in the determination
of the structure of supported catalysts . In the
present report, EXAFS method was applied to the
investigation of the changes in the local environ
ment around Mo in the catalyst caused by
hydrotreating coal-derived liquids.

Experimenta1

The catalysts studied In this report were
NiO(3.3wt%)^Mo02(12.5wt%)/A1^0^ catalysts (surface
area: 176m /g, pore volume: 'T).499ml/g) used for
hydrotreating coal-derived liquids obtained from
Australian brown coal. The reaction was run for

1 500 hours in a fixed bed reactor (reaction
temperature: 350-400''C, hydrogen pressure: 14.7
MPa). After the reaction, the catalyst was
removed from three different locations in the

reactor (inlet, middle, and outlet). The deac
tivation of the catalyst was in the order of
inlet middle outlet, which was obtained by the
model test reactions for hydrogenat ion and
hydrocracking activities. Before EXAFS measure
ments, the used catalysts were washed by
ultrasonic cleaner with tetrahydrofuran (THF) for
5 minutes to remove coal-derived liquids from the
catalysts, and then powdered and pressed into pel
lets under a nitrogen atmosphere. The Mo K-
absorption EXAFS spectra were measured at BLIOB
of the Photon Factory.

Results and Discussion

The results from the EXAFS for molybdenum on
the used catalyst are shown In Table 1. The dis
tance, R, from absorbing atom was corrected by
using standard samples MoS™ and Na2MoO,* 21120- The
average number of coordinating atoms, N, was cal
culated from the intensity of the peak. Table 1
clearly shows the differences between the average
number of coordinating S atoms, N(S), and the
nearest Mo atoms, N(Mo), around Mo in the fresh
and used catalysts. The decrease in N(S) observed
for the Inlet catalyst causes the change in
val^^ce structui'e of Mo, which was observed by
XPS . Two plausible causes can be considered for
this plienomenon. One is the dissociation lof coor
dinating S under low H2S concentration. The other

Table 1. Results of analysis of EXAFS for

used catalysts.

catalyst

M0S2

FRESfl/S

INLET

MIDDLE

OUTLET

Z.40 4.5 3.16 2.0

2.40 4.2 3.17 2.2

2.40 4.7 3.17 2.6

2.39 5.0 3.17 2.9

N(Mo)

N(S)

is oxidation of M0S2 by oxygen containing com
pounds. Both of these causes are reasonable since
coal-derived liquids contain a small amount of
sulfur and a large amount of oxygen. It appears
that the change in the oxidation state of Mo on
the catalysts is one of the reasons for the large
deactivation at the inlet. In fact, after sulfid-
ing the used catalysts the catalytic activity can
be recovered to some extent.

Another change observed in the used catalysts
is the Increase in N(Mo). It is believed that
this increase is caused by the agglomeration and
growth of crystalline MoS-- The ratio N(Mo)/N(S)
serves as a good index for the agglomeration of
Mo. The agglomerization of M0S2 proceeded in the
order of outlet middle inlet. It is suggested
that the higher temperature at the outlet part of
the reactor compared to the inlet, which is caused
by the exothermal reaction, accelerated the ag
glomerization process. Though the agglomeration
of Mo will lead to some changes in the catalytic
function, the deactivation of the catalyst caused
by M0S2 agglomeration seems to be smaller than
that caused by deposition of carbonaceous
materials and metals. More deatailed studies on

the relationship between the structure and ac
tivity of the catalyst are now progressing.

The authors wish to thank Drs. Tadashi Mat

sushita and Masaharu Nomura of the National

Laboratory for High Energy Physics (KEK) for their
help with the X-ray absorption measurements.
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Introduction

The support is used not only to
disperse the metal particle on it but
also to alter the catalytic properties
through the chemical and physical inter
action .

VJhen Pt and Rh are deposited on the
Ti02 and Nb205 and reduced at high
temperature, the hydrogen chemisorption
properties of the metals are lost^.
This phenomenon is called as SMSI. The
SMSI is thought to be caused by the
coverage of the partially reduced TiOjr
and NbOx on the Metal particles. But
the real mechanism has not yet been
compeletely explained on the molecular
level. In this work we used Pd fine

particle(crystalline size = 10 nm) with
the Nb205 deposited on it as a model
system for the SMSI catalyst. The
structures of this Pd-supported Nb205
after the H2 reduction treatments at the
high temperature and at low temperature
were studied by means of EXAFS.

EXPERIMENTAL

The Pd-supported Nb205 system was
prepared by the impregnation of Pd fine
particle with NbCls ethanol solution.
The sample v;as calcined at 773 K for 2
h. The Nb K-edge EXAFS measurement was
carried out at BL-lOB of Photon Factory.

RESULTS AND DISCUSSION

Figure 1 shows the Fourier
transforms of the EXAFS oscillation.

After the 473 K reduction the Nb existed

in the form of Nb205 in comparison to
the Fourier transform of the Nb205
powder. After the 773 K reduction, the
peak corresponding to the Nb-Pd appeared
as shov/n by the arrow in the figure.
When the sample was then oxidized at 673
K and reduced at 473 K, the Nb-Pd peak
became smaller. This means that the

Nb-Pd bond on the surface was cleaved

after the 673 K oxidation but was not

reformed after the 473 K reduction. The

remaining peak corresponding to the
Nb-Pd may be due to the bulk Nb-Pd
bonding. Vlhen the sample was reduced at
773 K again, all the Nb dissolved into
the NbPd alloy and no peaks were
observed due to the Nb205 as shown in
Fig.Id. The structure models were
summarized in Fig.2,

The results of the chemisorption of
hydrogen shows that the the Pd fine
particle v;ith the Nb205 deposited on it
lost its U2 chemisorption property after
773 K II2 reduction and it recovers the
H2 chemisorption property subsequently
treated v;ith O2 at 673 K and with H2 at

473 K. Combining the EXAFS results with
the chemisorption, the H2 chemisorption
property is lost when the surface Nb-Pd
bond is observed. Thus the surface
Nb-Pd bond must be the cause for the

SMSI phenonmenon.

1) R.T.K.Baker, S.vI.Tauster and
J.A.Dumesic ed,, "Strong Metal-Support
Interaction", ACS Symposium Series 298,
(1986).
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Fig.l Fourier transforms of (a) 773 K
calcination, followed by 473 K reduction.
(b)subsequently reduced at 773 K.
(c)subsequently oxidized at 673 K and
reduced at 773 K. (d) subsequently reduced
at 773 K

redrfs^ 4/3X0
redn

Fig. 2 The structure change of Nb on the
Pd particle.
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Introduction

The supported metal catalysts operated in
chemical industry contain not only active metals
but also several additives. It has been shown
by XRD technique that the particle size of Rh on
SiOp is decreased by the addition of Til). No
more structural information of the surface par
ticle was available, because of the limitation
of XRD technique as the particle size becomes
smaller. Thus we decided to study the morpholo
gical effects of additives on the surface metal
particle by EXAFS.

Experimental

Catalysts were prepared by co-impregnating
the solutions of both metal chlorides with sili-
ca(Aerosil-300}. The preparatives were dried in
vacuum, reduced in flowing H2 at 400 °C for 6 hr
and then passivated at r.t. The sample powder
was pressed into wafer and mounted in a specia
lly designed glass sample cell. After in situ
re-reduction the x-ray absorption measurements
were carried out in H2 atmosphere at r.t. by use
of the EXAFS spectrometer at the Beam Line lOB.

Results and Discussion

EXAFS parameters, first coordination number
(N) and Debye-Waller factor{Atf^), for non-
promoted Rh catalysts supported on silica are
tabulated in Table 1. Since no noticeable
changes in coordination distance(R) from the
balk were observed for all samples measured in
this study, the values of R are omitted on this
Table and the following ones. As can be specu
lated, N becomes smaller and ^f'^larger with the

Table 1 Curvefitting results
for Rh/Si02

wt% N

Table 2 Curvefitting results
for promoted Rh/SiOo

decrease of Rh loadings. is plotted against
N, in Fig. 2, for the non-promoted samples listed
in Table 1 and a linear relation between and
N is clearly shown. This finding shows that the
thermal disorder becomes larger as the Rh loading
decreases without changing Rh-Rh distances.

The effects of additives to 4wt% Rh/Si02 on
EXAFS parameters are listed in Table 2 and the
values of A^^and N are plotted on Fig. ,1. The
points for A1-, Ti- and Mn-promoted catalysts lie
on the line taken for the non-promoted systems,
but for Nb-, Mo- and Ta-promoted ones the devi
ations from the line increase with the following
order; Nb>Mo»Ta. These results indicate that
the structures of Rh particle for the latter
three catalysts are different from the former
three ones possibly by the strong interactions
between these additives and Rh particles.

The promoting effects of Ti on other noble
metals than Rh are shown in Table 3. The trends
of changes in EXAFS parameters are the same as Rh
catalyst except Ir catalyst. This indicates that
the particle size does not decrease by the addi
tion of Ti only for Ir case. The reason of this
is not known right now.

The x-ray"absorptions were measured for
promoted Rh catalysts on the Nb and Ta edges and
the only oxygen peak was detected as a nearest
neighbors for both systems. Because the amount
of these promoters is much less than that of
surface Si, the promoter metal may be dispersed
almost atomically as a oxide. It has been
already shown that the additive metal such as Zr
to Rh keeps high valency as a oxide ion even
after reduction at high temperature^).
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Table 3 Curvefitting results for
metal-Ti/Si02

Catalyst^ wt% N x/o

Pt 4 9.5 0.62

Pt-Ti 4 7.3 2.67
Pd 2 10.0 2.81
Pd-Ti 2 8.3 3.40
Ru 2 9.4 2.66
Ru-Ti 2 7.8 3.07
Ir 2 10.4 2.00
Ir-Ti 2 10.5 1.90

Additive^ N A<rV/o'
_ 10.5 0.43

A1 7.2 1.79
TI 7.9 1.32
Ta 8.7 2.40
Nb 8.7 3.65
Mn 10.0 0.65
Mo 9.5 3.22 Fig. 1 as a function of N.

a: Metal/Ti=l/1

a: Rh/Additive=l/1
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Temperature dependence of EXAFS
spectra is of great importance for
investigating thermal motion and
structural disorder, and also for
improved understanding of EXAFS
spectroscopy itself. it is neccesary to
clarify the quantitative accuracy of
temr>erature dependent EXAFS by analyzing
the well-defined model systems before
applying this technique to poorly-
underst.ood but interesting materials
such as (supported) small metal
particles. In the present report we siiow
the Debye temperature and the thermal
expansion of several FCC metals
determined by the temperature-dependent
EXAFS measurements.

EXAFS spectra of Cu, Rh, Pd, Ag, Pt
and Au foils were taken by use of the
EXAFS spectrometer of BLIOB at various
temperataires, and were analyzed with the
ratio method based on the third-order
cumu1ant-expansion techniqueCO- It
should be noticed that the conventional
analysis in which the radial structure
function is assumed to be a symmetric
Gaussian caiujot explain the thermal
expansion because it is caused by the
intrisic asymmetricity of the
interatomic potentials. The interatomic
distances of the first nearest neighbors
of Au and Ag determined by the third-
cumulant (C3) analysis are tabulated in
table 1, together with the results by
the conventional method (C3=0).

The Debye temperature can be
evaluated by the correlated Debye
model (2). Difference of the mean square
relative displacements which are
obtained experimentally leads to the
determination of the Debye temperature.
The final results are given in table 2;
all the values agree quite well with the
data determined by the calorimetric
measurements. This exemplifies that the
Debye temperature can be estimated with
quantitative accuracy by the EXAFS
spectroscopy.

As siiown in table 1, the Ag-Ag
interatomic distance at 295K obtained
through the optimization of the third-
cumulant moments is 2.891 A which is in
excellent agreement with the given data
(2.889 A), whereas the conventional
analysis erroneously leads to the
significant contraction which is
evidently unreasonable since the
interatomic distance at 295K should not
be smaller than the value at 30K. At
higher temperature discrepancy becomes
more serious: for 362K data the cumulant
teclinique yields 2.896 A while the
conventional method provides 2.855 A
which is 0.04 A shorter. A similar
extent of asymmetric correction is
required to describe the Au-Au
interatomic distance properly.

It can be concluded that the
cumu1ant-expansion analysis allows us to
obtain the interatomic distance with
excellent accuracy (the estimated error
being less than 0.005 A), and to detect
such small difference as thermal
expansion. On the other hand it may be
quite dangerous to employ the
conventional analysis to determine the
bond distance correctly. The deviation
seems to be much more serious than
usually expected.

We will apply the temperature-
dependent EXAFS technique to the
supported metal particles in order to
understand their thermal properties and
their structural disorders which are
suf>posed to be dissimilar with the bulk
meta1s.
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Table 1. Results of

for Ag and
EXAFS analysis
Au metals

metal temp. EXAFS thermal C3(A^)

) 2.877

2.883

2.889

2.893

) 2.876

2.884

30K (2.877)

ifldTf 2,868
2.884

>95K 2.862
2.891

162k 2.855
2.B96

80K (2.876)
2.851

2.880

(0.0)
(0.0)

1.16x10

(0.0)
2.80x10

(0.0)
4 .63x10

(0.0)
(0.0)

1.87x10

*Interatomic distances are given in A
unit. The values in parenthese are
the fixed parameters in the fitting
procedures. The upper values corres
pond to the results given by the
conventional analysis and the lower
to those by the third-cumulant ex
pansion technique.

Table 2. Debye temperature of FCC metals

metal EXAFS calorimetry*

Cu 328 K 310 K

Rh 362 K 350 K
Pd 282 K 275 K
Ag 228 K 228 K
Pt 232 K 225 K

Au 172 K 165 K

*around room temperature
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INTRODUCTION

To determine the reaction mechanism

including the structure change of the
catalyst is important to understancd the
nature of the catalysis and to design a
highly functionalized and highly active
catalyst. Al203-supported Co(II) oxide
cluster catalyst derived from
the Co2(C0)g shows high activity toward
CO oxidation reaction^. We will report
in this paper the mechanism of this high
active CO oxidation reaction determined

by means of high-pressure in-situ EXAFS
spectroscopy.

EXPERIMENTAL

The catalyst was prepared by the
dry-mixing method of Co2(C0)g. The
sample was then exposed to O2 at 273 K.
The sample was pressed to a disk,
mounted on the in-situ EXAFS

high-pressure cell and evacuated up to
512 K. The preparation scheme was shown
Fig.1.

RESULTS and DISCUSSION

Figure 2 shows the Fourier
transforms of the Co oxide cluster
catalyst. The sample 1 which was
obtained by being exposed to O2 at 273 K
shows two prominent peaks. The first
one is attributed to Co-O and the second
one is attributed to Co-Co as shown by
curve fitting analysis. The sample 2
obtained subsequently heating the sample
1 to 512 K under vacuum exists in the
form of Co oxide monomer because no peak
corresponding to Co-Co. Even if the
sample was cooled to liquid nitrogen
temperature, the Co-Co peak did not
appear. When sample 2 was exposed to 1
atom O2, the peak appeared arround 0.280
nm, and it was enhanced under the 10
atom O2 atmosphere. The curve fitting
analysis shows that it was due to the
Co-Co bonding. This peak was lost after
CO treatment. These results could be

explained as follows. In the sample 2,
the Co ions are close together without
any links between the Co-Co ions.
Because there is a wide distribution in

the Co-Co distances, one cannot obtain
the peak attributable to Co-Co bonding
even at Liquid Nitrogen temperature.
After the introduction of O2, the two Co
atoms are fixed around a certain

distance and the Co-Co peak appeared.
The O2 was dissociatively adsorbed on
the Co pair because isotope exchange
reacrtion took place between ^®02 and
^®02 under the same reaction conditions.
The bridging Oxygen is activated and it
is readily attacked by the CO, leaving
the unlinked Co pairs. Thus the Co-Co

bond disappeared again after the
reaction with CO.
The reaction mechanism was summarized as
shown in Fig.3.
1) Y.lwasawa, M.Yamada, Y.Sato, and
H.Kuroda, J.Mol.Catal., 22, 95(1984);
M.Yamada, and Y.lwasawa, Nikkashi,
1042(1984).

dri ililn ]<] k 111 I Ca

Co,<CO)« • 11,0, - Co.(C0),,/kl,0, - {CoOJ. - ^ \ •
0, //tl.O,// aric /il,0,)/

I I

niijot

tCo,0.]./ll,0,

k

rig.l The preparation of the AI2OJ
supported Co oxide catalyst.

2 3^5

r / KT^ nm

JAW
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Fig.3 Reaction model
for CO oxidation.Fig.2 Fourier for CO oxida

transforms of (a)
(CoO),; (b)(2);
(c) exposure to 1 atm 0^;
(d) exposure to 10 atm O2;
(e) subsequent exposure to CO.
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Introduction

Lack of control of product selectivity has
been a principal problem in a CO+Ho reaction
catalyzed on transition metals. The metal
particle size and the geometric situation
associated with metal-support interaction govern
the product distribution. We have studied the
novel preparation of well-defined Rh and
bimetallic RhFe clusters derived from the
carbonyl cluster compounds synthesized in NaY
zeolite siipercage. Their structural properties
were studied by Rh K-edge and Fe K-edge EXAFS
spectroscopy.

Experimental

Rh^^/NaY zeolite (Rh, 2 wlJJ) was heated
under CO (600 Torr) and H2O (10 Torr) at 343K,
resulting in a formation of Rhg(CO),g Inside NaY
supercage: Rhg(CO)jg/NaY. Reduced Rhg cluster
in NaY, Rhg/NaY , was obtained by oxidation of
RhptCOi.g in Op at 473 K after removal of HjO,
followed with ^2 reduction at 473 Kand 673 K
with carefully eliminating residual H2O at each
stage of the treatment. The bimetallic RhFe
carbonyl cluster was synthesized by the reaction
of [MFcgtCOiijl'/NaY with_Rh4(CO)j2 at 343 K in
vacuo, while [HFeg (CO) j^i ] in NaY was prepared
from Fe2(CO)9 and H2O at 343 K." '̂ EXAFS
measurements were carried out at the BL lOD in
the Photon Factory of the National Laboratory
for High Energy Physics (KEK-PF).

Results and Discussion

Figure 1 shows the Fourier transform of Rh
K-edge EXAFS k'̂ :Y(k) of Rhg(CO) jg/NaY, and Table
1 summarizes the curve-fitting analyses for Rh
and Fe clusters in NaY. The Rh-Rh coordination

number of Rhg(CO)j^/NaY is 3.1 and the Rh-Rh
distance is 2.74 A, which are almost the same
as those obtained for the powder of original
carbonyl Rhg(CO)jg. These results indicate that
the original octahedral Rhg framework of the
clusters is retained, but with a small
contribution of Rh-0 bonding with oxide wall
(Rh-0: C.N.=1.9, R=2.06 A) in the NaY
supercage. After oxidation of Rhg(CO),g/NaY at
473 K to eliminate CO, followed with H2
reduction at 473 K and 673 K, the reduced
samples Rhg/NaY were also found to keep Rh
cluster units (Rh-Rh: C.N.=4.6, R=2.70 A),
having a small Rh-0 bonding (Rh-0; C.N.=0.7,
R=2.09 A). It seems that Rhg carbonyl species
(Rh-Rh: C.N.=3.2, R=2.72 A), which is partially
attached with zeolite oxygent framework (Rh-0:
C.N.=0.8, R=2.03 A), is generated even after CO
chemisorption on Rhg/NaY (C0/Rh=2.0, H/Rh=0.6).

[HFeTtCO)]!] entrapped in NaY supercage
gave the EXAFS data: Fe-Fe; C.N.=1.8, R=2.2 A.
Bimetallic RhFe/NaY synthesized in NaY shows the
characteristic IR carbonyl bands, and their Rh
K-edge and Fe K-edge EXAFS structural
evaluations are now in progress.

" V V y •*
- s.4o' ' ; I I t I • I 1 r , I • I • I6 7 8 9 10 II 12^ 13 14

Wcvff Number K 0/al
I 2 3.4 S 6

Oistonce R(2)

Figure 1. Rh K-edge EXAFS oscillation k^X<k)
and its Fourier transform of Rhg(CO)jg/NaY.

Table 1. Results of the Curve-Fitting Analyses of EXAFS Data for Rh and Fe Clusters in NaY.

Sample

Rhg(C0)i6/NaY
Rhg/NaY (473 K red.)
Rhg/NaY (673 K red.)
Rhg/NaY + CO
Rhg(CO)jg

Samp!e

[MFeg(CO)ji]"/NaY
[HFegtCO)!!)'

Rh-CO(terminal) Rh-CO(bridge)
C.N. R(A) C.N. R(A)

Fe-CO(terminal) Fe-O(support)
C.N. R(A) C.N. R(A)

nh-O(support) Hh--Rh

C.N. R( A) C.N. R( A )

1.9 2.06 3.1 2.74

0.7 2.10 4.6 2.70

0.7 2.09 4.6 2.70

0.8 2.03 3.2 2.72
- - 4.0 2.76

Fe-Fe

C.N. R(A)
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Introduction

Recently Haruba et al, discovered that the
novel gold catalysts Au/a-Fe^O. prepared by
coprecipitation from an aqueous solution of
chloroauric acid and iron(IEI) nitrate and
subsequent calcination at the temperatures from
200''C to 500°C, have highly active catalysis for
CO oxidation even at -VO^C, where the activity
is at,a maximum for the catalyst calcined at
300°C . Our edge and EXAFS study about the
catalyst precursors and the calcined catalysts
were begun in attempts to investigate the
variation of the valence states of the Au and Fe

atoms during the preparation steps, and the
relationship between the locale structures of
the Au atoms with the catalytic activities. We
will describe here some results from XANES and

EXAFS study of Au L.-edge.
Experimental and Results

The X-ray absorption spectra about Au L--
edge of the catalyst precursors dried in vacuum
and dried at BO^C, and the catalysts calcined at

Dried in vacinim

Dried at 80°C

Calcrried at 200'

^a1c\Dtd—at;

Calcihetf-at SOCT

Au L^-edge

11900 11950 12000

riioUon Energy[cV]

fig. 1. The XANES spectra of Au L.-eclge
of six samples measured at 60 K with
tlioso of Au„0~ and Au foil measured
at 300 K, respectively.

200°C, 300°C, -iOO'-C and 500°C, and those of AUgO-
and Au foil were measured by use of the EXAFS
facilities at the beam line 10B. analysis
was made according to Maeda et al.

The XANES spectra of the precursors and the
catalysts are shown in Fig- 1- The "White line"
peaks peculiar to the Au species(designated by
an arrow in the figure) are reduced for the
catalyst calcined at 300°C and not observed for
the catalysts calcined at AOO®C and 500°C of
which XANES spectra are almost similar to that of
Au foil. The radial structure functions(RSF) of
the samples shown in Fig. 2 indicate that the
Au-0 peaks are still observed for the precursors
and the catalyst calcined at 2QQ®C, and for that
calcined at 300''C(together with the Au-Au peak),
while only the Au-Au peaks are found in the RSF's
of the catalysts calcined at iOO°G and 500''C.
From the results it is elucidated that the

formation of Au metal occurs at the temperatures
300''C and upward of 300°G. The curve-fitting
analysis of the Au-Au peaks in Fig. 2 gives the
result that the coordination numbers of the Au

atoms in the catalysts calcined at 300°C, iOO^C
and 500°G are 6, 8 and 12, respectively, where
their interatomic distances are equal to that of
Au foil within 0.01 A. More detailed curve-

fitting analysis about the precursors and the
catalysts are in progress.

Calcined at 200''C

Distance fflA] Distance /?(A]

Fig. 2. Fourier transforms of k -weighted
EXAFS oscillation about Au L^-edge of
six samples measured at 60 K, and those
of AujO^ and Au foil measured at 300 K,
respectively.
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Introduction

The photodecomposition of water into and

0 proceeds efficiently over the pretreated NiO-
catalyst. It has a layer structure;

two types of interlayers exist and potassium ion
between niobium 0x1^^ layers can be replaced with
many other cations. On the other hand, the
nickel in a NiO-Kj^NbgO catalyst prepared by the
impregnation method exists in the interlayers
from the measurements of X-ray photoelectron

spectroscopy and scanning electron microscopy.
However, the structure of the nickel in the
interlayers was not clear. In this report, the
state of nickel in the NiO-K^NbgO. photocatalyst
after some pretreatraents was studied by EXAFS
measurement.

Experimental and Results

NiO(l wtj)-Kj^NbgO^ was prepared by the
impregoation method as described in previous
paper. EXAFS measurements were carried out in
air as disks (20<^) of a mixture of polyethylene
or BN, and NiO-Kj^NbgO after the pretreatraents.

The results of tne Fourier transforms of

EXAFS functions K x(K) of N1 K shell absorption

of the NiO(l wt?)-KjjNbgOj^ photocatalysts after
various pretreatraents are shown in Pig. 1. The
peaks of Ni-Ni (R=2.98, N=5) and Ni-0 of oxide
were observed on the untreated catalyst although

the peak ratio of Ni-O/Ni-Ni of It was larger
than that of NiO as shown in Pig. 1(a). It
seems to indicate that the particle size of the
nickel oxide in the untreated catalyst is very

small. The untreated catalyst showed the low
activity (H^; 3 pmol/h, O^; 1 pmol/h) for the
photodecomposition of water. After the
untreated catalyst was reduced by at 773 K for
2 h the nickel was metallic (R=2.48 A, N=6) as
shown in Fig. Kb). The particle size of the
nickel metal was estimated t^^be ca. 7 Afrom the
average coordination number. This catalyst
evolved both and 0^ in the stoichioraetric
ratio (H ; 19 }imol/h, 0 ; 9 pmol/h) under the
band gap irradiation while the NiO-SrTiO,
photocatalyst after the same pretreatraenc did
not. Although the catalyst reduced at 773 K
was reoxidized by 0 at klZ K for 1 h the nickel
metal (R=2.fl7 A, N=7) was hardly oxidized as
shown in Fig. 1(c). In this state, the highest
activity was obtained (H ; 66 pmol/h, 0^ 38
pmol/h). On the other hand, a part of the
nickel metal (R=2.53 A, N=2) remained even after
the reoxidatlon at 773 K for 1 h, and the peaks
of Ni-Ni (R=3.02 A, N=5) and Ni-0 were also
observed as shown in Pig. 1(d). The activity
over this catalyst is low (H^; 10 pmol/h., O^j 3
praol/h). The same results mentioned above were
obtained by ESR measurements. To the contrary,

the nickel in the NiO-SrTlO photocatalyst
' -• oxidized partially bypriviously reported was oxidized pi

Og at '173 K and completely at 773 K. Thus , the

nickel metal produced by the reduction in the
interlayer of is not oxidized easily
because the diffusion rate of 0^ into the
interlayer is probably very slow.

From these results, the photodecomposition

of water into and 0^ occurs in the interlayer
under the band gap irradiation as shown in Pig.
2. evolves on the nickel in the interlaye'r
and 0^ on the niobium oxide layer.
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Pig. 2 Mechanism of
photodecomposition of water
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INTRODUCTION

When Zr02 was attached on the
external surface of the ZSM-5 in the

one-atomic layer structure, it
selectively produces the C5-hydrocarbon
(more than 00 %) from methanol. On the
other hand the Si02-attached one-atomic
layer Zr02 catalysts showed no such
selectivity in the same
reaction. In this paper we studied the
structure of the one-atomic layer Zr02
catalysts by means of EXAFS to
understand the difference in the

catalyses between the two catalysts.
EXPERIMENTAL

The one-atomic layer Zr02 catalyst
was prepared using the reaction between
the ZSM-5 and the vapor of Zr(OC2H5)4 at
503 K, followed by the calcination at
773K. The sample was examined by X-ray
diffraction to confirm no formation of
the crystalline Zr02. The EXAFS was
measured at BL-10B.

RESULTS AND DISCUSSION

Figure 1 shows the Fourier
transforms of ZSM-5-attached and

Si02-attached one atomic layer Zr02
catalyst, monoclinic Zr02 and tetragonal
Zr02. The first peaks were attributed
to the Zr-0 bonding. The second ones
were to the Zr-Zr. The Zr-Si bondings
were observed at 0.270 nm for both

ZSM-attached and Si02-attached one
atomic layer catalysts in the curve
fitting analysis. The Zr-Zr distance of
ZSM-5 attached ZrO2{0.367 nm) was longer
than tliat of Si02-attached ZrO2(0,350
nm) and was close to that of the

monoclinic ZrO2(0.362 nm). Such
structural difference causes the

different catalytic property.

r / 10 nin
Fig.l Fourier transform of ZSM-5-
attnched onc-atomic layer Zr02.

r / 10 nm

Fig.2 Fourier transform of SiO-
attached one-atomic layer ZrO^.

r / 10 nm

Fig.3 Fourier transform of ZrO.
(tetragonal) '

r / 10 nm
Fig.4 Fourier transform of ZrO.
(monoclinic). '
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A compoaito oxide composed of iron and tin
is known as i»i\ useful material of sensors for

reducing gns<!K such as methane and hydrogen.
The sensitivity depends on the composition and
tlie highest sensitivity is attained at about 15
mol% of SnOz. The structure of the composite
oxide is believed to be one of the main factors

affecting the sensitivity. In the present study,
the local structures of iron-tin composite oxides
with various compositions have been investigated
by mcasuromonts of the EXAFS at both Fe and
Sn K-edge.

EOlPH^aJ

Fe-Sn composite oxides were prcpai'ed by
calcination of pi'ecipitates at GOO^Ct which were
obtained by adding aqueous ammonia to
solutions of SnCU and FcS04 of a given
concentration. EXAFS of the oxides were

recorded in a transmission mode on a beam line

Dl.-lOB at KEK-PF at room temperature using a
Si{31]) channel cut monochrometer.

I?esuj t s _a n d_ isp.uss jon

Fe K-edge EX:\FS. Figure.l shows the Fourier
transforms (F.T.s) (phase shift uncorrected) of
Fe K-edgo EXAI-^S of a:-Fe203 (corundum
structure) and Fe-Sn composite oxides. A
significant change in the F.T.s is observed in a
range of R=2~4 A by the change of SnOz
content. The peaks in the range result from
Fe-Fe and Fe-Sn atom pairs. The structural
parameters were obtained by a curve fitting
procedure d<!scribed elsewhere'L The results
indicate that a part of iron Ions were replaced
by tin ions forming a solid solution phase of
corundum sti'ucture until 15 mol% of SnOj.

When the cont(mt of SnOz exceeded 15 mol%, a
separate phase of SnOz was formed.

Sn E-edge EXAFS. Figure.2 shows the F.T.s
(phase shift uncorrected) of Sn K-edge EXAFS
of SnOz and the composite oxides. The main
peak at R=l —2 A is attributed to Sn-0 pairs.
The pefjk decreased in the height and
broadened with decrease in S^nOz content.
Peaks in the range of R=3—5 A result from
m.ainly the fin<! structures due to Sn-Sn pairs.
The peaks were also reduced with decrease in
SnOz content and reached to a noise level at 50

Tnol% of SnOz- The decrease of peaks can
result both from interference of the fine

structures duo to Sn-Sn pairs with those due
to Sn-Fe pairs and from the increase in
disorder in SnOz phase. As the quality of
EXAFS was not good enough to carry out the
curv(3 fitting procedui-e, we can not judge
which is the main factor at present. For oxides
containing SnOz loss than 50 mol%^ new peaks
appeared in a range of R=2.5~3 A, indicating
the existence of Sn-Fe pairs.

a-FezOa Sn. 5 mol% Sn 15 mol%

Sn 33 mol% Sn 50 mol% Sn 67 mol%

0 5 0 5 0 5

R / A

Fig.l Fourier transform at Fe K-edge

SnOt

T\vl\r

Sn 80 mol% Sn 67 mol%

Sn 50 mol% Sn 33 mol% Sn 15 mol%

R / A

Fig.2 Fourier transform at Sn K-edge

It is noteworthy that in the sample of SnOz
33 mol%, no peaks due to Sn-Sn pairs was
observed in spite of larger baclt scattering
amplitude of a Sn atom than that of a Fe .atom.
Although EXAFS due to Sn~Sn pairs could
become dim by interference with the fine
structure of Sn-Fe pairs, the observation of
peaks due to Sn-Fe pairs indicate a minoi-
effect of the interference to the F.T. Thus, the

SnOz phase in the sample possibly covers the
corundum structxjre phase as a thin layer with
significant disorde)-.

Reference
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Introduction

Surface organomela!Iic chemistry,
particularly involving metal cluster compounds,
has been a subject of recent interest, because
supported cluslcrs make possible the molecular-
level elucidation of heterogeneous catalysis in
terms of organometalIic chemistry. In the
catalytic CO+H2 reaction, the conventional Rh-Fe
and Pt-Fe catalysts exhibit a unique activity
for producing alcohols. We have employed RhFe
and PtFe bimetallic carbonyl clusters as
molecular precursors for preparation of RhFe and
PtFe bimetallic catalysts. In this study, we
have conducted in situ EXAFS investigations on
RhFe/Si02 and PtFe/Si02 catalysts to elucidate
the surface structure and location of bimetallic
clusters.

Experimental

The carbonyl clusters were supported on
Si02 from the adequate organic solution. The
catalysts were reduced with H2 at 673 K. EXAFS
measurements were carried out at BL lOB.

ResulJ_s and Discussion

Figure 1 sitows the Fourier transform of
k^>'(k) of the Fe K-edge EXAFS obtained for
RhFe/Si02 catalyst prepared from [NMe3CH2Ph]2-
[Fe2Rh,(C0)|g). A relatively strong peak at
about 2.4 A can be attributed to the Fe-Rh
bond, and the peak at about 1.9 A is the one
arising from the splitting of the Fe-Rh peak by
the nonlinearlty of the Fe-Rh phase-shift
function. The curve-fitting analysis of the Fe-
Rh peak gave the Fe-Rh coordination number of
1.8 and the interatomic distance of 2.54 A.
The shoulder peak at 1.5 A is attributable to
Fe-0 (C.N.=3.0. R=1.99 A). This is derived
from the bonding with the 0 atoms of SiOo
support. There Is little contribution of Fe-Fe
bonding.

The Fourier transform of Rh K-edge EXAFS of
the same catalyst is shown in Figure 2.
Accrding to the curve-fitting analysis, the Rh-
Rh coordination number is 7.2 and the Rh-Rh
distance is 2.65 A. These results suggest that
bimetallic RhFe particles are highly dispersed
in the range of 10 A size. From Mossbauer
study, the oxidation states of Fe atoms are Fe
and Fe , and 73 of Fe atoms are in the state

Mossbaue

Compared with the previous EXAFS
auer studies on the conventiononal Rh-

Fe/Si02 (Fe/Rh atomic ratio=0.5) catalyst, we
can derive the following structural model for

the cluster derived RhFe/Si02 catalyst. Fe
atoms which are mostly in the state of Fe * are
located in the metal-support Interface forming
chemical bonds with the oxygen atoms of SiOj.
Since the contribution of Fe-Fe Is negligible,
Fe atoms should be highly dispersed without
aggregation. Thus, Fe * in ions forming Fe-0
bonding in the metal-support interface have the
role to anchor Rh particles onto the support.
The bimetallic Rh-Fe species derived from
SiOj-supported RhFe carbonyl clusters are highly
active for migratory CO insertion as Judged by
the rates of the hydroformylatlon of olefins
which are dramatically enhanced.

The Pt L-edge and Fe K-edge EXAFS study of
the bimetallic cluster derived PtFe/Si02
catalyst is now in progress.

Figure 1. Fourier transform of the Fe K-edge
EXAFS k^>:(k) of Si02-supported [Fe2Rh4(CO) jgl
derived catalyst.

Figure

Fourier transform of the Fe K-edge

QISfANCI • r* )

Fourier transform of the Rh K-edge
EXAFS k''>:(k) of SiOj-supported tFe2Rh4(CO)
derived catalyst.

References

1) M. Ichikawa, Tailored Metal CatalystsCD.
Reidel Pub., Dordrecht, 1986) p.183.

2) M. Ichikawa, T. Fukushlma, T. Yokoyama,
N. Kosugi, and H. Kuroda, J. Phys. Chem.,
90, 1222(1986)

3) Y. Minai, T, Fukushima, M. Ichikawa,
T. Tominaga, J. Radioanal. Nucl. Chem., 87,
189(1984)

4) A. Fukuoka, M. Ichikawa, J. A. Hriljac, and
D. F. Shriver, Inorg. Chem., in press



proposal No 87-010

EXAFS STUDIES OF SUPPORTED ULTRA FINE METAL PARTICLES
I. EFFECT OF ADDITIVES AND SUPPORTS ON THE MORPHOLOGY OF Rh

Takakazu FUKUSHIMA, Sadao OGASAWARA, Toshihiko YOKOYAMA'*"and Haruo KURODA"''

Department of Materials Science and Chemical Enoineerinq, Faculty of Enaineering.
^ Yokohama National University, 156 Tokiwadai, Hodogaya-ku, Yokohama 240

Department of Chemistry, Faculty of Science, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

Introduction

It has been shown in the former study that
the addtives such as Ti and A1 decrease the
particle size of Rh/Si02 and that Debye-Waller
factor(A,ff*) increases as the particle size de
creases. In that study the promoters were added
to 4wt% Rh/Si02. The particle size of 4wt| Rh/
Si02 calculated by H2 chemisorption is 20 Aand
the dispersion (ratio of surface to total metals
) is 0.58. In this study, the effect of addi
tives to ultra fine particles, which have the
dispersion of about 1, on the EXAFS parameters
are investigated.

Experimental

The catalysts were prepared and reduced by
the method described elsewhere. The sample
powder was pressed into wafer and mounted in a
glass cell. After in situ re-reduction the x-
ray absorption measurements were carried out in
H2 atmosphere at r.t. by use of the EXAFS
spectrometer at the Beam Line lOB.

Results and Discussion

EXAFS parameters, first coordination number
and Deby-Waller factort-a^'), for supported Rh
catalysts are tabulated in Table 1 and plotted
in Fig. 1. As found in the former study, Rh-Rh
first coordination distance does not change even
N decreased to about 5 from the balk value of 12.
The linear line depicked in Fig. 1 shows the
relation between A(S''*and N obtained in the
former study with using various non-promoted Rh/
Si02 samples.

Table 1 Curvefitting results for Rh catalyst

wt% Support Additive® ^(r^xio^

a: Rh/Additive=l/1

It can be seen clearly that the points of
Rh-Zr/Si02 and Rh-Al/Si02 samples are both on the
line and that the points of Rh-Ti/Si02 and Rh/
AI2O3 samples locate on a upper region. It is
noticeable that the deviations from the line are
small compared with the data points of 4wt% Rh-Nb
/Si02 and Rh-Mo/Si02. It was speculated in the
former study that the static disorder of the
surface particles increased by the strong inter
actions between Rh and additives such as Nb and
Mo. It is important to know whether this devi
ation from the linear line, especially in a small
coordination number region (5-6), has any meaning
for the morphology change in the fine particle or
not.

To understand this, we need more experi
mental evidences taken at low temperatures. But
catalytically, there obtained a great difference
between Rh-Ti/Si02 and Rh-Al/SiOj. The disper
sions taken by H2 chemisorption is 0.92, 0.67 and
1.30 for non-promoted Rh, Rh-Ti and Rh-Al,
respectively. It is reasonable that a small par
ticle has a larger dispersion and this is the
case for the Rh-Al/SiOo. But for the case of Rh-
Ti/Si02, the value of H/Rh decreases, despite the
decrease of coordination number. Because the
value of CO/Rh increases slightly, this phenome
non is not derived from SMSIl). We think this
loss of H2 adsorption ability is one of the clues
to invoke the nature of the morphology of fine
metal particles in the promoted catalyst systems.

Reference
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INTRODUCTION

The cnrbene species(=CH2) is
considered to be one of the most

important intermediate in the CO
hydrogenation reaction. But it is not
in question how the carbene operates in
the reaction. The Attached carbene

complexes can be considered as a good
model system to answer question. We
have prepared Si02-attached
(CsMes )2Rh2 {/<~CU2 )2(^113 )2• In this
paper we examined the incipient
structure of the Rh complex on the
surface of Si02 by means of EXAFS.

Experimental
The Si02 was impregnated with the

[(C5He5)2Rh2(CH2)J pentane solution,
followed by drying the catalyst in the
He flow. The sample was then transfered
to the EXAFS measurement cell without
exposure to air. The EXAFS was
measured at BL-IOB.

Results and discussion.

From the analysis of the gas phase
during the deposition process, we find
the formation of a methane per Rh atom.
Thus the Rh2 complex was on the surface
0 by the reaction with OH as in eq.1,

I(C5Me5)2Rh2(CH2)2MS21 + OH- —>
(C5Me5)2Rh2(CH2)202- >

Figure 1 shows the Fourier transform
of the Si02-supported Rh2 complex. The
first main peak is attributed to the
light atoms like C and 0 and the second
one is to the Rh-Rh bond. In Fig. 2
the comparison was made between the
observed EXAFS oscillation

Fourier-filtered around the second peak
and calculated EXAFS on the basis of the

Rh-Rh bonding. The Rh-Rh bond length
obtained from the curve fitting analysis
was 0.267 nm a little longer than that
in the original ({CsMes)2Rh2(CH2)2^02]
which was 0.261 nm as a result of EXAFS

analysis. Thus the Rh-Rh bonding was
retained after the deposition of the
complex on the Si02 surface, somewhat
loosened by the coordination of the
surface OH groups.
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Fig.l Fourier transform of SiO^
supported Rh2 complex. ^
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Fig.2 comparison between the observed
EXAFS oscillation inversely Fourier
filtered over the range of r=0.22-0.28
nm and the calculated one on the bassis
of the Rh-Rh phase shift and amplitude
functions.
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The thin layer oxide shows unique
catalyses as well as unique support
nature^). We have prepared Nb205, Zr02,
La203 one-atomic layer catalysts. They
show quite different properties as
a support from the corresponding bulk
oxides. Although the bulk Nb205 shows a
SMSI character, the Si02-supported Nb205
one-atomic layer do not. We attributed
this reason to the strong Nb-O-Si bond.
Ti02 is knov/n as an SMSI support. It is
expected that Ti02 one-atomic layer
shows no SMSI behavior. We investigated
the property of Ti02 one-atomic layer as
well as its structure by means of EXAFS.
In this paper v/e report the EXAFS
results on the structure of Ti02
one-atomic layer.

Experimental
The Ti02 one-atomic layer catalyst

was prepared by use of the reaction
betv;een Ti(OC3H7)4 vapor and surface
silanols of Si02 at 473 K, followed by
evacuation of the sample at 473 K to
remove the unreached Ti(OC3H7)4. Thus
obtained sample corresponds to 0.5
atomic-layer oxide. To obtain
one-atomic layer catalyst, we repeated
the above mentioned process once more.
Pt was deposited by the impregnation of
the Ti02 one-atomic layer with the
H2PtCl6 aqueous solution. EXAFS
spcectra were taken at BL 7C.

Results and Discussion.

Fig.1 shows the Fourier transforms of
one-atomic layer catalysts. Fig.2 shows
the Fourier transforms of Ti02 with the
Rutile and anatase crystal structures.
The Fourier transform of one-atomic

layer catalyst is similar to that of
anatase-type Ti02. Therefore one-atomic
layer Ti02 takes an anatase-like
structure. The structure of Ti02
one-atomic layer with Pt supported on
it and reduced at 773 K shov;s no

remarkable change from that of the
unsupported Ti02 one-atomic layer. Thus
the one-atomic layer support is stable
after the high temperature reduction.
1) K.Asakura and Y.Iwasav^a Chem. Lett.,
511(1986); K.Asakura and Y.Iwasawa, to
be published.
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Fig.l The Fourier transforms of
(a) IML TiO-/SiO, and (b) Pt/TiO^/SiO.
with 773 K reduction.

0 12 3 4 5 6
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Fig.2 The Fourier transforms of
(a) Anatase and (b) Rutile.
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INTRODUCTION

Zeolites are a well-known class of
aluminosci1icate support characterized
by the regular well-defined pore
structures and intensely high degree of
crystallinity. The zeolite Y has the
largest pores called as supercages.
V/hen the Mo(00)5 introduced in the
supercage of zeolite NaY and thermally
dcpcomposed. Mo cluster (Mo)^ was formed
which was stable against aggregation to
a larger metal particle. The stability
of the Mo cluster is considered to be
attained due to the existence of Na"'"
v/hich becomes a nuclear of the Mo

cluster. VJe studied the

structure of Mo cluster in the zeolite
NaY system prepared from the Mo(C0)6 by
means of EXAE'S.

EXPERIMENTAL

The sample was prepared by the
deposition of gaseous Mo(CO)g on the NaY
zeolite in vacuum. It was then heated

to 673 K . The EXAFS spectrum
was measured at BLIOB of Photon Factory.

Results and Discussion

Fig.l shows the Fourier transforms
of Ho(C0)6 deposited on NaY subsequently
treated at 673 K. Two peaks are
attributed to i-lo-0 and Ho-Mo,
respectively. The curve fitting
analysis was carried out by use of the
theoretical amplitude function and phase
shift. In Fig.2 the Fourier filtered
EXAFS oscillation was compared with the
calculated spectra on the basis of the
two shell model M0-O+ Mo-Mo. We could
not obtain the better fitting result in
the three shell model Mo-O+Mo-Mo+Mo-Na.

This means the Na atom involved in the
cluster is too small comparing to the Mo
atom. Mo-Mo iDonding was 0 .282 nm
longer than Mo-Mo distance in Mo metal.
This value is comparable to the Ho-Mo
distance of the Si02-attached Mo(II)
{0.280 nm )^. Therefore we concluded
that Mo(CO)g v;as thermally decomposed
and fixed on the internal surface of the
supercage of the zeolite through the
Ho-O-bonding as shown in Fig.3.

1) Y.Iwasawa, K.Asakura, H.Ishii, and
H.Kuroda, Z.Phys.Chem., NF. 144,
105(1985).
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Fig.l Fourier transform of
Mo(CO)g/NaY treated at 673 K
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Fig.2 Curve fitting result.

obs:

calc:

Mo—Mo

Fig.3 Model for (Mo)^/NaY derived
from Mo(CO^^
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Introduction

Colloidal metals not only act as catalysts
having high activity and selectivity, but also
afford a relatively simple system, in which the
structure of the metal particles is able to be
discussed regardless of the interaction with the
support.The present authors have
successfully prepared the homogeneous colloidal
noble metals protected by water-soluble polymers
by reducing noble metal salts in the presence of
polymers, and have applied them to the catalyst
for hydrogenation, for example.

We have recently disclosed that Pd-Pt
bimetallic colloids are produced by refluxing
the mixed solution of palladium chloride and
hexachloroplatinic acid in alcohol in the
presence of poly(vinyl pyrrolidone) (PVP). '̂
When these colloids were used for the catalyst
for selective partial hydrogenation of 1,3-
cyclooctadiene'^^ they showed higher activity
than colloidal Pd, colloidal Pt or the mixture
of them. The formation of the bimetallic colloid
has been suggested by UV and TEM observations.
This cooperate research has been going on since
this spring to examine the structure of these
colloids. The results of the first measurement
using a BL-10B PF-EXAFS station are reported
here.

Experimental and Results

The bimetallic colloids at the ratios of
Pt:Pd=4.:1, 1:1» and 1:i(molar ratio) were
prepared by refluxing in the water-ethanol mixed
solution under nitrogen atmosphere. These
colloidal dispersions were concentrated by
evaporation of the solvent under reduced
pressure, and the concentrated solutions were
sealed in the 50 mm (for Pd), and 10 mm (for Pt)
cells under nitrogen atmosphere. K edge of Pd
and Lo edge of Pt of the sample were measured by
the BL.-10B station. The results were analysed
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0.00, ^^•^^0 1 2 3^56

distance R(A)

Fig. 1. EXAFS Spectrum of Pt/Pd (A/1)
Bimetallic Colloid at Edge of Pt

by Program EXAFS1 (Reserch Center X.or
Spectrochemistry,the University of Tokyo).'

The measurement of the Pt:Pd=i:1 colloid

went on well. The Pt in this sample was
measured by edge and the phase-unadjusted
Fourier-transformed EXAFS spectrum is shown in
Fig. 1. It is assumed that the high peak at the
center represents a Pt-Pt bond, and a Pt-Pd bond
is shown by the peak at the left. Figure 2
shows the phase-unadjusted Fourier-transformed
EXAFS spectrum of the same sample measured by K
edge of Pd. Compared with other EXAFS data, the
second highest peak at the center is thought to
be a Pd-Pd bond, and a Pd-Pt bond is thought to
be shown by the peak at the left. Concerning
these results, the fact that this colloid is
bimetallic having Pt-Pd bonds has been assured.
More detailed studies are in progress. The
structure including the location of Pt and Pd,
the change in the structure with the change in
Pt/Pd ratio, and the relationship between the
structure and the catalytic activity of these
bimetallic colloids will be examined.
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Introduction

Supported molybdenum sulfide catalysts are
used for hydrotreating of heavy oil. The struc
ture of active site for the reaction has not been

known well yet. In the present report, EXAFS
method was applied to the investigation of the
changes in the local environment around Mo in the
catalyst by changing presulfiding conditions such
as temperature and time.

Experimental

10 and 20wt% MoO- catalysts (Cat.A and Cat.B)
supported on the f-Al.D- were prepared by an im
pregnation method with a solution of ammonium
paramolybdate. The catalysts were presulflded in
a stream of 5 vol% of H^S/H- at 200-600®C for 0-
16h . Mo K absorption ExAFS spectra were
measured at BLIOB of the Photon Factory.

Results and Discussion

Figure 1 shows the Fourier transforms of the
EXAFS for the Cat.B presulflded at 200, 400, and
600°C for Ih. The peak at 1.7 A observed In the
Fourier transform of the catalyst presulflded at
200°C is corresponding to the Mo-0, which indi
cates that the catalyst is not sulfided completely
at 200^0. The peaks at 2.4 A and 3.2 A are cor
responding to the Mo-S and Mo-Mo in the crystal of
the MoS-, respectively. In the Fourier transforms
of the catalyst presulflded at 400 and bOO'C, the
Mo-0 peak does not appear and the Mo-S and Mo-Mo
peaks are larger than that at 200''C.

The average numbers of coordinating S atoms
(N(S)) and nearest Mo atoms (N(Mo)) around Mo were
calculated from the intensities of the Mo-S and

Mo-Mo peaks referring to the structure of MoS^
crystal. Figures 2 and 3 show the changes in N(S;
and N(Mo) of the Cat.A and Cat.B presulflded at
different temperatures and reaction times, respec
tively. In Fig. 2, the time of presulfiding was
fixed at Ih. In Fig. 3, the temperature of
presulfiding was fixed at 400°C. In the same con
ditions of presulfiding, the N(S) and N(Mo) of
Cat.B are larger than that of Cat.A indicating a
correlation between the concentration of Mo and

the degree of the growth of the MoS- crystal like
structure. Figure 2 shows that tlie N(S) and N(Mo)
of catalysts become lager with increasing of tem
perature of presulfiding showing more growth of
the MoS_ crystal like structure. Figure 3 shows
the sulriding of the catalysts progresses rapidly
in the first one hour and after that does not

progress more.

The ratio N(Mo)/N(S) will be a good indicator
for agglomeration of MoS^. Tables I and 2 show
the ratios N(Mo)/N(S) when reaction time and tem
perature of presulfiding were changed, respec
tively. These ratios of Cat.B are larger than
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Table I. N(Mo}/H(S) of various tiae of sulflding at 400 'C.

— 20SJ1O S

- s

— sfftfio rto

- 10^ fto

Oh Ih 2h 4h 8h 16h

0.40
0.46

0.43
0.49

0.42

0.47

0. 46

0.50

0.46

0.51

0.45
0.5020i't*Ho05/Alj0> 0.46 0^49 o!47 0.50 0.51 0.5i

Table 2. N(Mo)/H(S) of various teaperature of siilfiding for Ih.

200 T 300 •€ 400 T 500 *€ 600 'C

ICbrWMoOj/AbOj 0.22 0.43 0.47 0.48 0.48
2(hrtXHo0j/Al?0, 0.28 0.39 0.49 0.52 0.55

those of Cat.A. This is due to a difference in

percentage of Mo atoms which have less interaction
with supports. In the case of presulfiding at
400°C, the ratios of N(Mo)/N(S) rapidly increase
early in the reaction, and then gradually in
crease. This shows that an agglomeration of M0S2
occurs immediately at high temperature. In the
case of presulfiding at 200''C, N(Mo)/N(S) is rela
tively small. This indicates that Mo is kept
highly dispersive at 200''C. The value of
N(Mo)/N(S) becomes larger as the temperature of
presulfiding is higher. The value of N(Mo)/N(S)
of presulfiding at 600°C for Ih is larger than
that at 400®C for I6h. These results suggest that
each Mo has different interaction with the sup
port and Mo can migrate on the surface of the
catalyst at high temperature when the interaction
between Mo and the support is strong.

More detailed studies on the relationship be
tween the structures and the activities of the

catalysts are now progressing.
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Introduction

Various selenium amino acids occur

in nature, and most are physiologically
important. Several mammalian and micro-
bial proteins, in particular enzymes,
contain selenium amino acid as a prosthe
tic group. The selenium moiety of bac
terial glycine reductase, bacterial for
mate dehydrogenase, and mammalian gluta-
thione peroxidase has been identified as
selenocysteine. The three-dimentional
structure of glutathione peroxidase of
bovine erythrocytes has been analyzed at
2.0 A, but little is known about the
fine enviroment around the catalytically
essential selenocysteine residue. We
here report the results of an EXAFS
study of selenocysteine in aquaous
solution.

Results and Discussion

L-Selenocystine was synthesized from
3-chloro-L-alanine and elemental sele
nium as described by Tanaka and Soda.
EXAFS measurements were carried out for
aquaous solutions of selenocystine and
selenocysteine, and for selenocystine
powder solidified with polyethylene.
The following aquaous solutions were
prepared to be analyzed: 10 mM L-seleno-
cystine in 0.2 M 2-(N-cyclohexylamino)-
ethanesulfonic acid (CUES) buffer (pH
9.5); AO mM L-selenocysteine in 0.2 M
CHES buffer (pH 9.5) (selenol group of
selenocysteine is dissociated under the
conditions (pKa of SeH is 5.0)); AO mM
L-selenocysteine in 0.5 N HCl (selenol
is not dissociated under the conditions)

12-SB 12.60 12.64 12.68 12-72

PHOTON ENERGYIKEV)

Figure 1 (upper) Se K-edge absorption
spectrum of L-selenocystine, L-selenocys
teine underacidic conditions (Figure 2,
right upper), and under alkaline condi
tions (Figure 3, right bottom).

X-ray absorption spectra were recorded
over the energy range corresponding to the
selenium K-edge. Data were collected at
room tempertature at an energy of 2.5 GeV
with an average current of 193 mA. The
X-ray absorption data were converted to
EXAFS modulation spectra with a cubic
spline fit background subtraction.

Figure 1 shows the X-ray absorpition
spectrum in the region of the Se K-edge
for aquaous solution of L-selenocystine.
Essentially identical spectrum was obtain
ed for L-selenocystine powder solidified
with polyethylene. The bond lengths were
determined as follows: C-Se, l.SSA; and
Se-Se, 2.32 A. When L-selenocystine was
dissoloved in 0.1 N HCl and analyzed, the
same EXAFS was observed. Therefore, these
bond lengths were not influenced by dis
sociation of COOH and NH2. Figure 2 illu
strates the X-ray absorption spectrum for
aquaous acidic solution of selenocysteine
whose selenol group is not dissociated,
while Figure 3 shows the spectrum for the
alkaline selenocysteine solution in which
selenol of selenocysteine is dissociated.
The C-Se bond length length determined
were 1.96 A for both the systems.

12-64 12-68 12-72
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Introducation

Ascorbate oxidase (EC 1.10.3.3) is a multi-
copper oxidase together with ceruloplasmin and
laccase. There are three type 1 Cu2+, one type
II Cu^"'" and two pairs of type III Cu2+ in the
enzyme. Selective depletion of type II copper
has been successfully performed for laccase and
ascorbate oxidase as a strategy to shed light on
the active site and reaction mechanism of these

enzymes. However, there has been contoversial

discussion about the oxidation state of the type
III coppers in the type II copper-depleted
laccase. Reinhammar et al.^^ obtained absorp
tion spectrum where the shoulder band at 330 nm
which has been believed to be concerned with the

coupled type III Cu(II)'s was intact as that of

native laccase. Contrary, other groups2-4)
reported that the band disappears or is greatly
reduced in its intensity because of the reduc
tion of type III coppers. Although similar
discusssion has never arose on ascorbate oxidase,
our recent study about type II copper-depleted
cucumber ascorbate oxidase^^ indirectly suggested
that type III coppers are reduced during the
process to deplete type II copper. Here we show
the direct evidence for the reduction of type
III coppers from X-ray absorption edge spectros-
copy.

Experimental and Results

X-ray absorption Cu K-edge spectra were
measured on the storage ring of Photon Factory
at KEK, runnining at 2.5 GeV with the beam
current of 230-260 mA.

ENERGY (eV)

Fig. 1

Fig. 1 shows the absorption Cu K-edge spec
tra, of type II copper-depleted cucumber ascorbate
oxidase (a) and its H2O2 (x28)-treated deriva
tive (b). Since the low energy shoulder at about
8983 eV is characteristic of cuprous ion, the
former spectrum (a) ia apparently that of a
mixture of cupric and cuprous ions. In the
spectrum (a), the cupric species are three type
I coppers because the strong blue color due to

type I Cu2+ did not bleach at all even after
irradiation of strong X-ray. Therefore the

cuprous species must be type III coppers which
were in the cupric state in native enzyme. On
the other hand, cuprous species are not observed
in the spectrum (b), because type III coppers
were oxidized by H2O2- The present X-ray absorp
tion spectra indicate, even though qualitatively
but unequivocally, that, type III coppers are
reduced during the procedure to deplete type II
copper and are stable in the cuprous state in the

absence of type II copper under air. In addition,
the absorption band at 330 nm is ascertained to
be concerned directly with the coupled type III
copper(II)'s.
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Introduction

Manganese is one of the indispensable ele
ments to the growth of plants and its behavior is
attracted much attention in the field of plant
nutrition study. Our recent work using X-ray fluo
rescence element mapping spectrometry^' revealed
that the enrichment of manganese takes place at
the injured part of plant leaf under an external
stresses such as X-ray irradiation, mechanical
damage, or insect damage. However, the mechanism
of the movement of manganese is still unrevealed.
In order to obtain some informations about this

problem, especially about the chemical state of
manganese in a plant leaf, an EXAFS and XANES
study has been performed.

Experimental

X-ray absorption of Hn K-edge for rice leaf
and several standard samples (powder and solution)
was measured by using the EXAFS facilities at BL-
10B. A bundle of 50 leaves was used for the mea

surement of the rice leaf. MnSQ/(2+), Chloro-
tetraphenylporphinato manganese ^PPMnCl; 3+)»
Mn02(4+)» KMnO^(7+) were used as standard samples.

Results and Discussion

The X-ray absorption spectra for rice leaf
and standard samples are shown in Fig. 1, and the
shifts of the absorption edge and prepeak are
summarized in Table 1. Both the absorption edge
and prepeak shift toward higher energy with the
increase of the charge of manganese. The energy
positions of the edge and prepeak for rice leaf
are similar to those of MnSO^, indicating that the
charge of the manganese in rice leaf is mostly +2.
This is further confirmed by the comparison of the
amplitude of the prepeak which is known to be
sensitive to tlie charge of the metal. Figure 2
shows the Fourier transform of the EXAFS function

X(k) multiplied by k^. The radial distance of the
maximum peak for rice leaf (d =2.15 A) is in good
agreement with the Mn-0 distances in Mn(0H2)^^^
cluster observed for MnSO,aq.(d=2.25 A) and MnCl2
(d=2.17 A) The peaks of R>3 A for rice leaf
are in similar positions to those for TPPMnCl.
However, measurement with higher accuracy is
needed for the interpretation of the peaks.

In this preliminary experiment we confirmed
that the information about the chemical state of

metal such as manganese in 'living' plant, where
the concentration is as low as 0.1 Z, is obtain
able by EXAFS and XANES analysis.

The authors thank Dr. T. Higuchi of
University of Tokyo for providing TPPMnCl.
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Table 1. Observed shifts" of the edge
and prepeak feature.

^repeak shifl
/eV

-2.8

-2.8

-2.U
-1.0

-0.1

0.0

-2.8

Compound Edge shift Pr«
/eV

MnSOy•iH20,powder -10.6
MnSO,,aqtpHi.O) -9.7
TPPMnCl,powder -7.8
MnOp,powder -6.7
KMnO,,powder -1.3
KMn0^,aq(0.1N KOH) 0.0
Rice leaf -9.9
"Values are relative to KMnO^aq.
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Figure 1. X-ray absorption spectra of standard
samples (powder) and rice leaf; (a)KMnO/»
(b)Mn02, (c)TPPMnCl, (d)MnSO^, and (e)rice leaf.

Radial Distance IK

Figure 2. Fourier transform of the k^-multiplied
EXAFS data of (a)TPPMnCl, (b)MnSO,aq., and (c)rice
leaf.
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ITRODUCTION

In small-angle neutron scattering (SANS) and
X-ray scattering (SAXS) from semi-dilute solu
tions,the angular depdence of the scattered
intensity I(q),q being the scattering vector,is
given by the following Lorentzian form:

I(q) '=1(0) '( 1 + f^q' ) (1)

where q='n/lsin(fl/2), l=wavelength, fl=scatter-
ing angle,f=correlation length. This scattering
function applies for the range of scattering
vector Rg '< q < b ', where Rg is the radius of
gyration and b is the segment length.

It is reported by Kinugasa et al.'' that
linear variations in a modified Ziram represen
tation are obtained in SANS measurements but

excess scattering at about q < 5x10-*a"' has
been observed leading to deviation from the
equation (I) in SAXS measurements. The SANS
data were obtained by use of the point colli-
mating system,but on the other hand, the SAXS
data were obtained by use of the line-slit
collmating system and desmeared.

In this report,in order to reexamine the
origin of the excess scattering in SAXS meas
urements with line-slit collimating system,the
SAXS experiments were carried out on a point
focusing optics.

EXPERIMENTAL

The SAXS measurements were performed with
the SAXES" installed in BL-IOC at 30''C. Count

ing times of 500 and 1000 sec were used for
each measurement of the solvent and solution,
respectively. The entrance slit height of 1.5
mm was placed in front of the sample and the
specimen-to-detector distance was about 1880
mm. The sample studied was the raonodisperse
polystyrene ( Mw = 2.0x10®, Mw/Mn< 1.3 ) in
benzene. Measurements were performed on two
solutions of polystyrene in benzene, 0.02 and
O.OA g/cm^ concentration.

RESULTS AND DISCUSSIONS

Fig.l shows the scattered intensities I(q)
for benzene as a function of the scattering
vector q A '• It was confrnned that a small-
angle resolution of q=0.015 a ' useful for our
purpose has been otained in the figure.

The data of C/I(q) for C=0.02 and O.OA g/cm'
are shown in Fig.2. A departure from the Loren
tzian scattering behaviour is not clearly found
out in the figure. From the slope of the figure
below q=5.5x10'*A'', the correlation lengths of
US and 30 a were obtained for 0.02 and O.O'i

g/cm^, respectively. These values agree closely
with the data obtained by M.Daoud^'.

0 .04 .08 .12 .16 .2 .24 .28 .32 .36
• Fig.l q(l/A)

0.04 g/cm'
0.02 g/cm*
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Introduction

In NaCl crystals heavily doped with Cu* ions,
CuCl microcrystals are known to be formed by
coagulation of Cu* ions. Exciton states in such
microcrystals are considered to be influenced by
quantum size effects, in other words, the
finitencss of crystal lattices, because tlioy are
broadened and shifted to the higher energy side
by several tens of meV compared witli those of
the bulk exciton.^) Tlie purpose of this work is
to know the size and the shape of the
microcrystals witli use of small-angle X-ray
scattering(SAXS) and to make sure of the
correlation between the microcrystal size and the
blue shift of the cxciton luminescence energy.

Experimentals

Single crystals of NaCl doped with CuCl by
1 mol% were grown in an ordinary transverse
Bridgmnn furnace. As-grown crystals were cleaved
into several pieces, with which various lieat
treatments were performed in vacuum as are listed
in Table 1. Mctliods for the measurements of

luminescence spectra and SAXS are the same as
reported before.2)

Results and Discussion

Guinicr plots of the SAXS intensities for
various samjiles were examined. Each plot is
found to be approximated with a single straight
line except for "01. The radii of gyration Rg of
the CuCl microcrystals are summarized in Table 1.
In rapid cooling Rg becomes smaller for longer
annealing, [.uminescence spectra for various
samples are also measured at 77K. Each spectrum
has a broad peak on the higher energy side of the
bulk Zs exciton peak. A close correlation is
found between Rg and the peak energy Eox of the
exciton luminescence; the smaller the radius, the
more the blue sliift of the luminescence peak.

Firstly, it is assumed for simplicity that
all tlic microcrystals are spherical in shape and
have tlic same size. In Fig.l the mean peak
energies of the exciton luminescence Egx versus

sample annealing cooling h
number CO , (hour) 1 (hour) (nm)

«01 1 as grown I >3.95

"02 630 47 Slow 39 4.40

"03 630 0.33 Rapid 3.82
"04 630 12 Rapid 2.59

""6.5* 6.30 " 47 Rapid 2.08±0.03

"12 600 96 Slow 12 3.58

"13 'goo* 96 Rapid 1.741:0.06

"22 736' 18.5 Rapid 2.76

"23
730* 18.5 and

21
Repid

530
2.41

Table 1

the reciprocals of the square radii a"^ of CuCl
microcrystals are plotted by open circles for the
different samples. The length of a vertical bar
on eacli data point indicates the amount of change
in the peak energy caused by the X-ray
irradiation. The solid curves 1 and 2(2')
represent theoretical ones for tlie electron-hole
confinement and for the exciton confinement (with
exciton dead layer of 0. Saex*), rcsjiectively.3)
The curve 3 represents the result of the
variational calculation in spherical particles.
It is obvious that the experimental points are
well fitted with tlie curve 2', which means that
the cxciton translational motion is quantized.

Secondly, further informations about the shape
of the microcrystals are obtained both from the
volume of the microcrystals and from the detailed
curve fittings with tlie SAXS profiles. The
result shows that oblate ellipsoids are better
for the fitting with the experimental data, and
the shape of the microcrystals is approximated to
be a thin platelet except for extremely small
size of less than 2 nm, where the number of
spherical microcrystals reaches to a considerable
amount compared with that of the platelet ones.
The result of the variational calculation for

thin slab is drawn by a curve 4, but the cxciton
confinement model(curve 2') is found to bo still
valid for microcrystals of non-spherical shape.
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a^jj is an exciton effective Bohr radius and is
about 0.7 nm in CuCl.
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INTRODUCTION
/{ casein monomer consists of 209 aminoacids

and its molecular weight is calculated as 24000,
II casein possesses 40 successive polar units in
one chain end and 74 non-polar units in the
other end, so that a /1-casein molecule is
regarded as an approximate amphiphile. Though
/{ casein exhibits no secondary structure, the
light scattering from /J-casein solutions shows
the formation of micelles with increasing
temperature and/or concentration where the
molecular weight increases without expanding its
micellar dimension. Various models were proposed
for the structure of micelles, though no direct
proof was available for these proposed micellar
structures. The present work is aimed to examine
the structural change of /1-casein micelles as a
function of temperature by means of the
small angle X ray scattering.

EXPERIMEJTFAL
/I caseins were prepared by urea

fractionation according to von Hippel, and
dissolved in 0.2M phosphate buffer ajusted to pH
6.7. The conc(5ntration of each solution was
estimated by applying the Kjeldhal method after
sufficient dialysis against buffer. The SAXS
measurements were performed on these solutions
at ISC, 20 C and 25'C with a SAXES focusing
optics installed at the BL-IX.

RILSULTS AND DISCUSSION
/Fcasein self-associates in solution with

increasing temperature, and its micelle consists
of approximately 50 monomers at 20X in the

spherical form of cci. lOOA in diameter. A hard
sphere with radiating long arms is suggested as
a possible model of /^l-casein micelle^ though
this model fa.Lls to describe the process of the
molecular weight increase of the micelle with
temperature while maintaining its original
dimension.

The scattered intensitites were

Fourier-transformed to yield the distance
distribution function p{r) and the /(?•) function
defined by J{r) = p(r)/r, which exhibited the
characteristics of oblate ellipsoids (see
Fig.l). The scattered intensities were simulated
as demonstrated in Fig.2 with a model ellipsoid
by applying the non-linear least-square method
SALS, giving the dimension at each temperature

semi-axes 5"C 15°C 25°C

(i( A) 108.0 107.6 sr7.8

b(A) 112.7 114.7 140.4

c(A) (9.1 43.8 62.1

Rci\) 70.3 73.0 81.4

B-CASEIN C=0.5Z

I0C.?0 iSdCO 2CC.OO I'.ZtZ IZC.ZQ

R/PMGST«0f1

Fig.l: The distance distribution function of
/I-casein (0.5% in PB) at various
temperatures.

G-CA5EIN C=0. 5/C T-SC

Fig.2: An example of the observed and simulated
scattered intensities where the dimension

of the model oblate ellipsoid is given in
the table in the text.

The semi-axis c increases with temperature and
the shape of the /1-casein micelle approaches to
a sphere while other dimensions of semi-axes «
and b hardly change, so that the increase of Rc
is not appreciable. Thus the /I-casein molecules
seem to form a micelle of the shape of a flat
oblate ellipsoid which grows in the c-axis
direction only with increasing temperature.
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Introduction

It is generally accepted that condensed 30-
nm chromatin fibers observed at high ionic strength
are generated by higher-order folding of poly-
nucleosome chains observed as 10-nm fibers at

low ionic streTigth. In what manner are the 10-
nm fibers folded into the 30-nm fibers? What is

the liiglier-order structure of chromatin like?
There are now several types of models for
cliromatin structures'"^' proposed from studies
by the use of a variety of techniques. However,
the detailed subunit structure of chromatin in a

condensed state has not been established yet.
Wc investigated the effect of monovalent

cation on both t!ie structures of chromatin

fragment and nucleosome core particle by means
of X-ray solution scattering. This report
describes results of the scattering experiments
mainly on chromatin solutions.

Experimental and Results

Cliromatin fragments consisting 20-50 nucieo-
somes were prepared by a brief micrococcal
nuclease digestion of rat tliymus nuclei and core
particles with a lengtJi of 140-150 base pairs of
DNA by a furtlier digestion of the fragments. Both
samples were used in 1 mM Tris-HCl, 0.2mM EDTA,
pH7.5 with 0-75 mM NaCl.

Scattering patterns were collected on a
double-focusing X-ray camera^) for solution at
BL-IOC, using U.148nm wavelength.

Fig.l illustrates the X-ray scattering
patterns, in plots of log(si(s)) vs. s, from
dilute solutions of chromatin fragments(3 mg/ml)
at different NaCl concentrations. A prominent
feature is that the scattered intensity near

NaCl

75mM

50mM

10mM

0.05 0.10

S (nm'' )

zero angle abruptly increases with raising the
NaCl concentration. A cross sectional Guinier-

plot (log(s7(s)) vs. s^ plot) was done for the data
in the small angle region of s<0.025 nm~'. Tiiis
plot could give radius of gyration, Rp, and
relative mass per unit length, /l(0), of chromatin
fragment when regarded as a rod-like particle.
Fig.2 shows the changes in values for Rg and /l(o)
as functions of NaCI.

Each curve shown in Fig.l is also
characterized by a maximum around 0.05 nm~' and a
minimum around 0.03 nm~l , originating from the
shape and/or internal structure of chromatin.
These maximum and minimum are shifted to higher
angle with the increasing NaCl concentration, with
a disappearance of the maximum beyond 50mMNaCl..
According to a solenoid model, the spacings of the
maximum and minimum are related to the dimensions

of helical diameter and pitcli. Their shifts to
higher angle can be interpreted as the compaction
of helical structure. Our observations indicate

that the condensation of chromatin fibers is

initiated at very low salt concentration (e.g.<5mM
NaCl) even in the case of monovalent cation.

From the results of small-angle X-ray
scattering measurements on core particles in solu
tion, it was found that the radius of gyration of
the particle is nearly constant from 4.29±0.01nm
at 0 mM NaCl to 4 .24 +0.02 nm at 25 mM NaCl.
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INTRODUCTION

Bacteriorhodopsin (bR) is a sole protein of
purple membrane and acts as a light-driven proton
pump. In order to obtain the structure informa
tion during the photocycle, we studied solubilized
bR as well as purple membrane. The structure of
solubilized bR was studied by small-angle X-ray
scattering (SAXS) techniques witli contrast varia
tion method. It is suggested that bR exists as
a trimeric form in the solubilized bR.'
Moreover, with the combination of contrast varia

tion and lieavy atom labeling, we obtained
Important informations on solubilized bR.

EXPERIMENTAL

Preparation of solubilized bR was described

in previous issue.' For heavy atom labeling,
purple membranes were iodinated before solubiliza-
tion. In our condition, 6 or 7 iodine atoms
bound to one bR molecule in solubilized I-bR.

SAXS experiments were performed with SAXES.
Sucrose was used for varying the solvent electron
density. Scattering profiles were recorded at
following eight sucrose concentrations; 0, 2.5,
5, 7.5, 10, 12.5, 30, AO%(w/w). Final protein
concentration was adjusted to 3mg/ml.

-K 0

0,3<. 0.36 0.38

AoirffH I e/A')

Fig. 1 Tlie dependence of zero angle scattering
.amplitu<le on solvent electron density.

Structure

parameter

P (e/A^)

Rc (A")

a (e/A)

e (eVA")

sol bR

0.3586

sol I-bR

0.3617

Table I Structure parameters of sol bR and I-bR

RESULTS

The radius of gyration and zero angle scatter
ing intensity at each sucrose concentration were
obtained with ordinary Guinier analysis. From
Fig.l, average electron density (5) of solubilized
bR and I-bR were determined and listed in Table I.

The increment of p in solubilized I-bR clearly
reflects iodine atoms binding. With this incre
ment and the volume of solubilized bR estimated

from shape scattering function, the number of
binding iodine atoms was determined to 22+1.
This fact strongly suggests that there are tliree
bR molecules in solubilized bR.

Structure parameters concerning with the
internal structure and the shape were determined
from Fig.2 with the following relation (Table I).

Rg' = Rc' + Ci/Ap -6/(Ap)'

By comparing the structure parameters of solubil
ized I-bR with those of solubilized bR, following
Informations were obtained. 1) The shape of
solubilized bR and I-bR are identical (from Rc).

2) Mean square distance of iodine atom posi.tion
is found to be 1600A' (with the difference of a).
This value can be realized only in the case of

trimeric bR. 3) Iodine atoms distribute symmet
rically about the centre of solubilized I-bR
(from 6)•

These informations obtained with the combina

tion method sufficiently confirm the previous
suggestion.

Sol t)R

sol 1 bR

I/ (^ -/'.ol.fnl I (A^el

Fig. 2 Stuhrmann plot (Radius of gyration, Rg,
against inverse of contrast)
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INTRODUCTION

IliM-cnijy, it has heen found thai the silk

fihrniii from r-nmhyx tnori is very useful for

liitiding cir/.yini-s'', wliirh is prohahly due to the

exi.stiMMi' of an anioridious region, but no one has

elucidated the fine strurtiire such as the

dispersed stale in t.he silk filiroin.

In this report, i nvest iga l.i ons were maile on

t.he fiiu' stiuiture of the silkgland dried for

various lime by using small angle X-ray scattering

(SAX5).

EXPORIMENTALS

Bilkglaiids from Bomhyx morl dried for various

time at 30" f were used for 5AX5 measurements.

Tln' 5AXS experiments were performed with point

-fonisiiig optics installed at the PL IOC.

Fleet ron inicTographs were obtained by using

a Niiieii Derislii JF.M 100 CX-11 transmisson elertron

microsrope. The s.imple used was stained by methods

previously dfirr ilied". Ultralliiii sections were

cut perpendicular to silk gland with a glass

knife, ,ind stained for 30 miii in 70 % ethanol

s,at Ufa t I'll with iiranyl acetate.

RESULTS AND DISCUSSION

Fig,! sImhvs the dependence of correlation

lenglli (1.) nil three dimensional electron density

correlation riinclion r(L). First peak is not.

rle.ir. This indicates that, the silk gland of about

30 wi.a; .I'liicniis solution of silk fibroin is

almost lioniogciierois aqiiroiis solution.

Fif;. 2 '<li.iws the dependence of L on r (L) for

the silkgland tlried for various time at 50" C.

Tliere is an obvious first peak at about. 130 A in

every sample. This indicates a domain struttuie

, namely a m1crosegrt'gat.ed structure, in the dried
silkgland with a mean distance hel.ween the

renters of ne i glihoii r i ng domains is ahoiit 130 A.

This domain structure is formed at. early step,

and hcrnmes clearly by drying above 3(1 min, .it

wliirh density increased abruptly"". Accorrling to

I,urns el a.].'" the silk fibroin molecule is a

block CO polymer rnusisling of '.wo blocks; one

block is a chain of very simple amlno acids siiclt

as alanine and glyriiie forming only crystalline

region, and the other is a chain having the polar

and hiilky amlno acids forming only amorphous

regions. Therefore it is suggested i.lia' the

liuiidles consist, of only tlie crystalline regions

separate clearly from the amorpiioiis region in the

dried si I kg 1and.

Fig. 3 is an electron micrograph with t.he

electron hcarn normal to the iiltratfiin sect inn.

A bundle structure is ohserved. The mean long

period perpendicular t.o the direction of the axis
of (he liiiiidles is about 120 A, corresponding to

the mean distance Ijetwecii the renti-rs of ru-ighbor

ing tlomains.
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Introduction

Rabbit muscle aldolase is an enzyme
which splits fructose 1 , 6-diphosphate and
yields in glyceraldehyde 3-phosphate and
dihydroxyaceton phosphate in the second stage
of glycolysis. The enzyme is a tetramer
composed of four identical subunits with the
molecular weight of 40,000. Ohga et al''.
have subjected this enzyme to a stopped-flow
light scattering and fluorescence, and
suggested that the tetrametric enzyme was
dissociated into a monomer form with the
decrease of pH value to 2.7. To elucidate the
strueture-function relation ship of the
enzyme by scrutinizing this structural
change, time-reso 1uved X-ray scattering
experiment was undertaken using a stopped-
flow mixing device.

Experimental
Sample preparation Rabbit muscle

aldolase was purchased from Boehringer
mannheim as a crystalline suspension in 3.2M
ammonium sulfate at pH6. After centrifugation
of the suspension, the enzyme solution was
dialyzed against 0.01 M sodium citrate buffer,
pH5.4 for two days. Protein concentration was
de^termined by UV absorption at 280nm using
^Icm Buffer solutrion of pH2.7 used for
scopped-flow experiment was prepared from
0.2M sodium citrate and 0.2N HCl solutions.

X-ray Experiments An X-ray
measurement was undertaken on a small-angle
X-ray scattering apparatus at the beam-line
BL-1OC which installs a semipoint-focussing
X-ray optics. The scattered X-rays were
recorded on a one-dimensiona 1 position-
sensitive proportional counter(receiving slit
of 2.0mm). The sample-to-detector distance
was 790mm and the wavelength used was 1.488A.
A stopped-flow mixing device was constructed
by Unisoku Co. Ltd.. Equal volumes of the
enzyme and buffer{pH2.7) solutions were
immediately mixed and transferred into a
sample chamber(4 x 6mm) with an X-ray path of
1mm. The concentration of the enzyme was 1%
in the reaction mixture. To clarify the
initial and final stages of a reaction,
static measurements of scattering intensities
were carried out in 1% enzyme solutions at
pH5.4 and 2.7. The respective accumulations
of scattered X-rays were 900s. At the time-
resolved measurement, scattered X-rays were
recorded in 30 time-frames after mixing in
the stopped-flow device without any time-
gaps. In each frame, scattered X-rays were
accumulated for either 2 or 60s. As for the
experiment of accumulation time with 2s, ten
cycles of these measurements were performed
to obtain sufficiently intense scattered X-
rays.
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Results and Discussion
Radius of gyration,Rg and zero-angle

intensity,I (0 ) were estimated from Guinier
plot of scattering intensities by a least-
squares method. The time courses of the Rg
and the 1(0) are depicted in Fig.1. From this
figure, it was found that both of the
parameters were appreciably decreasing with
time until 50s after mixing, indicating the
dissociation of the enzyme. In addition,
since the static measurement at pH2.7 gave
R =24.2A, it was followed that the reaction
reached equilibrium at 50s after mixing, and
the tetrametric enzyme was completely
dissociative to a monomer at this stage. On
the other hand, the R of the tetramer was
estimated to 36.8A from the static
measurement at pH5.4, and was significantly
different from that of the first frame of the
time-resolved experiment(accumulation time is
2s per frame). This discrepancy may be
attributable to the result in fast
dissociation-reaction just after mixing. To
assess this fast reaction, it is necessary to
measure the scattered X-rays at the time
interval shorter than that of the present
study, which is thought to be subsequent
experiment of this project.

f ^

0 20 40 60 • 0 20 40 60
Tim«/S TSm®/S

Fig.l. Time courses of (a) radius of
gyration,R and (b) zero-angle scattering
intensity,1(0 ). The time-resolved measurement
was done in the accumulation time of 2s per
frame. The errors are expressed by vertical
lines in the data points.
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UTTRODUCriON

Imogolite is a hydrated aluminium silicate of
a rod like shape, found in the clay fraction of
Japanese soil derived from glassy volcanic ash or
in weathered pumice beds. As expected from its
shape, imogolite forms lyotropic mesophase when
the imogolite concentration exceeds a certain
point defined as an A point.The raft-like
imogolite sheet floating in the mesophase has been
observed by electron microscope from the solution
above the A point,though the onset of the
fragmental imogolite sheet is expected at much
lower concentrations. The exact dimension of
imogolite was evaluated from its dilute solution
properties'' as a hollow cylinder of a few
thausands A in length with an outer diameter
25.2A and an inner diameter 15.5A. We observe
the process of forming the mesophase with the
small-angle X ray scattering (SAXS) from the
solutions of these cylinderical molecules in this
work-

EXPERIMEOTAL
Two fractionated imogolite (Imogolite a and

Imogolite e) of different molecular weights were
used for SAXS measurements. These samples were
characterized by static and dynamic light
scattering as follows:

Imogolite AL-IO" <.S^>y^(A) /?h(A)

ci 0.980 438 180

e 2.43 1053 386

The A and B points (lower and upper phase boundary
concentrations) were estimated as 0.0355% and
0.0577% for Imogolite a, and 0.0175% and 0.0333'«
for Imogolite a. respectively, in terms of
imogolite weight fraction. The SAXS measurements
were performed with a SAXES focusing optics
installed at the BL-IOC.

RESULTS AND DISCUSSION

The distance distribution functions (defined
as the Fourier transform of the scattered

intensities) are shown in Fig.l (Imogolite a) and
Fig.2 (Imogolite c) where the imogolite
concentrations are indicated in the figures. The
first double peaks (appeared around 18 45A
reflect the rod cross-section of two imogolite
molecules aligned in parallel. The Guinier plot
for cross section yielded the radii of gyration as
10.5A and 13.BA , respectively, for the
cross-section of a single imogolite molecule and a
bimolecular aggregate.'"' The second peak
characteristic to the mesophase appears around
170A above the A point (see Figs.l and 2). The
third peak appears around 270A when the imogolite
concentration approaches the B point, though a
remaining background scattering due to the X-ray

s V \ A;^.^o.o3d3 i {
2 f N i i
rT' • f = \ ^ ^ N '
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y A ! / 1
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l-'iq.B' Distance distribution function of Imogolite
e in solution

absorption in high imogolite concentrations causes
Fourier ripples smearing the distance distribution
curves. The molecular arrangement of imogolite in
mesophase was speculated from various periodic
structures observed by electron microscope.''' The
ordering of imogolite molecules proceeds in such a
way that imogolite molecules align loosely in
parallel at first and form raft-like sheet
clusters exhibiting various periodicities. The
mesophase model consistent with the present
observation is being considered.
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i iitroduction

Tryptoiilinnnsn from Escliericliia col i D/lt7-A
is a pyricloxal pliospliate dependent enzyme that
catalyses a, B-(d i mi nation and fl-replncenient
reactions in addition t.o the decomposition of
L-tryptophnn anti requires monovnlcnt cations for
activity. The ony.yme has a molecular weiglit of
220,000 and is composed of four identical
subunits. Each subunit has otie binding site for
the coenzyme, pyridoxal phosphate. In tlie
presence of 100 mM KCl, apoenzyme, whicli of
course lias no enzymatic activity, undergoes
dissociation to dimcrs at wliereas holoenzyme
does not. At 20''C sedimentation velocity of
holoenzyme is larger than that of apoenzyme. It
is recently found that the holoenzyme has ttie
activity even in the more diiute monovalcnt

cation concontrat.ion of 30mM KCl.

UcsiiH.s and Discussion

Results of the smali-angle X-ray scattering
experiments with SAXES at DL-IOC witti KCl
concentration of 3()mM if added are sliown in
Table 1. Radii of gyration of tlie apoenzyme at
50c ore as same large as that of ZO^C.
suggesting tlic apoenzyme conserves tetramer
strucf.ure in this iotiic strengtli even at lower
temperature. Throughout the wliole scattering
experiments uiKlor the condition given in Table
1. tlie radii of gyration fail into 38.5+/- l.OA
irrespective of the solvent condition.
Considering of the experimental error, it seems
that, the cliangc of tlie structure or size of the
cnz.ymo was very slight or did not changed.

In spite of the conservation of the Ro value
under differnt conditions, scattering curves at
very small amgle, tlie profile of whicli reflects
tlio inter particular interaction owing to the
change in the state of surface of the enzymelfor
example olcct.rostatic charge), differs each
other. Addit.ion of KCl weakens the
i nler-part.icular interaction. This con be
explained by ttie screening effect of the
poLtasium and ctirolide ions attaching tlie small
ions to t.lic surface of t.he cliarged ami no acid
residues to cancel the surface charge. The
att.aclimenL of the pyridoxal phosfate increased
tlie interaction. Namely the holoenzyme
molecules more strongly interact each other than
the a[>oenzyme. Considering from tlie charge of
the coenzyme, it is difficult to explain the the
results by screenign effect. Rather it is more
plausible to iiit.crpret that the subunil.s are
slightly rearranged by the addition of the

coenzyme t.o cliaiige the state of the surface more
interactive than t.liat. of t.ho apoenzyme.

The avobe discussion is valid only for the
solution of 30mM KGl concentration. When KCl

concentration is increased to lOOmM, radii of
gyration of apoenzyme at 5''C decreased
considerably whereas t.hat. of holoenzyme did not.
suggesting that the apoenzyme split, into dimer
as is known from sedimentation and ilPLC

experiments.
From the present exporimonntal results we

may infer tlie role of the poLtasium ion to tlie
activity is in the first place to adjust the
electrostatic charge at the coenzyme binding
site or active site. And suitable distribut.ion

of the charge at the site render the enzyme t.o
catalyze the reaction.

Temp Prot.
"C Cone.

45. 1
mg/mL

5. 1 10. 0
mg/mL

5. 0
mg/mL

45. 1
mg/mL

20.2 10.0
mg/mL

5. 0
mg/mL

Coenz.
& K'

Rg(A)

Ilolo. +K 38. 0
Apo, +K 38. 4
Tlolo. -K 39. 1
Apo, -K 38.9

Tlolo. +K 38.9
Apo, +K 37.8
Ilolo, -K 39. 3
Apo, -K 38.0

Ilolo,
Apo,
Tlolo,
Apo,

Hole,
Apo,
Ilolo,
Apo,

+ K 38. 7 (38. 9)
+ K 37. 5 (37. 0)
-K 38. 7 (38. 8)
-K 39. 2 (37.7)

+ K 38. 2
+K 38.6
-K 39.1
-K 39.3

+K 38.6
+K 38. 9
~K 39. 1
-K 38.9

+K 39.4(39.0)
+K 39. I (39. 6)
-K 39. 2 (39. 1)
-K 38.8(39.4)

Toblo.1 Radii of gyration (Rp) of
tryptophunose in 30mM KCl and at various solvent
conditions and tempera Lures. Rp's are obtained
from the Guiner plots in the range of 2.0 to
4. OxlO'^A'^, (S = 4t sin ff/A being 2f scattering
angle and A wavelength). Rg values in the
parentheses are from S? range of 1.0 to
S.OxJO'U-2.
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Introduction

The P2 protein is a basic protein
localized in peripheral nerve myelin.
K. Uyemura et.al. have developed purifica
tion procedures of the bovine P2 protein
and characterized some of its properties.
They had determined the complete amino
acid sequence of bovine P2 protein (1, 2)
The P2 protein is considered to be impo
rtant as the most likely candidate of
neuritogenic protein to induce experimen
tal allergic neuritis(EAN).

The structure of the bovine P2

protein in 0.03 M HCl buffer was examined
by means of the small-angle X-ray scatter-
ing(SAXS).

Experimental and Results

Tlie P2 protein was extracted by the
method of K. Uemura et. al.(3) Experiments
were carried out by using the small-angle
scattering equipment designed by T. Ueki
and Y. Hiragi et. al. (4), set up at the
Photon Factory in the National Laboratory
for High-Energy Physics, Tukuba.
The solutions for small-angle X-ray scatt
ering were prepared by dissolving P2
protein in 0.03 M HCl (pH=1.30). Three
solutions of P2 protein were used in the
concentration range of 1.5, 1.0, and 0.57®
respectively. The detail analyses were
achieved by using 1.5 7» solution because
other lower concentration solutions
caused the strong back ground.
The original .scattering curve is shown
in Fig. 1 for 1.5 % solution. The Guinier
plot (Fig. 2) using the data yields
16.45 A for the radius of gyration Rg of
P2 protein. The scattering data were
extrapolated to the larger h region to
compute the distance distribution function
(Fig. 3). These two independently estima
ted values of Rg were considered to be
good agreement. The further examinations
regarding the conformation of P2 protein

is developing now. The simple model
analysis is developing with a non-linear
least-squares fitting in terms of two
simple triaxial bodies; an elliptic cylin
der, and an ellipsoid.
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Introduction

Phytochrome, a noble photoreceptor protein
in green plants for a variety of photomorphogenic
responses , undergoes photoreversible
transformation between red-light-absorbing form
(Pj.) and far-red-light-absorbing form (Pfj-)'
are trying to figure out the conformational
change of phytochrome by small angle X-ray
scattering (SAXS) to understand the molecular
basis of the phytochrome-mediated responses. We
have obtained, so far, the informations regarding
Che macromolecular structure of the pea 121-kDa
phytochrome and its 114-kDa chromopeptide in P^..

Experimental and Results

SAXS was measured on a focusing optics,
Small-Angle X-ray Scattering Equipment for
Solution at BL-IOC , where the wavelength of X-
ray was 1.49 A. The obtained data were analyzed
by Guinier plot . The plot can be approximated
by a straight line in the S x 10 region from 20
to 60 at the concentrations below 0.5% (w/v) with

n 0.30%

0.10%

0 10 20 30 40 50 60

X10® (A'̂ )

Guinier plot for 114 kDa-chromopeptide
of pea phytochrome in P^.

both the phytochrome and the chromopeptide (see
the Figure). Rg (radius of gyration) and 1(0)
(scattering intensity at zero angle) were
determined from the slope and the intercept with
y axis, respectively.

The molecular mass of the 114-kDa
chromopeptide was determined as 228 kDa from
comparison of the slope of the 1(0) vs
concentation curves for the chromopepetide and
for BSA (66 kDa), indicating that the
chromopeptide is a dimer. Rg of the phytochrome
and the chromopeptide were determined as 54.0 and
53.8 A respectively, suggesting the 7-kDa N-
terminal polypeptide contributes only slightly to
the molecular dimension.

If the overall shape of the molecule is
assumed to be a sphere, the molecular mass of the
sphere with Rg of 53.8 A is calculated as 1140
kDa using the partial specific volume of 0.74,
which is far greater than the obtained molecular
mass of 228 kDa. The discrepancy comes from the
deviation of the molecular shape from a sphere
and (or) the dense distribution of electrons in
the marginal area of the molecule.

The apparent molecular mass of the
chromopeptide was determined as 314-318 kDa from
the steric exclusion column chromatography
suggesting the nonglobular shape of the molecule.
Assuming the shape is an ellipsoid, a prolate
(a=24, b«115 A) and an oblate one (a=85, b=9 A)
are calculated to have the Rg of 53.8 A and the
molecular mass of 228 kDa, where a and b are the
equatorial diameter and the half axial length,
respectively. The maximum distance of the
electron pair in the 114-kDa chromopeptide was
estimated 3S 140 A from the distance distribution
function"^, which is comparable with the
equatorial diamter of the oblate ellipsoid.
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Introduction

Cucumber green mottle mosaic virus (CGMMV)
is a rod-shaped virus and is morphologically
similar to tobacco mosaic virus (TMV). The

biophysical and biochemical properties of CGMMV
are also similar to those of TMV. The homology
of the amino acid sequence of both proteins is
also very high.

It has been known from sedimentation velo

city runs, standard light scattering, and small-
angle X-ray solution scattering (SAXS) using
synchrotron radiation that the coat protein of
TMV self-associates to form several kinds of

aggregates depending upon pH, temperature, ionic
strength and the protein concentrations. How
ever, few studies have been made on the self-

association process of CGMMV protein. We have
studied temperature dependence of the aggregate
structure by small-angle scattering in order to
compare the scheme of aggregation process of
CGMMV protein with that of TMV protein.

Results and Discussion

Experiments were performed with the Enzyme
Diffractometer BL-IOC using different solutions
in ionic strength (5, 50, 100 mM phosphate
buffer (PB)), protein concentration (5 and 12
mg/ml) and temperature (5 to 25 °C). Fig, 1
shows an example of plot, where logarithms of
scattered intensities 1(h) were plotted against
squares of the scattering vector h (=4TTsin0/X).
As the CGMMV protein solution contains several

degree of aggregates, the scattering data ob
tained are the sum of the scattered intensities

of each constituent particle. In the present

) .S3S(- } .•e4(. >

Fig. 1. Plot of logarithm of the scattered in
tensities from CGMMV protein (12 mg/ml) in 100
mM PB at 25°C. A solid curve was calculated
from two exponential component equation.

lOOmMPB

50 mM

10 y(oc) 20 30

Fig. 2. The radius of gyration of CGMMV protein
aggregates as a function of temperature and
ionic strength.

case protein solutions are mixtures of 4S (A-
protein), BS, 20S disk and intermediate parti
cles, although their existing ratio varies by
the condition of the solution. In the most
cases the above plots could be approximated by
two components over the wide range of h.
Therefore, a radius of gyration R of the parti
cle and a scattered intensity at h =0, 1(0), are
calculated from Simplex curve fitting method.

Fig. 2 shows the variation of Rg of the
protein aggregates as a function of temperature
and ionic strength. The content of A-protein
having Rg of 2.5 nm reached 70% in 5 mM PB and
did not show an appreciable temperature depen
dence. However, the content of A-protein,
which is 45% and 35% in the presence of 50 mM
and 100 mM PB, respectively, decreased with
increasing the temperature and, at 25°C it rea
ched up to 20% and 10%, respectively. The
remainder in 5 mM PB has Rg of about 4.5 nm,
whose content did not change with the increase
of temperature. These components may act as a
precursor of 20S disk components. The remain
der in the presence of 50 mM and 100 mM PB,
however, has Rg of 5.5-7.0 nm, whose content and
the Rg increased with increasing the tempera
ture. These components are equivalent to the
radius of gyration of the disk components exis
ting at 15-25°C in the case of TMV protein.
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In troduc ti on

Troponin-C (Tn-C) is one of intra-
cellular calcium binding proteins and its
distinctive structural change upon calcium
binding were reported by various methods
(1). Up to now our small-angle X-ray
scattering (SAXS) studies on Tn-C solution
have shown that its SAXS is distorted by
interparticle interference (2). In order
to eliminate tliat effect, we made a

conccntratioti series of experiments and
obtained the extrapolated structural
parameters to zero protein concentration.

Experimental

The experiments were performed at BL-

lOC by the SAXS equipment for 1.5 X. The
specimen to detector distance was 80 cm.

Three calcium concentrations, that is,

0, 2, 4 molar equivalents of calcium to

Tn-C were prepared. We made a concentra
tion series of experiments at 2,3,4,6,8,
10 mg/ml for each calcium concentration.
Sample temperature was maintained at about
5 C during the exposure. The exposure
time was at most 20 min.

Results and Discussion

noCa^^

pCa4,0

024 6 6 10 12
PROTEIN CONCENTRATION (mg/ml)

Fig. 1

Fig. 1 shows the protein concentration
dependency of radius of gyration of Tn-C
(Rg or Rg(mol)). These Rg(mol) were
obtained from the S^ region of between
2*10' and 12*10"'^in the Guinier plot-
No Ca"*"* , pCa 6.5 and pCa 4.0 corresponds
0,2,4 molar equivalents of calcium respec
tively. Each error bar represents one

sigma. Main feature of Fig. 1 is that
the protein concentration dependency of
Rg(mol) is very different in three calcium
oncentrations. This feature is presumably
derived from the variations in surface

nature of Tn-C upon calcium binding.
Extrapolated values of Rg{mol) to zero

concentration are 27.8 A, 23.8 A and 22.6

X for no Ca"*"*", pCa 6.5, pCa 4.0, respec
tively.

Fig. 2 shows the protein concentration
dependency of average radius gyration of
domains (Rg(dom)), which is derived from

region of between 5 and 9X10 *in S*-
ln(I{S)/S] plot (3). Extrapolated values
of Rg{dom) to zero protein concentration
are 15.1 X, 14.8 A and 14.6 X for no Ca"*"*" ,
pCa 6.5 and pCa 4.0 respectively.

We also measured molecular weight of Tn-
C from SAXS but reliable data has not been

obtained so far. Further SAXS experiments

on Tn-C solution should be continued to

obtain definitive structural parameters.
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INTRODUCTION

An amphiphile consists of two parts: a
hydrophobia group at an end and a hydrophilic
group at the other. An amphiphile shows several
singular behaviors in the presence of water due
to the high solubility of its hydrophilic group
conciliated with the insolubility of- the rest of
the molecule. To analyze the properties of the
amphiphile-water system, it is necessary to ex
amine its phase diagram. E.Jahns')succeeded in
drawing the temperature-concentration diagram of
octaethylene giycol monotetradecyl ether
CH3 (Cli2) 13(OCH2CH2) 80H(Ci 1+^0) -water system
through the observations by a polarizing micro
scope, although the micellar structure of each
phase was not revealed. We investigate the form
of micelle and the liquid crystal structure of
the phases in the diagram with the small-angle
X-ray scattering(SAXS) experiments.

RESULTS AND DISCUSSION

Fig.l shows the temperature-concentration
diagram, obtained by E.Jahns, of Cj4E0-water
system. The domains indicated by L^ and Water-
Lj in the diagram are corresponding to the iso
tropic solution and the two phase state, respec
tively. In the other domains Cit,E0 constructs
the liquid crystals .having different struc
tures. V.Luzzati described'the several models

of liquid crystalline phases of ionic amphiphile
-water system based on the SAXS experiments.^^
We have carried out SAXS measurements of Cii,E0-
water mixtures of varying ratio from 0.05 to 1

(pure amphiphile) at the temperatures of 5, 20,
AO and 60°C using a SAXES focusing optics
installed at the BL-IOC. The variations of

scattering patterns in the range of scattering
vector, Q, below O.SAX"^ are shown as a function
of temperature and weight fraction of Ci[,E0 in
Fig.2. These scattering intensities on a log
scale are not made any corrections, so that the
sharp raising at low Q range is due to the
parasitic scattering from slit edges. The scat
tering patterns from isotropic solutions have
one or two broad maxima which may originate in
the nearest-neighbor correlation between mi
celles or ordering of micelles. In the liquid
crystalline state, several sharp diffraction
peaks are observed, which position and intensity
vary with each domain in the phase diagram
(Fig.l). It is proved that the changes of scat
tering patterns agree well with the phase
diagram.
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Fig.l The phase diagram of
Cii,E0-water system.
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Fig.2 The variations of scattering patterns from Cii,E0-water
mixtures as a function of temperature and weight fraction of
CmEe.
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We have already reported a preliminary analy
sis of our measurement of the charge distribution
and mean charge of Xe ions produced by 4.1 - 8.0
keV X-ray impact from KCK Photon Factory^ . In X-
ray impact, ttic principal meciianism of production
of multiply charged ions is known to be due to the
vacancy cascade, tliat is, a vacancy produced in an
innershell is continuously transfered into outer
shells. Therefore, the structures of tlie atoms
should be reflected in their charge distributions
wlicn they are ionized by X-rays. Indeed, these
structures have been observed when the X-ray ener
gy changes from tlie threshold energy of L3 subshell
to tliat of L2 subshell and then to that of Lj sub-
shell in Xe atornsn .

In tlie present work we try to reproduce these
observed results theoretically based upon Monte
Carlo simulation technique where the succesive
Auger and radiative processes for an initial vacan
cy produced in ;i particular innershell and the
electron shake-off effect are taken into account.

The detailed mctliod of the present Monte Carlo
procedures lias been described elsewhere^) . In brief
tlic procedure is as follows : i) the initial inner-
shell vacancy distributions are estimated from
photo-electric effect, ii) the vacancy filling is
decided bythe fluorescence yields: when X-rays are
emitted, the vacancy transfer is determined using
the partial radiative transition probabilities,
whereas two now vacancies are determined by the
partial Auger rates when Auger electrons are emit
ted. iii) tliis procedure is repeated until all
the vacancies are transfered up to the outermost-
shells and tlien no more transition is possible.
The necessary data are taken from a series of ref-

3-7)erences^' ' .

Thus the final vacancy distributions and the
moan cliarge of ions are calculated as a function
of the X-ray energy. The calculated results are
are shown iti Table 1, together with the previously
reported experimental resultsH for the X-ray ener
gies below and above the subshell threshold ener
gies. Tite agreement is found to be surprisingly
good for all the energies investigated.

Figure 1 sliows the observed results, together
witli other measurements. Clearly the present data
differ from ttiosc by Carlson et al.8) This might
be due to the fact that X-rays used by Carlson et
al. were not pure but included significant fract
ions of low energy X-rays which have high probabi
lities for production of low charge ions.

More systematic measurements are under way
in order to understand the mechanisms involved in
multiply charged ion productions by X-rays.
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Table 1

A comparison of the calculated and observed
mean cliarge of Xe ions produced by X-rays

nx(keV) Measured <q> calculated <q>

KUM.MjMtM,

5 6 7

Pkolon enersj (VcV)

Figure 1 The mean charge of Xe ions as a funct
ion of X-ray energy. •: present result, x: Carlson
et al. i: Ilayaishi et al.^)
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In Iroduc t i on

For nonerysta 11ine materials EXAFS
(Extended X-rny Absorption Fine Structure)
Is now used as an established tool for the

determination of local structure around a

central atom. An application of EXAFS to
the elements with low atomic number is,
however, limited because K-absorption
edges lie in tlie soft x-ray region wijere
the experiment is not feasible in air and
adequate window materials are not
available. Inelastic x-ray scattering
using hard x-ray may supply the same
Information as the absorption. The
re 1 a t i onsii i p between x-ray Raman
scattering and x-ray absorption was first
revealed by Mizuno and Ohmura and
immediate^:^ confirmed by Suzuki about
beryllium . Since then x-ray Raman

Suzuk i

x-ray

immediate^:^ confirmed by Suzuki about
beryllium . Since then x-ray Raman
scattering has been studied by several
•workers, but the detailed features have
never been observed; extreme weakness of
the scattering intensity did not allow one
to have a spectrum with sufficient
resolution and signal-to-noIse ratio. Here
we present the first observation of EXAFS-
like oscillation in the x-ray Raman
scattering from graphite.

ExBP.rlmeniai and Resuiis

The experiment was carried out at BL-
lOC with the apparatus. A typical example
of tiie x-ray scattering spectrum collected
in 24 hours at the scattering angle of 60
degree is shown in Fig. 1. A sharp peak at
the energy of 8265 ev Is the Rayleigh
scattering wliose width (6 eV at FWHM)
represents the energy resolution of this
experimental condition. A broad peak
shifted by 70 eV from Rayleigh scattering
is the well known Compton scattering.
Besides, x-ray Raman scattering is
observed beyond 284 eV, which coincides
the binding energy of K-electron in carbon
atom. Fig.2 shows the Raman part in an
expanded scale. Fig. 3 shows the
associated radial structure function

obtained by the Fourier transformation
using the tlieoretical amplitude and phase
factor. Two peaks are clearly observed at
distances 1.43 and 2.48 A, which nicely
coincide with the known C-C distances of

graphite (1.42 and 2.46A).
This work clearly shows that x-ray

Raman scattering can be used to determine
the loacal structure around a central
absorbing atom with low atomic number.

Belerenges
1) Y.Mizuno and Y.Ohmura: J.Phys.Soc.Jpn.

22 , 445( 1967).
2) T.Suzuki:J.Phys.Soc.Jpn.22,1139(1967).

Fig. 1

RAYLE i CH

0 = 60

RAMAN

COMPTON

ENERGYxeV

Fig. 2

384 484

ENERGY SH!FT/eV

Fig.3

1 2 3 4 5 6

DISTANCE/A



proposal No 87-085

SURFACE STRUCTURE ANALYSIS OF Si(11I)/5x/5-BI BY X-RAY DIFFRACTION

Toshio TAKAHASHI. Shlnichlro NAKATANI. Tetsuya ISHIKAWA* and Selshl KIKUTA*^

Instllute for Solid Stale Physics, University of Tokyo,

Roppongi, Minato-ku, Tokyo 106

^Photon Factory, National Laboratory for High Energy Physics,
Oho-machi, Tsukuba-gun, Ibaraki 305

^^Department of Applied Physics, Faculty of Engineering,
University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

Introduction

We have shown In a previous work that X-ray
diffraction Is useful to analyze the system in
which heavy atoms are adsorbed on the clean Si

surface and determined the structure of the

adsorbe^^ layer of on the Si(lli)
surface Although we have considered only the

X-rays scattered by B1 atoms, It Is necessary
to consider the contributions from SI atoms for

more detail analysis. In this work, we measured
four intensity versus energy (I-E) curves along
(00), (10), (To) and (02) rods and determined the
3-d imens iona i structure of on the

Si(ili) surface in consideration of the

Interference effect between the X-rays scattered
by the adsorbed layer and by the substrate.

Experimental and Results

The experimental conditions were the same as

previous one except that, in this work, a
position sensitive proportional counter was
used as the detector so that the diffraction

spots could be found out easily among the
backgrounds.

The intensities of diffracted X-rays are
proportional to the square of the absolute value
of the structure factor F. which Is written as

to t

Here F_., F^^ and F-" are the structure
factors for an adsorbed layer of Bi,
reconstructed or displaced layers of Si, and a
semi Infinite SI crystal, respectively. The

positions of Bi atoms with respect to the
substrate can be determined by the interference
effect of the first and third terms of (1), and
once it is determined, the position of
reconstructed or displaced Si atoms with respect
to BI atoms can be determined by the interference
effect of the second and first terms of (1).

Fig. 1 shows two of the I-E curves. In other
curves calculations fit to measurements to the

same extent. From the best choice of fitting

parameters wc deduced next conclusions, (see also
Fig.2 and Fig.3)

1. Bi atoms, forming trimers whose Interatomic
distances are 3.08^0.08 A, locate nearly right
above the first layer Si atoms and bond with
the dangi ing bonds.
2. The spacing distance between the Bi adsorbed

layer and the Ideal first Si layer Is 2. 68j;0. 02A.
3. The first and second layer substrate SI

atoms are displaced from their ideal positions
less than 0. ISA.

4. It is preferable that the centers of BI
trimers locate above the second layer SI atoms to

that they locate above the forth layer Si atoms.
5. The agreements between measurements and

calculations are Improved provided a 31 adatom

layer, forming honeycomb structures, 0.8^0.2 A
above BI adsorbed layer is introduced.
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As a part of a series of multiple photoion-
ization experiments of metal atoms, we report

here the results on 4d-shell photoionization of
Cs and Ba atoms. Yields of M^(M=Cs or Ba, q=l
-4) have been measured as a function of photon
energy. From these results combined with report
ed photoabsorption and photoelectron data, we
expect to obtain detailed knowledge of decay

processes after creation of 4d-hole states.
The experiment was carried out by the use

of a 2-meter Grasshopper monochromator at BL-llA.

A metal-atom beam from an oven was crossed with

the monochromated VUV radiation, and resulting
photoions were mass analyzed with time-of-flight
technique. Intensities of different ions
were simultaneously recorded with wavelength
scanning^^

Figure 1 shows the ion yield spectra ob
tained for Cs. Peak structure is seen in the

lower energy side, and this region has been exam
ined more precisely, as shown in Fig.2. The
entire spectrum is characterized by resonant

peaks corresponding to the transition to the
4d ^nl Rydberg states below the 4d ionization
threshold and a broad shape resonance peaking
around 115 eV. It is immediately apparent that
main products are doubly- and triply-charged
ions. Their intensity ratio Cs '̂'"/Cs '̂̂ varies
increasingly from 1 around the 4d ionization
threshold to 2.1 around the 4p ionization thresh
old, indicating the existence of shake-up and/or
shake-off processes in the stage of photoabsorp
tion. We can see a non-negligible amount of
Cs''+ ions in the higher energy region. The yield
curve of these Cs^"'' ions indicates clearly the
existence of two thresholds at about 110 and 140

eV, the latter lying near the 4p ionization

threshold. The result obtained for Ba is shown

in Fig.3. Dominant products in this case are
again doubly- and triply-charged ions. However,
the ratio Da '̂'"/Ba^"^ amounts to about 3 in the
higher energy region, considerably larger than
that in Cs case. Non-negligible amount of Ba^"'"
ions begin to be produced around the structure
attributed to shake-up process.

Ejected-electron spectra available in the

literature^'^' are very helpful to understand
the present results. The energy and relative
intensities of Auger lines as well as the assump
tion of multi-step processes allow us to estimate
relative intensities of Such estimations

are in qualitative agreement with the present
results. However, quantatively satisfactory ex
planation needs inclusion of shake processes in
the stage of j'elaxation as well.
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Introduc tion

Tills study is one of a series of our experi
mental investigations concerning inner—shell
photoionization of metal atoms using synchrotron
radiation. Production of inner-hole states, in
most cases, results in formation of multiply
-charged ions. We present here the ion yield
spectra for K and Ca atoms as a result of 2p-
shell photoionlzation.

Experimental

Tlie synclirotron radiation emitted from 2.5
GeV strage ring in the Photon Factory was dis
persed with a 2 meter Grasshopper monochromator,
and crossed with a beam of target atoms from a
furnace. The resultant photoions were mass-se
lected with a time-of-flight spectrometer. The
details of the experimental apparatus has been
described elsewhere. •' The intensities of
secondary ions and Ca, q=l-A) were mea
sured as a function of photon energy in the
region around 2p-ionisation threshold of each
target.

Results and Discussion

Figures 1 and 2 show the partial yield spec
tra for ions with different charge states (q=l-3).

As can be seen, the yield spectra have two
prominent peaks below tlie 2p-shell ionization
threshold in the case of k3+, k2+ and also K"*".
The positions of these peaks in this work (297
and 299 eV) agree well with those in the photo-
absorption spectra by Mansfield, who assigned
these peaks to tlie excitation of 2p electron to
the 3d level.The intensity of doubly-charged
k2+ ions predominates in the total ion yield in
the present measurement ranee (290-400 eV) . Tlie
relative yield of K^"*" to K^"*" ions is markedly
altered below and above the 2p ionization thres
hold; the intensity ratio increases from
1/9 at the resonance to 1/3 above the threshold.
A slight increse of yield was observed at
2s-ionization threshold.

In the case of Ca, there also appeared pro
minent 2p-3d resonance peaks,at 349 and 352.5 eV,
in Ca-' and Ca*^ yield spectra, but no such
enhancement of the yield observed for Ca"*". The
intensity of Ca^*" is remarkably strong in compar
ison with that in the K target. The most abun
dant produt below the 2p-ionization threshold is
again Ca2+ ions, whereas it is replaced by Ca^"^
ions above the threshold; the intensity ratio
Ca '̂̂ /Ca^"'" is 1/3 at the resonance and 3/1 above
the 2p-threshold. The intensity of Ca^"*" ions
was found to increase slightly at the 2s-loniza-
tion threshold.

According to the normal Auger spectra from

toms and the

ions, it was
allowed by
plain the
d Ca targets.

is estimat-

ce, which
experimental
result is in

2p-shell vacancy state of K and Ca a
relevant energy level diagram of the
concluded that the photoexcitation f
successive Auger process can well ex
observed yield spectra for both K an
For example, the yield ratio Ca '̂̂ /Ca
ed to be about 1/3.2 at the resonan

shows reasonable agreement with the
value 1/3. Further analysis of the
progress.
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Introduction

Threshold electrons, having zero kinetic
energies, can be ejected from atoms when the
photon energy of irradiation is of the same
level as the ionization energy of a shell.
The measurement of threshold electrons gives us
about information on the ionization process of
only the shell. In this article we report the
measurement of multiply charged ions in
coincidence with threshold electrons near the 3d

ionization threshold of Kr.

Experiment

Experiments were carried out using a 2m
grasshopper monochromator at BL-llA. The
monochromator was equipped with a 2400 lines/mm
grating. The spectral resolution was about 0.17
A (0.12 eV at 95 eV) with 80pm slit widths.
The mass spectrometer used was of time-of-flight
type accompained with a threshold-electron
energy analyzerO. The resolution of the
electron energy analyzer is roughly estimated to
be about 0.03 eV on the basis of the FWHM

measured at the Kr 4p ionization threshold.

Results and Discussion

Figure 1 shows the yield spectra of Kr^"*"
and Kr^"'" ions in coincidence with threshold
electrons in the 89-99 eV photon energy region.
For comparison, the yield spectrum of total ions
is shown in the lower part of figure 1.

Two dominant peaks which appear just above
the 3d ionization threshold are due to the 3d

photoelectron. Tlie photoelectron is really the
threshold electron, in itself. The profiles
show the effect of post-collision interaction,
namely, shifts of peak positions and asymmetric
shapes^).

Many structures below the 3d ionization
threshold correspond to the Rydberg states,
3d~^np. It signifies that threshold electrons
are ejected through decay on these resonance
states. The decay channels expected can be
considered as follows. The one is due to shake-

off in double or triple Auger processes. In
these events, one of two or three electrons
ejected may be have very low-kinetic energy.
The other is due to two-step ionization. When
intermediate states locate at the same potential
energies as the final ionic states, threshold
electrons can be ejected via the intermediate
states. It is likely that two-step ionization
plays a main role in decay processes on the
resonance states because the Auger event is more
prominent than the double or triple Auger event.

^M4 Kr

TOTAL ION

89 91 93 95 97 99

PHOTON ENERGY CeV)

Figure 1. Yield spectra for Kr^"*" and Kr^"^ ions
obtained in coincidence with threshold

electrons as a function of photon energy.
For comparison, the yield spectrum of total
ions is shown in the lower part. The photon
energy scale was calibrated on the Kr3d~^5p
peak at 91.2 eV^).
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Introduction

In contrast to the cases of valence

electrons delocalized over the molecule, core
electrons in a molecule are localized near the

atom to whicli they belonged originally. As a
result, the photoionization from the core level
is expected to produce dissociation pathways
quite different from those following the valence
photoionization. We have studied the
fragmentation of organometallic molecules and
sil^n|jfollowing the core level excitation so
far ' . In the present work, we have
investigated the dynamic processes of Pb(CH-),
(TML) and Sn{CH^)^ (TMT) following the excitation
of the inner-core levels located in the region
100-600 eV.

Experimental

Experiments were carried out at BL-11A using
a 2m Grasshopper monochromator equipped with a
2A00 lines/mm grating. Fragment ions generated
by the absorption of monochromatized soft X-ray
in a molecule were mass-analyzed by means of the
time-of-flight method and were detected by a
microchannel plates detector. Photoion-photoion
coincidence (PIPICO) measurements were also

performed using a single ion detector. 99-99 %
TML (Rare Metallic) and extra-pure grade TMT
(Nakarai) were used without further purification.

Results and Discussion

The ^^5/2"*^*
are assigned as indicated in Fig. 1 og.the basis
of the absorption spectrum of Pb atom . The
most plausible explanation of the dynamic process
following the Af-KJ* excitation can be given by an
Auger process producing a doubly-charged ion and
the subsequent fragmentation into CH -Pb
ion-pairs.

The PIPICO spectrum of TML (Fig. 2)
considerably changes in the relative intensity of
various ion-pairs near the Af, 5s and 5p edges of
TML. At higher energies than that corresponding
to each core edge, doubly-charged ions are
produced mainly by newly-opened Auger processes.
A part of these doubly-charged ions seems to
dissociate efficiently owing to the hole in the
Oc-H orbital. As a^result^ the relative
intensities of H -Pb and H -PbCH ion-pairs are
likeJy to increase above each edge. A similar
change in PIPICO spectrum is also observed by
excitation near the As, Ap and 3d edges of TMT.

120 ll»0 160 180 200 220
PHOTON ENERGY / eV

Fig. 1 Photoionization efficiency curves of
PbCCH^)^^

hv=l60 eV
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Fig. 2 PIPICO spectrum of Pb(CH2)^
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Introduction

Ni(mnt)2 (mnt = maleonitriledithiolene)
(Fig. 1) is one of the acceptors which consist
of a metal atom and organic chelates, and its
oxidation number can change between 0 and -2.

The previous studies have revealed that the
electronic state of Ni changed little with the
variation of oxidation number of NKmnt)^.
In the present work, we measured

2 absorption spectra of Ni{mnt)2 and
Nitmnt)^ in order to clarify the change in the
electronic state of the organic chelate, mnt,
with the change in the oxidation number of

Ni(mnt)2.

Experimental

The samples for the measurements were
powder of (TBN)(Ni(mnt)^1 and (TBN)2CNi{mnt)2l
(TBN = tetrabutylammonium). The experiments
were performed at BL-llA (2 m Grasshopper) and
BL-llB (Soft X-ray Double Crystal) in Photon
Factory. The SK and ^ absorption spectra of
each sample were obtaified by monitoring the
total electron yield.

Results and Discussion

Figures 3 show the S

absorption spectra, respectively. Whi^e the
2 spectra of NKmnt)^ and NKmnt)^ are

siiltilar in the low energy region, the K spectra
are largely different from each other. In the
case of Ni(mnt)_ , the HOMO is half occupied
and the transition to it is expected to be
observable at low energy. On the other hand,
the corresponding transition is impossible in
NKmnt)^ because the HOMO is fully occupied.
Therefore, the difference in the K spectra at

the lowest peak is attributed to the presence of
the transition to the HOMO in Ni(mnt)2 • In
the 2 spectra, no apparent difference is
recognised at low energy. Since a transition to
a d-orbital is forbidden in the K transition but

allowed in the ^ transition, the absence of
the HOMO compon4nt in the lowest peak in the

^2 3 spectra suggests that the 3d-orbitals of
sulfur atoms contribute negligibly to the
construction of the HOMO of Ni(mnt) . It is

noteworthy that the apparent chemical shift of

the second peak in the K spectra is opposing to
the normal behavior. The detailed investigation
is in progress.

NC''̂ S^ CN
Fig. 1. Ni(nint)2-

0 5
f/eV

Fig. 2. K spectra of Ni(mnt).

0 3
f/eV

Fig. 3. L spectra of Ni(mnt) .
^ f -i ^ •
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Introduction

Tetrathiafulvaiene (TTF) and the derivative

donors have provided organic conductors, in
which these donors are mainly contributed to the

electrical conductions. These donors have

chalcogen atoms. Chalcogen atoms have empty d
orbital at lower energy than the atoms in second
row in periodic tables, so empty d orbital can

be also contributed to the electrical

conduction. In the present work, we measured

polarized S K and L_ . absorption spectra of
(TMTTF)2C10^ in ora4r to investigate the
contribution of 3d orbital to the electrical

conduction.

Exprimental

The crystals for measurement were prepared

by the electrochemical method. The crystals

were arranged using the adhensive tape of
aluminum. The X-ray absorption measurements

were performed at DLllA (2m Grasshopper) and
BLllB (Soft X-ray Double Crystal) by monitoring
the total electron yield. The polarized spectra
were obtained for the x-ray polarizations

parallel (//) and perpendicular ( i. ) to the
growing axis, which is the conducting axis and

nearly perpendicular to TMTTF molecular plane.

Results and Discussion

Figures 1 and 2 show the polarized S K and

L^ ^-edge spectra, respectively. The lowest
en4rgy peak of L^ ^ spectra is observed for ±
polarization. 6n the other hand that of K
spectra is observed for the 11 polarization.
The transition to the HOMO orbital (b^^ ) is
observable at lowest energy and alloweH for the
II polarization. Therefore we can assign the
peaks A and B of K spectra to Is -* b^^ (HOMO)
and a (LUMO), respectively. The peak A of X
spectri may be also assigned 2p-v a (LUMO). The
difference in energy between HOMO ind LUMO is
found to be about 1.8 eV. The contribution of

3d orbital to HOMO is also found to be small

because we can not observed the peak due to the
transition to HOMO.

-5 0 5 10
f/eV

Fig. 1. K spectra of (TMTTF) ClO

-3 0 3
f/eV

Fig. 2. 2 spectra of (TMTTD^CIO^,
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Introduction

As synchrotron radiation miiTors SiC is a
useful nKiterial for its optical and thermal
properties. We have previously determined the
optical conatant.s of CVD-SiC in an energy r^ge
of 80-1000 oV using tlie reflectance method. In
this met.liod J igiit scattering due to surface
rougiuicss is inevitable. It should be chocked \ap
whether tlie st-atf.ering model correctly oqilains
the refUxitions of the soft X-rays or not. In
tfiis work we det-o^ine the optical constants for
eiglit Sic mirrors having various crystaliza-
tions and sutTaco roughnesses using the same

method, and observe t.he sjunple dependence of the
optical constants.

Measurements

The cryatal ization of ti>e samples was
observed using an X-ray diffractomoter. The rms
ro\igitness of tlie surface measured using two
WYKO prof i lomcLers {4-20 A). Detween t.he devices
t.he rms values in the individual sample agree
witliin 20 % except for a very rougli sample. The
rolTecUince was measured at Bl.-llA from 200 to

JOOO eV itsing a liLgli-precnsion rcflectomeLor. The
optical cunsl.nnls were determined by t.he least-
squares fit.ting for curves of reflectance vs
angle of incidence in terms of a scalar
diffr^ct.ivo sral.tering mcxlel.

Results

ll)o rcfi-act.ive Indices n of eight samples
determined in t,lus methcxi agree well to each
other wit.hin 5 %, while the extinction coeffi
cients k sliow u lit.t.lc more disagreement. But the
deviation of tiio estimat.cd constants is not fourxl
to sign] ficNint.ly depend on Uie individual crys-
trilline charnct.cr. Figure 1 sliows the optical
const^inl.s of Si(^ in straight lines determined by
averaging over llie eight samples. For comparison
our- i)revLo\is data are also plol.tcd in circles and
crosses. They coincide wit.ii t.he lines quite well.
From t.he imitched line we obtain an exfxjnential
formula for t.he relationship b(d.ween 6 and E{eV);

9 —1
6 = J-n = 4.17x10^ E

and similarly for k and E

(30()<E<1000eV)

, , cc ,n'7 r.-3.84
k = 1.65x10 E

The exi^ionont. of E in eq.J, however, deviates from
-2, it agrees within an exxxjrimental error.

To briefly summarize, the similar scattering
model explains t.he reflections of the soft X-
rays. But the («st.imat.ed rms roughness during the
curve fil.l.ing is in general greater than tliose
measured wil.li profi lometers. More extensive

investigation using an S'lM, for oxaii)plo, is now
ru'ceasary.

200 300 500 1000

ENERGY (eV)
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Introduction

iMir ppticn design in tlie soft X-ray region,
it is veiy Imnnilnnt to get accurate optical
cnnstnnla of vailoiis matcriais, cspeclaliy tliose
which Itave absotpMon edges In litis region.
Soft X-ray mitllliayer mirrors, w|Hci» consist of
ma let I a 1 R w I I !i nlir.ot p t i on edges be tween 1 nm -v
•inm, ate under development in our project.

ilenkc cl al.'^Iiave calculated atomic acat-
terlng faetois liy means of dispersion relations
and absuiplion measurements. However those
factors are f iind amen t a 1 I y not reliable near the
absoiption edges.

We measiitrd angle dependent reflection

curves and oblalned optical constants of V, Nl,
Si and glans (DKTJ.for soft x-iays between Inm-v
•Inm. In lli i s lepoit, we will present the
obtained npllcal (Constants and discuss the
accmacy of llmse constants.

FxperI men taI

"Ihe reflcclancc menstiremcnl was carried out

at beam line IIA with S-polarlzcd radiation,
using a grazing Incident ref1 eelomcIer. The
measurement pnrnmelers nre the some na those
Ynnngnmra nnd Koide^hnvc already reported.
Total resolution of the system Is 0.2A for the
waveienglh nnd U.l' for the rotation angle of the
sample and deleclor. As for optical fillers, we
used Al-foll r.>.-lhlck:\=l to l.7nm. Cu-fllm
0 . 2 .Ih - I I ck : A-I . 5 to 3.2nm and Ag-fllm 0.35/j-
lhick:A = 3 to dtim respectively.

0»ir mcasoremenl procedure was: we first
measured waveienglh dependent curves at selected
Incident angles from B9.4*lo the angle where the
reflectance Is less than 0.001, and then we

nnalyzcti the data nnd obtained angle dependent
I'C f I ec I antre »;ur ves .

J'he mcasutemenl samples were silicon (111)
siiilace, glass (UK?), sintered Nickel, oil pre
pared by met;hanlcnl lapping and two pieces of
Vandlum films, (0.2>»-thlck and 0 . 83M-t h I ck) pre-
paied by magnrlinn spullcrlng.

To estimate optical constants and surface
toughness, wo employed the least-squares method.
For fitting curves, we used the Fresnel formula
and Ihe Hennet function. For Nickel, we
adopted the mlcio facet model In addition to the
f 01 mcr two mtnlels.

Results nnd Discussion

In Fig 1 and 2, obtained optical constants
(&=l-n:cliclc,k:trlnngle) and surface roughness
(ff:fcclnngle) are presented ( Fig 1 for SI, Fig
2 for glass an<l Fig 3 for Nickel). In Fig 3,
mulMpilcnMon factors (tX: bar) are also pre
sented. Fnch figure Is synthesized from the

data using all fillets. In these figures,
solid and dolled lines show the optical constants
cnlculalcd by using the iienke's atomic scattering
tnclois. Also, the standard deviation of each
filling paiaincter Is indicated by an error bar.
The Oxygen K-edgo, Sotllum K-edge nnd Nickel L-
cdge are Indicated by arrows in Fig 2. For SI
the atMMiinclcs of fitting parameters ore within
an ertor of sy- foi 6, 25)< for k nnd for (T,
over the entlte wavelength region. For glass,
these ate within an error of 20'< for S, 50?f for k
and for cr. For Nickel, these are within an
crtoi of \oy. for S. 2By. for k, Bn fortfand 7%

for ct. Tlie gradual increase of the fitting
optical pnramclcis, as goes from about l.3nm to
Inm, Is the result of the existence of higlicr
order components of diffracted light witich can
not be cut by the Al-flltcr. The dlffciencc be
tween the nceutacics of the three figures depends
mainly on the difference between the accuracies
of the measurements. The analyses for Vandliim
and the Ag-fllter region of all samples have not
been done yet.
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Introduction

The development of multilayer reflectors is
aimed at applying to the grazing and normal
incidence X-ray telescope for the cosmic X-ray
observations. For this purpose multilayers of
molybdenum-carbon(Mo/C) and nickel-carbon(Ni/C)
were fabricated by electron beam evaporation
method in ultra-high vacuum. The X-ray properties
of these sample were evaluated by measuring the
reflectivity, wavelength resolution and Bragg
angle with characteristic X-rays of Cu-Ka, Si-Ka
and C-Ka in our laboratory.

We present here reflectivities of Mo/C and
Ni/C observed with the monochromatized synchrotron
radiation in 0.1-lkeV region.

Results and Discussion

Multilayer reflectors thus fabricated are
Ni/C(2d=72A, N=20), Ni/C(2d=90A, N=10), Ni/C(2d=
llAA, N=10) and Mo/C(2d=160A, N=10), which were
deposited on float glass. The method of the
measurement are mentioned in ref. 1. Peak

reflectivities of 1st order Bragg reflection for
each sample are shown in Fig. 1 and Fig. 2,
compared with tlie calculated values based on
optical constants. Mo/C shows high reflectivity
in the energy range between the absorption edge
C-K(0.28keV) and Mo-M(0.23keV), which is 8% just
below C-K edge and 70% of the calculated value.
On the other hand peak reflectivities of Ni/C
are degraded depending on the layer thickness.

This fact would be explained by taking into
account the constant interfacial roughness which
is 8-10A(rms) in this case. Tlie interfacial
roughness is derived from the relation,

lto/CI2<1'160A. N.|0)

• oOs.

• coL

Fig. 1 Peak reflectivity of Mo/C

R=RQexp[-(2iTnAz/d) ],
where R„ is the ideal peak reflectivity, n is the
order or reflection and Az is the rms roughness.
The surface roughness of the substrate and the
top layer of the deposited film is evaluated by
the measuring the scattering wing to the total
reflection with Si-Ka , which is derived to be
3A(rms). This means that the interfacial rough
ness would be due to the thickness of the mixing
region between adjacent layers. Tli^s effect has
been noticed for Mo/Si multilayers
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IntroHuction

Soft x-ray multilayer mirrors are key
optical elements l.o develop x-ray optics such eis
a microscope, a t.elescope, a laser, and so on.
Tlic subjects of this study are to measure
reflectance of the multilayer mirrors to evaluate
the performance, and of single layers fabricated
under the same condition as multilayers to
investigate optical constants of the thin films
of various mat.erials . Highly reflective
materials as candidates for the elements of

multilayers and for reflective coating around 100
cV photon-energy arc currently focuse<J on.

Rh, Ru, and Mo are such materials seloctcxl
by a n<^Ws rule aiipliod to available optical
const^Ls . Moastirod reflectance of multilayer
mirrors and evaluated optical constants of Mo
have been reported previously

Experimental T'csults on a Rli single layer
and a Ru single layer are shown in this report.

Re fIcctometer

The soft x-ray reflectometer of I'F was
improved on its chamber to be equipped with a
sample container holding 5 samples and a
feedthrough of linear and rotary motion to
transport, tlie s.unple fr'om the container to a
sample holder. ("he foedthrougli can be used to
soloct n point of measurement on a sample surface
by moving tlio s.ampje in the sample holder along a
line of intersection with a plane of incidence,
t.hus enables to measure at several points of the
sample surface. This was {particularly useful, for
the optical consl.ant.s measurements of thin film
samples in which a layer deposited in a way that
at least two areas of two different thicknesses

were formed on one substrate. Reflectances of

(.heso areas of of)Lically oqual condition, but
l.heir layer thicTkncsses, make a useful set in the
accurate analysis of the optical constant.s of
mat.erials in thin film form.

The ref1cct.omelor was also improved on the
driving systems of sam{ple and det.ector rot.atlon
by employing stepping motors controlled by a
{xprsonal comfjuLer (NEC PC9801-VM21). Softwares
for refiect-anoe ineasurements were written by the
HASIC language. Aut.omatic routines such as

reflectance vs fingle of incidence measurements
with functions of {xiaJt search by the scans of
riotoctor or sampb? {x)si Lions can be selected on a
menu on a computer displaj'.

Reflectain:e between llOeV to 55cV

Figures 1 and 2 show reflectance of Rli and
Ru, resijeot.iveJy, measured for various angles of
incidence at. liO-SSeV photon energy wit.h a Be
filter. It is evident that reflectances of

l.hese mat.erials are higher than that of Au
frequently usfxl t.i> increase reflectance in this
wavelength region. Higli reflectance is further
demonstrat.od in Fig.3 showing reflectance vs
angle of inoidenc^o of Ru measured at, lOOcV and
inOoV. 'Ibose dat,,a are now analyzed to investigate
t.lie optical const.ant.s arid I'oughness.

Rh single-layer

angle of
incidence® 70

60 70 80 90 100 110

Phocon Energy/eV

Ru single-layer

angle of
incidence" 80

70 80 90

Photon energy/eV

Ru single-layer

90 80 70 60
p^g 3 Angle of Incidence/deg
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Carbon K-edge absorption spectroscopy has
been greatly hindered by the carbon contami
nation of optical elements. In order to solve
the contamination problem, we have studied the
capability of dc oxygen-discharge cleaning to
resuscitate their eff leniencies over the 100-
lOOO-eV energy range . A reflectometer
equipped with a discharge electrode was employed
to make In situ optical measurements before and
after cleanings. Cleaning was performed under
the conditions determined to be the best previ
ously . Measurements were made using a grass
hopper monochromator (BL-IIA).

Figure I shows the process of a reflectance
recovery of a Pt-coated mirror. The mirror
exhibited marked visible contamination. The

overall spectral shape before cleaning was
similar to that of carbon; near the carbon K
edge the reflectance drops off precipitously,
while a high reflectance can be seen in the
lower energies (hv < 250 eV). The spectrum
showed a wavy pattern above 500 eV and a sharp
dip, A, on the low-energy side of the K-edge
dip. The energy position of A was dependent on
the angle of incidence ('^ 270 eV at 86° and 'v
280 eV at 88°). We made a model calculation,
and the result showed that dip. A, was naturally
derived and its energy position was dependent on
the angle of incidence, in agreement with the
observed behavior. The calculation also closely
reproduced the wavy pattern above 500 eV.
These good agreement led to the conclusion that
dip A, as well as the high-energy features,
originates from an Interference effect in the
carbon layer. The mirror was first cleaned at a
power of 39 W for 20 min. The contaminant
films were considerably removed, though visible
contamination could still be seen. The K-edge
dip remained while feature A disappeared, and

PI ON FUSED QUARTZ

ANGLE or INCIDENCE • 96*

eEFORE CLEANING

AFTER 20-MIN CLEANING

AFTER 90-MIN aEANING
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Fig. 1 Reflectance spectra of a Pt-coated
mirror before and after two cleanings,
measured at an 86° angle of Incidence.

the period of oscillation above 'v 500 eV became
larger. The second cleaning was made at "v 39 W
for 30 min, resulting in a complete disap
pearance of visible contamination. A comparison
of Fig. 1 and the spectrum of a clean mirror
showed an almost complete recovery of the
reflectance of the mirror. The residual small
dip at the K edge is evidently a spectral
artifact ascribable to optical-elements contami
nation in BL-llA, since its depth is almost the
same as that observed for a clean mirror.

Figure 2 shows the efficiency spectra of
the inside first order of an Au-coated, 2400
f/mm grating before and after cleaning. This
grating had^becn used at an average pressure of

3 X 10 Torr for about two years. The
contamination level of the grating was very low
as a result of this good vacuum. However the
spectrum before cleaning exhibited a noticeable
degradation at the carbon K edge. The grating
was given the first cleaning at a low power ('v
23 W) for a short time (3 min). The K-edge dip
became shallower after the cleaning, and a
considerable efficiency increase was attained
above the K edge as well. The second cleaning
was performed at % 20 W for 5 min. The spectrum
after the cleaning exhibited only a very shallow
dip at the K edge. The zeroth-order spectrum
after the cleaning (not shown here) exhibited a
K-edge dip, which was almost the same in depth as
that observed for a clean mirror. This Indicates
that the grating efficiency has been restored
even at the carbon K edge.
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Fig. 2 Efficiency spectra of the inside first
order of a 2400 A/mm grating before and
after two cleanings, measured at an 86°
angle of incidence.
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Introduct.ion

The int.rinsic luminescence in ionic crystals
has i>eon assigncxl tOj.recombination of solf-
l.rappod cxcmI.oiis (STE). I,uminescence excitat.ion
spectra of the crystals give information alx)ut
the i nt ei iiicxi i al.o relaxation processes before Uio
rooombinnl.ions. Previously we have measured the
STE lumiru^scence excitation spectra for KCl, Hnc,
NaCl, NaBr, and AgCl in a 5-30-cV energy range,
whoi-e K ,jCor-e holes are excited. The shallow
core holei' were found to relax almost t.hrough
Auger processes. As a next step we are much
inter-ost.od in how the Is coix) holes decay in
these ionic crystals. In tliis j)aper we rej»rt the
STR luminescence excit,ation spectra for KCl and
KDr near t.he excitation energies of the Is core
levels in K (.KilO eV) and C1 atoms (2825 eV).

Experimental

llie cleavfxl KCl and KBr single crystals of
alxxit. l-nuii thick were mounted on a cold finger of
a lielium cryostat. Tlie samples were irradiated
with moruHjhfomixtized soft X-rays from a double
cry.st.al monochromator (BL-ilB). 'Ilie luminescence
light K~as focused using a qujirtz lens to the
entrance slit, of a second monochromator installed

oul.si(ic t.f)e vacuum chfunber. Hie band-passed
pliol.ons from the second monochromator were
d(!t.e(^ted witli a photoinul tiplier R585 followed by
a plioton-counl.ing system, 'llie time dependence of
t.he incidence light intensity was monitored with
a gold mesh; l.ho luminescence yield was always
normalized to t.lio pholoelecti-ic yield of gold.

Results

Fig\jre 1 shows the excitation spectra of tt-

PHOTOABSORPTIOH

PAfVUri <I«9S)

3*10 3«» }«M (aV)

3600 3620 3640

EXCITATION ENERGY (eV)

tsmlssion in KCl and tt- and O-cmissions in I{Br

near the K Is absorption edge. In each spoct.rum
l,he luminescence yield is normalized to one just
Ixilow the Is edge. As is shown, above the Is (jdge
the luminescence yield largely lowers by amount
of 40 % in ti-cmission of KBr, for example, and
sr>cct.rul dips are doniiriunt here. In the insert is
shown an X-ray absorption spectrum of KCl. It. is
notic:cd that t.he dip sl.ructure in t.he excit,at.ion
sjx^ct.rum has an inverse relationship with the
fibsorption spectrum. Figure 2 shows the
excitation spectrum of n-emission in KCl near the
('1 is absorption edge. Similarly t.he decrease in
t.he yield amounts to 50 %, and tlie si)e<;tral
structure is in inverse correlation with the X-

i-ay absorption spectrum.
As an origin of the dips in the luminescence

yield X-iay fluorescence decay is very probable.
But., in terms of an atomic model the gr-eat
decrease in the luminescence yield can not be
explained at. all ( < 8%). As other origins
nidiative recombination of Is core e.xcitons and

l;hat of the valence-band electrons with the Is

holes should be considered ( solid state
efftx^Ls). More extensive investigations on the
soft X-ray i-adiative decays are hereafter
necessary.
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Introduction

X-ray photoelectron diffraction (XPED) has
been shown to be a promising method for surface
structural and chemical state analysis. ' In
order to obtain an XPED pattern (angular
distribution of photoelectron intensities) using
a conventional deflection-type electron
spectrometer, long time was required because of
point-by-point collection of photoelectrons.
Recently large area microchannel plates (MCP)
became easily obtainable, which made it possible
to detect photoelectrons projected onto large
area such as a screen of LEED optics. Mizuno et
al. ' developed a direct observation system of
XPED patterns using a retarding field type
electron energy analyzer, MCP and a video camera.
In this project, the authors combined the XPED
direct observation system developed by Mizuno et
al. with the synchrotron radiation X-ray source,
and acquisition of two-dimensional XPED patterns
together with consideration of data processing
method were performed.

Detail^s of the apparatus were described
elsewhere. ' ' A retarding field type electron
energy analyzer consisted of 4 concentric grid
meshes. A sample crystal was placed on the
center of the analyzer. Electrons with the
energy higher than the high-pass filter potential
of the analyzer were multiplied by 3-inch 2-stage
MCP, and vidualized by a phosphor-coated anode.
Light spots were detected by a video camera, and
signals were accumulated in a real-time image
processor controlled by PDP-n/23 minicomputer.
An image of finite energy range photoelectrons
was obtained by image subtraction synchronized
with modulation of high-pass filter potential.

All the experiment was performed at BL11B of
Photon Factory in the National Laboratory for
High Energy Physics. X-ray was monochromatized
to 1764 eV by the InSb(lll) double crystal
monochromator. The beam was cut by two slits and
irradiated a 1 mm x 2mm area of a vertically held
Au( 111) crystal.

Results and Discussion

Figure 1 shows the image of Au4f
photoelectrons emitted into the detectable cone
•with the half cone angle of about 22°. Most of
the contrast in the observed image was caused by
moaire pattern of 4 grid meshes and other
instrumental factors. In order to obtain net
XPED contrast, another image was acquired from
the sample which was rotated by 2° within the
horizontal plane. Then the pixel-by-pixel ratio
of two images was calculated so as to cancel
position-dependent sensitivity factors. Figure 2
shows the ratio pattern of two images. The
intensity of each point in the ratio pattern
corresponds to the photoelectron intensity ratio
to neighboring point. By successive
multiplication of neighboring pixels from one
side to another, net contrast of the XPED pattern
was restored. Figure 3 shows the restored XPED
pattern after the procedure described above.
Resultant pattern showed reasonable agreement
with the XPED pattern obtained by the angle-
resolved photoelectron spectrometer.
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Fig.1 Observed image of Au4f photo
electrons from Au(111).

Fig.2 Ratio pjattem of two
chserved images acquired
at slightly different
sample angles.

Fig.3 Restored Au4f XPED
pattern from ratio pat
tern by numeric image
processing.
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Introduction

Recently wo have studied the surface local
atomic structure of (5/Tx2)S/Ni(lll) with the
polarization-dependent surface EXAFS and hove
determined that the first layer is rexonstructed
to a c(2x2)S/Ni(100)-like overlayer Here we
report surface XANES, which is more sensitive to
the local environment than EXAFS, of (5/3x2)
S/Ni(lll) system, compared with those of p(2x2)
S/Ni(lll) and c(2x2)S/Ni(100).

Experimental

p(2x2) LEED pattern was observed when
cleanqd Ni(lll) single crystal was dosed with
1x10' Pa H2S for 10 s at room temperature.
(5/3Xj2) pattern was observed when dosed with
1x10" Pa H2S for 15 s and heated to >500 K. The
procedure of measurement of X-ray absorption
spectra was the same as that of EXAFS
experiment^ \ Tlie experiment was performed at the
UHV-compatible soft X-ray double crystal
monochromator station (BL-llB).

R<!sults and Discussion

The polar angle dependent surface XANES of
(5/!Tx2)S/Ni(lll) and p(2x2)S/Ni(lll) are shown in
Fig. 1 and Fig. 2, respectively. For the (5/3x2)
S/Ni (111), the peak b is enhanced at the normal
incidence (0=90°), while the peak c enhanced at

0=90°

the grazing incidence (9=15°). Therefore, the
peaks b and c are assigned to S Is - p^^ y and S
Is - Pj, transitions, respectively, where z axis
denotes [111] direction. The peak a seems to be
independent on the polar angle and is assigned to
an isotropic Is - y ^ Rydberg type
transition.

As these features are closely similar to
other S/Ni systems^, c(2x2)S/Ni(]00) and c(2x2)
S/N1(110), we can compare these XANES spectra.
The polarization dependence of XANES of p(2x2)
S/Ni(lll) is distinctly different from that of
(5/3x2)S/Ni(lll) and c(2x2)S/Ni(100); the peak b
increases at normal incidence in (5/3x2)S/Ni(111)
and c(2x2)S/Ni(100) but decreases in p(2x2)
S/Ni(lll). This clearly indicates that the
adsorption site of S for (5/3x2)S/Ni(111) is not
like that for p(2x2)S/Ni( 111) , which is presumed
to be the 3-fold hollow site, but is similar to
that for c(2x2)S/Ni(100). The present XANES study
supports the conclusion obtained by the surface
EXAFS experiment Further analyses are now in
progress with the multiple scattering
calculation.
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Introduction

Surface EXAFS is now a powerful technique to
study the local atomic structure of a solid sur-
face-adsorbate system. Especially, the polariza
tion dependence of EXAFS amplitude gives the in
formation for the adsorption site of an adatom on
a single crystal surface Here we report
surface EXAFS study of S/Ni(lll) system with a
so-called "(5/iTx2)" coincidence LEED pattern,
which is schematically drawn in Fig. 1. This is
the first application of surface EXAFS to the
system with such a complicated LEED pattern.

Experimental

A Ni(lll) single crystal was mechanically and
electrically polished and cleaned by repeated
cycles of Ar"*" bombardment and annealing in a UHV
chamber. Then the sample was dosed with 10"^ Pa
HoS for 15 s and heated to >500 K to form sharp
(V3^x2) pattern. X-ray absorption spectra were
taken by monitoring S-KLL Auger electron yield in
2400-2900 eV range at the BL-llB soft X-ray mono-
chromator station. Polar angles of incident X-ray
chosen wore 90° (normal incidence), 45° and 15°
(glancing incidence). Intensity of incident beam
was monitored by total electron yield from Cu
mesh set before the sample.

Fig. I Schematic view of (5/Tx2) LEED pattern

2.679 A
<—>

The pseudo-c(2x2)S/Ni(100) model for the
(5/3x2)S/Ni(lll) system
( 0 denotes S and (3 denotes Ni.)

Results and Discussion

Fourier transforms for the EXAFS modulation

of the measured Auger electron yield spectra all
have only one peak around 2 A. This means that
there is a short range order around the sulfur
atom and that the adsorption state of S was only
one type. Since it is considered that the peak
corresponds to the nearest neighbor S-Ni bond,
bgnd length R and effective coordination number
N were obtained by the back Fourier transform
curve fitting method from the peak, using EXAFS
data of Ni3S2 (R=2.28X, N=6) as a .standard. From
all the three polarization data, R is determined
to be 2.22±0.03 A, that is almost the same value
as the nearest neighbor S-Ni bond length of
c(2x2)S/Ni(100) system K

In order to determine the adsorption site^
polarization dependence of the experimental N
value must be compared with that of the
calculated one for several candidates for the

adorption site. In the left and center columns of
Table, the experimental and calculated N 's for
3-fold hollow site of Ni(lll) are shown,
respectively, which is the site presumed for
p(2x2)S/Ni(111) system, but they are quite
different from each other. Therefore, it is quite
unlikely that a sulfur atom of (5/jx2)S/Ni(111)
system is located on a 3-fold hollow site.

On the other hand, (5/7x2) LEED pattern is
known to correspond to a rhombic lattice in real
space In this unit mesh a is 3.67 X and is
85.48°, which resemble those of c(2x2)S/Ni(100) (
a=3.52 X, o< =90° ). Thus we can suppose a pseudo-
c(2x2)S/Ni(100) model, shown in Fig. 2, which
produces (5/7x2) pj^tern. In the right column of
Table, calculated N 's for this model are listed.
Their polarization dependence is well agreed with
that of the experimental values (left column).
Therefore, we conclude that the first layer of
(5/7x2)S/Ni(111) surface is reconstructed to
c(2x2)S/Ni(100)-like overlayer as shown in Fig.2.
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Table Effective coordination number N for
(5/3x2)S/Ni(ni)

Caluculated
Curve- 3-fold hollow psuedo-

e fitted of Ni(lll) c(2x2)S/Ni(100)

90° 5.11 1.89 4.10
45° 4.62 3.56 3.95
15° 4.48 5.00 3.81
90°/45° 1.11 0.53 1.04
15°/45° 0.97 1.41 0.97
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I'. 1 I I 'Mi i'• i nt oract.ion l)oLwer^n Ru and
Cn ill binudallic Ru-Cu systems has been
a siihj'-'r-t of intense research since Mie
exfer i iiK-n I. '>f Sitifelt et alCl3. In t.lie
I'|•evio^l^: i''|)ort(2) we showed t.lie
pre I imi narv la.-sults on the Ru I.„-edge
XANI-'.S for Mie Ru/Cu{lll) systems
prepnretl by Ihe deposition of Riu(CO).^
onlf> a r lean Cu(lll) surface. Here we
pr'-seii I Mie conclusive in terpre ta t i (.>n,
inc|u'iln<^ 1 lie results of suf»p i einen ta ry
expe r i men Is.

The detailed procedure of sample
r-rer'a ra I i on is referred to C3) • About
oil'' monola.ver (estimated by AKS)
Ru3(r(i) IV.IS deposited onto a clean
Cu(lll) surface at 223K (stage (a)). The
cariiony I -dei'os i ted surface was tlien
irraiiial'-ii «"iMi an electron beam, and

was w.armcd up to room temperature
(stagcfli)). I'O molecules were completely
r'-inov'-d <and naked clusters were

deposil'-d on I Ik' surface. The samjile was
sutise'iu'-ii11 y jinnealed at 523K for 10 sec

(slage(cM. followed tiy furt.her
annoalin;; at 723K for 10 sec (stage(d)),
and finall,\ at 723K for 2 min
(si ago ('•)). According to the AliS
lnt''nsil.v ralio given in table 1, little
migration <'f Cu onto Ru clusters
otaiirrcd at :-;l.age(c). while stage(d) and
stago(e) 'xhibit the Cu-decorated
surfac"s. Tbo XANlvS spectrum for each
stage is illustrateti in fig.i together
with the sp''' i rum for Ru films prepared
liy ''vaporat i < n of Ru onto Kaplon sheets.
The XANKS parameters as well as the
corresponding AR.S re lusts are tabulated
i ri lalile 1. The results for Ru/Cu(iOO)
are ''ssenliaily the s;ime as those for
Ru/'Cu (111) w'b i ch. measured very recent Iy
and lieii'e it is not neccesary to show
til'' lali.er results here.

11 1s w II established that the

Tablc 1 AKS and XANCS parameters

) 'xhibit. the Cu-decorated
s. The XANlvS spectrum for each
is illustrateti in fig.i together

AES edge- whitcline
® Ru/Cu shift (eV) intensity

a 1.05 2.5 1.62

b 1.04 -0.4 0.82

c 1.02

d 0.26 -0.3 0.75

e 0.11 -0.3 0.71

Ru film 0.0 1.0

edge wliiteline intensity is extremely
sensitive to ttie (i band occupation and
thai, the edge-sliift as well corresponds
to tlie oxidation number. The chemical
shift be tween s t age (a) and Rn ^ f 11'"S
clearly suggests tliat the d tt hack-
donation is quite significant in llie
carlionyj cfunpounds and t he remfiva I of CO
restores a large amount of d character
a I the Ru site (stage (b)). Tlie broad
asymtnelric while! ine and no exleniied
structure indi'ale tliat Mk' nake<l Ru
clusters are in a highly diordored
stat.e. Tlie Ru spectra of Tu-mi graLet)
Km clusters (stage(d) and (e)) exhibit,
marked changes: the white!ine narrows
and the intensities are noticeably
smaller than thai of the bare surface
avcrevates. These features are nearly
smaller trian tn

aggregat es. Thes

identical to

thai of the Rn

film excrept that
I lie Ru film has

a s I i gill I y b i gg-
er ''irea under

t.lie resonance.
The three dimen-

s i onaI Ru clu

sters are formed

on I he Cu (111)
surface. The

s 1 i gill, decrease
of t lie wli i t e 1 i ne

i n t.en.s i l.y i ri-
d i cut es a de

crease in un

occupied d
stales at the Rvi

site, i mplying
the charge re
distribution in

I.he Cu-Rti inter

act ion. (Charge
transfer from Cu

to Ru mi gilt
occur.)
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Introduction

In order to understand the adsorption
mechanism of an atom or molecule onto a solid
surface, it is important to perform experiments
for the same adsorbate with various substrates.

Though surface EXAFS is the most powerful method
to determine the local atomic structure of

surface, for S adsorption only S/Ni systems have
been studied with this method. ' We try to
surface EXAFS and XANES of c(2x2)S/Fe(100), which
is the first step to know the difference between
Ni and Fe substrate.

Experimental

When a Fe(lOO) single crystal was heated to
900 K by electron bombarding, c(2x2) LEED pattern
was observed by S segregated from the bulk. Fe
and S are the only two elements appearing in the
Auger electron spectrum. We chose this system,
c(2x2)S/Fe(100), for the first measurement. The
X-ray absorption spectra were measured by
monitoring S-KLL Auger electron (2110eV) yield at
the soft X-ray double crystal monochromator
station (BL-llB). Polarization direction 0, the
angle between surface normal and was changed
from 90° (normal incidence) to 45° and 15°.

Results and Discussion

The measured Auger electron yield spectra
are sliown in Fig. 1 - Fig. 3. It is impossible to
measure these spectra above 2800eV, because the
Fe 2p photoelectrons enter the analyzer window of
CMA at that range. We try to analyze the EXAFS
modulations of the spectra in vain. This is
partly because the very weak signal and small S/N
ratio due to the deterioration of the mono

chromator and/or tlie detector, and partly because
the interference of photoelectron of oxygen con
tamination adsorbed during the measurement even
in the UHV condition. It is one of the different

features from Ni, which is hardly contaminated by
0 when covered with S. Now the improvement of the
monochromator and the detector and the develop
ment of a fluorescent propotional counter are in
progress to measure better spectra.

In the XANES region, however, a distinct
polarization dependence in the first and second
peaks is observed, that is quite different from
c(2x2)S/Ni(100) system. This indicates a differ
ence between adsorption state of S/Ni and S/Fe.
Further analyses are now in progress with the
multiple scattering calculation.

2400 2480 2560 2640 2720 2800
Photon Energy [eV]

Fig. 1 S K-XAS of c(2x2)S/Fe(100) at 0=90°

2400 2480 2560 2640 2720 2800
Photon Energy [eV]

Fig.2 S K-XAS of c(2x2)S/FeC100) at 0=45°

2400 2480 2560 2640 2720 2800
Photon Energy [eV]

Fig. 3 S K-XAS of c(2x2)S/Fe(100) at 0=15°
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In the previous work , the killing enhancement
based on the direct absorption of photon by
piiosphorous atoms in DNA has been observed in

cells (Deinococcus radiodurans) and dried
bacteriophages. We are interested in the
repairabi1ity of cells for damages by K-shell
photoionization in P atoms in DNA. Recently,
the killing effects on E.coli irradiated with
X-rays at resonance energy of P, K-shell
absorption were investigated using the repair
defficient strains.

Materials and Methods

E.coli B/r (wild type), H/r30recA (recombi-
national-repair defficient) and H/r30uvrA
(excision-repair defficient) strains were used
through experiments. Exponentially growing
cells of E.coli out of culture were washed by
centrifugation and suspended in saline. The
cells were placed on a Miilipore membrane filter
(pore size; 0.45 pm). The filter was then
placed on a wet paper soaked in saline and

mounted on a plastic dish which could be moved
up and down on a sample scanning stage. After

X-rays irradiation, cells were plated on the
agar medium for colony formation.

Phage particles suspended in nutrient broth
(0.8 %) were dropped on a polypropylene sheet
and dried up in vacuum. Dried bacteriophages
were irradiated with X-rays in sample chamber
under vacuum in the scanning mode. After
irradiation, bacteriophage particles wore
suspended in nutrient broth. Survivals were
determined from the plaque forming unit on
E.coli B cells as indicator.

Beam^ line used were BL-llB and BL-12C.
Irradiation energies were 2.146 keV, 2.153 keV

(resonance energy of K-shell absorption of P
atoms in DNA) and 2.160 keV.

Results and Discussion

E.coli cells Survival curves of E.coli B/r,
H/r30recA and H/r30uvrA strains were shown in
figure 1. In every cases, survival curves at

EXPOSURE (KR)

2.146 keV were similar to that at 2.160 keV.

However, the exponential slope of survival
curves of cells irradiated with 2.153 keV X-ray
was steeper than that with other two X-rays.

The killing sensitivity per unit exposure with
2.153 keV X-ray was 1.7 times and 1.5 times high
for B/r and recA strains, as compared with 2.160
keV X-ray, respectively.

The calculated energy absorption per cell
per unit exposure are not different between each
X-ray energies. Therefore, it may be concluded
that the killing efficiency per unit absorbed
energy per cell at 2.153 keV are larger than
that at 2.160 keV (or 2.146 keV). The efficient
killing at K-shell resonance energy of P atoms
may be able to explain by the term of the
increase of localized energy absorption in the
vicinity of DNA.

The number of the K-shell photoionization
per one lethal hit exposure ^^^37^
calculated using the photoionization cross
section, the number of P atoms in DNA and the

photon flux per D _. Assuming as the photo
ionization cross section at 2.153 keV is 6.22x10

barn, the number of lethal hits per K-shell
resonance photoionization event in P atoms is
estimated as 0.22 for B/r cells and 0.94 for
H/r30recA cells. It is suggested that a part of
damages produced by K-shell ionization in P
atoms is repairable in the cell system.
Dried bacteriophage T1 Bacteriophage T1
irradiated with 2.153 keV X-ray was also

sensitive as compared with other two X-rays. As

contrast with E.coli cells, bacteriophage
exposed to 2.160 keV X-ray was more sensitive
(about 1.2 times) than that to 2.146 keV.
Sensitivity at 2.153 keV was 1.7 times higher

than that at 2.146 keV. If calculations are

performed, the number of lethal hits per K-shell
photoionization event is estimated as 0.28.
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Fig. 1. Survival of E.coli B/r,
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irradiated with monochromatic X-rays.
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Introduction

X-ray induced inner-shell ionization of an
atom of DNA molecule is followed by Auger cascade
and results in ejection of several low energy
Auger electrons and production of multiply charged
atom. These Auger electrons produce several
nearby ionization. An inner-shell ionization.
therefore, deposits energy in a highly localized
fashion. These kinds of primary process might
give rise to special chemical effects requiring
particularly great amounts of energy or high
degrees of local disturbance.

Because phosphorus is a constituent of main
chain of DNA, it seems interesting to investigate
if X-ray induced K-shetl ionization of phosphorus
produces excess single- and double-strand breaks
of DNA.

Materials and Methods

DNA was plasmid p8R322 (4362 base pairs).
Super helical closed circular (Form I ) DNA was
isolated by alkaline method and CsC1/ethidium
bromide density gradient. Isolated DNA was
dialyzed against TE buffer (I mM Tris-HCl and 0.1
mN EDTA. fill 8.0) containing 0.2 M NaGI for
replacement of Cs by Na, filtered by Molcut
(Millipore) and dissolved in TE buffer. After
buffer concentration was increased by 3 times,
aliquot of 1 //I containing I nz DNA and 0.5 /zg
buffer solute was spotted on polypropylene strip
and dried in air. Samples in vacuiim were
irradiated with inonoenergetic X-rays at BL-IIB and
I2C. Redissolved DNA was eIectrophoresed in
agarose gel and three DNA forms (Form I . D and
ni) were separated. Single- and double-strand
breaks were determined as a conversion from Form
I to Form 11 and that from Form I to Form III,

respectively. X-ray absorption spectrum was
measured for DNA film prepared from calf thymus
DNA (Na salt) ilissolved in distilled water.

Results

Absorption spectrum of DNA bad a resonance
peak at 2.151 keV. Therefore, we used 3
monoenergetic X-rays. 2.146, 2.151 and 2.158 keV,
at which relative absorptions were 1.00, 2.87 and
1.33, respectively. Exposure doses (R) giving one
strand break were determined from the decrease in
Form I (single-strand break) and the increase in

Form in (doiihle-strand break). Exposure doses at
2.146 keV (below the absorption edge) were
converted to absorbed doses by a conversion factor
calculated from elemental composition of sample (1
/i g DNA and 0.5 //g buffer solute) and mass-
absorption coefficient tabulated by Hubbell''.
The conversion factors at two higher energies
were calculated on the assumption that the mass-
absorption coefficient of DNA was proportional to
the measured absorption spectrum of DNA film. The
calculated conversion factors were 0.84, 1.86 and
1.02 cGy/R at 2.146. 2.151 and 2.158 keV,
respectively. Dq in kGy calculated by those
factors were tabulated in Table 1.

For single-stranii breaks, D^ were almost same
at 3 energies. Number of K-shell ionization of
phosphorus per Do were calculated (Table 2)!
those were only less than 0.1. These results
indicate that single-strand breaks are induced
mainly by secondary electrons and K-shell
ionization of phosphorus plays minor role.

For double-strand breaks. Do at the peak
energy (2.151 keV) was somewhat lower than those
at other energies. However, irradiation of Dq
induces about 2 ionizations per whole molecule at
three energies but 0~l.24 ionizations of K-shell
depetuling on X-ray energies. This may indicate
that K-shell ionization of phosphorus does not
effect on amount of double-strand breaks but on

chemical nature of strand break.
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Table I Absorbed dose giving one strand break (Dq)
in a PBR322 DNA molecule by monoenergetic X-ravs
Energy Df^(kGy)
(keV) Single-strand break Dpuhie-strand break
2.146 6.6 136
2.151 7.3 106

2.158 7.0 137

Table 2 Calculated number of photons absorbed by a
pBR322 DNA molecule and K-sliell of pbospborus of
i t.
Energy Number of absorbed nhotons/Dn

2.146 0.091

2.151 0.13

2.158 O.ll
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Introduction

One important application of synchrotron
radiation in radiation biology, perhaps only
become feasible by SR, is to see the consequences
of Auger cascade in low atomic number elements
located at a key position of biological molecules.
At wavelength tuned to the K-absorption edge,
we can irradiate selectively by taking advantage
of much larger X-ray absorption cross section
(absorption) than both sides of the edge.
Among the elements we selected phosphorus
that links adjacent deoxypentoses in DNA
strands. PO ^ moiety is known to have^ a sharp
resonance absorption near the K edge . The
inner shell absorption of phosphorus is followed

by Auger cascade, leading to a multiply charged
state. Irradiation of monochromatic X-rays

of the K-absorption edge is expected to produce
an explosion of DNA strand at phosphorus.
In this preliminary note, we report an enhanced
cell. inactivation and induction of genetic
changes in yeast irradiated with the wavelength
at phosphorus K-absorption edge.

Materials and Methods

A diploid strain D7M1-1 of yeast,
Saccharomyces cerevisiae, was used. Cells
were cultured in YPD medium for 2 days and
harvested in the stationary phase. After
washing twice with distilled water, 1 x 10®
cells were put onto 3mm x 4mm area of membrane
filters. Thickness of the sample on the filter

was estimated as 10 ^im in average (two-cell
layer), diameter of the cell being 5 iim.
Irradiation was carried out with the 3 X-

ray energies indicated, namely, the energy

corresponding to the resonance absorption
peak (2153 eV) of phosphorus and both sides
of it (2146 and 2160 eV) at beam line IIB.
Since the intensity distribution in the beam
area was not uniform, sample was scanned

vertically during irradiation. Exposure rate
was measured by an ionization chamber. Irradiated
cells were resuspended in phosphate buffer
and after appropriate dilution one part was
plated on the synthetic complete medium for
the measurement of survival and the other

on the minimal medium deprived of tryptophan
for the convertants.

Results

Survival curves are shown in Fig.l with
the three wavelengths of the monochromatic
SR X-rays. X-rays with the energy at the
absorption peak was the most effective (dose
modification factor, DMF, 0.73) for lethality

on the basis of exposure dose. The difference
of lethality between the X-rays below (2147eV)
and above (2160ev) the peak was not observed.
Frequencies of mitotic gene conversion at
trp-5 locus were plotted in Fig.2. X-rays
with the energy at peak absorption showed
maximum efficiency of induction. These
differences could be attributed to the resonance

absorption of the phosphate moiety in the
DNA molecule. Further experiments are well
under way to investigate the consequences
of Auger cascade of the phosphorus atom in
DNA.

1) J.L. Dehmer,

4506 (1972).

Chem. Phys., 56, 4496-
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r \ ^

o 2160eV above the peak O
A 2153eV on the peak

o 2147eV below the peak ^

Exposure ( kR )

Fig. 1. Survival curves of yeast cells irradiated
with three wavelengths of monochromatic soft

X-rays.

Exposure { kR )
Fig. 2. Induction of genetic changes in yeast

cells irradiated with monochromatic soft
X-rays.
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Piczoroflectivity spectra of NaCl were mea
sured in the plioton energy region from 32 to 35 eV
at room temperature. In this plioton energy region
is located a reflectivity peak which has been
attributed to a core exciton, i.e. to an electro
nic transition from Na+ 2p to Na+ 3s states.!) The
reflectivity spectrum is very simple, because of
the fact that the Na+ d state lies far above
bottoms of the conduction band, and besides the
peak, only a broad and weak hump is located at
about 34.3 eV. Tlie spin-orbit splitting of the Na"^
2p states is known to be 0.2 eV,2) but the reflec
tivity peak is so broad that it shows no splitting.

MeasurementJ; were made at BL-llC by using
Seya-Namioka typo monochromator installed with an
Au-coated 1200 grooves/mm grating of 80 nm blazing
wavelength. In the piezoreflectivity measurements,
slits of the monochromator were made considerably
wide in order to get sufficient intensity for
spectra of a good S/N ratio. The band pass was
approximately 0.6 eV, while it was 0.1 eV in an
ordinary reflectivity spectrum measurement mea
sured for comparison. An alternating uniaxial
stress only along the [Oil] direction of about
10 bar was ajiplied to single crystal samples.
Linearly polarized light was incident onto a (100)
cleaved surface of the samples.

Figures 1 (a) and (b) show the reflectivity
spectrum and the piezoreflectivity spectra, respe
ctively. In Fig. 1 (b), a solid line shows the
spectrum of light polarization pararell to the
stress direction and is denoted by (AK/R)//(0111
and a dashed line, (AR/R)j_t011 ], the spectrum of
light polarization perpendicular to the stress
direction. Positive piezoreflectivity means an
increase in reflectivity when the samples are
elongated in the stress direction.

Structures in the piezoreflectivity spectra
located between 32.6 eV and 34.0 eV are associated
with the reflect.ivity peak of core exciton located
at 33.4 eV. Tlie piezoreflectivity spectra of light
polarizations perpendicular and parallel to the
stress direction cross the zero line at 33.3 eV.
Owing to tlie wide band pass, location of the
structures shift to low energy and width of the
structures broaden with respect to the reflectivi
ty peak. Line shapes of the piezoreflectivity
structures are of the positive dispersion type,
and are in the same sign in both of the
(AR/R)//(011) and (AR/R)i[01i] spectra, but the
(AR/R)//[011] structure is a little larger than
the (AR/R)_Lt01) 1 structure. The line shapes of
the positive dispersion type in the both spectra
mean that under a cubic expansion tiie reflectivity
peak sliifts to low energy. 'Die direction of the
shift coincides with that of the temperature
shift.2) This shift is larger than the shifts of
reflectivity structures in the fundamental absor
ption region of NaCl and those of the core
cxcitons in KCJ, KUr, KI, RbCl,RbBr and Rbl which
we have reported in tlie previous papers.3-6) This
fact might be attributed to tlie very small radius
of sodium ion and to the strong localization of
the core excitation.

The dichroisin represents that under a trigonal
elongation the reflectivity peak splits so that
the peak active to the light polarizations
parallel to the stress direction is a high energy
component and that active to the perpendicular is
a low energy component. The fact that tlie peak

^Present atldress: Fuji-Xerox Co., Ltd.

splits under the uniaxial stress is in agreement
with tile assignment that the peak is p to s
transition. The piezoreflectivity responses
(AR/R)//I Oil) and (AU/R)j_t Oil) associated with
the broad reflectivity hump are in the opposite
sign. It means that this hump is of a trigonal
symmetry. The hump has been assigned to on
admixture of exciton and core-level to band
transition^) or to an other core exciton.7) The
results of the piezoreflectivity measurements
seems to indicate that the hump is the core-
level to band transition. In order to give
a definite conclusion, a quantitative analysis
is necessary.

NoCl 300 K

32.0 32.5 33.0 33.5 34.0 34.5 35.0

PHOTON ENERGY leVJ

Fig. l.Reflectivity spectrum(a)and
piezoreflectivity spectra (b) of NaCl
at room temperature.
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Introduction

The spectra of the tail absorption and the
reflectivity of the W-alumina were measured about
20 years ago over the energy region of 8.5 to

28.5 eV at room temperature^^ Recently, the
measurements were repeated for obtaining the op
tical functions of higher quality in the spect
ral range of 4.2 to 20 eV at room and liquid

2)
helium temperatures . These experiments were
carried out both by use of unpolarized light in
spite of the fact that 0(-Al202 is optically uni-
axial. The main purpose of the present work is to
measure these spectra of (X-Al20^ single crystals
over the wider energy region (6 40 eV) at room
and lower temperatures (78 and 10 K) with the use
of the plane polarized light from BL-llC at KEK,
putting attentions to its optical anlsotropy.

Experimental Results and Discussion

Figure 1 shows the tail spectra (full £ur-
ves) at 299, 78 and 10 K for c // E and c J- E, E
being the electric field of the light waves. One
may clearly note the optical anisotropy of (X-
AI2O2. The intrinsic tails can be represented by
the Urbach rule as functions of the photon ener
gy E and temperature T with the use of the values
(G" = 0.496, hfJ = 30.8 meV) for c H E and (cT =

o o

0. 495, ficO = 38.8 meV) for c X E. The convergent
points are found near the sharp peak position

AI2O3
ABSORPTION TAILS

/ / /

//

around 9 eV in the reflectivity spectra at 299 K,
as shown in Fig. 2. One may thus draw the conclu
sion that the lowest band-gap transition is direct
in the region of 299 to 10 K.^though the band-gap
is calculated to be indirect

On the reflectivity spectra, the optically
anisotropic behaviour is also noticed; it is re
markable up to 25 eV and almost hardly discernible
in the higher energies. On cooling the specimens
to 78 K or to 10 K, the first peak at ~9 eV,
which is probably due to the exciton creation
associated with the interband transitions of 0

2p^ valence to Al^^ 3s conduction bands, shifts to
the higher energy side with the increase in the
peak height. No remarkable thermal effects are
noticed on the other peaks.

One of the authors, T. T., is grateful to Dr.
T. Miyata, the Matsushita Research Institute Tokyo
Inc., for the informations on the etching of co
rundum crystals.
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Introduction

Various compounds can be made from the pseudo-ternary

system consisting of binary photosensitive chaicogenlde-alloys

of CdS. injSj and GajSj with different band gaps. If we could

compose of a single crystal with a given band gap from an

appropriate mixingof these alloys, we wouldbe able to control

freely the characteristics of the photoelectronic devices in

the future. Among many mixings, we have succeeded to make

single crystals of CdlnjS,,, CdlnGaS^, Cd2lnGa55 and CdjInGaSg,

and started to investigate the electronic andoptical properties

of these crystals in the energy range from the infrared to VUV

region.

Experimental and Results

critical point in reflextion spectra are made up of bondings

similar to each other in those crystals. Structures shown as

and Rg appear nearly In the same energy for ail crystals, and

reported XPS-specra for Cdln2S,, and ln2S3^^ show that the

energies of 535, Cd^^j and In^^j from the valence band edges are

12, 10, 17 eV, respectively, so that is considered to arise

from the transition from the core state of S3s*Cd4c| and Rg

from that of In^^ to conduction bands.
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C^lnGaS

Figure 1 shows the reflection spectra of Cdln2S4. H.lhara, S.Endo and T.lrle: Solid State Communs. 28 (1970)
563.

CdlnGaS^, Cd3lnGaSg in the photon energy from 2.0 to 30 eV. __________________

There observed 9distinct structures shown as Rq to Rg in the A\/^ i\

reflection spectra The energy of Rq. the direct absorption edge CdslnGaSe-—\
of CdlnjS^ having the cubic spinel structure is small compared 0.2. \

with that of the other two crystals having the hexagonal ! /̂f •\ ^^ 'A
layer-structure, reflecting the strong anisotroplc bonding force >, i - ^\ ' ' \
in the layer. The anisotropy is expected to be observed for the •— (CdlnGaS^ : \
CdlnGaS,, and CdjlnGaSg crystals with respect to the electric -u 0-2. .• .A. |
vector parallel and perpendicular to the optic axis. However, ~ /"gA ; •'
the samples of the hexagonal structure are now all in thin O-i. /] RsVi,.^ : : \ ^ 4?

J- Cdln2S4^y^ ' W • \ ?
flakes, so that we can only measure the spectra with electric "T R| ' l\ ^ = nJ

—I R4l\ ; 7"-^vector being in the layer. q2 P RgV A

Structures shown as Rq to Rg are considered on the bases t\ ; :
^6 ' '

Of reported band schemes of CdlnjS '̂-^^ to arise from the 0.1. |\
R \ ^optical transition from valence band to conduction band. Agood ^

Rol
correspondence between the observed strtuctures as shown by 0.0 J ^—.—' • • —^——3^

2 4 6 0 10 20 30

dotted lines inFig. I is obtained indifferent crystal sructures,

indicating that the band structure mainly determining the Photon Energy (eV)

CdslnGaS

Cdln^S

R,

1

4 6 8 10

Photon Energy (eV)
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Introduction

The synthetic paratellurite has strong optical anisotropy

and activity due to Its deformed unlaxlal structure and many

Investigations have t)een doneat)out Its acoustic, piezoelectric,

optical and elasto-optical properties.'̂ leading to some good
applications as an optical modulator and deflector In optical

Instruments Because of the high applicability of this material,

most of the Investgatlons are so concentrated In a transparent

region that overall band or electronic structures have not been

fully revealed up to now Here we report the preliminary result

of the reflectivity measurement In wide energy-range with

polarized light of SOR.

Experlmental and Results

Figure I shows the reflection spectra of TeOj in the

photon energy from 2.0 to 30 eV with the electric vector

parallel and perpendicular to the optic axis.

There are two reflection bands In Fig. 1; one Is that from 3

to 10 eV and the other from 10 to 25 eV From considerations

based upon the energy diagram of each element as shown in

Fig. 2, It is suggested that the former one is composed of

transitions from valence bands consisting of mixed states of

> 0.2

C-l-

0) 0.1
Vsl

E //C

EIC

4 B 8 10

Photon Energy (eV)

02p and Tegg to conduction bands mainly made up from Tegp

states. On the other hand, the latter one is due to transitions

between02s-11ke states and the conduction bands.

Strong anlsotropic effects are also observed in ail energy

region in good agreements with a previous result In a narrow

energy range. '̂ The dominating peaks around 4 to 6 eV and
thier polarization behavior can be explained with excitonlc

transitions between a p-llke and an s-llke state in a uniaxially

deformed crystal fletd.^^ To explain the dispersion
characteristics in the transparent region, Uchlda proposed a

two oscillators model;'̂ one of the positions of those

oscillators was 4.7 and the other 9.7 eV. roughly corresponding

to the reflection bands stated above. It is now possible for us

to obtain more precise Imformation for the dispersion relations

as well as the band structures in terms of the dielectric

functions derived through the Kramers-Kronig transformations

of the reflection spedtra. Such work is now in progress.
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The dissociative adsorption of oxygen
on Ni(IIO) at above 300 K, where (3x1),
(2x1), (3x1), (9x4) and NiO(IOO) ordered
phases are successively formed, has been
of considerable interest. We report here
angle-resolved photoemission study of
the low-coverage (3x1), (2x1) and
NiO(IOO) phases.

Experimental
The measurements were made on BL-11D

with a spherical analyzer. The clean
Ni|110) surface was prepared by repeated
Ar sputtering and annealing cycles. The
ordered structures were verified by
LEED. The working pressure was 1x10
Torr.

Results and discussion

We measured the 6 and hv dependence
of photoemission spectra of the low-
coverage (3x1)-0, (2x1)-0 and NiO(IOO)
on Ni(IIO) to study dispersion effects
on the 02p-derived levels. As an
example, a set of s£_ectra for the
(2x1)-0 along Tx' ([110 ] Az) measured at
(A) 6.=25° and (B) 0.=6O° and at hv=30
eV is shown in Fig.1, where the
02p-derived features are indicated by
tic marks. The resulting dispersion
curves for the low-coverage (3x1)-0,
(2x1)-0 and NiO(IOO) on Ni(IIO) are
shown in Figs.2(A), 2(B) and 3,
respectively. These results can be
understood in terms of a simple
tight-binding model.

10

Ni(110)(2xl)-O ' ioOR
h>i»30ev Ajllltj
h^l along [t< . f

[ 0^ 0, =6O ^

10

E n » c g y

Fig. 1

NI010)(2x1)-0

: 6-1.^

!J\ ' ..=^1

£ 8-| • hii=30eV
o h»3iOeV

0.892-' Ni{110)(3x1H) 0..22-'

-y I p.

Fig. 2

NiOdOO) on Ni(no)

l.,|Ni[rio]. NioCoii] '• J
hv=30ev»o I 1"
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Introduction
The dissociative adsorption of

hydrogen on Ni(IIO) at below '^180 K,
where a seqvience of H ordered phases is
formed for 0<.1 ,5 ML, has recently been
studied in detail. We report here
angle-resolved photoemission study of
the electronic states of the
Ni(110){1x2)-H reconstructed surface
for 0=1.5 ML at 80 K.

Experimental
The measurements were made on BL-llD

with a spherical analyzer. The clean
Ni|110) surface was prepared by repeated
Ar sputtering and annealing cycles. The
(1x2)-H structure was verified.by LEED.
The working pressure was 1x10" Torr.

Results and discussion

Fig.1 (left-hand side) shows
angle-resolved photoemission spectra of
clean Ni(IIO) [linesj_ and Ni (11 0 ) (1 x2 )-H
(dots] along^I110](Fx) measured at hv=30
eV and 0^=60 . The difference curves
((1x2)H-clean) corresponding to the
curves on the left-hand side are shown

on the right-hand side. The feature due
to the Hls-Ni bonding state, split off
from the Ni bulk bands, is indicated by
solid circles. This split-off state
moves in energy as 0 is changed. We
measured^the same spectra along
(001](!'Y) also. Fig.2 shows the
resulting experimental dispersions of
the peaks in the photoemission spectra
for (A) clean Ni{110) and (B)_^
Ni(110)(1x2)-H along and Ty. The
shaded regions are the calculated
projection of the Ni bulk bands onto the
(110) surface. From these results, we
found that (1) no features due to the
intrinsijr surface states are identified
along Fx, (2) the His derived bonding
level split of.f from the bulk bands is
at 9.0 eV at F, (3) this split-off state
shows no measurable dispersion along
rY([001]), whereas it exhibits
considerable dispersion of "^3.1 eV along
Fx((110]), (4) these results reflect the
highly anisotropic structure of the
(1x2)-H, and (5) the Ni I.-symmetry
3d-like bulk bands participate in the
H-Ni bonding.

N>(1IO)<>t2I-H 80K
hyOOf* 8,»60* i-C'tol h. along (liojir-ll

Oil<er«nc« SoMIra
(H-cov-elno)

IS 10 S £p IS IC
Binaing Zntrgy

Fig. 1

clean Ni(tlO)

Ni(110>(U2)-H

Hifl
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Introduction

The dissociative adsorption of oxygen
on Ni{110) at above 300 K has
extensively studied in the past. The
dissociative adsorption of diatomic
molecules is thought to proceed via a
weakly bound undissociated precursor.
However, no evidence for such a
short-lived, molecularly adsorbed oxygen
on Ni(110) has been found. Adsorption
studies at low temperatures offer a
number of important advantages, e.g.,
surface reaction intermediates may be
frozen in. We report here angle-resolved
photoemission study of oxygen adsorption
on Ni(IIO) at 80 K. We find a molecular
0- intermediate on a NiO layer formed on
Ni(IIO).

Experimental
The measurements were made on BL-11D

with a spherical analyzer. The clean
Ni|^110) surface was prepared by repeated
Ar sputtering and annealing cycles.
With liquid-N- cooling, the crystal
could be cooled to 80 K, which was
exposed to oxygen. The base pressure was
1x10 ^ Torr.

Results and discussion

At 80 K, LEED shows no ordered oxygen
overlayer structure on Ni(llO) over the
exposure range up to 200 L, with an
exception of a c{2x4)-0 phase associated
0=0.25 which occurred between 0.5 and
2.5 L. For this c(2x4) phase, no
dispersion of the 02p-derived levels is
observed (<0.05 eV). Our photoemission
data indicate that at 80 K adsorption of
0- on Ni(llO) leads to formation of an
atomic overlayer up to '^3 L, and above
'^6 L a disordered NiO layer is formed on
Ni{110). We found that features of
molecular O^ also are observed
immediately after exposure above 50 L
and pump-down.

Figs.1(a) and (b) show examples of
normal-emission spectra of NiO formed on
Ni{110) [all the spectra in Fig.1 were
measured at 80 K, hv=35 eV and 6,=60 ].
Spectrum (a) [(b)) was measured ^fter 50
L [additional 50 L (i.e., a total of 100
L)] oxygen exposure at 80 K and
subsequent heating to 300 K for a few

minutes. In order to investigate
molecularly adsorbed 0- on Ni(llO), we
measured the time-dependent change in
the spectrum from the surface prepared
by a further additional oxygen exposure
of 60 L at 80 K (see spectra (c),(d),(e)
and (f) measured "^3,6,9 and 14 min,
respectively, after the reexposure). In
the spectrum (c), four new peaks marked
by arrows are clealy seen. The binding
energies of these peaks are compared to
the vertical ionization potentials of
molecular 0_ in the gas phase (see the
bottom of Fig.1). Note that all the
features in spectrum (f) increase in
intensity by '\'20 and '^10 % as compared
with those in spectra (a) and (b),
respectively. It can be concluded,
therefore, that the physisorbed
molecular ©2 converts into the
dissociated species on standing in
vacuum leading to the growth of oxide.

oxygen on Ni(no) 80K
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Introduction

The origin of the double-peak structure in the
4f-derived photoemission spectra of Ce compounds
has been the subject of controversies since its
discovery,' as only one peak would be expected
form the atomic picture (4f' * hv 4f° + e). So
far several mechanisms have been proposed: The
two peaks are attributed to (1) 4f holes
screened by localized and extended Ce 5d conduc
tion electrons;^ (2) those screened by 5d conduc
tion electron and by a 4f electron itself;^ (3)
hybridized 4f-hole (4f®) and ligand-hole (4f'L)
slates;* or (4) a Kondo-Iike resonance and a bare
4f hole.^

Screening of the 4f hole certainly plays an
essential role in giving the double-peak struc
ture and should be quite different between metals
and Insulators, but so far experimental studies
have been restricted to metallic systems. We
therefore studied insulating trihalides of light
rare earths in order to clarify the origin of the
double-peak structure.

Results and Discussion

4f-derived densities of states (DOS) were ob

tained as diffeience curves between spectra taken
on- and off-resonance of the 4d -* 4f excitation.

As shown in Fig. I, one can clearly see two 4f
peaks except foi CeFa. The peak at higher

IS to s

iiniir, MKT (.VI

binding energy results from resonance enhancement
of the halogan p band. As this band showed no
appreciable resonance effect in La trihalides,
Its resonance in the Ce compounds is of the 4f
origin and not due to hybridized 5d component.

The presence of the double-peak structure In
the Ce trihalides is obviously Inconsistent with
machanisms (1) and (2) since there are no con

duction electrons in the present case. On the
other hand, mechanism (3) does not necessiate
conduction electrons and can explain the present
mechanism (3). (4) is usually based on metallic
systems, but can be extended to insulators, be
coming equivalent to (3). Further, the halogen-
atom dependence of the relative positions and
intensities of the two 4f peaks is consistent
with the 4f°-4f'L hybridIzation mechanism: As
one goes from CeFa to CeCIs to CeBrs, the p-band
energy Increases and becomes closer to the bare
4f° state. This Increases the hybridization
strength between the 4f° and 4f'L states, and
consequently the intensity of the 4f-derived
emission in the p-band region. Based on this
model,* we have evaluated the differenced between
the bare 4f° and 4f'L energies (e^f. and the
effective hybridization matrix elements (V) as
shown in Fig. 2.
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Introduction

In the systems containing rare earth the anoma
lous phenomena in macroscopic properties have
been observed. The phenomena can not be under
stood only by the localization of the 4f elect
ron. It is pointing out that the itinerancy of
the 4f states must be taken into consideration

simultaneously with the localization which is
characteristic of the rare earths. The valence

states of the 4f states in these systems have
been investigated both experimentally and theo
retically by various methods . In order to obtain
the manifestation of itinerant and localized 4f

electronic states,we have measured systematically
the resonant photoemission spectra in the cerium
-based transition metal compounds ^. In this
study lanthanum compounds having no 4f electrons
were investigated to make the contribution of the
4f electrons clear in the valence band region.

Experimental

Photoelectron spectra were measured by double
cylindrical mirror analyzer at beam line IID.
Over-all resolution of the spectra were 0.2~0.5-
eV in the photon energy region between 40 and
140 eV. The measurem^0ts were carried out at a
vacuum below 2 x 10" Torr and at room tempera
ture. Samples were prepared from a mixture of

hi^=121 eV

6 5 A 3 2 1 0

BINDING ENERGY (eV)

Fig.l Photoelectron spectra of CeOs2 and LaOs2.

99.9 % rare earths and 99.99% transition metal by
an argon arc melting. The cleaness of samples ics
performed by filing using diamond files.

Results and Discussion

Figure 1 shows the Yalence'band photoelectron
spectra of LaOs, and CeOs^ at the excitation energy
of 121 eV. In the spectra of CeOs_ the two" prominent
peaks appear at 0.2 and 1.4 eV. Ac the high bind
ing energy the small structure can be observed. On
the other hand the two structures can be only seen
at 0.5 and 2.2 eV in the spectra of LaOs2.

Lanthanum has no 4f electrons in the ground
states. The above two structures are due to the 5d

bands of lanthanum and osmium. While in the spectra
of CcOs^ the intensity of the peak near the Fermi
level was enhanced resonantly at the excitation
energy of the cerium 4d absorption edge. The inten
sity of the structure at 1.4 eV in CeOs^ was also
enhanced like the peak near the Fermi level. From
this result the peaks at 0.2 and 1.4 eV can be
considered to be due to the contribution of the 4f

electrons.

The dependency of the excitation energy shows
the reduction of intensity for the structure at 1.4
eV in the off-resonance energy region. This indic
ates that the structure at 1.4 eV is almost due to

the character of 4f electrons.

From the comparison of both spectra of La-
and CeOs- the peak near the Fermi level is due to
the d-f hybridization of the conduction band (La,
Ce and Os 5d ) with the Co 4f states. The conduct
ion bands in these compounds ought to be altered
by the kind of the transition metals. In the pre
vious note^) the dependence of the chemical envir
onment on the valence band spectra has been pre
sented. The sharp peak was observed apparently
near the Fermi level only in tlie case of CeOs^
which was mixed with 5d transition metals.

From the comparison of the Ce containing
systems with La-compounds, it could be confirmed
tliat the sharp peak was the contribution of the 4f
states which hybridized strongly with the conduc-
tionband formed by Ce Sd and Os 5d electrons.
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Among Uu* mnU'rials showing valence fluctu
ation CcO has taken a strong attention be
cause it fias no localized magnetic moment in
the ground stale though tlic local occupation
of "1/"stales has been estimated,to be around
0.5 from 3d/XAS or 3dX?S data.^ This dis
appearance of a localized magnetic moment is
usually explained in terras of formation of a
singlet ground state composed of a 4/"elec
tron and a ligand hole, where the hybridizat
ion b«aween •I/and ligand (or valencel, states
has been described by a cluster model or
the Atjderson model with filled valence
band." In these models the 4/wavefunction
is assumed to be rigid between the initial
and the final states regardless of its energy
level. The models well describe and repro
duce the results of 3</XAS and 3</XPS, where
it should be notedthat the effect of exchange
interaction between a 3</hoie and 4/electron
is relatively small^. In the 4</4/photo-
absorption spectra, however, the exchange
interaction between a 4/electron and a 4d

hole is so large that the term dependence of
the potential cannot be neglected in princi
ple. Under those circumstances the 4/wave-
functions are also term-dependent and it is
important to check the term dependence in the
calculation of the multiplets associated with
4 dexc i tat ion.

Single crystalline CeO^ was made using a
solar furnace and the surface was mechanical

ly polished for reflectivity measurement.
The reflectances were measured at B1,-11U of

the Photon Factory, where the light was mono-
chromatized by a constant deviation mono-
chromat.or ((J)M). The incident angle was JO
and the energy resolution was better than
0.leV.

100 no 120 130 140

Photon Energy (eV)

Fi gure 1(a)

Figure 1(a) shows the reflectance spectra
of photon energy region from 90 to
140 oV. where both the giant absorption
structure and the small structures due to
multiplets are seen. Figure 1(b) is the
enlarged view of the multiplet component at
the prethreshold region. In the figure the
broken line corresponds to the results for
the sampIc^artially deoxidized due to anneal
ing at 200 C in the vacuum and the solid line
shows the result for the sample oxidized in
the atmosphere at 900 C and introduced into
the vacuum chamber. The former clearly indi
cates the mixture of intrinsic CeO^ and CCgO^.

The present data show a clear splitting of
the larger component located from 107 to 108
eV. It is important to notice that the
present result is not a simple superposition
of the two configurations caused by a ground
state hybridization between 4/and ligand
states.

Calculations including at least the term
dependence of the wavefunction seem to be
necessary for the above multiplet structure
to be explained theoretically.
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Graphite is an important material used in
the fuel elements of the high-temperature gas-
cooled , nuclear reactors and also one of the

candida\:es to be used in the fusion reactors as
their walls. In such circumstances, graphite
is suffured from neutron irradiation and its

physical properties, mechanical, thermal and
electrical,are changed because of crystal defects
produced by the irradiation. The irradiation
induced changes in the physical properties are
studied by many researchers.

In this report, the neutron irradiation effec
ts on the electronic states are studied by refl
ection and photoemission measurements.

The reflectivity spectra areshown in Fig.l
the dotted line is for un-irradiated sample and
the dott-dashed line is for the 8x10'® netrons/cm'
irradiated sample.
The 5-eV structure is almost completely diminish
ed by the neutron irradiation.
The peak has been assigned to an interband tran
sition between the n bands at the M critical

point. The results suggest substantial changes
of the electronic states around the the M point.
The broad structures in the high energy region
{10-30eV) are changed by irradiation . They have

a: • \ \
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been attributed to transitions between the o band.

The changes of the electronic states around the M
point is more deary seen in Fig.2, ££}(£) curve,
which is related to the joint density of states.
Upon irradiation the peak position is shifted to
a lower energy and its width becomes broader.

The angle-integrated photoemission spectra are
shown in Fig.3, (a) is for the un-irradiated and
(b) is for the irradiated sample, respectively.
The peak located about 2.5 eV below the Fermi
level is the state density of the occupied ti band
at the M point. The figures indicate the similar
aspects upon irradiation as shown in Fig.l and 2.

In conclusion, the neutron irradiation effects
on the electronic states of the graphite have

been revealed from the reflection and photoemis
sion measurements.

The angle-resolved photoemission is expected
to give more detailed information on the
irradiation-induce changes of the electronis
states of the graphite.

We are grateful to Dr.T. Iwata of Japan Atomic
Energy Resarch Institute, Tokai Research Establi
shment, for suppling the samples and useful
discussions.
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Introduction

Cr is unique among metals in
displaying an itinerant antiferro-
magnetic (AF) state with a sc unit cell.
Above T , Cr is paramagnetic (PM) with a
bcc unit cell. We report here angle-
resolved photoemission data for Cr(llO).

Experimental
The measurements were made on BL-llD

with a spherical analyzer. The clean
Cr|110) surface was prepared by repeated
Ar sputtering and annealing cycles. The
working pressure was 1x10 Torr.

Results and discussion
Fig.1 shows normal-emission spectra of

Cr (11 0) measured at 80 Kand 0^ =25*^ (A||
(001)). The igset are the same spectra
but for 0.=60 . The prominent features
between Ep and '̂ 2 eV are due to
emissions from the upper 3d bands. For
hV2,44 eV, the M_-VV Auger emission
(arrows) is observed at hv-37 eV. Two
features (tic marks) around 3 and 6 eV
which show small dispersion of O.S'^I eV
with hv are due to the emission from the

lower E. bulk bands. The point to be
stressed here is that we find no

evidence for a valence-band satellite in
Cr. Assuming direct transitions, we
determined energy band dispersions along
Fm from the measured spectra. We found
that the overall agreement with the
calculated AF bands of Asano and

Yamashita is rather good for the upper
bands, but not so good for the lower
bands. As shown in Fig.2, we measured^
the normal-emission spectra for 9.=25
(Am (001)) at below and above T^^ to study
the changes in the band structure caused
by the magnetic-phase transition. The
positions of the J)--band emission peak
observed in the T=80 K spectra are
indicated by triangles. For hv=40 eV, no
essential difference is observed in the
spectra recorded at 80 K and 470 K,
since in this case ('^20<hv'V45 eV) the AF

band corresponds to the PM E band
itself. On the other hand, for ^^>=52.5
and 55 eV the E -band emission peak
disappears above T^^, since for these
photon energies the AF E band
corresponds to the PM G^ band along HN.
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The plot shows that the emission is
peaked in the surface normal direction,
which also indicates that the adsorbed NO

has an upright orientation. This result
is contrast to that for the Pd(lll)-NO
system.

References
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Introduction The plot
peaked in

NO molecule possesses an unpaired which also
electron in the antibonding ZTtorbital has an upi
which may play an important role in the is contra
chemisorptlon and surface reaction. We system,
have reported that molecularly adsorbed
NO has a bent orientation on Pd(lll); the
tilt angle is 20 5° from the surface-
normal direction. In this report, the E. Miya
adsorption of NO on the Ag(lll) surface K. Saw;
at 150 K is investigated using angle T. Miya!
resolved photoemission spectroscopy. The _ Spectros
angle resolved measurement using E. W. PI
polarized light enables us to determine „ Chem. Pb
the orientation of adsorbed NO. G. Loub

Pensylva
Results and Discussion F. Greut

and H.

Fig. I shows normal emission spectra (1983) 7
for the Ag(lll) surface exposed to AOOOO ,
L NO at 150 K (saturation coverage). The
spectra are taken at two incident angles:

= 25° (predominantly s-polarized)
(Fig. la), and 9^ = 60° (predominantly p-
polarized) (Fig. lb). The NO-induced
peaks are observed at 2.5, 3.3 and 8.4
eV. The 8.4 eV peak is assigned as an
emission from the + lit level of the ^
molecularly adsorbed NO, indicating that ~
NO is adsorbed molecularly at 150 K. 3

Fig. 2 shows a plot of the \
photoionization cross sections for the 5tf oc
+ lit emission as a function of photon **
energy. A remarkable maximum is observed j,.
at around 38 eV, which is attributed to
the shape resonance of 5^ level. ^

The spectra shown in Fig. 1 are lu
obtained using the photon energy of hi' = z
35 eV, which is included in the resonance ~ l
region (Fig. 2). Thus, the 8.4 eV peak '5
may be composed of mainly 56 component.
Fig. 1 shows that the 5<^ emission is
enhanced as the p-polarized light is
used. Considering the symmetric selection Agdin-No
rule, this result indicates that
adsorbed NO has the molecular axis
perpendicular to the (111) surface. _

Further evidence for an upright 'C
orientation comes from the observation of z
angular distribution of 5 ^ cross section ^
at resonance. Previous theoretical study « f°
has indicated that the 5tf resonance ^ /
occurs in tlie 6 final state channel,^ ^ /
indicating that the emission is peaked in z 7
the direction of NO molecular axis at - °—
resonance. Fig. 3 shows a plot of the -
photoionization cross sections of tlie 56 ^—jIj—^^
+ 1level as a function of detection
angle using the photon energy of 37 eV. Fig. 2

Ag(ni) - NO

NORMAL EMISSION
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BINDING ENERGY (eV)
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We have performed photoemission measurements
for the high-Tc superconductors, (LaT_xSrx)2Cu04
(xaO.075) and YBa2Cu306.85. with use of synchro
tron radiation of 20-140 eVi The samples are sin-
terd pressed pellets and show the superconducting
transition temperature (Tc) of 40 and 90 K, re
spectively. The sample-surface was scraped with
a diamond file in the spectrometer to obtain a
fresh and clean surface for the measurements and
the sample was kept at low temperature (-v-lbO'C)
during the measurements.

Figure 1 shows the photoemission spectra of
YBa2Cu305,85 measured at various photon energies.
Band A is due to the heavily hybridized states of
Cu 3d and 0 2p states. The origin of band B is un
known at present, probably may be ascribed to
some other oxides because the intensity of band B
increases with time. Since band D shows an en
hancement at the Ba 4d core threshold (-105 eV),
it is attributed to the Ba 5p doublet.

We should remark that band C appears only at
and a little above the Cu 3p core threshold (-75
eV). Band C is ascribed to the "two-hole-bound
state" which is a kind of satellites of the Cu 3d
main band? The obtained experimental results are
summarized as follows;(l) the density of states at
the Fermi level is very small compared with the
band calculation? (?) the valence-band photoemis
sion spectrum is shifted as a whole toward higher-
binding-energy side by -2 eV relative to the cal
culation, (3) the copper atoms are mostly divalent
(Cu2+); we did not find any traces of CuT+ or
Cu^"'", and (4) the intra-atomic Coulomb energy be
tween 3d electrons (Ujj) has been evaluated to be
5-6 eV, which is comparable to the valence-band
width (6-7 eV). These experimental results

YBaTCuiOj-s

15 10 5 Ef

Binding energy (eV)

Fig. 1

clearly indicate that the one-electron-band pic
ture breaks down in these high-Tc superconductors
and the strong electron correlation dominates the
electronic structures of these materials.

Figure 2 shows a schematic diagram of the
electronic structure of the high-Tc superconductor
derived from the present photoemission study. The
Cu 3d electron is almost localized due to the
strong correlation as in a Mott-insulator, forming
a Mott-Hubbard gap. The 0 2p orbital, which may
be located a little above the occupied Cu 3d level,
hybridizes strongly with the Cu 3d orbital, giving
the valence band with the width of 6-7 eV.

Since it has been found that copper atoms are
mostly divalent, we must consider mono-valent
oxygens which may be produced by the charge-trans
fer, (Cu3+02-)+-> (Cu '̂̂ 'O^")"*". This mono-valent
oxygen leaves the 2p state at the Fermi level,
which gives the metallic character of the high-Tc
superconductors and also may contribute to the
superconductivity.

In conclusion, the present resonant photo
emission study indicates that the electron corre
lation in the high-Tc superconductors is very
strong, dominating the electronic structure of
this system and the mono-valent oxygen due to the
charge-transfer may play an important role giving
rise to the novel properties of the high-Tc super
conductors.

^T. Takahashi, F. Maeda, H. Arai, H. Katayama-
Yoshida, Y. Okabe, T. Suzuki, S. Hosoya, A.
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(1987) 5686.

^T. Ishii, M. Taniguchi, A. Kakizaki, K. Naito, H.
Sugawara, and I. Nagakura; Phys. Rev. B33 (1986)
5664.

'L.F. Mattheiss and D.R. Hamann, Solid State
Commun. 63 (1987) 395.
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The photodissociation of the doubly
excited molecular hydrogen has been suc
cessfully studied by observing Lyman-a
radiation emitted from fragment H(2p)
atoms* Three thresholds have been found
in the Lyman-a excitation spectrum and
ascribed to the excitation to the doubly
excited Q '£(!), Q, n, ( 1) ,and/or Q, S (2),
and Q2 n^vi) states of H2' This paper
presents the angular distributions of
Lyman-a radiation. A dissociation process
into H(2p) + H(2p) has been also observed
by using the coincidence detection of two
Lyman-a photons.

Lyman-a radiation was detected by a
Ceratron or a microchannel plate through
a MgF. window. Two microchannel plates
were used in the coincidence detection of

two Lyman-a photons.
Figure I shows the observed angular

distributions of Lyman-o radiation. The
intensity of Lyman-a radiation has a maxi
mum at the angle of 0(deg.), i.e., the di
rection of the main polarization plane of
incident SR photons. Tne observed Lyman-a
radiation shows the largest anlsotropy at
28.0 eV. The anlsotropy of Lyman-a radia
tion decreases with increasing the energy.
At 28.0 eV the possible optically allowed
doubly excited state is only Q, E (1)
state, while the other states witH other
symmetry can be excited in the higher
energy region. This must be the reason
for the decrease in the anlsotropy of
Lyman-a radiation with increasing the en
ergy. Figure 2 shows a Lyman-a - Lyman-a
coincidence spectrum measured at 33.0 eV.
Similar spectra have been measured in the
energy region of 29.0 - 36.0 eV. Figure 3
is the energy dependence of the intensity
estimated from the coincidence peaks. The
intensity of the peak has a threshold at
29.0 eV and increases with increasing the
energy. The present detection of the coin
cidence of two Lyman-a photons corresponds
to the observation of the dissociation

process of the doubly excited states of
H2 into H(2p) + H(2p). The main precursor
or these two H(2p) atoms may be the Q. n
8tateofH2. 2u
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Molecular photoionizat Ion process in the VUV
region is closely coupled with dissociation
process, and It Is of great importance to obtain
kinetic energy spectra and angular dependence of
ionic fragments to elucidate dynamic behavior of

the ionic and the highly excited states of
mo I ecu 1es'•^.

According to the kinetic energy analysis of
Oz* pho to ions ' • ^, molecular ions in the
statc predissocia to almost exclusively to the Ist
dissociation limit, 0 • ( *S)+0('P), to emit an ionic
fragment vith the kinetic energy of about leV.
Prcdissociation of other electronic states of Oz'

does not lead to 0* Ions vith kinetic energy of
leV belov the photon energy of 23.8eV.

Conventionally, photo ionization process has
been studied by using the state-selected photo-
electron spectroscopy". Hovever, it has been very
difficult to apply the conventional photoe feetron
spectroscopy for Investigations of the photoioni-
zation process near the ionization threshold
because of experimental difficulties.

In the present experiment, dissociative photo-
ionization of Qz molecules has been studied by

means of kinetic energy analysis of photoions.
Photoions produced in collision vith VUV photons
dispersed by a Im Seya-Namioka monochromator are
extracted, energy analyzed, and detected at right
angle vith a parallel plate electrostatic analyzer
combined with a position sensitive detector®'. The
analyzer system is rotatable in the plane perpen
dicular to the photon beam from -90 to 90 degree
vith respect to the polarization axis of SR.

Figure 1 shows obtained kinetic energy spectra.
At S1.2nm (below the threshold of the B state), a
single peak is observed at around zero kinetic
energy, which corresponds to O2* ions with thermal

60. Onm

KINETIC ENERGY (eV)

energy. On the other hand at GO.Onm (above thres
hold), another peak appears at leV kinetic energy
as mcntionod above. An excitation spectrum for
this energetic ion is shown in figure 2.

The onset of this peak at 20. 3cV coincides
with that of the Oz'tB^Io") state. 'Step up'
structures just above the onset are due to the
respective vibrational levels of the B state. The
pronounced structure with double windows at around
2I.O0V corresponds to the auto ionizatIon of the
vibronlc Rydberg states of the c*Xu''3s08 v'=0,l
down to the B state. Others due to the Rydberg

series of the c'lo'nsOg and ndog states can also
be observed above 23eV. The cross section has a
broad maximum at about 2l.7eV, which corresponds
to the Ou shape resonance.

Weak anisotropy of angular intensity distri
bution of 0* ions is observed. The anisotropy
parameter is determined to be about 0.3 and does
not show strong variation with photon energy.

At the photon energy above 29eV an unidenti
fied peak is observed at SeV kinetic energy''.
This peak shows strong dependence on the photon
energy and detection angle.
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Introduction

Recently, photochemical reaction using
synchrotron radiation has been applied to
semiconductor processes such as etching of
Si,^»^^ and Si02^^ and deposition of silicon
nitride^^. However, the optical properties of
the reaction gases used in the photochemical
processing are known very little especially in
the vacuum-ultraviolet region (<100 nm). Gig and
HGl gases are often used in the plasma-etching^)
and photochemical etching of GaAs^). For these
gases several researchers measured the
absorption coefficients^"^2). However, there
are no data at the wavelength shorter than 70 nm
excepting extreme ultraviolet region (>200 eV).
The absorption data and the dissociation
procedure will become important in the near
future with advancement of the photochemical
processing. In this report the absorption data
of CI2 and HCl are exhibited between 33 and 105

Experimental and Results

Detailed experimental technique and
equipment were reported elsewhere^?). The
absorption cross sections were measured with an
ionization chamber as shown in Fig. 1, with four
ion collection plates. An absorption
coefficient, , can be obtained from the ion
current, I-] and I2 using the following equation;

a=0tN=ln(Ii/l2)/L, (1)

where L is the distance between electrodes as

shown in Fig. 1, is the absorption cross
section and N is the molecular density of the
sample gas. The value of N was calculated from
the pressure monitored by the baratron (MKS type
222B). Figure 2 shows the absorption spectra
for GI2 and HGl gas. The oscillation structure
of HGl observed for the wavelength larger than
70 nm is quite similar to the data after
Terwilliger and Smith*^). The assignment of the
structure of GI2 between 80 and 100 nm is now in
progress.
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In Irodiietion

Rf.'eenlly, pbotochciiiical ctcliing tecliniqiics
wliieb will be capable of realising maskless,
n-sis lless .'iikI d.'itnageless process of semicotiduc-

lor. b:ive licc-n investigated extensively.'-^' In
r)artieuiai". Llie lecbniquc using synchrotron radi
al ion (SR) as a light source, can be expected to
be new one. because gases used in such ctcliing
processes have large absorption ci'oss sections in

the v;iciuini UV (VUV) region. Reactive gases
excited by the VDV are immediately decomposed or

ifini;^ed. and re.-ict with the substrate.

l-ixpeririienls were carried oiit in the beam
line IU.-12A at the photon factory. The w.ave

length region used in the reaction chamber was
longer tlinn 105 tun. because LiT windows were set

inlo the entranee of the chamber filled with

reactive gases connected to liie beam line, to keep

lh(^ high v.-iciiutn. Experimental setup is sliown in
Fig. I. Two kinds of gases were used in tlie
e\|)(^riment. One was 10 X CU reactive gas

diluted with Ar. the otlier was pure Ar gas used
for the protection of tlie LiF window. Each gas
was fed into the reaction cliarnber at the same

pressure of 1.33'10' Pa tlirough a variable leak
v.'ih'c and a feeding line as shown in Fig. 1.

An n-(!aA.s {100) substra te fixed on a Mo holder was
heated from room temperature to 225 T by W ribbon
heater. The substrate was set perpendicularly
to the radiation beam. The etched thickness was

measured by using DEKTAK. The etching profile

of OaAs surface was directly observed by scanning
electron micro.scope (SEM ).

Re.sulls and Discussion

l-Hching rates of n-GaAs (100) by CU as a
function of the subs tra te tempera lure are shown in
Fi.g. 2. The irradiation time for the calculation

of tlu" etcliing rates was normalized by the stari-
darti ring current 100 mA; that is, the dose is
defined as the iiroduct of the real irradiation

tiiiH^ and tlu" average ring current during the
elching. Then the normalized iri-adiation time

is Ihe amount of dose divided by 100 mA. In
this figure, a st)lid line shows the etching rate
with SR and a dolled line shows lhat without SR.

The etching r.i te increases witli the substrate

l.emi>era Lure. Below 200 X., it was found that the
elching rate of GaAs with SR was higher tiian tliat
without SR, and etching product was remained on
llie subslrale surface. When the substrate
fernper.-i Liii-e was above 200 t, both of ihe elching
rate with and without SR indicated almost the

same, .'irul Ihe siiijstrale surface had no product.
These resiill.s indicate that the etcliing of GaAs

using CI2 as a reactive gas was .'ictivated very
much i)y llie addition of the VUV from SR. and t.l»e
elching product remained on the sui'face was

supposed to be GaClj. because GaCl j evapora tcs at
aboul 201 t. could not. exist on the substrate

surface above 201 t." The GaAs sulistrale used

for the experiment shown in Fig. 2 was covered
with s tripe - pa Hern-shaped Au mask of abou I 50 nrn
tiiickness. The etching reactioti in this Pxp<M*i-
menl was observed especially on the boutidary

between the GaAs surface and the Au mask. Based

on this result, it is tliouglit that the Au mask

functions a.s catalyst, because elching did not

occur from tlie boundary a t any tempera lure wIkmi a

polyimide mask was used. It was found from SEM
obsei'vation lhat the etching occui'cd on both flie
irradiated and the non irradiated region.

Therefore it was concluded that Cl? gas is excited
in gas-phase and reacts with the substrate.
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Fig. 1 Experimental apparatus used for
SR-assisted photochemical etching.
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Fig. 2 Dependence of etching rale
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INTRODUCTION

The 6V0PE facility, which consists of a

6.65-m Vertical dispersion Off-Plane Eagle
spectrograph/monoshromator and a specially de
signed predisperser system of zero-dispersion
type, is installed at BL12B for high-resolution
spectroscopic studies in the VUV region by using
photographic and photoelectric modes.

With respect to the photographic mode, we
have already sho^n the highest resolving power
(X/AX = 2.5 X lO"') ever demonstrated in the VUV
region, hy taking the absorption spectra of rare
gases in the 6tEi - 10th order of the main grating
in the wavelength region of 50 - 90 nm.

The photographic mode has a great advantage
in determining absolute wavelengths of spectral
lines, while the photoelectric mode is required
in order to obtain accurate cross sections of

photoabsorption and photoeinission. In this re
port, we describe the details of the photoelec
tric mode, i.e., the focal plane scanning mode,

and its application to the measurement of photo-
absorption cross section of krypton atom in the

VUV region.

EXPERIMENTAL

l)Focal Plane Scanning Mode
In the focal plane scanning mode, the exit

slit and photon detector unit scans along the
focal plane of the main grating. The scanning
consists of a linear translation of the exit

slit and detector unit, and a
rotation of the whole system
including the guiding mechanism
for the translation. These two

motion are realized by two

stepping motors, and are linked 30 .
through a minicomputer. The Hl|
slit and detector unit moves .jlW [I
over 250 mm at a rate^of 2 um/ ^
step, i.e., 2.5 X 10 nm in ^
the first order. In order to ^
initialize a scan, one enters .2
start—, stop— and step wave— y 845.5
lengths, and a dwell time into ^
the computer. For every step,

it calculates the numbers of §
output pulses for the stepping ^
motors, and controls the two

motions by checking the read
ings of the encorders connected
to the stepping motors. A nude 1

type electron multiplier with
a Csl coated cathode is used as . Irl
a photon detector. The count- I 1
ing rate is "v 6 kcps at 86 nm _j \
in the 6th order with 10-um I
widths fro the entrance and I

exit slits at a 200-mA storage

current in the PF ring.

2)Absorption Measurements
Since the realignment of Figure 1.

the bending magnets during the summer shut-down
in 1986, the SR beam is enough stable to carry
out the photoelectric measurements with the 6V0PE
facility. The main spectrometer tank containning
sample gases is used as an absorption cell. The
problem is how to keep the sample-gas pressure in
the tank constant, and how to decide the pressure
accurately during a scan. We estimate the tEie
uncertainty in the column density is less than
several percent.

With an assumption that the intensity of the
scattered light has a uniform distribution on the
focal plane, the intensity of the dispersed light
at a position corresponding to a wavelength X^ on
the focal plane with an absorption by sample gas
of which column density is ni is represented by,

KXq) = iQ{X^)exp(-o(Xo)nl) + igexpC-Og nl)
where i„{X„) and i_ are the intensities of the

V O

incident and scattered lights without absorption,
and o(Xg) and o the absorption cross sections by
sample gas for Ihe light of wavelength Xq and for
the scattered light. We measured iCXy) at various
pressures of sample gas and estimated that i is
10 i 1 percent of iQ(Xo).

We have measured the phtoabsorption spectrum

of krypton atom in the wavelength region of 84.5
— 88.5 nm. A portion of the spectrum is shown in
Figur^ 1. The resolution is estimated to be "v 6
X 10 nm, which is the highest one ever shown in
the photoelectric method for this wavelength region.

857.5 859.5 861.5 863.5 (A)
wavelength

A portion of absorption spectrum of krypton atom.
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INTRODUCTION

We report the absorption spectrum of Ne I
in the region of 565 - 595 A obtained by using
the 6V0PE fanility/1/, the high-resolution VUV
spectrograph/monochromator installed at the BL—
12B of the Photon Factory. We have extended
the five Rydbcrg series to higher members, e.g.,
n=63 for nd(3/2) series, and derived the two
ionization potentials, ^1/2'
single channel quantum-defect analysis. We also
applied the five channel quantum-defect analysis
to the observed term values, and obtained a set

of the parameters from the multichannel quantum-
defect theory (MQDT) that well reproduces the
term values observed in the present measurement.

EXPERIMENTAL

The absorption spectrum of neon gas was re
gistered on 2 X 10" Kodak SWR plates for the
wavelength region of 565 - 595 A in the 10th
spectral order of a 6.65-m, 1200-grooves/mm,
5500-A blaze, Os-coated grating. Tank neon of
research grade was used without further purifi
cation and flowed through^the ma^n spectrograph
tank at a pressure of 10 - 10 Torr. Expo
sure time was 30 - 100 min. under a normal oper
ational condition of the storage ring. The
detailed procedure to determine absolute wave
lengths of absorption lines on the photographic
plates was described elsewhere/2/.

RESULTS AND DISCUSSION

In Figure is shown a portion of the ab
sorption spectrum of neon gas for 572.4 -
575.6 A range taken in the lOth spectgal order.
Neon pressure in the tank was 1 x 10

exposure time was 45 min.

We extended five Rydberg
series up to n=44, 15,
63, 45, and 53 for the

ns(3/2)°, nd(l/2)°, 16
nd{3/2}°, ns'(l/2)°

and nd'(3/2)° series,
respectively.

If the Rydberg
series is not perturbed,
term values are given
by the Rydberg formula i

Torr and

from the ns'(l/2)j^ and nd'(3/2)^ series.
Furthermore, we applied the MQDT to the

analysis of the five Rydberg series obtained in
the present measurement. Tlie fitting procedure
to calculate the energy—dependent quantum—defects
are described in detail elaewhere/3/. It is

found that the observed term values below the 10/2
limit are well reproduced by using the MQDT para
meters from the present analysis. In order to
check further the quality of the parameters ob
tained here, we derived real and imaginary parts
of the complex quantum defect for the ns'(l/2)j^
and nd'(3/2)^ series. The complex quantum defect
thus derived semiempirically shows a better agree
ment with the experimental values than those with

the ab initio calculation. We emphasize the
reliability and accuracy of the MQDT parsimeters
obtained from this analysis.
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ns'(l/2)p

nd'(3/2)p

I - E^ = Ryd / ( n - /i )*

where I is the series

limit, E the term value

with the principal

quantum number n, Ryd
the Rydberg constant,

and p the quantum
defect. We obtained

I . =173930.0 t 0.2 cm
from the ns(3/2)" and
nd(3/2)^ series,
l^^^=nA71Q.A + 0.2 cm

iiiiiiiiiiiiiiiiiiiiiiiiiin

ns'(1/2)?

nd'(3/2)?

574 (A)

Figure : A portion of absorption spectrum of neon gas
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The four measurements of s gave values that
clustered around s=0.22 + 0.07.

A small portion of the data obtained are pre
sented in Figure 1. Because a/n is a temperature-
dependent quantity, we have chosen not to call it
a "cross section". The apparent band head at
96.87 nm is actually a superposition of the F-
branch of the L(0) band and the R—branch of the

L'(0) band. The uncertainty for the a/n in
Figure 1 was estimated to be + 20 percent.

RESULTS

Our absorption coefficient data are presented
in Table 1. In order to facilitate comparison,
we have integrated our data over the same wave
length ranges as used by Letzelter et al. Our
integrated values are greater than those by
Letzelter et al. for all bands except the blend

of L{0), L'(0), and K{0). The discrepancy may
be attributable to the difference between the

resolving powers of the spectrometers used.

This research was supported in part by NASA

Grant NSG-7304 to Harvard University and by a

joint JSPS-NSF Cooperative Research Program.

Hol-Xlo)

0

L'(o)-X(o)

96.60 96.85 96.90 96.95

wavelenglh (nm)

Figure 1. Absorption Coefficient for the L(0),
and L'(0) Bands of CO.

2
Table 1. Integrated Values of a/n(in 10 cm )

wavelength
range(nm)

assignment
•Letzelter

et al.

INTRODUCTION

Observations and studies of interstellar CO

provide imporl:ant insights into the formation and
properties of interstellar clouds. CO is believed
to be the most abundant molecule after H^, is
used as a tracer of the large-scale distribution

of molecular gas in galaxies. This application
of CO observations requires that the abundance

and excitation, and, therefore, the physical and
chemical properties, of CO be known.

An important process for which more data

are needed is photodissociation. Destruction of
CO by this moans occurs through line absorptions,
at wavelengths between 91.2 nm and 111.8 nm, into
predissociating states. In diffuse clouds, the
rate of photodissociation of CO is reduced be

cause of shielding by atomic and molecular hydro
gen lines that are accidentally coincident with
CO absorption features. On the other hand, in

dense clouds, dissociation of CO is enhanced by
emission from that has been excited by cosmic—

ray—generated secondary electrons. Quantitative
understanding of these effects requires high-
resolution spectral data so that the molecular

states that contribute can be identified and

their line positions, line widths, and absorption
coefficients, or band oscillator strengths, can
be determined.

EXPERIMENTAL 5 -

The present measurements were made with

the 6V0PE facility at the Photjn Factory. ^
The 5th order of 1200 line mm grating and *g
10-pm entrance exit slit were used. The "
spectrometer tank contained the CO and was 7 3 -
used as the absorption cell. The nominal 2
absorption path length was 12.^ m, and typj— 2
cal tank pressure were 5 x 10 to 5 x 10

Torr. We estimate that the column density
during the measurements could be determined i -
with an uncertainty of llO percent. Most
spectral region were scanned 0.15 nm por- ^
tions. the scans were begun with no gas in
the main tank. After measuring the background
continuum level, Iq, over 0.01 nm, the gas
was injected. After 0.13 nm of the spectrum, I,
had been scanned, the tank was evacuated and a

final short portion of the continuum was studied.
A linear interpolation was used to approximate

Iq during the scanning of 0.13 nm. I^ and I were
comprised, in part, of scattered light, so that
their relationships to the actual values of back

ground, Iq, and signal, i, were:
back- 100.148-100.438 F(0) 0.99±0.30 0.706

98.868- 99.000 G(0) O.lOiO.03 0.04

98.370- 98.724 J(0) 2.3 +0.46 1.32

is 97.243- 97.502 W(0) 1.2 ±0.24 1.01

96.735- 96.859 L(0) 0.72±0.14 nr

96.859- 96.977 L'(0) 1.5 l0.30 nr

96.977- 97.180 K(0) 1.3 +0.26 nr

94.090- 94.222 S(0) 2.9 ±0.60 2.02

given by:

a/n = (l/t)ln(-
Ip/d s)

I - s 1^/(1 + s)

where I is the length of the absorbing column,
s was determined by considering absorption data
obtained at two values of absorber column den

sity for the J(0), W{0), L(0), and L'(0) bands.

96.735- 97.180 L + L' + K 3.5 i0.70 3.4

*)Let7.elter et al., Chem. Phys., 114, 273 (1987)
nr)not resolved.
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Introduction

ll_0 and D_0 molecules have been studied
in the various wavelength regions by many
investigators. High resolution absorption
spectra in tlie V.U.V. region was investigated
by Johns ; However, the linear H_0 and D2O
were not found yet . We confirmed by the
rotational analysis the existence of the linear
states of II2O and D2O in the 1140 A region.

Experimental and Results

The light source was synchrotron radiation
at the Photon Factory, The spectrum was
obtained with a high-resolution spectroscopic
facility consisting of 6.65 m Vertical disper
sion Off-Plane Eagle spectrograph and a uniaue
predisperser system of zero dispersion type
in the 12B line.

In the figure is shown a densitometer
trace of the spcctrogr|m of H2O, which was taken
at a pressure of 3xI0' Torr and with an expo
sure time of one hour. Triatomic molecules

generally sliow very complicated spectral
features. The structure of the spectrum
is, however, very simple as is seen in the
figure.

3 45 R BRANCH

P BRANCH

3 4

1 146 A

WAVELENGTH

Furthermore, the Q branch is missing, and this
suggests that the transition is like I-E ' type.
Since the energies of the rotational levels
of the ground state are known from the infra
red data , the molecular constants of the
excited state can be derived. The band
origin is 87377.6 cm and the rotational con
stant of the excited state B' 8,1 cm ,

The linearity of H_0 in this excited
state is evident from the following points,
(1) the level in the excited state are degene
rate (2) thier energies can be represented by
a simple formula B'J(J+1) and (3) only the
spectrum of Ka =0, that is E-E transition,
presents.

We made also an experiment on DO and
observed the same spectral feature, except for
the rotational constants B* being about
one half that of HO, as expected from the
moment of inertia, pie band origin was^^
found to be 87330,0 cm and B' was 4.1 cm ,
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Fig.l, The rotational spectrum of H^O in the 1144 Aregion
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Int.roduction

X-ray tiieasiirement is an important niethod
to diagnose bigli temperature plasmas. In
general spatial and spectral resol u tions are
required together with temporal resolution.
MicroChannel plntcs(MCPs) have often been used
as the two-dimensional or position sensitive
detector in X-ray imagiiig system or XUV
spccLrom(?ter. Tlie MOP calibrated in this

experiment is prepared for X-ray tomography
measurement on the GAMMAIO, axisymmetrized
latulein - m irror plasma-confinernent device''.
In this mcasurt!tnent system MCPs detect X-i-ay
radiations frotn different chord of a plasma
with a slot hole imaging geometry. It is
necessary to investigate the X-ray detection
characteristics of MCPs for wide energy range
and various atigle of incidence.

Experimental and Results

The specification of the MCP used
(llamantatsu F 19'13-22MX) is as follows:
channel diameter 15 »im, length to diameter
ratio AO. chantiel pitch 19 inn. open area ratio

57 I and electrode material Fe-Cr. Two channel
plates are assembled in tandem configuration.
The experiment has been carried out at the
BL-7C, a double crys tal (Si (111)) monochroma tor
beam line (5~20 keV). In order to suppress the
higher order reflected X-ray. the setting of
crystals has been kept slightly deviated fi'orn

the parallel location. The incident photon
flux has been monitored by an ionization

chamber with capton windows. MCPs were
mounted on a rotatable stage in a vacuum
chamber in order to change the incident angle
of X-ray beam. MCPs were operated at
unsa tura ted current-de tection mode.

The current response as a function of
incident angle is shown in Fig. 1 for different

(p

in

o 0.5
Q.
in
<1;

ex

20.0 KeV

6.0 KeV
I—0 a ,

o; l.ASKeV

• ••0.6 KeV

10 20 30 AO 50
Angle of incidence (degrees )

Fig.I Relative X-ray detection efficiency

vs incident angle to the channel
axis. Parameters are X-ray energy.

Ba Lin r(b) e =A2'
pBa In I

pBaLi \ --

{a)e=13'

^PbLj
Pb Lm
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Photon energy(keV)

Fig.2 Current response for the X-ray
energy range from 5 to 20 keV.
The parameter is incident angle
of X-rays.

X-ray energies together with the results of the
lower energy case which has been obtained
pi'evious experiment*'. The response curve for
the higher energy X-ray is rather flat and does
not indicate the cot0 dependence, where 6 is
the atigle of incidence of X-rays, which comes
from the change of the irradiated area in a
channel wall. High energy X-rays can penetrate

through the channel wall,then multitile channels
contribute to produce photoelectrons. The
number of channels which X-rays pass through
will increase as the angle of incidence
increases. Thus, the dependence of cot0 for
the ideal single cylindrical photocathode model
is lost.

The current response for the X-ray energy
range from 5 to 20 keV is shown in Fig. 2 for
the two different incident angles. Some
discontinuous jumps are found at the absorption
edges of MCP glass and input-surface-electrode
ma teri a Is.' '
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Introduction

X-ray lithography using synchrotron radiation
(SR) is a promising technology for finer
microfabrication of VLSI with less than 0.25 Mm
feature sizes.This report presents recent
results of deep submicron pattern replications
and measurements of temperature rise distribution
for X-ray mask membrane by means of a thermo-
graphic system.

Experimental and Result

The beam is deflected by 2° using a silicon
carbide (SiC) plane mirror. This mirror can be
scanned for a large and uniform vertical-
illumination area. A vacuum chamber is located

at a distance of 3A m from the source and

equipped with a 5 um thick aluminum (Al) filter
and a shutter for exposure time control. An X-
ray mask and a silicon wafer are exposed in the
vacuum chamber ( < 2x10"^ Torr). The spectrum has
its maximum at 8 A which is optimally suited for
the SR lithography purpose.

X-ray mask membranes used for this study are
l'>^1.5 M"! thick silicon nitride (SiNx) films
deposited by low pressure chemical vapor
deposition. An absorber pattern on the membrane
is fabricated by an electron beam writing and
subsequent gold (Au) electroplating technique in
the resist space patterns.

Figure 1 shows 0.25 pti square patterns
replicated in 1 pm thick PMMA. 0.2 pm lines and
spaces patterns with a steep profile were also
obtained. Mask-wafer gap was 20 pn* Exposure
time was 60 seconds at a 200 mA ring current.
Resist development was carried out by isoamyl-
acetate (lAA). This developer was useful for
precise replications of deep submicron pattern

^ 1 pm

m ^ m

Fig.I. 0.25 pm square patterns
replicated in 1 pm thick PMMA.

because of its high Y value in the case of high
dose regions.

A thermographic system (JEOL: THERMOVIEWER
JIG-3200) is located at an angle of 145" with
respect to the SR beam direction. Infrared rays
from a mask membrane are detected by a HgCdTe
sensor through a zinc selenide (ZnSe) window of
the vacuum chamber. The read out data were cor

rected with emissivity, reflectivity and trans
parency of the window and the membrane.

Figure 2 shows a schematic of X-ray mask
membrane and a temperature distribution of the
membrane. At a 203 mA ring current, temperature
rise at the center of the irradiated region was
50 °C. In this case the absorbed power was
estimated to be 30 raW/cm^. The temperature rise
was measured to be proportional to the ring
current. The experimental values of the
temperature rise and the thermal diffusion length
coincide with theoretical values, which are
derived from a one dimentional model.
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Fig.2. Schematic of X-ray mask membrane
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Introduction

Tiio reduction of the pattern in sub-micron

scale has not been successfully done in X-ray
lithography because of the lack of the lens.
NTT lias obtainird images of <1 microns by using a
multilayer synthetic mirror of Schwarzschild type.
We have tried to reduce the size of the image by
using X-ray diffraction phenomenon in crystal.

When the crystal is highly absorbing, the re

flecting region is restricted near the surface.

Intensity distribution in the incident X-rays is
projected into the diffracted beam either in
reduced or enlarged scale, if the asymmetric Bragg
reflection is used. Experiment has been carried

out at the boamline BL-I2C of the Photon Factory.

Experimental

When the crystal surface is not parallel to the
reflecting plane, the width of the reflected beam
is different from that of the incident beam. The

ratio n of the beam width is given by
n - sin(0-fl)/sin(0^a}

where 6 is the Bragg angle, and a is the offset
angle of the surface from Bragg plane. In case
of Fig.l. 0 is ()<a<0. and the pattern size is re
duced by the factor n. We have chosen wavelength

i-I.ZGA, the offset angle a-22' and 111 reflection
(0-3'1.7* ). Then n =0.263.

A SIC mirror coated with Pt was inserted be

tween the light source and the mono chroma tor, and

high energy component (il<3A) was cut to avoid the
undesirable Bragg reflection due to higherharmon-
ics. Furthermore a Be filter of 200 am thick was

used to protect fiie resist filtn from the scattered

light with the long wavelengtii. A mask which has
an L shape patt<irn as shown in Fig.2(a) was set in
the incident beam. A resist film which was coated

on a Si wafer was put in the reflected beam.

A mask pat tern has been prepared with a focussed
ion beam technique. Absorber of X-rays is gold
film which was supported by SiN membrane. InSb
crystal was chosen, because it is heavy and the

reflectivity is relatively high.
As Liie setting of a monochroiuator and a reduc

tion mirror crystal, both and (+,-) settings
hove been tried for pattern replication.

Resist films wliich we used in this experiment
were positive typo EBR-9(T0RAY) and negative type
MES-X(JSR) which includes Cli and is sensitive to
X-ray of 4.41. Orientation of the monochromator
crystal was ad jus ted by a IIu be r goniometer and its
angle was read with an encoder. A reduction mir
ror was set on a holder which sits on a rotating
axis. Its orientation was ad justed manually. The
distance from the resist film to mask along the

pa th of the X-ray beam was about 10 mm. The exci-
tation of Bragg reflection was detected by watch
ing brightness of an image on a fluolescent screen
which was set behind the resist film.

Results atid Discussion

A replicated image obtained in a ('•,+ ) setting
is shown in Fig.2(b). The size of the image was
reduced to n-0.263 times of original pattern only
in vertical direction. Width of a gap A in Fig.2
(a) was reduced from 10 to about 2.5 jim as shown
in Fig.2(b). Rxposui-e was about 3000 Amp-sec.
The fringe-like pattern B in Fig.2(b) are possibly
due to the fact that the total reflection mirror

is not flat. We were not successful to reduce the

pattern of 1 or 2 microns to a half or a quarter
micron in this experiment. The reason is that
the monochromatized X-ray was not ideally plane-
parallel and that the angular width of the III

reflection of InSb was too large.
Our method is not useful at this moment from

the practical point of view, because only the
small part of the incident X-ray is used and the

exposure time is too long. But it may be used in
the future, if either the intensity of the source

or the sensitivity of tiie resist were improved by
two or three orders of magnitude.

This work was performed as a joint work between
KEK-PF and SANYO Electric Co.Ltd.

nionochromaloi'

resist —

Fig.l Experimental arrangement used in SR X-ray
lithography.

' . c m>m
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(a) (b)
Fig.2 A mask pattern (a) and a replicated image(b)

which was reduced in the vertical direction.
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Introduction

We have been carrying out the crystal
structure analysis of Pseudomonas isoamylase
isolated from Pseudomonas amyloderamosa to un
derstand the catalytic mechanism of this enzyme
at an atomic resolution. The enzyme has a
molecular weight of about 90,000 and catalyzes
the cleavage of a-(I,6)-D-glucosidic linkage in
amylopectin and glycogen. We describe here the
further progress of our structure analysis ob
tained after the previous activity report.')

Experimental

The intensity data were collected by the
rotation method due to the large unit-cell
dimensions of tiie crystal.^) A Huber rotation/
precession camera equipped on a Rigaku RU300
rotating anotle generator(Cu-Ka radiation) was
used for the data collection of the native crys
tals. On the other hand, rotation photographs
of heavy-atom derivatives were taken on a four-
circle diffractometer associated with the BL14A
beam line at tlie KEK Photon Factory. Two heavy
atom compounds, Sm(N03)3 and HgCl2 were found to
be well soaked into the crystals. A rotation
photograph of die llg derivative is shown in Fig.
1. The film evaluation and crystallographic
calculation were done by using FILME and PROTEIN
programs, respectively, both of which were
developed at Max-Planck-Institut fur Biochemie,
Munich. All tlie computations were carried out
at the Crystallographic Research Center, In
stitute for Protein Research, Osaka University.

Fig. 1. A rotation photograph of the HgClj
derivative taken at the Photon Factory.

Results and Discussion

Intensity data for the native and derivative
crystals hitherto collected were summarized in
Table 1. The difference Patterson functions

were calculated at 6 A resolution for both

derivatives. I"ig. 2 represents one of the
Marker sections where a peak corresponding to a
plausible self-vector between heavy-atoms is in
dicated. Only one possible heavy-atom site was

located at the present stage for each deriva
tive. These heavy-atom positions were referred
to a common origin and refined by the least-
squares procedure. At this stage, the electron
density map, which was based on the phases ob
tained from these heavy-atom positions, was
preliminarily calculated at 6 A resolution.
The map showed high and low regions of electron
densities which might correspond to molecule and
solvent regions, respectively. However, the
molecular boundary was not so clear enough to
determine the molecular size, which implies the
necessity of the further improvement of the
phase angles.

Table 1. Summary of intensity data collection

native Sm(N03)3 HgCla

X-ray source RU300 SR SR
Wavelength(A) 1.5418 1.58 1.54

No. crystals used 11 2 2

Rotation range(°) 0-90 0-67 0-42
No. total reflns. 90,348 47.333 27,866
No. unique reflns. 29,796 24,528 16,113
Completeness 0.833 0.686 0.451

Pmerge 0.117 0.085 0.094

1) RU300: Rigaku rotating anode generator
SR: synchrotron radiation at BL14A

2) Completeness: for 2.6 A resolution
3) Rmerge = E(I-<I>)/ZJ.

Sm-Sm

(a) Sm(N03)3 (b) HgClj
Fig. 2. Marker sections (w=l/2) of the dif
ference Patterson functions at 6 A resolution.
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Introduction

The X-ray crystal structure determination
of serratia protease with a zinc metal in the
active center has been carried out in our
labolatry. The 2.5 A resolution data of the
native, U- and Hg-derivative crystals were
collected with oscillation photography. Some
reasonable heavy-atom binding sites were
obtained for each derivative crystal from a
difference Patterson and a difference Fourier
maps. However, the contribution of Hg-sites
to phase determination was very small. A
preparation of another derivative crystal was
required for phase determination. Many
preparations of heavy-atom derivatives were
tried, but none of them succeeded. Then the
use of the apoenzyme crystal was tried for
phase determination. The method that the zinc
metal was removed from the native crystal
was applied to prepare the apoenzyme crystal
for keeping the isomorphism of the apoenzyme
crystal to the native crystal. Diffraction
intensity measurments for apoenzyme crystals
were carried out at the synchrotron radiation
facilities of Photon Factory (PF), because
rapid measurements were required considering
the apoenzyme crystal was unstable for X-ray
irradiation. This reporot deals with the use
of the apoenzyme crystal for the analysis.

Experimental
Native crystals were obtained by the

dialysis method as reported previously (1).
Crystals of the apoenzyme were prepared by
soaking those of the native enzyme in 35%
saturated ammonium sulfate solution
containing 10%(w/v) EDTA. The soaking period
was 5 days. The preparation process of the
apoenzyme was checked by casain-plate method
for the protease activity assay.

The sample for the assay was prepared by
dissolving a fev; EDTA-treated crystals in
0.1 M phosphate buffer (pH7) and put in a
casain-plate with a solution of the native
enzyme in the neighbouring site for the
comparison of the enzyme activity between
them. The casain-plate after 24 hour
incubation was washed by 5% TCA. Then the
casain-plate displayed two sizes of circular
marks corresponding to the amount of the
digested casain : 6mm diameter for the
prepared apoenzyme and 15mm diameter for the
native enzyme. From this result, the enzyme
in the EDTA-treated crystal was estimated to
have 20% of the original enzyme activity.

The four-circle diffractometer at the beam
line BL-14A in PF was used for data
collection. Intensity measurements were
carried out with X-ray beam with the
wavelength of 1.2 A. Each reflection peak
was scanned twice in the omega-scan method to
measure its integrated intensity. The scan
width was 0.2 degree and the scan speed was 8
degree/min. Before and after the scan of the

peak, the background intensity was measured
for 0.3 sec. The diffraction data of
apoenzyme crystals were collected up to 3.3 A
resolution using seven crystals.

Results and Discussion
The observed data were corrected for the

Lorentz-polarization factor. X-ray absorption
and irradiation damage, and intensity change
of the incident X-ray. The scaling of the
intensity data between the different crystals
was done to obtaine one data set of 11,560
independent reflection at 3.3A resolution.
The R-value in the scaling was 3.29% (Table
I) which is comparable with the values of
2.42% and 4.24% for the native and PCMBS
derivarive, respectively, obtained in PF (2).

The difference Patterson map between the
native data set obtained with oscillation
photography and the apoenzyme data set
obtained by a diffractometer in PF was
calculated and compared with that between the
native data and the apoenzyme data set which
were both obtained by a diffractometer in PF.
The ratio of rms intensity differences
between two data sets in both calculation
were 0.14 and 0.23, respectivery. There were
some common peaks between both the difference
Patterson maps. The interpretation of the
difference-patterson map was carried out
using three Barker sections to obtain one
position regarded as the zinc site of the
enzyme. The refinement of the possible zinc
site have been carried out, and the
possibility of the site has been
investigated.
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q+r and u+v to unity. Finally the R and Rw values
reduced to 0.0206 and 0.0204, giving the values 0.97(2)
0.027(3), 0.916(3) and 0.073(2) fur q, r, u and v,
respectively. The final atomic parameters are compared
in Table 1 with those obtained from the diffraction

data collected with a conventional X-ray source.

Table 1 betltlbnAl eed Iberail iereaaleftCi^

Int roduct ion

Studies of electron-density distributions have been
Intensively carried out on inorganic crystals with
the X-fay diffraction method for Che last decade. As
a result, qualitative knowledges are much accumulated,
for example, on distributions of d electrons in
various crysttil fields, hydrogen bondings, net
charges of ions in ionic crystals, etc. However, it is
required to Increase accuracy of observed structure
factors to obtain electron-density distributions
worthwhile for quantitative examinations.

One of the most important problems lies in
correction for extinction. The present study was
undertaken with tlie intention to obtain diffraction

data of ilmenite FeTiO^ with reduced extinction
effects. Electron-density distribution in ilmenite
was already studied by making use of the conventional
X-ray source by the present authors. We can compare
the two results.

Exper imenta1

The crystal used was synthesized with an infrared-
heating floating-zone Eurnace(Takei, et al.,1982).
The crystal is rhombohedral with the space group R3
and the hexagonal cell dimensions of a=5.0885A(7)
and c=lA.092A(3) A .

The data collection was carried out on a four-

circle di f f ractom<^tor at BL-IAA. The following
experimental conditions are adopted ; collimator:
1mm, scan mode:al-scan, scan width: 0.5*, scan speed
: 2 /min, max of 26: A3.0, diameter of specimen: 0.1A5
mm. For weak reflections measurement was repeated up
to 10 times, when (F)/F was less than 0.010 . The
correction for incident beam fluctuation was performed
by monitoring the intensity of incident beam with an
ion-chamber. The wavelength was set to 0.3A9650(5) A
usiiig Si(333) double monochromator. The reflections of
different orders were cut by Ce02 filter. Total of
1058 reflections were measured , 631 (A89 independent)
with |Fo| >3tr ( I Foj ) and omitted the reflection of
measured in instability condition of incident beam
we re used.

The refinement was carried out with a modified

version of the full-matrix least- squares program

Ll'^l"! , which includes the extinction corrections

after Becker and Coppens(197A,1975) and the connections

for anharmonic thermal vibrations of Tanaka and Marumo
(1983). Least-squares calculations assuming the
type II extinction effects with a Gaussian mosaic-
spread distribution gave smaller R and Rw values than
those with the type 1 extinction corrections. The
final refinement was performed on the assumption of
partial disorder of the cations. The chemical
formula was assumed as (Fe^ Tij.)(Tiu f®v '̂̂ q +v^ 2(r+u) '
and the populaticin parameters were refined with
normalization of the value of the larger one between

0.)»<!(})

».OOIM(|}>

9.1«»4a(3)

0.00411(10)

0.000I}(I3)

0.3IT]0(}4)

0.01330(24)

0.34403(3)

0.0040(3)

0.0033(4)

0.0003(3)

0.00103(3}
0.00030(3)

0.00130(3)

0.30342(1)

0.00023(3)

0.00603(4)

0.14640(1)

0.00400(3)

0.00313(12)

0.3I323<0)

0.02332(0)

0.24403(3)

0.0032(1)

0.0060(1)

0.0060(1)

0.00224(0)

0.00023(0)

0.00137(0)
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Result

The obtained populations give the chemical formula

97*^^0.03^ '̂̂ ^0.92^®0.07 0.01^^3
present crystal. The atomic parameters in the present
study were not so different from those obtained from
the data collected with a molybdenum X-ray tube.

Since X-rays with short wavelength are used, the
isotropic extinction correction factor is 0.959 for
the reflection with the largest extinction effect.
Because of the small extinction effects, anlsotropic
parameters for the extinction corrections were unable
to be determined. Fig. 1 shows the section of the
difference Fourier map parallel to (010) including
Fe and Tl atom, and passing neer the 0 atom site.
Fairly high peaks are observed around the transition
metal atoms. Examinations are In progress, if those
peaks are due to the aspherical distributions of d
electrons. The final R and Rw factors are larger for
the SR data than the previpus data, in spite of the
smaller extinction effect in the experiment with SR.

This Is probably due to the following fact: 1) SR is
less stable than X-rays from conventional generators,

2) accumulated counts were much smaller in the present

measurements than those with Mokot radiation from the
sealed tube (in the strongest reflection about 1/8),
because of the shorter wave-length in the SR experiment
3) though monitoring was carried out for the whole
incident beam, only a part of the beam fell upon the
specimen. This is a possibility that the average
intensity fluctuation is different from that in the
portion of the beam which fall on the specimen.
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Introduction

X-ray diffraction intensities of quali
ty good enough for structural analysis
have been collected on the natural zeolite

cowlesite^. The crystals for this study
were from a specimen from North Ireland,
where cowlesite is found in small radial

aggregates. The small size of the crystals
and their structural imperfections pre
vented data collection with conventional

x-ray sources. All crystals show streaky
diffractions along two reciprocal lattice
directions (a* and b*), indicating struc
tural complexities.

Experimental

The crystal used in the experiment was
prismtic, with dimensions 0.4 x 0.06 x
0.03 mm. and was mounted with the direc

tion of elongation (crystallographic c*
axis) slightly off the <f) axis of the
diffractometer. The intensity measurement
was carried out with the

Rigaku diffractometer at
the beam line BL-14A of ♦ |«
Photon Factory. X-rays { ]V
out of the wiggler were ^ ! 1.
monochromatized toA =1.2A | ♦-*-»—
with a double flat crys- } {
tal monochromator (Si(111). 1 {
A single omega-scan was j JrUi"
used for each reflection, I 1 i*51
with a scan speed of four { !x'*
degrees per minute and a j
scan width of 1.6° for re- } i *»*.
flections with 20<56° and 1 5
1.8° for reflections with * jj
56°<29<65°.The background ! { *
intensity was measured for ^ i !
4.0 sec. before and after § ♦ ♦
peak scan. Correction of o « i
anomalously high values ^ « iJ 3 1774. 4

of background sampled on ^ « >
streaky reflections was 3 « >
obtained by polynomial 2 | |
fitting of order 6 of the ^ { {
background counts of the u » «background counts of the
unbserved re flections

(Fig. 1). 5105 intensities
were collected up to 20=
65°. Observed data were
corrected for Lorentz-

polarization, absorption
and were normalized by
primary beam monitor
counts to account for the

intensity decay of the

x-ray source

Discussion

The cell parameters obtained by least-
squares fit of 41 observed 20 values are:
a=23.249(5), b=30.629(3), c=24.964(4) A.
The cell parameters are consistent with
those reported by Nawaz and are doubled
with respect to the originally reported
values^. Preliminary data confirm ortho-
rombic space group symmetry. The lattice
type is primitive, although very few re
flections with h+l=2n are significantly
(>30 observed, indicating that at least
part of the structural atoms are consis
tent with a B lattice. Strucural analysis
is at present on progress.

1. G. Gottardi and E. Galli, 'Natural
Zeolites', Springer, Berlin (1985)306.

2. R. Nawaz, Mineral. Mag., (1984)565.
3. W.S. Wise and R.W. Tschernich, Am.

Mineral., 60 (1975)951.
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Metal-deposited inorganic oxide
single cystrals(Ti02/ Si02 etc.) are
considered as a model system for
the supported metal catalysts^ ^. The
electronic properties and chemisotption
properties of the deposited metal have
been studied by many workers but the
structure of the deposited metal has not
yet been investigated sufficiently.
Although EXAFS spectroscopy is one of
the most appropriate candidates for the
structure analysis , conventional EXAFS
spectroscopy is not so surface
sensitive. Surface EXAFS with detecting
Auger yield can enable one to obtain the
surface structure. The other

possibilitiy is using the total
reflectance with X-ray fluorescence
detection. We have shown the

possibility of the total reflectance
EXAFS with fluorescence detection of the

Os3(CO)i9 deposited on Ti02 single
crystal^l. in this paper we will report
the configuration of Os3(CO)i2 "^^*^2
single crysiial by using the polarization
dependency of Os L3-edge EXAFS.

Experimental
The experimetal set up and

preparation of the sample were described
previously2). The EXAFS spectra were
taken at BL-14A using the wiggler
radiation.

Results and Discussion

Fig.1 and Fig.2 shows the EXAFS spectra
taken with the parallel and
perpendicular polarization in respect to
the surface normal. The detector was

always placed to the direction pararell
to the polarization vector. Although the
polarization dependency of L3-edge is not
so sharp compared to that of K-edge, yet
no remarkable change was observed in the
spectra with two different directions.
Possibly this may be due to the thermal
motion of tlie OS3 cluster on the Ti02
which averages the orientation of the
OS3 against surface plane. Thus the OS3
cluster miglit be fluttering on the Ti02
surface.

1) H.Onishi, T.Aruga, C.Egawa, and
Y.Iv/asawa, surf.sci., to be published.
2)K.Asakura, Y.Iwasawa, H.Kuroda, and
Y.Satov;, PF activity Report.,^, 265(1 986).

E-Eq / eV

Fig.l The Os L--edge spectrum
with the polarization parallel to
the surface normal.

E-Eq / eV

Fig.l The Os L_-edge spectrum
with the polarization parpendicular
to the surface normal.
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Here we report a measurement of a Ce K-edge
(threshold energy at 40.A5 keV) EXAFS spectrum
of CeO?. The measurement was carried out at the
beamline 14A. A double-crystal monochromator
was used to obtain a good energy resolution. A
pair of flat Si (553) crystals in the monochro
mator produce X-rays whose energy range from
22.7 keV to 84.5 keV. Intensity measurements of
X-rays were made by use of paired ion-chambers,
14 cm and 28 cm long (krypron gas was used).
The details of the experimental arrangement are
to be described eisewhrere'*.

A preliminary measurement of a K~edge EXAFS
spectrum was previously reported on the powder
sample of CeO,*\ The measurement, in which
attained energy resolution was worse than that
of the present experimental arrangement (~6 eV),
was performed up to only 500 eV above the edge.
A spectrum of the CeOj sample has been measured
with the present arrangement. The spectrum
(Fig. 1) shows discernible EXAFS oscillations
extending beyond 15 A"' in k, or 860 eV above
the edge. Particularly, oscillations mainly
attributable to contributions from the large
back-scattering amplitude of Ce are clearly
noticeable at the high-k (~12 A ') region.

O
2 -8.40

Two peaks at 1.8 A and 3.6 A in the Fourier
transform of the spectrum (Fig. 2) are attributed
to Ce-0 and Ce-Ce radial distributions, respec
tively. The analysed distances are well consistent
with those from the crystal structure.
' Y.Satow, K.Asakura & H.Kuroda; to be published

in J. Phys. C: Solid State Phys.
' K.Asakura, Y.Satow & H.Kuroda (1986); Proc. Int.

Conf. EXAFS and Near Edge Structure IV, C8-185.
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Introduction

Since 1981, We have been developing fast two-
dimensional X-ray detectors. Especially a fast
MWPC (Multi Wire Proportional Chamber) has a
capability of handling a counting rate of 1 Mcps
and good uniformity over the whole sensitive
area [1]. However, there still exists a problem
on this detector : that is a poor spatial
resolution(2 mm FWHM).

We present here two devices to improve this
characteristic. They are a parallel plate
avalanche chamber (PPAC) and an area-to-line
conversion <letector (ALCD).

Development of a PPAC

Fig.l describes a structure of a PPAC which
is composed of an anode, a cathode and a grid
electrode where a PR gas is filled over the
detector. A weak electric field is applied in
the space between the cathode and the grid. That
forms an electron drift region : the most part
of the sensitive volume of this detector.

Electrons produced by incident photons drift
toward the grid and enter the multiplication
region between the grid and the anode where a
very high electric field is applied. In this
region they are multiplied by 10^- 10'' to give
sufficient charges in the position measurement.

The method to determine a position of the
electron swarm arriving at the anode surface has
many variations. However, we adopted in this
study a charge-division method which utilizes a
simple construction of a PPAC. This method uses
two plane resistive electrodes. One is used as
the anode plate. And tlie other is used as the
position readout electrode set closely behind
the anode plate. From this readout electrode we
can derive a differentiated pulse of the anode
signal. Then each electrode functions a one-
dimensional position sensor. With this method a
rather simple two-dimensional position sensing
system can be realised to give a high
reliability.

Table 1 shows a summary of our PPAC. The
resolution of 1.3 mm FWHM is attained by now.
Another approach to a PPAC having a faster
readout is planned and examined.

Fig.l Principle of PPAC

Photooleclric Arfoel

noodoiit Atoctrode

Table 1. Summary of a PPAC

Effective area :

Gns(flow type) :
Drift Region depth :
Anode-Grid gap length :

90 mm X 90 mm

Ar/ClU 10%, 1 atra.
15.0 mm

1.5 mm

Preliminary test of an ALCD

A new two-dimensional position-sensitive
detector with a bundle of narrow optical fibers
based on the area-to-line conversion technique
has been made for a trial and a preliminary test
has been carried out[2]. This detector consists
of optical fibers with a Gd202S phosphor sheet,
a light sensor and a readout circuit[3]. The
light sensor is an amorphous silicon linear
image sensor which is usually used as a part of
facsimile.

(a) Principle
Incident X-rays are converted into visible

light by the phosphor sheet. The light is
transmitted through optical fibers to the
sensor. Then two-dimensional image is converted
into sliced successive one-dimensional patterns
(as shown in fig.2). Converted one-dimensional
signals are accepted by the linear image sensor
and are processed by the readout circuit and a
small computer. The advantage of ALCD is that
its spatial resolution remains unchanged even
with extending sensitive area.

(b) Characteristics
This ALCD has a sensitive area of 5.0 x 2.5

mm^ which consists of 200 optical fibers (0.25
mtiKb ). A spatial resolution of 0.50 x 0.50 mm^
was measured. The sensor output I is presented
by the following formula:

I = lo • R • M • A
where

lo : the sensor output without optical coupling
R=0.3(measured)ilight collection efficiency
M=0.6(measured)rfiber-sensor coupling efficiency
A=0.98 :attenuation factor in the optical fiber.
Then I / lo ratio of 0.17 was measured. The
greater part of the sensor output is determined
by the factor R and M. The ideal R and M are
larger than the present values. We are now
testing a few fabrication methods to improve
characteristics required for applications.

(c) Applications
We used this ALCD for X-ray radiography.

Fig.3 shows examples of two-dimensional patterns.
5.0 mm

111 b i fi t

optical liber

^a-Si:H sensing elements
Fig.2 Principle of ALCD
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Introduction

We have formulated a dynamical X-ray diffraction
theory for perfect crystals under grazing
incidence conditions [1]. The concept of 3D
dispersion surface and wave fields provides a
wave-optical explanation to such physically
interesting phenomena as the two separate criti
cal angles of total reflection and the extinc
tion of out-going diffracted waves at special
values of the incidence angles. The theory also
permits calculation of intensity curves for the
specularly reflected and diffracted waves as
functions of incidence angles.

Geometry and wave intensities

Figure 1 shows the geometry where an X-ray plane
wave is incident on a flat surface of a perfect
crystal at glancing angle (}>q and deviation angle
A9 from the exact Laue incidence for a net plane
perpendicular to the crystal surface. For small
(t)Q and A6, we have specular wave Kg and diffrac
ted wave K^ propagating out of the crystal and
two wave fields j = I, 2) generated
in the crystal. An inspection of the 3D disper
sion surface taking account of the principle of
wave-vector continuity on the boundary surface
reveals that the 2D reciprocal space formed by
sectioning the 3D space by a plane parallel to
the crystal surface is divided into four re
gions. I to IV, where zero, one, one and two
wave fields exi.st in the crystal respectively
[1]. When the projected wave point for the
incident wave is located in region I, simple
specular reflection occurs with no wave field
formed even when A6 = 0. In region II, where

<i)Q < -2A0sin20g, the tangential component of the
internal wave vector k^2 has a modulus greater
than K (= 1/A) so that no vacuum wave can couple
with it. Hence the external diffracted wave K^
is evanescent and the standing wave is localized
in a shallow layer, several 10 A thick, above
the interface [2].

The intensity formula are derived from a
set of standard boundary conditions. At A0's
close to zero, the specular intensity curves

show double steps at (J>^j and (1)^2'
critical angles of total reflection for the two
wave fields. Also, the diffracted intensity
curves have peculiar shapes with a

quite high peak flanking a plateau in the low (Jjr,
side [ 3 ].

Experimentals

We have designed an experiment to observe the
characteristic features of the intensity curves.
The (111) surface of a germanium single crystal
was mirror polished to such a flatness that the
macroscopic corrugation was less than 1 um over
a 1 cm area. This specimen was set horizontal

ly with the polished surface upward in a double-
crystal diffractometer of non-dispersive arran
gement for the 220 reflection at the BLIAD work
station. The first crystal used a 21.88° cut
angle and delivered a beam of 1^0 Urad in hori
zontal divergence at X = 1.5A3 A. The beam was
further limited by a horizontal slit to illumi
nate the selected area on the specimen surface.
The vertical beam divergence was ca. 70 Urad.

Figure 2 shows the specular and diffracted
intensity curves, Tg(<|)Q; A0) and Tj^(c1)q; A0),
measured at a fixed value of A6. The predicted
double steps are clearly seen on A0).
However, a comparison of the experimental and
theoretical curves show systematic discrepan
cies: the observed A6) is lower in zero-

angle reflectivity and higher in plateau reflec
tivity than the theoretical curve. Also the
observed Th^'^0' ® lower peak reflectivi
ty. Similar but different disagreements are
also found in Ig(A0; (Jiq) and Ij^(A9; (t>Q) curves.
Specimen misorientation, surface micro roughness
and damaged surface layer are being examined as
possible sources of the disagreements.

References
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Introduction

It is possible to study the charge
densities in molecules by X-ray diffraction by
gases. In the present study, the energy
spectra of II2O have been measured using an
angle-dispersive type diffractometer placed on
the BL-l<iB experimental station. Elastic,
inelastic and total intensities of scattered
X-rays were obtained from the observed spectra
and compared with the theoretical ones.

Experimental

A sj.licon (111) monochroraator was used to
obtain t!ie incident X-rays with the wavelengths
of 1.543 A/n (11=1,3,4,5). The w-26 horizontal
type diffractometer and the sample cell
constructed by Mitsuhashi et al.^) were used.
Scattered intensities were measured by using
a pure-Ge SSD with an energy-resolution of 170
eV. Energy spectra were observed at scattering
angles between 7.5° and 75.8°. The temperature
of the sample cell was kept to be about 146°C.
In the latter half of the experiment,
a scintillation counter was used to monitor
the fluctuations of tlie scattered intensity at
a fixed angle. The signals from the SSD were
stored in a multichannel analyzer. For the
determination of the polarization factor, the
scattered intensities by air were measured by
mounting the scintillation counter on a
circle.

29=58.8°
s=15.98A-l

31.2 32.1

Energy/keV

Fig. 1. Energy spectra of the X-rays scattered
by HjO

Results

Figure 1 shows one of tlie observed energy
spectra. Separation of inelastic scattering
peaks from elastic ones was clearly seen at
s-values (s=(4F/X)sin0) larger than 10 A"-^.
The increase of the separation with increasing
s-value was consistent with the classical theory
of the Compton shift (see Fig. 2).

Experimental total intensities were

determined according to the following procedure:
(1) normalization by using the monitor counts;
(2) background correction; (3) normalization
regarding the effective scattering volume; (4)
polarization correction; (5) absorption
correction. Resulting data are compared with
the theoretical total intensities based on an

SCF-MO wavefunction^' in Fig. 3. Systematic
differences are found between the experiment
and the theory at small s-values.

References

1) T. Mitsuhashi et al.. Photon Factory Activity
Report 1983/1984, p. VI-172.

2) M. Kumar, A. N. Tripathi and V. H. Smith, Jr.,
Int. J. Quantum Chem. 29_, 1339 (1986).

- obs.
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Fig. 2. Observed and calculated Compton shifts
of H2O
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Fig. 3. Total scattered intensities for H2O
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Introduction

Nuclear excitation by photons has been ' . Ko ' '
studied for long time using the bremsstrahlung " Ph
radiations from accelerators or Compton-scattered
Y rays from rndioisotopes. Tlie production of ^ * Kp
excited states has been confirmed by observing the . i _
induced activity. Owing to narrow widths of ^ . A .
activation levels, intense photon beam are neces- t- * * .
sary and the produced activity is in general weak. 3 ^ • •*

Recently we have attempted to excite the Os o
nucleus by synchrotron radiation.' We have .
succeeded to detect the L-shell x rays emitted
following internal conversion from the isomeric
state of '®'0s. This is the second report of our so - ♦ •• •
project and here we present our preliminary result ' • . • • * • *
for rhodium.

Experimental

The metalic foil of natural rhodium with 13-

mm diam and 1.18-g/cm^ thick was irradiated by
the photon beam at the BL-14C line (wiggler line).
Considering the narrow nuclear level widths, we
did not use a monochromator and the target was
irradiated by a white beam. The beam current was
about 150 mA at the storage ring.

The natural rhodium consists of 100% '"^Rh
nuclide. This nuclide has an isomeric state with
the energy of 39.75 keV and the life time of 56.1
m. We used this level to detect the nuclear

excitation. When the '®®Rh nucleus is excited to
this level or higher energy states which cascades
down to it, we can observe the induced activity
due to long life of this isomeric state. Since
the deexcitation from ""'"Rh takes place mainly
through K-sliell internal conversion, we measured
the K X rays following this process.

The irradiation period of the target was
chosen to be 4 h. After irradiation, the target
was removed from the beam line and its induced

activity was measured with a Ge low-energy photon
spectrometer (LEPS) for 4 h. This experimental
procedure was repeated 10 times.

Results and discussion

Hie typical example of the observed K-x-ray
spectrum is shown in Fig. 1. The experimental
data scatter due to low counting statistics.
However, it can be seen in the figure that there
are two peaks corresponding to the Ka- and K8-x-
ray energies of Rh.

The study of nuclear excitation of ""Rh by
2)3photons was reported by Ikeda and Yoshihara.

They irradiated the Rh samples by y rays from the
®®Co irradiation facility and observed conversion
electrons from the isomeric state with a gas-flow-
type proportional counter. From the decay curve
of the induced activity, they confirmed the
formation of the isomeric state. However, it was
not clear whicli levels were excited.

In the low-energy region of the level scheme
of "^Rh, there are four excited states; 39.75,

CHANNEL NUMBER

Fig. 1. K X rays from Rh.

93, 295 and 357 keV. Since we used the white
beam, all these levels can be considered as a
candidate for an activation level. Considering
the energy spectrum of the synchrotron radiation,
the photon flux with the energy higher than 100
keV would be small. There has been reported no
direct transition between the 93-keV level and the

ground state. This E4 transition, if it exists,
may be weak. On the other hand, the level width
of the 39.75 keV is very narrow because of long
life time and the fraction of the photon spectrum
available to excite this level directly is probab
ly small. These facts indicate that the probabi
lity for nuclear excitation by synchrotron radia
tion is very small, as has been observed above.

In addition to the nuclear transition, there

is a possible source for K-x-ray emission from Rh
traget; photoelectric effect due to the background
radiations from the surroundings. This contribu
tion is small, but we must be careful when we
subtract the background.

In conclusion, we have observed the nuclear
excitation of '"^Rh by synchrotron radiation.
However, the counting statistics is very poor and
the careful data processing of the measured
spectra, including the background subtraction, is
necessary. The further analysis of the experimen
tal data is in progress.

References

1) T. Mukoyama, H. Kaji, K. Yoshihara, T. Nakajima
and H. Kobayakawa, Photon Factory Acitvity
Report 1986, 283 (1986).

2) N. Ikeda and K. Yoshihara, Radioisotopes, 11
(1956).

3) N. Ikeda and K. Yoshihara, Radioisotopes, 24
(1959).



proposal No 85-081 K

IN SITU OBSERVATION OF THE STRUCTURE CHANGE IN VACANCY-RICH

TiO^(x=O.B4, 1.0, 1.25) AT HIGH PRESSURES AND TEMPERATURES

Toru FUJIMURA. Hiroshi IWASAKi"'', Yoshihlko TSUCHIDA'''|
Osamu TERASAKI , Takuml KIKEGAWA and Osamu SHIMOMURA

The Research Institute for Iron, Steel and Other Metals
Tohoku University, Sendal 980

+ Photon Factory, National Laboratory for High Energy Physics
Oho, Ibaraki 305

tt Institute for Solid State Physics, University of Tokyo
Minato-ku, Tokyo 106

ttt Department of Physics, Faculty of Science
Tohoku University, Sendal 980

tttt National Institute for Research in Inorganic Materials
Sakura, Ibaraki 305

Introduction

Titanium monoxide has the rocksalt(Bl)-type
structure, but contains an abnormally large
number of vacancies which are distributed

randomly both in titanium and oxygen sublattlces
at temperatures higher than SOCC. At lower
temperatures these vacancies are arranged in an
ordered fashion and a monoclinic superstructure
is formed . We have made an investigation to
see how pressure affects the ordering of vacan
cies employing the multi-anvil-type high-
pressure apparatus MAX-80 . Since the order-
disorder reaction in the oxide occurs rapidly,
it is necessary to do in-situ observation at
elevated pressures and temperatures. Use of
synchrotron radiation of high brilliance is
indispensable to the detection of weak reflec
tions from the sample enclosed in the high
pressure cell.

Experimental Procedures

Three kinds of samples with different
compositions (TiO with x=0.84, 1.0, 1.25) were
prepared. They were in the form of powder and
quenched from above the order-disorder transi
tion temperature. The sample was placed in the
center of a cube made of a mixture of boron and

epoxy resin and compressed by six tungsten
carbide anvils having a squared face. Synchro
tron radiation from the vertical wiggler
{BL-14C) was introduced through one edge into
the cube and diffracted beams from the sample as
well as from the pressure marker (NaCl) were
taken out through the opposite edge. Recording
of the diffraction pattern was made in an energy
dispersive mode using a pure Ge solid state
detector.

a hexagonal lattice identical to that proposed
for the structure of the delta-phase of the
composition Ti20 . Prolonged holding of the
sample did not Increase the volume ratio of the
delta phase to that of the Bl-phase. Effect of
high pressure is thus to suppress the ordering of
vacancies and to make precipitate the phase rich
in Ti content, an effect not hitherto found for
metal oxides. Similar results were obtained for

the sample with x=0.84, but not for the sample
with x=1.25.

Besides the formation of the delta-phase,
unusual change in the lattice parameter of the
remaining Bl-phase was observed at high pres
sures. In an isothermal compression and decom
pression run at yOO'C, a clear hysteresis exists
with the lattice parameter after compression
increased appreciably as compared with that
before compression. This is due to the annihi
lation of vacancies during compression at
elevated temperatures.
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TiOio

7.7GPa.850*C
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Experimental Results ^
>-

First, pressure was increased at ambient 'j;
temperature up to 7.7 GPa using the sample with S
x=1.0, but no change, except the shift of the ^
reflection positions due to volume contraction,
was observed. When temperature was raised while
pressure was kept constant, new diffraction
lines (indicated by the arrows) appeared in
addition to the lines from the Bl-type struc
ture, as shown in Fig. 1. These new lines can
not, however, be explained by any possible
superstructure models based on the Bl-type
structure. Instead they are indexed in terms of

h I

Af/ U I

Energy(keV}

Fig. 1 Diffraction pattern of TiO. . held at 7.7
GPa and SSCC.
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In our previous Horks^"^^, it has been shown
that the mosentui resolution of 0.13 atomic
unit(a.u.) could be achieved in our Compton
spectrometer for the incident X-ray energy of
29.5 keV from the synchrotron radiation.

In this paper, we report further develope-
ments in the spectrometer and some experimental
results on electron momentum distribution in Si
single crystals.

Our previous monochromator of Si(lll) was
now replaced by Ge(220) to improve the energy
resolution and to increase the intensity. The
spatial resolution and detecting efficiency of
the position sensitive proportional counter was
improved by employing the operating condition
condition of a pressure of lOkg/ci' of a mixture
gas of Xe+lOKHi and an applied voltage of 4.8
kV. The overall momentum resolution of 0.1 a.u.
has been achieved for incident energy of 29.5 keV.

Compton profiles for Si single crystals
along (1001,(110] and (111) directions were
measured. The specimens were cut from a single
crystal rod and shaped into a slice of 20 mm x 20

/• .--V'

\ \"\ /Jin

Fig.l. Compton profiles JCp,) for Si along
(100), [110] and [111] directions.

mm X 1.5 mm and finally finished by a chemical
etching process to remove the surface distortion.
About 2 X 10^ counts were accumulated at the Com
pton peak of each profile during 2.5 days. The
Compton profiles for Si are shown in Fig.l.
Various corrections are made; background
subtraction, analyzer and detector efficiency
corrections and non-relativistic Compton scatter
ing cross section correction. It is found that
each profile reflects the fine structure of the
Jones zone. Figure 2 shows one of the Compton
profile anisotropies Ji()n(P7)"Ji jo^Pz^ •
present result is in qualitative agreement with
a theoretical prediction based on the pseudo-
potential method^^. However, some quantitative
disagreement between the experiment and the
theory is found to exist.
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Fig.2. Compton profile anisotropy Jioo'^np
for Si. The solid line indicates the
theoretical anisotropy based on the
pseudopotential method^J.
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Introduction

The initial step of the visual process is
the absorption of light by the visual pigment.
The vertebrate rod visual pigment, a rhodopsin,
exhibits the complex sequence of spectral
intermediates on illumination. The metarhodopsin
I •*- metarhodopsin II step is considered to be
responsible for the initiation of the
transduction mechanism. In previous reports,
we have described the time course of aggregation
of detergent-solubilized bovine rhodopsin after
liglit illumination, which was investigated by
small-angle x-ray scattering at various
temperatures and bleaching ratios
There, the zero-angle x-ray scattering intensity
at time t, I„(t), was obtained by fitting
intensity data to a single Gaussian function.
In the present study, we have analysed intensity
data by using the sum of two Gaussian functions,
one of which corresponds to the scattering from
monomeric rhodopsin molecule and the other to
oligomer.

Analysis

The x-ray scattering intensity was
approximated at small angle by a following
equation,

lCh,t)=I^(0,t)exp(-R^h^/3)+IgC0,t)exp(-Rgh^/3)
Here, 1^(0,t) and I (0,t) stand for the zero-
angle scattering intensity at time t from
monomer and oligomer, respectively and h is
^TTsinS/X, the length of scattering vector, where
20 is scattering angle and X the wavelength.
The 35 A was assigned to R^, the radius of
gyration of monomer and 57-58 Xto R^, the
radius of gyration of oligomer. The fitting of
intensity data to I(h,t) was done by a Simplex
method over the range of O.OIA< h< 0.033 A~^.

Results

Figure 1 shows time courses of 1^(0,t), the
zero-angle x-ray scattering intensity from
monomeric rhodopsin molecule solubilized with
lauryl ester of sucrose (LM), after light
illumination. The decrease in scattering
intensity of monomer observed in the dark is
due to the radiation damage of rhodopsin by
x-ray. The ratio of the zero-angle intensity at
the final stage of aggregation to the initial
one is presented as a function of bleaching
ratio in Fig.2. The amount of monomer remained
agrees with unbleached rhodopsin if the
correction to radiation damage is considered.
This suggests that the aggregation occurs only
between bleached rhodopsins but not between
bleached and unbleached rhodopsins.

0 10 20 30 10 50 60

time ( mln )

Figure 1. Time course of the change in zero-
angle x-ray scattering intensities from monomer
of the LM-solubilized bovine rhodopsin after
light illumination at 35 "C. The relative powers
of a flash light are given in the figure. X-ray
intensities were accumulated over time frames of

30 s. 1^(0,t) stands for the zero-angle x-ray
scattering intensity at time t, which was
obtained as described in Analysis.

bleaching ratio ( % )

Figure 2. The dependence of 1^(0 ,>») / I^(0,0) ,
which corresponds to the relative amount of
monomeric rhodopsin at final stage of aggregation,
on the bleaching ratio. The bleaching ratio was
estimated by absorbance at 500 nm of samples
after light illuminatiorl.
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Introduction

The purple membrane (PM) from Halobaoterium
hahobium consists of a two-dimensional crystal of
a sole protein, bacteriorhodopsin (bR), and
lipid. Upon absorbing light, bR undergoes a
photochemical reaction cycle through several
intermediates (K,L,M,0). During the photocycle,
bR transports protons across the membrane.

Under continuous light irradiation, bR
exists as a mixture of the light-adapted form and
the photo-intermediates. In native PM under the
room temperature, the ratio of the intermediates
to light-adapted form is quite low, since the
lifetime of the intermediates is very short.
Then, we have tried to lengthen the lifetime of
the M intermediate by modifying PM as described
below and examined the effects of light upon the
structure of the modified PM by X-ray diffraction
procedure.

Materials and Methods

PM was isolated from Halohaoteviim halobiwn.
Glutaraldehyde and Triton X-100 treated PM
(G-T-PM) suspension was prepared following Lam et
al.^^ and concentrated to OD=27 at 559nm.
Sample irradiation was performed by a 500W
tungsten lamp and filtered through a 500nm high-
path yellow glass filter (Toshiba Y-50) and a
blue glass filter (Toshiba IRA-05) with a 1cm
path of 10% CuSOi, solution to absorb infrared
light. In all experiments, sample was kept at
5'C by water cooling device. X-ray diffraction
studies were performed at small-angle X-ray
diffractometer, BL15A. The wavelength of
incident beam was 1.A8A. The diffraction

patterns were recorded by using PSPC. Sample to
detector distance was 3Bcm.

Results

Diffraction patterns from G-T-PM suspension
were collected for 5min. under intense light
irradiation and unirradiation. To avoid damage
due to X-ray irradiation, the sample was changed
after the collection of a data set. 8 data sets

were obtained and added up, respectively. The
background scattering from the buffer solution
was subtracted. Each diffraction pattern was
folded back at reciprocal space origin and
smoothed. The result is shown in Fig.l. Under
light irradiation, the lattice constant enlarged
from 59.OA to 59.7A and the crystalline order of
bR became worse and rather large intensity
changes were observed for each Bragg reflection.

Spectroscopic experiments show that, under
the present experimental conditions, most of bR
are converted to M state. Since such changes

in diffraction were not observed in native PM,

these differences between the diffraction
patterns reflect the conformational changes of bR
in M state from light-adapted form but not any
heat effects.

As deoxycholate treated PM^), it seems that
some of lipid molecules are extracted and the
neighboring bR trimers are directly contacted in
G-T-PM. This may cause the conformational
changes during the photocycle to influence the
unit cell dimension and lattice order.

Further analyses are performed to obtain the
structural information of M intermediate in more

detail from the diffraction data set of G-T-PM.
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Fig.l X-ray diffraction patterns from G-T-PM.
The solid curve is for unirradiated sample and
the dashed curve is for irradiated sample.
Temperature, 5*C; pH, 7. The total counting
time was AOmin. for each curve.
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INTRODUCTION

The investigation on dynamical structure of
protein reactions is very important to understand
the relation between structure and function.

However, the protein reactions in solution is too
rapid and non-synchronous to detect the dynamical
structure. In order to overcome these difficult

ies, we developed the low temperature X-ray
scattering chamber and applied to the structural
study of M-intermediate appearing in bacterio-
rhodopsin (bR) photocycle.* BR is a sole protein
in purple membrane of Halobacteria. It trans
ports hydrogen ion during the photocycle and M-

intermediate is considered to be the most

important for the function.
By improving the chamber and sample condi

tions, we could obtain more informative diffrac
tion patterns from M-intermediate.

EXPERIMENTAL

X-ray diffraction experiments were performed
at BL-15A with use of the low temperature specimen
chamber. Dry ice-acetone system (-77®C) was
used as a coolant. Exposure time was 900sec for
each record of diffraction patterns.

Purple membranes were suspended in high salt
high pH solution (2M Arg-HCl or NaCl, pH 11).
In this condition, M-intermediate was generated
within 15min with intense yellow light (>530nm)
at -77°C. Trans-bR was regenerated with purple
light (420nm).

\ 'II \ trans-bR

M- intermediate

.075 .1

( - 2s InO/i ) (1/AI

Fig. 1 Diffraction patterns from M-intermedlate
and trans-bR at -77^C

Lowering the temperature, the diffraction
pattern from purple membrane is slightly changed.
The lattice constant of purple membrane decreases
about lA and the integrated intensities of Bragg
peaks also decrease to ca.70%. These results are
sufficiently reproducible.^ Zaccal reported the
low temperature neutron diffraction on purple
membrane,' however it is inconsistent with our
results. Now these results are under analysis.

Fig.l shows the diffraction patterns from
M-intermediate and trans-bR at -77'^C. No differ
ence is seen between two diffraction patterns; the
intensities of Bragg peaks are not changed up to

(41) reflection. The region from (31) to (41)
reflection was newly recorded by improvement of
the chamber. This region contains information
about ohelices packing in bR trlmer. These
results indicate tliat there are no significant
structure changes during the photocycle from
trans-bR to M-intermediate at -77°C.

However, because the spectroscopic observation
on M-intermediate gives information only about the
small region around the chromophore retinal, there
remains the possibility that global structure
change dose not occur at -77®C by reason of quench
ing of thermal vibrations in bR. To examine this
possibility, we are now developing new specimen
chamber (Fig.2). In this chamber, sample temp
erature is freely controlled with low temperature
nitrogen gas. So we will be able to study the
structure of M-intermediate in various temperature
at the range of -40°C - -77®C where M-intermediate
is sufficiently stable. . , .....

low Ttmperolurt Qcs

Off Nitrogen Oos

Wtndow for uoN ]rrodtatk>n

Outline of under developing new specimen
chamber for low temperature X-ray diffrac
tion experiment.
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INTRODUCTION

Bacteriorhodopsin (bR) in purple membrane
(PM) of Halobacteria translocates protons across
the membrane by the use of light energy. Tetra-
nitromethane (TNM) treatment was effectively
applied to investigation of the proton pumping
mechanism of bR ^because the reaction of TNM

with PM requires light illumination and TNM
reacts with tyrosinate to bring nitration. TNM
treatment of bR brings blue-shift of absorption
maximum, as is similar to iodination. Our pre
vious reports on iodination indicate that the
blue-shift is closely related to the disorder
induced in the PM structure. We also demon

strated that the disorder induced by nitration is
not so large as iodination'. There are two con
flicting reports on the structure of TNM treated
PM. Scherrer et al.' stated that the crystalline
structure is maintained after TNM treatment,
while Lemke et al.^ reported that the crystalline
structure is completely lost. Therefore we inves
tigated more precisely on the absorption spectral
change and diffraction pattern of TNM treated PM.

EXPERIMENTAL

Preparation of PM and TNM treatment was
performed according to the method reported pre
viously*. X-ray diffraction was performed at BL-
15A .

RESULTS AND DISCUSSION

We found that the reaction of TNM with PM

can be separated into two steps* (Fig. l). The
first step which is proceeded under red light
(>600nm) illumination is characterized by the
blue-shift of the spectrum and the decrease of
maximum absorbance. The second step which is
required further illumination by yellow light
(>500nm) is characterized by the decrease of the
absorbance. The second step did not show any
spectral shift. The product of red light

•
WAVELENGTH (nm)

Fig. 1. Absorption spectral change by TNM
under illumination. R indicates red light illu
mination. Y indicates yellow light illumination
after red light illumination for 360 min. The
number expresses the illumination time in minutes.

illumination shows the same X-ray diffraction
profiles as that of the native PM (R50'- R360',
Fig. 2). Further yellow light illumination in
duced the distortion in the crystalline structure
(Y90'). Finally the crystalline structure was
disappeared {Y24.0')- We can consider that the
observation by Scherrer et al.' is corresponding
to the first step, and that by Lemke et al. ' is
corresponding to the final stage of the second
step.

The present result indicates that the blue-
shift by TNM treatment is not concomitant with the
loss or the distortion of crystalline structure.
The cause of the blue-shift by TNM is far diffe
rent from that by iodination. From analogy with
the study on PM with analogue retinal, the blue-
shift without lattice distortion is attributed to

the modification of retinal. In fact, the analy
sis of chromophoric retinal extracted from the TNM
treated PM revealed that retinal is modified by
TNM under red light illumination®.

Present results demonstrate that the conclu

sion concerning to the nitration of PM should be
re-examined carefully.

Fig. 2.
treated PM.

1.

lOOOcounts
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X-ray diffraction pattern of the TNM
The samples were the same as in Fig.
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INTRODUCTION

cle contraction is regulated by
coplasmic Ca concentration. The
ral clianges associated with this
ion mechanism have been studied

X-ray diffraction technique,
y, intensity changes of some
inos in the X-ray diffraction

from skeletal muscles were

led as being due to confor-
1 changes of the thin
ts'-2). In the present study,
Ly changes on the equator were

EXPERIMENTAL

Sem i. tend Inosus muscles from bull

frogs {I?ana Catesbeiana) were stretched
so that there was no overlap between
thick and thin filaments (sarcomere
length > 4 . 0 ) , and stimulated either
by a 1-sec train of electrical pulses
(20Hz) or by a single stimulus at 6 °C •
The intensity distribution along the
equator was measured by a position
sensitive detector at BL15A with a time

resolution of up to 4msec.

RESULTS

The equatorial intensity changed
only slightly during stimulation.

However, the difference between
equatorial intensity distributions from
resting and contracting muscles showed
decrease in the region 0.05-0.OSnm*^
(Figure 1). The time course of the
intensity change in this region was
measured after a single stimulus (Figure
2). It reached a minimum at 30msec after
a stimulus and recovered at 150msec.

This time course is faster than that

found with myosin-related

reflections'"*' but is very similar to
that of tlie second layer-line from the
thin filament*"''.

Figure 1
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DISCUSSION

Since other components of muscle,
including thick filaments, also
contribute to the equatorial intensity,
it is difficult to measure contribution

from thin filaments alone. However, in
highly stretched muscles structural
changes of the thick filament do not
occur during activation®'. Also, the
time course of the intensity change
suggests that it is due to structural
change in the thin filament.

The radius of gyration of the thin
filament is equivalent to that of a
solid cylinder with a diameter of about
7nm®'. Since the fourier transform of

this cylinder (Jj(x)/x) has a first zero
at O.lTnm"* , decrease in intensity at
0.05-0.08nm-* indicates that the

diameter of the thin filament apparently
increased. Detailed analysis of the
result, using more realistic models of
the thin filament, is in progress.

REFERENCES

1) M.Kress, H.E.Huxley, A.R.Faruqi &
J.Hendrix, J.Mol.Biol. 188 325-342
( 1986 ) .
2) N.Yagi, I.Matsubara & Y.Amemiya,
Photon Factory Activity Report 1986
pp297.
3) N.Yagi, E.J.O'Brien & I.Matsubara,
Biophys.J. 31 121-138 (1981).
4) K.Wakabayashi, H.Tanaka, Y.Amemiya,
A.Fujishima, T.Kobayashi, T.Hamanaka,
H.Sugi & T.Mitsui, Biophys.J. £7 847-850
{ 1985 ) .
5) N.Yagi & I.Matsubara, Science 207
307-308 (1980).
6) P.Matsudaira, J.Bordas & M.H.J.Koch,
Proc. Natl. Acad. Sci. USA 1£ 3151-3155
( 1987) .

Figure 2

A.R.Faruqi &
188 325-342

Y.Amemiya,

T. Hamanaka,
f. 41 847-850

Science 207

69500 ^ I • I 1 1—^—I—^—'
-40 0 40 80 120 160 200 240 2B0 320 360

Tine tns6C)



proposal No85032,870A3

An X-ray diffraction study of chemically skinned cardiac muscle

Y. Saeki*, I. Matsubara, N. Yagi and Y. Amemiyat

Department of Pharmacology, Tohoku University School of Medicine,
Seiryo-machi, Sendai 980.

♦Department of Physiology, Tsurumi University School of Dental Medicine,
2-1-3 Tsurumi, Tsurumi-ku, Yokohama 230.

iKEK, National Laboratory for High Energy Physics,
Oho-machi, Tsukuba-gun, Ibaraki 305.

The contractile mechanism of cardiac
muscle is believed to be essentially the
same as that of skeletal muscle. Namely,
myosin heads attach to actin forming the
cross-bridges which, in turn, produce
the sliding force between the thick and
the thin filaments. However, the details
of such a cross-bridge mechanism differ
between the two types of muscle. For in
stance, in cardiac muscle during relaxa
tion, many myosin heads appear to be
attached to actin without producing ten
sion. On the other hand, in relaxed
skeletal muscle most myosin heads are
detached from actin. To clarify the
origin of such a difference we have been
studying the effect of intracellular
calcium concentration on the behaviour

of myosin heads. In this report, we
first describe the previous X-ray dif
fraction experiment which we carried out
with a rotating-anode X-ray generator,
and secondly the progress of a similar
experiment performed with synchrotron
radiation.

(Fig. 1)

y 24000

at room temperature (18-21 °C) at a sar-
comere length of 2,1-2.2 pm. The thresh
old concentration for tension production
was pCa 6.2, and the maximum tension was
reached at pCa 5.0 (see the curve in
Fig. 1). Each isometric contraction was
continued for 5-10 min during which the
X-ray diffraction pattern was recorded
using a low-angle camera combined with
a rotating-anode X-ray generator. From
the intensities of the 1,0 and the 1,1
equatorial reflections, the fraction of
myosin heads transferred to the vicinity
of the thin filaments was calculated.
During the maximum contraction at pCa
5.0 to 4.4, about 80 % of myosin heads
were found in the vicinity of the thin
filaments (see the circles in Fig. 1).
An unexpectedly large fraction of myosin
heads was transferred to the thin fila

ments at lower calcium concentrations;
at pCa 6.2 to 5.8, where the average
tension was less than 20 % of the maxi

mum, the average fraction of myosin
heads transferred was 40 %, almost half
of that during the maximum contraction.
On the other hand, in skeletal muscle
no large transfer was observed at low
calcium concentrations when tension was

small. These results suggest the possi
bility that, in cardiac muscle at low
intracellular calcium concentrations,
many myosin heads may be attached to
actin without producing tension.

In the experiments with synchrotron
radiation, the equatorial reflections
can be recorded within 30 sec. This

makes it possible to keep the muscle in
a good physiological condition during
each X-ray exposure. Fig. 2 shows a
typical set of relaxed (left) and active
(right) patterns from a muscle. The data
obtained so far do not contradict the

previous results.

A papillary muscle,
isolated from the right
ventricle of the rat,
was treated for Ihr with
saponin (250 pg/ml) to
make the sarcolemma per
meable to the solutes of

the bathing solution. The
muscle, thus skinned, was
soaked in solutions of

various calcium concen

trations to obtain vari

ous grades of contraction
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Introduction

X-ray diffraction analysis of muscle structure
is unique in molecular biology of muscle
contraction for it enables us to observe the
structure of muscle filaments in living cells,
and intensive x-ray studies have been carried
out to elucidate the mechanism of contraction.

On the equator of x-ray diffraction from
skeletal muscle we observe two major
reflections, (1,0) and (1,1). On contraction
the intensity ratio (I(1,0)/I(1,1)) of the two
shows a decrease. This has been interpreted as
a result of projections of myosin filaments
approaching actin filaments so as to generate
the sliding force between the filaments^ ^.

Recently^'^^ it has been found that a
chemical agent, 2,3-butanedione-2-monoxime
(b.d.m.) has a strong inhibitory effect on
contraction of living muscles and that this
effect is mainly a result from a direct action
of the agent on the contractile proteins per
se. In a preliminary experiments with a x-ray
generator in our laboratory, it was suggested
that, even when muscle contraction was strongly
suppressed by b.d.m., the decrease of
I(1,0)/I(1,1) of the muscle tvas well preserved.

The aim of the present study is to confirm
the above result and to extend the experiments
using the x-ray beam with high intensity at
Photon Factory in order to clarify the
molecular mechanism of the action of b.d.m.

Experimental and Discussion

Sartorius muscle of Rana nigromaculata was

isolated and the mounted on the tension
measurement apparatus and cooled doi>m to 5°C by
lowering the temperature of circulating Ringer
solution. Muscle contraction was elicited by
electrical stimulation through a pair of
platinum electrodes. X-ray diffraction was
recorded by using a position sensitive photon
counter. Application of b.d.m. was done by
leaving muscles in the Ringer solution
containing 3 mM of the agent for several hours.

The upper traces of the figure shows the
tension records of a muscle before and after

the application of b.d.m. The meiximum tension
level was suppressed to half by the agent. The
lower graph shows the time course of the change

in I(1,0)/I(1,1). The effect of b.d.m. on the
ratio was disproportionately small compared
with that on the maximum tension. B.d.m. seems

to inhibit the interaction between myosin and
actin after the process of binding of these
proteins.
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When a skeletal muscle is slowly stretched
during contraction, the force is increased.
After the end of stretch, the force falls back

but remains above the isometric level",
although the number of interacting crossbridges
is supposed to have decreased. Attempts to
explain this phenomenon have been made by
observing the changes in equatorial reflection
intensities during and after slow stretches^'.
As the effect is dependent on muscle length^',
we measured the dependence on the muscle length
of the equatorial X-ray intensity changes
during slow stretches and releases.

The sartorius muscles of Rana catesbeiana

were used. The experimental conditions were
similar to those described previously*'. The
starting length of the muscle was either 110%
(long length) or 80% (short length) of the
slac)^ length. The duration of the stretch or
release was 250ms, and its amplitude was 4%
slack length.

The responses of the force, intensities of
1,1 and 1,0 reflections to slow stretch at long
length are shown in Fig. la. The intensity of
1,1 showed a concomitant decrease followed by a
partial recovery. This response of 1,1
reflection was similar to that at the slack

length*!, though the modest increase of 1.0
reflection observed at the slack length was
less conspicuous. The slow release had opposite
effects on these reflections as have been

observed at the slack length (Fig. lb).
The response of 1,1 reflection to the slow

stretch at the short length was similar to that

1.1

c [f 1,0
W-N-v.-v-"'

1,0

01 2345012345

time (s)

Fig. 1. Effect of slow length changes to
contractile force and equatorial reflection
intensities at the long length, a: effect of
stretch; b: effect of release. Upper panel:
force, lower panel: reflection intensities. All
in arbitrary units. Vertical lines mark the
duration of length change.

at longer lengths but its recovery after the
stretch was more complete (Fig. 2a). The change
of 1,0 reflection during stretch was more
conspicuous. The response of 1,1 reflection to
the slow release at the short length showed a
marked contrast to that at longer lengths; It
did not increase during the release but showed
a decrease during and after the release. The
1,0 reflection increased in intensity during
and after the release (Fig. 2b).

Thus, the responses to slow length changes of
the equatorial reflections at the long length
was similar to those at the slack length but
those at the short length showed definite
differences. The difference in the amount of

filament overlap and an inactivation effect at
short lengths^' may constitute a part of
possible explanations of these differences.
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Fig. 2. Effect of slow length changes to
contractile force and equatorial reflection
intensities at the short length, a: effect of
stretch; b: effect of release. Upper panel:
force, lower panel: reflection intensities. All
in arbitrary units. Vertical lines mark the
duration of length change.
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The strong synchrotron radiation of X-ray has
enabled us to make measurements of the

intensity using skeletal muscle with a time
resolution of millisecond order. H.E. Huxley
and his colleagues were the first to make time-
resolved measurements of the intensity changes
during the mechanical transients after a quick
stretch or release, using synchrotron
radiation^' . Most of the dynamic X-ray
diffraction studies of muscles, including their
works, have been done using whole sartorius
muscles of the frog, because their thickness
and width are suitable to give strong
reflections at the wavelength used (I.SA). At
the same time, however, that material has
disadvantages for dynamic measurements, e.g.,
inhomogeneity in the behavior of fibers and a
large end-compliance. For this reason, it is
difficult to make a close comparison between
the X-ray diffraction data and the results of
the mechanical measurements, which have been
done using single muscle fibers. On the other
hand, the diffraction from a single fiber is
too weak to make dynamic measurements of
reflections, especially weak meridional
reflections. Moreover, it should be prepared
and handled with particular carefulness. Those
difficulties have requested us to seek a new
material which is suitable for both X-ray and
mechanical measurements. A small fiber bundle

was tested as a candidate which meets that
requirement.

A small bundle consisting of 10-30 muscle
fibers excised from the semitendinosus muscle

of the frog, Rana japonica, with pieces of

Fig. 1. Record of a 0.5 s tetanic contraction
of the fiber bundle from the semitendinosus

muscle. A 1% quick release was applied during
contraction. Four traces show length in fast
time base, length in slow time base, force in
fast time base and force in slow time base,-
from top to bottom respectively. Note that the
four phases of force transients are clearly

tendon at its ends. Its length was about 10 mm.
The bundle was then transferred to the
experimental chamber made of acrylate resin.
One end of the bundle was connected to the
force transducer and the other to the extension
of the servo-controlled moving-coil length
driver, which was capable of a 0.5% length step
complete within 1 ms.

The bundle was able to maintain active force
for 100 repeats of 0.5 s tetani when it was
stimulated every 1 min. The relaxation was not
slowed by repeated contractions. Fig. 1 shows
an example of the record of 0.5 s tetanic
contraction, during which a 1% quick release
was applied. the four phases of force
transients^) are clearly observed in the
figure. This shows that the fiber bundle can be
used in place of a single fiber for mechanical
measurements. Time-resolved measurements of the
meridional reflection intensities were made
with 5 ms time resolution. Fig. 2 shows the
time course of intensities of 14.3 and 21.5 nm
meridional reflections from myosin, during a
0.5 s tetanus with a 1% quick stretch.
Intensities from 80 contractions were summed.
In spite of the small size of the material, the
drop in 14.3 nm reflection was clearly resolved
after the stretch. This result also proves
usefulness of the material in dynamic X-ray
diffraction studies.

The present study showed that a fiber bundle
meets the requirement mentioned above. It will
provide further information about the mechanism
of muscle contraction.

1) Huxley, H.E., Simmons, R.M.,, Faruqi, A.R.,
Kress, M., Bordas, J. and Koch, M.H.J. (1981)
Proc. Natl. Acad. Sci. USA 78, 2297-2301.
2) Huxley, A.F. and Simmons, R.M. (1971) Nature
233, 533-538.

lime (ms)

Fig. 2. Intensity changes of meridional
reflection during a 0.5 s tetanic contraction.
A 1% quick stretch was applied. Sum of
intensities from 80 contractions.
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Introduction

We reported that intensity distributions of the
actin-based layer lines in the two-dimensional
diffraction patterns from Isometrically contract
ing muscles (recorded with the imaging plate [1])
were measured and the calculated Patterson

function showed no distinct contribution from the

myosin heads which might be binding to the actin
[2], Thus, the intensity changes of them were
assumed to be due to the structural changes within
the thin filament which would be taken place by
interaction with the myosin heads combined with
Ca2+-act ivation. On this basis, the modelling
studies have been done to interpret the observed
intensity changes of the actin-based layer lines.
We show that the intensity changes can be ex
plained mainly by changes in the structure of
actin subunit and in position of the tropomyosin.

Results

In model calculations, we assumed that intensi

ties of the outer layer lines above 7 nm axial
spacing are mainly determined by the form factor
of the F-actin. We constructed the model of an

actin subunit based on the crystallographic a-
nalysis of the actin molecule (3]. According to
it, the actin monomer consists of two domains with
unequal size. These domains were approximated by
gaussian spheres. This actin molecule was ar
ranged to generate the F-actin. We calculated the
layer-line intensities by changing parameters such
as the positions of two domains, their size and
relative weights to fit the observed intensities
by the least-square fitting. We found two possi
ble solutions for the actin structure in the rest

ing state. A common feature of the solutions was
that tlie large domain of the subunit is at high
radius and a small domain at small radius and with

the long axis tilted along the 5.9 nm-pitch he
lical truck. The axial separation' between two
domains was about 1.1 nm. The difference between

two solutions was in the distance between the

domains; one has a close contact between them and

the otiier has tliem separated. The longest di
mensions were 6.3 nm and 7.0 nm, respectively and
the shortest was about 3 nm. Starting from each
solution obtained in the resting state, we ex
amined whether the intensity increase in the out
er layer lines during contraction could be gener
ated by changing the actin structure. This could
be done, and there were two possible solutions.
They were obtained mainly by decreasing the
volume (ca. 20%) of each domain and by changing
the distance and angle between two domains. Again
we had two models in the active state: one has the

contact-domain structure and the other the sepa
rate-domain structure. They are schematically
presented in Fig. 1 in which the change in various
parameters is sliown. Next, we incorporated the
tropomyosin molecules (TM) into the F-actin. The
positioning of TM was determined so as to further
fit the observed low-angle layer lines at high
radius. We found that there were respectively two
different positions of TM in each model in the

resting and in the active states. In one model of
the resting state, TM molecules were in contact
with the boundary between two domains of an actin
subunit and in the other model, they were in
contact with the large domain. In both cases, TM
molecules were located at a radius of about 3.5 nm

and at the angular positions of + 45® from the
line joining the center of the large domain of the
actin subunit and the filament axis. In the active

state, TM molecules shift centrally: they move away
by about 1 nm or 2 nm radially and by about 25®
azimuthally. Figure 2 shows the positions of TM
in the resting and active states.

At present stage, the crystallographic R-factor
was about 0.25 in our models.
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Introduc tion

The reflections on the equator and on the
second actin-based layer line at the high radial
position of about 0.21 nm~^ increase in intensity
during isometric contraction of frog skeletal
muscles [l,2j. The change of these reflections
was investigated with the muscle of the non-
overlap length of the thin and thick filaments
during contraction. Results are reported in com
parison with the muscle of the full-overlap.

Results

Semitendinosus muscles of the bullfrog were
mounted with the fibre axis parallel to and in
between the parallel electrodes. They were iso-
metrically stimulated with a train of 3 ms pulses
at 40 Hz to produce a maximum tension of 2.1 s
duration at 4®C. This was repeated 10 times at
intervals of 1 min for each muscle. The muscle

was stretclied to the sarcomere length of ^ 4 pm.
Experiments were also done with the muscle of the
full-overlap length (~2.4 pm) before and after
stretching as controls. Intensity was measured
by setting the PSPC with its long axis parallel
to the meridian at the radial position of 0.21
nm~^. The PSPC covered the radial range of 0.20
- 0.22 nm~l, where the peaks of the equatorial
and the second layer-line reflections sit.
Tension and intensity were measured with a time-
resolution of 50 ms and the data from four

muscles were added. We confirmed that the muscle

before and after stretching showed nearly the
same changes of tension and intensity by stimu
lation. Figure 1 shows the results. Intensities
of the equatorial and the second layer-line re
flections from tlie full-overlap muscle increased
by about 40% relative to the resting values. At
the non-overlap length, the equatorial intensity
remained unchanged, and the second layer-line re
flection increased but the maximum value (about

15% increase) was less than that in the full-
overlap muscle. Provided that the present result
is correct (cf. (1]), it is suggested that the
other structure components as well as the regu
latory proteins are responsible for the intensity
increase of the second layer-line reflection from
the full-overlap muscle during contraction.
Wakabayashi et al. [3J noted that the structural
change of the actin subunit induced by inter
action with the myosin heads might contribute to
the intensity change of this reflection. The
intensity increase of the equatorial reflection
during contraction may be due in large part to
the binding of the myosin heads to actin [1).
It is worthwhile to mention that the intensity on
the first layer line in this region increased in
the overlap muscle but decreased slightly in the
non-overlap muscle during contraction (see Fig. 1)
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Introduction

Intensity change of the 7.2 nm myosin meridio
nal reflection (the 6th order of the basic repeat,
42.9 nm of the thick filament) from isometrically
tetanized frog skeletal muscle was studied during
sinusoidal length changes by time-resolved X-ray
diffraction technique. It has been reported that
the intensity of this reflection does not change
upon quick length change [1]. We show here that
it behaves as do the 14.3 nm reflection during
sinusoidal length changes as well as in the
course of tension development.

Results

Sartorius muscles of the bullfrog with the
sarcomere length of ~2.4 pm were isometrically
stimulated with a train of 3 ms pulses at 30 Hz
to produce a maximum tetanic tension of 1.0 s
duration at 4''C. When the tension reached a

steady level, sinusoidal length changes of ampli
tude ~1% at frequency 5 Hz were applied to the
muscle. This was repeated 10 times at intervals
of 20 s for each muscle. Intensity measurements
were done on the meridian by setting the PSPC
with its long axis parallel to the meridian. In
order to simultaneously measure the weak 7.2 nm
reflection and Che strong 14.3 nm reflection, a
filter (-100 ym thick AZ) was put in the strong
region as shown in Fig. 1 to avoid excessive
counting rate of the PSPC and to raise S/N ratio
of the weak reflection. Tension and intensity

were measured with a time-resolution of 10 ms and

the data from several muscles were added.

Figure 2 shows a typical example of the results.
The intensity of the 7.2 nm reflection (ly 2nm^
increased with development of tension, being
about a 1.4-fold increase at the plateau phase of
the tension relative to the resting value. The
intensity of the 14.3 nm reflection (Ij^^ 3nm^
creased by about a 1.7-fold of the resting value
at the plateau pliase. During sinusoidal length
changes, ly 2nm oscillates with large decrease in
the stretching phase. Its intensity minima were
observed around the tension peaks where deeper
troughs of Ij^^ appeared. As was reported
previously [2], Ij^^ ^nm oxhibited two peaks and
troughs within each cycle of the applied length
changes. Although the existence of the doublet
peaks within one cycle of the length changes was
not clear, ly 2nni behaved as a whole similarly to
Ij4.3nm during sinusoidal length changes as well
as in the course of tension development. This
suggests that the myosin heads which are interact
ing with the actin contribute to the intensity of
the 7.2 nm reflection, though the main component
of this reflection has been considered to be due

to the thick filament backbone [2].

References

1) H. E. Huxley et al.: J. Mol. Biol. 169 (1983)
469.

2) K. Wakabayashi et al.: Biophys. J. 47 (1986)

471. Also see H. Tanaka et al.: Photon Factory
Activity Report 3 (1985) VI-176.

1 5 r7TTT55Tm05 !

1/14.3
—Al

so 150 250
CHANNEL

Fig. 1 The region covered with an Al attenuator.

^•°l ' r I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' 1
5H.

_ 1% Amp * X X * * X
§ 4°c

u 0.5
>

w 1.0
>
M

H

<
hJ

U

rt 0.5

"14.3 nm

-0.6 -0.4 -0.2

Fig. 2 Intensity change of the 7.2 nm reflection
in comparison with the 14.3 nm reflection. Upper,
tension and lower, intensity. S, stimulation.



proposal No 86-036

DIFFRACTION STUDIES OF MUSCLE CONTRACTION BY SINUSOIDAL LENGTH CHANGE

— THEORETICAL MODEL AND EXPLANATION OF EXPERIMENTAL RESULTS —

Toshio MITSUI and Hiroyuki OHSHIMA

Department of Biophysical Engineering, Faculty of Engineering Science,
Osaka University, Toyonaka, Osaka 560

"'"Faculty of Pharmaceutical Science, Science University of Tokyo,
Shinjuku-ku, Tokyo 162

Tijc aim of our synchrotron radiation studies
of muscle is to understand molecular mechanism of

the filament sliding in contracting muscle. The
problem is, however, very complicated having many
parameters to be determined. Thus any theoreti
cal model for muscle contraction should be con

structed based upon various informations supplied
by biological, biochemical and physiological
studies in addition to X-ray structural study,
and should explain experimental results in these
fields.

Recently evidence seems to be accumulating that
muscle contraction may not be associated with the
power stroke of the crossbridges, and a new model
called a self-induced translation model was pro
posed for myosin motion in contracting muscle.
Outline of the model is given in the abstract of
recent international congress [1], and here we
give tliree examples of our calculations with the

model, which are in good agreement with experi
mental observations. Figure 1 shows calculated
time course of the intensity of the 1^.3 nm
meridional reflection in comparison with the ex
perimental results obtained by Wakabayashi et al.
at the Photon Factory [2]. Figure 2 shows calcu
lated V/Vj^gjj as a function of P/Pq, where V is
the shortening velocity and P is the tension
produced by muscle, P^ being the isometric
tension. Figure 3 gives rate of energy liberated
in shortening muscle as a function of P/Pq.
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Introduction

Small angle x-ray diffraction of the ante
rior byssus retractor muscle of Mytilus edulis
(ABRM) in the tonically contracted state was
carried out to take good diffraction patterns
for structure analysis of the thin filaments.
It was attempted to take x-ray patterns in a very
short time while tonic tension was maintained
high.

Experimental and Results

Tonic contraction was produced by stimula
tion with acetylcholine at 20' C^'. The muscles
were soaked in solutions containing 10" M ace
tylcholine in the artificial sea water for 2 min
at intervals of 10 min (Fig. 1). The tonic ten
sion reached maximum after three stimuli. Be

cause the redevelopment of tension after quick
release was only 20 %, the muscles were almost
inert, and the high tension level was mostly due
to catch tension^}. The redevelopment of ten
sion was about 30 % in a previous experiment in
which tonic tension was maintained for long time
by iterative spontaneous contraction^). There
fore, the muscles were less active and reached a
higher level of the catch state in this work
than in the previous work.

After the third stimulation with acetylcho
line, the muscles were exposed to x-rays for 30
sec, and the diffraction patterns were recorded
on imaging plates. It was successful to take
diffraction patterns from the highly-oriented
thin filaments. Figure 2 shows a diffraction
pattern from a ABRM developing tonic tension of
8.3 Kg/cm2. The 19^ A (1=^) layer line which
was not detectable in the relaxed state became

apparent. It became stronger than the 51 A (1=
15) and 71 A (1=11) layer lines (Fig. 2b) in re
semblance to the diffraction pattern from the
contracting frog skeletal muscle ). Because of

Fig. 2

overlap between the 388 A (1=2) layer line from
the thin filaments and the 362 A layer line from
paramyosin, the 388 A layer line looks as if it is
much stronger than the 19A A layer line-^-' (Fig.
2c), but actually, the former is only a little
stronger than the latter. The same relative inten
sity changes among those layer lines were also ob
served in the ABRM developing tonic tension of 4
Kg/cm^.
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Introduction

It has been known that the coat protein of
tobacco mosaic virus(TMVP) self-associates to

form several kinds of aggregates depending upon
pH, temperature, ionic strength and the protein
concentration. We have continued the time-

resolved SAXS measurements of TMVP self-associa-

tion from A-protein (around trimer of subunits)
to a double-layer disk (34 subunits) to multi
layer disks induced by a jump of ionic strength.
The shape analysis of TMVP aggregates was per
formed by comparing the scattering curves with
model calculations.

Experimental

X-ray experiments have been carried out
with the Muscle Diffractometer BL-15A. A jump

of ionic strength from 5mM to 50mM or lOOmM were
performed with a stopped-flow apparatus designed
for the X-ray experiments. The details of the
experiments have already described^ .

Results

Experimental data obtained were analyzed by
means of two kinds of plot: plotting logarithm
of scattered intensities 1(h), being a function
of the momentum transfer h(=47rsin 0/X), of each
frame against squares of h ("Guinier plot"), and
plotting log(I(h)*h^) against h^. Under less
favorable conditions for the protein aggregaton

a log 1(h) vs h^ plot can be better fitted by
the two exponential term approximation method:

1(h) = a(l)exp(-R (l)2h^/31 +
a(2)expr-Rg(2)^h2/3j.

An example is the ionic strength jump from 5mM
to 50mM at 15°C. Re-examination of our SAXS
data is under way to determine which analysis to
be applied for each condition.

Shape Analysis

The analysis of SAXS measurements shows the
ionic strength jump induces TMVP to aggregate to
the double-layer disk and further stacking of
the disk. A single layer of disk is composed
of 17 monomers. Assuming these disks to be a
hollow cylinder, we calculated the scattering
intensity of hollow cylinders according to
Furuno, et al.^^ as a function of a height,
i.e., a number of layer. The parameters used
are as follows: the outer radius: 9.0nm, the
inner radius; 2.0nm, the half height of one

layer: l.lSnm. Logarithms of scattering inten
sity of model calculations are plotted against h
in Fig. 2 with variation of a number of layer
from 2 to 12. As a comprison the scattered
intensity curve of TMVP in lOOmM PB at 25°C was

Pig, 1, Model calculation of scattered intensity
curve for hollow cylinders plotted against the
momentum transfer.

shown in Fig. 2, where a triple- or quadruple-
layered double disk was suggested from the
Guinier plot. It is desirable to extend the
scattering measurements to a considerably wide
angular range in order to determine definitely
the shape of the aggregates.

Fig. 2, Plot of logarithm of the scattered in
tensity of TMV protein in lOOmM PB at 25°C
against the momentum transfer.
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Introduction

The time resolved change of the
X-ray small angle scattering from the
mixture of ovomacroglobulin and
chymotrypsin was successfully recorded
for the first time. Ovomacroglbulin is
a homologous protein of serum
alpha--macroglobulin. Both proteins
"trap various kinds of proteinases.
The trapping of proteinases by
macroglobulins is accompanied by
decreases in their hydrodynamic volumes
and electron microscopic images. We
tried to analyze the change with
time-resolved X-ray scattering.

Results
Equal volume solutions of ovo

macroglobulin and chymotrypsin were
mixed in a stopped flow apparatus and,
within a few milliseconds, the mixture
was led to a thin quartz cell for the
measurement of X-ray scattering. The
scattering curve was recorded every
200ms and the radius of gyration was
calculated for each curve. The result
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is given in Fig.2. The radius of
gyration decreased from 76A to 69A with
an approximate half time of 4s under
the given condition {iCc, conc. of
ovomacroglobuin and chymotrypsin,
lOmg/ml and Img/ml). The static data
before and after the reaction was
completed are given in Fig.1. Ther is
a clear decrease in the scattering
intensity in the mid-angle region after
the reaction. This change is
considered to be due to the filling of
the inner cavity of ovomacroglobulin by
chymotrypsin. We are trying to
correlate the kinetics of
conformational change obsereved here
with similar data from fluorescence
kinetics experiments.
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1. Introduction

Hemocyanin is an oxygen binding
protein of high molecular weight. It
dissociates into subunits of lower

molecular weight. In the present study,
kinetics of this dissociative process
was monitored by stopped-flow X-ray
scttering method. In the experiments,
two types oC hemocyanin were used, from
Limulus polyhemus and from Panulirus
japonicus . Their molecular weights are
3.6 X 10 and 4 x 10 respectively.

2. Results and Discussion

Hemocyanin from Limulus polyhemus
was degradated on mixing with EDTA. It
dissociated into monomers via at least

two dissociative processes. In tlie
experiments., two types of experiments
were planned; dissociation from the
native protein (=48-mer) to monomers and
the native [)rotein to 24-mer. The former
experiment shows two decay processes were
observed. From the latter experiments,
we can confirm that a subpeak , observed
in native protein, disappeared at 24-mer
state witliin 10 s. Another hemocyanin
from Panulirus japonicus (=6-mer) was
also dissociated on mixing with EDTA at
pli 9.5. Also in this case, the
dissociation process was biphasic.
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Fig. 1 Time course of the dissociation
of Limulus polyhemus 48-mer to 24-mer in
Tris-HCl, 1=0.01, 10 mM EDTA, pH 7.0.
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Fig. 2 Time course of the dissociation
of Panulirus japonicus 6-mer to monomer
in 50 mM ehtanolamine, 25 mM EDTA, pH 9.5,



proposal No 86-037

SLOW CHANGE OF Vq' STRUCTURE AFTER TEMPERATURE JUMP
ACROSS MAIN TRANSITION IN DIMYRISTOYLPHOSPHATIDYLCHOLINE

Morio AKIYAMA, Shinji MATSUOKA"*", Satoru KATO"*", Ichiro HATTA"*",
Yoshiyuki AMEMIYA"*^ and Yoshio TERAYAMA

Department of Physics, Sapporo Medical College
Chuo-ku, Sapporo 060

Department of Applied Physics, Faculty of Engineering,
^ Nagoya University, Chigusa-ku, Nagoya A6A

Photon Factory, National Laboratory for High Energy Physics
Tsukuba-gun, Ibaragi 305

Introduction

In multilamellar phospholipids, it requires
4-30 minutes to reach the equilibrium after the
temperature change across the pretransition which
causes the formation or disappearance of undula
tion (ripple) in the lamella and a change in the
repeat period of the lamellae stack^). On the
other hand, the main transition has been thought
to be completed in less than 1 sec ^. The exist-
ense of slow process in the main transition has
not been noticed.

In this paper, the slow change of the lattice
parameters of Pg' phase is described. The lat
tice parameters were calculated from the reflec
tion of small angle X-ray diffraction after
temperature jump across the main transition (La-^

Ps')-

Experimental

Dlmyristoylphosphatidylcholine 60% water
content was prepared by the usual method. Sam
ples were sealed in aluminium cell with two
windows of polyester film. The thickness of the
cell was 1 mm. Temperature-controlled fluid was
made to flow around the cell. The temperature
jump was achieved by switching the flow from two
individually temperature-controlled fluid baths.
A small angle X-ray diffraction was performed at
BL-15A. The wavelength of the X-ray was 1.55 A.

so si'«:iw5 ( A )
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Flg.l Small angle X-ray diffraction
profiles after the temperature jump
from 24''C to 19.8''C.

Results and Discussion

X-ray diffraction profiles at various times
after the temperature jump from 24*0 (La) to
19.8''C (Pg') ate shown in Fig. 1. Five reflections
(0 1), (1 0), (1 1), (2 0), (2 1) can be seen.
The peak position of each reflections shift as
time passes. The reflections (1 0), (2 0) and
(2 1) shift from the small angle side to the large
angle side, and the reflections (0 1) and (1 1)
shift to the opposite direction.

Two dimensional lattice parameters a, b and y
at various time were calculated from the spacing
of the five reflections. These are shown in Fig.2
as a function of time. Remarkable change occurs
in a and y The parameter b, which corresponds
to the repeat period of the ripples, does not
change so much.

The repeat period of lamellae stack increases^
immediately after the temperature jump from §6.2 A
(La) to 71.1 A and decreases slowly to 67.0 A (P6')
This slow decrease corresponds to the decrease of
the parameter a. The decrease of y may be due to
the avoidance of interlamella repulsive interac
tion.
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Fig.2 Lattice parameters of P6* phase
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Introduction

It is well known that metastable G.P. zones
dissolve partially or completely into matrix when
the sample is held at higher temperatures than
the pre-aged temperature. In the present paper,
the structure chnage during reversion process for
Al-Zn alloys has been investigated by means of
in-situ SR-SAS measurements. An analytical model
describing the collapse of zone during reversion
has been proposed.

Experimental Procedure

The alloys used here were Al-6.8at%Zn and
15at%Zn. After the solution treatment at 573 K

for 3.6 ks, the specimen was quenched into brine
and then pre-aged at 313 K for 60 ks to form
metastable G.P. zones. The reversion treatment

was done at temperatures, where the temperature
range is conventionally divided into two parts by
the zone solvus. The measurements were performed
using time-resolved SAS apparatus installed at
BL-15A in Photon Factory, National Laboratory for
High Energy Physics, KEK.

Results and Discussion

The time dependence of the radius of
gyration R for Al-6.8at%Zn alloy is shown in
Fig. 1. Whfle the integrated intensity decreases
monotonously during the process, it was found
that the radius remains constant at first, and
beyond a certain critical time, it increases
rapidly as indicated by the arrow in the figure.
The reversion process was divided into two
stages. The cliange of structure parameters for
Al-6.8at%Zn alloy reverted at 443 K is shown in
Fig. 2. Whithin the time of 5 sec, it is found

that the volume fraction did not change, while
the quantity Ap/Ap^ decreased suggesting the
decrease of solute concentration inside the zone.

This behaviour can be explained in terms of local
equilibrium at the interface as shown in Fig. 3.
Fig. 3(a) shows schematically the composition
dependence of free energy in this alloy system.
At the pre-aging temeprature T., the alloy
decomposed into two phases. When the sample is
heated up abruptly to a temeprature T^, which is
lower than the critical temperature T , the alloy
composition c comes to lie within the one-phase
region. Therefore the zone becomes unstable and

tends to dissolve to the matrix. During this
process, it is reasonable to assume the local
equilibrium, by which both ccomposition| of the
zooe and the matrix at the interface, c (T^) and
c (T.,) are fixed from the free^ energy—c (T.) are fixed
composition curve at T^. In the successive
period, that is, the later stage, both quantities
R and L increased rapidly. The former change can
bi explained in terras of the diffuse tail of

concentration profile outside the zone/matrix
interface. When the location of the interface

reduces, R increases apparently and then the
zone with smaller size dissolves faster resulting
in increase of average interparticle distance.
When the pre-aged specimen is hold at the
temperature below the zone solvus, the structure
change is found to be terminated into three
stages. In the first two stages, the zones
formed at the pre-aged temperature are partially
dissolved. The behaviour is similar to that for

the reversion above the zone solvus. At the

later stage, that is, at the third stage, the
coarsening of the zones occurs.
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Fig. 1 In-situ SAS diagram for AI-15Zn alloy
during reversion at 523 K.
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Fig. 2 Change of structure parameters as a func
tion of reversion time.
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Fig. 3 (a) Free energy
-composition diagram,
(b) Change of composi
tion profile around
a G.P. zone due to

reversion.
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Introduction

Dynamical structures of GP zones in Al-Cu
alloys were previously investigated by the small-
angle scattering technique of synchrotron radi
ation. In Al-Cu alloys, platelet GP zones were
found to be formed in the initial stage of decom
position, while in Al-Li alloys spherical precipi
tates are formed with a Ll2-type ordered structure.
In this work, structures and decomposition phenome
na in Al-Li alloys were dynamically examined to
clarify the differences in the formation kinetics
between Al-Cu and Al-Li alloys.

Experimental

Polycrystalline specimens of Al-2.15 and -
2.70wt%Li alloys were prepared. Diffuse scattering
intensities at small angles were measured dynami
cally by the time-resolved technique using the
small-angle scattering instrument at the BL-15A
station. Specimens were solution treated at 793K

and quenched into ice water, and subsequently an
nealed at various temperatures.

Results and Discussion

Small-angle scattering intensities for the
specimens isothermally aged at 323K were continu
ously measured. Scattering intensities increased
rapidly with the increase in aging time immediate
ly after quenching. The diffuse scattering at small
angles is due to the formation of Li aggregates
which have the ordered domains morphology. Gulnier
radius of domains was determined from the scatter

ing intensities and are shown in Flg.l. Guinier
radii for both alloys show very rapid initial rises
within Iks and subsequently show extremely small
changes. These demonstrate the fast and slow re
action processes in Al-Li alloys, which were al
ready found out in Al-Cu alloys. The behavior of
Gulnier radius increase is almost similar for both

Al-Li alloys. The time dependence of the calculated
integrated intensities for both alloys were also
similar to that of Guinier radii, although the

21 I 1 ' I 1 1 I 1'- I
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Fig.l Changes in Guinier radius during aging at

323K.

values of the integrated intensities were higher
for an A1-2.70%L1 alloy than for an Al-2.15%Li
alloy. Scattering intensities during heating at a
constant rate of 0.03K/s are shown in Fig.2 for an
Al-2.70%Li alloy. Changes in the intensities are
very small up to about 400K, while intensities at
smaller angles increase remarkably above 400K.
Guinier radius of precipitates is shown in Fig.3.
Characteristic change in Guinier radius is seen
against temperatures. Guinier radius increases
gradually with the increase in temperatures up to
'•'ISOK and then shows almost no changes, subsequent
ly increases again above 410K. The increase in
Gulnier radius at lower temperatures is due to the
formation of ordered domains which were demon

strated in Fig.l, while the increase at higher
temperatures is due to the formation and growth of
5' particles. Furthermore, various structure param
eters were determined and the decomposition kinet

ics accompanying ordering process were discussed.
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Fig.2 Small-angle scattering intensities for an
A1-2.70%L1 alloy during heating.
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Fig.3 Changes in Guinier radius during heating.
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Introduction

Structural changes under stretch
ing of some polymers are very interest
ing phenomena. We have executed the
'in-situ' SAXS observation of poly
ethylene films using a stretching
machine. The SAXS patterns of stretched
polyethylene were observed statisti
cally by Kasai et. al. ' before. In
our experiments, the observation of
SAXS and stretching of specimens were
executed simultaneously. The observed
SAXS patterns were changed according to
the stretching, and we observed them by
PSPC {Position Sensitive Proportional
Counter).

Experiments

When we start to stretch some

polyethylene films, a symmetric SAXS
pattern in the early stage begins to be
asymmetric. Then it will be a pattern
with four points of diffractions. ' We
did measurements by PSPC which were
parallel and perpendicular to the
stretching direction. The specimens
which we used were linear low density
polyethylene films(Sumikasene-L FAIOI).

The stretching speed of this experi
ments was about 200mm/min. The
specimen was made 10% longer in a
second at this speed.

Fig.1

Fig.2

This was the fastest speed of this
stretching machine. ' The specimen
size was 26(L )x15(W)xO.5(T)mm^. The
observed SAXS pattern parallel to the
stretching direction is shown in Fig.1.
In this figure, the time resolution of
PSPC accumulation was 1 sec. We can

find the decrease of intensity of the
first symmetric pattern. The peak posi
tion moves to higher angle by stretch
ing. A pattern perpendicular to the
stretching direction is shown in Fig.2.
In this figure, new reflection was not
appeared, but only diffuse scattering
was observed. The tension curve versus

the stretching time is shown in Fig.3.

Discussion

The first decreasing of the scat
tered intensity was due to the thinning
of the specimen. The long period which
was perpendicular to the stretching
direction got bigger once, then got
smaller (Fig.4). The crystalline
reorientation was induced by the
stretching. Crystalline models for
this structural change will be
described in elsewhere.
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Introduction

The critical phenomena under
stretching or crazing of some polymers
are very interesting. For these
analysis Small Angle X-ray Scattering
Method is very powerful technique.
But since the scattered x-ray intensity
is very weak, we could not observe it
in the real-time process before. By
using the synchrotron radiation, we can
execute the real time *in-situ' obser
vation under stretching. For this pur
pose we developed a stretching machine
for some polymers, such as polyethylene
or polypropylene.

Machine Feature

We show a block diagram and a
photograph of this machine in Fig.1 and
Fig.2.

(1)Method for Stretching
The specimen is stretched by a

stepping motor. Both sides of specimen
are drawn by one stepping motor simul
taneously with the same velocity in the
opposite direction. By this method the
position which x-ray beam irradiates is
not moved during the stretching.

(2)Velocity for Stretching
We can change the stretching

velocity by choosing the oscillation
frequency of stepping motor driver.
The maximum speed is about 200mm/min.
Eight steps of velocity are available.
The stretching velocity is decided by
following equation,

V = F X 2"^

where V is the stretching velocity, F
is the frequency of oscillator and n is
the velocity step.

(3)Temperature of Specimen
The highest temperature of specimen

is about 200 C.

(4)Maximum Tension
The maximum tension of a specimen

is 200kg. This tension is monitored by
a load cell.

(5)Holder of Specimen
The specimen holder is supported

by two rails in order to hold the ver
tical position of a specimen precisely,
when it is weakened above the glass
transition temperature.

(6)Controller
All functions of this machine are

controlled from the another unit, and
"the external control of this unit is
available. So we can make a coin

cidence of the data accumulation and

the stretching. The temperature,
stretching tension and stretched dis
tance are recorded on a x-t recorder.

Application

We executed stretching experiments
of some polyethylene and polypropylene.
Experimental details will be described
in elsewhere.
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Introduction

Photoacoustic imaging method is useful
for the analysis of localization of
various components in two-dimension.
Photoacoustic method has one advantage
which can be applied to the non
destructive depth-profiling. Thus, in
future, 3-dimensional analysis should be
possible by this method. For the
development of this possibility, the
model experiments were performed.

Experimental

Focused X-ray beam at Beam Line 15A
was used for this study. In order to
improve the resolution, the focused beam
(about 1x1.5 mm) was cut into 0.9-0.5
mm0 by apertures which were set just in
front of the cell. Modulation frequency
was 10 Hz. Scanning X-Y stage which was
origina 1 1 y deVe1oped for the laser
microscopy was set perpendicular to
the surface of the iron-base table. The

scanning and data acquisition were
controlled by PC-9801VM2 microcomputer
(NEC) with the original program which
was developed for the imaging
immunoassay. •' Various size and shape of
metal foils were glued on the paper to
have a model patterned sample.

Results and Discussion

Figure 1(a) shows themicroscopic
picture of the model sample. The
photoacoustic iraagings of this sample
were Fig.l(b)(photoacoustic signal
amplitude) and (c)(photoacoustic phase).
Since the wavelength of X-ray was 1.48A
at which the K-edge region of Ni
locates, the image of signal amplitude
(a) shows high region where Sn and Ni
foils locate, both of which have high
absorption coefficient at this wave
length. Ni-plated Cu and Cu foils gave
small signal regions due to the small
absorption coefficient or small amount
of Ni. Even the same sample region, the
difference in the amplitude can be seen.
This is mainly due to the difference in
the thermal state of the foil. At the

high amplitude region, the metal foil

was not glued and thus was free from the
backing material. In other words, this
method also reveals not only the
absorption profile but also the thermal
circumstances. Phase image (c) was also
displayed by the data processing
program. The backing materia1(paper)
gave small signal, thus phase image was
noisy. In other regions, the phase
values were a little different depending
on the sample which seems to show the
difference in the depth of the point
where the heat is mainly generated.
Precise data analysis is under progress.
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Introduction

X-ray photoacoustic effect of solid
materials was observed by microphonic
detection ' and revealed several aspects
of the informations •' which are included
in the heat generation effect by X-ray
absorption. It is interesting to study
whether this effect can be found in

other phases of the materials. The gas
phase is the one which can be detectable
by microphonic photoacoustic method. In
order to check this possibility, the
cell was modified for the measurement of

this phase. Using focused beam, it was
found that photoacoustic effect was
observed even for this case. This
finding expands the types of materials
wider than before for photoacoustic
X-ray absorption spectroscopy.

Experimental

The focused beam^at Beam Line 15A at
wavelength of 1.56A was used for this
experiment. Photoacoustic cell for gas
phase measur'ement is shown in Fig. 1.
The optical path was 10 cm(x6 mm^) with
beryllium windows (18 mm^,0.5mm thick)
at both ends. The microphone was set at
the end of the stainless micro-tube
which was connected to the center of

cell body. Argon and Xenon gas and air
were measured. Other Photoacoustic

apparatuses were the same as detailed
elsewhere. ^

Results and Discussion

Figure 2 shows some typical signal
shapes of X-ray photoacoustic effect
seen for the gases. The rising-up time
of the signal after the starting of
irradiation of X-ray is usually faster
than that for solid phase. It shows
that the gas has lower heat diffusivity
and less heat capacity than those for
the solids. The signal intensities for
various samples did not show linear
dependence on the absorption
coefficients. When the transit X-ray
beam was monitored by a fluorescence
plate, only Xe gas was found to be
opaque for 10 cm optical path. Thus one
reason of the non-linear dependence
should be the difference in gross
absorption of X-ray beam. Other reason
might be the difference in the

ionization rate of gases. The mechanism
of the X-ray photoacoustic phenomena for
gas phase is still under speculation and
should be l)some energy dissipation
process into the heat energy and 2)
ionization. In contrast to the solid

phase, ionization process should be
rather direct contribution for the

photoacoustic effect.
Various gases and various states of

samples are under the investigation by
this method.
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Figure 1. X-ray photoacoustic cell for
the measurement of gas phase.
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Figure 2. Photoacoustic X-ray absorption
signal for gas samples, (a) Ar gas; (b)
Xe gas (Chopping freq. 10 Hz)
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1 n troduc t i on

Photoacoustic spectroscopy (PAS) was
applied to the doslmetry for synchrotron
orbital radiation. 1,2,3) Metal foils
such as Cu, Ni and Sn were found to be a

sensitive target materials. We also ob
tained signals from plastic sheets such
as Mylar and polypropylene. In this
study, we tested powder samples as tar
get. Powder will be a useful target,
since heat conduction is mostly limited
within small powder particle, of which
characteristics are much different from

metal foils.

Experiment and Results

Metal powder samples of Cu (10 u,
100 mesh, 325 mesh), Sn(325 mesh), A1 (10

u, 200 mesh) and Fe (200 mesh) were used
as target and. in addition to these, 200
- 300 mesh of AI2O3 powder was also used.
Targets were prepared as follows; (1)
both sticky tape was pasted on the top of
sticky (only bottom) paper tape, (2) 8 mm
or 9 mm in diameter piece was cut by
scissors as a target base, (3) small
amount of powder was pressed on the
prepared target base. This target was
pasted on the inside of a beryllium win
dow of the photoacoustic cell. The sys
tem of the photoacoustic X-ray absorption
spectroscopy (PAXAS) were detailed in
refs. 1,2,3) and the measurement was per
formed at the beam-line 15A. The X-ray
energy was 8.0 keV and maximum intensity

Cu 10 p

Target weight / ag

Fig. 1. Photoacoustic signals from Cu
metal powder targets.

was about 8 kR/min. Photoacoustic signal
intensities obtained from 10 um of Cu
powder , as a function of weight of the
powder,are shown in Fig. 1. Target size
was 9 mm in diameter. In Fig. 2, the
signals from 10 u of aluminum, 200 mesh
aluminum, 200 mesh iron and 200-300 mesh
aluminum oxide are also shown as a func
tion of weight. Target size was 8 mm in
diameter. Fig. 1 shows scintillation
over 30 mg. This indicate limited X-ray
transmission in the target material and
limited heat transfer to the surface. In
Fig. 2 signals from different materials
with different sizes are shown. This
results are useful for the analysis of
the heat transfer and emission of acous
tic si gnals.
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Fig. 2. Photoacoustic signals from Fe, A1
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Introduction

Correlation photoacoustic measurement has
been successfully carried out with the use of
synchrotron radiation as an exciting source.
The technique has two futures: one is the
measurement of impulse response curve, and the
other is that of the time resolved spectra of
a sample. These are refered to as the first
and the second kind of .correlation photo-

12)acoustics, respectively ' . The former, which
has been done in the present study, can give
different information on thermal and
structural properties than the conventional
photoacoustic method-^'^-'.

Experimental and Results

The experiment was made at the beam lines
BLiA and BL15A. A mechanical random chopper
(containing 2 series of M-sequence, n=31) was
used to modulate the X-ray beam. Chopper
speed was varied from 1 to 8RPS. The
photoacoustic cell was made of brass with Be
windows (10mm diameter and 0.25mm thick). The
signal was detected by condenser microphone.
The preamplified signal was introduced into
signal analyzerdWATSU, SM2100C), and the
cross correlation between photoacoustic and
reference signal was obtained by integration
upto 100 or 400 times. The reference signal
was obtained at an optical coupler installed
at the chopper. Sheets of copper foil
(thickness 1 to 300pm and diameter 10 to 15mm)
and laminated sheet of copper foil and
adhesive tapes were used as samples.

Figure 1 shows a correlation photoacoustic
spectra obtained for the copper foil with
thickness of 10pm by integration of 100 times.
Tg and T^. is defined as the time difference

50 ms

Fig. 1. Auto-correlation and impulse response

between the excitation and the top of the peak
and that between the top and the half height
point,respectively. Ta is FWHM of an auto
correlation spectra or reference signal and
gives a limit of time resolution of the
measuring system.

Figure 2 shows plots of Tj., Tg and Imax
versus sample thickness at constant chopper
speed(4RPS). The maximum value of Tq and Tj.
were obtained for the samples with the
thickness of 50 and 10pm, respectively.
Optical penetration depth of copper for 1.37A
irradiation is calculated to be about 30pm.
In the sample with thickness larger than the
optical penetration depth, heat diffusion
occurs and temperature of the sample surface
is considered to be decreased rapidly.
Supposing that heat diffusion in the sample is
neglected, T^. will show a monotonic change
with the increase of the sample thickness.
Therefore the decrease of Tj. for thick sample
is considered to be due to the dissipation of
heat in the sample. As for Tg, contribution
of the heat from deep level of the sample will
cause an increase to the Tg, but the
dissipation of heat cancels out the
contribution from deep region. On the other
hand, heat radiation from sample surface of
thin foils will cause the shorter T£. and
larger Imax.
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Introduction

A single crystal of ferrite, MO Fe^Oa
( M=Mn, Zn, etc.), has been currently used as a
magnetic recording device because of its
excellent frequency-responce. So far, details of
surface-damaged-layer which originates from
working processes have been studied by a
destructive analysis, such as measurements of
chemical etching rate and/or etching-pit
density.

In this note, the experimental result
obtained from non-destructive analysis is
reported based on the fact that a penetration-
depth of an X-ray incident on a specimen
strongly depends on the wavelength near its
absorption-edge of an element.

Experimental

Double-crystal X-ray diffraction technique
was employed by using the Beam Line 15-A
facilities and vertical three-axis goniometer
system. Single crystal of silicon with the
asymmetric (511) Bragg-case diffraction was used
as the first monochromating crystal under
parallel setting. For the second crystal, a
specimen of (Mn,Zn) ferrite(1x3xl0mra^) was
mounted with its normal perpendicular to the
crystallographic (111) plane. K-absorption-edge
of Sn, 1=0.A2467 a. was used as a reference for
calibration. The wavelength of X-rays incident
on the specimen was varied from 0.5 to 1.8 A to
change the penetration-depth of an X-ray.

The specimen of (Mn,Zn) ferrite was ground
with the aid of carborundum (//2000) after

cutting from a single crystal grown by Bridgeman
method. Destructive analysis was also carried
out for a comparison with the present experiment
with the aid of HCl as an etchant.

Results and Discussion

Fig.l shows the wavelength dependence of a
half-width obtained from a rocking-curve
measurement. Abrupt change in a half-width is
observed around the wavelength of 1.7 a,
corresponding to the K-absorption-edge of iron
(1.743'i6 a) which is the main element of the
present specimen. This experimental fact can
only be explained by a difference in a

penetration-depth of an X-ray above and below
the absorption-edge, and thus indicates that the
topmost surface of the specimen is composed of
structurally damaged layer. From an analysis of
chemical-etching rate which is sensitive to
defects, the surface-damaged-layer of the
present specimen is found to reach a depth of 8
to 10 pm.

Taking into account the values of mass
absorption coefficients and a geometrical
factor, calculated value of a penetration-depth
of an X-ray incident on the present specimen
becomes 5 pm at 1=1.6a and 15 pm at 1=1.7a,
respectively. These values obtained by the
present, non-destructive method are found to
well explain the thickness and the structure of
a surface-damaged-layer.
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Introduction

InAlAs films on InP substrates are promising
ones as optical and electronic devices. However,
it seems unlikely that device techniques have
been well established for processing such films,
and ill order to meet the requirements of recent
developments in devices, various kinds of para
meters must be controlled completely by varying
composition on the basis of stoichiometry. In the
present study, the lattice mismatches and crystal
defects in the InAlAs/InP system wafers prepared
under various MBE growth conditions were examined
by X-ray topography and X-ray goniometry.

Experimental

InAlAs films (0.4 pm thick) were grown onto
(100) InP substrates (0.35 mm thick) by a conven
tional MBE growth method under the following con
ditions: substrate temperature of 580°C, a molec
ular flux of 2xl0l4/cm2.s for both A1 and In ele
ments and under various As pressures. Hie film
composition was evaluated by a photoluminescence
method at 77 K. From RHEED observations, these
films were found to be grown epitaxially on the
(100) InP substrates. The lattice spacing of each
film was investigated by a conventional X-ray
diffractometer and more precisely by a double-
crystal diffractometer. The crystal defects in
the InAlAs/InP wafers were also examined by
synchrotron X-ray Laue topography.

Experimental Results and Discussion

From the lattice spacing obtained from a peak
separation in rocking curve, each film composition
was also evaluated on the basis of the Vegard's
law for the (1-x)InAs-xAlAs alloy system. As a
result, it was found that the mole fraction x of
AlAs in deposited films approaches to a saturated
value with increasing As pressure, as previously
reported^^ This suggests that tiie composition of

deposited InAlAs film is remarkably dependent upon
the As pressure, as expected from the concept of
Heckingbottom^J Furthermore, the characteristic
features of the latticemismatclies in the epitaxial
films were investigated by measuring in detail the
reflection profiles of the rocking curves from both
the epitaxial film and the substrate by means of
the (lnP400, InAlAs400) setting goniometry, and
summarized in Table. It is shown that, the sample
A, which was prepared under a high As pressure,
shows a small deviation from the lattice spacing
of the InP crystal, and the sample D prepared at a
low As pressure shows a large deviation. The
lattice spacing of the (400) planes parallel to the
substrate surface and the lattice mismatch for each

wafer suggest that the deposited film is in a
tensile stress state and thus the epitaxial film is
deformed elaStically in the direction normal to the
substrate surface and consequently has a smaller
interplanar spacing than the InP crystal. However,
the sample A shows the largest half-value width ,
although its lattice spacing is the nearest to that
of the InP crystal. This can be expected from the
bending of wafer. In fact, this was confirmed by
taking X-ray topographs using parallel incident
X-ray beam. Therefore, the other wafers are also
considered to be siightlybent, although each wafer
was not examined. The observed large mismatches
suggest the generation of misfit dislocations on
the process of MBE growtli. However, they were not
observed on the present SR Laue topographs. This
is probably because epitaxial film is too thin and
the substrate is tliick. In order to observe such

misfit dislocations directly by X-ray topography ,
tlie thicknesses of botii epitaxial filmand substrate
crystal must be taken into consideration^).
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Table Characteristic features of In^ ^Al^As / InP system wafers

Sample
P,AS4
(lO-^Torr)

X (PL) X

(Vegard 's
law)

spacing

^*400
half-value with

for substrate

lattice mismatch

( a^- a^)/ a^ *

A 26.0 0.53 0.5532 1.4595 18.5" 2.62 X 10"^

B 13.5 0.58 0.6037 1.4544 13.7" 4.30 X 10'^

C 7.5 0.69 0.6579 1.4490 15.5" 6.0 X 10"^

D 3.2 0.68 0.6926 1.4456 12.5" 8.0 X 10"^

(85- a^)/ ag = [ (1-v )/(l+v ) ] [ (ag - a^) /ag], where v =1/3.
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Introduction

We succeeded to observe the process of
martensitic transformation between the hep and bcc
structures % and also dislocations in solid helium-4
by X-ray topography The equipment used in
this experiment is the same as that reported in
the previous activity report '.

Results and Discussions

Figure I shows successive changes of the
topograph, 2134 reflection of the initial hep struc
ture, (a) is an annealed hep crystal with the hep
structure, (b) transformed into the bcc structure,
(c) reverse transformation: partially transformed to
the hep structure. The sharp white and black
bands in (a) are small angle boundaries with misfit
angles smaller than 0.1 degrees. The successive
changes of the topograph in the course of marten
sitic transformation is well . described by the
mechanism proposed by Burgers"'.

The extinction distance calculated for the

case of Fig. 1 is 2.5 mm and the distance be
tween neighboring dislocations is shorter than O.OI
mm, so that the multiple reflection of X-rays is
negligible. Tlierefore, the image of dislocations In
solid helium is caused only by the orientation con
trast. An estimation indicates that the image
contrast of a dislocation is similar to that of a

hollow cylinder with a diameter of about 1 pm.
In a region, where many images of dislocations are
superposed, the reflected X-ray intensity decreases
considerably, so that it is most natural to suppose
that the whitish regions in Fig. I (a) are the
region of high density of dislocations.

Figure 2 shows a highly magnified topograph
of the region A in Fig. 1(a). There are compli
cated images caused by overlap of those of many
dislocations. However, sometimes we can observe
individual dislocations with helical configuration
with diameters of about 2 um- Such helical dis

locations are created from screw dislocations in

non-equilibrium concentration of vacancies absorbing
or creating vacancies to be in local equilibrium
with vacancies.
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Fig. 1 Successive change of section topograph,
reflection 2134 of the initial hep crystal.

Fig. 2 (a) is highly magnified topograph of the
region A in Fig. I (a). In (b) curves show isolated
dislocations observed in (a). A letter H indicates
a helical dislocation.
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We have measured the static Debye-Waller
factor(DWF) of a heat-treated C20chraIski(CZ)
silicon crystal by analyzing the Pendell'osung
oscillation In a section topograph. With
a laboratory x-ray source (MoKCi), the static
DWF's were measured as a function of scattering
vector, (220) to (880). A linear relationship
was observed between the static DWF and the

square of the magnitude of the scattering
vectors.1)2) From these results, combined

with the results of thCj^infrared absorption
measurement of 1107 cm peak, we inferred
the size of precipitates responsible for
the static DWF.

Synchrotron radiation is necessary for
more larger scattering vector which becomes
more sensitive to lattice strain. We tried

in this investigation the section topography
with an extremely large scattering vector
of silicon crystals having a wide variety
of crystalline perfection. As a consequence,
it may be possible to detect a very small
strain fields caused by a cluster of impurities
and or point defects. Also, we may infer
the shape of a precipitate from inspecting
the linear relationship of the static DWF
and the square of scattering vector, in particular
in a large scattering vector.

The experiments are now in progress and
some results obtained so far will be described.

The experimental arrangement used is given
in Fig.l. In order to avoid the polarization
effect the scattering plane was made to be
perpendicular to the direction of the polarization
of radiation. Experiments were carried out
using 0.9 A x-ray beams monochromated with
a silicon channel cut monochromator and (100)

20-100pm

ILFORD
L9.G5

Fig.l. Experimental arrangement.

silicon crystals with 3.1 mm in thickness.
Section topographs were taken in the (990)

to (19 19 0) reflections. A static DWF was
determined by analyzing the intensity distribution
of the Pendellosung oscillations in a topograph,
which was obtained with a microdensitometer.

For the details of the analysis the reader
is referred to the previous papers.1)2)
Tlie exposure times were varied from 0.1 to
16 h, depending on the reflection used and
the degree of crystalline perfection of the
crystals. Two samples were examined; one
is an as-grown CZ reference crystal and
another is a heattreated CZ crystal at 800
C for 100 h.

Figure 2 is a (660) topograph of an as-grown
CZ silicon, from which the static DWF of
0.095 was derived. This value is somewhat

larger than as expected for a usual as-grown
CZ crystal.2) In more larger scattering
vectors, (10 10 0) to (19 19 0), we could
not observe Pendellosung oscillations, for
tlie Pedellosung fringes were severely deformed
by unexpected surface damages. We failed
to determine the static DWF of the heat-treated

sample, for the Pendellosung oscillations
were disturbed by the generation of swirl
defects running almost parallel to the the
Pendellosung fringes (Fig. 3).
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Introduction

X-ray topographic observations were carried
out on wedge-shaped single crystals of ice for
clarifying thermal behavior of dislocations near
the melting temperature. According to the X-ray
diffraction theory , generation of very small
defects invisible by X-ray topography can be
detected by changes in spacing and visibility
of PendellCsung fringes (abbreviated to P—
fringes). Two cases were investigated: (1) gene
ration by temperature change and (2) generation
as premelting phenomenon in equilibrium near
the molting temperature.

Experimental and Results

Specimens were carefully formed to a wedge
shape with a wedge angle of about 15" by planing
without chemical polishing. The specimen formed
was fixed by freezing a water droplet to a speci
men chamber shown in Fig.l. The chamber was cooled
by circulating cooling liquid of which tempera
ture was precisely controlled within ±0.02"C.
A high-speed X-ray topography camera ^^installed
at Photon Factory was used. The observations
were made mainly by 0002 and 1010 reflections.

Fig.2 shows a series of X-ray topographs re
corded on a video tape during cooling from -0.5°C
to -5.2''C. Strong distortion of P-fringes are
seen in the right-hand side of the specimen even
before cooling (t=0s). This distotion must be
caused by strain fields due to the defects along
the right side surface, which were generated
during heat treatment. At ta75s, spacing of P-
fringes decreases and dark areal images appear
in the central part of the figure. The P-fringes
are blured by the strong dark areal images at
t=150s. As the dark areal images disappear at
t=390s, the small dot images appear instead and
the P-fringes are recovered. These dot images
grow up to circular ones during aging at -5.2"C.

o

Fig.l A specimen chamber

Although this growth process is similar to the
previous observations on dislocation loops in
a lower temperature range , the image of the
defects observed here are different from those

of dislocation loops. Detail of the structure
is not known yet. Changes in spacing and visibili
ty of P-fringes from t=0 to 150s must be caused
by generation of very small defects which are
observed as the dark areal images in the X-ray
topograph.

As described above, defects are easely gene
rated by a small temperature change in tempera
tures near the melting point. On the other hand,
spontaneous generation of dislocations close
to the melting temperature was suggested recently
as a premelting phenomenon by Tamura et.al. from
their experimental results on ultrasonic attenua
tion in ice . According to their results, the
density of the dislocations generated at -0.1"C
is of the order of 10'cm"', by which remarkable
change in visibility of the P-fringes can be
expected. However, no remarkable change in spacing
and visibility of P-fringes and no defect genera
tion were found provided that the temperature
was kept constant.
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Fig.2 A series of X-ray topographs
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1. In t rodiic t ion

Moloc.'ular beam epitaxy {MDE)

provides liigh quality ( A1, Ga ) As/GaAs

heteros truel.ures , which enables the

fabrication of novel devices such as

quant.uni-wei 1 lasers and hetrostructure

transistors. The microscopic structures

of the int.erfaces have significant

effects on the characteristics of such

hetorostruclure devices.

In tlie pi-esent study, the precise X-

ray diffracl iori measurements were carried

out for tlie X-rays just below the Ga

K-edge, which provides novel information

for the superlattice (SL) structure and

the gx'ow til-i n ter rupt ion effects on the

hcterointerfnces through the differential

information of the Ga atom arrangements.

2. Exper i mental

Two SL sample with the same

{GaAs6/A1As 2)120 structure were epitaxial-

ly grown while monitoring the in-situ
RIIEEI) oscillation in a RIBER 2300

system. One of the samples was forced to

undergo growt.h-i nterrupti ons at every

AlAs/GaAs and GaAs/AlAs heterointerface

with time p(!riods of 60 s and 30 s.

The rocking curves of the (200)

substrate p<?ak, and the 0th peak, the +1
and -1 SL satellite peaks were measured

for two X-Ray energies (10.36keV and

lO.lGkeV) beneath the K-absorption edge of

Ga.

3. ResuH.s and Discussions

Figur(^ 1 shows the overview of the

diffraction profiles of the two X-ray

energies, where the direction of scanning

is <001>. When the energy of the X-ray

was changed from lO.lGkeV to 10.36keV, the

integral intensities decreased by about

20% for the main peak and by about 50% for

the sai.ellite peaks. These decreases

were caused by the rapid decrease of the

form factor of Ga with the increase of X-

roy energy towards the absorption edge.
The differential profile for the two X-
ray energies reflects the atomic arrange

ment of Ga atoms and has a structure

unique to sample A.

Figure 2 illustrates the profiles

of the 0th peak for the scanning of the

<110> direction (this direction lies

within the plane pai-allel to the

interface) and the differential profiles

for the two X-ray energies. The FWMM of

the energy differential peaks of sample B

are far narrower than that of sample A,

which indicates that the growth interriip-

tion improved the degree of order in the

arrangement of Ga atoms.

Thus ail the data reflect the effect

of the growth interruption which makes

the interfaces smooth and clean. The

detailed quantitative analysis are on

going.
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Introduction

When a dielectric crystal is irradiated by an
intense laser Ixiam, an oscillatory chargo distribu
tion is induc.e<l in coincidence with the lattice
periodicity. An X-ray scattered from such charRe
distribution is different from the incident X-ray
in frequency by that of ttie laser beam. Such
phenomenon has been named as X-ray parametric
frequency conversion.

This phenpm(>non is applicable to investip.ation
of an excited valence charpe distribution, which is
an indispensable knowledge as well as a spectro-
scopic information to throuph understandinR of the
physics of excited state. A high resolution X-ray
spectroscopy is also possible if this phenomenon is
utilized witli an intense monochromatic X-ray beam
and variable wavelength laser. This is a prelimi
nary report to observe the X-ray parametric
frequency conversion.

Phase-matching Condition

X-ray parametric frequency conversion takes
place only when so called piiase-matching condition
is fulfilled. This is nothing more than Lh(! energy
and momentum conservation condition. This condition
is realiz.ed by mcians of refraction and Rrngg reflec
tion, as follows. FIr. 1 illustrates the phase-
ma tch i np. cond i t ion.

0) t a (I), ~ <o„,

ki +ki +n^ko.
, <yi
ki = n,

where. and (t>o xl
is the frequency of ^
the laser light, / ^
incident X-ray and ^
scattered X-ray, c
respectively, ki, k»
and ko is the wav(» ^^8* ^
vector of the laser light, incident X-ray and
scattered X-ray, respectively, while G is a recip
rocal vector.

Rxperimontal

Experimental setup is illustrated in Fig. 2,
where the X-ray and the laser beam is in the same
plane; polarization of both beam is perpendicular
to the plane. X-ray from the bending magnet RH15
was monochromated to 8.8615 keV by a vSi(220)
cliannel-cut type monochromator. A 532 nm laser
beam, the 2nd hiRlter harmonics of Nd-YAG laser, was
focused on a KIIP single cryatal mounted with a-axis
perpendicularly to the plane as illustrated in Fig.2.

We are indel'ted to Marubun Corp. and
Mr. Y. Ohtake for the loan of Nd-YAG laser.

KDP ^
Mirror

532 nm ^
Laser Beam

'Scintillation
Detector

[^"'̂ ^^^Monochromator
pa.8615 keVp] Sl(220)

X-ray U
. Ion Chamber ^
Mirror

Mirror
Fig. 2

The phase-matching condition is fulfilled at the
low angle side tail of the rocking curve of the 080
Bragg reflection for the incident X-ray. However, the
scattering probability of the present plienomenon is so
small that it is hopeless to observe a satellite peak
directly in rocking curve. We instead tried to
observe the difference in intensity between the two
time interval, one with the laser beam on, another
with the laser beam off. The time chart is shown

below in Fig.3.

-10ns - Laser Pulse

-4V50ns j

Channel 1

500ns I250ns| 500ns ;

I Channel;2

Fig. 3 ^

Results and Discussion

The differnce in intensity between the two time
interval amounted to about 1%. If this difference is
attributed to the X-ray parametric frequency conver
sion, then the scattering amplitude he<'.offles 10^ times
or so larger than the theoretical prediction. This is
by no means unacceptable, because the susceptibility
of the bonding electron in a dissociating crystal is
supposed to be much larger than that in a steady
state. The focused area of the present sample was
dissociated by an intense laser irradiation. Ilowevei.
other effects, such as nolinear do field or a thermal
expansion produced by an intense laser pulse are also
probable to cause the difference in intensity. More
confident experiment is under preparation to eliminate
these probabi1i ty.
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dislocation density wafer as shown in Fig.l (b).
stribution in (001) undoped GaAs This four-fold strain fields were attributed to
an LEG method has been reported the intersection of slip dislocations of
o-called W-shaped pattern along different slip systems, generated along
four-fold symmetry on the entire from the perifery between ^110^and 00^radii.

Introduction

Oislocation distribution in (001) undoped GaAs
wafers grown by an LEG method has been reported
to exhibit the so-called W-shaped pattern along
the diameter and four-fold symmetry on the entire
wafer. Dislocation bundles were formed at the

lineages and cell walls, resulting in the lattice
being strongly tilted . Reduction of dislocation
density did not affect the variation of lattice
spacing, but strongly affect the lattice tilt .
In the present work we investigated strain field
in (001) undoped LEG GaAs wafers using
PWXRT. Explanation of the observed strain field
was made from the viewpoint of ease of slip
dislocation generation on the basis of the
calculation of Schmid factor magnitude.

Experimental
Plane wave X-ray was obtained by the double

crystal monochro-col1imator of (+,+) setting .
The first and second crystals were (111) FZ Si.
The first crystal was aligned as a monochromator
to give 111 symmetric reflection and the second
one as a collimator to give 553 asymmetric
reflection. (001) LEG undoped GaAs crystal was
aligned as a specimen at the third crystal and
(008) symmetric reflection was used. A series of
topographs was taken around the Bragg peak at
intervals of 10 arc seconds for high and low
dislocation density GaAs wafers.

Results and Discussion
Figure 1 (a) and (b) show the superimposed

pattern taken for the undoped GaAs wafers with
high and low dislocation density at eleven
angular positions. Pronounced local strain fields
were observed at eight positions between <110>
and <100> radii near the periphery for a low
dislocation density wafer(Fig.l (a)). By
anomalous X-ray transmission topography, it was
also observed that slip dislocations were
generated along ^110^ from the periphery between
^10^ and <100^ radii. The eight-fold circular
strain field observed by PWXRT might be
attributed to these slip dislocations.
Explanation for slip dislocations to be
preferentially generated from the periphery
between ^110^ and <100^ radii should be made.
Assuming that major thermal stress was applied to
tangential direction at the round ingot surface,
the stress contribution to each crystal 1ographic
direction for twelve slip systems in a zincblende
structure was calculated. Figure 2 shows the
distribution of Schmid factor magnitude in a
(001) stereographic projection. For eight out of
the twelve slip systems considered the respective
Schmid factor has its maximum value between ^11(^
and <[100^ radii, from which directions slip
dislocation can be preferentially generated. The
Burgers vectors of the slip dislocation intersect
the (001) plane with an angle of 60 . While,
pronounced four-fold strain fields were observed
at four positions near 100 radii for a high
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Introduction

Great inner stress and/or lattice distortions
mainly due to thermal stress are frozen in
undoped GaAs crystal grown by LEC method. It was
reported that the threshold-voltages of FET was
affected by two kinds of lattice distortions: One
was the lattice distortion concerned with
dislocation , and the other with variation of
lattice spacing . In the present work we
investigated lattice distortions in undoped LEC
GaAs crystal using plane wave X-ray topography
and separated variation of lattice spacing from
lattice inclination quantitatively as indicated
by Kikuta et al

Experimental

A plane wave topographic camera at Photon
Factory was used in the present work. Details.of
experimental arrangement was already reported .
(001) undoped LEC GaAs wafer was cut to a
thickness of about 3mm to avoid wafer bending due
to relaxation of the frozen-in strain field. Two
series of X-ray topographs were taken around the
Bragg peak at 0 and 180 rotation around QOOQ
axi s.

Results and Discussion

Figure 1 shows the superimposed pattern of the
topographs taken at nine positions with an
interval of 10 arc sec. Dislocation distribution
exhibited typical four-fold symmetry and EPD was
about 4x10 cm" . Figure 2 shows calculated
results of distributions of (a)lattice
inclination around plO]) axis and (bllattice
spacing. Lattice was strongly inclined to the
negative direction on the left hand periphery,
and the positive direction on the right hand
periphery. It was also strongly inclined to the
positive direction at the left hand side of the
wafer core, and to the negative direction at the
right hand side of the wafer core. Lattice
inclination gradually varied along
Consequently, two 'eyes' due to variation of
lattice inclination was observed. Variation of
lattice inclination around QlODaxis exhibited
two-fold symmetry, or Wshaped pattern along
C1103 diameter and was strongly related to the
dislocation distribution. Degree of lattice
inclination around the four pOQ3 radii region
changed from a value less than -40 arc sec to a
value larger than +40 arc sec. It was observed
that lattice spacing was small near the center of
the wafer, and became larger toward the
periphery. Degree of_wariation of lattice spacing
changed from -1x10 to +1x10 on the wafer.
Reducing dislocation density by the proper
thermal gradient environment, degree of lattice
inclination was much reduced to such values from
-5 arc sec to ♦•S arc sec on the wafer, while the
degree of variation of lattice spacing was nearly

the same as that shown in Fig.2 (b). Reduction of
dislocation density did not affect the variation
of lattice spacing, but strongly affect lattice
inclination. It was assumed that the variation of
lattice spacing was related to the distribution
of native defects such as vacancies, interstitial
atoms and anti-site atoms. We must further
investigate the interaction between dislocation
and native defects.
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Fig.1 Superimposed pattern of topographs for
undoped LEC GaAs crystal.
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Introduction

A time-resolved x-ray measurement
system has been develo|j>^d to investigate
the annealing behavior and photo-
acoustic effect of semiconductor crys
tals caused by pulsed laser irradiation.

Optical arrangement and laser equipment

An example of the optical arrange
ment is shown in Fig.1. The monochro
matic x-ray beam (X.= 1.5AX) was obtained
by the 111 symmetric reflection of the
first Si(111) crystal, and in the case
of the elimination of the third harmonics

the (110) Si crystal was used as the
second monochromator. The sample was
(111) Si and the dielectric mirror system
led a pulsed laser beam to the sample
surface. The YAG laser equipment pro
vided a pulsed beam about 15ns wide with
a diameter of 8mm and its maximum power
was about 700 mJ/pulse at 1.06 ^m.

Detection system

Figure 2 shows an example of the
detection system using a plastic
scintillation counter coupled with a
gating MCP-PMT . The Q-switched trigger
pulse of the YAG laser and two additional
delayed pulses were used at lOHz for the
start signal of the TAG. These pulses
were also used for the gate signal of
the MCP-PMT in the form of 15V height
and 50ns width. When the x-ray photon
entered the MCP-PMT, it generated the
stop signal of the TAG. The SOA output

Fig.1. Experimental arrangement.

signal was then counted by three sealers
connected with the multiplexer.

Rocking curve measurement

Rocking curves were measured at the
time intervals of ^s and ms after the
laser flashing. The rocking curves ob
tained from the (111) Si crystal irradi
ated by the laser beam with the power of
450 mJ/pulse are shown in Fig.3. A
remarkable change of the profile was
found at several pa after the laser flash
ing. The detailed study is in progress.
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Introduction

In order to observe smaller micro-

defects in silicon crystals, plane-wave
topography using synchrotron X-radiation
has been successfully applied to thin
crystals. In the last activity report(l)
we described our nearly-plane wave topo
graphy using (+,-) double crystal arran
gement. The angular spread of the inci
dent beam to a thin specimen was almost
one-third of the angular range of the
selected diffraction in the symmmetrical
case. Thickness of the specimen was ap
proximately the extinction distance (p'
40jim) for 220 reflection used (~0.71 A).
The experiment revealed microdefect ima
ges which could no^t be observed in a
normally thick ) crystal.
Because of the fairly large angular sp
read of the incident beam used, however,
tlie sensitivity to minute strain around
microdefects seemed not so outstanding
as expected.

In the present experiment, thus,
by heightening the level of plane wave
we tried to improve the detectability,
and obtained successful results.

Experimental and Results

The principle of the experimental
set-up is shown in Fig.l. The X-ray
beam is collimated in two asymmetrical
ly cut silicon crystal, C1 and C2. A
forecrystal F reduces background noise

Fig. 1

64 0

before the collimators The wave length
of the X-ray beam was estimated to be
approximately 0.70 A. 220 reflection was
investigated. The collimators C1 and C2
bave an asymmmety factor bl = b2 = 40,
respectively. The divergence of the beam
is 0.008 seconds in arc, less than 0.40%
of the angular range of the selected dif
fraction in the symmetrical case, 2.0 se
conds in arc.

Original material of the specimen
is a phosphor-doped, n-type bulk crystal,
CZ-grown, oxygen content 1.6 x 10 atoms
/cm, as measured by infrared spectroscopy,
0.6 mm thick wafers were cut from the

bulk crystal so as to make the surface
normal [001]. The wafers were then an
nealed in dry oxygen at SOO^C during 8
hrs..Finally they were thinned to 80 -
100 ^m, only twice as thick as the extin
ction distance for 220 reflection by
mechanochemical etching.

Fig. represents an example of ob
served dfect images, which depend strong
ly on the diffraction condition. We have
obtained quite clear contrast of micro-
defects which have not been observed by
the other X-ray topography.
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INTRODUCTION

RL16 is a beam line designed to exploit
high-brightness synchrotron radiation from a
MPW(l1uUi Pole Higgler) which can provide
wiggler and undtilator radiation. The beam
line BL16 is composed of two lines. One is a
main linefBLlGA) for wiggler radiation and the
other is a branch line(BLl6C) for undulator
radiation.

In order to monochromatize the undulator
radiation effectively, a new monochromator
should be developed. The monochromator must
be matched with the radiation characteristics,
and satisfied with "high resolution", "high
brightness", "high accuracy" and "easy opera-
bility". In this point of view, the new mono-
chromator for undulator radiation was designed.

DESIGN CONCEPT will be described in this
paper, and OPTICAL DESIGNING and MECHANICAL
DESIGNING will be described elsewhere.

DESIGN CONCEPT

(1) MATCHING FOR BL16-UNDULAT0R: The HPW
is composted of 53-pole permanent magnets, and
their period length is 12 cm. Magnetic field
is variable u(> to 1.5 tesla: thus a wiggler
moded.S t<!sla) and an undulator mode (0.05-0.5
tesla) can b(; chosen. Figure 1 shows the
radiation sprjctra in the Photon Factory. Pho
ton energy range of the BL16 undulator radia-
tionClst harmonics) is 40eV - 400eV. Beam
size and divergence are (fx =0.655mm,
Cy =0. 225mm, CT*,' 0. 203mrad,t^''=0. 01177mrad in a
low-emi ttance mi)d(: (2% coupling).

It is necessary for the monochromaor to
have a full coverage of the photon energy
range and to ac.i.ept the divergence.

(2) OPTICAL ARRANGEMENT: In order to design
the monocliroma tor with "high resolution" and
"high brightness", a radiation source point
should be regarded as an entrance slit itself,
and diffracted rays can be focused enough lo
go througli an (;:<it slit. Moreover, the mono-
chromator should be placed at an arbitrary
position in a beam line because of the
parasitic character of the branch beamline.

A combination of two cylindrical mirrors,
which can be placed in tandem asymmetrically
on positions Ix^twoen the source point and an
exit slit, can focus the reflected rays verti
cally satisfying the 2nd-order focusing condi
tion. if the rear mirror is replaced by a
concave crating. then the diffracted rays can
be focused cnouglit to go through the exit slit
with a fair resolution even without an en
trance slit . An asymmetric mounting can be
achieved by this arrangement. Therefore, the
combination of a cylindrical mirror and a
concave grating will be tried for the basic

optical arrangement. Incident angles of the
mirror and the grating were set at 87°-89° .
Groove density of the grating is 1200 or 2400
linos/mm to cover the photon energy range of
the undulator radiation. The radius of curva
ture of the grating is 2m.

Three pre-focusing mirrors(a branch mir
ror, a deflection mirror and the cylindrical
mirror) and one re-focusing mirror will be
needed to fix the focal point on a sample
position. The number of these mirrors is the
same as RLllA which equips a Grasshopper mono-
chromator. However, resolution and brightness
of this arrangement can be higher than that of
the Grasshopper.

(3) MECHANICAL SYSTEM: In order to scan with
high accuracy, the deflection mirror(Ml), the
cylindrical mirror(M2), and the grating(G)
slioiild be linked mechanically. All transla
tions and rotations of Ml, M2 and G should be
achieved by linking only to a linear transla
tion of the grating.

A new alignment system in a grazing inci
dence monochromator should be developed to
achieve the "easy operabi1ity". Therefore, the
new system which is composed of a knife edge
and a phtocathode plate was designed and
constructed .

ni.i i-i\ i.n v/i.o
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INTRODUCTION

A mdnoclifoma tor which will be equipped at
a bih'jmlinc! FLICC must bo a undulator matched
monochromafor. In order to match the mono-

rliromator to undulator radiation characteris-

tif:s, a nf!w cfiLical arrangement system should
be tried. The system is basicly composed of a
cylindrical mirror and a concave grating. Op-
l.if;al (hvsigitig of the system and the best
optical r'orameters will b(} described.

CALCULATION PROCESS

In ordei to determine the best optical
parameters, optical calculations were carried
out. The calculation processes are as follows:
(!) : Fig. I shows a optical system of the
cylindrical mirror and the concave grating.
The lengths from a point source to the mirror,
from the mirror to a matching point, from the
malcliing point to the grating ,and from the
grating to a focussing point are rml, rm2, rgl
and rg2, rf-srec ti veIy. An incident angle of
the mirror and that of the grating are <x , and
a diffract angle is p . Radii of the mirror
and the grating are Rm and Rg, respectively.
TIk? po.sition and the vector at a matching
point of a ft^rward ray which is radiated from
the point source to the mirror can be calcu
lated. Those calculation formulas can be ex-
pressei! as 2nd order polynomials for 6 which
is a radiation angle of the forward ray.
(2): The position and the vector at the match
ing point of a backward ray which is radiated
from the focussing point to the grating can be
calculated as the same way of the forward ray.
(3): Tfie positions and the vectors of the
forward ray and the backward ray can be match
ed at the matching point. This process gives
the 2nd order focussing condition.

Optical calculations can be carried out
taking into account that ray tracing profiles
at the focussing point are within 20 micron
throughout the undulator radiation spectradst
harmonics; ,5()oV - GOOeV). The best optical

6 FORWARD RAY BACKWARD RAY l/

/ \ \ p7/

cylindrical mlrrorCRm) concave grating(Rg)

HATCHING POINT

Fig.!. Optical system of a cylindrical mirror
and a concave grating.

parameters were determined to be a -87.0°,
Rg-1.9995m, Rm= 1.795760m, rml =22.0m,
rm2-0.0'17092m, rgl-0.078762m and rn2-cos^/? /
((cosfftcos )/Rg - cos^ar /rgl).

Fig. 2 shows the ray tracing profiles
along a exit slit width (Z) at photon energy
of lOOeV, 200eV. SOOeV, 400eV. SOOeV and
600eV, where 2400 lines/mm grating is used.
Diffracted rays wi tti photon energy from lOOeV
to SOOeV can be focussed within 20 micron.
This result means that the best optical param
eters will achieve a unique monochromator with
'high resolution' and 'high br t gli tne.ss' .

The atitors wish to express their thanks
to Prof. T. Namioka of Tohoku University for
his encouragement and cooperation in this
work.

-50 -25 ±0 +25 +50-50 -25 ±0 +25+50

Z//i m Z/um

Fig.2. Ray tracing profies at a focussing
point along an exit slit widthCZ).
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The monochromator MMM-22 which will be
equipped at a beamline BLI6C is designed with
a new optical system that is composed of a
cylindrical mirror and a concave grating. The
best optical parameters were determined and
reported on the previous paper, (2)0PTICAL
DESIGNING. Hechanical designing concepts of
NMM-22 are a mechanically linked simple mech
anism and ear.y operability.

Fig'ire 1 shows a BL16C beamline optics.
Undulator radiation is reflected by a branch
cylindrical mirror 110 which is a Pt-coated
all-SiC m-rror. The radiation is focussed on
an exit slit S horizontally . The reflected
rays are deflected by a front plane mirror Ml
into a fron' cylindrical mirror M2 and a con
cave grating G, Diffracted rays are focussed
on S vertically . Exit rays are refocussed on
a sample position both horizontally and verti
cally by a bent cylindrical rear mirror MS.
I1MM-22 is composed of the optical elements.
Ml, M2, G, S and M3. Optical brightness and
cutting erfi<iency of high order radiation are
dependent on an angle e . In order to obtain
high optical brightness and high cutting effi
ciency, £ is set at about 7.5°. Ml, M2 and G
are mounted on a same stage, and the relative
position of them are fixed. Incident angles of
M2 and G are fixed at 87.0° . G can be moved
along a straight G-rail by a ball-screw
According to the G moving, G and M2 can be
rotated and Ml can be moved straight along a
straighl Ml rail. The rotation angle and a
length hetwrren G and S are satisfied with
focussing conditions.

Figure 2 shows the side view of MMM-22.
It is composed of a main chamber which in
cludes Ml, M2. G and S and a M3 chamber. Fine
optical alignment of Ml, M2, G and S can be a-
chieved from outside of the chambers, because
of use of flexible shaft micrometers and a new
alignment system. This is another attractive

point of MMM-22.
The simple mechanism and the alignment

system will make MMM-22 a unique monochromator
with high accuracy and easy operability.
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Tntorndiiction

It is known from BOS theory that super
conductivity Lomprature Tc depends storongly on
Dobye-tomperature 0 which is an important
parameter in solid-state lattice vibration. So
doterminaton of 0 under high pressure will
enable us to estimate pressure dependence of Tc.
The purpose of tliis study is to determine 0 of
aluminum under high pressure by X-ray diffraction
using energy dispersive method.

In order to avoid errors caused by the
optical system, tlie method used in the determina
tion of 0 is characterized by using data at a
constant volume instead of a constant load.

Experimental

Particle diameter of aluminum powder was 5-10
tim. Water glass was added to the powder to
suppress growths of particles. Sample was
preformed by a linnd press and annealed at 200 °C
to remove residual strain. Fig.l shows the sample
assembly. Eacli diffraction pattern was measured
for 300 s with a 50 "C increment from room tempe
rature to 400 °C under a constant load using
MAX80 witli 6 mm truncation anvil. About ten

diffraction linos from (111) were adopted and
fitted to Gaussian distribution. The integral
intensity were compared for two points with
constant volume. From eq.(l) A2B was obtained
from intensity ratio and (sin 0 / X =(l/2d)^
using the mcttiod of least square. And 0 was
obtained by using eq.(2) and measured AT.

- In (I2/I1) = A2B (sin 0 / A )'

12 h^ AT
- m k 0^

1 Boron:Epoxy 6:1
2 Pyrophylile
3 Graphite heater

4 BN

5 Nl current lead

6 Thermocouple
7 Ceramic tube

6 Stainless tube

9 Mica

10 NqCI

11 Sample

Fi);.l Sample assembly

where h is Planck's constant, k Boltzmann's
constant and m the atomic mass.

Results

Fig.2 shows the results of volume dependence
of 0 . Each value has about ±30K error. In order
to estimate volume dependence of 0 , data were
fitted to eq.(5), which is derived from e(|.(3)
and (4) 1), by tfie least square method.

Y= _ 9 1" Q (3)
' 3 In V

Y = yo (V/Vo)4

0 = 00 exp [ Yo/A ( l-(V/Vo)A ) ]

Calculated result is shown by the solid line in
Fig.2, giving Oo-372K, Yo=3.2 and A=0.3. Oq and
Yo are Debye-temperature and Gruneisen constant,
respectively, at room temperature and pressure.
0 s:428K (0^) were caluculated from elastic
constants 2) and yo=2.34 were reported 3) and A
is known to be nearly unity. The obtained 0 was
lower than that caluculated, but this result can
be explained since 0 from X-ray is lower than
that from elastic constants and heat capacity.

Yo is a little large, but the result siiowing
0 increase when volume decrease is reasonabe.
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Introduction

In Fig. 1, phase diagram for gallium is
shown. The melting temperature of gallium de
creases with increasing pressure. According to
Clausius-Clapeyron equation, the density of liq
uid gallium is higher than that of C^-Ga. To
interpret the negative slope of melting curve,
two species model was proposed where substance in
liquid state consists of two species, the normal
form and another form similar to the high pres
sure phases. In liquid selenium, the continuous
phase transition to high pressure phase observed
at lower pressure than the transition pressure of
crystalline selenium.

There are two high pressure polymorphs of
gallium, ^-Ga at low temperature and "y-Ga at
high temperature. The structure of jS-Ga is body
centered tetragonal, two atoms per unit cell. The
structure of ^-Ga is orthorhombic, -iO atoms per
unit cell.

Experimental

Measurements of high pressure and high tem
perature x-ray diffraction were performed using
cubic-anvil apparatus {MAX80). The specimen of
gallium was put in a cupsule of teflon. X-rays
from AR were diffracted by the specimen and de
tected by a Ge SSD in the energy range of 4^0-120
keV. Structure factor S(Q) for liquid Ga was ob
tained from the diffraction intensity by taking
into account the energy distribution of incident
white x-ray, the absorption by specimenand pres
sure-transmitting medium, the form factor, etc..

Results and discussion

Examples of S(Q) for liquid gallium under
pressure are shown in Fig. 2. With increasing
pressure, the peak positions shift towards higher
Q. In Fig. 3> S(Q) for gallium in various
phases are compared for reference. If the
structure of liquid Ga is similar to that of

0 2 i 5
P/GPa

liq.Ga b.lGPo

5 , , 10
0/A"'

Fig. 2

I

Fig. 3 0 .0

J'-Ga, then the intensity of subpeak which appears
at high Q side of the first peak increases with
pressure and the position of second peak shifts
towards low Q. However, at 6.1 GPa where the
crystalline structure is ^-Ga at high temper
ature, S(Q) for liquid gallium is similar to that
for^-Ga, low temperature phase at high pressure.

Detailed analysis is in progress.
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Introduction

The kinetics of high-pressure mineral
transformations may be of considerable
importance in affecting the dynamics of
convection in the Earth's mantle. In
this study, the kinetics of the olivine
to spinel transformation in Ni2Si04 have
been investigated in order to evaluate
the effects of temperature (T) and
pressure (P) on reaction rates. The very
high intensity and wide energy range of
the accumulator ring enables fast
reaction rates to be measured in low-
symmetry crystals.

Experimental

Experiments were carried out using the
MAX-80 high-pressure, high-temperature,
X-ray diffraction apparatus. Ni2Si04
olivine powder was first hot-pressed to
reduce the dislocation density and
porosity, and to eliminate ultrafine-
grained particles by grain growth.
Pressure-temperature conditions were then
changed to initiate transformation to
spinel. On attaining the required P-T
conditions, diffraction patterns were
generally collected for 100 sec every 2
minutes until the olivine was completely
transformed. {Fig.l). In one experiment
(980" C, 3.6 GPa), diffraction profiles
were collected at 30 sec intervals.

Kinetics were measured at six different

P-T conditions.

T-7etl -CP - 4.7 CPi

Fig.1 .

EKEBGTlVeV)

Results

The position of the Ni2Si04 olivine-
spinel phase boundary was found to
correspond closely to that determined by
Akimoto et al. (1), i.e. about 0.4 GPa
lower than the estimate of Ma (2).

The relative intensities of three

olivine peaks and three spinel peaks, in
the energy range 40-65 KeV, have been
used to estimate the volume fraction of

spinel as a function of time (Fig.1).
The different forms of the
transformation-time curves (Fig.2) result
from the variation of rates of nucleation

and growth with temperature and pressure.
Modelling studies, combined with
microstructural observations (using
transmission electron microscopy), will
be made to evaluate the variation of
nucleation and growth rates with pressure
and temperature.
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Fig.2. Transformation-time diagrams. The
bars show the uncertainties in the esti
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Introduction

Fe/Mg ratio in magnesiowostite ( (Mg,Fe)0 ),
which exists In the lower mantle of the earth,

has been thought to be about 0.1. Recent
various experimental facts suggest that this
value may be larger than 0.1. From the geopysi-
cal point of view, it is essentially important
to investigate the infuluence of the chemical
composition to the characteristics of these
materials under pressure. As the first stage of
this study, we precisely investigated the com
positional dependence of the compressibility of
this system under hydrostatic condition at room
temperature.

Experimentals

MgO sample was prepared by neatly crushing a
single crystal, and (Mgn 5FeQ 5)0 was prepared
by coprecipitation method. The'se sample was im-
ersed in a teflon capusule together with NaCl
pressure marker. Alcohol mixture was used as
pressure transmitting medium. The samples were
pressurized by the MAX80 and diffraction
profiles were collected with an energy disper
sive method. Typical measuring time is about
500sec.

Experiments were performed at the test beam
line at AR witli the beam condition of 6.5GeV and
5 to 20 mA.

Results

A typical diffraction profile of (MgQ 5FeQ ^)0
is sliown in Figure 1. At least four' or five
diffraction lines for each of the two samples
and NaCl at each run.

Hydrostatic compression data were obtained to
6.2 Gpa for MgO(38data points) and (MgQ 5FeQ 5)0
(33 data poits). Best fits to the pressure-
volume data, using the Birch-Murnaghan equation
and assuming (where K is the isothermal
bulk modulus) values of 4.15 for MgO and 4.5 for
(MgQ 5FeQ c)0, give the following values:

= 158.06 +- 1.0 GPa for MgO
Kq = 157.24 +- 0.7 GPa for (MgQ ^Fcq 5)0.

One striking feature is that the difference in
the compression behavior of these two materials
is indlstingu.slinble in the pressure range of
this study.

:.s 2.0 i.s 1.2 1.0

d - V A L U E (A)

Figure 1. A diffraction pattern of (MgQ 5FeQ 5)0
at 5.9 GPa.

> 0.97

Pressure

MgO (Mg.sFe.5)0

• • Loading

O • Unloading

Figure 2. Volume-Pressure relation of MgO and
(MgQ jFoq 5)0 at room temperature.
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Introduction

Pressure generation of MAX80 is so far
limitted to about 13GPa mainly because anvils
arc made of t.ungsten carbide. One promissing
method to expand ttie pressure range is to adopt
a double stage configuration. In a large pres
sure system, a pressure of 30GPa is generated by
using a doublt; stage configuration in which 8
truncated cubes are compressed by six first
stage anvils. As this pressure is far above the
yield pressure of tungsten carbide, the anvils
are frequently broken after the experiments.
This difficulty may be solved by using sintered
diamond as anvils at the second stage. We test
this possibilty using the MAX80 system as a
proto-type of the large volume high temperature
and ultra-high pressure system.

Experimentals

Sintered diamond cubes (A.85mm cube, De Beers
SYNDAX L555) were used as the second stage. A
corner of eacli anvils was truncated by 0.5mm or
1.0 mm. A magnesia pressure transmitting medium
was placed in a room composed by these trunca
tions (Fig.l;top). The assemblage of the cubes
was compressed by cubic anvils with egde size of
12mm (Fig. 1 ;nii(l{lle).

Experiments were performed at the test beam
line at AR. Pressure was calibrated by measur
ing the lattice constant of Au which was set the
center of the pressure transmitting medium.
Diiffraction profiles were measured by an energy
dispersive method. In this double stage con
figuration, diffracted X-rays should pass
through the second stage of anvil (Fig.l
;bottom). The present sintered diamond is a mix
ture of diamond and SiC. So, X-ray could pass
through above 30 keV.

Resuts

Figure 2 siiows the diffraction patterns of Au
at various pr<?ssure for truncated egde length
(TEL) = 0.5mm. Mainly two diffraction peaks of
Au were used Lo determine the lattice constant.
'I'ho diffraction energies are obtained by refer
ring to the characteristic X-rays of Au, which
made it possible to determine the accurate pres
sure. The maximum pressure of 41 GPa was atained
with applied load of 100 ton. The pressure dif
ference at the position 1mm apart from the cen
ter was IGPa at 20GPa. After the compression to
the maximum pressure, the deformation of the
surface of the anvils were not recognized.

Pressure

medkjfn —

Sintered diamond
anvi \

MAX80 anvl

spacer Maoneaia pressure medhim

Figure 1. Configuration of the double stage
system.

Au *3 fEL » 0.5mm
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41 . 0 GPo
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•e is '0 to (s
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Figure 2. X-ray diffraction patterns of An at
various pressure with TEL=0.5mm anvil.
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Introduction

Digital subraction angiography (DSA) is a
technically advanced, noninvasive mean of
sequential imaging of the vascular system.
However, because of misintegration artifact due
to motion such as respiration, peristalsis, and
swallowing, coronary intravenous DSA has not yet
been succeeded in clinical use.

The K-edge subtraction method, using the
K-edge discontinuity in the attenuation coeffi
cient of iodine, may provide a solution to this
problem. Some experimental Studies using this
method have been performed, however clinical ap
plication has not yet been developed due mainly
to tlie insufficient intensity.

We are going to make the synchrotron radia
tion digital subtraction angiography in the
above policy and in the future going to apply to
tlie coronary iscliemic disease.

Materials and Methods

Tliree dogs were examined to evaluate the
ability of a prototype synchrotron radiation DSA
unit, that we are now constructing. The dogs
we used weighted approximately 15 kg in eacli.
Six frencli size pigtail polyethylene catheter
witli multiple side holes were introduced via
right femoral vein into the right atrium by the
cutdown methods under conventional X-ray fluo-
loscopic control. The dogs were handled under
general anesthesia by intravenous administration
of Ketaral. The respiration of the dogs were
controlled by mechanical ventilator. The respi
rations were hold wlien taking the images.

Approximately 10 to 15 ml of 76% water
soluble iodinated contrast medium (Urografin 76,
Schering) was injected by the automatic electro
nic injector at tiie rate of approximately 10 ml
per second, respectively. Three or 4 times in
jection were done in each dog so as not to ex
ceed the normal threshold excretion via renal
system*. Some times we used 100 microgram of
nitroglycerine intravenously to dilated the coro
nary arteries, and also some times we used 0.1

mg/kg beta blockage agent (INDERAL) to decrease
the heart rate. Subsequently, the heart rate of
the dogs were decreased from ZOO/sec to 100. These
technique is usually taken in human examinations.

The sequential images were now detected by
image intensifier (RTP9204F, TOSHIBA) and record
ed high signal to noise ratio videorecording
system (C1900, HAMAMATSU PHOTONICS) , because
digital recording system had not been available
until then.

The blockdiagrams of our synchrotron radia
tion DSA are shown in Fig. (1).

Si crystol

monochronwlic beam onimol

wilier beom

image memory

/(luorescent screen
'londem lens

60 d8 TV

Fig. 1 Scliematic diagram of the experimental
sys tern

Results

The coronary arteries are well visualized in
each dog, especially in one that is given nitro
glycerine. However, when there is a superimposi-
tion to the left ventricle, the coronary arteries
are not fully visualized.
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Introduction

An X-ray K-edge subtraction television
system was investigated. The phantom is
irradiated by two monochromatized X-ray beams
slightly higher (MX) and lower (LX) than the
K-absorption edge of iodine (33.17keV),
alternately, by means of vibrating single crystal
monochromator combined with synchrotron X-ray
beam. Tlie subtraction of the successive two
images produced by these beams results in images
that enhances signals arising from attenuation by
iodine and suppresses signals by other materials.

System

The experimental system has three groups of
frame memories (512 * 512 pixels, Sbits each, two
for image data, one for shading data). The
memorized image data of successive two frames,
one of which is obtained by HX and stored in
memory A, the other by LX in memory B are
processed by a personal computer (FC-9801) and an
image processor (IP-5), as shown in Fig.l.

The contents of the data processing are as
follows;
(1) Correction of the shading originating from
the non-uniformity of X-ray irradiation. The
shading data was taken before the setting of
phantoms and memorized in the memory.
(2) Correction of dynamic range and brightness
level between two images.
(3) Logarithmic transformation.
(4) Subtraction.

(5) Addition of constant number to every image
data to prevent pixels having negative number
(complementary number) be displayed as white
dots.

(6) Gamma correction (enhancement of contrast).

Experimental Results

The iodine phantom with an aluminum step
wedge and a lucite plate of 4cm thickness, as an
absorber, was examined by fluoroscopy.

/-WNcnochromalicSynchrotror\\X-rayBeam
X-ray Beam

The fluoroscopic images taken by X-rays having
different photon energy, MX and LX, are shown in
Fig.2(a) and (b), respectively. The resulting
image of the processing is shown in Fig.2(c).

Contrast material in the phantom can be
identified in Fig.2(a), but cannot be identified
in Fig.2(b). The iodine chart image is enhanced
by signal processing, as shown in Fig.2(c).
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