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xylato Complexes in Aqueous Solution by EXAFS

EXAFS and XANES Analysis of Selenium Kawashima, T.
Compounds (III)

EXAFS Studies on the Local Structure of Ti02 Asa)<ura, K.
Super-thin Layer on Si02

An EXAFS Study of Highly Dispersed Vanadium Kanai, H.
Oxide Catalysts Prepared by a CVD Method

Xanes Estimation of Ce Valence in L-PdsCe and Kuwano, N.

H-PdsCe

Characterization of Zeolite-Encapsulated Metal Fu)cuo]ca, A.

Phthalocyanine Catalysts

EXAFS Studies on the Local Structures of Calcium Yamashita, H.

Catalyst for Coal Gasification

Structural Studies on Precipitation Reactions in Nomachi, I.
Qualitative Analysis by EXAFS and XANES
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XAFS Study on Nickel Thiolate Complexes in Terms
of the Nickel in Hydrogenases

EXAFS and XANES Studies on Characterization of

Electron Donor-Acceptor Metal Phthalocyanine
Complexes Entrapped in Zeolite Supercages

Experimental Examination of "Phase Shift
Transferability" on EXAFS Analysis

Local Structure of the Pb Substituted

Bi-Sr-Ca-Cu-0 High-Tc Superconductors
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- The Effects of Supports-

XANES Study on the Density of d-State of SMSI-
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Photo-Modulated EXAFS

An EXAFS Study of Crdll, IV, V)-edta Complexes
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Structure of Liquid State of Bi203 by EXAFS Koto, K.

Cu K-edge Absorption Spectra of a Novel Kosugi, N.
Superconducting Oxide ; Nd2-xCexCu04_y
I. Unreduced Samples

XANES of Low-dimensional Complexes with Highly Kuroda, H.
Oxidized Ni and Cu
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Temperature-dependent EXAFS Study on Supported Yokoyama, T.

Pd and Ag Small Metal Clusters

EXAFS Study on Ni-Nb Amorphous Alloy Prepared by Nasu, T.

Mechanical Alloying

The Structure of Intercalated CdS Particles in Yoshimura, J.

Layered K4NbgOi7

EXAFS Analysis of ZrF4-BaF2-CsF Glasses and Kawamoto, Y.
Related Compounds

EXAFS Study on the Active Intermediates of Hirobe, M.
Chemical Models for Cytochrome P-450

XAFS Studies on Martensitic Transformation Yamazaki, H.

in Fe-Ni Alloys

EXAFS Studies on the Structure of Silica Ichikuni, N.

Attached Nb-Dimer Catalyst

The structural Studies on the A1203 Attached Takahara, S.

Cobalt Catalyst in the No-Co Reaction

Elucidation of Structure of Catecholdioxygenase- Funabiki, T.
model Complexes and Mechanism of Oxygenation
of Aromatic Ring

EXAFS Study on Amorphization Process of Pd-Si Nasu, T.
Alloy by Mechanical Alloying

Temperature Dependence of XANES in Arashi, H.
Ce02-Tb203,5 Mixed Conductor

EXAFS Studies on the Local Structures of Yamashita, H.

Strontium and Iron Catalysts for Coal

Gasification

EXAFS Studies of Cu{I,II)-NH3, py, phen, bpy Ozutsumi, K.
Complexes in Aqueous Solution

Oxidative Disruption of Rhodium Particle Fukushima, T.
Supported on Silica by O2 and CO

EXAFS Study on Amorphous Fe-Ti-H Alloys Sumiyama, K.
Produced by Vapor Quenching

EXAFS Study on Anharmonic Vibration in Maeda, H.
CuBr

Br K-edge XANES and EXAFS Studies on Yokoyama, T.
Bromine-adsorbed Small Pd Clusters

Supported on Silica

Anharmonic Interatomic Potentials Determined Yokoyama, T.

by Temperature-dependent EXAFS Spectra of
AgBr and CuBr

Characterization of Cu-Ta Alloy System Sakurai, K.
Synthesized by Mechanical Alloying

EXAFS Measurement of Niobium Acid Thin Layer Shirai, M.
on Si02 Catalyst

Reduction Process of Binary Oxides Containing Tanaka, T.
Fe

EXAFS Studies on the Photocatalysis of Mo Dimer Asakura, K.
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EXAFS Study of Zeolite NaY Supported Cu-Pt Tzou, M-S
Bimetallic Catalyst

Studies on the Structure of Bimetallic Toshima, N.

Colloidal Catalysts

The EXAFS and XANES Spectra of MCaSi206 Okuno, M.

(M=Co, Ni, Sr) Glasses

EXAFS and XANES Studies on Intercalation Negishi, H.
Compounds MxTiS2 (M=Mn, Fe, Co, Ni)

EXAFS Studies of Mo03/Ti02 Catalysts Soeya, T.
Prepared by an Equilibrium Adsorption Method

Local Structure of Diorganotin(IV) Complexes Nagy, L.
with Carbohydrate

EXAFS and XANES Studies of Copper(II) Yamaguchi, T.
Complexes Formed with Adenosine and Uridine
at Different pH

Structural Analysis of Hopeite Crystal by Sato, N.
Curve Fitting of EXAFS

EXAFS Studies on Pd-M/C Catalyst A]<ai, T.

XAFS Studies on Silica-supported Tantalum Yanai, H.
Oxides

EXAFS Study on the Structure of Amorphous Tani, K.
Sei-yTe^ Alloy-films

Simple Performance Test of EXAFS Facilities Nomura, M.

C1 K-edge EXAFS Study on AgBrxCl^-x Solid Yo)coyama, T.

Solutions

Copper K-edge X-ray Absorption Near-edge Maeyama, S.
Structure of High-Tc Superconductor

Ba2Yi-xPrxCU30y

Copper K-edge Polarized X-ray Absorption Maeyama, S.
Near-edge Structure of High-Tc Superconducting
Single-crystal YBa2Cu30y

B : Biology

Induction of Chromosome Aberrations by Saigusa, S.
Synchrotron-produced Monochromatic X-rays
with Resonance Energy of Phosphorus K-shell
Absorption Edge

Molecular Changes of an Amino Acid Including Yokoya, A.
Sulfur with Irradiation of Monochromatic

Soft X-rays at the Resonance Absorption Peak

of Sulfur

Inactivation Action Spectra of Bacillus Munakata, N.

Subtilis Spores with Monochromatic Soft

X rays (1-6A)

Repair Susceptibility of DNA Lesions Usami, N.
Produced by K-shell Resonance Absorption of

Phosphorus in Wild Type and rad54 Mutant
of Yeast
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Irradiation Effect on Deoxyuridine- Takakura, K.
monophosphate Induced by Soft-X-rays with
Resonance Energy of Phosphorus K-absorption
Edge

Further Analysis of the Soft X-ray Micro- Shinohara, K.
images of Unstained Human Chromosome Fibers
Dried with No Fixative

Nondestructive X-ray Fluorescence Spectroscopic Nakai, I.
Imaging of Trace Elements in Animal Tissues (II)

Detection of Damaged DNA Irradiated with Mono- Miyoshi, N.
X-ray in the Presence of BrdU;
Part II: Effect of Hematoporphyrin Oligomer

Mutagenic and Transforming Effects of Soft- Watanabe, M.
X-rays with Resonance Energy of Phosphorus
K-absorption Edge

Radiosensitization of 5-Iododeoxyuridine Shinohara, K.
in the Soft X-ray region

X-ray Crystal Structural Analysis of Tobacco Tsukihara, T.
Necrosis Virus

Crystal Structure of Myoglobin Reconstituted Takenaka, A.
with Synthesized Hemes

Polymorphism of Ribonuclease Rh Crystals Kurihara, H.
Which Is Enhanced Through Exposure to

Synchrotron Beam and Its Remedy

On the Local Heterogeneity in a Crystal Higuchi, Y.
of Hydrogenase

Crystal Structure Determination of Cytochrome Nakagawa, A.
c553 by the Multi-wavelength Anomalous
Dispersion Method

High Resolution Data Collection of GAPDH Zhang, F.
and Its Derivatives with Weissenberg Camera

System

Diffraction Studies of the Heat-Labile Fukuyama, K.
Enterotoxin B Subunit Produced by Entero-
toxigenic Escherichia Coli

High Resolution Structure Analysis of Taka Kusunoki, M.
Amylase A at 1.8 A

High Resolution Data Collection of Glutathione Yamaguchi, H.
Synthetase from Escheri chia Coli B

Crystal Structure Analysis of L-lactate Iwata, S.
Dehydrogenase from Bifidobacterium Longum

Structure of a Multienzyme Complex from Sainis, J. K.
Spinach Chloroplasts

Structure Function-drug Interaction of Kannan, K. K.
Carbonic Anhydrase High Resolution Data
Collection of Human Carbonic Anhydrase I
and inhibitor Complexes and Buffalo Carbonic
Anhydrase II

X-ray Analysis of Recombinant Human Renin Einspahr, H. M.
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structural Characteristics of Cation K- Kajiwara, K.

Carrageenate in Sol and Gel States as
Observed by Small-angle X-ray Scattering

Complexation of Low Molecular Weight Amylose Hirai, M.
with Iodine

Conformational Change of Poly-N^-(2- Muroga, Y.
Hydroxyethyl)-L-glutamine in Solution with
Solvent and Temperature Studied by Small
Angle X-ray Scattering

Structure of Thermally Denatured Ribonuclease Hiragi, Y.
A by Means of Small-angle X-ray Scattering

Structural Analysis of Oligomeric Protein in Nitani, S.
Solution

Small-angle X-ray Scattering Studies of
Isolated Linker and Core Histones

Inoko, Y.

X-ray Diffraction Study on the Structure of Nakasako, M.
M-intermediate in the Photoreaction Cycle
of Bacteriorhodopsin

Measurement of the Intensity of the First Yagi, N.
Actin Layer-line during Contraction of Frog
Skeletal Muscle

Effects of EDM(2,3-butanedione-2-monoxime) Yagi, N.
on the Axial X-ray Diffraction Pattern from
Frog Skeletal Muscle during Contraction

Folding Mechanism of Bacteriorhodopsin Peptide Tokunaga, F.
Chain by X-ray Diffraction

Stable Lamellar Phase of 1,2-C-di-tetradecyl- Akiyama, M.

-3-Q-B-D-qlucopvranosyl-sn-alycerol

Stopped-flow X-ray Scattering Study on Tsuruta, H.
Allosteric Transition of Aspartate Transcarb-
amylase at Subzero Temperature

Oligomerization of Actin Monomer at the Early Kuroda, M.
Stage of Actin Polymerization Measured by
Stopped-flow X-ray Small Angle Scattering

A Dynamic X-ray Diffraction Study on Slow Matsubara, 1,
Skeletal Muscle of the Chick at the Beginning
of Contraction
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Studies of Phase Transition in Phosphati-
dylcholine-water Systems by Time-resolved
X-ray Diffraction at Low Temperature Scan Rates

X-ray Diffraction of the Live Squid Retina in
the Dark and Light

X-ray Diffraction from Insect Flight Muscle
in a Partially Relaxed Condition

Frequency and Temperature Dependence of the
Intensity Changes in the 14.3 NM Meridional
and the Equatorial 1,0 and 1,1 Reflections
from a Tetanized Frog Muscle during Sinusoidal
Length Changes
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x-ray Diffraction Studies of the Modified
Purple Membrane during Its Photocycle

Studies of the Medium Angle X-ray Pattern

from a Tonically Contracting Molluscan
Smooth Muscle

X-ray Small Angle Scattering of Alpha-2-
macroglobulin after Treatment with 2,4-
dinitrophenyl Thiocyanate

Uruga, T.

Tajima, Y.

Ikai, A.

Solution X-ray Scattering Study on Diussociation Igarashi, Y.
of Eisenia foetIda (Earthworm) Hemoglobin at

Acidic and Alkaline pH

X-ray Diffraction Studies on the Chemically- Tanaka, H.
modified Glycerinated Fibers of Rabbit
Skeletal Muscle

Real Time K-edge Subtraction X-ray Imaging Fukagawa, H.
- Animal Experiment

Optimum Energy Separation in K-edge Energy Nishimura, K.
Subtraction Angiography

C : X-ray Experiments

Soft X-ray Standing Wave Measurements of Clean Izumi, K.
and Oxygen Adsorbed GaAs(lll) Surfaces

Soft X-ray Standing Wave Measurements of Izumi, K.

NiSix/Si(lll) at the Bragg Angle of 71/2

Structure-refinement of Orthorhombic Motoyama, T.

Superstructure of Tridymite : An Application
of the Powder Diffraction Method

X-ray Fluorescence Analysis Using a Crystal lida, A.
Spectrometer with a Position Sensitive
Proportional Counter

X-ray Fluoresence Imaging by Image Takahashi, M.
Reconstruction Technique

Determination of Trace Ruthenium in Saito, J.

Meteoritic Minerals by Microbeam X-ray
Fluorescence Spectrometer

X-ray Microbeam by Multilayer Zone Plate Saitoh, K.

Analysis of Ultra Trace Elements in Marine Ishikawa, M.
Ecological Samples by SR Monochromatized X-ray

X-ray Absorption near Edge Structure (XANES) Toyoda, T.
of CuInSe2 by Photoacoustic Method

X-ray Photoacoustic Absorption Spectra of Toyoda, T.
Brass and Phosphor Bronze

Photoacoustic EXAFS of Brass (Cu-Zn Alloy) Toyoda, T.

EXAFS in Photoacoustic Phase Spectrum Masujima, T.

Chemical State Imaging and Trace Element Nakai, I.
Analysis of Meteorites by X-ray Fluorescence
Spectroscopy
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Micro Fluorescence EXAFS/XANES from Rock Sample

Near-surface Chemical Characterization Using

Grazing Incidence X-ray Fluorescence

X-ray Diffraction Analysis on Local Structure
Changes of Amorphous Alloy

Pressure Induced Amorphization of Ca(OH)2

The Structure Study of Ge02-P205 Glasses with
the Anomalous X-ray Scattering (II)

A Synchrotron Radiation Beam Following System
of the X-ray Powder Diffractometer for the
Photon Factory

Evaluation of Dimensional and Orientational

Distribution of Crystallites in Powder
Specimen

Texture Analysis of Silver Halide Photographic
Grain

Local Structure and Valence States of

Tl-Ba-Ca-Cu-0 Superconductors

Ge/Si Monolayer Superlattices on Si (100)
Studied by Surface-sensitive EXAFS

Single-crystal Diffractometry with Poly-
crystalline Samples

X-ray Diffraction from GaAs/AlAs/GaAs Grown
on GaAs(OOl) by MBE

Diffraction Patterns of Third-order Fibonacci

Series

Study on the Precusive Phenomena of Phase
Transition from Layered Compounds

Determination of the Low Temperature Phase

Diagram of the Fe-Ni Alloy System

Appearance of Superstructure in Ferroelectrics
at Low Temperature below the Incommensurate-

commensurate Transition

AB Initio Structure Analysis of 5-Aminovaleric
Acid by X-ray Powder Diffraction

New Technique for the Observation of X-ray
CTR Scattering Using Imaging Plate Detector

Structural Instability of PbSe/SnSe
Superlattices under Pressure

Determination of the Environmental Structure

around a Specific Atom in Disordered Materials
by the Anomalous X-ray Scattering

Pressure-induced Molecular Dissociation

in Iodine at Low Temperatures

Alternate Abstraction of Rotatory Polarized
SR X-rays with Different Helicity and Its
Utilization

Hayakawa, S.

Sakurai, K.

Nasu, T.

Yamanaka, T.

Shimizugawa, Y.

Ozawa, H.

Ozawa, H.

Yagi, T.

Yamaguchi, H.

Oyanagi, H.

Stevenson, A, W,

Kashihara, Y.

Terauchi, H.

Ohshima, K.

Hashimoto, S.

Mashiyama, H.

Kurahashi, M.

Harada, J.
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Nakajima, T.
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Low-temperature and High-pressure X-ray Study Imai, M.
on the Pressure-induced Phase Transition of

Amorphous Semiconductors

Research Study of Cooling down to mK Region Nakajima, T.
by He-3 Dilution Refrigerator Used for SR
X-ray Diffraction Experiments

Kinetics of Phase Transition in Graphite Metoki, N.
Intercalation Compounds --First Order
Transition in a One-dimensional System --

A Cine K-edge Subtraction Coronary Angiography Takeda, T.
in the Rabbit Experiment

Observation of Fibers in Long Fiber Reinforced Masuda, C.
Metal Matrix Composites by X-ray Computed
Tomography Using Synchrotron Radiation

Observation of Meteorites by Monochromatic Funaki, M.
X-ray CT Based on Synchrotron Radiation

Three-dimensional Monochromatic X-ray CT Hirano, T.
Based on Synchrotron Radiation

X-ray Microprobe with a Pair of Elliptical Suzuki, Y.
Mirrors

Structural Study on Si02/Si Interface Hirosawa, I.

Analysis of Diffuse X-ray Scattering from Morinaga, M.
the Omega Phase in Titanium Alloys

Observation of Critical Scattering from NaN03 Okazaki, A.
Single Crystal under High Pressure on
Synchrotron Radiation Source

Studies on the Process of Reaction in Crystals Ohmasa, M.

by SR --Dehydration of Alpha-FeOOH—

Cu K-edge Absorption Spectra of a Novel Kosugi, N.
Superconducting Oxide : Nd2-xCexCu04_y
II. Reduced Samples

Tertiary Structure of Calmodulin Fragments Izumi, Y.
in Solution

X-ray Photoacoustic Spectroscopy for
Determination of Iron in Powdered Samples

Composition Fluctuation with Small Wave Length
in Early Stage Spinodal Decomposition of
Polystyrene/Poly(2-chlorostyrene) Blend Systems

Imaging by Semi-pulse X-ray Photoacoustic
Method

Kato, K.

Takahashi, M.

Subtraction Imaging by X-ray Phtoacoustic
Method

Surface Structure Analysis of Si (111) Takahashi, T,

-Ag by Transmission X-ray

Diffraction

Anisotropic Effects in X-ray Raman Scattering Udagawa, Y.

Small-angle X-ray Scattering Study of Sano, Y.
Reconstitution Process of Tobacco Masaic

Virus Particles
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x-ray Detection Characteristics of MicroChannel Yamaguchi, N,
Plates in the Energy Range from 0.06 to 0.6 keV

The Energy Response of a Silicon Surface Cho, T.

Barrier Detector (0.06-0.9 keV)

Time-resolved Two-dimensional Observation of the Iwasaki, H.

Change in X-ray Diffuse Scattering Using an
Imaging Plate on Synchrotron Radiation Source

X-ray Standing Wave Analysis of GaAs/Si(lll) Kawamura, T,
Interface

X-ray Reflectivity and Fluorescence Yield from Hashizume, H.
a Perfect Germanium Crystal at Grazing-
incidence Bragg Condition

Study of Lattice Distortion of Porous Silicon Nittono, 0.

Layers by Means of X-ray Diffractometry

Structure of Liquid Selenium under Pressure Tsuji, K.

Section Topography Using a High-order Sugita, Y.
Reflection and Its Application

High Resolution Pair Distribution Function Sakurai, Y.
of AlggMn2oRu8Si4 Icosahedral Phase

Development of Synchrotron Radiation Nakashima, H.

Dosimetry Techniques

Two-stage Temper Embrittlement of Amorphous Yamasaki, T.
Fe-B-Si Alloys and Structural Changes Examined
by SR-small Angle X-ray Scattering

X-ray Photoacoustic Imaging of Subsurface Sugitani, Y.
Layer and Correlation Spectra

Diffusion of Self-interstitials in Ice under Hondoh, T.
Hydrostatic Pressure

Dislocation Motion in Ice under Stress Pimienta, P.

X-ray Magnetic Scattering Studies on the Yamazaki, H.
R2Fei4B Intermetallic Compounds

Study of Crystal Moire Yoshimura, J.

Lattice Spacing Measurement around Dislocations Kitano, T.
in Undoped GaAs Crystal

Contrast Formation Mechanism around the Cell Kitano, T.
Walls in Equi-lattice-spacing Mapping X-ray
Topographs for Undoped GaAs Crystal

Time-resolved X-ray Diffraction from a Kojima, S.
Germanium Crystal Irradiated by a Visual
Pulsed-laser

High-resolution Diffraction Profiles of
Silicon Single Crystals Measured by Highly
Collimated X-ray Beams

Grazing Incidence Diffraction from Monolayers
of Arachidic Acid on Water Surfaces and Glass

Substrates

A New Drickamer-type Cell for In-situ X Ray
Studies at High Pressure and Temperature

Kawado, S.

Matsushita, T.

Leinenweber, K.
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Accurate Determination of Phase Boundary of Akaogi, M,

Rutile-aPb02 Transition in Ti02 at High
Pressures and High Temperatures

Investigation of the Phase Transformations in Fujinaga, Y.
Au-Ge and Au-Si Alloys by In-situ High-pressure
X-ray Diffraction

Compton-profile Observation of Negative Spin Sakai, N.
Polarization of Conduction Electrons in

Ferromagnetic Ni Metal
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Department of Physics, Faculty of Science, Hirosaki University, Hirosaki 036
Department of Chemistry, Faculty of Science, Osaka University, Toyonaka 560
Institute of Science and Technology, Ryukoku University, Kyoto 612

Introduction

The lattice vibrations^contribute a Debye-
Waller- r , . -- - - -
interference function. Th'̂ term Oj in the
exponent is the second cumulant of the interatomic Ce02 has been studied by one of the present authors
distance distribution. In a harmonic crystalline and it was concluded that the temperature dependence

of the linewidth of Raman spectra could be explained
with only the cubic enharmonic term of the crystal

le EXAFS

material, cumulants beyond the second are zero
and the effects of thermal vibrations on the „

EXAFS amplitude are fully characterized by 0 . .
However, when phonon-phonon interactions are
important, higher cumulants must be included in
the EXAFS formula. EXAFS spectroscopy is
sensitive to anharmonic effects and from it unique in the right hand side of eq.(l). Figure 1 shows
information about anharmonic interaction can be that the fourth cumulant is not trivial in the
obtained.^ On the other hand, the temperature amplitude of EXAFS in Ce02. Further, the contri-
dependence of the Raman linewidth and frequency bution of not only Ao^ but also Ac, increase with
reflects the anharmonic effects and that of some the temperature. Quantitative analyses for C,
ionic crystals have been discussed with consider- are currently under way. The result of Fig. I
ation of the cubic and quartic anharmonic terms seems to be consistent with that of Raman study
in the crystal potential energy.In this for Ce02, qualitatively.
report, the applications of the EXAFS technique Figure 2 shows the same plot for ReO^. It
to the anharmonic vibrations are tried in Ce02 should be noted that the scale of abscissa is
and ReOg comparing with the Raman results. different from that of Fig. 1. It is found that

the result for Re03 shows some different properties
Experimental and Data Analysis from that for Ce02. (1) No change between the

Powder samples of Ce02 and Re03 were pur - amplitudes of EXAFS at 472 and 572 K are observed,
chased from Wako Pure Chemical Industries, LTD. (2) The amplitude of EXAFS function at 200 K is
and Soekawa Chemicals, LTD., respectively. After very small in comparison with that at more than
grinding, they were dusted uniformly onto Scotch
Magic tape. A sample 8 tape layers thick was
attached to a stainless steel holder and mounted

on the cold finger in a cryostat for the measure
ments at the temperature of 20-300 K. On the
other hand, a sample was i
and pressed to 1 mm thick disk for the measure
ments at the temperature of 300-600 K using the
electric furnace.

The X-ray absorption measurements were
performed at BL 7C. S(lll) double crystal was
used to monochromatize X-ray from the positron
strage ring.

Once the single-shell amplitude of EXAFS
function are isolated, the cumulants can be
extracted using the ratio method. If we multiply tarily to the Raman technique,
the amplitude A(r) by the square of the distance
and call the product P(r), it is found that References

„ „ - , 1)J.M.Tranquada and R.Ingals, Phys.Rev.B 2^, 3520
ln[P(T^)/p(r2)] = -2ha k +-^AC,k + •••, (1) (1983).

2)T.Sato and S.Tateyama, Phys.Rev.B 26, 2257 (1982).
where T is the temperature, k is the photoelectron 3)M.Ishii et al, J.Phys.Soc.Jpn., 908 (1976).
wave number and is the fourth order cumulant.

The higher cumulants are negrected in eq.(l).

Fig.l. Single-shell amplitude data plotted in the
form ln[P(r)/P(20K)] for Ce02 Lxij-edge
EXAFS at various temperature T. DjIOOK,
•:200K, A;296K, A: 372K, O; 472K, •: 572K.

Fig.2. Single-shell amplitude data for Re03 Ljxi-
edge EXAFS. The notations for the tempera
ture are same as that in Fig.l.

Results and Discussion

Figure 1 shows the polts of ln[P(r)/P(20K)]
versus for the first-shell amplitude of EXAFS
for CeOn. The anharmonic effect of the crystalline

potential energy?) In the EXAFS analysis, the
anharmonic effect appears as a deviation of the
plot of ln[P(T)/P(20K)] vs. k2 from the straight
line. The deviations come from the second term

296 K. (3) The contribution of term is smaller
than that in Ce02. The temperature dependence of
the linewidth of the Raman spectra for ^^03 is
difficult to be obtained, since the first order

.... ... Raman scatterings are forbidden for ReO- structure
mixed with boron nitride which belongs to the space group O,"^ (pmJra) In

CeO-, each oxygen atom is coordinated by four
cerium atoms tetrahedrally. On the other hand,
rhenium and oxygen atoms are aligned linearly in
cubic ReO^. From such fact, it is expected that
Che anharmonic effect in Ce02 is more significant
than that in ReO- and this expectation agree with
the present EXAFS result (3). Further investiga
tion would make EXAFS be a strong technique to
study the anharmonicity of the vibration complemen-

Fig.l

-1.0
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STRUCTURAL STUDIES OF COPPER(II)-AMINOCARBOXYLATO COMPLEXES IN AQUEOUS SOLUTION BY EXAFS

Yayoi MIYATA, Kazuhiko OZUTSUMI, Izumi NAKAI, and Takuji KAWASHIMA

Laboratory of Analytical Chemistry, Department of Chemistry,
The University of Tsukuba, Tsukuba 305

Introduction I ' a '

Aminocarboxylic acids and pyridine
derivatives well accelerate the formation

reaction of porphyrin complexes with transition
metal ions such as manganese(II), cobaltdl),
nickel(II), copperCII), and zincCII) in aqueous
solution. The catalytic behaviour is suggested
to be originated from more labile water molecules
within the aminocarboxylato and pyridine
complexes than the hexaaquametaKII) ion or the
hydrophobic interactions between the ligands and
porphyrins. In the present study we determined
the stucture of the mono- and bis-

(aminocarboxylato)copper(II) complexes in aqueous
solution in order to obtain more information on

the origin of the catalytic action of complexes.

Experimental

Sample solutions were prepared by dissolving
copper(II) nitrate and bis(aminocarboxylato)-
copper(II) at suitable mole ratios in water.

Aminocarboxylic acids examined were glycine

(gly), a-alanine (aala), /3-alanine (|Gala),
valine (val), serine (ser), threonine (thr),
proline (pro), and hydroxyproline (pOH). X-Ray
absorption spectra were measured around the Cu K-
edge at the BL6B of the Photon Factory, KEK.

Results and Discussion

Figure 1 depicts the Fourier transforms of
sample solutions containing the monoCamino-
carboxylato)copper(II) complexes as a main
species. The first intense peaks around 155 pm
are due to the Cu-0 and Cu-N bonds within the

complexes. The positions and intensities of the
peaks are very similar among the test solutions

examined, indicating that the structures of the
complexes in solutions are very similar.
Structure parameters of the complexes were

finally determined by least-squares calculations
applied to the Fourier filtered values.

In the fitting procedure, the contribution of the
hexaaquacopper(II) ion and bis-complex existing
with the mono-complex in solutions to the

X (fc) values were taken into accounts. The
amounts of complexes existing in solutions were
evaluated on the basis of the individual

electronic spectra of complex species and thus
the structure parameters obtained (Table 1) are
the ones for mono-complex species. All the

mono-complexes have an axially elongated

octahedral structure. The Cu-Ogg, Cu-Ngg, and
Cu-O^x bond distances are practically the same
among the complexes.

In Table 2 the structure parameters of bis-
complexes are given. It is also shown that the

structure of the bis-complexes is axially
elongated octahedral and the Cu-0 and Cu-N bond

lengths are indifferent among the bis-complexes.

^ 0

2 3 4

r/10^ pm
Fig. 1. Fourier transforms of sample solutions.

Table 1. Structure parameters of mono-complexes.

gly aala /) ala val ile ser thr pro pOH

r/pm 197 197 197 196 197 198 197 197 197
(7/pm 6.0* 6.0* 6.0* 6.0* 6.0* 6.0* 6.0* 6.0* 6.0*
n 3* 3* 3* 3* 3* 3* 3* 3* 3*
Cu-Neq
r/pm 199 199 199 200 198 194 200 199 199
(7/pm 6.0* 6.0* 6.0* 6.0* 6.0* 6.0* 6.0* 6.0* 6.0*
n 1* 1* 1* 1* 1* 1* 1* 1* 1*

r/pm 228 228 227 228 227 235 227 229 228
j/pm 11.1 10.2 12.0 10.7 10.9 17.4 11.6 10.1 10.6
n 2* 2* 2* 2* 2* 2* 2* 2* 2*

*Fixed.

Table 2. Structure parameters of bis-complexes.

/3 ala ser thr pro pOH

r/pm 197 197 197 197 197

(7 /pm 6.0* 6.0* 6.0* 6.0* 6.0*
n 2* 2* 2* 2* 2*
r/pm 199 199 199 199 199

a /pm 6.0* 6.0* 6.0* 6.0* 6.0*
n 2* 2* 2* 2* 2*
r/pm 232 230 230 230 231

u /pm 12.4 8.9 9.9 10.7 10.9

n 2* 2* 2* 2* 2*

*Fixed.
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Introduction

The authors have studied the structures of
piaselenols, and the electronic effect of substitu-
ents and solvent effect of various organic sol
vents on the structures, pf piaselenols by using
EXAFS/XANES technique.However, the elec
tronic and solvent eifects can not be observed

However, the elec-

definitely. Therefore, in this work to study
effects of organic solvents further, organic sol
vents are chosen in view of the acceptor proper
ty which is opposite to the property of solvents
used in the previous work.

In our previous report we qualitatively
showed the variation of oxidation states of sele
nium in the course of the reaction of selenious
acid with metytsubstituted o-phenylenediamine by
XANES spectra'^!. Therefore, in this study we
tried to elucidate the variation of a local struc
ture around selenium quantitatively by using the
EXAFS technique.

Experimental

Piaselenol (CgH4N2Se) and its 5-substituted
de:rivatives were prepared as described previous
ly.-jI Hexamethylphosphoric triamide(HMPA), pyri-
aine(Py), formamide(FA), acetic acidfAc) and tri-
fluoroacetic acid(TFAc) were_»chosen as organic
solvents and their 0.1 mol dm solutions of piase
lenols were prepared.

_ A water-ethanol (1:1) solution of„ 0.5 mol
dm selenious acid and 0.75 mol dra"'^ methyl-
substituted o-phenylenediamine was prepared to
study the reaction process. .Pive cm'̂ of each
solution were mixed with IScm-^ of 1.5 mol dm
sodium acetate water-ethanol(l:l) solution to slow
down the reaction. These solutions were freezed
with liq. N2 to stop the reaction and EXAFS
spectra were measured at a certain time interval.

The K-edge absorption spectra were meas
ured by using a Si{311) channel-cut crystal
monochromator on the EXAFS facilities installed at
BL-lOB at PP.

Results and Discussion

The results of the curve fitting method
using Fourier-filtered k":* • x (k) values were
summarized in Table 1, where A denotes the
difference between the Se-N bond lengths in
solid state and in solution. As shown in Table 1,
the Se-N bond distances of piaselenols in solution
are generally longer than tnose in solid state
and no correlation between the Se-N bond lengths
and the properties of solvents is observed. A
similar,,., tendency was also found in previous
study.''I It is thought that solvent molecules may
npt specifically interact with the Se or N atoms of
piaselenols. Therefore, no correlation between the
Se-N bond length and the properties of solvents
could be seen.

The Fourier-transforms for samples freezed
several minutes after the beginning of the reac
tions are given in Fig. 1, together with those of
selenious acid and methyl-substituted piaselenol
solution. With a progress of the reaction it is
observed that the first intense peak shifts from
li24A to 1.34A and the second peak around 2.1A
gradually increased. Therefore, it is thought that
the local structures around selenium gradually
vary in the course of the reaction. In order to
examine the presence of reaction intermediates, we
tried to reproduce the Fourier filtered k3-;^(k)
of samples freezed 2 or 5 minutes after the
beginning of the reaction by those of the Fouri
er-filtered k3 • X (k) of selenious acid and of
methyl-substituted piaselenol. However, it was
not possible to reproduce the curve by any
combination of k3»;i;(k) values of the two compo
nents. Hence, some reaction intermediate would
exist during the reaction process. Further analy
sis of the reaction mechanism may require time
resolved EXAFS measurement utilizing stopped
flow technique.

References

1) T. Kawashima, I. Nomachi, T. Hirano & I. Nakai,
PF Activity Report, ig, 223 (1987)

2) T. Kawashima, I. Nomachi, T. Hirano, K. Ozutsu-
mi & I. Nakai, PF Activity Report |p, 37 (1988)

3) M. Tanaka & T. Kawashima, Talanta, 12, 2il
(1964) —

H2Se03 soln.

2 minutes after

5 minutes after

methyl-substituted
piaselenol soln.

0.0 2.0 4.0 B.O
Fig. 1 Fourier transforms

for Se compounds

Table 1. Solvent effects on the Se-N bond distance.

Piaselenol

Methyl

substituted

N i t r 0

substitutedIAcceptor Donor
Solvent Nuiber Nuiber

S e - N (A) J (A) Se-N (A) 6 (A) Se-N (

Solidstate 8 3 1. 8i 3 1.8 3

HMP A 10.6 3 8.8 8 6 0.03 1. 8; 4 0.01 1.85

Py 1 4. 2 3 3.1 8 4 0.01 1. 8i 4 O.OI 1.83

FA 3 9.8 8 4 0.01 1. S! 5 G.02

Ac 5 2.9 10.5 . 8 5 0.02 1. 8! 5 ; G.Q2
1

TFAC 1 2 9 .1 . 8 3 G.GO 1 1.81 5 G.02 1.81
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EXAFS STUDIES ON THE LOCAL STRUCTURE OF TiOa SUPER-THIN LAYER ON SiOs

Kiyotaka ASAKURA, Junji INUKAI, and Yasuhiro IWASAWA
Department of Chemistry, Faculty of Science, the University of Tokyo,

Hongo, Bunkyo-ku, Tokyo 113.

TiOs is one of the interesting support
materials for the supported metal catlaysts.
Ft and Rh particles on TiOg lose its
chemisorption ability after high temperature
reduction due to the some kind of metal-

support interaction''. It is practically
and scientifically inaterseting to modify the
support surface of the supported metal in
order to controle the nature of the support.

In this context we have prepared TiOa super-
thin layer supported on the SiOg with high
surface area. In this paper we will report
the structure of the Ti in the TiOs super-
thin layers with and without Pt particles on
it. In the following paper we will report
the unique properties and structures of Pt
particle on the TiOa layer/SiOa.

Experimental
Ti super-thin layer was prepared by

impregnation of SiOs with TiCOCsHslj hexane
solution under reflux conditions.

Unreacted Ti(OC3H8)4 was washed with hexane

followed by calcination at 773 K for 2 hours.
XRF studies showed that the Ti content is

corresponding to that of the half of the full
coverage calculated from the surface area of
SiOa and the lattice parameters of TiOa.
Thus this procedure was conducted twice and
we deposited the TiOa on the surface of SiOa

with the Ti loading corresponding to the full
coverage which was confirmed by the XRF
measurement. EXAFS measurements were

carried out at BL 7C using Si(lll) double
crystal monochromator.

Results and Discussion

Table 1 showed that the curve fitting
analyses. Comparing the Ti-Ti distances of
the super-thin layer TiOs is similar to that
of anatase. The ratio of two Ti-Ti

coordination numbers were almost equal to
3:2, which is well corresponding to (110)
face of anatase. We also found Ti-Si

Table 1 Curve Fitting results

distances at 0.376 nm, indicating Ti one-
atomic layer structure. Table 1 also
showed the curve fitting results of Ti K-edge

EXAFS of Pt/TiOs/SiOa after the reaction at
773 K. Ths structure paramerters are almost
the same as those of TiOg/SiOa. Thus the
one-atomic layer structuare is maintained
after the high temperature reduction. Fig.l
showed the Ti K-edge spectra of TiOa
standards, TiOa super-thin layer with and
without Pt partilce. Ti K-edge of super-
thin layer is quite similar to that of Ti K-
edge of anatase, indicating the local
structure is similar to that of anatase.

Also Ti is in the state of 4+ even after the

reduction at 773 K in the presence of Pt.
This is quite different property from that of
conventional TiOa-supported Pt, where the
surface Ti is reduced to Ti®"^. The
stability of the TiOa super-thin layer might
arise from the direct Ti-O-Si boding formed
in the attaching reaction.

DS.J.Tauster et al., J.Catal., 29(1978)

Ti K-edge

ANATASE

RUTILE

J ML Ti/SiOc

Pt/Ti /Sic

TiOa super-
thin layer/SiOa

Ti-0 Ti-Ti Ti-Ti Ti-Si

N r/nm N r/nm N r/nm N r/nm

3.7 0.195 2.7 0.305 1.7 0.369 1.0 0.364

E / eV

Fig.l X-ray Near edge
spectra of TiO^(anatase,
rutile) and Super thin layer
of TiOo on SiOp{lML Ti/SiOj,)
together with the Pt
deposited on itCPt/Ti/SiOg)

Pt/TiOa super- 3.9 0.196 3.2 0.303 1.8 0.367 0.9 0.360
thin layer/SiOa

(6) 0.197 (4) 0.305 (4) 0.366

5.8 0.197 4.1 0.298 6.8 0.335
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AN EXAFS STUDY OF HIGHLY DISPERSED VANADIUM OXIDE CATALYSTS PREPARED BY A CVD METHOD
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Department of Molecular Engineering, Faculty of Engineering, Kyoto University, Sakyo-ku, Kyoto 606
Department of Chemistry, Faculty of Science, Hokkaido University, Kita-ku, Sapporo 060

Catalytic active species of supported
vanadium oxide catalysts are influenced
structurally and electronically by supports.
EXAFS/XANES spectroscopy was applied for highly
dispersed supported V2O5 species which were
prepared by a CVD method to elucidate
relationship between their structures and
photocatalytic activities. '

Experimental

VgOg/SiOglVSCVD) or AlgOglVACVD) was
prepar.ed by the following method; vaporized
V0(0Pr^)2 was reacted and fixed with OH groups
of Si02 or Ai203 which had been evacuated at
673 K for 2 h, and then alkoxyvanadyl-fixed
Si02 or AI2O2 was evacuated at 373 K for 1 h
followed by heating in O2 at 673 K for 2 h.
VgOg/SiOoiVSIMP) or V205/Al203{VAIMP) was
prepared oy impregnating Si02 or AI2O3 into an
NH4VO3 aqueous solution. After drying at 383 K
the impregnated sample was heated in air at 773
K for 3 h. X-ray absorption spectroscopy was
run at r. t. at the BL-7C.

Results and discussion

The XANES spectrum of VSCVD is very
similar to that of tetrahedral V0(0Pr^)3, a
CVD source and quite different from V20e which
is distorted square pyramidal.(Fig. 1) The
XANES spectrum of VSIMP looks almost like that
of VSCVD. However, XANES spectra of alumina-
supported V20g are different from those of
silica-supported one. The initial product of
AlO-VO(OPr^)jj has almost the same structure as
the reactant, VO(OPr^)3.(Fig. 2) On being
heated at 373 K, it released alkoxy group and
the XANES spectrum changes into the one very
similar to that of V20g/Al203.

The FT of VSCVD shows a somewhat broad peak
attributed to V=0 and V-0 bonds and small peaks
around nearest V-V bonds which appear around
2.5 A in V205.(Pig. 3) VSIMP has a similar peak
for V=0 and V-0 bonds and a small peak due to
nearest V-V bonds. Al203-supported V205 reveals
peaks shorter than Si02-supported one. Curve-
fitting for these catalysts reveals that 3102"
supported V2OC is tetrahedral having one V=0
and three V-0 oonds, while Al203-supported ^2^5
is also tetrahedral having two V=0 and two V-0
bonds.(Table 1)

When water was adsorbed on both catalysts,
drastic change in XANES and FT spectra was
seen for Si02-supported ^2^5' change
appeared for Al203-supportea one.(Fig. 3) Water
makes bridges between adjacent V atoms which
are located in the range of 2.5-3 & a little
shorter than V-V in V2O5.

The XANES/EXAFS study shows that tetrahedral
V(V) species having a single V=0 bond is
responsible for photocatalysis of olefins. '

1)H. Kanai et al.,Intern. Symp. Photoinduced
Surface Reactions, (Kyoto) p. 67 (1989).
2)T. Tanaka et al., J. Chem. Soc., Faraday
Trans. 84, 2987 (1988).
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5wt%VSCVD
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"\ 2D-tIVSIHP J* 1
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V0(OPr<)2OSiPh3

4wt2VACVD

VO(OPr^)3
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Energy / eV

4wt%VAIMP

TfJ \V205/Si02-
- \a1203(CVD)
'0"1 2 3,4 5 e
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Fig. 1 Spectra of XANES and Fourier
transforms of supported V20g

WOVI / /\
lOU"}/ /
300''/ VOiOPrMj
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Energy / eV

Fig. 2 XANES spectra
of heat-treated Al^Or,-
VO(OPrMn

, SKtlYSCVO
Whydnted)

l?CMtIYSlHP
Uhydrated)

0 1 2 3 4 5 6

R / A
Fig. 3 Fourier trans
forms of hydrated VSCVD

Table 1. Curve-fitting for V-0
shells^^ of supported V2O5 catalysts

Catalyst R CN
. 2 0 2
Aa A

5wt%VSCVD 1.59 1 .22 0 . 00341

1. 78 3 .09 0 . 00555

4.5wt%VSIMP 1 .61 1.05 0.00694

1 . 79 3 . 08 0.00870

4wt%VACVD 1 .62 2.02 0.00747

1.80 2,05 0.00592

5wt%VAIMP 1 .61 2 .02 0.00414

1.78 2 .00 0.00344

See Reference 2
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In Ce alloys and compounds, 4f electrons
give rise to various kinds of interesting phys
ical anomalies, such as a negative temperature
coefficient of electrical resistivity. We
reported in a previous paper'" that H-PdsCe and
L-PdgCe, which have almost the same composition
as each other, exhibit a significant difference
in electrical resistivity change from each
other. In this study, Ce valences in H-PdsCe, L-
PdsCe and other Pd-Ce alloys were estimated from
the X-ray absorption near edge structure (XANES)
to clarify the origin of the difference in

resistivity.

Ingots of Pd-Ce alloys with 12.5, 16.7,
17.2, 25.0, 37. 5 and 50 at%Ce were prepared by
arc melting under an atmosphere of extra pure
argon. The alloy ingots were homogenized by
annealing at proper temperatures. Pd-12.5 at%Ce,
or PdyCe'^', has an order structure of PtyCu
type, Pd-16.7 at%Ce (L-Pd5Ce'^M a long period
antiphase superstructure derived from LI 2, Pd-
17.2 at%Ce (H-PdsCe'"") a stacking structure
related to NisCe'®' and Ni7Ce2. It was also
reported that Pd-37.5 at%Ce (PdgCeshas a
hexagonal structure, and Pd-50 at%Ce (PdCe'''M a
CrB structure. Powder specimens made from the
ingots were sealed in evacuated quartz capsules
and annealed at temperatures so that the alloys
had their equilibrium phases.

XANES spectra were taken, using the
facility of BL-7C, at energy intervals of about
0.45 eV with a double crystal monochromator of
Si (111). The spectra were analyzed by the
methodwhich is similar to Rohler's'®',
where two major white lines were conventionally
assigned to Ce^"^ and Ce''"*". Ce-valence was
evaluated from the ratio in area of the Ce^"*"-

and Ce*'"'" components.
Figure 1 shows the change of Ce-valence

with the alloy composition. One can see that the
valence increases monotonously with decreasing
Ce content and reaches a saturated value of

about 3.3, except that the Ce-valence of H-
phase deviates from the smooth variation. The

deviation can be explained as foliows. In L-
PdgCe which has a basic structure of Ll2» there
are few Ce-Ce nearest neighbors (nn), provided
that the phase is well ordered. H-PdsCe, in
contrast, has Kagome networks which include many
Ce-Ce nn. Thus, the local Ce concentration
brcoraes high, compared with the mean value over
the bulk, so that Ce atoms have a property as in
a higher concentration alloy such as PdsCe. The
present authors reported that below room
temperature the resistivities of H-PdsCe and
PdaCe exhibit negative temperature coefficients.

while PdyCe, L-PdgCe, PdjCes and PdCe have

positive ones, as shown in Fig. 2""". These
results suggest that the "dense Kondo effect" is
most remarkable in Pd-Ce alloys with Ce valence

of about 3.2.

L-PdsCe

3.3 • PdjCe

' 10 20 30 40 50
Ce Content" (Qt%)

Fig. 1 The change in Ce valence with Ce
concentration in Pd-Ce alloys

H-Pcyie

100 200
Temperature (K)

Fig. 2
The relative changes
in electrical resis
tivity with temper
ature for various

Pd-Ce alloys
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Introduction

"Ship-in-a-bottle" synthesis of metal
complexes inside zeolite cages has gained growing
attention for the purpose of obtaining the
catalytically active precursors surrounded with
configurationally constrained circumstances.^>
The zeolite framework impose shape selectivity in
metal-catalyzed reactions due to the limitation
of size against in-coraing reactant molecules.2)
Metallophthalocyanine complexes and their
electron donor-acceptor complexes have been
extensively studied as biological analogs such as
chlorophylls and hemoglobins.^>

We synthesized iron phthalocyanine (FePc)
inside NaY zeolite from the precursor of Fe
carbonyl cluster, and the structural properties
of FePc in NaY were studied by Fe K-edge XANES
and EXAFS, ^''Fe Mdssbauer, FTIR, and UV-VIS. We
have found by EXAFS that FePc highly dispersed
within the NaY supercage is distorted from its
original planar structure.^>

Experimental

Iron phthalocyanine in NaY supercage
(FePc/NaY) was synthesized from [HFes(CO)ii]"
/NaY and 1,2-C6H4(CN)2. FePc on the NaY surface
(FePc+NaY) was prepared by impregnation of NaY
with pyridine solution of FePc. Fe K-edge XANES
and EXAFS measurements were carried out at room

temperature at BL lOB and 70 in KEK-PF.

Results and Discussion

XANES spectra for FePc/NaY, FePc+NaY, and
FePc crystalline have the sharp peak at about
7110 eV, arising from ls-4p7r* transition
characteristic of FePc. On the other hand,

FePc(Pyridine)2 complex gave no absorption at
7110 eV, because two pyridine molecules
coordinate to Fe perpendicularly with respect to
FePc plane of FePc(Py)2. These results support
the formation of FePc in NaY in the similar

electronic states to those of FePc crystalline.
5''Fe Mdssbauer study also shows that the
electronic states of Fe in FePc/NaY is almost the
same as in FePc.

Figure 2 shows the Fourier transforms of
for FePc/NaY, FePc+NaY, and FePc

crystalline. The major peak at 1.8 A is
attributed to the first neighbor Fe-N of an FePc
molecule by the curve-fitting analysis. As
summarized in Table 1, FePc/NaY gave a smaller
coordination number (C.N.) and a longer
interatomic distance (R)for the Fe-N compared
with those for FePc+NaY and FePc crystalline.
The results suggest that an iron atom in FePc/NaY
is slightly out of the phthalocyanine ring. This

Figure 1. Fourier transformyof x il<) at Fe K-
egde for FePc/NaY (a), FePc+NaY (b), and FePc
crystalline (c).

Table 1. Results of curve-fitting analysis for
FePc/NaY, FePc+NaY, and PePc.

FePc/KaY

FePc+KaY

FePc

-1.20xl0-»

-0.47xl0-»

0.00

is reflected in the difference of Debye-Waller
type factor (Aa^) for FePc/NaY, which was larger
than for FePc+NaY, possibly due to the distortion
of a phthalocyanine ring caused by the
encapsulation of an FePc molecule (13 A
diameter) inside a NaY supercage (13 A
diameter).

FTIR and UV-visible study also suggest the
distortion of the FePc ring. Electron donor-
acceptor complex (Na"*-! (FePc^')/NaY derived from
FePc/NaY gave high trans/cis ratio of 2-butene in
the catalytic butadiene hydrogenation.^>
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Introduction

Calcium compounds are very useful
catalysts for the gasification of coal.
Many studies have been carried out to know
the state of calcium catalyst. Huffman et
al. have been carried out EXAFS exami
nation of Ca-rich lignite^ and found out
that the dispersion of calcium in char
much depended on method of devolatili-
zation of coal. In the present study, the
dependence of the structure of calcium in
the devolatilized coal (char) on method of
addition of calcium compounds to coal has
been investigated by EXAFS.

Experimental

Loy Yang brown coal from Victoria,
Australia, was used. Several coal samples
with different calcium salts, Ca(N03)2.
CaCl2, CaC03 and etc., were prepared by
physical-mixing, impregnation and ion-
exchanging methods. The Ca-loaded coals (5
wt% as Ca) were devolatilized in N2 at
atmospheric pressure in a small fluidized
bed reactor. EXAFS and XANES spectra at Ca
K-edge were recorded in a transmission
mode on a beam line BL-7C at KEK-PF at

room temperature using a Si(lll) double
crystal raonochrometer. Mirror was used to
remove higher harmonics.

Results and Discussion

Devolatilization of coals were carried
out at 650°C for 20 min. Figure 1 shows
XANES spectra of standard compound, CaO,
and Ca-loaded chars. XANES spectrum of CaO
(a) exhibited main peak at 4051 eV
(uncorrected) with a sharp sub-peak at
4043 eV, indicating the characteristic of
the NaCl structure. Ca-loaded char

prepared by the physical-mixing with CaC03
[FCC] (b) exhibited main peak at 4048 ev
with a sharp sub-peak at 4059 eV and a
obvious shoulder at 4043 eV. This spectrum
was very similar to that of CaC03
indicatig the presence of bulk CaCOs
crystalline. The Ca-loaded chars which
were prepared by impregnation with
Ca(N03)2 [INO] (c) and CaCls [ICL] (d) and
by ion-exchanging with CaCl2 [ECL] (e),
exhibited a broad main peak at 4050 eV
with a small pre-edge peak at 4039 eV and
no remarkable difference was observed

between them. These spectra were very
similar to that of calcium in lignite
which was demonstrated previously^,
suggesting that calcium is bonded to
functional groups and atomically
dispersed on surface of char.

Figure 2 shows Fourier transforms
(F.T.s) of the k^-weighted EXAFS spectra.
CaO (a) shows the peak due to neighboring
oxygen atoms (Ca-0) at 2.0 A (phase shift
uncorrected) and the peaks due to
neighboring calcium atoms (Ca-Ca) at 2.9
A, 4.2 A and 5.3 A. PCO char (b) exhibited

previously^,
bonded to

atomically

transforms

strong Ca-0 peak at 2.0 A and Ca-Ca peak
at 3.4 A indicating the presence of CaC03.
INO char (c) exhibited strong Ca-0 peak
but no Ca-Ca peak. ECL char (e) exhibited
very weak Ca-Ca peak. On the other hand,
ICL char (d) exhibited obvious Ca-Ca peak
at 3.2 A. These results indicated that the

highly dispersion of calcium atoms was
kept in INO and ECL chars and the partial
aggregation of calcium atoms occurred in
ICL char. The Cl" anion might accelerate
the aggregation of calcium atoms. However,
the effect of Cl~ anion on the dispersion
of calcium atoms was not so clear as that

observed in the case of iron compounds
previously^.
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solution is hexavalent. The Fourier transform of
CrOg(bpy) crystal is similar to that of CrOn in
ethdr solutionfFig. 3). Structure parameters ob
tained by the curve fits are summarized in Table
2. the Cr-0 bond of CrOc in ether solution has
three different values. "From a comparison be
tween these values and those of CrOcTbpy), it is
found that Cr in GrOc ether solution fe coordinat
ed by four oxygen axoms of two peroxide ions at
1.83 A, with an oxide ion at 1.52 A, and with an
oxygen atom of diethylether at 2.24 A. There
fore, it is concluded that the Cr atom in the
ether solution of CrOg is six-coordinated to form a
distorted octahedron.

Table 1, Structure parameters
of Mn compounds

|1 IndiO,}! isln. TT)
li Hn-0 a.o ;.;o o.oas

nn(liO.>, aoin.> Qi (b)

MV U "n-O 8-0 2.18 O.OB7
|M\\ /"""bi—• «n<N(lj). soln.f B,Q, <c )

Nn-O 6.Q 2.15 O-fl
"nOK), pBt. . 0, <r)

^Nn-0 8.0 1.91 0.000
'Jl V \_/ dj ^ Mn-0 I.O 2.09 0.038
([ XX /•••«—- "..(ON), cpt. . K.0, (j)
li l1n-0 8.0 1.91 0.03S
SJ \ Hn-O 2.0 2.33 0.038

^—— i ^ 51 O^.Oj crystpE <h>j/\ ^"n-O '.SI 0-087
I /^r\ 9' m-O 2.0 2.30 0.119|//\r-y-—• llnO, Cfyptil <1>
II / '' ~~ Mti-0 0.0 1.88 0.031

l1r,-0

ntB-O
KnO. crystal

nn-O
KnClfOKaO crystal

nn-0

Bn-CI
nnCIa aolvtlon

nn-0

Hn-CI
nn(Gtl>> » HCI

tln-O

lln-CI

8.0 2.17 0.079

2.0 2.87 0.072
(d )

5.0 2.10 O.OOS

1.0 2.30 0.100

(e)

8.0 2.15 0.089

2.0 2.83 0.134

INTRODUCTION
The precipitation and coloration reactions are

widely used in qualitative and/or quantitative
analyses of metal ions. However the mechanism of
these reactions and structural properties of the
products are not fully understood. Therefore, the
authors have been studied structure of precipi
tates by using EXAFS technique. ' In this work,
we studied reactions involving manganese ana
chromium.

1) Usually, Winkler method has been used for
the determinations of dissolved oxygen in water.
The mechanism is tentatively expressed by the
following reactions.

Mn2+ + 20H" >-2Mn(OH)2
2Mn(OH)2 + Og » ZMnOiOHlg
2MnO(OH)2 + 21" + 4H'*" + Ip + SHjO

The dissolvecr oxygen can be determined by titrat
ing the free iodine by thiosulfate. However, the
structure, chemical forms of the products and
oxidation number of manganese in these reactions
are not well understood.

2)The following reaction is used as qualita
tive analysis of chromate.

CvO.^~ + HCl +H2O2 s-CrOcCblue)
CrOc can be extracts S/ith diethyl ether and is
stable at low temperature. However, the structure
and oxidation number of CrOc in ether solution
are not well characterized.

The purpose of this work is to elucidate
these reactions from structural point of view. We
have utilized EXAFS/XANES technique to examine
the reaction products.

EXPERIMENTAL
The samples were prepared by a conventional'

method generally used in qualitative analysis.
The Mn K-edge and Cr K-edge absorption spectra
were measured by a SiClll) channel-cut crystal
monochromator on the EXAFS facilities installed at
BL-7C and 6B at PF. In order to eliminate evapo
ration of ether and decomposition of sample, the
measurement of CrOg spectrum was made under
liq. N2 temperature.

RESULTS AND DISCUSSION
As shown in Fig. 1, the positions and the

shapes of the Mn K-edge XANES spectra of

Fig. 1 Mn K-edge spectra
of Mn compounds

a)Mn(NOq)'> soln.
blMnfNO-^)^ + O9 soln.
c)Mn(NOq)o + HTOo soln.
d)MnClo"^s61n. ^ ^
ejMn(0H)9 ppt.+HCl soln.
f)Mn(0H)9 ppt. + O9
g)Mn(0H)9 ppt. + H9O9Miii\wn;9 ppL.

InoOq cryst.
nCfip "tryst.

Cf<H0a>3 90tfi.

CrOg ether
'N- soln.

Cr<N03)3 soln.

CrOj ether soln.l

CrOsCbpy) cryst.1

K2CrO« soln.

CrOiCbpy) >
cryst.

Fig. 2 Cr K-edge spectra
of Cr compounds

Table 2, Structure
parameters of
Cr compounds

n r/A a

Srecipitate with passing O9 or H9O9 resemble to
lat of MnqO^ which is a mixture of Mn(II) and

Mn(III). On the other hand, the spectra of HCl
solution(e) of manganese hydroxide precipitate
treated with O9 is similar to that of MnClo solu-
tion(d). ^ ^

Structure parameters were obtained by a
curve fitting method using the Fourier-filtered
k • a: (k) values and the results are summarized
in Table 1. A comparison of Mn-0 distances and
coordination numbers between a),b) and c) indi
cate that the structures of Mn in solutions do not
change in the presence of O9 or H9O9. Mn(0H)9
precipitates treated with O9 or HoOp have four
shorter Mn-0 bonds( 1.91 A) and Two further
Mn-0 bond(av. 2.26 A), which is similar to that of
Mn90q. Moi-eover. , Mn in the solution(j) has four
Mn-0 bonds(2.15 A) and two Mn-Cl bonds(2.43 A)
and this structure is similar to that of MnCl9
4H2O crystal. 2+

From these .results, the Mn^, seems to be
oxidized to Mn but not to Mn dissolved
oxygen. On the other hand, the Mn is tend to
be reduced by C1 ion. Consequently^ it is con
cluded that Mn(OH)o is oxidized to trivalent state
by dissolved oxygen and then reduced to divalent
state by iodide ion.

As shown in Fig. 2, a sharp peak before the
Cr K-edge is observed in the spectra of CrOo,
K2Cr08, CrOg in solution and CrOc(bpy) crystal.
This snarp fire-edge peak is characteristic of the
spectra of Cr(VI) compounds. Therefore, it is
thought that the oxidation state of Cr in the CrOc

Fig. 3 Fourier transforms ^
for Cr compounds

CrDsCbpy) crystil

Cr-O (0,»')

Cr-O <0»-)
Cr-N <bpy)

KyCrO. solution

Cr-O
CrOs ethern solution

Cr-D

Cr-O (0'-)

Cr-O (CtiO)

Cr(NOi)a solution

Cr-O

4.0 1.85 0.032

1.0 1.57 0.032

2.0 2.17 0.116

4.0 1.67 0,021

4.0 1.83 0.001

I-O 1.52 O.OSS

1.0 2.24 0.0G2
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Introduction

Extensive studies have been carried out on
phase relations In the forsteriteCFoi- anorthite
{An)-diopside(Dl) system which is important as a
compositional model of basaltic magma. It is
known that a small amount of Cr^* ion changes
mineral assemblages, giving a wide primary field
of spinel(MgCrsOj. On the other hand, diop-
side solid solution has wide primary fields in
the Di-CaFeTsiCaPeAlSiOe) and the Di - MnpxCCaMn
SisOs) systems containing a considerable amount
of Fe3* and Mn^* ions. This report describes the
relationship between the local structures around
the transition metals in quenched glasses and
the phase relations mentioned above on the basis
of the results obtained by EXAFS analyses.

Experimental

Homogeneous glasses with the compositions Mn
pxl0,20,30,40,50,60 and 70wt%, and CaFeTs20, 40,
60 and 70wt% were obtained by quenching the
melts of appropriate mixtures of CaCOi, MgO, MnO
and SiOa in the Di-Mnpx system, and of CaCOs.MgO,
o-FegOs.AlaOs and SiOz in the Di- CaFeTs system
by putting the melts into ice water. The temper
atures of melts were set at just above the re
spective melting points, and the melts were
kept at those temperatures for i - 2h before
quenching.

EXAFS spectra of the glasses were measured,
using a Si(lli) monochromator for MnK- edge and
51(311) for FeK-edge on the EXAFS spectrometer
at the BL7C andlOB, respectively. MnO, MnzOa, 8-
MnOz and of-FezOa crystals were used as reference
materials.

Results and discussion

Figs.1(a) and (b) show the Fourier transforms
of k'xtk) of MnK- and FeK - edge EXAFS spectra,
respectively. The first peaks at about 2 A in
Fig.1(a) are due to the nearest Mn-0 pairs and
those at about 1.5 A in (b) are due to the near
est Fe-0 pairs. Oxidation or reduction of Mn^'^
and Fe^"" ions in the glasses is not expected to
have occurred, since the threshold energy of
each spectrum is similar to that of MnO or a-
FezOs.

In Figs.2(a) and (b), the atomic distances of
the nearest Mn-0 and Fe-O pairs are plotted
against the compositions. The distances were
evaluated by curve-fitting analyses, using the
theoretical phase shifts and back-scattering
amplitudes^' for MnK-edge data and the experimen
tally determined values for FeK-edge data. All
the distances are significantly short compared
with the sums of ionic radii^' of Mn^* or Fe^*
and 02- ions in sixfold coordinations. It is of
interest that Mn^* ions seem to have mostly
fourfold coordinations over all compositions of
these glasses, whereas average coordination of
Fe^* is close to sixfold in spite of its small
ionic radius (0.645 A for sixfold coordination)
than that of Mn^* (0.83 A for sixfold coordina

tion). This fact implies that large Mn^^ Ions
act as network-formers rather than modifiers to
form a continuous solid solution. As for Fe^*.
magnetite solid solution crystallizes from melts
containing the CaFeTs components more than 45
wt%^'. which shows that Fe^* ions partly act as
network-modifiers. This fact is consistent with
the evidence obtained in the present study, that
the average Fe^^-O distances in the glasses are
larger than that expected for Fe^* in a fourfold
coordination.
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Acomposite oxide of TiOg-ZrO^ is known as a
more effective catalyst for acid- and base-
catalyzed reactions than each of Ti02 and Zr02.
The reason is thought to be that new active sites
are generated by the composition of these metal
oxides. To discuss the genesis of the active
sites, more information on surface structure of
the metal oxide is needed. In this regard, we
have prepared Ti-Zr binary oxide deposited on
silica surface as a model compound for the
surface species of Ti02-Zr02 and the structure of
this binary oxide compound nas been clarified by
EXAFS/XANES spectroscopy.

Experimental

The catalyst samples were prepared by the
impregnation of silica with the toluene solution
dissolving alkoxides of Zr and Ti, followed by
calcination at 773 K. The deposition procedure
in this way was repeated several times. The
samples having been evacuated at 773 K were mixed
with polyethylene powder and pressed into discs
under atmospheric nitrogen. X-Ray absorption
spectra were collected on EXAFS facilities
installed at BLIOB and BL7C in KEK-PF.

Results and Discussion

Zr K-edge XAFS. Fi^. 1 shows the Fourier
Transforms (FTs) of k -weighted EXAFS spectra of
the sample which is obtained by three times
deposition of Ti and Zr cations and relating
compounds. The phase-shift correction has not
been performed. The FT of bulk zirconium oxide
(monoclinic) shows two kinds of peaks which are
due to scatterings by adjacent oxygen and
zirconium atoms. On the other hand, the FT of
Ti02-Zr02 binary oxide shows a high peak due to
scattering by oxygens at 1.6 A and an unclear
peak at 2.8 A. The FT of the sample is similar
to that of Ti02-Zr02j suggesting strongly that
environmental structure around Zr cations of the

sample is close to that for Ti02-Zr02 although no
X-ray diffraction patterns for TiZrO^ as well as
other probable compounds have been observed.

Ti K-edge XAFS. Fig. 2 shows the Ti K-edge XANES
spectra of the sample and relating compounds.
Spectra are normalized to the height of edge
jump. The XANES spectra of octahedrally
coordinated Ti cations like rutile and anatase

have plural peaks in the pre-edge region which
are assigned to ls-3d transitions. The great
distortion of a TiO^, structure from octahedral
one causes the great enhancement of ls-3d
transition as found for Ti02-Zr02 XANES. The
total feature of the XANES spectrum of the sample
shows that TiO of the sample is closer to that
of Ti02-Zr02 tnan those of rutile and anatase.
This is consistent with the results obtained from

the Zr K-edge EXAFS. However, the height and
sharpness of the pre-edge peaks for the sample
XANES should be noticed. The clear pre-edge

absorption indicate that Ti cations in the sample
are predominantly located at the center of a
highly distorted field from octahedral symmetry.
It is very likely that the coordination of Ti
ions of the sample are unsaturated, i.e., Ti may
be surrounded by five or four oxygen atoms.

R / A

Figure 1 Fourier transforms of Zr K-edge EXAFS
of (a) monoclinic Zr02, (b) bulk Ti02-Zr02 and
the catalyst sample.
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Figure 2 Ti K-edge XANES spectra of (a) anatase,
(b) rutile, {c) bulk Ti02-Zr02 and (d) the
catalyst sample.
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It is important to modify the surface
structure in order to controle the catalytic
properties of the surface. We have found an
interesting phenomenon in the SiOs-supported
metal particles.'' When Rh/SiOs and Pt/SiOa
are treated at 773 K and are cooled to room

temperature in a second, their activities for
CsHi hydrogenation reaction are one to two
order higher than those treated at 473 K.

This enhancement phenomenon is reversible in
the sense that hte high active state is lost
when treated at 473 K for 10 min. Moreover

the activity abruptly increases when treated
at the temperatrue more than 673 K like a
phase transition. Our previous EXAFS data
of Rh/SiOa with the partilce size of 2 nm
showed that the Debye-Wallor factor abruptly
increased at the same temperature where the
activity abruptly increases^'. However, in
the case of Pt/SiOa with Pt particle size of
10 nm we could not find such abrupt change in
Debye-Wallor factor probably because this
reversible enhancement phenomenon is related
to some kind of surface structure

change of the small particle on SiOa and the
low dispersion of the Pt particle on SiOs
hinders the change of the Debye-Wallor factor
on the surface. Therefore the experiment
should be done for the smaller Pt particles
on Si02. However, the reversible
enhancement phenomenon occurs only for the
Pt with the particle size 10 nm in the case of
Pt/Si02. It seems to be difficult to
confirm the relation between the reversible

enhancement phenomenon and Debye-Wallor
factor in the case of Pt/SiOa. We have
prepared Pt/one-atomic layer TiOa/SiOa, where
we found fimilar enhancement phenomenon.
However in this case rapid cooling is not

necessary to obtain the high active state.
Moreover the Pt particle size is as smal1 as
2 nm. In tihs paper we will report the
results of temperature-dependence EXAFS on
the Pt/one-atomic layer TiOa/SiOa.

Experimental
Pt/one-atomic layer TiOa/SiOa is

prepared in the previously reported way.
EXAFS spectra were measured using in-situ
EXAFS cell, varying the temperatures from 273
K-823 K. EXAFS analysis is carried out by
the ratio method.

Results and Discussion

Fig.l showed the temperature dependence of
Debye-Wallor factor. The debye-Wallor
factor abruptly changes at 673 K. At this
temperature the activity for C2H4
hydrogenation activity increases. Thus the

relation between the structure change and the
activity is reconfirmed by this experiment.

The enhancement phenomenon must be related

to the surface structure change because no
abrupt increase is found in the large Pt

particle in Pt/SiOa. We are now planning a
further study to confirm directly that the
phenomenon is related to the surface structure
change.

DJ.Inukai et al., in preparation.
2)K.Asakura, PF activity report 1988.

Fig.l Temperature dependence of
Debye-Wallor factor derived
from EXAFS oscillations using_
ratio method. The coordination
number remained almost the
same value.
The real curve interpolates
the observed values. The
dotted curve indicates the
extrapolation.
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Introduction

The use of bimetallic carbonyl clusters as
catalyst precursors is an important aspect of
homogeneous and heterogeneous bimetallic
catalysis.The bimetallic clusters offer
prospects of synergistic effect for the two metal
components in many useful catalytic reactions.
Particularly, bimetallic clusters grafted on
solid surfaces have attracted much attention,
because they may provide the advantage of
obtaining highly dispersed bimetallic particles
which are managed at the molecular-level.^^

Si02-supported PdFe catalyst derived from
[NMeaBzJa[FeePde(C0)24H1 showed a high activity
for producing methanol.^) The structural
properties of the catalyst have been studied by
EXAFS.

Experimental

Fe6Pd6/Si02 was prepared from
[NMe3Bz]3[FeePde(C0)24H]. This cluster was
deposited on SiOz from THF solution under Nz.
After drying in vacuo and mild oxidation by air,
the catalysts were reduced with H2 at 673 K for 2
h. EXAFS measurements were performed at room
temperature at BL lOB in KEK-PF.

Results and Discussion

Figure 1 shows the Fourier transforms of
X (k) at Fe K~ and Pd A^-edges for (NMe3Bz]2

[Fe4Pd(C0)i6] and FeePds/SiOz. Two strong peaks
were observed at 2.1-2.8 A and 1.0-2.1 A in

Figure Ic. From the curve-fitting analysis
(Table 1), the former peak is assigned to the
overlap of Fe-Fe and Fe-Pd, and the latter to Fe-
0. The large contribution of Fe-0 is consistent
with the preferential existence of Fe^^ and Fe^^
in the MiJssbauer results. In the Fourier
transform of k^xik) at Pd K-edge (Figure Id), a
strong peak was obtained at 1.9-2.8 A, which was
assigned to Pd-Pd. The contribution of Pd-Fe and
Pd-0 was negligible. Although Fe-Pd was found in
the Fe A'-edge EXAFS, the contribution of Pd-Fe
was not detectable in the Pd A-edge EXAFS.

Combining with ^''Fe Mtissbauer study, we
suggest that Fe®^ ions are highly dispersed and
located at the Pd-SiOz interface to anchor Pd

atoms, where Pd-Fe^* sites are generated to
promote MeOH production.^>

a I 2 ) < s s

Or»TAHC( t CAI

Figure 1. Fourier transforms of k3^(k) at Fe K-
and Pd K- edges for [NMesBzjz[Fe4Pd(CO)i6] (a,b)
and FeePde/SiOz (c,d).
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Table 1. Results of the curve-fitting analysis of l^xik) of Hz-reduced PdFe Bimetallic Cluster-
derived Catalysts.®

precursor/Si02

[NMe3Bz]3[Fe6Pd6(C0)24H]
PdCl2 + FeCls"*)

at ratio

Fe/Pd

Fe A-edge EXAFS

C.N. R(A) C.N. R(A) C.N. R(A)

3.8 1.93 0.4 2.50 0.9 2.62

0.9 2.46 9.0 2.62

Pd A-edge EXAFS

C.N. R(A) C.N. R(A)

6.5 2.75

4.6 2.63 7.7 2.76
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Introduction
Copper impurities in several alkali halides

are known to relax at an off-cneter position in
the host lattice. Several experimental^"^) and
theoretical^) studies have been done in order to
determine the amount and the direction of the

displacement of the impurity ion from the on-
center position in the lattice. However, no
definite results have been obtained so far.

EXAFS is the most suitable mothod for observing
the ionic relaxation in the lattice. We have

been studying on systems of Cu+ impurity in
several alkali halides such as NaCl and NaBr. We

report here recent results on NaBrtCu"'".

Experimental
Method of sample preparation was described

previously^). Cu K-edge EXAFS spectra have been
measured at BL-7C in the Photon Factory. Meas
urements were carried out in a fluorescence mode

at various temperatures by usi^ fluorescence
detector developed by Lytle et al^. X-ray beam
was focused on the sample by means of sagittal
focusing of the monochromator crystal. CuBr was
used for the reference material. The signal to
noise ratio has been considerably improved from
previous measurements. As a result the data
obtained in the present measurements were quite
reproducible and reliable.

Results and Discussion

In Figs. 1 and 2 are shown the Fourier
transforms of the EXAFS spectra of CuBr and
NaBrzCu"*" at 10 K. The results show that both
spectra are practically identical with each other
for the first shell distance. Curve fitting

CuBr 0 K

0.0 2.0 4.0

Radial Distance /A
Fig. 1 Magnitude of Fourier transform of k^
weighted Cu K-EXAFS of CuBr at lOK.

calculations were performed for the first shells,
and the distance between Cu+ and Br~ in both
cases are in fact identical, i.e. 2.48 A. The
value is very different from the interionic
distance of the host matrix of NaBr (2.985 A at
room temperature). The result means that the
local lattice structure around a cuprous ion is
very much deformed in the host matrix. Conse
quently, we can resonably speculate that the Cu"*"
ion in the host does not relax at the on center

position by the substitution with the sodium ion
of NaBr. This fact may rather be interpreted as
the introduction of micro-crystallite clusters of
CuBr into NaBr even when the concentration of

impurities is very low. If this is the case, the
direction of the shift of cuprous ion from the
substitutional on-center position can be regarded
as [111] direction from the viewpoint of the off-
center relaxation, since cuprous bromide crystal
lizes into zinc blende structure and copper ion
is located at the position along [111] axis in
the cubic lattice. Further investigation includ
ing calculations of simulation is in progress.
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Introduction

By EXAFS method, one can obtain the
distances r of coordinating atoms from central
metal M in complexes reasonably. On the other
hand, in many cases, it is hard to determine
coordination number N because of the involvement

of the disorders cr in bond distances (Debye-
Waller factor) in the calculation. Both N and
<y contribute to the EXAFS oscillation
intensity. In this study. X-ray absorption
spectra of many simple 3d transition metal
complexes with roonodentate ligands in solids (s)
and aqueous solutions (aq) are measured in order
to study the relation between the kind of
central metals or ligands and their EXAFS
intensities.

Experimental

Samples are six- or four-coordinate
complexes of Cr{III), Mn(II), Fe(II) *(III),
Co(II)*(III), Ni(II), Cu(II), and Zn(II) with
H2O, NH3, N02~, C1~, and Br~ as ligands. The
concentrations of metal ions in aqueous
solutions were 0.2—1.0 mol/dm^. X-Ray
absorption spectra of central metal K-edge were
measured at BLIOB using a Si(311) channel-cut or
BL7C using a Si(lll) double crystal
monochromator. Fourier transform calculations

of EXAFS were performed by using the phase shift
and scattering amplitude parameters tabulated by
Teo and Lee. Transformations were performed
over 7c-range of 3.50—12.50 A~^ for six-
coordinate complexes or 3.15—17.15 A~^ for four-
coordinate ones.

Results

EXAFS intensity will be discussed in terms
of hr^ where r is the Fourier transform peak
position (metal-ligand bond length) and h is the
height. It was found^) that there is an almost
linear correlation between hr^ of H2O complexes
and logarithm of the rate constants for ligand
water exchange reactions in solutions. Figure 1
shows the EXAFS intensities for six-coordinate

H2O and NH3 complexes in solids and solutions.
The hr^ values in Figs, are in common and in
relative unit. EXAFS intensities of H2O and NH3
complexes obviously correlate each other.

In Fig. 2 are shown hr^ of six-coordinate
NH3 and N02~ complexes. The intensities of N02~
complexes correlate less with those of NH3
complexes than those of H2O complexes do. This
means that the M-NO2 bonds are somewhat
different in character from those of M-OH2 and
M-NH3.

The intensities for four-coordinate Cl~ and

Br~ complexes in solids are shown in Fig. 3.
The Cl~ and Br~ complexes give a good linear
correlation with respect to hr^. It should be
noted that the sequence of hr^ values in
magnitudes for four-coordinate metal complexes
is different from that for six-coordinate ones.

Reference

1) T. Miyanaga, I. Watanabe, and S. Ikeda, Chem.
Lett., 1073 (1988).

^ H2O (aq)
^ NH3 (aq)
f NH3 (a) Pe(lII)

% Fe(II) / X .
\ Y Ni(ir)

5- \ > / /
Co(II)

2n(II)

4 - /

CudD'^l Fe(II)| I

H2P (a)

•;r
Cr(IIl)

^ NOg (aq)
f NOg (s)
^ NH3 (aq) Cr(III)

I 'g N
I A I

i
Co(lII)

4 5 6 7

NH3 (b)



proposal No 88-117

EXAFS STUDIES ON LOCAL STRUCTURE OF AMORPHOUS LANI5 g FILMS

Hiroki SAKAGUCHI, Hajime SERI, Takaharu TSUJI, Gin-^a ADACHI*,
^ Hirotoshi KANAI and Satohiro YOSHIDA

Department of Applied Chemistry, Faculty of Engineering, Osaka
University, Yamadaoka 2-1, Suita, Osaka 565, Japan

Department of Hydrocarbon Chemistry and Division of Molecular
Engineering, Kyoto University, Kyoto 606, Japan

Introduction

Amorphous hydrogen storage alloys have
attracted considerable technological and
scientific interest, such as hydrogen
purification, catalysis and batteries. In order to
imderstand their chemical and physical properties,
it is necessary to obtain detailed structural
information at an atonic level by EXAFS. Numerous
EXAFS studies have been carried out for the

amorphous alloys consisted of the transition
metals, but less is known about the rare-earth
hydrogen storage alloys.

The local structure around La and Ni atoms in

amorphous LaNi^ q films prepared by an evaporation
method was investigated, and the results were
compared with those of the crystalline sample. The
relationship between the structure and the
properties of hydrogen absorption was discussed.

E}cperimental
The La-Ni amorphous alloy films were

deposited on a polyimide membrane by using a
flash-evapor^ion method under a pressure of ca.
6.6x10" Pa . Their homogeneity, stoichicmetry
and structure were checked by means of X-ray
fluorescent spectroscopy, X-ray photoelectron
spectroscopy and X-ray powder diffraction. The
compositions of alloy powders used for the film
preparation were LaNi^ g LaNi^ g (Santoku
Metal Industries). Commercially available Ni
metals (The Japan Lamp Industries ), La203 (Shin-
etsu Chemical Company) were used as reference
materials. The La metal standard was prepared by
sputtering methods.

X-ray absorption spectral measurements(XAS)
were performed by means of synchrotron radiation
employing the EXAFS facilities of BL-7C of the
Photon Factory in the National Laboratory for
High-Energy Physics, Tsukuba, Japan. A Si(111)
double crystal was used to monochrcmatize X-rays
from a 2.5-GeV electron storage ring. EXAFS
spectra were collected at Ni K-edge and La L-edge.
All XAS data were obtained at rocm temperature.
Analyses of EXAFS data were performed with a
"KABO" program in the FACCM M382 computer system
at the Data Processing Center of Kyoto
University '.

Results and Discussion

Figure 1(a) shows the radial distribution
function (RDF) obtained by a Fourier analysis of
the EXAFS data after the nickel K-edge both in the
crystalline powder and the amorphous LaNi^ g film.
The damping of the higher order peaks associated
to higher shell was observed for the amorphous
TeJsle 1. Structural parameter for LaNig q

film. A large peak appeared in both two samples at
about 0.2 nm{2 A) mainly corresponding to the Ni-
Ni distance.

The Fourier transforms (FT) of the lanthanum
Liii-edge are shown in Fig. 1(b). The magnitude of
pealcs was much smaller for the amorphous film than
for the crystalline LaNi^ g samples. The peaks
appearing in the region of (3.25-0.35 nm(2.5-3.5 A)
in the RDF se^ to be due to the La-Ni and La-La

pairs.
The main peak in the RDF has been Fourier

filtered and backtransformed in k space. The
results of the curve fitting analysis are
presented in Table 1.

LaNi^ crystallizes with the hexagonal iCaCu^-
type structure (P6/mrrm space group). The structure
consists of two alternating types of plane: the
basal plane with lanthanum and nickel atcms which
occupy the la and 2c sites respectively; the z=1/2
plane with only nickel atoms on the 3g site.
Consequently, there are two types of nickel atcms.
The metal-metal distances estimated from the X-ray
diffraction method are also shewn in 'feble 1.

It seems that the local environmental

structure of nickel and lanthanum atoms in the

amorphous films is almost identical to that in the
crystalline bulk except for the longer Ni-Ni pair.

It is known that the amount of hydrogen
absorption taken up by the amorphous LaNi^ films
is nrnch smaller than that by the crystalline
bulk '. 'Uiis appears to be due to the decrease of
concentration in

the sites which

are occupied by . a
hydrogen atcms and la- \
not due to the r 1
difference of the | . '•j
short range order | 8- , '1
between the two ® ' ' 1

^ 6^ I Isamples. « - 1 1
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Introduction
Recently, Cu(II)-exchanged ZSM-5 zeolite 0

(Cu-ZSM-5) has attracted great attention because A
of its high and stable activity for the catalytic / \
decomposition of nitrogen monoxide (N0)1). It jc \ E
has been suggested that Cu(I) species which are lA
generated by heating and stabilized in a zeolite // \
pore are the active centers and the redox cycle // V ^
between Cu(I) and Cu(II) is responsible for the j q
steady-state activity for NO decomposition!). 3 i f\
For further understanding of the catalytic nature fjj I \ ^
of Cu ions in ZSM-5, it is indispensable to elu- u / —
cidate the redox property and the existing state m
of Cu ions in zeolites. This study aims to clar- ^ 2——^ ^
ify the local environment and the electronic ^ v/\
state of Cu ions in various zeolites by means of f
X-ray absorption (EXAFS and XANES) measurements. / —

3- %
Experimental ^

Cu-zeolite(m)-n (m: SiO2/Al203 molar ratio,
n: exchange level (%) of Cu{II) ions) was pre-
pared by the ion exchange of Na-zeolites in an j
aqueous solution of Cu(II) acetateD. Na-zeo- ^ , , , .
lites used were Na-ZSM-5(23.3, 40.1), Na-Y(5.2 ) 8960 9000 9040
and Na-mordenite(lO.O) which were supplied from Energy/eV
Tosoh Corporation. Cu K-edge EXAFS and XANES Fig. 1 Cu K-edge XANES spectra of Cu-ZSM-5(23.3)
spectra were recorded at 77 K in a transmission -75 pretreated at 773 K (1) and oxygen-adsorbed
mode at BL-7C station. Before X-ray absorption from 773 K to RT (2), CuO (3) and Cu20 (4).
measurements, most disk-form samples were sub

jected to the pretreatment at 773 K which con- zSM-5 brings about the extinction of the struc-
sisted of evacuation (0.5 h), exposure to 13 kPa ture B. This implies that oxygen adsorption on a
of oxygen (0.5 h) and re-evacuation (0.5 h). pretreated Cu-ZSM-5 in which some of Cu ions are

probably reduced to a univalent state occurs in a
Results and Discussion manner to reduce the probability of the ls-4p

From the results of Cu K-edge EXAFS and out-of-plane transition. The XANES spectra of
XANES measurements, we have been trying to elu- Cu-ZSM-5 were hardly affected by the exchange
cidate the existing state of Cu ions in Cu-zeo- level of Cu ions.
lites and its dependence on oxygen adsorption- In EXAFS Fourier transforms of Cu-ZSM-5 sub-
desorption treatment, exchange level of Cu ions, jected to evacuation or oxygen-adsorption treat-
structure and Si02/Al203 ratio of zeolites and so ment, only a single peak assigned to Cu-0 bond
on. For example, the Cu K-edge XANES spectra of v/as observed. The curve-fitting analysis showed
Cu-ZSM-5{23.3)-75 and standard materials (CuO, that the coordination number increased with in-
Cu20) are shown in Fig. 1. Five structures (A, creasing the exchange level of Cu ions (n). This
B, C, D and B) can be discerned in the spectra, result is well consistent with the fact that the
among which the structure E is already in the amount of adsorbed oxygen per a Cu ion increases
EXAFS region. On reference to the literatures2- with increasing n. EXAFS results also showed
4), structures A-D can be assigned to the follow- that the reducibtlity of Cu ions in Cu-ZSM-5
ing transition; weak pre-edge peak A is due to depended on the sort of reductants; the formation
the ls-3d transition characteristic to Cu(II) of metallic copper was clearly observed in the
ions, B due to the shake-down accompanying the reduction by H2 at 673 K while hardly observed in
ls-4p out-of-plane transition, C due to the ls-4p the reduction by CO even at 773 K.
in-plane transition and D due to the multiple The analysis of XANES and EXAFS data of Cu-
scattering. The most distinct difference between zeolites are now in progress, and the comprehen-
Cu-ZSM-5 and standard materials is the disappear- sive and reasonable interpretation will give
ance of the structure D in the spectra of Cu-ZSM- useful informations on the existing state and
5. It was reported that K-edge XANES spectrum of catalytic property of Cu ions in Cu-zeolites.
Cu(II) ions in an aqueous solution of CuCl2 had
no structure corresponding to d3). This may mean References
that the existing state of Cu ions introduced 1) m. Iwamoto et al., "New Developemt in Zeolite
into ZSM-5 zeolite by an ion-exchange method is Science Technology," eds. Y. Murakami et al.,
different from that in crystalline oxides but Elsevier, Amsterdam (1986), p. 943.
similar to that of nearly isolated metal cation. 2) N. Kosugi et al., Chem. Phys., 249(1984).
Comparison between the spectra of pretreated (1) 3) j.m. Tranquada et al., Phys. Rev. B, 7187
and oxygen-adsorbed (2) Cu-ZSM-5 clearly shows (1987).
that the oxygen adsorption on a pretreated Cu- 4) e.E. Alp et al., Phys. Rev. B, 7199(1987).
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Introduction

XAFS and EPR studies on the H2-ases in arcaic

bacteria have clarified that their Ni (Ni^"*"' ^)
is immersed in a rhombic or square planar coordi

nation sphere of 3 4 sulfur atoms. In this study

we examined to accumulate XAFS knowledge on the Ni

k-edges of Ni-S bonds under various circumstances

in order to obtain more accurate informations on

the coordination sphere of the active site of H2-

ases.

Experimental

The nickel k-edge X-ray absorptions of the

following compounds were observed in transmission

mode on polyethylene pellets at room temperature

by using the BL-7C facility of PF-KSK for XAFS

measurements. Among the compounds listed below,

1^-10 involve Ni-S bonds. 1 'i' 6 are newly pre

pared by us and structurally resolved by X-ray

diffraction method. All the compounds are struc

turally known. 1 is tetrahedral (Td). 9, 10, 13

are octahedral (Oh). 2 'u 8, 11 and 12 are square

planar (.Sp). Others are authentics for Td and Oh.
•y _

The compounds are as follows: CNKSPh)^) ;

1, [Ni(SEt}2)5; 2, (N,N'-ethylenebis(o-mercapto-
benzylidenaminato)nickel(II); 3, (N,N'-ethylenebis

(o-mercaptobenzylaminato)nickel(II); 4, (N,N'-

ethylenebis{o-mercaptobenzamidato)nickel(II); 5,

[Ni (SCH2CH2S)2 1 / 6, [Ni3 (tetrathiaundecane)2 ] '̂''/
7, lNi2(SCH2CH2S)3]; 8, [Ni(cyclo-hexathiaocta

decan)]^"*"; 9, Ni (thiourea) 4CI2; 10, Ni(TPP); 11,
Ni(salen); 12, [Ni (H2O) g1 ; 13, and others.

ui 20.00

15.00

U
0

<4-1

_ 1 0. 00

Distance r/A Photon energy/eV
(a) Fourier transform of the k^.x(k) vs. k EXAFS spectrum, (b) normalized
XANES spectra of (Ph3MeP) 2[Ni (edt) 3] ( ) and (NEt4)2 [Ni.(PhS)4] (---).

Results and Discussion

Figure la and lb (solid lines) show the XANES

and the Fourier transform of the EXAFS component,

respectively, of 6. 6 adopts square planar geo

metry of NiS^ central unit (X-ray analysis). The
radial distribution function of 6 is similar to

that reported for the H2-ase of M. thermoautotro-
phicum, which exhibits in the Fourier transform a

simple major peak assigned to Ni-S^. Whereas 3
5, which are square planar NiS2N2 compounds, show
shoulders originating from the nitrogen atoms in

the shorter radial region of the Ni-S main peaks.

This resembles well the feature of the Fourier

transform of D. gigas hydrogenase.

In this study, we also examined to classify

the XANES spectra of 1 ">^10 and others according

to their local geometries (Td, Oh, Sp). Thus, the

distribution map for the "shape resonance" peaks

of the normalized XANES spectra of these compounds

was drawn with the peak heights in ordinate and

the energies in abscissa. The XANES spectrum^
D. gigas hydrogenase was found to belong in this

distribution map to square planar (Sp) geometry,

and neither to Oh nor Td. The correlation between

the mean ionicity of sulfur and the energy of "Is

-»• 4p 4 shake down", which relates to LMCT, was

also discussed for alkanethiolate compounds. In

this correlation diagram, Ni in D. gigas H2-ase

was found to situate in a circle, where Ni is

surrounded by four RS~. It is proposable that

nickel in D. gigas H2-ase is placed in a square

planar cavity formed of four cysteinates.

7^1.0



proposal No 88- 124

EXAFS AND XANES STUDIES ON CHARACTERIZATION OF ELECTRON DONOR-ACCEPTOR METAL
PHTHALOCYANINE COMPLEXES ENTRAPPED IN ZEOLITE SUPERCAGES

Atsushi FUKUOKA, Takuma KIMURA, Toshiyuki FUJIMOTO,
Nobuhiro KOSUGP, Haruo KURODA*, and Masaru ICHIKAWA*

Catalysis Research Center, Hokkaido University, Sapporo 060
^Department of Chemistry, Faculty of Science, The University of Tokyo, Hongo, Tokyo 113

Introduction

Metallophthalocyanine complexes encapsulated
inside the zeolite framework are one of the

models of natural monoxygenase enzymes such as
cytochrome P 450, which exhibits a high
selectivity in the partial oxidation of inactive
alkanesJ^ The complexes are applied to
catalytic reactions such as sulfur oxidation,
hydrocarbon oxidation, and hydrogenation of
olefins and CO.^^ The cage structure of zeolite
has the prospect to impose the shape selectivity
in metal-catalyzed reactions.^'

Recently, we synthesized Fe phthlocyanine
(FePc, 13 A diameter) in NaY from [HFe3(C0)ii]-
/NaY.''> The diameter of the NaY supercage is 13
A. The spectroscopies such as EXAFS, XANES,
Mdssbauer, FTIR, UV-vis suggest that NaY-
encapsulated FePc is slightly distorted from the
original planar structure of a phthaiocyanine
molecule due to the intrazeolitic constraint.

In this study, tetra t-butyl
phthalocyaninato iron (FePc(t-Bu)4, 18 A
diameter) was prepared in NaY by "ship-in-a-
bottle" synthesis from the highly dispersed iron
particles in NaY and 4-t-butyl-l,2-
dicyanobenzene. The structural properties of
FePc(t-Bu)4/NaY were studied by EXAFS.

Experimental

NaY-entrapped FePc{t-Bu)4/NaY was
synthesized from iHFes(CO)ii]"/NaY and
4-t-Bu-l,2-C6H4{CN)2. Fe K-edge XANES and EXAFS
measurements were carried out at room temperature
at BL 7C and lOB in KEK-PF.

Results and Discussion

Figure 1 shows the Fourier transforms of
k^x{k) for FePc(t-Bu)4/NaY and FePc crystalline
which was used as a standard material. The major
peaks at 1.7 A may be assigned to the first
neighbor Fe-N by the curve-fitting analysis. The
coordination number and the interatomic distance

of the Fe-N for FePc(t-Bu)4/NaY were 2.0 and 1.98
A, respectively. On the other hand, FePc gave
the coordination number of 1.6 and the

interatomic distance of 1.94 A. These results
suggest that an iron atom in FePc(t-Bu)4/NaY is
out of the phthaiocyanine plane. This is
reflected in the Debye-Waller type factors: cr =
0.091 for FePc(t-Bu)4/NaY, G = 0.025 for FePc.
The distortion of a phthaiocyanine ring was
caused by the encapsulation of an FePc{t-Bu)4
molecule inside a NaY supercage.

rEPC(T-tUM/HAT

DISTANCE R (A 1

DISTANCE R (A)

Fig. 1. Fourier transforms of l^x{k) at Fe K-
egde for FePc(t-Bu)4/NaY (a) and FePc crystalline
(b).

"Fe Mdssbauer, FTIR, and UV-vis studies
suggested that the electronic states of
phthaiocyanine of FePc{t-Bu)4/NaY were shifted
compared to FePc(t-Bu)4 crystalline.

Zeolite-entrapped FePc(t-Bu)4/NaY showed
high activity and selectivity toward 1-hexanol in
the hydroxylation of n-hexane in the presence of
PhlO.
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Introduction

From data analysis of EXAFS, we have
obtained some structural informations based on

the following assumptions. (1) EXAFS is com
posed of a simple sum of waves due to chemical
ly different neighbouring atoms. (2) The phase
function is transferable for each type of pair
atoms. (3) The amplitude function is also
transferable for each neighbour. Especially
the chemical effect on the phase transferabi1i-
ty has been applied to a large extent of EXAFS
spectroscopy, but any experimental support for
the transferabi 1 i ty has not been done yet. In

order to verify the transferabiIity, the
experimental attempts were carried out by using
covalent and metallic bond tin (grey and white
Sn, respectively; 286K of phase transformation
temperature). Another aim of this work was to
compare the structural informations obtained
from Sn K-edge wi th the ones from Sn L-edge
EXAFS.

Experimental and Data Analysis

Very fine powder samples of grey tin are
prepared by milling brittle granular grey tin
(99.9999% Sn) at about dry ice temperature.
The white tin samples were obtained by heating
up grey tin powder samples tO'v320K. The white
samples showed strong supercooled phenomenon
and therefore never changed to grey tin at 283K
for long time. EXAFS measurement (BL-lOB &
BL-7C used above the K-edge and L][[ -edge,
respectively) was carried out at 283K. A
conventional mirror was used for the measure

ment at BL-7C to eliminate the harmonic radia

tions. On the EXAFS data analysis, the same
Fourier transformation was carried out as used

in previous reports". To determine the struc

Table 1 Best Fitting Results

tural parameter (R, N, a) and the compatible
factor (n(=k//l) or 2, AE) we used the nonlinear
least-squares method.

Results and Discussion

Figure 1(a) and (b) show the Fourier
transform of EXAFS, k5j:(k) above Sn K-edge.
The ranges of 1.89'«3.71a for white tin and of
i.99'~2.92A for grey tin were transformed back
to the k-space, and then the resultant EXAFS
spectrum was fitted in the k-space ranges of
3.480^13.680(1/A) for white and grey tin^'.

From X-ray diffraction results-', crystal
structures of white and grey tin are as
follows: (1) tetragonal, a=5.820A, c=3.175a,
ri=3.02A(Ni=4). r2=3.18a(N2=2), r3=3.77a(N3=4),
r4=4.41a(N4=8) ; (2) diamond, a=6.49lA,

ri=2.80A(Ni=4), r2=4.59A(N2=12). As the
preliminary analysis three shell model for
white tin was applied to the Fourier-
transformed EXAFS spectrum in k-space in order
to obtain the compatible factors H and AE. The
factors obtained for white tin was transfered

to the compatible factors of grey tin (one
shell model used). It is noticed that the

phase transferabi1ity is fairly good in conser
vative as shown in Table 1. Data analysis of

EXAFS for Sn L-edge is now in progress.

1) H. Maeda, J. Phys. Soc. Japan, 56,
2777(1987)

2) A. G. McKale, B. W. Veal, A. P. Paulikas,
S. K. Chan and G. S. Knapp, J. Am. Chem.
Soc., no. 3763(1988).

3) A. F. Wells, Structural Inorganic
Chemistry(Clarendon Press, Oxford, 1975).

White Sn

1st shell

2nd shel1

3rd shell

Grey Sn
1st shell

N

(4.00)

(2.00)

(4.00)

N

3.09i0.13

R

(3.02)

(3.18)

(3.77)

0.093+0.0017(0)

0.096+0.0038(0)

0.161+0.0169(0)

n(=k/j)

1.139+0.056

1.139+0.056

1.139+0.056

n(=k/j)

(1.139)

AE

-0.0062+0.0003

-0.0062+0.0003

-0.0062i0.0003

AE

(-0.0062)2.813+0.0005

•

0.0698+0.0011

D \/9.00 4.00

DIMHNCE R/R

Fourier transforma

tion of k23:(k)
obtained at 283K.

(a) white Sn

(b) grey Sn
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Introduction

The discovery of the superconductors with
Tc's above the liquid nitrogen temperature was
followed by a great number of experiments
aiming at identification and isolation of their
monophasic materials. We have reported the
substitution of Pb for B1 facilitates the forma
tion of the so-called 2223 phase^^''^ ' And also
the Pb substitution has been found to induce a

new mode of structure modulation with a long
wave length^^^ In this study, we intend to
clarify local structures around the Hi and Pb in
the BigOg layers by using EXAFS.

Experimental

The sample with a nominal composition
Bi:Pb:Sr:Ca:Cu=0.9:0.2:l:l:1.6 was synthesized
(all being > 99.9% pure) by usual ceramic
method. XRD measurements confirmed the sample
quality of the 2223 phase. Samples for EXAFS
studies were prepared by dusting the powder
uniformly onto both side of cellophane tape.
Several layers of the tape were used to make
the sample body for the measurements. X-ray
absorption measurements near Bi-Ljrj, Pb-Ljjj,
and Cu-K edges were made at room temperature
and 77K, in transmission with synchrotron radia
tion on the BL-lOB and BL-7C at the Photon

Factory. Fitted by using a best fitting analysis
of EXAFS. The structure parameters were least
squares. The Debye-Waller factor, the electron
mean-free path and change in energy threshold
were determined from a -BigOg for Bi, red PbO
for Pb and CuO for Cu.

Results and Discussion

The average structure model of the 2223
phase was used as a starting model, assuming
that Pb substituted for Bi. Table 1 shows the

obtained coordination numbers and the distances
between metal and oxygen for Bi, Pb, and Cu. Bi
has four oxygens with a bond length of 2.10A ,
while Pb has four oxygens with a slightly
longer bond of 2.24 A with an additional oxygen
ion much far away. This result for Bi is in
good accordance with the structural model of
the 2212 phase recently proposed by Yamamoto
et al. using Rietveld analysis^^S where the Bi
atom has four short bonds, three within the BiO
layer and one within the SrO layer in the so-
called Bi condensed region. Another oxygen
within the BiO layer expected from the average
structure lies far away from Bi, but in the case
of Pb, the long distance may be shorthand

because of the large ionic radius of Pb . The
cause for the characteristic elongation of modu
lation period by introducing Pb is considered to
be the relaxation of the lattice mismatch between

(Bi, Pb)0 layer and the perovskite block as
discussed in ref. 5.

Table 1 Coordination number and atomic
distances of M-0 (M=Bi , Pb and Cu)
refined by the best-fit method.
Coordination number is fixed for Cu as
determined from the ideal 2223
structure.

Coordination
number

3.8(3)
3.9(5)
1.2(7)
4

1

r(M-O) (A )

2.10(1)
2.24(1)
2.54(5)
1.94(1)
2.30(2)

Discussion with and encouragements by Emeritus
Prof. T. Takada and Prof. Y. Bando are appreci
ated. Thanks are also to Drs. S. Nomura and K.
Koyama, KEK for their help and useful advices
in the experiments.
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Introduction

Hydrothermally synthesized ferrisilicate of
ZSM-5 structure shows high selectivity for light
olefins in raethanol conversion and the Fischer-

Tropsch reaction. Iron in the silicate is
atomically dispersed, because iron can be
substituted for silicon in the lattice of zeolite

crystal. Such an ultra-high dispersion of Fe-
based catalyst could not be obtained by
conventional impregnation technique. It is of
great importance to elucidate the crystallization
process of ferrisilicate from a view point of
design for high-dispersion catalysts at atomic
level.

Experimental

Colloidal silica, ferric nitrate, tetra-n-
propylammonium bromide (TPABr), sodium hydroxide,
and distilled water were mixed together to
ferrisilicate gel having the following
compositions; SiOz/FezOa=60, Si02/TPABr=10,
SiO2/OH=10. The gel was autoclaved at 433 K.
The Fe K-edge EXAFS spectra were measured at BL-
7C on the crystallization of ferrisilicate .

Results and Discussion

Figure 1 shows the Fourier transforms of Fe
K-edge EXAFS in various steps of the
crystallization of ferrisilicate. The spectrum
of the gel mixture (Oh) showed two peaks at 2.0
k and 3.2 A, similar to those of a-FeOOH),
assigned to Fe-0 and Fe-O-Fe, respectively. By
hydrothermal reaction of 2h, the former peak
shifted to 1.9 A, and the^other was split into 2
peaks at 3.1 A and 3.5 A, suggesting that the
second neighbor of Fe atom was turned into Si,
instead of Fe, and that Fe-silicate was formed in
an early stage. The peak position at 1.9 A did
not change, but the height of the peak
drastically increased between 16 h and 16.5 h of
hydrothermal reaction time. The height of the
peak reflects regularity of local structure
surrounding Fe. The height of the peak at 3.1 A
decreased with further hydrothermal reaction,
while the height of the peak at 3.5 A increased.

Figure 2 shows the Fe K-edge XANES spectra
for the crystallization of ferrisilicate. The
profile of the XANES spectra varied
discontinuously between 16 h and 16.5 h of
hydrothermal reaction time.

In conclusion, it is suggested from these
results that the micro-structure of ferrisilicate

precursor containing TPA was formed in an early
stage, before instantaneous crystallization of
the bulk, and that the regularity of the local
structure increased with the reaction time.

Further study is now progressing for Ga
substituted zeolite and Si K-edge XANES in
zeolite.

Pe-0

Fe-O-Fe

Fe-O-Si

-|-T-H

16.5h

FeO(OH}

0 12 3 4 5

r/A

Fig. 1 The Fourier transforms of Fe K-edge EXAFS
in various steps of the crystallization of
ferrisilicate.

Fig.2 The Fe K-edge XANES spectra for the process
of crystallization of ferrisilicate zeolite.

:FeO(OH), :0 h, :2 h, :16.5 h
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INTRODUCTION

TTiin films of oxides and mixed oxides have attracted

much attention as a new type of catalysts. In catatytlc
oxidation of hydrocarbons over supported vanadium
oxide catalysts, selectivltles have been affected by the
kinds ofsupports and themicrostructure ofV205l'2). In
order to control the microstructure of V2O5 on various
oxides, the CVD (Chemical Vapor Deposition) method
using V0(0C2H5)3 were applied^).

EXPERIMENTAL

Two dilTerent types of V2O5 catalysts were prepared.
By the CVD method, V2O5/SIO2 (CVD) was obtained as

follows. After SIO2 (Aerosll 200,203m^g'̂ ) was
evacuated at 773 K, VO(OC2H5)3 vapor was Introduced
to the sample at 423 K to react selectively with OH
groups on SIO2. Then the sample was heated up to 723

Kat heatingrate of 10 degraln'^. Byrepeating this
adsorption-decomposition cycle, V2O5 overlayers
were grown.

The others were prepared by impregnation of SIO2.
AI2O3 and MgO with an aqueous oxalic acid solution
of NH4VO3, After all samples were calcined in dry air
at 623K for 1 h, they were mixed with a cellulose
powder as a binder, and pressed Into disks In a N2
atmosphere. EXAFS and XANES were measured at the
Photon Factory (BL-7C) at about 15 K.

Figure 1 shows the Fourier transform of V K-edge
EXAFS data of the samples and V2O5 as a reference
compound. For bulk V2O5 (Fig. la), the peaks appeared
around 1.55, 1.89, 3.13, and 3.60 A, which correspond
to V=0, V-O, V-V, and another V-V, respectively. It
should be noted that the peaks ofV=0 and V-O has been
well resolved. For 9.1%V205/Si02 (Imp) (Fig. Ic), the
positions and relative intensities of the peaks were
very similar to those of the bulk V2O5. showing that
the V2O5 overlayer on this sample has the same
structure as the bulk V2O5. XRD measurement
supported this result.

On the other hand, in the case of 9.1%V205/S102
(CVD)(Flg. lb),the peaks duetoV- V(3.13 and3.60A)
were small, indicating that the growth of V2O5
crystallites was suppressed. XRD revealed that a
plate-Iike crystallite of V2O5, of which length in the
[101] direction is about 150 A,was formed. This is
attributable to the preferential formation of V-O-Si
bond in the CVD process.

Figure Id and e show the difference in the structure of
V2O5 depending on the supports. A sharp peak
appeared at 1.67 X(V=0) on V2O5/AI0O3 (Imp),
together with a small peak (V-V; 3.1 A. Probably,
isoleted vanadium clusters was formed on AI2O3.
Only one peak at 1.78 Awas observed forV205/MgO
(Fig. le). A similar spectra were obtained when the
loading amount of V2O5 was varied from 6.8 to 19.4 %.

In this case. It Is likely that V2O5 reacted with the
surface of MgO to form a mixed oxide layer like
Mg2V207.

In conclusion, EXAFS gave the direct evidence that
the microstructure ofV2O5 was greatly Influenced by
the nature of supports and the preparation method.

0 1

Distance / A

Figure 1. Fourier transforms of V K-edge EXAFS of (a)
V2O5, (b) 9.1%V205/S102 (CVD). (c) 9.1%V205 /SIO2
(Imp), (d)6.8%V205/Al203 (Imp),
(e) 9.1%V205/Mg0 (Imp).

1) K. Mori, M. Inomata, A. Miyamoto, Y. Murakami,
J. Chem. Soc., FaradayTrans. I, 80, 2666 (1984).

2) G.C. Bond, K. Bruckman. Faraday Disc. Chem. Soc.,
72. 235(1981).

3) K. Inumaru. T. Okuhara. M. Mlsono, Proc. of
the 1989 International Chemical Congr. of

Pacific Basin Societies, 91264, Honolulu, 1989.
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Introduction

The SMSI effect of Pt/NbsOs catalyst shows the
singular behavior in hydrogenation reactions among
the other group VIII metals. In the hydrogenation
of acrolein (CH2=CHCH0) it produces propanal
(CHsCHaCHO) selectively after 393 K reduction
(LTR, normal state) whereas produces 2-propene-l-
ol (CH2=CHCH20H) after 773 K reduction (HTR, SMSI
state).Charge transfer from the suboxide such
as NbOx or TiOx to d-state of the metal through a
chemical bond has been proposed to cause the
significant change on the catalysis in SMSI state.
2' This is thought to be important for the
hydrogenation of unsaturated

C

compounds because the Pt-| bond is known to be
C

controlled by the electron donation from d-orbital
to TT-bond. It is interesting, therefore, to
estimate the density of d-state in platinum of
SMSI-Pt/Nb205 and compare with the other charge
transfered platinum catalyst such as Na/Pt/Si02
which has 100 % selectivity for propanal through 0
<Na/(Pt+Na) < 0.86. The method developed by
Mansour et al.^' is adequate for this kind of
study which can determine the number of unoccupied
d-electron state quantitatively.

Experimental

All the catalysts were prepared by conventional
impregnation method. XANES spectra of Pt were
recorded in BL-7C and analyzed with the procedure
in the literature^^ . The white lines appeared at
Is and L2 edges (, which are related with the
total density of unoccupied d-states, h, by the
formula:

AA3 + l.llAAa
h = (1.0 + )hr , AAy = Ay - Ayr

A3 r + 1.IIA2 r
where Ay is the intensity of p-d transition in the
Ly edge and r means the reference) were integrated
and normalized by those of the reference, i.e. Pt
foil.

Results and Discussion

h/hr for Pt/NbaOs reduced at various
temperatures and Pt/Na/SiOa with various loading
of sodium are illustrated in Fig. 1. and Fig. 2,
respectively. The electron transfer from NbOx to
d-state of Pt increases as the reduction
temperature increases. As for Na, however, the
number of the electron in d-orbital is constant
till the amount of Na reaches that of Pt. Then it
is filled with electron gradually. In contrast,
the binding energy of Pt4f7/2 decreases
monotonously. Thus, the shift of Pt4f7/2 in the
low Na loading region is not suggested to be due
to the charge transfer to unoccupied d-state of
platinum.

The activation energy of CH2=CH2 hydrogenation
is well correlated with h/hr. For example, 8
kJ-mol-i for 373 K-Pt/NbaOs (A), 18 kJ-mol"! for
773 K-Pt/Nb205 (B), 40 kJ'ffloI-i for 0.16-Pt/Na
/SiOa (C) and 43 kJ-mol'i for 0.70-Pt/Na/Si02
(D).i^ It is strongly suggested that the density
of d-state controls the kinetic parameter of C=C
hydrogenation.

373 473 573 673 773

reduction temperature / K

Fig. 1. The number of unoccupied d-state as a
function of reduction temperature for Pt/Nb205

Na loading / 10"^ wt%

Fig. 2. The number of unoccupied d-state as a
function of the amount of Na loading for Pt/Na/SiOa

Reference
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[2] D.E.Resasco and G.L.Haller, Adv.Catal., 1989,
36,173

[3] A.N.Mansour, J.W.Cook.Jr. and D.E.Sayers,
J. Phys. Chem., 1984. 88, 2330.
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Introduction

Since recent EXAFS has been initiated

by Sayers, Stern, and Lytle and SR light
is available, the investigation by EXAFS
of condensed matters, liquids, and others
is vigorously growing. In recent year,
new EXAFS techniques have been tried to
exploit the new regions using EXAFS met
hod by a few developers. One of those
is an application of a modulation techni
que to EXAFS measurement, which was
successfully used to observe the outer-
perturbation response such as the elec
tric and magnetic field, stress (piezo
effect) and light irradiation in an
ultraviolet, visible, and infrared region
in condensed matters. Here, we will
present a preliminary report on a photo-
modulated EXAFS technique, which will be
applied to the structural analysis of the
photo-excited state of the condensed
matters, liquid, gaseous state of mole
cule, and is only direct method in obser
vation of it. As the first stage, the
excitation behaviors of mercury in a
mercury lamp will be shown, and it will
be presented that the photo-modulated
technique is successfully achieved to
examine the photo-excited state in this
simple case.

Experimental Methods

The measurements were curried out

using the EXAFS facilities at Beam Line
7C. X-ray beam was focused on the speci
men by means of sagittal focusing of the
monochromator crystal. Figure 1 shows a
block diagram for the photo-modulated
EXAFS observation. A high pressure mercu
ry lamp (LI) as the sample in this work
normally lay between Iq and I ion cham
bers. To evaporate the liquid mercury,
the lamp was heated. The same mercury
lamp (L2) was used as an excitation
1 ight - sour ce. The light from the L2 was
chopped and focused on the specimen LI.
The signals from the I ion chambers were
current-amplified and fed to a conventio
nal lock-in amplifier. The intensity of
the incident x-rays was monitored by the

0
ion chamber.

Results and Discussion

We have observed the absorption spec
tra of x-rays at the four different con-

to computer
Lock-in Amp.

slit

lens

'chopper

Fig.1. Block diagram of the photo-modulated
EXAFS measurement.

ditions of the mercury lamp; 1. in heated
state, 2. in discharge at heated state,
3. in discharge only, and 4. in irra
diation in the heated state by the mer
cury lamp. An absorption spectrum in the
heated state(l) results from isolated
mercury atoms, and the spectrum on the
conditions (2),(3), and (4) will contain
the absorption from the excimer and other
excited states of mercury. This spectrum
may involve the EXAFS oscillation due to
the excimers. Figure 2 shows the differe
nce of the absorption constant at the
conditions (1) and (2). Some oscillations
are recognized. Figure 3 shows a photo-
modulated spectrum on the condition (4).
We can see some structures which coincide
with the oscillation of the difference
spectrum as indicated with the arrows. We
can say that the photo-modulation techni
que is available to reveal the atomic
distances in the photo-excited state.

11.40 It.BO IZ.ZD >?.eO 19.00

PHOTON ENEROY/KEV

Fig.2. Difference spectrum betwe<
the condition (1) and (2).

11.40 11.BO

I . i

ir.ZO I?.BO 13.00

PHOTON ENEROr/KEV

Fig.3. Photo-modulated spec
on the condition (4).
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Introduction

An oxidative coupling reaction of 3-methyl-
2-benzothiazolinone hydrazone (MBTH) with N,N-
dimethylaniline (DMA) is catalyzed by metal ions
and has been applied to the determination of
trace amounts of metal ions. The catalytic
effect on redox reactions of most metal ions is

hindered when ethylenediaminetetraacetic acid
(H4edta) is present in the reaction system. On
the other hand, the catalytic action of chromium
ion is more pronounced by the presence of edta'^"
in the system. Thus the catalytic behavior of
chromium-edta complexes is different from that of
edta complexes with most metal ions. The
different action of chromium-edta complexes may
be reflected in their structure in solution. In

the present study we aimed at determining the
structure of chromiumCIII,IV,V)-edta complexes in
aqueous solution.

Experimental

Sample solution 1 was prepared by mixing
equivolume of 1.2 mol dm"^ [Co^^(edta)]2" and
0.75 mol dm"^ 0120^^' solutions. Sample
solutions 2 and 3 were similarly prepared but
contained a large excess of Li2H2edta and
Na2H2edta, respectively. X-Ray absorption
spectra were measured around both the Co and Or

/(-edges at the BL7C of the Photon Factory, KEK.

Results and Discussion

In Figs. 1 and 2 are depicted the Fourier
transforms of Co and Cr /(-edge spectra of sample
solutions, respectively. The first intense
peaks are due to the bonds between cobalt or

chromium and ligand atoms in the first
coordination sphere.

The Fourier transforms of sample solutions 2
and 3 measured at the Co /(-edge (Fig. 1) are very
similar in shape to that of an aqueous
[Co^^^(edta)]" solut ion but are completely
different from that of an aqueous [Co^^(edta)]^"
solution, while the curve of sample solution 1
differs from that of other solutions examined.

Hence, the [Co^^(edta)]2~ complex in sample
solutions 2 and 3 is completely oxidized to the
[Co^^^(edta)]" complex by mixing with a Cr207
solution in the presence of a large excess of
Li2H2edta or Na2H2edta.

In the Cr /(-edge spectra (Fig. 2), the peak
maxima of the Fourier transforms appear at 126
and 156 pm for aqueous Cr2072" and [Cr^^^(edta)]~
solutions, respectively. The peaks are observed
around 130 pm for all sample solutions and the
peak shapes are significantly different from
those of aqueous [Cr^^^ (edta) ]" and Ct20']'̂ ~
solutions. Thus, the Cr(IV)- or Cr(V)-edta
complexes may evidently be formed in sample
solutions 1, 2, and 3.

Detailed curve fit analyses for the
chromium-edta complexes are now doing.

l\0

(edta)]

SaipIe

Fig. 1. Fourier transforms of Co /(-edge spectra,

r/IO'- pm
Fig. 2. Fourier transforms of Cr /(-edge spectra,

ledta)]

SaipIe
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The reaction of carbonyl compounds with
/S-amino-thiols, particulary cysteine form of
thiazolidine, has been a subject of numerous
previous studies because of its relevance to the
binding of carbonyl compounds to protein
containing sulfhydryl and amino group in close
proximity. For this reason equilibrium constants
have been measured by pH titration for
protonation, zinc(ll), nickel(ll), manganese(II),
iron(I), and silver(I) coordination of some
2-(polyhydroxyalkyl) thiazolidine-4-carboxylic
acids (PHTac) in the pH range 1.5-10. It was
found that the value of the protonation and
formation constants depend on the structure of
polyhydroxy-chains. In case of the protonation
constants this may be due to the rearrangement
of intramolecular hydrogen bonding network,
while the formation constants probably depend on
the conformation of OH-groupe in the first carbon
atom of the polyol chains.'^ The above metal
complexes formed with PHTac ligands have
appeared little suitable for X-ray diffraction
experiments because of the difficulties in
crystallization. Our aim was therefore to
determine the local structure of some of the

complexes. EXAFS spectra at the Ni and Mn
/("-edges were measured at BL-lOB and BL-7C, KEK
respectively for the sample given in Tables 1
and 2.

All of the Fourier transforms of nickel(I)
complexes have a peak about 170 pm (not corrected
for the phase shift), due to Ni-0 and Ni-N
interactions in the first shell. In addition,
there are two well developed peaks, located at
240 and 340 pm. We assumed that these peaks
are ascribed to the carbon (second shell) and
oxygen, carbon and sulphur (third shell)
backscattering atoms. On the basis of the above
consideration for the Fourier transform, a
multishell curve fitting was performed. The
final results of the curve fitting analysis are
summarized in Table 1. The proposed structure
of manganese(ll) and nickel(S) complexes formed
with 2-(polyhydroxy-alkyl)
thiazolidine-4-carboxylic acid ligands are
depicted in Figure 1.

Reference

1) T. Gajda, L. Nagy and K. Burger, to be
published in Inorg. Chim. Acta.

Tsbla 1. Results of the curve fitting for nlckel(II) complexes

2-phenyl-4-thiazo

lidine carboxyllc

acid pU » 6.0

L-cysteine-D-galac-

L-cystelno-L-rham-

L-cysteine-L-ara-

binose

L-cysteine-O-era-

binoee

Table 2. Results of the curve fitting analysis for manganesedl)

complexes

Acathylaeetonate Hn-0

2-phenyl-4-thiazo- Hn-0,N

lldine carboxyllc Kn...C

acid Hn...O,C,S

L-cysteln-D-galac- Mn-0,N

£.-cystein-D-rhani- Mn-0, M

L-cystein-L-ara- Hn-0,N

binose Hn...C

L-cystein-D-ara- Hn-0,N

j-OH^ ^H0-|
M-MnrNi

Figure 1
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Introduction

Recently, zirconium oxide has been

attracted much attention as catalysts for

various kinds of reactions. Not only

hydrogenation of olefins, carbon monoxide, and

carboxylic acids, but also the acid-promoted

reactions, such as isomerization of olefins

and acylation of aromatic compounds, were

extensively studied in the presence of

zirconium oxide. In order to improve the

catalytic performance, several studies have

been carried out on the modification of

zirconium oxide.

It was found that chromium was one of the

effective additives for Zr02 catalyst. In

order to investigate the effect of Cr on the

catalysis, we attempted to reveal the local

structure and the electronic environment

around Cr atoms on ZrOz by using XAFS.

Experimental

The catalysts studied in this report were

(a) Cr/Zr02 (Cr 2 wt^; via impregnation of

chromium nitrate aq. solution on ZrO(OH)2 ,

dried and calcined), (b) (a) treated by

hydrogen at 350 °C. Furthermore, (c) Cr
(metal), (d)Cr20^, (e) CrO^ and (f) CrO^
were analyzed as standard samples. The Cr

K-edge XAFS data of these catalysts were

obtained at EXAFS apparatus (BL-7C).

Results and Discussion

Figure I shows the Cr K-edge XANES for

the samples. In the samples (a) and (f), Cr
Is^Sd transition was clearly observed. On

the other hand, the transition in the samples

(b), (d) and (e) was not so clear. These

results suggest that Cr^' (highly oxidized)
species existed in the sample (a) and Cr^"
species existed in the sample (b), that was

confirmed by XPS analysis.

Figure 2 shows the results of Fourier-

transform of the EXAFS data for the samples.

For the catalyst (a) (before hydrogen

treatment), a CrOa like structure existed

on Zr02 . On the other hand, in the catalyst

(b) (after hydrogen treatment of (a)), the
pattern of the Fourier transform was similar

to that of Cr^O^fthe atomic distances of Cr-0
and Cr-Cr were smaller than those inCr20^,
however. Furthermore, in the catalyst (b) the

coordination number of Cr-Cr was smaller than

that in Cr203, that was ascertained by the

results of curve-fitting analyses. These

results imply that a like structure

appeared by the hydrogen treatment, and the Cr

species were highly dispersed on Zr02 • The

more detailed investigations about the

structure and physicochemical properties are

in progress.

1.73 Cr-0 ( a

0 2 4 6

R/A

Fig. 2.

Fourier transform of

Cr K-edge EXAFS data.5980 6000 6020 60d0
Photon energy /ev

Fig. 1. XANES spectra.

(a) Cr/ZrOz
(before hydrogen treatment)
(b) Cr/Zr02
(after hydrogen treatment)

(c) Cr (metal)
(d) Cr^O^
(e) Cr02
(f) CrO^
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Int roduct ion

Silicon k-edge XAS of some silicates were mea

sured by using X-ray (1.7-I4keV) beam line for
EXAFS at BL-8B. Structural studies of amorphous

silicates are significant for both semiconductor

technology and earth and planetary sciences.

Very thin films of silicon oxides are used as
insulator in LSI and silicates are the most

common materials on a surface of the earth.

Meanwhile there are few reported XAS spectra of

silicates because there is no beam line which is

continually available for Si k-edge XAS except BL

-8B, so it is necessary to measure many Si con

taining materials for references.

Exper imenta 1

Ins t rument Using a double crystal (InSb(lll))

monochromat0r, XAS spectra from 1780 to 2800 eV

were measured with an energy resolution of about

0.3 eV. Intensities of incident beam were de

tected by an ionizaiion chamber and fluorescent

yields were measured by Si(Li) detector which is
set in the direction horizontally normal to the

incident beam. The SSD has three semiconductor

elements in a same chamber and each detector

(80mm^)has independent detection system to

decrease a dead-time at higher count rate.

Sample a-quartz (SiOa), SiOg glass, forsterite
(Mg2Si04) and the amorphous silicate were prepar

ed for XAS measurements. The amorphous silicate

was synthesized from gas with Mg-rich olivine

((Mgo,sFeo.i)2S164) composition at low pressures
(~10"5 Torr) " as an analogue for cosmic dusts.

The adequate film thickness for Si XAS measure

ment is about 2 MDi. so the bulk samples of the

silicates were grinded to powders and applied on

a sample holder which is made of a diamond sigle

crystal (about 80mm^).

Results

Differential XAS spectra of the silicates are

shown in Fig.(left). The energy at the maximum

differential value (the absorption edge) of the

a-quartz(a) is about 1848 eV. A silicon atom in

a-quartz is coordinated to four oxygen atoms, so

the peak is assigned to S!(IV)-0, The peak is 8
eV above the peak of Si-Si in pure silicon. In

the case of forsterite(c), the Si04 letrahedra

are isolated and bound to each other only by ion

ic bonds from interstitial magnesium and the ob

served peak energy is about the same as Q-quartz

The peak value of the amorphous silicate(d) is

similar to that of forsterite. However, there is

no complex structure in (d).

The KL-egde absorption reported by Filipponi et
al.^^was subtracted from the observed EXAFS
spectra and the Fourie transforms of the spectra
are shown in Fig.(right). The first peaks of the
transforms are assigned to Si-0 bonds.

Precision of fluorescent XAS measurement is

less than transmission mode because counting
errors of SSD are larger than that of the ion-

ization chamber and an inhomogeneity of the
applied poweders causes large statistical errors.

References

1) Koike, C. & Tsuchiyama, A., Grain Formation

ffork shop, X, 54 (1989)
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(a) a-quartz

(b) Si02 glass

(c) forsterite u.

(d) the aaorphous

silicate
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Fig. Differential XAS spectra (left) and the
Fourier transforms (right) of the samples
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1. INTRODUCTION

The structure studies of amorphous thin

films of the silicon compounds are indispen

sable for research works on the semiconductor

devices^'. We have carried out this work on

the thin films of silicon nitrides using BL-8B.

2. Experiments and Results

The lattice constant of the monochromator

crystal and the angle of diffraction are cali

brated by the Si, P and S-K absorption edges

using a disk of the mixture. Calculated energy

resolution of BL-8B is 0.34eV at the Si-K-

absorption edge (1.84keV).

Powders of the standard

crystalline samples are ground and mounted on

a diamond plate to measure fluorescent yields.

Silicon nitride thin films are prepared by Low

_Pressure-CVD method on the silicon wafer and

Electron _Cyclotron Resonance-CVD method on the
Kapton film with thickness of 7.5ym. The

thickness of the thin film sample is adjusted

about l^ni. Measured EXAFS spectra of the

thin films prepared by LP- and ECR-CVD methods

are shown in Fig.l The differential profiles,

dM{E)/dE, shown in Fig.2, are different bet

ween the thin films prepared by LP-CVD and

ECR-CVD. The profile of ECR-CVD thin film is

almost same as the standard jS-SisN^ sample.

The measured EXAFS spectra are analyzed

through the conventional method. The radial

structure functions are caluculated and the

results are shown in Fig.3. There are slight

differences in the atomic distance of the

second shell between the thin films formed by

LP-CVD and ECR-CVD. The atomic distance of

second shell of the ECR-CVD is slightly longer

than that of LP-CVD.

3. SUMMARY

The differences of the dm (E)/dE spectra

between LP-CVD and /3-Si3N4 might indicate the

differnce of composition, because the existence

of the lower energy of absorption edge caused

by Si-Si bond (1.84keV). The profile of ECR-CVD

is almost same as those of the stoicheometric

standard samples of j3-Si3N4 crystalline. But

it is well known that thin films formed by ECR-

CVD involves hydrogen and Si- bonds are termi
nated H or

The difference between the atomic distance

of the second shell indicates the difference of

the short range structure. The second nearest

neighbour of crystalline phase is Si-Si. The

average length of the Si-Si is 2.92A for a-

Si3N4 and 3.00A for li-Sisiii. Short range
structures of the amorphous silicon nitride

films formed by LP-CVD and ECR-CVD resemble to

a- and ^-Si3N4 phases, respectively.

4. REFERENCE
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In order to understand the

catalysis of the surface on a molecular
level, it is important to accumulate the

knowledge about the dynamic structure of
surface in a working state. EXAFS

spectra offers potential for pobing the
surface structure of the catalysts in
the working conditions.

A reversible CO Insertion reaction

into C2H5 llgand to form acyl group was
found on the SiOs-attached Rh dimer 1_
catalyst derived from the organometal1ic
complex Rhg(CHs)z (Cs(CH3)o >2(y-CH2)z 0
using the reaction with the surface OH
of Si02. Our previous IR spectra
showed that the the Si02-attached Rh

dimer I adsorbed twin type CO. At this
time two CO adsorbed on one Rh dimer.

Thus the one Rh of Rh dimer adsorbed two

CO. After the evacuation, IR spectrum
showed the formation of acyl group,
indicating the occurrence of the CO
insertion reaction. When the sample
was exposed to CO atmosphere, the acyl
group was decomposed to C2H5 and CO.
The CO insertion reversibly occurs after

another evacuation of the sample.
The CO insertion reaction proceeds

under a quite unusual condition.

Usually the CO insertion reaction
favorably occurs in high pressure of CO.
We examined local structure of Rh dimer

in a working state to get the clue to
this question.

Experimental
Rh dimer catalyst I is prepared

using the reaction between the ocmplex 0
and surface OH groups of Si02(AerosiI
300) pretreated at 673 K. The sample
was treated and reacted in the glass-
made in-situ EXAFS measurement cell.

EXAFS analysis was carried out using the
EXAFS analysis programm "EXAFS2'" ' .

Results and Discussion
Fig.l showed the Fourier transform of
the Rh dimer after the exposure to CO
atmosphere. Two peaks appeared in the
range of 0.1-0.3 nm. The second peak
might arise from the Rh-Rh distance or

Rh—O(carbonyl). We carried out the
curve fitting analysis assuming both
model structure. We obtained a good
fitting results when we assumed the

bonding is due to Rh—0 as shown in
Fig.2. Fig.3 showed the Fourier

transform of the Rh dimer subsequently
after the evacuation of the sample at
473 K. Similarly two peaks appeared.
However, the second peak arise from the
Rh-Rh interaction as a result of curve

fitting analysis as shown in Fig.4.
Thus the Rh-Rh Interaction was

regenerated after the evacuation. This

Rh-Rh distance was cleaved after another

introduction of CO and was reversibly

regenerated after the subsequent
evacution. Thus the CO insertion and

Rh-Rh bond formation concurred. The CO
insertion reaction generally occurs when
the ligand occupies the vacant site left
after the CO insertion. In this case
one Rh acts as a ligand for the other Rh
and thus it can be said the CO insertion
reaction occurs in the assistance of the

Rh-Rh bond formation.

DN.Kosugi and H.Kuroda, EXAFS analysis
programm"EXAFS 2".

0 12 3 4 5 6 4 8 Yl
r / 0.1 nm k / nm"

Fi'g. 1 Fourter transform Fig.2 Curve fitting
of Rh dimer attached on for the second shell.
SiO, with CO adsorbed ( ) observed;
on ft. ( ) calculated based

on Rh—0

2 3 4
r / 0.1 nm

Fig.3 Fourier transform
of Rh dimer attached on
SiOo after evacuation
of the CO pre-adsorbed
Rh dimer.

° 1k / ID nm '

Fig.4 Curve fitting
analysis for the
second shell of the
Fig.3.
(—) observed;
(---) calculated based
on Rh-Rh
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Introduction

Ag-AsS- crystal(proustlte) In an Important
ore mineral of the silver. The crystal
stucture consists of AsS„ trigonal pyramid
groups and Ag a,toms link the groups. Recently,
Yoshlasa(l989) measured the Ionic
conductivity of this crystal and showed the
high Ionic conductivity Is sufficient as
superlonic conductor. Therefore, the glass
phase of this crystal also arouse interested
In Its Ionic conductivity. We measured EXAFS
spectra on the As K and Ag K absorption edges
for a Ag-AsS- glass and Ag,AsS_ crystal,
and compared the spectra td analyse the
structure of the glass In details. Further,
we measured the spectra for Ag edge at 300K
and 80K to examine the temperature dependence
of the disorder parameter of the glass.

Results and Discussion

The detailed experimental conditions were
reported 5\ln the previous work(Okuno et
al.,1989) . Flg.1 presents the tF(r)| curves
for As and Ag atoms of Ag_AsS_ glass and
the crystal. The prominent pe^ks of the lF(r)|
curves correspond to the As-S atomic pairs
within AsS~ groups and Ag-S atomic pairs.
The peaks of As-S atomic pairs In the glass
and the crystal have similar features. The
Ag-S In the both phases have similar atomic
distances, however, the peak height of the
glass Is about only 40% of that of the
crystal. These facts suggest that the glass
has rather random distribution of Ag atoms
around AsS- groups.

We studied the glass and crystal structures
In detail by the parameter fitting method.
The As-S and Ag-S atoi^c distances^ and Debye-
Waller type factors(6 As-S and 6 Ag-S) were
deterr^ned(table 1). The As-S atomic distance
and 6 As-S of the glass are similar to those
of the crystal. However, Ag-S atomic distance
of the glass at 80K la larger a little than
the others. And the 6 Ag-S of the glass Is
much larger than that of the crystal and
Its thermal change Is also large. Because
of the small difference between the 6 As-

S's In the glass and crystal, 1-| Is supposed
that this large difference of 6 Ag-S results
from the random distribution and large thermal
vibration of Ag atoms In the glass.

The square of the total Debye-Waller type
factor(6 tatal) Is expressed by 2the sum of
the square of the2 static part(6 static) and
the ihermal part(6 thermal). By extrapolation
of 6 's at 80k and 300K to OK, 2^0 can estimate
the values o 6 static and 6 th^mal. Table
2- lists the results. The 6 static and
6 thermal of Ag-S pairs In the glass are
larger than those of the crystal. This large
6 thermal of the glass suggests the
possibility of high Ionic conductivity by
Ag atoms, though the distribution of Ag atoms
Is rather random.

__ (LASS

AtjAlS,CltSIAL

a) A

/ \

nw
I t i *

riti

The F{r) curves for (a) As and (b) Ag

atoms In the Ag^AsS^ glass and the
crystal at 80K and 300K.

1 Parameters of Ag^AsS^ crystal and glass
at 80K and 300K obtained by parameter

fitting method.

Ag^AsS^ 80 K 2.4SOI

crystal 300 K 2.254* 2.446'

Ag2AsS3 80 K

Ag-S

300K 2.254(1) 2.449(1) 0.0173

Engel and Nowac)cl (1 965)

Table 2 The estimated static and thermal parts
2

of 6. „ parameters.

Ag^AsSj

A93ASS3

static part Diermal part

x2 ,t2,
tliermai' '

80 K 0.0012

300 X 0.0046

80 K 0.0017

300 X 0.0063

1^0 f 0 Z* 0X1C0 s
TT~3rrYosIIiasa, Mineral. J. 1_4, 293 (1989)
2) M. Okuno, H. Sugaya, T. Matsumoto, T.Motoyama,

H. Okudera and H. Ando, PF Activity Report
1988 #6, 44 (1989)
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Introduction
Zeolites, crystalline aluminosilicate frame

work structures, contain cavities into which
water and cations may be exchanged. They are
traditionally synthesized[l] by heating an alka
line aluminosilicate gel. More recently, quater
nary ammonium salts and ternary amines have been
included in preparations[2]. The role of the
alkali metals in the starting gels for alumino
silicate systems from which the zeolitic frame
work crystallizes is primarily one of providing
charge compensation. Observations of tne final
crystal structures[3] have suggested a structure
directing or templating role for the added amines
or alkali metals. For example, without the
amines, only dense phases form in the open-frame
work aiuminophosphate system where charge compen
sation is not required. Further, shape effects
are observed with the pore and channel system
bearing some resemblance to the original molecu
lar template. Direct observation of a templating
mechanism requires the development of techniques
to study crystallizing gels in order to determine
if some organization occurs around the alkali
metal or amine prior to the establishment of long
range order (crystallization).

We have followed the formation of a zeolite
from a Rb/Na aluminosilicate gel using X-ray
diffractometry and Extended X-ray Absorption Fine
Structure (EXAFS) at the Rb edge. Since EXAFS is
sensitive to short range order, this technique
allows us to follow cnanges occurring in the
vicinity of the rubidium ion prior to the onset
of long range order where traditional X-ray
diffractometry allows the ready identification of
the zeolite structure formed.

Experimental
The gel mixture was prepared as follows:

Colloidal silica (360 cc Ludox LS-30) was added
to a mixture of 4 M sodium aluminate (100 cc ),
NaOH (16g ), and 50% RbOH (25.5 cc ) and shaken
thoroughly. The resulting gel was placed in an
oven at 100°C and sampled periodically. Part of
each sample was frozen at about -5°C and sampled
periodically. Part of each sample was frozen at
about -5°C and transported in dry ice for EXAFS
data collection. The remainder was used for X-
ray diffractometry ( Figure la ). The resulting
fully crystalline zeolite was identified as
zeolite T[4]. EXAFS data were collected at room
temperature at the photon factory at BL-IOB.

Results and Discussion
The data were corrected for Background[5]

and the Fourier transform (FT) were taken (Figure
lb). The FT represents a radial distribution (
RDF ) of atomic environments around the absorbing
atom. Although there is no evidence of crystal-
linity after 5 days in the X-ray diffraction
pattern (Figure la), a second shell feature is
evident in the RDF. This feature is more promi
nent in the fully crystallized material and
judging from the height of this peak (at around
3A in the RDF shown in Figure lb) represents the
silicon coordination shell around rubidium in the
fully crystallized zeolite. It should be born in
mind that positions of peaks in the RDF are
shifted towards lower radial distance due to the
neglect of the effects of phase shift due to
backscattering and absorbing atoms. The devia
tion of absolute values of radial distance re
quires the employment of well characterized
standard materialsL61. However insight into the
mechanism of sol-sol transformation in zeolitic
materials[7] has been gained by comparing the
shifts in peaks in the RDF in crystalline and X-
ray amorphous materials.

Similar comparison here shows that organiza
tion is occurring around rubidium prior to the
full crystallization of the gel, as evidenced by
the presence of peaks in the RDF attributable to
a second shell composed of silicon and aluminum
atoms. This shell, present in the crystalline
zeolite, is also present in the amorphous zeolite
after only two days of hydrothermal treatment.

In these experiments rubidium was chosen

primarily for the relative ease with which data
close to its X-ray absorption edge could be col
lected. It is planned to extend these studies to
other systems; in particular, to systems in which
gel aging at room temperature has a dramatic
effect on the phases formed after hydrothermal
treatment. This is certainly the case for the
Cs/Na/Al/Si/O system, zeolite Rho[8]. Obviously,
the study would benefit from the ability to
perform experiments in situ on heated gels.

Conclusion
Analysis of EXAFS data collected on a series

of crystallizing rubidium/sodium alkali alumino
silicate gels has supported the intuitive notion
that hydrated ions organize secondary coordina
tion shells about them prior to the assembly of
these units, into zeolitic frameworks.

R.W. Nickle is acknowledged for technical
assistance.
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Figure 1. (a) X-ray diffraction patterns taken of
Rb/Na-aluminosilicate gel after_ hydrothermal
treatment for the number of days given, (b) The
Fourier transform of the EXAFS. The peaks near
2.2A and 3.2A correspond to Rb-0 and Rb-Si
nearest neighbors, respectively. Those_ features
present in the crystalline material (Figure la)
are also present in the amorphous gels.
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INTRODUCTION

It is very interesting to examine the rela
tion between superconducting transition and
thermal vibrations in the oxide superconductors.
The thermal vibrational contribution to the

EXAFS is usually characterized by mean square
relative displacement(MSRD) o . If there exists
any anomalous softening of the longitudinal pho-
nons concerned with Cu-0 bonds, it should be
observable in the temperature dependence of the
Cu-0 MSRD. Although several groups tried the
temperature dependent EXAFS measurements, they
have reached conflicting conclusions; some
groups^ found no significant anomaly at ,
other ones^'^'^^ observed an anomalous increase
of a in the vicinity of . In order to clear
up this discrepancy, we have carried out in

detail the temperature dependent EXAFS measure
ments and analyzed the MSRD due to local vibra
tions of the nearest neighbor Cu-0 pairs.

EXPERIMENTAL

The YBaoCi^Oy.g compounds of two orthorhom-
bic phases (0I?TH0-U , ORTHO- U ) and tetragonal
phase (TETRA) were synthesized by the conven
tional procedures. La2Cu04 and CuO were also
prepared as reference material. The transition

temperature was determined by resistance or
magnetic susceptibility measurements. The
ORTHO-I and ORTHO-U samples have an onset Tp
of 91.7 and 58K, respectively. The TETRA and
La2Cu04 samples are non-superconducting.

X-ray absorption measurements were performed
using the facility of BL-IOB. Energy scanning
was carried out around the Cu K-edge in the
temperature range from 20 up to 300K. According
to the crystal structure of the ORTHO- I phase,
the Cu-O bonds consists of five kinds of intera
tomic distances concerning two inequivalent Cu
atoms. Since three distances of Cu(l)-0(1),
Cu(2)-0(2) and Cu(2)-0(3) with the a-b plane are
very close, we treat the averaged distance of
them as the equatorial bond length Cu-Og. Conse
quently, the following parameters are determined

by three-shell fitting; CuCl)-0(4), Cu(2)-0(4)
and Cu-Og distances, and aj of Cu-Og bond and
Oq averaged value of MSRIJ of Cu{lVo(4) and
CuT2)-0(4) bonds.

I 1 (Fig.2)

(Fig.l

RESULTS AND DISCUSSION

The temperature dependence of MSRD ob
tained on the assumption that the coordination
number of Cu atoms does not change with tempera
ture is shown in Figs. 1 and 2(a)-(cl. For thfi
reference sample La2Cu04, both a| and Oq
gradually decrease with decreasing temperature
(Fig.l). The temperature dependence of a for

the three phases of YBa2Cu3 07_g .^is shown in
Fig.2(a)-(c). The axial component Og of the Cu-
0 bonds in ORTHO- I phase indicates a remarkable
anomaly in contrast with the result of La2Cu04.
This anomalous behavior of (hereafter re
ferred to as a-anomaly) is observable only in
the temperature region of about 30 degrees around
Tp- On the other hand, the equatorial component
Op shows a normal behavior without any signifi
cant anomaly. Similarly in ORTHO-I phase, the
a-anomaly occurs in at temperature around
Tp~58K, but the equatorial component a| varies
normally with temperature. The ana og of
TETRA phase decrease monotonically with decreas

ing temperature down to 20K, which is just simi
lar to those of La2Cu04. This a-anomaly is
considered to result from some softening of the
vibrations of Cu-O bonds, accompanied with the
superconducting transition. The important thing
is that the a-anomaly is observed only in the
axial component of the MSRD a^, related to the
Cu(l)-0(4) and Cu(2)-0(4) pairs. Details have
been published in Ref.(5).
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INTRODUCTION

The structure of liquid Se is mainly

determined by long polymeric chain molecules with

two-fold coordination. The viscosity of liquid Se

is reduced drastically by the addition of alkali

metals because of the scission of the polymeric

chains. It is interesting to study the

modification of the polymeric chain molecules by

the addition of Rb. In this paper we report the

results of EXAFS experiments for liquid Se-Rb

mixtures.

EXPERIMENTAL

Rb-Se alloys were prepared by exposing liquid

Se to Rb vapor at 400 °C in a pyrex tube. The

EXAFS cell for liquid samples was made of

polycrystalline sapphire with X-ray windows

250 pm thick. The optimum values of the sample

thickness were from 30 to 50 pm. EXAFS

measurements were carried out on both Se and Rb

K-edges with spectrometer installed at BLIOB.

RESULTS and DISCUSSION

Figure 1 shows the radial distribution

functions around a central Se atom, |F(r)|, for

l-5e AOO'C

l-RbSe4 leO'C

l-Rb2S^ SOO'C

Fig.l Radial distribution functions around a

central Se atom, lF(r)l, for 1-Se at 400'C, 1-

RbSeg at 160°C, and l-Rb2Se2 at 500°G deduced
from Fourier transform of k times EXAFS function.

liquid (1-) Se, l-RbSe^, and l-Rb2Se2 deduced
from Fourier transform of k times EXAFS function.

The sharp first peak in the |F{r)I remains in

higher Rb concentration range, which suggests the

existence of the two-fold coordinated Se chains.

Figure 2 shows concentration variation of

the Se-Se and Rb-Se nearest neighbor distances

.obtained from curve fit analysis. The Se-Se

distance is estimated to be 2.34 A for 1-Se at

400 "C and changes little with increasing Rb

concentration. On the other hand, the Rb-Se

nearest neighbor distance decreases with Rb

concentration.
1 \ P —It is known ' that polyselenide (Se)jj ions

in the solid Rb2Se^ consist of two to eight Se
atoms. The EXAFS results for the Rb-Se mixtures

suggest that Se chains exist in liquid state as

well as in solid state. The increase of Rb

concentration introduces more ionic character to

Rb-Se bonds. This is clearly indicated by the

decrease in the Rb-Se distance shown in Fig.2.

1) P.Bdttcher, Z.Kristallgr. 150 (1979) 65.

* Present address: College of General Education,

Kyushu University, Fukuoka 810
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Fig.2 Consentration variations of the Se-Se and

Se-Rb nearest neighbor distances, obtained from

the EXAFS spectra for liquid Rb-Se mixtures.
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Introduction

A high temperature form of Bi203 which
is the best known oxide ion conductor
with the fluorite-type structure was
studied by EXAFS at high temperatures
and above the melting point of 824°C.

Experimental and Results

Sample preparations and experimental
procedures were described in the
previous report^^. The XANES spectra
near the Bi-L3 edge are compared using
the primary differential of XANES by
energy (Fig. 1). The main difference in
the features is the peak (-7 eV) before
the main peak (absorption edge), but no
change of the position of the absorption
edge was observed. This suggests that
there exists a slight change in valency
and/or symmetry of coordinating atoms
between in the ^-form and the melt.

The Bi-L3 edge EXAFS oscillations are
shown in Fig. 2. The amplitude of the
oscillations for the melt is almost one

half for those of the /"-form, indicating
decrease of the coordination number of Bi

ions and/or increase of temperature
factors.

Interatomic distances were obtained by
the curve-fitting program written by Dr.
H. Maeda, Okayama Univ.(Fig. 3). The Bi-0
distances are almost constant (or
decrease very slightly) with increasing
temperature. A slight abrupt decrease was
observed when it melted. The shortest

a-B i oO, ( 73 2'C)

8-B i oOa (8 1 O-C)

Me I t (8 26-G)

^KQTON (HCftOTIKCtl alfl'*

Fig. 1. Primary differential of XANES
of Bi-L3 edge for /-Bi203 and melt,

three Bi-0 distances in the BiO/ tetra

hedron by neutron diffraction2) were
used as reference. R(M-O) in Fig. 3 is
the average Bi-0 distance calculated
from the lattice constant assuming that
Bi and 0 ions occupy the ideal site in
the fluorite structure.

The authors thank to Drs. S. Nomura and

A. Koyama, KEK, for useful advices and
help in the experiment.

DK.Koto, S.Emura and A. Yoshiasa, PF
Activity Report No.6, 81 (1988).

2)H.A.Harwig, Z. anorg. allg. Chem. 444,
151 (1978).

3-B i oO, {73 2'C)

a-B i oOo (01Ot)

Me 1 t (826'C)

Fig. 2. The Bi-L3 edge EXAFS
oscillations of /-Bi203 and melt.

NjneutronlHarwlg, 197B)

Helt(026»C)

800 t°C)

Fig. 3. Bi-0 distances of J'-Bi203
at high temperatures from EXAFS,
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Recent studies on high-Tc superconducting
Cu-based oxides show that the two-dimensional
(2D) sheet structure of [CuO^] squares is
indispensable to superconductivity, irrespective
of the types of doped carriers, electrons or
holes. In Ndjj.^Ce^CuOi.^ (NCCO, x~0.15), elec
tron doping to Xhe . 2D [CuO^] sheet is
achieved with Ce substitution v for
Nd in NdoCuO^ and subsequent reduction. ' In
La2_jjSr CuO^ (LSCO, x=0.12-0.22), hole doping to
the zD [CuO^] sheet o+is achieved with
Sr substitution of®'" La2Cu04. In
the present work, ' we have studied how the
substitution induce changes in the electronic and
geometrical structures in NCCO and LSCO by means
of X-ray absorption spectroscopy (XANES) at the
Cu K-edge.

Fig.1.1 shows Cu K-edge XANES spectra of
the substituted compounds (x=0.15) with dashed
lines, which are normalized relative to those of
the parent (unsubstituted) compounds (x=0) shown
with solid lines. The preedge structure A is
assigned to the ls-3d transition. The structures
D and E are assigned to ls-4pa transitions to
well-screened and poorly-screened core-hole
states and the shoulder structures B and C half
way up the absorption maximum D are assigned to
ls-4p7r transitions to well-screened and poorly-
screened core-hole states. The splittings of the
shoulder (ls-4p7r) structure and of the main (Is-
4pc') structure are characteristic of divalent
Cu compounds „ ..with the planar coordination
around Cu. ' '

The change of the spectra from x=0 to x=0.15
in NCCO is much larger than that in LSCO. This
means that the substitution affects local
electronic and geometrical structures around Cu
drastically in Nd2Cu04 but not so much
in La2Cu04. This is consistent with the
widely-accepted thoughts that the electron and
hole doping occur mainly at Cu of [CUO2] in NCCO
and at 0 in LSCO, respectively.

We have found isosbetic points in the the
[x^O] and [x=0] spectra for the electron-doped
and hole-doped Cu-based oxides with several Ce/Sr
substitution rates, Nd2_x^®v^"®4
La2_xSr^Cu04. This indicates that the spectra
for the substituted systems consist of two
components, parent and additional ones, and the
former decreases and the latter increases with
the substitution. Furthermore, the uniformity of
the substituted samples indicates that the
additional components introduced with the
substitution are not segregated impurity phases
but uniformly or randomly distributed "impurity
states". We have tried to extract XANES spectra
for the "impurity state" from the spectra of the
parent (unsubstituted) and substituted compounds
as follows:

( [xj^O (substituted)) - b [x=0 (parent)] ) / a,
(a=l-A=Arx).

When k = 2~2.5, the extracted spectra give
reasonable features compared with known spectra
for several . Cu-bftsed oxides. This means that
each Ce /Sr ion substituting Nd /La
changes 4-5 Cu sites and that an additional
electron/hole supplied with the substitution is
distributed mainly to 4-5 [CUO2] units, yielding
"impurity (localized) states". When x=0.15, the
"impurity states" amount to 60-75 % of the whole
[CUO2] units; the interaction and superposition
among the localized states are caused to produce
bands like Fermi-liquid states.

In the extracted XANES spectra in NCCO the
well-screened peaks B and D are considerably
strong but the poorly-screened peaks C and E are
remaining. This means that. _ Cu atoms in the
"impurity state" have more 3d contribution than
in the parent compound but are still divalent.
The presentn^onclusion disagrees with that by
Tranquada. On the other hand, in LSCO we
observe that the ls-4pcr transition to the well-
screened state D in the extracted spectra is a
little weakened compared with that for the parent
compound. This means that Cu atoms in the
"impurity state" in LSCO have a little more 3d
contribution than in the parent compound and that
the substitution of Sr for La causes the hole
doping mainly in oxygen atoms but also a little
in Cu atoms.

1) Y.Tokura, H.Takagi and S.Uchida, Nature 337
(1989) 345

2) N.Kosugi, Y.Tokura, H.Takagi and S.Uchida,
Phys.Rev.B 41 (1990) in press

3) N.Kosugi et al., Chem.Phys. 91 (1984) 249;
103 (1986) 101; 135 (1989) 149

4) N.Kosugi, in Core-level Spectroscopy in
Condensed Systems, Springer Series in Solid-
State Sciences Vol.81 (Springer, Berlin, 1988)

5) J.M.Tranquada, S.M.Heald, A.R.Moodenbaugh,
G.Liang, and M.Croft, Nature 337 (1989) 720
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Fig.1.1. Cu K-edge XANES spectra of (a) La2Cu04
(solid line) and La, ocSr^ icCuO^ (dashed line)
(b) Nd2Cu04 (solid line) 'and Ndj^ 85^®0 15'̂ '̂ ®4
(dashed line). The ls-3d and 4p7r 'regions are
inserted on a magnified scale. The excitation
energy is relative to the first inflection point
at the K edge of Cu foil.
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The Cu K-edge XANES spectra of
high-Tc superconductors and related oxides,
YBaoCuoO^ (YBCO, y=6.9, 6.85, 6.75, 6.5 and 6.1),
YBa2(Cu^^COj^K0 (x=0.33, y-7.2) and single-
crystal ErBa2Cu2D (y-7,-8) „ ..have been measured.
In the present, study , we concentrate on
interpretation of the main features of XANES of
YBCO in terms of ls-4p7r and ls-4pa transitions,

Fig.1.1 shows Cu K-edge XANES spectra of
YBCO. The main peaks and the ~7 eV higher-energy
peaks are assigned to the ls-4pGi
screened core hole through L->3d LMCT, 3d L q)
and 2 (poorly-screened core hole, 3d )
transitions, respectively. This means that the
valence states of Cu are more or less divalent in
the superconductors and related oxides, even in
oxygen-deficient YBCO. Other valence states of
Cu would not be derived from the ls-4po' regions.

On the other hand, in the ls-4p7r energy
region, the onset and shoulder structures, A (2.6
eV relative to the first inflection point at the
K edge of Cu foil), B (4.2 eV), C (6.7 eV), D
(9.7 eV), E (10.9 eV), F (13-8 eV), are observed
for the superconductors and related oxides.
Fig.1.2 indicates that the structures B and E are
observed in the E//ab polarized XANES for the
oxygen-rich (y-7) ErB^CugO single crystal and
the structures A and IT for the oxygen-deficient
(y~8) one, and that the structures B and E are
suppressed in the Co-substituted oxygen-rich YBCO
for the Cu(l) site (YBaoCugCoO , y-7). These
observations demonstrate tnat the structures A
and D and B and E arise from ls-4p7r at the Cu(l)
site. The energy difference between A and D is a
typical value, -7 eV, and the structures A and
Dare assigned to ls-4p7ri (3d^^L ) and Is-4p7r2
(3d ) of the [CuOg] ions, respectively. This
shows that Cu is not completely reduced to
monovalence even in the linearly-coordinated
[CuOg] ions at the Cu(l) site of oxygen-deficient
YBCO. The structures B and E correspond to Is-
4p;r ] and 4p7r2 transitions in the ID Cu-0 chain
at tne Cu(l) site of oxygen-rich YBCO.

The structures C and F are distinctly
observed in the Co-substituted YBCO as shown in
Fig.1.2. The structures C and F correspond to
Is-ApTTj^ and 4p7r2 transitions in the 2D Cu-0
sheets with pyramidally-coordinated [CuOc] at the
Cu(2) site of YBCO {tcparallel to the c axis).
This assignment is supported with the fact that
these are not observed in the E//ab polarized
XANES of the ErBagCugOy single crystals
irrespective of the oxygen content as shown in
Fig.1.2.

The present results show that all the Cu
ions in YBCO have more or less divalent
d electron configurations and that the
electroniq. structure at„the„Cu(l) site in YBCO is
between d (L ) and d (L ) at y-7 ^d nearly
(but not completely reduced to) d at y~6.
It is probable that the oxygen atoms take an
important part in the balance of holes in the
systems and in the hole conductivity on the 2D
Cu-O sheet and that the Cu(l)-0 sites give small
parts of holes and of electrons to the 2D Cu(2)-0
sheets through the 0 Zpa^ orbitals in the BaO
layer at y-7 and y~6, respectively; the 0 Spc^
orbital serves for the 2D Cu-0 sheet as
electron/hole reservoir.

1) N.Kosugi, H.Kondoh, H.Tajima and H.Kuroda,
Chem.Phys. 135 (1989) 149; Physica B 158
(1989) 450

YBa-Cu-0
2 3 y

0 10 20 30 40 50 60

ENERGY (eV)

Fig.1.1. Cu K-edge XANES of YBa^CuoO^
(a) y=6.1 , b) y=6.5 , (c)^
(d) y=6.85, (e) y=6.90

2 4 6 8 10 12 14

ENERGY (eV)

Fig.1.2. Cu ls-4p7r XANES (a) powdered YBCO (y-6)
(b) single-crystal YBCO (Y=Er, y-6, E//ab), (c)
powdered YBCO (C=Cu2Co, y~7), (d) powdered YBCO
(y-7), (e) single-crystal YBCO (Y=Er, y-7, E//ab)
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The Cu K-edge XANES spectra of
high-Tc superconductors and related oxides,
YBa^CuoO^ (YBCO, y=6.95, 6.90, 6.85, 6.75, 6.60,
6.5'5, 6t45, 6.4, 6.3, 6.2, 6.1) have been
measured. Ortho-I phase (Tc~90K, y>6.7) and
insulating tetragonal phase (y<6.3) samples were
prepared by annealing under various atmosphere of
different ratios of O^No pressure. Ortho II
(Tc-60K) and low Tc (<roKr phases were obtained
under various quenching temperature and rate. In
the present study, we concentrate on
investigation of the relation between a local
geometrical change and a non-monotonous Tc
behavior as a function of-vY*

Our previous study ' showed that ls-4p7r
transitions are sensitive to local geometrical
structures. To determine changes of the
coordination (fourfold, threefold, twofold) of
oxygen ions at the Cu(l) site for different
oxygen contents, we have tried to extract only
ls-4p7r spectral components by subtracting a
smoothed shoulder background of the ls-4pa
transition (E=0~20eV) from the spectra normalized
to the oxygen-rich (y=6.95) spectrum around the
preedge (E<0) and post-edge regions (E>40 eV)
with the least-square fitting.

Fig.2.1 shows the "extracted" ls-4p7r
spectra. The twin-peak structures A and D, which
arise from the linear [Cu(l)02] ions at the Cu(l)
site, are not observed in the ortho-I phase but
are observed gradually strongly as the oxygen
content y decreases. This indicates that
twofold-coordinated [Cu(l)02] ions do not exist
in ortho-I phase (Tc~90K, y:^.7) but are produced
on going from ortho-I phase to ortho-II phase and
when Tc falls down to ~60K. Furthermore, the
structure B, which is a well-screened ls-4p7r
transition of the fourfold-coordinated
-0-[Cu(l)02]"0- chain, becomes broader as the
oxygen content y decreases. The broadening
probably arises from threefold-coordinated
-0-[Cu(l)02]-*-[Cu(l)02]-0- structures (* denotes
an 0 vacancy) along the chain. These
observations indicate that in ortho-I phase the
oxygen vacancies are distributed randomly along
the 0-[Cu(l)02]-0 chains, and that on the phase
transition from ortho-I (Tc~90K) to ortho-II
(Tc~60K) the oxygen vacancies gather one another
like -*-[Cu(l)02]-*-[Cu(l)0o]-*-[Cu(l)02]-*-.
This local oxygen vacancy model in the ortho-I
and ortho-II phases is consistent with the
finite-range oxygen vacancy ordering in the
ortho-II phase demonstrated with the scattering
experiments.

Integrated intensities of the peaks A and D
correspond to the number of the twofold-
coordinated [Cu(l)02] ions. The intensity of A
and D are plotted as a function of the oxygen
content in Fig.2.2. The number of the twofold-
coordinated [Cu(l)02l increases with the oxygen
deficiency as a whole. Furthermore, we note a
flat region between y=6.5 and y=6.3. Such a
peculiar change^ds similarly observed by
Tranquada et al. •' In the y=6.5 sample, empty
chain (twofold coordination) : filled chain
(fourfold coordination) = 1:1, and the oxygen
vacancies are ordered on every other chain,
resulting in doubling of the unit cell along the
a axis. This is a fairly stable phase;
therefore, even if oxygen vacancies are further
Introduced into this phase, they are introduced
only into the filled chains and produce
threefold-coordinated sites with maintaining the

empty/filled-chain ordering structure before the
orthorhombic-to-tetragonal phase transition
(y~6.3). After the phase transition, the
emp ty/filled -chain ordering structure is
destroyed, and twofold-coordinated sites begin to
increase again.

1) N.Kosugi, H.Kondoh, H.Tajima and H.Kuroda,
Chem.Phys. 135 (1989) 149

2) J.M.Tranquada, S.M.Heald, A.R.Moodenbaugh and
Y.Xu, Phys.Rev. B 38 (1988) 8893

ENERGY(eV)

QP/1^/
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Fig.2.1. Extracted is-4p7r structures A, B, C and D
from the raw XANES spectra for YBaoCu^O„
(Fig.1.1). (a)y=6.1. (b)y=6.5, (c)?=6.75^
(d)y=6.85, (e)y=6.90. (f)y=6.95.

Fig.2.2. Dependence of integrated intensities of
the peaks A and D on y.
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Understanding of physical and chemical
properties of small metal clusters is a
very important subject for various
fields such as solid state physics,
surface science and heterogeneous
catalysis. Our previous report [1] on
the temperature-dependent EXAFS study
confirmed that the metal-metal bond

distance contracts and the Debye
temperature decreases, and revealed for
the first time that the thermal
expansion coefficient becomes signifi
cantly greater.

The present report shows the subsequent
results which describe the enharmonic
interatomic potentials of the small
metal clusters by use of the newly-
developed technique shown in a separated
paper[23.

Supported Pd and Ag clusters were
prepared by the standard ion-exchange
method. Precursor supported metal ammine
species were reduced with hydrogen at
673 K (Pd) or 473 K (Ag), and then
evacuated at the same temperature to
give hydrogen-free clusters. Pd and Ag
K-edge EXAFS spectra were measured at
several temperatures under inert atmo
sphere at BL lOB.

EXAFS data were analyzed by means of
the 4-th order cumulant expansion tech
nique in order to account for anharmoni-
city. Determination of the interatomic
potentials was carried out with the
assumption of the Morse potential.

Table 1 shows the Debye temperatures
and thermal expansion coefficients of
the bulk metals and the small metal
clusters. As exepmlified previously[1],
the Debye temperature of the clusters
decreases and the thermal exapnsion
coefficient drastically increases com
pared with those of the corresponding
bulk metals.

Figure 1 shows the determined inter
atomic potentials in Ag bulk metal and

Ag small metal clusters. Compared with
the bulk metal, the metal cluster has a
wider and shallower potential and the
degree of asymmetry is more significant.

These results, which are in excellent
agreement with the sophisticated theore
tical predictions, support the concept
that small metal particles with many
surface atoms have weaker metal-metal
bondings due to the decrease in the
coordination numbers of surface atoms.

[1] T.Yokoyama, S.Kimoto and T.Ohta,
Photon Factory Activity Report 6 57
(1988); Jpn.J.Appl.Phys. 28 L851 (1989).
[2] T.Yokoyama, T.Satsukawa and T.Ohta,
Photon Factory Activity Report this
volume; Jpn.J.Appl.Phys. 28 (1989).

Table 1. Debye temperatures and thermal
expansion coefficients of Pd and Ag bulk
metals and small metal clusters. Values
in parentheses refer to the
thermodynamical data.

sample

Pd bulk

cluster

Ag bulk
cluster

6d (K)

281 (275)
236

232 (228)
160

a (K"^)

0.9 (1.13)
6.4

1.6 (1.57)
10.4

Fig.l. Interatomic potentials of Ag bulk
metal and small metal clusters.

Ag Morse

— bulk

— cluster

3 A,
DISTANCE (A)
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A clear understanding on the mechanism of
crystalline to amorphous phase transition through
solid state reaction is not obtained up to now.
In this report, the structural change of Ni-Nb
mixture powder through solid state amorphization
was studied by means of EXAFSOK

Experimental
Ni-Nb amorphous alloy powder was prepared by

mechanical alloying using a laboratory ball mill.
Sample preparation was made by stopping the ball
milling 0,1.8x10^,2.52x105,3.6x1QS,7.2x10^ and
10.8xl0^s after its commencement. EXAFS measure
ments were carried out at the beam line lOB of
Photon Factory. Energy scanning were carried out
around the K-edges of nickel and niobium.

Results and Discussion

Fig.1(A) and (B) show the radial distribut
ion function (RDF) around a Ni and Nb atom of
alloy at the various stages of amorphization. The
arrows indicate the first, second, third and
forth nearest neighbours around a Ni and Nb atom
in the crystals. The height of the peaks corres
ponding to the long range orders of the crystal
phases reduced as the mechanical alloying time
proceeded and vanished. Only the first peak
remained and shifted to the value of the amorphous

S-S-'lOs

10.8''10 •

alloy prepared by rapid quenching method. From
these EXAFS results combined with SEM observation
and OTA measurement^^, we propose the model as

dXNi dX^b
d t d t

^ 9 1 >

NI .JiVcW' NB

Fig.2 Illustration of amorphous phase growth in
the thin layers of lamella structure consisting
of crystalline Ni and Nb.

illustrated in Fig.2. The growth speed of amor
phous phase in the Nb crystal layers of lamella
structure, dX^b/dt, seems to be larger than that
in Ni crystal layers, dX^-j/dt.

The authors wish to thank Dr.N.Kosugi for
offering us the computer program of EXAFS data
analysis.

References

1)T.Nasu et al., in Proceedings of International
Conference on Liquid and Amorphous Metals,Suppl
J.Non-Cryst.Solids (to be published).

2)T.Nasu et al., Mater.Trans.JIM.620(1989).
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Fig.l Fourier transform of EXAFS of Ni60Nb4o alloy produced by mechanical alloying as a function of
milling time and the amorphous alloy prepared by rapid quenching method : (A) Ni K-edge and (B) Nb K-
edge.
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Introduction

We have studied on the photocatalytic

It has a mica-like

ions which located at

activity of .

layered structure, and K

the interlayer of niobate sheets are

ion-exchangeable. This catalyst is able to
reduce H to without any other metallic

catalyst such as Ft. On the other hand CdS

absorbs visible light, but the rate of

evolution on the CdS was very slow due to a high
overpotential for recombination of hydrogen.
In a combined system of CdS,

evolution was observed by the electron transfer
from CdS to under visible light
irradiation. The activity of this system

strongly depended on the method of catalyst
preparation.

Therefore, CdS/K^NbgO catalyst was
prepared and was investigated the structure of

CdS particle by method of EXAPS spectroscopy.

Experimental

The catalysts were prepared by the method

described elsewhere. Six samples were mesured,
(1) Cd /K.Nb.O,^ : untreated, (2) CdS/K„Nb,0,, :

'"4 6
sulfurized for

. tail UJ. 5 \

day at room temperature ; low

/K.,Nb.O.„ : sulfurized for 7activity, (3) CdS/K^NbgO^ : sulfurized for 7
days at room temperature ; high activity, (4)

bgOi : treated after (3), (5'
(5) was used as reference.

CdS/Kj^NbgO
Sample (5)

Results and Discussion

In the figure the Fourier transforms of
K X(K) of Cd K-edge EXAFS data of those samples
are shown. In these spectra, the ^|ak at R=2.l6
corresponds to Cd-0 of untreated Cd /K^NbgO^
sample and the peak at R=2.42 ia attributed to
Cd-S of CdS particle. In a high activity sample

(3), only Cd-S bond was observed and its
coordination number is ca. 3.6. On the other
hand, in a low activity catalyst (2), Cd-S bond
was observed with the coordination number of ca.

2.9 and Cd-0 bond still remained. In H^SO,,

while Cd-S bond disappeared although the color of
the catalyst was light yellow.

These results lead us to conclude as follows;
(1) the low activity of short time-sulfirized
-catalyst is c^i^sidered to be attributed to the
existence ofCd ions which work as recombination

centers for photoexited electrons and holes.

(2^_the difficulty of intercalation of anions
(S ) into the catalyst during the sulfurization^^
demanded a long time (7 days)to sulfurize the Cd
located at interlayer of catalyst. (3) Almost
all the produced CdS particles were observed to

exist on the outside of the catalyst.

(3)|0 2 6
R/A

0 2 A, 6 8
R/A

Fourier transforms of K^X(K) of Cd K-edge
EXAFS data



proposal No 88

EXAFS ANALYSIS OP ZrF4-BaF2-CsF GLASSES AND RELATED COMPOUNDS

Yoji KAWAMOTO, Yukihiro UMETANI, Hideki MORIKAWA* and Fumiyuki MARUMO*

Faculty of Science, Kobe University, Rokkodai, Nada, Kobe 657
*Research Laboratory of Engineering Materials, Tokyo Institute

of Technology, Nagatuta, Yokohama 227

Introduction

Zirconium tetrafluoride-based glasses are
known to be a vitreous solid electrolyte of F~

ions. The ionic conductivities, however, are the
order of 10~^Scm~^ at 200®C. Thus the enhancement
of conductivity is necessiated for practical use
of these glasses. For the improvement of conduc

tivity, the elucidation of F" conduction-govern
ing factors is inquired. The compositional depen
dence of the conductivities of ZrF4-BaF2-CsF
glasses suggested that the activation energy for
conduction is largely influenced by the Zr-F bond
length and/or by the F coordination of Zr.^^ The
present EXAFS study is undertaken in order to

confirm the validity of this suggestion.

Experimental and Results

The compositions of ZrF4-BaF2-CsF glasses
chosen for EXAFS measurement are 55ZrF4.{45-x)
BaF2.xCsF(x=0, 7, 14, 20, 27, 34 and 40). The
glasses annealed at the respective glass-tran
sition temperatures were subjected to the EXAFS

measurements. On the other hand, the Li2ZrF0,
CS2ZrFg, a-BaZrFg, 3-BaZrFg, and 6-ZrF4 crystals
were synthesized and utilized as reference spe
cimens in the EXAFS analysis of ZrF4-BaF2-CsF
glasses. For the EXAFS measurements, all the

samples were finely powdered and pressed into
discs with polyethylene powder. The measurements

of Zr-K EXAFS spectra were carried out using the
EXAFS facilities at BL-IOB.

Figure 1 shows the Fourier transform mag
nitude curves, |F(r)|, which were obtained using
EXAFS data from 3.5 to 13.5A~^ in k. The first

0 , ,
peaks at around 1.5A in |F(r)| correspond to the
Zr-F distances. Next, the inverse Fourier trans

formation and curve fitting were carried out on
these peaks. The amplitude and the phase shift
which are required in the curve fitting calcula
tion were obtaind by employing Li2ZrPg as refe
rence. The result (Zr-F interatomic distance, r,
F coordination number of Zr, N, and Debye-Waller
factor, Q) is shown in Table 1.

As seen from Fig. 1, the Zr-F peaks of the
27CsF, 34CsF and 40CsF glasses exhibit appreci
able shoulders at the right-hand sides of the
peaks. On these three glasses, therefore, the
curve fitting calculation was also performed
using "two shell model". The structure para
meters in this case are shown in round brackets

in Table 1.

Table 2 summarized the EXAFS analysis result
of reference specimens. In the table the values
in round brackets are those obtained by X-ray
diffraction analysis.

A detailed discussion of the present experi
mental result will be made elsewhere.

Reference

1) Y. Kawamoto and I. Nohara, Solid State Ionics,

22, 207 (1987).

ZrFz,; BaF2; CsF
55 5 40

55 11 34

55 18 27

55 25 20

55 31 14

55 38 7

55 45 0

Fig. 1 Fourier transform magnitude curves of
ZrF4-BaF2"CsF glasses

Table 1 Structure parameters of ZrF4-BaF2-CsF
glasses

ZrF4--BaF2 -CsF r/A N 0

55 45 0 2.07 6.5 0.104

55 38 7 2.07 6.7 0.109

55 31 14 2.06 6.7 0.114

55 25 20 2.07 7.1 0.118

55 18 27 2.07 7.5 0.126

/2.06 6.4 O.lOB

\2.27 0.6 0.002

55 11 34 2.07 7.9 0.132

/2.06 6.5 0.112

\2.27 0.6 0.006

55 5 40 2.00 8.3 0.138

/2.05 5.1 0.096

\2.23 1.9 0.063

Table 2 Structure parameters of reference
crystals

crystal

Cs2ZrFg
a-BaZrFg

B-BaZrFg
6-ZrF4

r/A

2.02(2.04)

2.05(2.08)

2.06(2.13)

2.10(2.12)

N

5.6(6)

5.4(7)

5.5(8)

7.5(8)

a

0.075

0.090

0.104

0.090
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Introduction

Much interest has been focused on the active intermediates

and reaction mechanism of cytochrome P-450^. It is highly
probable that the active species of P-450 is an oxo-iron
porphyrin complex. A number of oxo-metalloporphyrin have
been investigated extensively in relation to P-450.
Particularly, oxo-ruthenium porphyrin has aroused much
attention because of its unique and potent reactivity as
catalyst on oxidation recently revealed by Groves et al?-and
us^. However the oxo-Ru complex has not yet been fully
characterized and the precise informations on its structure and
on the valence of the metal are desired. Therefore EXAFS

and XANES measurements were done with the oxo-Ru

porphyrins and several related Ru complexes and salts.
Experimental

X-ray absorption spectra near Ru K-edge of powder
samples were measured in transmission mode by using the
EXAFS facilities at BL-IOB. In this region, energy axis
deviated by 4 eV at maximum during repetition of the
measurements, which was monitored and corrected by an
inflection point of Iq intensity around 22230 eV caused by the
monochromater's characteristics.

Results and Discussion

Figure 1 summarizes relative shifts of the absorption edge
for several Ru complexes, salts and oxides. The edge energy
of oxo-Ru porphyrins (1,2) are as high as BaRu(VI)(0)3
(0H)2 (18), which is consistent with the postulated valence of
VI for the metals.

16 13 12
•

1415

Fig.l Relativeedge shift of Ru complexes, salts and oxides
relative to Ru(acac)3. oRu-porphyrins: 1. RuTMP(0)2, 2.
RuT2,6diFPP(0)2, 3. RunTMP(CO), 4. RuIlT2,6diFPP(CO).
5. RuTPP(CO). • Complexes: 6. ruthenium-red, 7.
RuCl2(CO)2(PPh3)3, 8. RuCl2(PPh3)3, 9. RuCl2(PPh3)4,
10. Ru(acac)3. 11. Ru(NH3)6Cl3, 12. Ru(NH3)6Cl5, 13.
RuCl(tmc), 18. BaRu(VI)(0)3 (0H)2. *Salts and oxides: 14.
RuCls, 15. RuBr3, 16. RUI3, 17. Ru62, 19. KRUO4.

Figure 2 represents the first derivative of the absorption
spectra near the edge for Ru complexes. The spectra of
pentacoordinate carbonyl-Ru porphyrins (e), (f) and (g)
exhibit clear peaks around 22120 eV due to a classically
forbidden transition ls-4d, which were scarcely observed at
those of hexacoordinate complexes (a) and (b). Since the
amplitude of the transition peak is sensitive to the

coordination symmetry of the central metal, very low
amplitude of the transition peak for oxo-Ru porphyrins (c)
and (d) supports the symmetrical, that is, bidentate
coordination of the oxygen to the metal.

Fig.2. First derivative of A
X-ray absorption spectra of / \
Ru complexes. //W
(1)Ru(acac)3 /
(2) Ru(NH3)6Cl3 ^ \^C7)
(3) RuTMP(0)2 P
(4) RuT2,6diFPP(0)2 I _J
(5)RuTMP(C0) S I a
(6)RuT2,6diFPP(CO) \V(4)
(7) Ru-TPP(CO) ^yP\ \ \
Photon energy was Ay \
uncorrected. j \ (2)
Abbreviations; TMP; meso-iciramesityl- _ ^ \
porphyrinato, T2.6tliPPP-\(1)
dinuorophenyl)porphyrinato. aino mi'io ai'a ai'a ai*)

Photon Energy / eV

0 1 2 3^4 5
Radial Distance /A

Fig. 3. Fourier transform of the k^-multiplied EXAFS data
of RuTMP(0)2 with correction for the phase shift, (full line:
Imaginary part, dotted line: absolute value)

This was further confirmed by the Fourier transformed
spectrum of RuTMP(0)2 obtained from k^-multiplied
EXAFS data with correction for the phase shift (Fig.3). The
contribution of Fe-0 shell was well distinguished from that of
Fe-Np shell in the imaginarypart of the transform. The short
radical distance of 1.70 A for the Ru-0 is most likely to the
Ru=0 double bonding.

In summary, the present study has confirmed the
coordination motif and the valence of the oxo-Ru porphyrins.
The symmetrical Ru=0 coordination and high valency of Ru
might well explain the unique feature of the catalytic activity
of the complexes.
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Introduction

The Fe-Ni alloys in Fe rich side
undergo fcc{ y )-»bcc ( a ) martensitic
transformation with decreasing tempera
ture. It has been well-known as a typi
cal first-order phase transition. Local
structural change around Fe or Ni-atom
accompanied with the transformation is
far from clear understanding. The tem
perature dependent XAFS measurement is
an effective method to study the local
environment around an absorbing atom. We
have carried out XAFS measurements in
the temperature range from 300K to 20K.

Experimental

For 35.4 and 28.4at%Ni-Fe alloys,
after gliding the ingots, the powdered
samples were annealed for 24 hours
at 700''C under vacuum and quenched into
ice water to obtain disordered samples.
For 30.4at%Ni-Fe, after slicing off from
the ingot, it was mechanically polished
into a foil in optimum thickness, and
the same thermal treatment was given. In
order to determine the lattice parameter
and Ms temperature. X-ray diffraction
measurements were carried out. XAFS

measurements were done near Fe and Ni

K-edges by using of the EXAFS facility
installed at the beam line 10-B in KEK-

PF. Data analysis was made by the con
ventional procedure. In the least-square
curve fitting, it was assumed that the
nature of backscattering atoms was
indistinguishable to each other because
of closeness in the atomic number of the

3S.iat%NI-Fe

30.4attNI-Fe(teii)

• F» K-edge
o NI K-edge

26.AatlNI-Fe

Temperoture (K)

Fig.l. Temperature variation of nearest
neighbor distance.

components.

Results and Discussion

XANES spectrum is clearly transformed
from double peak in fee into single peak
in bcc in the vicinity of Mo temperature.
Radial structure function obtained by the
Fourier transform of the EXAFS is also

changed the pattern fcc-^bcc near Mg.
Fig.l shows the temperature variation

of the nearest neighbor distance R
determined by the curve fitting. For
35.4at%Ni-Fe, R increases monotonically
with decreasing temperature, which
corresponds to the Invar effect. For 30.4
and 26.4at%Ni-Fe, R changes from 2.52A to
2.48A with decreasing temperature. These
values are good agreement with the
interatomic distances in the fee and bcc

structure, respectively. The nearest
neighbor is composed of the 1st shell of
the fee and that of the bcc, whose
interatomic distance differ only 4/lOoA
with each other, being unlikely to be
distinguishable by the EXAFS analysis.
Therefore, R should be considered to be a
mean value of the distance.

Fig.2 shows the temperature variation
of the 2nd neighbor distance which can be
significantly separated from the others.
This shows the temperature dependence of
the local structure in the a phase. The
following results are reached from the
analysis; local structural change from
fee to bcc occurs at a higher temperature
than Mg, the temperature is higher around
Fe-atom than Ni-atom, and the local bcc

structure is more stable around Fe-atom

than Ni-atom.

• Fe K-edge
0 Ni K-edge

30.4al1,Ni-Fe(fon)

26>;at%NI-Fe

Temperature (K)

Fig.2. Temperature variation of
neighbor distance.
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Introduction

Chemical reactions between organometallic com

plex and surface OH groups give well-defined
surface structure with novel catalytic activities.

We have already investigated the structures and
the reactivities of the attached Nb monomer cata

lysts, the one atomic layer Nb oxide and acid
catalysts. In this study, we prepared the new
SiOg-attached Nb dimer catalysts, and defined the
structures of the catalysts by means of EXAFS.

Experimental

The dimeric niobium complex [NbiCgHs)H(CbH4)]2

0.311 nm-l
was prepared by the procedures in the literature

Then it was attached with the surface OH

groups on SiOa(AEROSIL #200 la, FUJI DAVISON #952
lb) at 293 K under Ar gas to produce attached Nb?
catalysts(2a, 2b). The dimer catalysts(2a, 2b)
were reduced with Ha at 823 K for 1 h, followed by
oxidation with O2 at 773 K for 1 h to be oxidized

catalysts(3a, 3b). EXAFS spectra of these cata
lysts were measured at BL-lOB of Photon Factory,
and analyzed with the PROGRAM EXAFS4.

Results and Discussion

Fig. 1 shows the Fourier transform of the

catalyst la, in which the first large shell was
assigned to be Nb-0 bond and Nb-C bond, and the
second shell (0.3 nm) was to be Nb-Nb bond. The

bond distance of Nb-Nb in catalyst la was deter
mined to be 0.33 nm (coordination number : 1) by
curve-fitting analysis, which is longer by ca.

0.02 nm than original complex. Fig. 2 illustrates

the Fourier transform of the oxidized catalyst 2a

and 2b. Both 2a and 2b have peak near 0.25 nm,

which was attributed to Nb-Nb bond with 0.28 nm

length (coordination number : 1). This value is

abnormally short for Nb-Nb distance in oxides. By
TPD and UV-DRS together with EXAFS analysis, the

structure of these catalysts were proposed as

shown in Fig. 3.

0 0.1 0.2 0.2 0.5 06
r/nm

Fig. 1. Fourier transform of the catalyst la.

0 0.1 0.2 oj o.< 0.5 0.6 0 0.1 0.2 0.3 o.< 0.5 0.6
r/nm r/nm

Fig. 2. Fourier transform of the oxidized catalysts
(a) 2a, (b) 2b.

0.336/
/0.19Ay

0.343/
/0.193

0.282.—I

0 0
1 I

Si02(200)

0.175

5102(952)

Fig. 3. Proposed structure of the oxidized
catalysts (a) 3a, (b) 3b.
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Introduction

The alumina-attached (Co(II))4 catalyst

derived from Co2(C0)8 shows high activity toward

CO oxidation reaction with O2 at room temperature.

The reaction mechanism has been determined by in-

situ EXAFS spectroscopy^'' . This catalyst is also

active toward NO-CO reaction at above 353 K.

According to in-situ IR measurement, NO is

adsorbed on [Co(II)]4 in twin type which is

reactive to CO oxidation. We will argue In this

report the mechanism of NO-CO reaction by means of

EXAFS measurement in comparison with that of CO

oxidation reaction with Oa.

Experimental

The catalyst was prepared by the dry mixing

method of C02(COls.which was then exposed to O2 at

273 K, followed by evacuation at 513 K. The sample

was then transferred to the EXAFS measurement

cell. The preparation scheme was shown in Fig.l.

Results and Discussion

Fig.2 shows the Fourier transform of the

(Co(II)]4 catalyst. The sample prepared above
shows only one peak around 0.17 nm. This is

attributed to Co-0 bond. The sample exposed to NO

at 513 K for 1 h was cooled down to room

temperature and submitted to EXAFS measurement.

Under this condition, NaO forms in the earlier

stage, but activity decreases soon due to the

accumulation of the oxygen atom on the catalyst.

The Fourier transform also shows one peak , which

is ascribed to Co-0 bonding. This result forms

striking contrast to the Fourier transform in the

case of CO oxidation reaction with Oa. [Co(II)]4

catalyst under Oa atmosphere shows two peaks. One

peak around 0.17 nra is assigned to Co-0 bond. The

other peak appearing around 0.28 nm can be

ascribed to Co-Co bonding. Even when [Co(II)]4

catalyst was cooled to 80 K, no Co-Co bond was

observed. This Co-Co bond became visible due to

the bridged oxygen adsorbed on the neighboring Co

atoms. The fact no Co-Co bond is observed in the

NO-CO reaction suggests that the mechanism Is

different from that In the CO oxidation reaction

with 02.

oc^ , \:o

293 K

CcKbt 9
2.54 A

Co-C(av)'
1.97 A

Co-O-Cbevac.j-Q/

CcrO: 0
•'2.02 A

Cb-Co: 0
3.21 A

Co-0: ,
1.97 A

Fig.l. The preparation of the AlaOs

attached [Co(II)]4 catalyst.

r / 10*1 nm

Fig.2. Fourier transform of;

(a) attached-[Co(II)]4 catalyst

(b) exposure to NO at 513 K for 1 h
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Introduction

In the previous study on the model chemis
try of catecholdioxygenase, we observed the
XANES spectra of the iron complexes prepared
in situ. Here we isolated some intermediate

complexes and compared spectra of these solid
complexes with those in solution prepared in
situ or from the isolated complexes.

Experimental

Catecholiron complexes were isolated from the
solution of substituted catechols, FeClg, pyridine
in THF under argon atmosphere. From the
elemental analysis, isolated complexes obtained
from 3,5~di-t-butylcatechol (DTBC) or 3-Methyl-
catechol were identified as [Fe(cat)(Py)CIj and
that from pyrocatechol or 4-Methylcatechol as
[Fe{cat)0l2]j indicating formation of 4 coordinate
complexes. The THF or pyridine solution of these
complexes was packed into polyethylene-nylon-
polychlorovinylidene films under argon atmos
phere. X-ray absorption spectra were recorded
with the facilities at BLIOB of KEK-PF. Concen

trations of saturated solution of some complexes
were not sufficiently high for observation of the
edge jump in the EXAFS measurements.

Results and Discussion

Figure 1 shows the Fe K-edge XANES spectra
of the solutions of 3-Methylcatecholatoiron com
plexes. All spectra show a pre-edge peak which
is attributed to the ls-3d transition. The pre-
edge peak area of the complex in THF is approx
imately same as that of the isolated complex and
larger than that of the complex in pyridine.
Since peak area reflects the coordination
number, the result indicates that a tetrahedral
complex is formed in THF and an octahedral
complex in pyridine. This result is consistent
with the result of elemental analysis of the
isolated complex. As shown in Table 1, the same
results are obtained with other catechols. The

probable structural change is that from
[Fe(cat)Cl2] in THF to [Fe(Cat)(Py)^] in pyridine.

Figure 2 shows the Fourier transforms of
k^-weighted EXAFS spectra of DTBC-Fe complex
es. The spectrum of the complex in solid is
similar to that of the solid complex in THF and
the spectrum of the solid complex in pyridine is
also similar to that of the complex prepared in
situ in pyridine. This indicates that the solution
of the complex prepared in situ involves a
single species. Detail analysis about proposed
structure by curve fitting is in progress.

7100 7150 7200

E/eV
Fig. 1. XANES spectra of 3-MeCat-Fe complex

(a):3-MeCat,FeCl3 in pyridine
(b-d):Isolated 3-MeCat complex

{b)in Py, {c)in THF, (d)powder

Table 1. Peak area of isolated complex

Catechol peak area / units^^
in Cat-Fe®"' powder in THF in Py

Pyro-Cat 15.27 15.52 5.54

3-MeGat 9.97 15.66 6.01

4-MeCat 15.22 18.90 6.11

DTBC 10.73 11.96 3.15

OCatecholatoiron Complex. b)l unit::10~2

024 60 24 6
R / A R / A

Fig. 2. FT of EXAFS of DTBC-Fe complex
(a-c):Isolated bTBC complex

(a)powder, (b)in THF, (c)in Py
(d):DTBC + FeClg in Py
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Introduction

Pd-Si amorphous alloy, prepared by rapid
quenching method (RQ), is well known, and widely
researched on structural properties(D. We prod
uced the Pd-Si amorphous alloy by mechanical
alloying (MA)(2), xhe purpose of this report is
to investigate the structural changes during the
solid state amorphization process of the Pd-Si
alloy by means of EXAFS.

Experimental

PdesSiiv alloy powder was prepared in a
laboratory 6a11 mill using stainless steel vials
filled with high purity argon and hardened balls.
Starting material was a mixture of Pd and Si
powders. Sample preparation were performed to
stop the ball milling at 0, 1.8x10^, 3.6x10^, 7.2
xlQS, 10.8x10^ and 14.4xl0^s after milling commen
cement. EXAFS measurement were carried out at
the beam line 108. Energy scanning were carried
out around the Pd K-edge.

Results and Discussion

Fig.l shows the X-ray diffraction patterns
of Pd-Si alloy prepared by MA as a function of
milling time. Around 7.2xl0^s of milling time,
the Bragg peaks due to Pd and Si crystals almost
disappeared and were replaced by a halo pattern,
which shows that amorphous phase formed. Fig.2
shows the radial distribution function (RDF)

5 SS i' SISnin P

Mixture (Pd^Si 83!l7) 0 s

14.4X10^1

5 10 15 20 25

e, DEG

Fig.l X-ray diffraction patterns of Pd-Si alloy
produced by mechanical alloying as a function of
milling time.

around a Pd atom of the alloy at the various stages
of amorphization. At 3.6x105s after the milling
commencement, the peaks with arrows corresponding
to the long range orders vanished, and appeared a
new shoulder indicating the alloying of Si atom
to Pd crystal. In the RDF of the amorphous alloy
by RQ method, the main peak (Pd-Pd correlation)
and sub peak (Pd-Si correlation) were observed
separately. In contrast with this, the Pd-Si
correlation was observed overlappingly to the Pd-
Pd correlation as a shoulder in the case of MA.

The Pd-Pd distance in the amorphous alloy produced
by MA was shorter than that by RQ. The coordinat
ion number of Si atom around a Pd atom of the alloy
by MA is smaller than that by RQ.

The authors wish to thank Dr.N.Kosugi for
offering us the computer program of EXAFS data
analysis.
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Fig.2 Fourier transform of EXAFS of Pd-Si alloy
produced by mechanical alloying as a function of
milling time and amorphous alloy prepared by
rapid quenching method.
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1. Introduction
Mixed electronic-ionic conductors

have a wide field of application such as
electrodes, electrocatalytic reactors
and for gas separation, CeO^-Tb^O^ c
system shows mixed conductibfi.
Compounds containing Tb ions exhibit an
electronic conduction given by the
presence of Tb in either trivalent or
tetravalent state. As the valence state
of Tb ion changes with temperature, the
electrical conductivity shows a
complicated temperature dependence. In
order to clarify the mechanism for
electronic conduction in CeOj-Tb^Oo r
system, the fraction of Tb ions in
tetravalent state has to be determined
over a wide temperature range.

For rare-earth ions, the XANES
measurements in the L, absorption edge
is the most direct method for
determining the valence change and has
been successfully applied to Ce, Eu and
Tb compounds.

In this paper, results of
investigations of the temperature
dependence of valence state of Tb ions
in Ge02-Tb20o 3 system determined by
XANES measurements at various
temperature are reported.
2. Experimental

The solid solutions were prepared by
means of a solid-state reaction between

Ce02 and Tb,0^. The mixed powders were
isostatically pressed into rods under a
pressure of 2 ton/cm and sintered for 5
hrs at 1750°C in air.

XANES spectra were measured using the
BL-10 beam line. XANES spectra were
measured near the L, absorption edge of
Tb ion,
3. Results and Discussions

The temperature dependence of XANES
spectra of Ce02-Tb203 c system was
measured in tne temp^rajture range from
room temperature to lOOOC. The result is

M

OSCeOi
-QSTbjOu

0.7 CeO,
-OaTbjOw

shown in Fig. 1. XANES spectra measured
at room temperature have two absorption
peaks near the L3 edge of Tb ion. The
energy difference between the two
absorption peaks is about 8.4 eV. These
absorption peaks correspond to the
transition from3;^he 2p to the 5d level in
Tb ion. The Tb ion changes its valence
into tetravalent losing one 4f electron.
The binding energy of the 2p electrons
differs by 8-10 eV from the trivalent to
the tetravalent state in rare-earth
elements because of the difference in

number of 4f electrons. In XANES
difference is observed asspectra.

an energy shift of the absorption peak.
Therefore, the two absorption peaks
observed in XANES spectra are assigned to
tetravalent and trivalent state
respectively. The absorption peak
observed at the higher energy side always
corresponds to tetravalent state.

In the observed XANES spectra, the
intensity of the shoulder which
corresponds to the amount of Tb ions
decreases with increasing temperature.
From these experimental results, it is
concluded that Tb ions in Ce02-Tb20o 3
solid solution change its valence state
from tetravalent to trivalent with
increasing temperature.

Theo^etermination of the ratio of Tb
to Tb ions was made by using a least
square fitting method. The analyzed
result temperature dependence of the
Tb /Tb rati^ is shown in Fig, 2. The
amount of Tb ions decreases slightly
with increasing temperature up to 500°C.
Above 500°C, Tb ions in tetravalent state
changes rapidly their valence to
trivalent state with increasing
temperature. On the basis that
electronic conduction is governed by the
concentration of Tb ions in tetravale^^
state, this observed decrease in Tb
content explains the decrease in
electronic conduction with increasing
temperature, ,

0.5 0602+ 05 TbjOjj

o 0.2

7.4ei 7.5CO 7,519 7.538 7.557 7576 7.481 7500 7519 7.538 7557 7.576
ENERGY (KeV) ENERGY(KeV)

Fig. 1 Temperature dependence of xAnES spectra

TEMPERATURE CO

Fig. 2 Temperature dependence of
4+

the fraction of Tb
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Introduction

Previously, change of local structure of
iron catalyst during the devolatilization
or gasification process has been investi
gated by EXAFS^. The structure of iron
much depend on the catalyst loading, coal
rank and precusor salt. Although Cl~ con
tamination promotes the aggregation of
catalyst, the utilization of cheap iron
chloride which are obtained as acid wastes

from steel-making is promising process. In
the present study, ion-exchanging method
has been applied to remove Cl~ during
preparation of Fe-loaded and Sr-loaded
coals. The dependence of structure of
catalysts on the condition of catalyst-
addition was investigated by EXAFS.

Experimental
Loy Yang brown coal from Victoria,

Australia, was used. FeCls, Fe(N03)3,
SrCl2 and Sr(N03)2 were used as precusor
salts. Several Fe-loaded coals and Sr-

loaded coals (2-10 wt% as metal) were
prepared by ion-exchanging under differ
ent pH 1-12 or impregnation. The coal
samples were dried and devolatilized in N2
in a fluidized bed reactor. EXAFS spectra
at Fe K-edge and Sr K-edge were recorded
in a transmission mode on a beam line BL-

lOB at KEK-PF at room temperature using
Si(311) channel cut monochrometer.

Results and Discussion

On the preparation of Fe-loaded coal by
ion-exchanging, structure of iron catalyst
much depends on pH value of solution.
Although Fe^"^ precipitates easily in the
solution of high pH value, the observation
of precipitate by XRD method is very
difficult, because precipitate highly
dispersed on coal. Figure 1 shows Fourier
transforms (F.T.s) of the k^-weighted
EXAFS spectra of dried Fe-loaded coal
prepared by ion-exchanging method with
different pH solutions. The samples with
pH 1-3 (a,b) exhibited a only peak due to
neighboring oxygen atoms (Fe-0) at 1.5 A.
The samples with pH 4-11 (c.d) exhibited a
obvious peak due to neighboring iron atoms
(Fe-Fe) at 2.8 A as well as Fe-0 peak,
suggesting the formation of FeOOH- like
fine particles^. The intense of Fe-Fe
increased with pH values, indicating the
crystallization of FeOOH-like fine
particle proceeded significantly. The ion-
exchanging must be carried out in the
solutions with pH -3 to realize highly
dispersion of iron catalyst.

Figure 2 shows F.T.s of EXAFS spectra of
standard SrO, SrCOs, SrCl2 and Sr(0H)2 (a-
d) and several Sr-loaded chars devolati
lized at 950°C (e-h). The peaks due to
neighboring oxygen, chlorine and strontium
atoms were observed at 1.9 A (Sr-O), 2.4 A
(Sr-Cl) and 3.4, 3.8, 4.7 A (Sr-Sr),
respectively. The Sr-loaded char (g)

prepared by
exhibited Sr

loaded chars

Fe(N03)2 (e,
SrCl2 [ECL]
Sr-Sr peaks.

SrCl2 crystal
formed in ICL

impregnation of SrCl2 [ICLj
-0 and Sr-Cl peaks. The Sr-
prepared by impregnation of

f) and by ion-exchanging of
(h) exhibited Sr-O and small
These results indicated that
line and SrC03 fine particle

and ECL chars, respectively.

References
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Fig, 1 F.T.s of Fe K-edge EXAFS spectra
of dried Fe-loaded coals prepared by
ion-exchanging in FeCl3 solution.

0 2 4 0 2 4 6
O

Distance / A

Fig. 2 F.T.s of Sr K-edge EXAFS spectra.
INO; impregnation of Sr(N03)2- ICL; impreg
nation of 5rCl2. ECL; ion-exchange of SrCl2i
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Introduction

Kinetic methods for the determination of

metal ions based on their catalytic effect on
redox reactions are more sensitive than those

based on stoichiometric reactions. Activators

have been known as reagents which increase the

sensitivity and selectivity of quantitative
analysis in the presence of certain metal ions.
Ammonia, pyridine, 2,2'-bipyridine, 1,10-
phenanthlorine are often used as an activator in

the catalytic determination of copper ion. It
is essential, therefore, to obtain structural
data of these complexes in order to elucidate the

effect of activators on catalytic reactions. In
the following we report the structure of
copper(I,II)-pyridine complexes in aqueous
solution.

Experimental

Sample solutions were prepared by dissolving
copper(II) nitrate and pyridine at suitable

Cpy/Ccu mole ratios in water. A copper(I)-
pyridine solution was prepared by dissolving
copper(II) sulfate and pyridine in water and
contained a large excess of hydroxyammonium
sulfate. X-Ray absorption spectra of sample
solutions were measured around the Cu K-edge at
the BLIOB of the Photon Factory, KEK.

Results and Discussion

Figure 1 shows the Fourier transforms of
sample solutions. The first intense peaks at
155 pm found in all solutions are ascribed to the
Cu~0 and Cu-N bonds within the pyridine
complexes. Structure parameters were finally
obtained by curve fitting procedure to the
Fourier-filtered X (k) values and the results
are summarized in Table 1.

For copper(II) complexes, no higher pyridine
complex than the tetrakis(pyridine)copper(II) one
is formed under the experimental conditions
examined in the present study. It is also found
that all pyridine complexes have an axially
elongated octahedral structure. In solutions
with Cpy/Ccu ratios of one, two, and three, some
complex species are coexisting, and thus the Cu-0
and Cu-N bond distances obtained by the curve fit
analysis are averaged ones. As seen in Table 1,
both Cu-O(eq) and Cu-N(eq) bond lengths are
slightly lengthened with increasing the number of
pyridine molecules bound to copper(II) ion and
the Cu-O(ax) distances are also appreciably
lengthened. The equatorial and axial distances
within many copper(II) complexes have been found
to correlate asymptotically in crystal,and
therefore, the present observation is interesting
since the distances proportionally correlate.

In a copper(I) solution containing a large
excess of pyridine, the tris(pyridine)copper(I)
complex is formed. No water molecule hydrates
copper(I) ion and the complex has a three-

coordination structure. The Cu-0 bond length is
202 pm and practically the same as that within
the tetrakis(pyridine)copper(n) complex.
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Fig. 1. Fourier transforms of sample solutions.

Table 1. Structure parameters of complexes.
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Introduction

It has been indicated using EXAFS technique'^
that ultra-fine particles of Rh are disrupted by
the addition of CO, and we have confirmed this
using IR and EXAFS techniques®'. We also have
shown that oxygen adsorption even at room
temperature can disrupt a small Rh crystal to
atomic oxides. In this report we try to show the
oxidative disruption of Rh/SiOa by CO and O2 and
discuss the difference in IR spectra of adsorbed
CO species between alumina- and silica-supported
Rh catalysts on the basis of EXAFS study.

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. The EXAFS measurements were carried
out in appropriate gas atomospheres at r.t. by
use of the EXAFS spectrometer at the Beam Line
lOB.

DISTANCE R(A)

Fig. 1. Fourier transforms of the Rh K-edge EXAFS
of 0.5wt% Rh/SiOa catalysts.

A:re-reduction at 400 C; B:re-reduction at r.t.
C:passivation only; D:CO after re-reduction at
400 C; E:CO after re-reduction at r.t.; F:CO
after passivation

Results and Discussion

Fourier transforms of the Rh K-edge EXAFS of
0.5 wt% Rh/SiOe catalysts are shown in Fig. 1
and EXAFS parameters obtained by curvefitting
analyses are tabulated in Table 1. By the re-
reduction of the passivated sample at 400 C for
1 hr by HaCFig. lA), the coordination number(N)
of 6.9 is obtained and this is a little bigger
than that of 6.3 obtained on alumina sample. It
can be seen that Rh particle is disrupted to
atomic oxides by the adsorption of oxygen during
the passivation procesure at r.t.(Fig.lC). These
atomically dispersed oxides can agglomerate
easily by the contact of Ha at r.t.(Fig. IB) and
these results coinside with that measured on

alumina. Figs. ID and IE show that relatively
smaller Rh-Rh peaks than on reduced sample and
indicate that Rh particle on SiOa can be
disrupted by CO adsorption as on alumina.
Coordination value of Rh-Rh around 4.5 in Table

1 is much larger than that of 1.5 obtained on
Rh/AlaOa and these results agree with the
difference in the IR spectra of adsorbed CO
between Rh/SiOa and Rh/AlsOg. The amount of gem-
species, which indicate the presence of atomica
lly dispersed Rh, is less on SiOa than on AlsOg.
It is observable that there are two peaks in the
Rh-0 region, and the average coordination number
and the distance are 2.5 and 2.15 A, respective

ly. This distance is longer than that of passi
vated sample 2.05 A, which is exactly the same
as Rh-0 distance in RhaOg. These results agree
with the IR study where there are two kinds of
gem-species. It is concluded that an atomic
oxide with four oxygen coordination reacts with
two CO molecules and gives gera-dicarbonyl
attached to three oxygen of silica with a
distance of 2.15 A.

References

1) H.F.J.Van't Blik et al., J. Am.Chem.Soc.,
107,3139(1985).

2) T.Fukushima et al., Photon Factory Activity
Report 39(1988).

3) T.Fukushima et al., Photon Factory Activity
Report 233(1987).

Table 1. Curvefitting results for 0.5wt% Rh/SiOa

Fig.l Rh-Rh Rh-0

(N) R(A) (N) R(A)

A 6.9 2.68 _
_

B 7.0 2.70 - -

C - - 3.9 2.05

D 3.9 2.69 _ _

E 5.4 2.71 - -

F -
- 2.5 2.15
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Introduction

Vapor quenching methods such as thermal
evaporation and sputter-deposition are quite

powerful to produce several nonequilibrium
alloys. Amorphous Fei-xTix alloys, which
have not been obtained by liquid quenching,

can be produced by sputter-deposition for
x-0.2-0.75. X-ray diffraction and EXAFS
measurements of these alloys reveal that Fe

and Ti atoms randomly mix and form a poly-
tetrahedral stacking.^'

Amorphous Fe-Ti alloy films show good

hydrogen absorption and desorption character
istics and a candidate material of hydrogen

filter. In this project, we study the local
structure cheinge of amorphous Fe-Ti alloys
by hydrogenation.

Experimental

A few micron thick Fei-xTix alloy films
were prepared by a facing target type DC

sputtering equipment. Samples with high H
contents were prepared by electrolytic

charging in O.IN HCIO4 solution. EXAFS
measurements at 290 K were carried out at

BL-lOB station.

Results and Discussion

X-ray absorption spectra at the pre-edge
of Fe-Ka for amorphous Fe0.29Ti0.71 and

(FeB. 2 9 Ti0.71 1 )Hi . 13 alloys are shown in

rg 0.4-

0. ^ -

Figs.1(a) and (b). In the amorphous
Fe0.29Ti0.7t alloys, a clear hump is ascribed
to an s-p band structure of Fe just above the
Fermi level, originating in the Fe-Ti mixing.
In the amorphous (Fee. 29Ti0.711 )Hi . 1a alloy,
on the other hand, it becomes obscure,
resembling to that of pure Fe. This aspect
indicates that H atoms preferably bind with
Ti atoms and the electronic stixicture of Fe

atoms becomes similar to that of pure Fe.
Figures 2 shows the Fourier transform of

EXAFS oscillation, X (k), at the Fe-Ka
edge for the amorphous Fee.29Tie. 71 and
(Fee . 29Ti0 . 71 1 )Hi . 13 alloys. There is no
qualitative difference in these spectra.
However, the interatomic distances between
Fe-Ti and Fe-Fe estimated from the best

fitting are 2.653 and 2.476 A for the
amorphous Fee. 29Tie. 7 t alloy and 2.698 and
2.499 A for the (Fe0.29 Tia . 71 1 )Hi , 13 alloy,
respectively. These results indicate that
H atoms locate the interstitial sites of

metal atoms and expand the interatomic
distances between the metal atoms.

References
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Fig.l X-ray absorption spectra at the

pre-edge of Fe--Ka for (a) amorphous
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(Fes. 2 9 Ti0.711 )Hi . 13 alloy.

2 3 4

DISTANCE /A
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Introduction ^
The EXAFS studies on CuBr of a. /3 and

r-phases are made on the basis of the anharmon- ^
ic vibration model, which is physically clear.
Thus the EXAFS data will be analyzed by the help
of the EXAFS formula, given in terms of the _
cumulant expansionCll. to obtain the temperature cr ^ ^ ^ W <t> i i i
dependence of the interatomic distances and ^ 'Tilii i
cumulants. '

In order to extract the temperature depend- ^ j
ence of Br-Cu distance and cumulants, we have - ' ^
increased temperatures from 20 up to 753 K. g, f
which include the transition temperatures of 658 "?

and 743 K(/3-?»a). The space groups are
Im3m, F6^c and F53m fora, /Gandr-Phases, res- ~|
pectively. cm ,

The fine powder samples of CuBr were _
pressed with powder of boron nitride into pel
lets of 0.5 mm in thickness and 13.0 mm in ^ co
diameter. X-ray absorption measurements near Cu w °-
and Br K-edges were made using the EXAFS facili-
ties installed at BL-IOB. The data reduction 2 "
and curve-fitting were performed as detailed a m
elsewhere [1,21. °

I 40.00 60.00

T/K »10^

Results and Discussion

The cumulants of third and fourth-order

play quite important role in the EXAFS contribu
tion. where the cumulants and interatomic dis
tance are temperature dependent (Fig. 1).

One prominent and significant result is a
negative thermal expansion of the Cu-Br distance
(Fig. 2(21). The data X between 20 and 300 K in
Fig. 2Ca) are the X-ray diffraction data quoted
from Pendl and Mansur [31, which agree with the
present data. They have also observed over 10-
50 K a negative thermal expansion which is quite
concerned with the anharmonlc lattice vibra

tions. On the other hand, from the other X-ray
diffraction dataCAl, the Cu-Br distances Rc-gare
2.46 A at 299 K(r-Phase), 2.49 A at/l-phase and
2.54 A at 753 K(a-phase). Hence the temperature
dependence of Rr-gis apparently in contradiction
to that of the EXAFS. This implies that the
negative thermal expansion of Cu-Br distance in
thea-phase is originated in the volume contrac
tion of the Cu occupying tetrahedrons with in
creasing in temperature. The Cu unoccupying tet
rahedrons should enlarge, and totally the crys
tal volume expands with temperature. Detailed
analysis is now in progress.

[1] T.Ishii: "Principles of the Theory of EXAFS
Debye-Waller Type of Factors". (Okayama,
Jan., 1988), unpublished.

[2] H.Maeda: J. Phys. Soc. Jpn. 56(1987)2777.
[0] J.N.Plendl et al.: AppI. Dpt. 11(1972)1194.
[43 V.J.Krug et al.: Z. Natur. Forschg. 7A(1952)

369.

Fig.l Temperature dependences of (a) Cu-Br dis
tance together with X-ray ^ffraction data,
(b) third-order cumulant a(c) second-

order cumulant aand (d) fourth-order

cumulant o
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It is important to characterize adso-
rbate-substrate interaction in order to
understand the initial stage of chemical
reaction process. Small metal particles
have tremendously large surface area,
and the adsorption experiment on them
makes possible to study the adsorbate-
substrate interaction. Advantages of
this method are to be able to employ the
conventional transmission EXAFS techni

que and to discuss more detailed struc
tures owing to the aquisition of more
reliable data. In this study, we have
studied Br-adsorbed Pd clusters to cha
racterize Br-Pd interaction.

The small Pd clusters (Pd 2wt%
loading) supported on silica were pre
pared by the ion-exchange method. Suppo
rted Pd ammine complexes were reduced
with hydrogen at 673 K and subsequently
evacuated at the same temperature to
result in bare Pd clusters. The amount
of hydrogen uptake, H/Pd was 0.55. The
clusters were dosed with either Br^
(Br/Pd=0.63) or BBr, (saturated amountsj
at ambient temperature. Br K-edge XANES
and EXAFS spectra were measured at
several temperatures at the EXAFS faci-
litiy of BL lOB in an inert atmosphere.

Figure 1 shows the Br K-edge XANES
spectra of Brg- or BBr_-adsorbed Pd
clusters. In the spectrum of Br^-
adsorbed one, the peak due to the Brls-
>Pd4d transition (indicated by an arrow)
is so strong as those of typical diva
lent metal bromides, while the spectrum
of BBr^-adsorbed one has only a shoulder
around that region.

Both of the EXAFS spectra indicate
the formation of Br-Pd chemical bon
dings, and the lack of BrBr and BrB
coordinations. Only in the Fourier tran
sform of Brp-adsorbed one, an additional
contribution which can be ascribed to
Br-Br is found. Table 1 gives the re
sults of EXAFS analysis for the first
nearest neighbor Br-Pd coordination. It
is noted that the bond distance of Br^-
adsorbed one is significantly shorter
and the mean square relative displace
ment (Debye-Waller factor) is greater
than that of BBr_-adsorbed one.

We can deduce the local structures in
both Br-adsorbed systems. In the Br^,-
adsorbed one, bromine adsorbs on the Pd
clusters dissociatively, and is further
embedded into the clusters to form PdBrp
bulk bromide. On the contrary, BBr^
adsorbs on the surface of the clusters
dissociatively, and forms a weak
chemical bond. Boron atoms might reacts

with hydroxyl groups of the support and
form borate anions. It can be remarked
that the Br-Pd bonding in the Br^-
adsorbed system is much stronger than in
the BBr,-adsorbed one, taking account of
the difference of the interatomic dista
nces and the mean square relative dis
placements. The dissimilarity in the
XANES spectra indicates the difference
of the valence state of Pd atoms; Pd
atoms in the Brp-adsorbed one is essen
tially divalent, while those in the
BBr_-adsorbed one may be only slightly
cationic. Such a definite difference
originates from the dissimilar chemical
reactivities between Brg and BBr^.

Table 1. Results of Br K-edge EXAFS
analysis for the first nearest neighbor
Br-Pd coordinations.

Sample Temp.

Br /Pd 108 K
295 K

BBr /Pd 118 K
209 K

295 K

o
o

a (a)

Ao (A^)

2.0 2.489 0.00x10'
(2.0) 2.465 1.12x10-3

2.0 2.522 4.02x10"^
(2.0) 2.527 4.82x10-3
(2.0) 2.527 5.13x10

0 50 100

RELATIVE PHOTON ENERGY / eV

Fig.l. Br K-edge XANES of Br^- (a) and
BBr_-adsorbed (b) Pd clusters. The
Brls->Pd4d transitions are indicated by
arrows.
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It is well recognized that EXAFS spec-
troscopy can give information about
coordination numbers, interatomic dis
tances and thermal vibrations around an
X-ray absorbing atom. Recently, a more
general EXAFS formalism has been deve
loped, which is based on the cumulant
expansion method[l]. The analysis of
temperature-dependent EXAFS spectra with
this method can yield detailed informa
tion such as thermal expansion coeffi-
cients[2].

In this report, we explore the possi
bility that the EXAFS analysis with this
formalism gives a reliable anharmonic
interatomic potential.

CuBr and AgBr were chosen as samples
since they exhibit large anharmonicity
around room temperature. Spectroscopic
measurments were performed at BL iOB.
Both metal and Br K-edge spectra were
taken in order to enhace the reliability.

The EXAFS analyses were performed by
means of the 4th-order cumulant expan
sion technique. The determination of
interatomic potentials was subsequently
carried out by use of the obtained cumu
lant expansion coefficients such as
interatomic distances, mean square rela
tive displacements and mean cubic rela
tive displacements. The details of this
method are decribed elsewhere[3]. We
assumed analytical potential functions
(Madelung potential) and classical Bol-
tzmann distribution. The potential pa
rameters are summarized in Table 1, and
Fig.l shows the Madelung potential cur
ves derived from Ag-K and Br-K edge
EXAFS data, together with the one
obtained by the empirical estimation
using its dissociation energy and ionic
radii as parameters. Excellent agreement
is achieved among thes three potential
curves estimated independently; it is
noted that even the dissociation ener
gies determined agree well with the
thermodynamical data. This indicates
that the Madelung function is approp
riate enough to describe interatomic
potentials of ionic crystals. Correspon
dingly, the Madelung constants estimated
are consistent with the values given by
the simple estimations.

It is revealed that reliable inter

atomic potentials can be determined by
the analysis of temperature-dependent
EXAFS spectra. The simulation analysis
by means of Madelung potentials makes it
possible to estimate not only the ther
mal expansion coefficients but also the
dissociation energies and the Mardelung
constants quite appropriately.

This method should be a powerful tool
for the estimation of interatomic poten
tials of complicated materials such as
supported ultrafine particles[3] which
cannot be investigated by the usual
thermal measurements.

[1] G.Banker, Nucl.Instrum.Methods 207
(1983) 437.

[2] T.Yokoyama, S.Kimoto and T.Ohta,
Photon Factory Activity Report 8 57
(1988); Jpn.J.Appl.Phys. 28 (1989) L851.
[3] T.Yokoyama and T.Ohta, Photon
Factory Activity Report in this volume.

Table 1 Simulated thermal expansion
coefficients a , dissociation energies D
and Madelung constants k .

Sample a(10"®K ^) D(eV)

AgBr
Ag-K
Br-K

CuBr

Cu-K

Br-K

3.31(3.31) 1.26(1.58) 1.70(1.75)
3.31(3.31) 1.38(1.58) 1.82(1.75)

1.72(1.28) 1.99(2.53) 1.58(1.64)
1.29(1.28) 2.39(2.53) 1.92(1.64)

Fig.l. Interatomic potentials of AgBr
determined by the EXAFS data.
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Introduction

The mechanical alloying (MA) is a new
technique for the formation of amorphous alloys
by means of solid state reaction between the
elemental, crystalline powders. ' Recently it
has been suggested that MA might facilitate the
synthesis of amorphous Cu-Ta alloy system, which
is immiscible and is never amorohized by
conventional liquid quenching method. ' In this
report, preliminary results of EXAFS study on
Cu-Ta alloy prepared by MA are shown.

Experimental and Results

Pure metallic powders of copper and
tantalum were mixed with a ratio of 3 to 7, and
were milled for 76 hours with the Cu-Be vial and

balls in an argon atmosphere. A broad X-ray
diffraction halo pattern, which is usually
obtained for amorphous materials, was observed
for this sample. Trace element analysis by
XRF using SR shows that contamination of this
sample is in extremely low level. EXAFS
measurements for Cu-K and Ta-LIII absorption
edges were performed at room temperature with a
SiC311) channel-cut crystal raonochromator on
beam line lOB.

Figures 1 and 2 show the magnitude of
Fourier transform of k*x(k) for Cu-K and Ta-LIII
EXAFS respectively. For the starting material
(a), i.e., the mixture of Cu and Ta metallic
powders (MA Oh), typical fee (Cu-K) and bcc (Ta-
LIII) crystalline distribution patterns were
observed. On the contrary, for the sample after
76h MA (b), higher order shells were not
observed for both Cu-K and Ta-LIII EXAFS

E (a)

0)

1 (c)

E (a)

.2 (b)

0

1 (c)

distribution patterns, and these data are
clearly distinguished from (a). This indicates
that an amorphous-like alloy, which does not
have long range order, is synthesized by the MA
in immiscible Cu-Ta system. For further
analysis of this system, the sample prepared
under the different composition ratio (Cu:Ta=
1:1) was also measured, and the results are
shown in Figs.l, 2 (c). Basic natures of the
data are quite similar to (a), though the
magnitude of higher order shells is slightly
weak. Complete amorphization under this
condition was not expected, because the milling
time dependence was not observed for EXAFS
distribution patterns. There might be optimum
composition range for the formation of amorphous
Cu-Ta alloy.

The present results are preliminary but
definitely sustain the possibility of amorphiza
tion of Cu^oTSyQ alloy by the MA technique.
More detailed analyses are now under way. In
order to study the mechanism of MA for a system
with positive heat of mixing like Cu-Ta, it is
very important to investigate a relationship
between atomic-scale structure of an alloy and
its MA condition.

The authors would like to thank Dr. Nakai

of the Univ. of Tsukuba for his help during the
experiments and useful discussion.
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Figure 1 (Left)
Fourier transforms of Cu-K EXAFS.

Figure 2 (Right)
Fourier transforms of Ta-LIII EXAFS.
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(c) Cu:Ta=l:l, SUS vial/ball,

MA 30h



proposal No 89-006

EXAFS MEASUREMENT ON NIOBIUM ACID THIN LAYER ON SiOa CATALYST
Masayuki SHIRAI, Kiyotaka ASAKURA and Yasuhlro IWASAWA
Department of Chemistry, Faculty of Science, University of
Tokyo, Kongo, Bunkyo-ku, Tokyo 113

Introduction

Nb(0C2H5)5 reacts with the hydroxyl group on

SiCa to make thin niobium acid layer on SiOa. On
niobium acid on SiOs catalyst, ethanol reacts

with acetic acid to ethyl acetate with high
activity. As increasing the contents of niobium in
the catalyst up to 7 wt%, the activity of the
esterification between acetic acid and ethanol
increases linerly. We tried to investigate that
the structure change of niobium acid layer with
increasing the contents of niobium in the catalyst,

Experimental

Niobium acid thin layer on SiOg are made by
the reaction between Nb(0C8H5)5 and hydroxyl group

on SiOg. The EXAFS spectra were measured at BL-lOB
of Photon Factory.

Result and Discussion

Niobium acid thinlayer on SiOa reveals high
activity for esterification between acetic acid

and ethanol. Fourier Transforms of catalysts of

various contents of niobium are given in Fig.l.

The main peaks about O.lSnm correspond to Nb-0

bondings and peaks about 0.35nm to Nb-Nb bondings.

The peak height of Nb-Nb bondings are smaller than

that of Nb-0 bondings. No significant increasing

of the Nb-Nb Intensity was observed, which demon

strates on SiOa of two dimension. Table 1 shows

the result of curve-fitting analysis. Two Nb-Nb

bondings are found in niobium acid layer catalyst,

it suggests niobium acid layer on Si02 are in

amorphous state.In addition to Nb-0 and Nb-Nb

bondings, niobium acid layers of various contents

of niobium includes Nb-Si bonding shown by curve-

fitting analysis. It reveal that niobium acid are

prepared to be homogeneous thin layer on Si02 at
various contents of niobium.

» ) 4 « «

Fig.l. Fourier Transform of;
(a) 2wt% of Nb/SiOg
(b) 4.6wt% of Nb/Si02
(c) 7wt% of Nb/Si02

1. ResultTable 1. R(

EXAFS Data

contents of

niobium/wt^
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Reducibiiity of Fe in oxide form varies
greatly with the second ingredient cations,
examined by temperature programmed reduction,
Mdssbauer spectra and X-ray diffraction.
However, these techniques have limitations and
another type of information is needed. In the
present work, we applied Fe K-edge XAFS spectra
to these systems.

Experimental

The samples are Fe-Si, Fe-Mg, and Fe-Zr
binary oxides. The atomic ratio of Fe to
ingredient is 1:1. The samples were prepared by
coprecipitation method from solutions of
FelNOglo, and Si(OC2H5)4, Zr(N03)4, or MglNOg)^,
followed by calcination at 773 K in air. The
binary oxides of Fe-Si, Fe-Mg, and Fe-Zr are
denoted as FS, FM and FZ. Reduction of the
samples was carried out under on atmospheric
hydrogenstream at 743 K. XAFS spectra were taken
on the EXAFS facility installed at BLIOB of KEK-
PF with an Si(311) channel-cut monochromator.
XANES spectra were normalized to each edge jump.

Results and Discussion

Figure 1 shows Fe K-edge XANES spectra of
FZ, FM, FS and relating compounds, hematite, FeO,
Fe foil. The XANES spectra of the samples in
reduced state are shown in Fig. 2. The positions
of main absorption edges vary with the samples,
especially the valence states while the pre-edge
positions do not change greatly.

In the case of FZ, the positions of peaks in
the post edge region agree with those for
hematite. In fact, XRD patterns of FZ exhibit
the presence of both ZrO^ and Fen^Og crystals,
i.e., phase separation of Te-Zr oxides occurs in
the FZ sample. Therefore, it is easily
understood that Fe cations in FZ is almost

perfectly reduced to Fe as shown in Fig. 2 (a).
The feature of FM is exactly the same as

that of Fe2Mg04, an inverse-spinnel compound
although XRD pattern exhibits no crystal phase in
FZ suggesting ill growth of the costal. Fe
cations in FZ are also reduced to Fe state.

The species in FS is ambiguous because no
sample exhibiting similar XANES to that for FS.
No crystal phase was detected by XRD and no
characteristic absorption except Fe cations in FS
are trivalent was observed in the Mdssbauer

spectrum. The high pre-edge peak may be
indicative of the presence of tetrahedrally
coordinated Fe due to the influence of silicon

atoms. We propose that Fe and Si are linked at
random in FS.

This may prevent the segregation
of Fe ions to form Fe metal. As shown in Fig. 2
(c), iron is reduced to divalent one judging from
the position of the main absorption edge but the
absorption peak in the post edge region is
broader than that for FeO and pre-edge peak is
still clear, suggesting that the Fe-O-Si bonds
having been formed by the calcination are still
remaining after reduction. The formation of iron
silicate is probable. However, because iron
silicate is very unstable at low pressure and it
contains FeO in itself, the formation of iron
silicate is unlikely.

Photon Energy / eV

Photon Energy / eV

Figure 2 Fe K-edge XANES

spectra of reduced samples.

(a) FZ, (b) FM, and (c) FS.

Figure 1 Fe K-edge XANES spectra of (a) FZ, (b)
FM, (c) FS, (d) hematite, (e) FeO and (f) Fe
foil. FZ, FM and FS, see text.
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Mo showed an interesting photocatalytic
activity for CH3OH oxidation reaction.
To elucidate the mechanism for the
photocatalysis, it is important to
obtain the information about the local
structure around the active site under
reaction conditons. For this purpose
we have prepared the Mo dimer with a
well-defined surface structure using the
reaction between MoaCCsHs)! and the

surface OH groups of SiOa. We carried
out the X-ray absorption spectroscopy
measurement on the attached Mo dimer

catalyst.

Experimental

Mo dimer is prepared using the reaction
between the MoatCsHsli and surface OH

groups of SiOatFuji Davison 952, The
surface area 300 m^/g). The Mo loading
is 8 wt %. The sample was pressed into
disks. They were put onto the specially
made in-situ EXAFS cell as shown in
Fig.l The sample was pretreated in the
flow of Oa/He gas at 773 K in the cell.
Then the sample was placed at the X-ray
path. The sample was irradiated from
the bottom through the quartz window.

Results and Discussion

Fig.2 showed the Mo K-edge spectra
before and after the irradiation of the

Mo dimer. The difference spectrum
is structureless, indicating that the Mo
local structure and electronic state are
little affected only by the irradiation.
Fig.3 showed the Mo K-edge spectrum
after the adsorption of CH3OH. A
shoulder structure appeared at 20040 eV.
Difference spectrum between before and
after adsorption of CH3OH clearly showed
the change accompanied with the
adsorption process of CH3OH. However,
the position of peak A and the
inflection point of the edge do not
shifted, indicating the valence state is
unchaged. After the CH3OH-adsorbed
sample was irradiated, the spectrum
gradually changed. Fig.4 showed the Mo
dimer adsorbed CHaOH after the

subsequent irradiation for 50 min. The
difference spectrum between the 50 min
irradiated Mo dimer and Mo dimer before

adsorption of CH3OH showed the loss of
peak F.
The analysis of EXAFS oscillation are
now in progess which will show the local
structure of Mo more clearly.

Themocoupl
X-ray H

Ta wire

j Sample

r window
•Quartz Window

20Q08
E / e]l

20008 20076
E / e]l

20008
E / e\l

Fig.l in-situ
Photoreactlon EXAFS

cell.

Fig.2 Mo K-edge
X-ray absorp
tion of Mo
dimer before

(a) and after
(b) the ir
radiation,

and

difference
spectrum of
b-a.

Fig.3 Mo K-edge
X-ray absorp
tion of Mo
dimer after
the adsorption
of CH.OH(c)
and

the difference
spectrum (c-a)

Fig.4 Mo K-edge
X-ray absorption
of Mo dimer pre-
adsorbed with
CH^OH after
irradiation(d)
and

the difference
spectrum (d-a)
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INTRODUCTION

It has been demonstrated that the

addition of second metal into a sup
ported metal catalysts to form sur
face decorated or alloy particles
may increase the catalytic selec
tivity. Based on the formation of
Ft particles in NaY, it is expected
that bimetallic particles could be
made within the zeolite cavities(l).
First of all, we study the structure
of Cu-Pt in NaY since the hydro-
genation(2) and hydroconversion(3)
activities of Pt/NaY are strongly
influenced by the presence of
copper .

EXPERIMENTAL

The bimetallic Cu-Pt/NaY was
prepared by successive ion exch
ange with copper nitrate and
tetraammineplatinum (II) chloride
in aqueous solution. The loading
of Cu and Pt metals are 0.8 wt%

and 2.4 wt%, respectively, which
gave Cu/Pt atomic ratio equivalent
to 1/1. It was calcined at 300 oC,
redued at 500 oC and sealed in a

glass cell with capton films as
windows for X-ray absorption at room
temperature at the beam line lOB in
the Photon Factory.

RESULTS AND DISCUSSIONS:

Figure 1 shows the results of
Fourier transformations of the EXAFS

data of Cu-Pt/NaY catalyst at Cu K-
edge. It indicates that (1) some
copper are is in ionic state, and
(2) other copper are in metallic
state and have Cu and Pt atoms as

their first coordinative shell

neighbors. The coordinative dis
tances after curve fittings are
indicated in Fig. 1.

The X-ray absorption at Pt L3-
edge of Cu-Pt/NaY(I) and two
reference samples, Pt/NaY(II) and
few micron Pt particles physically
mixed with NaY, were also measured.
The Fourier transformations of the

EXAFS data of the first two samples
are shown in Fig 2. The analysis
results, the coordinative distances
and available coordination numbers

of samples (I) and (II), are
included in Fig. 2. The C.N.(Pt-Pt)
in Pt/NaY is only 6.4, indicating
small Pt particles, which is

expected in Pt/NaY calcined and
reduced at 300 oC. For Cu-Pt/NaY,
both Cu and Pt atoms have to be

included as the first shell

coordinative atoms of Pt atoms in

the curve-fitting analysis. The
primary fitting results indicate
that the C.N.(Pt-Pt) in Cu-Pt/NaY is
much less than that in Pt/NaY.
Obviously, CuPt alloy particles are
formed in NaY after reduction.

Fig. 1. Fourier transform of Cu k-
edge EXAFS of Cu-Pt/NaY.

Pt-Pt 2.73 k 2.5

Pl-Cu 2.63 k

Pt-Pt 2.74k I6.4

Fig. 2. Fourier transforms of Pt L3-
edge EXAFS of (a) Cu-Pt/NaY and (b)
Pt/NaY.
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Introduction

We have reported that the colloidal
dispersions of noble metals protected by
polymers can be prepared by reducing the noble
metal salts by refluxing the solution of alcohol
or alcohol/water containing water-soluble
polymers such as polyvinylalcohol and poIy(N-
vinyI-2-pyrrolidone). The colloidal dispersions
thus obtained are stable and composed of the
fine metal particles with uniform size, and work
as catalysts with high activity and selectivity
for the hydrogenation of olefins and dienes,^'^
the light-induced hydrogen generation from
water, and so on. Bimetallic colloidal

dispersions are interesting from a viewpoint of
a model for a heterogeneous catalyst of multi-
components. However, few have been reported on
the bimetallic colloids. ' Here we would like to
report the structure of Pd-Au bimetallic
colloids which can work as the catalysts for the
selective partial hydrogenation of 1,3-
cyclooctadiene to cyclooctene. The extended x-
ray absorption fine structure (EXAFS) associated
with the K-edge of palladium and the L3-edge of
gold is an useful tool for the structure
determination.

Experimental

The bimetallic colloids at the various

ratios of gold and palladium were prepared by
refluxing the mixed solution of the
corresponding ions in water-ethanol under
nitrogen. These bimetallic colloids were
concentrated by evaporating the solvent under
reduced pressure, and the concentrated solutions
were sealed in the 50 mm (for palladium) and 10
mm (for gold) cells under nitrogen. The EXAFS
data of this measurement were analyzed by a
program EXAFS4 (Research Center for
Spectrochemistry, the University of Tokyo).

Results and Discussion

Colloidal palladium is an active catalyst
for hydrogenation of 1,3-cyclooctadiene, while
colloidal gold is inactive for the
hydrogenation. When palladium-gold bimetallic
colloids at different molar ratio were examined
as the hydrogenation catalysts, it has been
found that the activity varies with the ratio of
Pd to Au and the catalyst at Pd/Au=4 has the
highest activity.®^ The EXAFS data of this
bimetallic colloid can provide information on
the structure of the palladium-gold bimetallic
colloids. The EXAFS data shown in Table 1
indicate that the gold atoms coordinate
predominantly to other gold atoms and only to a
minor extent to palladium atom.®' This fact
suggests the model structures shown in Fig.l, in
which the palladium atoms surround the gold
atoms at the core. The coordination number
around gold in this model well corresponds to
the observed one. The change in the structure
with the variation in the Pd/Au ratio is under
investigation. The present results are expected
to provide a new concept on the activity of a
bimetallic catalyst.
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Table 1. Coordination number of the Pd/Au (4/1)
bimetallic particles

Mode[(A}
number of Atoms

Sane Kuciberia)
Pd 614 (66.5]
Au 309 (33.5)

Mode[(B)
HuBoer of Atoms"

Haae Kuiaber(%)
Pd 692 (75.0)
Au 231 (25.0)

Mode[{C)
HuBber of Acoms '

Kane Kuaber(!il
Pd 776 (84.1)
Au 147 (15.9)

Coordination Humber

Atom Observed Random I'^lodel JlodeKA) Model(B) ModeKC)

(Pd 80!;) (Pd 80!;) (Pd 67!;) (Pd 753;) (Pd 84-4)

(around Pd)
Pd 2.99 8.28 8.33 8.SS 9.46

Au 5.20 2.07 1.19 1.22 0.57

(around Au]
Au 11.33 2.07 9.63 8.34 8.96

Fd 2.80 6.28 2.37 3.66 3.02
Face Cantered Cubic Lattice
T layers ( 2 layers of Pd )

Face Cantered Cubic Lattice
' layers ( 2.5 layers of Pd )

Face Centered Cubic Lattice
7 layers ( 3 layers of Fd )

Fig. 1 Au core models of the Pd/Au(4/1)
bimetallic particle composed of 923 atoms
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Introduction

The informations of the properties of magma
is very important for the understanding the
magmatic process in the crust and the upper
mantle of the earth. The system anorthite-
diopside has been studied as a model for
basaltic silicate melts. Therefore, the
structural study of diopside melt will give
very useful informations for the study of
magma properties. In this work, we study
the structures of MGaSi20^(M=Co,Ni,Sr) glasses
by EXAFS measurements to compare with their
crystal structures.

Experimental

MCaSi 0^(M=Co,Ki,Sr) glasses were prepared
from Co^O., NiO, SrG0„, CaG^ and SiO^ by
melt quenching method^. EXAFs measurements
were carried out over the ranges of 7./i-8.9
keV(Co K absorption edge = 7.70954- keV),
8.0-9.5 keV{Ni K , = 8.33165 ke?) and 15.6-
17.3 keV(Sr 16.107 keV) at 300K by
a transmissin mode with a channel-cut Si(31l)
raonochromator. MGaSi20^(M=Co,Ni) and SrC0«
crystals were used for reference smples.

Results and Discussion

The EXAFS and XANES spectra were shown in
Fig.1-3 with the spectra of GoGaSi^O,,
NiGaSipOo and SrGO_ crystals. The first peaks
of Go(;a&2'̂ 5 mGaSi20^ crystal have two
maxima, but, their glasses have only one.
The pre-edge peaks of CoCaSigO^ and NiGaSigO^
glasses are larger a little than those or
the crystals. Nevertheless, the EXAFS and
XANES spectra of GoCaSigO^^ and NiGaSigO^
glasses are similar to those of the crystals
as a whole, respectively. These facts suggeg^i
that short-range environment of Co
and Ni ions in the glasses are similar
to those of the crystals. On the other hand,
the spectra of SrOaSipO, glass are very
similar to those of SrOD^ crystal. It is
also ^i^posed that the shoTt-range structure
of Sr ion in the glass is very similar
to that in the SrGO- crystal. Probably,
by comparing the structures of the glasses
with the crystals, we will be able to obtain
the detail structiiral informations of the

CoCaSi20£ crystal

7.S 6.0 $.5

CoCaSi^Og glass I

. CoCaSl20^ crystal

.9 7.69 7.70 7,77 7.74 7.76 7,76 7.60

Energy (ke VI

Fig.l The EXAFS(A) and XANES(B) spectra of

the GoGaSi20£^ glass and the crystal.

HlCaSl.O. 9la KlCaSljOg glaaa

NlCaSijO, crystal 1NlCaSljOjcryatalI

.0 B.S 9.0

Fig.2 The EXAFS(A) and XANES(B) spectra of

the NiCaSi20^ glass and the crystal.

SrCaSijO, 9l

SrCoj crystal

SrCo, crystal

1S.S 16.0 16.S 17.0 17.3
16.06 16.10 16.1216.H 16.16 16.18 16.20

Fig.3 The EXArS(A) and XANES(B) spectra of

the SrCaSi20^ glass and the SrCO^
crystal.
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Introduction

Characteristic of transition metal dichal-
cogenides TXj (T=IV, V, VI Groups; X=S, Se, Te)
with layered structures is the presence of weak
ly coupled van der Waals gaps, into which vari
ous guest atoms Mcan be inserted, forming new
material systems of "intercalation compounds or
intercalates", expressed as MxTX?, which show
many interesting physical properties different
from those of the host crystals. As guest
atoms, 3d transition metals in TXz have been
extensively studied. In particular, electronic
and magnetic properties of 3d metals in the
Group V dichalcogenides, such as NbSj and TaSg,
are generally understood in terms of a localized
electron or rigid band model, according to which
the guest 3d atoms donate electrons to the par
tially filled d^^ band of the host material,
becoming divalent or trivalent ions.^'

Similar studies have been made on materials
in which one of the Group IV dichalcogenides,
TiSz, acts as a host. These have a simple IT-
Cdl^-type structure, and the guest 3d metals
occupy the octahedrally coordinated sites
between the TiS^ layers. The formation of the
in-plane superlattices of 2a X 2a and / 3a X
v'"3a is known to appear at the particular guest
concentrations x=1/4 and 1/3, respectively, but
intercalant staging does not occur in these
systems, except for alkali metals and silver.
In contrast to the intercalates of the Group V
dichalcogenides, a characteristic of the MxTiS?
family is strong hybridization between the guest
atom M 3d orbitals, and the host Ti 3d and S 3p
orbitals, leading to changes in the Fermi energy
Ef., and various types of magnetic orderings, as
evidenced from the electron spin resonance
(ESR), structural, thermal, magnetic, trasport,
and photoemission spectroscopic measurements;
the comprehensive review will be reported else
where.^' These properties are well elucidated
by an itinerant electron or band picture predic
ted by self-consistent augmented-plane-wave
(APW) band calculations,^ rather than a rigid
band model.

In order to get an insight into the atomic
configurations in these material systems, we
have attempted to carry out the EXAFS and/or
XANES measurements around the K-edges of the
guest 3d atoms.

Experimental
Single crystals of MxTiSz (M=Mn, Fe, Co,

and Ni; x < 0.33) were grown by a chemical vapor
transport technique using iodine as a carrier
gas; the details of sample preparation and
structural analysis have been reported
elsewhere.®' The EXAFS and XANES spectra were
taken at room temperature and '<'30 K, using the
beam line BL-lOB at the Photon Factory.

Results and Discussion

Figure 1 shows the typical Fourier
transformed EXAFS data of k®% (k) of Fe and Co
K-edges at ~30 K for Fcq zoTiSz and COq aoTiSj,
respectively. The strong peaks around 2.0 and
3.9 A correspond, respectively, to the nearest-
neighbor between the guest atom M and the host
atom S, M-S(l), and the third neighbor one M-
S(2); the peak corresponding to the second
nearest-neighbor distance M-Ti is not clearly
observed. The analysis by a least-square fit to
the Fourier-filtered spectra for the M-S(l) has
revealed that the respective interatomic
distances are R(Fe-S)=2.40 and R(Co-S)=2.37 A
with the coordination number N=5-7, indicating
that the guest 3d atoms M occupy the octahedral
sites in the van der Waals gaps, in good
agreement with the results obtained from X-ray
powder diffracion.We also note that these
interatomic distances R(M-S) are smaller than
that between the vacant octahedral site eind S
atom (=2.43 A) in the unintercalated host TiSg,
which supports that the intercalated M 3d
orbitals are strongly hybridized with the host
atoms S and Ti orbitals. Detailed analyses and
measurements for other intercalates with various
guest concentrations are now in progress.

0 1 2 3 4 5 6

R (A)

Fig. 1. Fourier transforms of k®x (k) of Fe and
Co K-edges EXAFS for Fe and Co intercalates.
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INTRODUCTION

Supported molybdenum catalysts are widely used
for hydrodesulfurization and hydrocrac king of
heavy fractions of crude oil or metathesis of
alkenes in the petroleum industry. Recently, an
equilibrium adsorption method was devised to
improve the dispersion of molybdenum species on
the support.^) In this method, molybdate anions
adsorb onto the positively charged titania via
electrostatic attraction by controlling the pH of
the impregnating solution. Therefore, the pH of
the impregnating solution and the isoelectric
point (lEP) of a support are very essential
parameters to regulate the surface properties of
catalysts. The aim of this study is to elucidate
the adsorption phenomena of molybdena species onto
titania surfaces.

EXPERIMENTAL
Titania supported molybdena catalysts were

prepared by an equilibrium adsorption method.2)
Titania was impregnated at 323 K for 100 h with
0.007 M aqueous solution of ammonium hepta-
molybdate. After adsorption, the solids were sep
arated from the solution by filtration. The wet
catalysts were dried and then calcined in air at
773 K for 2 h. In order to determine the adsorp
tion phenomena of molybdena species onto titania
surface, ^^Mo NMR of impregnating solu-tion, XANES
and EXAFS (BL-lOB) of the wet and calcined cata
lysts were carried out,

RESULTS AND DISCUSSION
^^Mo NMR spectroscopic studies show that the

aqueous molybdena species vary as a function of
the pH of the impregnating solution (Fig.l), For
acidic pH values, polymeric species, Mo7024®~ ions
are present, while in the basic solutions it was
rather the monomeric Mo042~ ions are present.

The radial distribution function derived from
the EXAFS of catalysts shows two large peaks,
which are attributed to Mo-0 (0,17 nm) and Mo-O-Mo
(0.36 nm)3). Up to monolayer coverage (A and B in
Fig.2), no difference is observed between the wet

100 0 -100 100 0 -100 100 0 -100
Chemical shift Chemical shift Chemical shift

/ ppm / ppm / ppn

95
Fig.l Mo-NMR spectra of impregnating solution

as a function of pH: (A) 3.43, (B) 5.26,
(C) 5.73, (D) 5.86, (E) 6.45, (F) 9.31.

and the calcined catalysts. The results of EXAFS
together with the results of XANES show that only
octahedrally coordinated molybdena species exist
on the wet and the calcined catalysts. However,
beyond monolayer coverage (C in Fig.2), the
intensity of Mo-O-Mo peak increased by calci
nation. This means that some aggregation or
rearrangement of molybdena species occurred during
calcination.
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Fig.2 Radial distribution functions for Mo0,/Ti02
catalysts: (A) pH=8.86(27.2 wt%),
(B) pH=3.88(7.6 wt%), (C) pH=1.48(2.6wt%).
( ) wet sample, (—) calcined sample.
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Introduction

The interactions of organotin(IV) compounds
with carbohydrates have attracted considerable
interest because the presence of carbohydrate
ligands modifies the biological properties of
the organotin group. In spite of this, the
chemical and electronic structures of the
reaction products remain largely unexplored.
The present study was undertaken to reveal
structures of organotin(IV) complexes with
carbohydrate ligands.

Experimental
A series of diethyltin(IV) complexes with

carbohydrate ligands (aldoses, polyalcohola,
sugar acids, sugar amines, and di- and
trisaccharides) were prepared. The standard
chemical analysis of compounds showed that the
complexes are formed containing the diethyl
moiety and the carbohydrate ligand in 1«1 ratio.
The IR spectra are consistent with the presence
of tin-carbohydrate oxygen vibration in the
compounds. The partial quadrupole splitting
values revealed that the compounds are of three
types; complexes with the central tin(IV) atoms
present in purely trigonal bipyramidal
surrounding, in purely octahedral surroundings,
or in both octahedral and trigonal bip:^pmidal
arrangements in approximately I'l ratio. XANES
and EXAFS spectra of compounds were measured at
room temperature around Sn K-tige at BL-lOB of

Results and Discussion

The Sn K-edge XANES spectra of the complexes
were very similar to each other. Figure 1 shows
the Fourier transforms ^(r) of the fc X(fc) values
of solid sample containing the
diethyltin(IV)-lactobionic acid complex. All
Fourier transforms have a very similar feature
and have a peak at about 170 pm (not corrected
for the phase shift). This peak corresponds to
Sn-0 and Sn-C interactions in the first shell.

The peak observed at about 265 pm arises from
the second nearest neighbour atoms in the
complexes.

The least squares fits for Fourier filtered
spectra revealed that all complexes have the
coordination number close to values estimated

from Mossbauer measurements and that average
Sn-0 and Sn-C distances are those expected for
an octahedral or trigonal bipyramidal
coordination of tin(lV) atom. As to the second
neighbour atom we concluded that only carbon
atoms are present. The final results of the fits
are summarized in Table 1.
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Table 1. Results of the curve-fitting analysis for the diethyltin(lV)-carbohydrate complexes

Ligand Sn-O/pm/ CN o/pm/10^ Sn.. .C/ptn/ CH o/pm/lO^ Structure

Lactobionlc

acid 198.5 6* 6.9 278.2 6* 12.0 Octahedral och

D-galacturonic
ac id

200 5.8 6.8 275.0 6* 9.6 och

Mannitol

Saccharose

D-glucos-
aiaine

199.9

199.2

198.8

5.1

5.3

5.6

5.2

5.2

6.1

278.2

278.2

278.5

5*

5*

5.5'

11.6

12.0

12.4

tbp

tbp

och 11 tbp = Isl

Maltitol 199.4 5.3 6.0 278.4 5.5* 11.6 och 1: tbp = 1:1

L-xylose

L-galactose

199.5

199. 5

5.90

5.88

6.5

6.5

274 .8

274.8

6*

6*

9.2

9.2

och

och

Figure 1 r/10 pm
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Introduction

A variety of different experimental
techniques have been used to investigate the
interaction of copper(II) with nucleosidea,
nucleotides and polynucleotides. Several studies
have shown that the interactions between a metal
ion and the ribose hydroxyl groups are promoted
by a basic medium. Chao and Kearns ' have done
a more detailed work about complexation of
copper(II) with various nucleosides over the pH
3.4-12 range using ESR and NMR techniques.
Instead of water as a solvent for the system,
they used a H20-Me2S0 glass, which effectively
prevents the rotational motion of the complexes,
thus avoiding some spectral complication. The
results indicated that para- and diamagnetic
complexes are formed with variation of pH. The
complexes formed between transition metal ions
with ribo- and deoxyribonucleosides have appeared
little suitable for X-ray diffraction experiments
because of the difficulties in crystallization.
Our aim was therefore, to determine the local
structure of adenosine and uridine complexes of
copper(II). XANES and EXAFS spectra of the
Cu-K edge were measured at BL-lOB, KEK for the
samples given in Table 1.

Results and discussion

Figure 1 shows XANES spectra of the

copper(II)-urldine and adenosine complexes. All
spectra have a small peak around 8976 eV due to
the lS-'3d electron transition, showing that the
oxidation state of the copper atom is 2+. A
feature of the principal absorption maximum
shows different patterns, indicating that the
coordination symmetry are different within a
species formed. For spectra A and C the peak is
very sharp, while the others are broader. The
broader peak may reflect asymmetrical metal-o
bonds due to a splitting of the degenerate energy
levels of the copper(II) ion.

All Fourier transforms for the Cu(II)
complexes showed a peak at about 160 pm (not
corrected for the phase shift), corresponding to
Cu-0 interactions. The peak located at about
220 pm will be due to the carbon (in case of
diamagnetic complexes, both copper and carbon
because of a dimer structure) backscattering
atoms. The curve fitting analysis was carried
out for the Fourier filtered spectra obtained over
the r range of 1.1 - 3.1 pm. The final results
for the curve fitting analysis are collected in
Table 1.

Reference

1) Y. H. Chao and D. R. Kearns, J. Am. Chem.
Soc., 99, 6425 (1977).

Table 1. Samples for EXAFS meaaurements and the results of the curve fitting analysi

Cu-0 interaction Cu. . .C interaction

Llgand pH magnetic property N r/pn/ a.10 /pm/ N r/pm/ a.10 /pm/

Adenosine 6.0 paramagnetic 3.7 191.7 6.2 2 274.5 8.40

Adenosine 10.7 diamagnetic 3.B 190.3 5.7 4* 285.1 13.1

Adenosine 12.0 paramagnetic 4.0 190.4 5.6 4* 281.3 13.1

Adenosine 13.0 paramagnetic 3.9 190.9 5.2 4* 284.1 11.9

Oridine 6.0 paramagnetic 3.6 190,4 7.7
•

2 284.8 9.8

Ucidine 10.5 diamagnetic 3.7 190.9 7.0 4" 278.5 12.7

Ux idine 12.0 paramagnetic 4.4 189.9 6.0 4* 280.7 16.3

ENEaCY / EV

Figure 1

At CU-UnlOINE I'H.S

ei cu-unioiNC ph>id.s

Cl CU-UniQINE EH.12

o> cu-AOENoaiNE fH-a

El CU-ADENSSINE AH • 10,7

pi CU'AOENOalNE PH>12

6l CU-AOEHOalNE PH>19
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Introduct ion
Chemical properties such as

dehydration process or anti-corrosive
property of hopeite crystal depend on the
metal component incorporated in the
crystal structure^'^). The action of the
heavy metal components in zinc
phosphating solution was studied for zinc
coated steels. Nickel and manganese ions
in the solution entered into the crystal
and modified the properties of hopeite
crystal. Especially, action of
manganese ion was remarkable^K

Two types of hopeite crystal with
and without manganese component were
investigated to analyze the local
structure by means of EXAFS. The purpose
is to clarify the mechanism of chemical
improvement of hopeite crystal by
revealing the structure. In previous
reports), these basic data and analysis
were reported. Here, further detailed
analysis by curve fitting method was
tried and reported.

Experimental
Powder samples dT~ hopeite-A and

hopeite-B were prepared by forming on
galvannealed steels from each phosphate
solution and used in the subsequent
structure analysis. The metal component
composition in the crystal was determined
by atomic absorption spectroscopy.

hopeite-A : Zn^ (PO, ),• 4H, 0 , 2n:42.6wt96
hopeite-B :
Zn,.,jMn, (PO, ),-4H, 0, Zn:38.0wt?6, Mn:4.awt%

The measurement was performed at
BL-lOB station by using EXAFS. The
samples were mounted on adhesive tapes.
The wavelength of the radiation was
adjusted by Si(311) dual crystal
monochromator with fixed exit beam
position and was determined as 1.63747A.
Data analysis was performed by Fourier
transform of EXAFS, reverse operation of
Fourier transform and curve fitting
method. And then, chemical structure or
hopeite crystal doped with manganese
component was drawn by coordination
number and bond distance.

Results and Discussion
Fourier transrorm oT EXAFS related

to zinc components in hopeite-A and
hopeite-B were carried out and are shown
in Fig.l. The radial distributions of
first neighboring atoms appeared at a
distance of 1.46A for the former and
1.44A for the latter. Both bond distances
corresponded to Zn-0 bond. The peaks of
hopeite-B were smaller than tnose of
hopeite-A. The reason is that the local
structure of zinc component was

disordered by manganese component in
hopeite-B. It was thought that the local
structure of zinc component became
complicated by manganese coordination in
the crystal.

However, since Fourier transform
contains deviation )^(K) of phase shift,
these bond distances obtained by this
procedure do not indicate real ones.
Therefore, it is necessary to correct the
^(K) to determine the real distances by
using reverse operation of Fourier
transform. This procedure was performed
for each peak and curve fitting method
which eables to explain the best
coordination number and bond distance was
carried out. As a result, Zn-0 bond
distance of 1.94a for hopeite-A and that
of 1.96A for hopeite-B were gotten.
Further, coordination number of 4.0 for
the former and that of 3.1 for the latter
were acquired. 2nd peak to 4th peak
corresponded to Zn-P positions.

Fourier transform of EXAFS for Mn-K
absorption edge in hopeite-B was also
tried. The first peak wnich implies Mn-0
bond appeared at 1.68A distance. Then,
reverse operation of Fourier transform
and curve fitting were carried out. Real
bond distance of Mn-0 appeared at 2.15A
and coordination number of manganese
component showed 6.8. This summary is
shown in Table 1. 2nd to 4th peaks
corresponded to Mn-P positions.

Zinc components in hopeite crystal
are consisted of ZnO, tetrahedron
structure and ZnO, (H, 0\ bctahedron
structure. It was found that the bond
relation of Zn-0 in both hopeite crystals
corresponded to zinc component in ZnO,
structure and that the bond relation or
Mn-0 in hopeite-B corresponded to
MnO, (H, 0), as coordination numbers show.
That structure is formed by substitution
of manganese component for zinc component
in octahedron structure as shown in
Fig.2. These data provided a conclusion
that the mechanism of chemical
improvement of hopeite crystal was
brought by doping with manganese
component in octahedron structure of
hopeite crystal.

References
1)N.Sato,Surf.Coat.Technol.,30,171(1987).
2)N.Sato,Surf.Coat.Technol. , T?,331(1988).
3)N.Sato,Proceedings of 20th~rSATA Inter

national Conference on Automotive Tech
nology and Automation,(Firenze,Italy).
1785(1989).

4)N.Sato,Kinzoku Hyomen Giiutsu,37,758
(1986). —

5)N.Sato,PF Activity Report,No.7,84(1988).

Table 1 Bond distances:R
and coordination numbers
N determined by means of
curve fitting method for
hopeite-A and B

Zn [ZnO<)
V A \

O O 1.96A

H,0

""^2.15^0
H^O— Mn—HiO [Znpj(HsOU

^0 0^ Mn
P^

0,1-95A O

Zn.

Fig. 1
EXAFS
edges

DIslance (A)

Fourier transforms of
showing Zn-K absorption
of hopeite-A and B
; hopeite-A without Mn

hopeite-B with Mn

Bond hopeite ,
type crystal R/A N

Zn-0 A 1.94 4.0
B 1.96 3.1

^Resolving power of R and
N(number of oxygen) is
0.05A and 1 respectively.

Fig.2 Crystal structure
of hopeite doped with Mn
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Introduction

Pd-M (Miadditive metal) supported on

active carbon is an important catalyst for

many kinds of chemical reactions in chemical

industries. Several studies have been carried

out on these catalysts. In developing it, it

is useful to know its structural change before

and after reactions. However, it is not easy

to analyze the structure of highly dispersive

catalysts with X-ray diffraction, hence we

have tried to apply EXAFS to the studies on

Pd-M/C catalyst.

In the first step, we measured Pd K-edge

EXAFS spectra of Pd-M/C in order to clarify

the local structure around Pd.

Experimental

The samples studied in this report were

Pd-M/C fresh catalyst and used catalyst(after

reactions). Furthermore, Pd metal foil, and

PdO powder were analyzed as standard samples.

The Pd K-edge EXAFS and XANES spectra

have been measured in transmission mode at

BLIOB. The catalyst samples were filled into

glass tubes (10 mm diameter, 30 mm length).

PdO powder, which was a reference sample, was
mixed with polystyrene powder, and pressed

into a disk (2Oram0 ). Samples were prepared

in such a way that the A fi t was in the
range of 1 to 2.

The curve-fitting analysis was performed

with theoretical parameters, which were
obtained from the plane wave approximation.

Results and Discussion

Figure 1 shows the XANES spectra. The
XANES spectrum of the used catalyst is
diffrent from that of the fresh catalyst,

but similar to that of palladium metal.

On the other hand, the K-edge energy

positions of both fresh and used catalyst
are about lOeV smaller than that of

palladium metal.

The results of Fourier transforms are

shown in Figure 2. The Pd-Pd peak at 2. 5A
is found in palladium metal, the used, and
the fresh catalyst. In addition, Pd-0 peak
exists in the fresh catalyst. However, the

Fourier transform of the fresh catalyst is

different from that of PdO, having two Pd-Pd

peaks, and a Pd-0 peak. The used catalyst
has a similar Fourier transform to palladium

metal that has only one Pd-Pd peak at 2.5A.
The results of curve-fitting are shown

in Table 1. The fresh catalyst showed the
smallest coordination niomber of Pd-Pd. It

indicates that the palladium particles of
the fresh catalyst are more highly dispersed
on active carbon, and have larger surface

area. Therefore, Pd-0 can be seen in Fourier

transform of the fresh catalyst. In the used
catalyst, the Pd-Pd coordination number
increses compared with that in the fresh one.
It implies that the high dispersive palladium
particles grew into i —.
larger ones during the jiPd
reaction. Pd metal

More detailed

structure analyses of

these catalysts are

under way.

Pd metal used cat.

used cat

fresh cat.

fresh cat

0 ™apd

2i300 2iiOO 2^500 0123656
PHOTON ENERGY (eV) R (A)

Fig.1 XANES spectra Fig. 2 Fourier transforms
of Pd K-edge of Pd K-edge EXAFS

Table 1. The structural parameters from curve-

fitting analyses of EXAFS

Sample

Pd (metal foil)

Pd-M/C

fresh catalyst

used catalyst

PdO (powder)

Pd-O

R/A N

Pd-Pd

R/A N

— — 2.72 5.54

1.99 0.42

2.03 1.78

2.73 1.21

2.76 2.80

3.00 1.35

3.44 1.35

R:interatomiG distance N:coordinaticn number
(relative value)
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Introduction

The hydrated tantalum oxide shows strong acid

properties in its amorphous form.'' The acid

expected to exit on the surface. The Ta oxide (a)

did not crystallize even at the high temprature

1200°C). that was confirmed by XRD method. More

property is thought to be controlled by the detailed investigations about the structure and

preparation of metal oxides - supported Ta oxide physicochemical properties are in progress.

with well - defined structure. In this study, we

attempted to prepare Ta oxide thin film by reaction

of tantalum alkoxide ( e.g. Ta n-butoxide) with the

surface OH groups of silica (Ta oxide/SiOs (ALK)).

In order to clarify the local structure and the

electronic environment around Ta atoms of Ta oxide/

SiOa (ALK). we tried to study by XAFS. And the

results were compared with those of Ta oxide /SiOs

(IMP) and Ta-Si mixed oxide (CPR) . which were

prepared by impregnating acidic aqueous TaCls

solution on SiOs and hydrolysis of Si and Ta mixed

alkoxides. respectively.

Experimental and Results

The Ta LIU - edge XAFS data of these silica-

supported tantalum oxides were obtained at EXAFS

apparatus(BL-lOB).

Figure 1 shows XANES spectra for (a)~(c) ALK,

(d) CPR, (e) IMF and (f) TaaOs (crystal). In the

samples (a). (b) and (c). Ta oxide contents were

different. There were clear differences in the

shapes of the absorption curves, especially peak

tops. This result implies that the symmetry around

Ta in Ta oxide / SiOa ( ALK.IMP,CPR ) was different

from that in the bulk TaaOs.

Figure 2 shows the results of Fourier

transformation of the EXAFS data. In Ta oxide/

SiOs (ALK). especially the sample (a) (Ta oxide 4.3

wt X ), highly dispersed Ta oxide species are

We are indepted to Prof. H. Hattori, Dr. S.

Hasegawa and Dr. T. Tanaka for their valuable

suggestions.

Reference

1) T. Ushikubo, K. Wada. 4th Japan- China- U.S.A.

Symp. on Catal.. p-45 (1989).

0 2 4

R fA)
k range : 8.6 — 16.2 A"'

a. ALK(l) Ta oxide content 4.3 wtX
b. ALK (2) 5.0 rtS
c. ALK(3) 17.0 wtX

CPR 27.6 wt«
e- IMP 17.7 wtS

—^ b. ALK (2)
c. ALK (3)

1 »• III d. CPR
9980 9920 9960 e. dip

PHOTON ENERGY (eV) f- TajOs (crystal)

Fig. 1 F i g . 2
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Introduction

Amorphous Sei-xTe* alloy-films with
an atomic content of X=0.05 can be pre
pared by vacuum evaporation. The radial
distribution function of this sample ob
tained from X-ray diffraction showed
that the Se-Se bond length corresponding
to the radius of the first coordination
shell was 2.35A (with fluctuation ±0.25
A) and the Se-Se-Se length corresponding
to that of the second coordination shell
was 3.75A (fluctuation ± 0.25A). The co
ordination number calculated on the
first shell was nearly 2. This amorphous
alloy film has a structure which mainly
consists of the "-Se-Se- -Se-" chains
and the "Sea" rings. The result agrees
with the reported amorphous structure
model^>. The dihedral angles (Se-Se-Se)
were distributed aroud 107.8° . This

value suggests that the chain in this
amorphous film is flatter than that in
crystalline Se. We have supposed that
the Te atoms in this alloy film not only
substitute in some Se atoms but also
dominate the topology of the structure.
For this reason, we have determined
local structures around both Se and Te

atoms by means of EXAFS on this sample.

Experimental
Samples about 8/^ m and 28/i m thick

were prepared by vacuum evaporation.
EXAFS for Se-K edge (~ 12.6KeV) were

K -adte E X A I' G ifsctr

1 I 1 J 1
31.lie ii.Gie ii.tse iz.ZTt iz.see iz.eie

E H E R 0 I Ik.v)

S« K-edifl BXAFS ifeetraa

•SSlI 1 J I I I
IZ.IS4 IZ.47t 11.704 13.114 13.414 13.714

E H E R 0 7 Ik.vl

Fig.l EXAFS spectra of Te (a), Se (b)

measured on two stacked 8/^ m films; for
Te-K edge (~ 31.8KeV) 2S;i m films were
stacked 20 deep. Measurements were
carried out at room temperature on the
Beam Line 10-B of the Photon Factory.
Ar(15*)+N3 mixed gas and Ar were used in
the front and rear ion chambers respec
tively for the Se-K edge; for the Te-K
edge, Ar and Kr were used. Figures la
and lb show the EXAFS spectra of the Te-
K edge and Se-K edge. Figures 2a and 2b
show the magnitude of Fourier transfoms
of k® times x (k) for both atoms with
their imaginary parts.

Results and Discussion

By means of curve fitting calcula
tions we have determined the following
structural parameters. The Se-Se bond
length was 2.38A (with fluctuation ±
0.23A) and the Te-Se bond length 2.57A
(fluctuation ± 0.23A). These fluctua
tions are essential in amorphous struc
ture. We have also found that the Se

atoms in the Sex-jcTe* films were
twofold-coordinated but the average
coordination number of the Te atoms was

2.8. Hence, it is conculuded that the
majority of the Te atoms are threefold-
coordinated and the chain is split at
these Te atom positions.

Reference

1) R. Zallen; "The Physics of Amorphous
Solids", John Wiley & Sons (1983)

Q.O 2.D to 6.0 8.0
r (A)

Fig.2 Fourier transforms of Te (a), Se (b)
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Performance of the experimental station KwlOB
has been studied intensively and has been
published: ca. 10^ photons/s with AE=1 eV at 9
keV when the stored current is 300 mA and the

higher order content is ca. 7.1x10"^ at this
energy.Of course it is desirable to check the
performance of the experimental station just
before the EXAFS measurement itself, however, it
is not so easy to do such test frequently because
such tests need high precision equipments and are
rather time-consuming. Here we propose a simple
method to test the performance of the experimental
station qualitatively: higher order content,
adjustment of electronics etc.^''^^

Experimental
The setup of the experiment is shown in

Fig.l, which is similar to the normal setup for
EXAFS measurements except the position of the
sample. We have used copper foils of various
thickness as the test sample. X-Ray absorption
spectra were measured at BLIOB using a Si(311)
channel-cut raonochromator. Nitrogen and mixture
of nitrogen (50%) and argon is filled in the lo
and I ionization chamber, respectively.

Results and Discussion

Spectra obtained with this setup, normal
EXAFS one and extracted EXAF3 wiggle (k xifc)) are
shown in Fig.2. Spectra with this setup show
no discontinuity at the edge position when the
sample is thin and uniform, however, negative edge
appears when the sample becomes thicker: the
apparent edge jump is -O.Ols, -0.08 and -0.23 for
18, 24 and 30 pm thick foils, respectively.

There are four possibilities to explain the
above described phenomena: (1) higher order
harmonics, (2) non-linearity of the detector

and/or electronics, (3) incorrect offset of
electronics and (4) fluorescence and/or scattering
from the sample. Among them the contribution
of higher order harmonics is expressed as

I/-exp(-/j/t)-(l-eo/)-£i/+3l3-exp(-/i3t)-(l-£Q3)'Ci3
t£o/+3l3-exp(-M3) t £03

where J, £, p and t means the incident photon flux,
detection efficiency by an ionization chamber,
the linear absorption coefficient of copper and
the thickness of the copper foil, respectively.
Suffix f, 3, 0, 1 indicates the fundamental X-ray,
third order X-ray, front and rear ionization
chambers, respectively. By using the measured
I3/I/ at 9 keV, 7.1x10"^, and the mass absorption
coefficient of copper metal, the apparent edge
jump. A(ln(io/i)). is calculated as -0.0006,
-0.003, -0.013, -0.055 and -0.20 for 6, 12, 18,
24 and 30 pm thick foils, respectively. These
values fit well with the experimental ones in case
of rather thin foils. The slight difference in
thick samples is explained by the misadjustment
of the offset in the electronics. Details will

be explained in ref. 3.

References
1) H.Oyanagi, T.Matsushita, M.Ito and H.Kuroda,

KEK Report, 83-30 (1984).
2) M.Nomura, KEK Report, 85-7 (1985).
3) M.Nomura and A.Koyama, KEK Report, to be

published.
4) This experiment is proposed by Dr. J. Goulon

of University de Nancy I, however, he ascribed
it to the nonlinearity of the ionization
chambers. This is only one of the reason of
this phenomenon as described in this report.

Fig. I The setup for simple performance test. Sample is put before
the io-monitor.

Fig.2 LnCio/i) obtained from the setup shown in
EXAFS spectrum obtained with normai setup

(the sample is put betweeti io and 1 moniton) and
extracted EXAFS wiggle (k^x) for various
thickness of copper foil (6, 12, 18, 24 and 30 pm).
Vertical scale of the left and the right column is
the same within each column.
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Introduction

It is an interesting subject to inves
tigate the local structure of solid
solutions. A number of EXAFS studies
have been published on solid solutions
and the breakdown of the Vegard's law
has been emphasized from the microscopic
points of view. However, most of the
works have been the EXAFS analysis of
one component atom. We can obtain more

reliable information if we analyze EXAFS
spectra of all component atoms of a
solid solution and combine all the data.
AgBr Cl^_^ is a typical solid solution
whicn is practically used as a photo
graphic material. A preliminary EXAFS
study on this material[l] has been
already carried out for Br K-edge, but
never for Cl K-edge spectra because Cl
K-edge is in the region of soft X-rays.
In this work, we have investigated Cl,
Br and Ag K-edge EXAFS to reveal the
whole local structure. Here we present
the results of Cl K-edge data.

Experimental

AgBr^Cl (X = 0.2, 0.4, 0.6, 0.8)
were prepared by the coprecipitation of
appropriate amounts of AgBr and AgCl and
a subsequent annealing in an Ar
atmosphere at 343 K for 25 days. Cl K-
edge EXAFS spectra were taken with the
total electron yield mode at 150 K and
295 K at the soft X-ray double-crystal
monochromator station (BL 118). Reliable
EXAFS spectrum was not obtained for the
sample of x=0.8.

Results and Discussion

The Cl-Ag interatomic distances
determined are shown in Fig.l. They are
roughly on straight lines within the
experimental errors. The bond distance
expected from the Vegard's law is also
indicated as the straight lines in the
figure, whose slopes are significantly
larger than those obtained by the EXAFS
measurement. This means that the Cl-Ag
bond distance is definitely different
from that expected from the 'Vegard's

law. Such tendency is also observed in
other solid solutions such as AgBr
[2], ZnMn Se._ and HgMn Te^3]. At

present, wi cannot conclude whether the
bond distance retains same or increases
slightly, as the mixing ratio of Br, x
increases. Lushington et al.[l]
reported the results of Br K-edge EXAFS
data and remarked that the Br-Ag bond
distance is shortened with the decrease
in X. This result is consistent with our
present observation that the Cl-Ag bond
distance increases slightly.

The measurements and analysis for Br
and Ag K-edge EXAFS data are now in
progress.

[1] K.J.Lushington and Y.T.Tan, EAST-
WEST SPSS Meeting, Hawaii. 1988.
[2]A.Yoshiasa, F.Kanamaru and K.Koto,
Solid state ionics 27 275 (1988)
[3] W.-F.Pong, R.A.Mayanovic and
B.A.Bunker, Physica B 158 817 (1989).

AgBrxCli_x

2.00

1--

, X-ray(295K)
/

/' X-ray(150K)

EXAFS(295K)

EXAFSdBOK)

0.0 0.2 O.A 0.8 0.8 1.0

X

Fig.l, Nearest neighbor Cl-Ag distances
derived from the Cl K-edge EXAFS data
and from the X-ray diffraction data by
use of the Vegard's law.
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Introduction

References

Ba2Y]__jjPrjjCu30y (x=0 - 1) which is the
substitution of Pr for Y in YBa^Cu^Oy is an
interesting system for investigating the
mechanism of high-Tc superconductivity. Tc in
this system gradually decreases with increasing
Pr content and superconductivity disappears at
around x=0.6 K However, the grthorhombic
crystal structure remains unchanged ). Cu X-edge
XANES of this system have been measured to get
the information about the suppression mechanism
of superconductivity by substitution of Pr.

Experimental

A series of Ba2Yi _jjPr„Cu30y samples was
synthesized from BaC03,Y^Oo , PrgOj^^ / CuO
powders K The x-ray diffraction patterns
confirmed that all the samples had single-phase
oxygen-deficient perovskite structure. The
samples were powdered just before each
measurement, dusted onto the Scotch tape. The
absorption measurements in transmission mode
were carried out at room temperature using a
Si(lll) double-crystal monochromator installed
at beam line 14A of the Photon Factory.

Results

Figure 1(a) shows Cu X-edge XANES spectra of
the Ba2Y3_jjPr„Cu30„ samples with Pr contents(x)
of 0, 0.2, (j. 4, i).6, 0.8, and 1. Tc of the
samples used for the measurements are about 90K,
85K, and 43K for Pr contents of 0, 0.2, and 0.4,
respectively. Significant modifications of the
XANES features can be seen with increasing Pr
content. In the higher energy region than the
main peak B above the edge the peaks of C and D
become weaker and less pronounced. A well
defined shoulder A in the pre-edge region is
observed for the XANES of the Ba2PrCu30y(x=l)
sample. Figure 1(b) shows the corresponding
derivative spectra for analyzing the changes in
the XANES spectra as a function of Pr content.
There are significant differences of the
derivative spectra in regions of the shoulder A
and peak C between Pr contents of greater and
less than 0.5. These differences seem to be
related with the suppression of
superconductivity by the substitution of Pr.

PHOTON ENERGY[eV]

PHOTON ENERGYEeV]

Fig.l. Cu X-edge XANES spectra(a)
and their first derivatives(b) for1)A.Matsuda et al., Phys.Rev., 638,2910(1988) Ba y Pr Cu 0 (x4 o 2 0 8

2)K.Kinoshita et al.,Jpn.J.Appl.Phys., 22/L1642(1988) an§ i)* * ^ ^
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Introduction

Several measurements on Cu K-edge X-ray
absorption near-edge structure(XANES) of
YBa2Cu30y(YBCO) have been carried out to probe
the valence states of Cu. However, there is only
one report ) concerning the measurement on
polarized XANES which can provide clarified
information about the assignment of near-edge
features. In this reference a YBCO sample
oriented by a strong magnetic field was used.
Thus Cu if-edge polarized XANES of YBCO have been
measured using a single-crystal sample.

Experimental

The polarized XANES measurements were made
on the Cu JC-edge in a small orthorhorabic single-
crystal sample of YBCO^ using a Si(111) double-
crystal monochromator with a four-circle
diffractometer installed at beam line 14A of the
Photon Factory. The spectra under the
conditions of the X-ray polarization vector E
parallel to the ah axes(E//ai>) and the c
axis(£'//c) were measured in the transmission and
fluorescence mode, respectively. Temperature
dependent data were collected from 60K to 298K
by cooling the sample with a cryostat.

Results

Figure 1 shows Cu iC-edge XANES spectra of
the single-crystal YBCO measured at the
temperatures of 6OK to 298K under the conditions
of El/ab and E//c. The polarization dependence
of the Cu K-edge XANES can be seen by comparing
the spectra in Figs. 1(a) and 1(b). Different
features in the spectra observed between the
conditions of of El/ab and Ei!c are attributed
to the bonding states of Cu in the ab plane and
along the c axis. The reported XANES for powder
or polycrystalline samples of YBCO are similar
to the XANES with the El/ab condition. The
polarized XANES spectra obtained by this
measurements almost agree with the data measured
for the YBCO sample oriented by magnetic
field ) . Temperature dependence of XANES with
both conditions of E//ab and E//c was not
observed;there is only a little change in the
spectra measured above and below the
superconducting transition temperature(90K).
These results suggest that no abrupt change of
the electronic structure occurs at the

transition temperature.

References

1)S.M.Heald et al., Phys.Rev., B38,761(1988)
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Fig.l. Cu K-edge XANES spectra of
single-crystal yBa2Cu20 with the
polarized conditions erf [a)Ellab
and {h)El Ic.
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Introduction

Phosphorus (P) atom is one of the major
constituent of DNA molecules. Monochromatic X-
rays with the resonance energy of P K-shell
absorption edge is a useful probe to analyze
the effect of direct ionization of P atoms on

the formation of chromosome aberrations. In

the present study, induction of chromosome
aberrations was studied in cultured mammalian

cells using the monochromatic X-rays with the
energies of at and around the peak of of P K-
shell absorption edge.

Experinental and Results

A near diploid cell line established from
mouse embryos (m5S/lM) was used^-'. Density-
inhibited cells were irradiated with

monochromatic X-rays with the energies of
either below (2.IA5keV), above (2.157keV) or at
the peak (2.151keV) of P K-shell absorption
edge. The irradiated cells were dispersed by
trypsin, replated and fixed after 40 hours for
chromosome analysis. The results are shown
in Figure 1. Dicentric yields increased with
the doses in either X-rays, while the
efficiency was the highest at the peak energy
(2.151keV). When the dose-response curves were
fitted to a linear-quadratic equation, Y = aD
+ gD^.the highest efficiency at the peak energy
was largely due to the increase of g term as
indicated in Table 1.

The predominance of 3 term at the
absorption edge suggests that the elevated
yield of chromosome aberrations at the peak
energy is mainly due to the photon absorption
in adjacent P atoms rather than to the
contribution of dense ionization by Auger
cascades. The extremely low values of a terms

commonly seen in either X-rays presently used
is intriguing particularly in view of our
previous finding that ct term for the induction
of chromosome aberrations in human lymphocytes
tends to decline when the photon energy is
reduced below 6.9keV^'.

References

1) M.S. Sasaki and S. Kodama: J. Cell.Physiol.,
131. 114 (1987)

2) M.S. Sasaki et al: Int. J. Radiat. Biol.,
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Fig. 1. Dicentric yields in m5S/lM cells
irradiated with monochromatic X-rays with photon
energies of 2.145keV( A ), 2.151keV( O ) and
2.157keV( • ).

Table 1. Coefficients for dose response relationships of
dicentric yields in m5S/lM cells.

Wave length Energy
(nm) (keV)

0.5747 2.157 5.01 X10*^ 1.94x10"®
0.5763 2.151 5.75 XlO"' 3.34x10"®

0.5779 2.145 426x 10*' 1.92 xlO*®
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In our previous studies, it was clearly
shown that cell lethality ^L2) and induction of
genetic changes 2) of monochromatic soft X-rays
increased at the energy of resonance absorption of
phosphorus. It was supposed that these biological
enhancements might be due to radiation damages
of macromolecules specifically produced by the
inner shell excitation. Knowledge of molecular
changes initiated with the inner shell excitation,
however, are very scarce except in case of simple
gas molecules. In order to get an evidence for
molecular changes specific to inner shell excitation
on biological molecules, we chose a sulfur
containing amino acid, cystathionine, as a model of
biological macromolecules, and surveyed
molecular changes of the molecule irradiated with
monochromatic soft X-rays around K-shell
resonance absorption of sulfur.

Cystathionine consists of two amino acids
(alanine and aminobutyric acid) linked by a sulfur
atom (shown in Fig.l). Cleavage of S-C or C-C
bond would produce various kind of amino acid.
Therefore we could determine the location of

cleavage sites by analyzing produced amino acid
using high performance liquid chromatography
(HPLC) as a usual technique for amino acid
analysis. Each peak on the chromatogram is
identified with its retention time and quantified
with area of the peak. Monochromatic soft X-ray
(2472 eV), which corresponds to the resonance
absorption peak of sulfur in cystathionine, was
chosen for irradiation. Energy of below the peak

H2NCHCOOH

H2NCHCOOH

-Glycine
+ S-ethyl cystelne

(2466 eV), was chosen as a control experiment,
which can not be absorbed by the K-shell electron
of sulfur. Cystathionine was irradiated in a
vacuum chamber with the monochromatic soft X-

rays which were obtained with InSb double
crystal monochromator at BL-llB.

Peak areas (relative yield) per unit
exposure of 4 products out of 20 observed are
shown at both energies in Table 1. All of them
increased with the exposure (incident flux).
Aminobutyric acid, which could be produced by
the cleavage at the bond A in Fig.l, showed larger
peak area at the resonance absorption energy of
the sulfur than at the lower energy. On the other
hand, glycine, which could be produced by the
cleavage at the bond B, did not show any
difference in their peak areas between the two
energies. Furthermore two unidentified products,
peak 1 and peak 2, were observed only at the
resonance absorption energy. These results
clearly indicate that the K-shell absorption of the
sulfur changes fragmentation pattern of irradiated
cystathionine. Enhanced yield of aminobutyric
acid at the resonance absorption energy suggests
that inner shell excitation efficiently leads to the
rupture of the bond including the excited atom.

1) H. Maezawa et al., (1986) Photon Factory
Activity Report, 4, 235.
2) K. Kobayashi et al., (1987) Proceedings of the
8th International Congress of Radiation Research,
89.

Table 1. Relative peak areas per unit exposure
of 4 products from cystathionine irradiated with
monochromatic soft X-rays around K-shell
resonance absorption peak of sulfur.

Glycine
+ Methlonlne -Alanine

+ S-methyl cystelne Products
w/
S-abs.

w/o
S-abs.

Alanine

+ Homocystelne

a-Amlno-n-butyrIc acid
* Cystelne

Fig.1. Molecular formula of cystathionine.
Arrows show the relation between cleavage
site and possible resulting products.

glycine
aminobutyric -i/c-i

acid

peak1 1.28
peak 2 0.60

not observed

not observed
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Introduction

Synchrotron radiation is an ideal source to
study biological effects of monochromatic radiat
ions. Our goal is to obtain action spectra for
inactivation and mutagenesis of B_^ subtilis
spores in the entire range of X rays and vacuum
UV ya^i^tions available from synchrotron radiat
ion ' ' .In the current project, detailed ina
ctivation action spectra in a 1-6A wavelength
range for five types of the spores are obtained
and analysed. The results demonstrate the import
ance of K-shell electron absorption of critical
target atoms in the spore in shaping the action

spectra.
Experimental

Five strains of ^ subtilis were used? UVR
(uvr"*") , UVS (uvrAlQ ssp-1) , UVP (uvrAlO ssp-1 polA
151), RCE(recE4) and RCF(recF7). Purified 5x10
spores in water were spotted on membrane filter
in a circle of about 2mm-diameter2for irradiation.
A piece of thin flake (about 13rran ,0.11rag/mm )
made of spore powder was used for determination
of transmittance. Two types of monochromators

covered the wavelength range in question; Ill-
channel cut Si crystal monochromator {1-3A) and
InSb crystal monochromator (4-6A). Samples were
exposed in irradiation chambers in vacuo.

Results and Discussion

Survival curves were obtained for five types

of the spores at ten wavelengths (1.0, 1.6, 3.0,
3.067, 3.074, 4.0, 5.747, 5.763, 5.779 and 6.OA).
Each semilogarithmic curve was fitted to a strai
ght line by linear regression analysis. Since in
most cases, the y-intercept of the line is close

UVS(«) UVR(o) UVP(i)

WAVELENGTH (A)

to 1.0, we assume a simple exponential decline of
survival against exposure and, thence, the sensi
tivity is represented by the inactivation rate
constant. Exposure determined by an ionization

chamber and expressed as R is converted to photon
fluence (photon/m ) so that the sporocidal effect
iveness is exhibited by the inactivation rate con
stant per unit fluence. Results are shown in Fig.
Overall patterns of the spectra are similar in
all cases with abrupt changes of the sensitivity
at around 3.067A and 5.763A corresponding to the

peak resonance absorption by K-shell electrons of
Ca and P, respectively. The sensitivities are about
3 and 2 times higher for RCE and RCF, respectively,
than the other three types of the spores. This
indicates the involvement of DNA-repair capacity
dependent on recombination. At each K-edge, the
sensitivity is highest at the wavelength corres
ponding to the peak of resonance absorption. Though
Ca atoms are not in DNA, the event subsequent to
the absorption to K-shell electrons of Ca seems to

cause damage to DNA molecule in the vicinity. When
the sensitivity is expressed as the inactivation

rate constant per unit absorbed dose (Gy), the

pattern becomes relatively flat except the changes
at the K-edges of Ca and P. These results show that

the pattern of action spectra is mainly determined
by the K-shell absorption of Ca and P. It is in
triguing that the sensitization is attained by
cellular components possibly incorporated in or
surrounding DNA.

References

1) N. Munakata et al. Photochem. Phtobiol.44,385.
2) N. Munakata et al. J.Rad.Res. 29,44.
3) N. Munakata et al. Photon Fact. Act. Rep.1988,114.
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Fig. Inactivation action spectra of five types of B. subtilis spores.
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Introduction

Monochromatic soft X-rays at K-shell
resonance absorption of phosphorus show higher
lethallty to various type of cells than below the
absorption edge of phosphorus'')"^). In this study, we
tried to characterize the nature of the lesions
produced by the resonance absorption on the basis of
susceptibility to repair of the yeast cells. Yeast cells
are known to have various repair activities for DNA
lesions. Since each of the activities is exclusively
active to certain type of DNA lesion, type of the
lesions can be identified with the effectiveness of the
pathways to raise the surviving fraction of irradiated
cells. Repair pathway including rad54 gene is
reported to be able to repair DNA double strand break
type damage"^)' which is considered one possible
consequence of the resonance absorption of
phosphorus in DNA. Survival curves under various
conditions of repair were compared as a measure of
repair susceptibilities of the damage.

Materials and Methods

A wild type (RAD) and a DNA repair deficient
mutant {rad54-3) of diploid yeast, Saccharomyces
cerevisiae were used. The latter shows temperature-
sensitive phenotype and can repair DNA double
strand breaks at 23°C while not at 36°C'*). The
procedures of sample preparation and irradiation are
almost same with the previous report^). Both strains
were Irradiated with monochromatic soft X-rays at the
resonance absorption peak (2153 eV) of phosphorus
or below the absorption edge (2147 eV) at BL-11B or
IB. After Irradiation, cells were treated with the
following procedures. For the wild strain, part of
irradiated cells were immediately plated on nutrient
agar medium (immediate plating, IP; no time for
repair), another part were kept at 30°C for 48 hrs in 67
mM phosphate buffer before plating (delayed plating,
DP; sufficient time for repair). For rad54 strain,
irradiated cells were kept at 23°C (permissive for
repair by rad54 pathway) or 36°C (restrictive for
repair) in 67 mM phosphate buffer for 48 hrs, then
plated and incubated at 36°C. After these treatments,
formed colonies were counted and obtained surviving
fractions were plotted against exposure dose
(incident photon flux).

Results and Discussions

in the case of wild strain (Flg.1), the surviving
fractions increased with post irradiation incubation at
both energies of X-rays. Repair susceptibilities
defined as Dio(DP)/Dio(IP) were 1.79 at 2153 eV
and 2.27 at 2147 eV. In the rad54-3 strain (Fig.2),
repair susceptibilities (Dio(23°C)/DiO(36®C)) were
1.81 at 2153 eV and 1.83 at 2147 eV. The lesions

produced by resonance absorption of phosphorus
might be less susceptible to the repair activities of
wild type than the lesions produced by non-
resonance absorption. But responsible repair
pathway does not seem to be the pathway including
rad54 gene. These results indicate that the lesions
induced by the resonance absorption of phosphorus
include, at least In part, some specific type of lesions
which are less repairable than the other.

References
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Fig.1 Survival curves ofwild type yeast after immediate
and delayed plating irradiatecl with monochromatic soft
X-rays at resonance absorption of phosphorus and below
the absorption edge.

Resonance peak (2153eV) Low energy (2147eV)

0.1 0.1 '— ——'

0 5 10 15 20 0 5 10 IS 20

Exposure (kR) Exposure (kR)

Fig.2 Survival curves of rad54 strain after holding at 23°C
and 36°C irradiated with monochromatic soft X-rays at
resonance absorption of phosphorus and below the
absorption edge.
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Introduction

Phosphorus is important atom which forms a main
chain in Nucleic Acids. In this study mononucleotide,
deoxyuridine monophosphate (dUMP), in aqueous solu
tion was irradiated with monochromatic soft-X-rays
around resonance energy of phosphorus K-absorption
edge. Radiolytic products were analysed using High
Performance Liquid Chromatography (HPLC) and Nuclear
Magnetic Resonance (NMR) method.

Materials and Methods

Deoxyuridine-5'-Monophosphate(dUMP) purchased
from Sigma Co.Ltd. was dissolved in triply di
stilled water at concentration of 200 mg/cm^. A
hundred jjl of solution was irradiated in a specia
lly designed cell stirring with glass coated iron
rod. Monochromatic soft-X-rays from SR at Photon
Factory was used as a radiation source. Two wave
lengths 5.763 A (2.152 keV) at the resonance ab
sorption peak of phosphorus and 5.779 A (2.146
keV) below the K-absorption edge of phosphorus,
were selected for irradiation.

The chromatogram was measured using Waters
Model ALC/GPC 609G. A reverse-phase column 10mm in
diameter by 100 mm in length (Waters ^ bondapak
Cjo) was employed. Elution was by means of a 0.007
MroHPO^ solution (pH 7.8) and the flow rate was 1
cmvmin. The spectra were monitored by optical
detection at 260 nm. The chromatograph was operat
ed at a temperature of 21 ± TC. Samples of dUMP,
uracil and deoxyuridine purchased from Sigma Co.
Ltd. were used for reference samples. dUMP in
aqueous solution was freeze-dried after irradia
tion and redissolved in D^O for measurement
of NMR. Spectra of FT-proton NMR were recorded at
21''C on a Varian XL-300 spectrometer.

Results

HPLC elution profiles of dUMP at 2.151 keV were
shown at various exposure (Fig.l). Similar pro
files were observed at 2.146 keV irradiation.
(Figurtes were not shown) Among several signals
for radiolytic products seen in the profile, a
signal indicated by no.l was Identified as uracil,
judging from retention times with reference sample.
A signal indicated by no.2 corresponds to parent
dUMP. In Fig.2. the release of uracil from irradi
ated dUMP per unit volume of irradiated solution
of 1 cm"^ was shown as the number of uracil as a
function of exposure. The efficiency at 2.152 keV
was 2.7 times higher than that at 2.146 keV at
the exposure of 200 kR.

Proton NMR spectra of dUMP irradiated in aqueous
solution with monochromatic X-rays of 2.146, 2.152
and 2.185 keV at exposure of 500 kR were shown in
Fig.3. Two new signals which might corresponds to
radiolytic products were observed in these spectra

as indicated by a and b. It was confirmed that
these signals were neither for uracil nor deoxy
uridine. Theex^m^rtfto identify these signals
should be examined.

500 kR
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control
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Elulion time
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Fig.1 HPLC elution
prof iles of dUMP
irradiated with 2.151
keV X-ray in aqueous
solution, i; uracil^

Fig.3 Proton NMR spectra
of dUMP irradiated in

aqueous solution with
X-rays of 2.146, 1.152
and 2.185 keV at 500 kR

exposure.

2.152 keV ^

Exposur e ( k R )

Fig.2 The number of the release of uracil from
irradiated dUMP oer unit volume of irradiated
solution of 1 cm"^ as a function of exposure with
2.1.52 keV (-o-) and 2.146 keV (-x-) X-rays.
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Introduction

It is very important in determining
real structure of cellular components
to observe biological specimens at high
resolution without any artifacts which
may be produced by the process of
fixation and staining. In the previous
report, we have succeeded in observing
the structure of unstained human

chromosomes dried without any fixative
by the use of X-ray contact microscopy
(1). Here, we further analyzed the fine
structure of chromosome fibers in these

images.

Materials and Methods

The analyzed pictures were
collected from the images obtained by
the method demonstrated in the previous
report (1). Briefly, chromosomes from
human lymphocytes (RPMI 1788) were
spread on a surface of distilled water

and were whole-mounted directly on a
resist, PMMA ( po1ymethy1 methacry1 ate ),
supported by a silicon base. They were
then dried immediately without any
fixation process. The PMMA with the
transferred chromosomes was exposed to
2.98 nm monochromatic undulator
radiation in a vacuum. The chromosomes

were removed from the PMMA which was

then developed with a mixture of
methylisobutylketone and isopropanol.
The developed images were observed under
a transmission electron microscope by
means of the replica method with a
plasma polymerization film made of
naphthalene produced in a glow discharge
apparatus.

Results

Figure 1 shows an example of the
images. Figure la shows an X-ray image
of a stretched portion of a human

chromosome. The enlarged picture of the
area pointed by an arrow is shown in
Figure lb. "Beads on a string"
structure was observed in Figure lb.
The size measurements were performed for
the diameters of these filaments and

particles of 50 sites in a couple of
enlarged pictures including Figure lb.
The results were divided into two

groups, namely 7-15 nm (12.2 ± 2.1 nm)
filaments and 16-69 nm (31.4 + 13.2 nm)
par t i cles.

Pi scuss i on

In stretched portions of the
unstained single human chromosome fiber,
we could see the "beads on a string"
structure which has been observed in

fixed chromosome fibers stained with

uranyl acetate and examined by
transmission electron microscopy (2).
The average diameters of thin filaments
(12.2 ± 2.1 nm) and particles (31.4 ±

13.2 nm) suggest that the thin filaments
are composed of nucleosomes packed
tightly side by side and that the

particles correspond to superbeads (unit
structure composed of a multiple
association of nucleosomes) since the

sizes of nucleosomes and superbeads have

been reported as 10-15 nm and 15-50 nm,
respectively.

The good agreement of the sizes of
observed filaments and particles with
those of corresponding structures
reported by conventional transmission
electron microscopy indicates the
usefulness of X-ray microscopy for the

observation of chromosome structures.
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Introduction
In our previous paper, we reported the

results of two-dimensional analysis of brains of
rats and guinia pigs, which were dosed with Hg
and Se, to study mercury intoxication, '
Through these study we have demonstrated
that SR-XRF imaging is particularly useful in
the analysis of biological tissue because this
technique enables us to carry out multielemen-
tal analysis of ppm levels without destroying
the form of tissues.

In this study, we have extended the
samples to kidney and liver of mouse and
several human tissues.

Experimental
Measurements were made at BL-4A, PF

utilizing energy dispersive SR-XRF system with
monochromatic X-ray obtained by Si(lll) double
crystal monochromator. Energies of X-ray used
were either 14 or 16 KeV. Two dimensional
analysis was carried out by placing a slice of
sample on a newly designed stage, which
allows us to measure 50xl00mm area.

Samples used are kidney and liver of
mouse dosed with mercury. We have also
measured human tissues including kidney,
medulla oblongata of human baby and testes of
adult man, etc. Photographs of the samples are
shown in Figs. 1, (a) to (d).

Results and Discussion
The results of chemical imaging of the

samples in Figs. 1 (a) to (d) are given in Figs.
2(a) to (d), respectively. The imaging was
made for Hg, Zn, Cu and Se. The data are

Id

Fig. 1 Samples: (a)mouse kidney , 3
successive sections (b) mouse liver,
3 successive sections (c)human
kidney (d) human medulla oblongata.

Fig,2. Result of the chemical imaging
of the samples shown in Fig. 1;
upper left: image of Hg , upper
right: Zn, lower left: Cu, lower
right: Se.

represented by 16 densities of black and white
image corresponding to the intensity of fluores
cence X-ray of each element. As can be seen
form Fig. 2a, metal concentration is high at
the cortex (rim) in the mouse kidney. One of
the important functions of kidney is to filter
waste materials in venous blood and glomerulus
in the cortex has a role of it. On the other
hand, localization of the elements is not found
in the liver(Fig. 2b). The liver also has a
function of detoxication but whole liver cells
have charge of it. In this way, good correla
tion was observed between elemental distribu
tion and biological functions.

Qualitative analysis of the kidney of
human baby disclosed presence of Fe, Cu, Ca,
Zn, Se, C1 in the sample. It is thought that Fe
came from blood remained in the tissue. The
amount of Hg in the sample was negligible, but
Hg was measured for future comparison with
adult samples. The concentration of metals
was high at the cortex of kidney similar to
that of mouse. Qualitative analysis of medulla
oblongata indicated the presence of Fe, Cu, and
Zn, but their concentrations were lower than
kidney. It seems that further discussion about
relationship between elemental distribution and
biological function is difficult because of the
lack of literature data. Therefore, we are
going to start an extensive study of biological
samples to obtain background data of elemental
distributions in biological tissues
References 1) I. Nakai, N. Shimojo, S. Honma, T.
Kawashima, and A. lida, PF Activity Report,
#694, 141(1988).
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INTRODUCTION (Fig. 1 )
Recently, we has studied the detection of

instability of nuclear DNA at acid hydrolysis by
fluorescent staining with acridine orange
(AO)"''^-'. Then, we examined quantitative
detection in nuclear DNA damaged by mono-X-ray
irradiation in the presence of buromodeoxyuridine
(BrdU) and/or hematoporphyrin oligomer (HpO)
using an acid hydrolysis and AO fluorescence
staining method.

EXPERIMENTS

Healthy human lymphocytes (LIM), chronic
myelocytic leukemia (CML) and human melanoma flow
(HMF) cells were treated with 100 jig/ml BrdU for
6 hr and/or 50 Mg/ml HpO for 0.5 hr before
harvesting. The cells were irradiation 0,5, 1.0,
3.0, 5.0, 10 and 20 ^rad by mono-X-ray at 0,80,
O.9I8, 0.922 and 2.0 A, respectively.

Almost immediately after the irradiation, these
cells were smeared on non-fluorescent glass slide
and were fixed with 70 % EtOH aqueous solution
for 16 hr at 4- "C. The fixed cells were treated
by an acid hydrolysis and AO fluorescence '
|t^^ning method mentioned in our previous reports

Fluorescence intensities of AO green and red
fluorescence were measured by fluorescence cyto-
photometry (model QH-2, Olympus). The hydrolysis
curves obtained by the photometry were fitted to
the Bateman function: y(t) = yQk^/(k2-k^)x[exp(-
k^t)-exp(-kgt) ] to determine the kinetic
parameters; y , the initial yield of apurinic
acid or single-stranded DNAj k2, the rate
constant of depolymerization, namely, the degree
of DNA denaturation.

RESULTS AND DISCUSSION
The values of y^ and kg were plotted against X-

ray doses in the presence of BrdU and/or HpO as
shown in Figs. 1 and 2. These values of y^ and kg
increased linearly with increase of X-ray doses.
The slope of the dose response curves of CML
cells was larger than that of the LIM cells (Fig.
1). Furthermore, the slope in the presence of (Fig. 3)
BrdU and/or HpO was bigger than that in the
absence of HpO and/or HpO (Fig. 2). Accordingly,
BrdU and HpO molecules enhanced the nuclear DNA
damage^for the mono-X-ray irradiation at O.919 or
0.918 A. The action spectrmn of the DNA damage
in the presence of BrdU and HpO was shown in Fig.

The peak of the spectrum was appeared at O.9I8
A which corresponded to the energy level of the
K-shell electron of Br-atomic nuclei. In

conclusion, BrdU and HpO molecules sensitized the
DNA damage by mono-X-ray radiation.
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INTRODUCTION

The monochromatic soft X-rays
provide a useful tool for probing the
mechanisms of radiation action because
of their well defined initial energies
and ranges. Radiation-induced mutation
and morphological transformation has
been supposed to be closely related to
chromosome aberrations (1-3). In the
present study, induction of mutation,
morphological transformation and chromo
some aberrations by soft x-rays in
golden hamster embryo(GHE) cells were
determined.

MATERIALS AND METHODS

The primary GHE cells obtained from
13-14-days embryos were used (1). The
exponentially growing cells were
cultured in 35mm plastic dish and were
irradiated with monochromatic X-rays
ranging 5.747A - 5.779A. After irradi
ation, a part of cells were inoculated
into 90-inm plastic dish at cloning
density (100-3,000 viable cells) to
determine both frequency of morphologi
cal transformation and lethal effects.
Transformation assay used in this
experiment was reported previously
(1,4). The frequency of transformants
were expressed as the ratio of the
number of morphologically transformed
colonies (Type B)(1) to the total number
of colonies counted. The other cells
were cultured for mutation expression.
When cells had divided three times, they
were replated with selective medium
containing 40 rtiM of 6-tioguanine and
cultured for further 20 days to
determine mutation frequency (5). Small
aliquot were fixed 4 hours after
irradiation and G-banding for the
analysis of chromosome aberrations.

RESULTS AND DISCUSSION

The dose-response curves for
survival of GHE cells irradiated with
soft X-rays (5.747 , 5.763 and^5.779 A)
are shown in Figure 1. 5.763 A X-rays,
which is the resonance absorption peak
of phosphorus, is more effective than
the other wave lengths of X-rays for
cell killing. The RBE relative to 60Co
r-rays^at the Do value is about 1.8 for
5.763 A X-ray, 1.0 for 5.753 and 5.779 A
X-rays.

On the basis of exposure dose (R),
the frequencies of mutants and chromo-

Dose (Gy)

2 3 4

' 5.747 A
5.779 A

5.763 A

Figure 1 Survival curves of GHE cells
irradiated with monochronic synchrotoron
radiation.

some aberrations in cells irradiated
with 5.763 A X-rays were about 1.6 times
higher than those with 5.747 and 5.779 A
X-rays. At equal survival levels,
however, there were no difference in the
frequencies of mutants and chromosome
aberrations in cells irradiated with
soft X-rays.

We also examined the relationship
between frequency of transformants and
the lethal effect of irradiation with
soft X-rays. At equal survival levels
(37 % survival), the transformation
frequency in cells irradiated with 5.779
A X-rays was 2.8 times higher than those
of cells irradiated with 5.747 and 5.763
A X-rays. These results suggest that
transforming lesion is different from
lethal and mutagenic lesions.
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Introduction

The sensitizing effects of halogenated py-
rimidines such as 5-iododeoxyuridine (lUdR) and
5-broinodeoxyuridine (BUdR) have been well recog
nized in the relatively high energy region con-
^gntionally obtained by 250kVp x-ray source or

Co gamma-ray source. In the present study,
we extended the sensitizing effect of lUdR to
low energy region (12.4 keV) where photoelectric
effect occurs dominantly, and compared with that
in high energy region (around 1 MeV) where
Compton effect is a major process.

Materials and Methods

HeLa cells were allowed to attach them

selves to the surface of the plastic culture
flask (Costar, #3393), and grown in Eagle's min
imum essential medium supplemented with 10%
fetal bovine serum in the^presence of lUdR (10
M) and deoxycytidine (10 M) for 18 hr (corre
sponding to one generation time)gat 37 °C under
5% CO2 and 100% humidity (2.4x10 /cell of thy-
mines were replaced by 5-lodouracil). The
irradiation was performed on the sample scanning
stage installed at the BL-4A. 12.4 keV mono-
energetic radiation was obtained with a double
crystal Si monochromator from synchrotron radi
ation. The photon energy was chosen to be un
related to the energy absorption edge. Inten
sity of monoenergetic radiation was monitored
by a free-air chamber. The irradiation proce
dure was followed as described previously (1).
The surviving fraction was determined from the
colony forming ability after the incubation for
10-12 days.

Results and Discussion

Figure 1 shows the survival curve of HeLa
cells irradiated with monoenergetic synchrotron
radiation at the photon energy of 12.4 keV in
the presence or absence of lUdR. Sensitizing
effect of lUdR was observed in this low energy
region as was the case for high energy photons.
Sensitization enhancement ratio [SER=D.^(-IUdR)/
D^Q(-l-IUdR)] defined from the ratio of D^Q(the
dose required to show 10% survival) was Z.69.
In Table 1, SER was summarized for various radi
ations. SER was found to increase with de

creasing photon energy.
The marked wavelength dependence of lUdR

radiosensitization shown here should be caused

by the difference in the mode of physical inter
action between atoms and photons; Coggton effect
is a major process in the region of Co gamma-
rays, Compton effect and photoelectric effect are
comparable in the region of 48 keV photon energy,
and photoelectric effect is dominant in the
region of 12.4 keV photon energy. The higher
sensitizing effect of lUdR in the region of
photoelectric interaction may be attributable to
Auger effect following to the photoelectric

effect. The Auger electrons and polycation pro
duced by Auger effect are more toxic to cells and
may be more reactive to iodines. The nature of
iodine sensitization is now being studied with
the use of radical scavengers.

0.0001
10 12

Exposure (Gy)

Figure 1. Survival curve of HeLa cells irradiated
with 12.4 keV monoenergetic synchrotron
radiation in the absence (circle) or
presence (triangle) of lUdR.

Table 1. Radiosensitization of iododeoxyuridine

radiation source

°^Co-Y(1.17,1.33 MeV) 1.82

150kVp-X (Sgjj=48 keV) 2.11
synchrotron radiation _
(12.4 keV)

*) SER is defined as DjQ(-XUdR)/D^g(-l-IUdR).
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Introduction

Tobacco necrosis virus is a small spherical
virus about 28nm in diameter. TNV consisting of
180 copies of coat protein and a single-stranded
RNA(l) was isolated with its satellite virus,
satellite tobacco necrosis virus. STNV is a

smaller spherical virus about 20nm in diameter
consisting of 60 copies of coat protein and a
single-stranded RNA(2). Tobacco leaves are

infected with TNV. Although STNV can propagate
only in the presence of a helper virus TNV(3).
The relationships between TNV and STNV are
important from virology. Crystal structure of
STNV have been known at 2.5 A resolution(4). The

present study is carried out in order to

elucidate three dimensional structure of TNV at

a resolution as high as the case of STNV.
One hundred-eighty copies of coat protein

of TNV are arranged in a T=3 icosahedral
symmetry(6). The different molecular weights
ranging from 22,600 to 33,300 are reported for
the different strains of TNV(5,6). That of the
present study exhibits a single band at 30,000
in SDS/poly acrylamide electrophoresis.

When the virus solution was dialyzed
against 0.4 M-sodium phosphate buffer with the
pH adjusted to 6.0, the TNV crystals grew in the
form of dodecahedron, to a maximum of 1 mm in
diameter, in a few weeks. The crystal belongs to
a cubic space group of F4232 with cell
dimensions 338A. Assuming that two particle are
present the unit cell, the V_, value(7)

2.9A /dalton. Location and orientation of the

virus particle in the unit cell were determined
previously(7). Arrangement of coat proteins on
the virus surface is described in the present
paper.

Experimental

All the X-ray experiments were carried out
at the BL6A2 by using Weissenberg camera with a
radius of 430mm. X-ray was monochromatized to

1.488A corresponding to the absorption edge of
Ni. Diffraction intensities recorded on a

imaging plate of 40x20cm (Fuji Film Co. Ltd.)
were digitized by BAIOO (Fuji Film Co. Ltd.).

A crystal was mounted in a capillary to
rotate about [1111 axis and total of 31.62

oscillation range was covered by 21 serial
Weissenberg photographs with an oscillation
range of 1.62. Individual plate was overlapped
by 0.12 . Exposure period was 65 sec. for each
shot and the crystal was translated after every
seven shots to avoid deterioration of

diffraction pattern. Intensities were processed
by a program of Higashi(8). Total of 5,695
independent reflections, 85% of the data in the
range of sA resolution, were obtained at the
accepting criteria, F >3(^(F ) and whole
reflection.

Results and Discussions

Fast rotation function at lOA resolution

confirmed the icosahedral symmetry and the
orientation of the virus. Assuming that the coat

protein is a sphere of 45A in diameter, R;
factor, R=-SiFQ-Fgl/lFg, was calculated at 30 A
resolution for each position on the virus

surface. Unique location of coat protein was

obtained from the R-factor search as shown in

Fig.l. Coat protein arrangement on the virus
surface are illustrated in Fig.2 by stereoscopic

drawings.
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There are many published studies on the
structure of myoglobin. Miki and Kasai (J.
Cryst. Soc. Jpn. 27, 2-11, 1985) reported the
crystal structures of myoglobins reconstituted
with different heme modified at the B positions
of pyrrole rings. In order to investigate the
mobility of heme in the heme-pocket and its
effect on the structure and function, we have
employed several synthesized hemes with high
symmetry and with no side chain at pyrrole,
and have started their structural studies.

The three kinds of meso-tetra-alkyl porphines
with methyl, ethyl, and n-propyl groups were
synthesized and incorporated into the apoprotein.
They were crystallized by the hanging-drop
vapor diffusion and the microcell dialysis
methods. The protein solutions with O.IM
Tris-HCl buffer (pH 7.0) were included 32-43
% saturated (NHi,)2S0i, and lOmM KCN, and
the reservior solution contained 75% saturated
(NHit)2S0^. Crystals were grown within 2
weeks at 5®C upto about 1 mm in length.
Their precession photographs indicated that
all the crystals were isomorphous with the space
group of P2a2i2i, which were different from
the native one. Crystal data were summarized
in Table 1.

Fresh crystals with dimensions of about
0.2x0.05x0.1 mm were chosen for data collection.
Diffractions of SR (X=1.04, 1.488, and 1.743A)
were recorded on imaging plates packed in the
Sakabe's screen-less Weissenberg camera at
BL-6A of the Photon Factory. Each Weissenberg
pattern was degitallized by BA-100 reader and
processed by the computer program "WEIS"
to assign the reflction indices and to integrate
the intensities within a certain range around
the Bragg peaks. The intensity data thus
obtained were then combined into the same
file and put on a common scale by the program
"COMBINE" and "SCALE". ^ The maximum
resolution of the data were 2A in which 60%
of the possible refleciotns were obtained. The
number of observed reflections and their qualities
are listed in Table 2.

Table 1. Crystal Data
Myoglobin I Space Group a b c g
Methyl P2,2.2, 58.85 76.58 34.05 =
Ethyl P2,2,2, 58.07 76.69 33.48 -
n-Propyl P2,2,2, 58.39 76.15 33.86 -
Native P2', "^:56

Table 2. Data Collection
Myoglobin I Snerg j Total I Unique j 1

(Z) ref1. refl.
Methyl 3.66 18727 7701 1Methyl 336
Ethyl 4.83
n-Propyl 5.06

" 4.88

19808 7390
25636 6939
14757 4121

Rotation
axis

c

b

b & c
b

The crystal structure of n-propyl substituted
myoglobin was solved by the molecular
replacement method. The native structure
without heme group was modified to be a
poly-alanine for the reference molecule. Using
the computer graphics, the side chains were
fitted to the electron density map calculated
with MR phases. The atomic parameters thus
obtained were refined with the program "PROLSQ"
using the 5-2A resolution data, at first,
only for the apoprotein, and later the heme group
found on a difference map was included. The
atomic position of Fe was confirmed on the
Maker section of an anomalous Patterson map
using the data taken with X=1.743A. After
5 cycles of the refinement, the conventional
R factor was converged to 23.9%. By the similar
way, the crystal structures of the remaining
methy and ethyl substituted myoglobins were
also determined. The current R factors are
25% and 27%, respectively.

The whole molecular structures of the modified
myoglobins are essentially the same as that
of the native protein, the root mean square
deviation being 0.7A for overall structure. It
is found that the Arg45 side chain is largely
deviated to swing out of the molecule. This
difference may be due to lacking of hydrogen
bonds with water molecules which are
hydrogen-bonded to the propionic group in the
native crystal. The heme mean planes are tilted
by 8-10® from the native plane.

Difference maps omitting the hemes indicate
that the meso-tetra-alkyl-porphines have a fixed
orientation in the heme pocket. The electron
densities, however, are remarkably low, and
broaden according to the bulkyness of the
substituted alkyl groups, suggesting the small
mobility of modified heme in the pocket. NMR
spectra of the non-substituted porphine and the
methyl-porphine derivatives show a single
resonance peak for eight pyrrole hydrogen atoms.
The ethyl and n-propyl derivatives also show
a similar spectra at 35°C and 55°C, respectively.
This feature suggests a free rotation of the
heme around its normal, Fe-N(His93) bond.
Simple force-field calculations were performed
with the program "MM2"' to estimate the energy
change with rotation around the Fe-N bond.
Evidently, the n-propyl derivative with large
bulky groups has a large barrier for such a free
rotation, but there are no significant change
in the non-substituted porphine derivative. We
are analysing the structures at different
temperatures.

We are indebted to Prof. N. Sakabe, Dr. K.
Sakabe, Dr. A. Nakagawa, and Dr. N. Watanabe
of the Photon Factory for their technical advice
and use of the Sakabe's camera and computer
programs. We also thank Dr. K. Namba of
ERATO for use of a Fuji Film BA-100 system.
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Introduction

Ribonuclease Rh (RNase Rh) was isola^ted from
Rbizopus niveus by Tomoyeda et al . and
purified by Komiyama and Trie . We obtained the
two types of crystals of RNase Rh , Type I and
Type II, which appeared even in the same droplet
and they could not be morphologically
distinguished from each other. Table 1 shows the
crystal data for both types. Type I crystal
gives sharper Bragg reflections than Type II
crystal, half-widths in omega scan mode being
about 0.2° and 0.4°, respectively. Moreover
Type II crystal suffers serious radiation damage.
Therefore, we started the structural studies on
Type I crystals. Later, however, we found that
a large number of crystals showed both types of
diffraction patterns and it was very difficult
to obtain pure Type I crystals constantly. Thus
fundamental improvements in the crystallization
conditions were needed.

Experimental and Results

We changed pH, temperature, protein
concentration and the kinds of precipitant and
buffer, using several different lots of the
protein samples. Also we added the inhibitor
molecules such as 2'-AMP or several ions at

several concentrations. Almost ail of these

attempts were of no effect. However, on adding
the divalent cations such as Mg , Ca and Ba
at a concentration of lOmM, crystals with
distinct morphology appeared. These crystals
showed the same diffraction pattern as Type II
crystal but the Bragg reflections were much
sharper (Typell' crystal). Rather surprisingly,
the diffraction patterns arising from the use of
the three different kinds of divalent cation as
mentioned above were indistinguishable from each
other when comparing the precession photographs.

Data collections for Type II and Type II'
crystals were carried out by using the Sakabe's
Weissenberg camera at BL-6A2 using the wavelength
of 1.048. Table 2 shows the experimental
conditions for the data collections. The
diffraction image was recorded on Imaging Plates
and processed as usual using the computer program
"WEIS".

In the case of the old Type II crystal,
diffraction spots were broad at the outset and
each spot split into two pieces during a few
minutes of exposure to the synchrotron beam. The
two pieces of spots corresponded to the
diffraction patterns of Type I and Type II
crystals.

In the case of the new Type II' crystal,
however, high resolution data up to l.sXwas
easily collected. The diffraction spots were
much sharper than those of Type II crystal and
there was little sign of radiation damage. The
merging R factor between the two data sets
(different rotation axis) was 8.08% for 13587

independent reflections. With the help of the
absorption correction referring to the
corresponding diffractometer data, further
improvement in the quality of the data is
expected.

We do not know the mechanism of the
stabilization due to the presence of the divalent
cations. Considering that back-soaking the
divalent-cation-containing crystals in the
divalent-cation-free buffer for two to ten days
makes no change to the diffraction patterns, the
binding sites of these divalent cations are
mostly likely non-specific. Although these
divalent cations have never been described as
important to stability or function of RNase Rh,
they did have dramatic effect in improving the
quality of the crystals. Thus, adding certain
divalent cations to the crystallization media may
well be one of the general recipe worth trying
for improving the crystal quality.
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Table 1. Crystal data of RNase Rh

Type I Type n
orthorhombic

a=68.3A a=67.7A
b=73.0A b=72.5A
c=50.0A c=44.3A

P2i2i2,

Type TypeI
Crystal system orth
Lattice constants a=68.3A

b=73.0A
c=50.0A

Space group P

Table 2. Experimental conditions of data collection

Crystal type
Crystal

Temperature

Crystal size (mm) 0.8X0.4
X0.2

TypeH*
1 2

20^;

0.6X0.3 0.5X0.25

X0.2 X0.2

Rotation axis a a b

Beam current (mA) 228-215 239-235 231-227

Wavelength (A) 1.04 1.04 1.04

Crystal-to-film
distance (mm) 430 430 430

Oscillation angle cu (deg) 12.0 12.0 12.0

Number of oscillations 5 3 3

Ratio of 0) and film (deg/mm) 2.0 2.0 2.0

oj-scan speed (deg/sec) 2.0 2.0 2.0

Number of films 10 9 9

Total exposure time (sec) 684 340 340
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INTRODUCTION

Protein crystals are now generally prepared
in order to be determined the three-dimensional

structures of themselves. The quality of the
crystals, that is, the heterogeneity or
mosaicity of them, have not been examined well.
Recently we found that the hydrogenase crystals
prepared from sulfate-reducing bacterium show
the heterogeneity along the direction of the
crystal growth which is parallel to c-axis. Here
we show the experimental evidence of the local
heterogeneity of the hydrogenase crystal and
discuss the relationship between the
heterogeneity and crystal growth.

EXPERIMENTAL AND RESULTS

Hydrogenase is an enzyme which catalyzes
reversible dehydrogenation of molecular
hydrogen. The hydrogenase from Desulfovibrio
vulgaris Miyazaki F (DvMF) solubilized by tryp-
sin digestion^ has molecular weight of 89000,
and is reported to have two or three r4Fe-4S]
type clusters as unique cofactors. Single
crystals (P2i2i2i a=99.5, b=126.8 c=66.9A) of
freshly prepared hydrogenase were obtained by
sitting-drop vapor diffusion method from 20%
(w/w) polyethylene glycol 1000 buffer solution
{25mM Tris-HCl, pH=7.5)2, To introduce micro
crystals by micro-seeding technique is essential
for preparing the large size of crystals
suitable for x-ray crystallography. X-ray in
tensity data were collected at lO'C using a
Weissenberg camera designed for macromolecular
crystallography by Sakabe et al^ (r=430.5mm) in
stalled in BL-6A2. The wavelength of x-ray used
was 1.04A from synchrotron radiation (SR) of
National Laboratory for High Energy Physics.
The diffraction patterns were recorded on Fuji
Film 'Imaging Plate', and read out by a Fuji
Film BA-100. The hydrogenase crystal of
0.5X0.5X3.5mm was mounted on goniometer head,
crystal c-axis being parallel to the spindle cu -
axis of the camera. Five screenless Weissenberg
diffraction patterns in the same oscillation
range {Act)=9.6'' ) were obtained at the dif
ferent position of the same crystal by shifting
the crystal along the spindle axis. Since x-ray
beam from SB progress with small divergency and
the collimator used was 0.1mm in diameter, the
diffraction patterns in the small local area of
the crystal could be measured. The experimental
conditions are shown in Figure 1. The diffrac
tion patterns recorded on Imaging Plate are
shown in Figure 2(a)-(e). They were processed
by program WEIS developed by Higashi et al.^ to
obtain indexed intensity data. The quality of a
crystal may be evaluated by the number of
reflections with significant intensities. The
number of indexed data larger than 40" (I) at
PI, P2, P3, P4 and P5 positions are 7468, 7276,
7249, 5172 and 3834, respectively. The shapes
of the diffraction spots (Fig.2) tend to be more
anisotropic from the one end (left end in Fig.l)

to the other end (right in Fig.l). In the
similar manner, the number of integrated inten
sity data which are four times larger than
standard deviations decrease from PI to P5.

This observation clearly shows that there is the
heterogeneity in the degree of the crystallinity
along the c-axis. In the crystallization
droplet, the P5 side of the crystal in Fig.l was
in contact with the depression glass wall on
which protein droplet was set up. On the other
hand, PI side, natural end of the crystal
growth, was surrounded by protein solution.
These findings suggest that the crystal growth
of the hydrogenase is surpressed when the
heterogeneity of the crystal is reduced.

rp
O.Smm I

Figure 1
Schematic diagram of the setting condition for
diffraction experiment. Arrows show the exposed
area of the crystal by x-ray. P1-P5 are the ex
posed position name and the numerals in the
parentheses show the absolute positions(mm) from
the left edge of the crystal in this figure.

(a) (b) (c) (d) (e)
Figure 2

Diffraction patterns of hydrogenase crystal at
five different positions in the same crystal.

We are indebted to Prof. Noriyoshi
Sakabe, Mr. Atsushi Nakagawa for their technical
advice.
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Abstracts

Multi-wavelength anomalous dispersion (MAD)
phasing technique has been applied to the
determination of three-dimensional structure

of an electron transfer protein cytochrome
C553^^ isolated from sulfate-reducing bac
terium, Desulfovibrio vulgaris Miyazaki ) .
This result has proved successful through the
use of synchrotron radiation at Photon Factory
with accurate and high-speed data collection
from the combination of the Weissenberg camera
for macromolecular crystallography^) and the
imaging plate^>. The structure has been
refined by Hendrickson-Konnert' s restrained
parameter least-squares refinement program^>.

Experiment

The procedure of data collection and phase
determination has been reported®'.

The program FRODO''' was used for model
building procedure.

The model has been refined to an R value of

0.226 at 6.0-1.6A resolution including 63
water molecules.

Results and Discussions

Figure 1 shows an example of the electron
density map calculated by the MAD method.
This electron density map has good quality to
make an atomic model.

Figure 2 shows the wire-model of the
refined structure except for water molecules.

The relative locations of two helices at

both N-terminal and C-terminal and style of
bonding and coordination to the heme group is
similar to those of other cytochromes c, but
other parts of the structure are quite dif
ferent. In this sense, the folding pattern of
cytochrome css3 shows "cytochrome c folding"
like other cytochromes c superfamily but
cytochrome csss is not classified into the
same class of the other small type cytochromes
c, for example cytochrome cssi from Pseudo-
monas aeruginosa and so on. Its three-
dimensional structure provides a novel insight
into the physical and chemical properties and
evolution of cytochromes c superfamily.

The refinement of the structure is now in

progress.
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Figure 1

The MAD map showing C-terminal helix
The refined model is superimposed

Cytochr—i oSOS C/toohroae c553

Figure 2

Wire-model of the refined structure
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Introduction

As an important enzyme in both glycolysis and glyco-
neogenesis, D-Glyceraldehyde-3-phosphate dehydrogenase
has been shown to be an allosteric enzyme, The yeast
enzyme binds NAD* with positive cooperativity, whereas
the muscle enzyme binds NAD'with negative cooperativity.
Futhermore, the reaction between the SH group of the
active site cy$-149 residue of the tetrameric enzyme
and certain acylating reagents shows the so-called

"half-of-the-sites" reactivity typically for allosteric
enzymes (I). It has been found that when the active site

Cys-149 carboxymethylated derivative of GAPDH(CM-GAPDH)
is irradiated with ultraviolet light in the presence
of NAD*,a new fluorescent NAD* derivative (IRR-GAPDH)
is forBed(2). In order to deeply study the allosteric
properties and the mechanism of the photochemical reac
tion. It is necessary to analyse the three-dimensional

structures of the enzyme and it's derivatives.

Experimental

HOLO-GAPDH was purified from the tail muscle of P.ver-

sicolor lobester.The carboxymethylation and ultraviolet
irradiation for producing CM-GAPDH and IRR-GAPDH were
essentially the same as described for the rabbit muscle

(3).Using (NH4)2S04 as precipitating agent, the three
forms of the enzyme were crystallized by vapour diffu
sion method. The preliminary crystallographic studies
showed that the crystals of the three forms of the

enzyme are isomorphours, belong to C2 space group with
unit cell dimensions a=128.44A® ,b=I00.10A'' ,c=B0.97A'' ,

Mn4.44^ .

All data sets were collected at BL-6A2 of Photon

Factory with synchrotron radiation X-ray source-Fuji
imaging plate-SaJcabe's Weissenberg camera system(5).The
wave length of X-ray was l.OdA" , radius of camera

430mm, IP size 400X200mffl', scanning speed 2" /sec, the
overlapping between the successive ranges 0.5° ,rota
tion axis a+b or a-b, experimental temperature 7" .The
other conditions are given in Table 1.

Table 1.Conditions of data collection

Enzyme AW rotation C No.of crys-Exposure No.of
range /min tals used time I?

HOLO-GAPDH 13.5 0-180° 2.5 1 13'3" 15
CM-GAPDH 13.5 0-360° 2.5 1 21'3" 24
IRR-GAPDH llO.sl D-36G° | 2.0 | 1 25M3" 28

Results and Discussions

The intensities were processed by WEIS program(6). The
statistical results of the data sets are listed in

Table 2.

Table 2.Statistical results of the reflection data

of the three forms of GAPDH
Enzyme Overall Ntotal Nindep. N(I>3 a( I))/Nt.

Rmerge co-1.8A° 2A° -1.8A'
91438 49999 93.89d 81.4%

CM-GAPDH I 6.22 I132424 53524 91. 8% 76.9%
IRR-GAPDH 1 5.77 I 172806 155850 | 92.9% | 78.6%.
It has been reported that the photochemical reaction

leading to the formation of the new fluorophore is
highly specific, and this fluorophore is a covalent

adduct of the nicotinamide moiety of NAD with the enzyme
protein at it's active site. So there should be some

conformational difference between the enzyme and it's

derivatives.Table 3 gives some Fo comparasion results
among the three data sets.

Table 3.Merging results of diffraction data between

HOLO-GAPDH, CM-GAPDH AND IRR-GAPDH
Rmerge HOLO-GAPDH I CM-GAPDH I IRR-GAPDH

HOLO-GAFD 4J3 17.31 13.65
. CM-GAPDH 17.31 6^_22 14.79

IRR-GAPDH I 13.65 14.79 5.77
From table 3, it seems that the structure difference

between HOLO-GAPDH and CM-GAPDH is greater than that
between HOLO-GAPDH and IRR-GAPDH.Similar results (7) have
been found from the (hkO)diffraction pattern comparision
of procession photographs of the enzyme. The scale of

intensity difference of these three forms of enzyme
implies the conformational changes during modification

and photochemical reaction are rather subtle. The high

resolusion structure analysis of the three forms of

GAPDH are in progress.
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Introduction

Heat-labile enterotoxin produced by entero-
toxigenic Escheriohia ooZi is structurally, func
tionally and iinmunologically similar to cholera
toxin. These toxins are proteins of Mr 84,000
composed of an A subunit (Mr 28,000) and a B sub-
unit oligomer (Mr 56,000). The A subunit con
sists of A^ and A_ fragments. The A^^ fragment
increases cyclic AOT in target cells by catalyzing
NAD-dependent ADP ribosylation of the regulatory
GTP-binding protein of adenylate cyclase. The A2
fragment may be bound to the B subunit oligomer.
The B subunit oligomer has a function to attach
the toxin to target cells and facilitates inter-
nalization of the A^^ fragment in the cell mem
brane (1). The relations between the functions
and structures of these toxins have been studied

by chemical analyses (2) and by mutagenesis of the
gene of enterotoxin B subunit (3). Although
detailed structures of these toxins are requisite
for understanding the structure-function rela
tionship, they are examined only by electron
microscopy (4).

The oligomer of heat-labile enterotoxin B
subunits has been crystallized by vapor diffusion
with polyethylene glycol in the presence of the
non-ionic detergent 8-octylglucoside (5). The
crystal is orthorhombic, space group P2-2-2-,
with unit cell dimensions of a=222.1 L, d=65.7A,
c=119.2A. Assuming that three oligomers are
present in an asymmetric unit, Vm value is 2.58
A /dalton. The crystal diffracts X-rays to at
least 2.5 A resolution. Here we describe inten

sity measurement of this crystal.

Experimental and Results

All the X-ray experiments were done at the
BL6A« using Weissenberg camera for macromolecular
crystals (6). SR-ray was focused by cylindrical-
bended asymmetric cut Si(lll) monochrometer. The
wavelength of X-ray used was 1.488 A. The dif
fraction intensities were recorded on the imaging
plates (40x20 cm), and read out by a Fuji film
BA-100.

A crystal sealed in a glass capillary was
mounted on the camera with b-axis of the crystal
being parallel to the spindle axis of the camera.
The oscillation range for each shot was 9° with
exposure time being 68 sec. The scan speed was
2°/sec and rotation/film movement was l^/mm.
Individual plates were overlapped by 0.5°. After
six exposures the crystal was translated to avoid
deterioration of diffraction pattern. The inten
sities in the oscillation range of 94° were re
corded on eleven plates.

The diffraction patterns on the imaging
plates were processed by the program WEIS (7).
Out of 62,466 intensities collected, 55,012 re
flections whose intensities were greater than 1 Oj
were accepted, ^he scale factor, in the form of
Kexp {a*(sin0/A) }, for each set of intensities on
the plate was determined using the reflections
whose intensities were greater than The
equivalent intensities were averaged to yield
21,636 independent intensities. The R-factor for
reflections with I>a_ was 8.05%. (R=6.36% for
reflections with I>50j). The result of data re
duction is given in Table 1.

Table 1. Nxmber of unique observations and
percentage of possible total

Resolution

range

Number

l>ai
of observ.

I>3aj
Percentage

I>a^ I>3a.

15- 7.5 2,008 1,980 93.9 92.7

7.5-5.0 4,804 4,678 86.2 84.0

5.0- 3.8 5,913 5,708 59.7 57.6

3.8-3.0 6,063 5,315 33.8 29.6

Total

(15 - 3.0)
18,788 17,681 52.8 49.7

Preparation of the heavy-atom derivatives is
now in progress.

We thank Prof. Noriyoshi Sakabe for cooper
ating in the experiment using the Weissenberg
camera and Dr. Tsuneyuki Higashi for use of com
puter programs.

References

1) J. Holmgren (1981). Nature, 292, 413-417.
2) L. K. Duffy & C. Y. Lai (1979). Bioahem.

Biophys. Res. Cormnn. 91, 1005-1010.
3) T. Tsuji, T. Honda, T. Miwatani, S. Wakabayashi

& H. Matsubara (1985). J. Biol. Chem. 260,
8552-8558.

4) H. 0. Ribi, D. S. Ludwig, K. L. Mercer, G. K.
Schoolnik & R. D. Komberg (1988). Science,
239, 1272-1276.

5) T. Tsuji, K. Fukuyama, H. Matsubara, T. Honda
& T. Miwatani (1989). J. Mot. BioZ. 208,
207-208.

6) N. Sakabe (1983). J. AppZ. Cryst. 16, 542-547.
7) T. Higashi (1989). J. AppZ. Cryst. 22, 9-18.



proposal No 89-037

HIGH RESOLUTION STRUCTURE ANALYSIS OF TAKA AMYLASE A AT 1.8 A

Masami KUSUN'OKI, Hideo AGO, Yasuyuki Kitagawa, Yoshiki MATSUURA and Yukiteru KATSUBE

Institute for Protein Research, Osaka University, Suita, Osaka 565

In troduc t i on

Taka-amyl ase A (TAA) is an cc-amylase
secreted extrace11ulariy by Aspergi11ns
oryzae. a-Amylases catalyze the
hydrolysis of 1,4-glucosi di c linkage
randomly along po1ysaccharide chains of
starch, glycogen and their degradation
products. The crystal structure of
native TAA was already determined at 3.0
A resolution by the methods of multiple-
isomorphous replacement and molecular
replacement''. We have undertaken high
resolution crystal structure analysis of
TAA to understand its enzyme mechanism
based on the refined structure. The
X-ray diffraction data to 1.8 A for
native TAA and three inhibitor complexes
with TAA have been collected and
processed using a macromo1ecular
Weissenberg camera^' with Fuji Imaging
Plates. Refinement of atomic parameters
of native TAA is under way with the
current R factor of 22 % at 1.8 A
resolution.

Experimental

Diffraction data to 1.8 A for
native TAA, glucose (competitive
inhibitor) TAA complex, methyl
K-glucoside (non-competi tive inhibi tor)
TAA complex, and Glu-Xyl-Xyl-Glu TAA
complex were collected on a Sakabe's
Weissenberg camera (BL-6Aa) With a
radius of 430 mm using synchrotron
radiation with a wavelength of 1.04 A.
Two or three crystals were used for the
data collection of native TAA or TAA-
inhibitor complex. The diffraction
patterns on Imaging Plates were
digitized on a Fuji-Film BAIOO scanner
with a raster step of lOO/zm. The
diffraction images were processed to
reflection data with programs WEIS and
SCALES'.

Results and Discussion

The merging R factor of intensity
data for native TAA was 6.44 % for
independent 94,090 reflections to 1.8 A
resolution. The refinement of structure
of native TAA is now under way using a
Hendrickson-Konnert restrained least-
squares program of the fast Fourier
tansform version'''. The asymmetric unit
of the P21 crystals contains three
copies of TAA molecules related by a
non-crystallographic 3-fold screw

operation. The present R factor of the
structure with 11,148 protein atoms and
303 water molecules is 0.224 for 91634

reflections with F>3o'(F) . Fig. 1 shows
the overall structure of the TAA

mo 1 ecu!e.
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INTRODUCTION

Glutathione synthetase catalyzes the
synthesis of glutathione from 7 -L-glutamyl-L-
cysteine and glycine in the presence of ATP. The
amino acid sequence of glutathione synthetase of
Escherichia coli B was deduced from DNA sequence
analysis of the gsh | gene. The enzyme is a
tetramer of four identical subunits composed of
316 amino acid residues. To elucidate the

structure-function relationship of the
glutathione synthetase, the crystal structure of
the enzyme has been analyzed by X-ray
diffraction method.

The crystals were obtained by microdialysis
method, using ammonium sulfate as a
precipitant''. They belong to a space group of
P6j22 with cell dimensions of a=88.0, c=164.2A.
There is one subunit per asymmetric unit. The
crystal structure was determined at 2.7 a
resolution using a four-circle diffracto-meter
set on a conventional X-ray generator. A
multiple isomorphous replacement method using
EMTS, K2Pt(CN)+ and K5,Pt(N02)4 derivatives was
applied to the phase calculation. In this study,
about 15~20 crystals were needed for data
collection of each data set, because native and
derivative crystals were very sensitive to X-ray
irradiation. In order to analyze the catalytic
mechanizm of the enzyme in detail, it is
essential to determine the structures of the

native enzyme and its complex with substrate,
product, substrate-analogue or co-factor, at
higher resolution. However, it is difficult to
collect data above 2.7a resolution on the
conventional machine because of the large cell
dimensions and the X-ray sensitivity of the
crystals. Thus, we tried to collect higer
resolution data of these crystals by using the
synchrotron radiation facillities of Photon
Factory, Tsukuba, Japan.

EXPERIMENTAL AND RESULTS

Complex crystals of glutathione synthetase
with ATP, GSH, or both ATP and 7-Glu-Abu (a
substrate) were prepared by soaking method using
50mM potassium phosphate buffer (pH6.0)
containing 40% saturated ammonium sulfate, 5mM
magnesium chloride and the corresponding
reagent. With the enzyme-ATP complex, an crystal
was soaked in the buffer containing lOmM ATP.
In the cases of GSH and ATP+7-Glu-Abu,
crystals were soaked in a lOmM GSH solution and
a mixture of 5mM ATP and 5mM 7-Glu-Abu,

respectively. Diffraction data of the native and
the complexes were collected using a large
Weissenberg camera with a camera-film distance
of 430mra located on BL-bAj^'. The temperature
was controlled at ICC during the data
collections. The wavelength of 1.04A was used
to decrease the X-ray damage. The crystals
sealed in glass capillaries were mounted with
the a- or c-axis parallel to the spindle axis of
the Wissenberg camera. For the c-axis setting,
the oscillation angle of 3.0(deg.} were
selected, and for a-axis setting, the
oscillation angle of 4.7(deg.) was used.
Diffraction patterns were recorded on Fuji Film
Imaging-plates (20 X 40 cm), and digitallized on
a Fuji Film BA100. This system allowed us to
collect the whole data sets of each crystal
using only one crystal. Data collection was
sammarized in tabie-1 and table-2. No

diffraction change of the crystal was detected
even after the measurement. This system is very
useful for data collection of a crystal which
has large cell constants and is sensitive to X-
ray irradiation. The data are now under
evaluation.

Table-1 Preparation of complex crystals
and rotation axes

crystal

Native I
Native H
ATP

ATP& 7 -Glu-Abu

GSH

soaking
condition

lOmM, 4days
5mH,5iaM, 3days

5mM, 5days

rotation

Table-2 Experimental conditions of data
_ _ c^llect^on

Rotation axis a c
Oscillation angle (de^g.) k.J^ ^
Film moving (mm) 4.7 "L
Coupling const, (deg./min) KO T
Rotation speed (deg/sec) ^0 "L
Number of oscillation 5 5_
Exposure time _(s^.) 23.5 15,
Number of films 22--'24 12
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INTRODUCTION

L-Lactate dehydrogenases (LDHs; EC U.I.27)
from some bacteria are allosteric enzymes
activated by fructose 1,6-bisphosphate {FBP), but
the enzymes from vertebrates have no dependence on
the effector. To elucidate the activation

mechanism of LDH, we newly purified an LDH from
Bifidobacterium longnm. Bifidobacterium is
mesophilic and anaerobic, forms the predominant
flora in human intestines, and is classified as an

actinomycetes. We have already characterized the
enzyme, and have cloned, sequenced, and expressed
its gene^*®. Recently we successfully crystallized
the enzyme from a polyethylene glycol 6000 {PEG
6000) solution*. The crystals were grown in the
presence of NADH {type II), both NADH and oxamate
{type III), and NADH, oxamate, and FBP (type IV).
AH three crystal forms belong to the orthorhombic
system, space group P 2i2i2. The cell dimensions of
the type HI crystals were a "106.4 A, b =131.4 A,
c "63.8 A. Here, we report on preliminary structure
study of the type III crystals of the enzyme.

EXPERIMENTAL

Crystallization was achieved by vapor diffusion
using hanging drop technique. Enzyme solution
contained 8.2 mg/ml protein, 5 mM Tris-HCI buffer
(pH 7), and 150 mM NaCl. The reservoir solution
contained 10 % (v/v) polyethylene glycoI 6000, 50
mM 2-{N-morphoIino)ethanesulfonic acid {MES)-NaOH
buffer {pH 6.5), 2.5 mM NADH and 2.5 mM sodium
oxamate {analogue of pyruvate). Drops were made
from 8 (11 enzyme solution and 8 1 reservoir
solution. Crystals grew to about 1.0 mm in
maximum length in drops within a week. Two heavy
atom derivatives have been prepared by soaking
crystals in each solution containing p-chloromercuri-
benzenesulfonate (PCMBS), and PtCU*", respectively.
All diffraction data were collected using a
Weissenberg camera (BL6A2) with Imaging Plates and
BAIOO scanner system {Fuji Film Co.,). We could
collect all independent data for one axis mounting
using only one crystal within 30 min exposure.
The intensity data of native and derivative
crystals were collected with the rotation of the
crystal along a and c axes. The evaluation of the
intensity data is summarized in Table I.

Table L Evaluation of Intensity Data

Resolution wsve No. of No. of R
# JQ0 r ^ 6

(A) length Independent snonslous (%)

Nktlve 1. 8

PCHBS 1. 8

PtCl.^' 1.8

64,557

56,972

58,261

RESULTS AND DISCUSSION

The heavy atom positions were determined from
difference Patterson map and cross Fourier's
technique. Heavy atom parameters were refined
with centric reflections. Phases for protein
structure factors were calculated up to 2.5A
resolution by the multiple isomorphous replacement
method, utilizing anomalous difference data, and
the over all figure-of-merit was 0.57 with 29,381
independent reflections.

Figure 1 shows two sets of composite electron
density map. Tetrameric structure of the enzyme
related by non-crystallographic dihedral axis are
easily recognized. The dimensions of one subunit
are about 40A X 40A X 45A. This agrees with
structure of other LDHs*. There is a large
cavity in the center of the tetramer. A Part of
this cavity {probably near the contact region of
dimers in the figure) is the anion binding site in
the vertebrate enzyme structure and the site is
thought to be an activator binding site of
bacterial enzyme®. The tracing of the
polypeptide chain is in progress.

We are greatly indebted to Dr. K. Sakabe, Dr.
A. Nakagawa, and Dr. N. Watanabe for their kind
help and suggestion in the data collection and
processing.
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Fig. 1 Composite Fourier Map of 2.5A resolution
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The reported concentration of
proteins in the Cytoplasm and organelles
of the ceil are very close to that
in protein crystals. This suggests that
proteins in the cell are present as
multi-protein complexes.
If consecutive enzymes in a metabolic
pathway were to be organized as a
complex, it could result in channeling
of substrates to the active sites of
respective enzymes, thereby avoiding the
unwanted diffusion of metabolites. Indeed

some such multi-enzyme complexes have
been discovered experimentally {1,2). The
structure of such multienzyme complexes
are of utmost importance to understood
the phenomenon of substrate channeling.
We have observed that RuBP Caroxylase
(RuBlSCO), a key enzyme in photosynthetic
carbonreduetioneyc1e-copurifies with two
other enzymes Viz. Phosphoribu1okinase
and phosphriboisomerase of the same
metabolic cycle. We have partly
characterized, by biochemical methods,
this multienzyme complex isolated from
spinach leaves. We have grown single
crystals of this complex suitable for x-
ray diffraction study.

EXPERIMENTAL

Crystals of the multienzyme complex were
characterized using the synchrotron X-
radiation (1. 0 4A wavelength) in the Photon
Factory, KEK, with Sakabe's Weissenberg
camera(430mm radius). A series of image

plates were collected for the c-axis
mounting with an oscillation range of
7. 6deg, and for the a-axis mounting with
an oscillation range of 3.45 deg and
4. 6deg. The image plates were digitized
on a Fiji BAIOO microdensitometer and
processed further with the WEIS program
package on the FACOM 360 computer. From
the patterns of optical density printed
by the computer it was easy to determine
the unit cell dimensions which are:a

173, b= 134, c-112 A, = =• =90, and space
group as P2 2 2. The crystal diffract to
about 2.5A resolution and the R merge for
the two data sets is 9. 3%. Further work
with the analysis of this data is in
progress.
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Introduction

The Carbonic anhydrases are enzymes which
catalyze the fast interconversion of CO^
to bicarbonate and proton, with turn over
rates reaching 10^ molecules of CO^ per
enzyme molecule per sec(l).
There has been a lot of interest in the

mechanism of this enzyme and especially
the fast proton transfer rates achieved
during catalysis. Carbonic anhydrases
are inhibited by monovalent anions and
also by unsubstituted aromatic and
heterocyclic sulfonamides which are
prevelently used as drugs for treatment
of glaucoma and gastric ulcers. The
structure of Human Carbonic anhydrases I
(HCAI) (2), HCAII (3),Buffa Io carbonic
anhydrase 11(4), and Bovine carbonic
anhydrase III (5) are known to better
than 2.1k resolution. The present project
was undertaken to collect X-ray diffrac
tion data to higher resolution than
reported, in order to elucidate the exact
nature of the solvent interactions with

the protein as well as to get improved
atomic structure of the enzymes. Here we
report the data collection on HCAI
Native and complexes of HCAI-acetazo1-

amide, HCAI-methazo1 amide, HCAI-HCOj ,
HCAI-imidazo1e, HCAI at pH6. 0 and buffalo
carbonic anhydrase to better than 2A
resolution. HCAI belongs to the
0rthorhombic, space group P2/ 2/2/ with
cell dimensions a = 81.8A, b = 75. 2A, C = 3 7. 4A

ot=^=r= 90* and buffalo carbonic anhydrase
belong to the space group P2/2/2 with o
cell dimensions a = 46. 2, b=103. 0, c = 60.
^ P = j- =90f

Expe r i men t a 1
Crystals of HCAI were soaked in the

respective inhibitors or at pH 6.0 in
2. 5M ammonium sulfate solution containing

0.4% protein. The crystals were mounted
in Lindemann glass capilarries and sealed
with mother liquor in the usual way.
Crystals HCAI grow naturally along the a
axis along which these crystal were
mounted first and data collected for a

axis rotation.

Crystals were also mounted along the b
axis as it was not possible to mount

along the shortest c axis and data were
collected for the b axis rotation. The

crystals had dimensions of 0. 4x0. 4x0. 6mm

Name of crystal Resolution of data R merge

col lection (A) (%)

Rema r k s

1 Human carbonic anhydrase I 1. 5
(HCAI) Native enzyme

2.HCAI-HCO Complex
by soaking 1.7

3. HCAI-Imidaz01e complex
by soaking 1.7

4. HCAI-pH6 crystals by
soaking 1.7

5. HCAI- acetaz01 amide

complex by soaking 1. 4

6. HCAI - acetazo1 amide

complex, 2nd set of 1. 5
crystals prepared by
direct crystallization

7. HCAI-methaz01 amide 1. 6

complex by soaking

8.Buffalo carbonic

anhydrase I I

a & b

axe s data

a & b

axes data

a & b

axes data

a & b

axes data

data only

a & b

axes data

a & b

axes data

a axis only



and generally diffracted to better than
1.7A resolution. The intensity data we r e
collected on Sakabe's Weissenberg camera
(6) with the 287mm cassette and 200x400mm
Fuji imaging plate. The data were
digitized on the Fuji BAIOO digitizer and
processed on a FACOM M360 Computer using
the programs PATTERN,CONVMT, WEIS, COMBINE
and SCALE(7) and electron density maps
were calculated with the Munich Protein

Package and viewed on a PS300 Evans and

Sutherland graphics System with the
FRODO program.

Results

The table below gives the result
of the data collection and reduction for

the different Carbonic Anhydrase crystals.
The R (merge) value calculated with the
SCALE program are in the range of 5. 5% to
8. 1% for the different crystals. The R
(merge) was calculated on the basis of
all the data collected to 1.3A resolution,
as the SCALE program does not have a
resolution cut off criterion. The R(merge)
is very high for the large number of
reflections at very high resolution
resulting in a higher value of the
reported R(merge) values. These are
however of the order of 4-6% for the data

below 2. 5A resolution. Many of the
crystals diffract to at least 1.7A
resolution with the observed values of

Intensity being more than 2 sigma level.
The native HCAI, HCA1-Acetazo1 amide
complex and HCAI methazo1 amide complex
diffracts to better than 1.5A resolution

as was evident from a comparison of the
intensity data with calculated sigma
values.

An electron density map calculated with
2020protein atoms of HCAI and the Fobs
of HCAI acetzolamide complex, clearly
showed electron density of the acetazol-
amide molecule in the active site of the
enzyme with very well resolved electron
densities assignable to different atoms
of the inhibitor molecule.

Further work with the refinement and

analysis of the structure is in progress.
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Introduction

Renin is the aspartyl proteinase that
specifically cleaves the decapeptide angiotensin I
from the N-terminus of the protein
angiotensinogen. Angiotensin I is further
cleaved by another enzyme to yield angiotensin
II, the octapeptide hormone that acts to increase
blood pressure. Because of its critical role in
the paAway to angiotensin II, renin is the target
of drug design efforts that aim to produce an
inhibitor of use in control of hypertension. The
work we describe here is part of our effort to
assist this drug design endeavor by application
of crystallographic methods of structure
determination. A significant advance in
knowledge of the active-site region was achieved
when the structure of the native renin enzyme
was reported recently^k In order to apply
structural knowledge in the design of renin
inhibitors, however, the structure of the native
enzyme is insufficient, and it is necessary to
determine the structures of one or more

complexes of renin with substrate analogs or
candidate inhibitors.

Human renin is a protein of about 40 kD.
Because it is produced in extremely small
amounts in human tissue, it has been impossible
to isolate in quantity. Accordingly, it has been
expressed by recombinant means in a variety of
cells in order to provide amounts of the protein
sufficient for biochemical and biological studies.
Native renin is glycosylated by post-translational
modifications that attach carbohydrate chains to
two asparagine sidechains. The protein we use
was produced by heterologous expression of the
gene^^ in Chinese hamster ovary (CHO) cells and
was purified by published procedures'^. We use
the protein in two different forms: a
glycosylated form in which attachment of
carbohydrate is under the control of the CHO
cell, and a deglycosylated form in which the
attached carbohydrate has been removed
enzymatically.

Over the past two years, we have worked to
prepare crystals of renin useful for structure
determination. We have succeeded in producing
large (0.7-1.0 mm) crystals of the glycosylated
form of renin and have collected several data

sets on these crystals in our laboratory on a
Siemens area-detector diffractometer with

CuKa X-rays provided by a fine-focus (0.5
mm) sealed tube operated at 1.6 KW. In no
case, however, have we succeeded in collecting
data at room temperature that extended beyond
4 A resolution. These crystals are tetragonal,
space group 14^ with a =b = 160 A, c = 80 A.
Assuming two molecules per asymmetric unit,
the Matthews'̂ ^ volume (Vm) is greater than 3
A'/dalton, suggesting a higher than average ratio
of solvent to protein in these crystals. The
primary goal of our experiments at the Photon
Factory was to extend our data from these
crystals to beyond 3 A resolution by taking
advantage of the increased X-ray beam
brilliance provided by this facility over that
available from conventional sources, that is, to
compensate for poor scattering with a brighter
beam.

We have also succeeded in producing crystals
of enzymatically deglycosylated renin. While
we have obtained a variety of seemingly
different crystal forms from our samples of this
protein, in no case have we been able to grow
crystals of sufficient size to characterize by
diffraction experiments in our laboratory. A
secondary goal of our Photon Factory
experiments was to take advantage of the
increased X-ray beam brilliance provided by
this facility to determine if any of these
deglycosylated renin crystals could provide
suitable data, that is, to compensate for small
size with a brighter beam.



Preliminary Results

During the 48 hours of beamtime scheduled
for our use, we examined 16 crystals and
collected six data sets. All data were collected
on the Weissenberg protein data collection
system^' with the help of Dr. N. Sakabe and
staff.

We examined five crystals of glycosylated
renin and collected full data sets on two of them.
One of these data sets proved to be by far the
better, and we will concentrate our furdier work
on it. While data reduction has not been
completed as yet, it is clear that the resolution of
this data set will be at least 3.0 A. Lattice
constants for this data set are a = b = 159, c =
80 A.

We also collected three data sets on smaU
deglycosylated renin crystals. Data processing
remains incomplete at this writing, but a
resolution of at least 2.5 A is observed for each
of the three. Lattice constants and diffraction
patterns suggest that all three data sets were
produced by a single crystal form with a
tetragonal, I-centered cell, and lattice constants
of a = b = 133, c = 42 A. Although conclusive
proof is not presently available, we suggest that
this may be the same as the crystal form of the
previously reported structure determination^^

Finally, we collected a partial data set (about
75% of the data to 2.5 A resolution) on a crystd
of deglycosylated renin that had been grown in
the presence of micromolar concentrations of an
Upjohn renin inhibitor, U79465e (Fig. 1). The
IC50 for U79465e is in the nanomolar range and
it is highly likely that, in this crystal, the
majority of renin molecules are complexed by
the inhibitor. Lattice constants are a = b = 129,
c = 41 A. After we returned to our laboratory,
we collected area-detector data by rotation
perpendicular to the unique axis and thereby
sampled the region missed at the Photon
Factory, albeit at a much reduced resolution.
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From these data, the space group is determined
as 14. We suggest this crystal form may also be
isomorphous to that used for the recent structure
determination^^, but with one important
difference: this is likely the crystal of an
enzyme-inhibitor complex.

Efforts to prepare heavy-atom derivatives
are underway, as are renewed efforts to apply
molecular-replacement techniques. It is likely
that when crystals of heavy-atom derivatives or
other renin-inhibitor complexes have been
prepared, we will retum to the Photon Factory
for further data collection efforts.
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INTRODUCTION

K-carrageenan, a sulfated galactan extracted from
red seaweeds, is composed of a disaccharide repeat unit
of alternating 1,3-linked ,5-D-galactopyranose and 1,4-
linked a-D-galactopyranose, where most of the former
residues are sulfated on the position 4. Carrageenans
form thermoreversible gels by lowering temperature, in
creasing solute concentration and/or adding salt, and are
widely applied in the food industry. Two types of gel
are available for K-carrageenan as conventionally termed
as the "strong gel" (monovalent cation induced) and the
"weak gel" {bivalent cation induced) from its appearance,
and various models are proposed for the gelation mech
anism. The present study aims the structural character
ization of /c-carrageenan chains in the sol and gel states
by means of small-angle X-ray scattering (SAXS).

RESULTS and DISCUSSION

Figure 1 displays the results of small-angle X-ray
scattering (SAXS) from K-carrageenan aqueous solutions.
SAXS measurements were performed from these solu
tions at 5^0 (in the gel state) and 60°C (in the sol state)
with a SAXES focusing optics installed at the BLIOC of
the Photon Factory, Tsukuba, Japan. No salt was added
in those solutions, which were neutrallized with KOH
and Ca(0H)2, respectively, yielding the strong (mono
valent cation /c-cairageenate) and weak (bivalent cation
K-carrageenate) gels from the appearance. The marked
difference will be noticed immediately in respective scat
tering envelopes for the sol and gel states of each so
lution with a pronounced correlation maximum around
g = 0.05A~^ in the strong gel. When salt is added to
those solutions and/or the solute concnetration is ih-
cresed, the apparent maximum observed in the scatter
ing envelop of the strong gel becomes less pronounced,
suggesting the observed correlation maximum is caused
by the electrostatic interaction which is screened by in
creasing the ionic strength. No such an interaction seems
present in the aqueous solutions of bivalent cation k-
caxrageenates. A pronoimced maximum/minimum char
acterizes the distance distribution function of monovalent

cation /c-caixageenate aqueous solutions obtained by the
Fourier-transformation of scattering intensities, whereas
the distance distribution function of bivalent cation re-

car rageenates exhibits a single broad maximum at ca.
130i4 with a long tail typical of a chain moleciole. The
former distance distribution function may be composed
of (i) a sharp distribution fxmction with a maximum at
around 20A and the subsequent correlation hole charac
teristic of strong repulsive interactions, and (ii) a broad

Intensity

gel(Ca)

10000- soKCa) V

\4 / n

FIg.l SAXS from k-carrageenan aqueous solution in sol and gel.

distribution function with a single peak observed for bi
valent cation re-carrageenates. The largest dimension
of the interaction unit (i.e., the crosslinking domain) is
evaluated from the position of the correlation hole ob
servedfor monovalent cation re-carrageenates as^approx
imately 75 —80A in the gel state and 30 —50A in the
sol state. The Guinier-plot for cross-section yielded the
cross-sectional radii of gyration for monovalent and bi
valent cation re-carrageenates as 6.8A and 7.2A, respec
tively, in sol, and as 8.9A and 8.8A, respectively, in gel.
The estimated values in the sol state of potassium or
calcium re-carrageenates are close to the expected value
for re-carrageenan double-helix. The cross-sectional ra
dius of gyration increases to approximately 9A in the gel
state, which acounts for the cross-section of a triangu
lar array ofdouble-helices, re-carrageenan double-helical
conformation is composed of three disacchande residues
per turn with a repeating distance of 24.6A and a di
ameter of 13A (which is equivalent to 5.3A in terms of
the cross-sectional radius of gyration). Thus, potassium
re-carrageenates are partly double-helixed in one or two
turns in the sol state to compose stiff dimerized chains,
and the double-helix region grows to approximately three
turns to aggregate 3-4 regions together with thesol-to-gel
transition. The double-helix domain is approximated by
a cylinder of30—50A inlength and \ZA indiameter inthe
sol state, andbythat of75 —80A inlength and25A indi
ameter in the gel state. Thedomain structure is probably
same for monovalent and bivalent cation re-carrageenates.
The electrostatic interaction between double-helix do
mains produces the strong gel in appearance, probably
due to the elastic repulsion between crosslinks.
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INTRODUCTION

In our previous report, structure change of

amylose was found to be induced by complexa-

tion with iodine.^ Further investigation on
the amylose of low molecular weight revealed

that the structure change was concluded to be

caused by association of the amylose which is

induced by the comp1exation. The structure

of the complex was expected to be somehow a

similar one which is known in the case of the

crystal of iodine complex of cyclodextrin.3

EXPERIMENTAL

Amylose whose molecular weight is 2900 was

guaranteed grade, and was purchased from

Nakarai Chemicals Ltd. Other reagents were

guaranteed grade purchased from Wako Chemical

Industries Ltd.

Small-angle X-ray scattering experiments

were carried out with small-angle scattering

equipment SAXES installed at BLIGC line in the

Photon Factory of KEK. The wavelength used

was 1.49 A, and the sample-detector distance

was 65 cm. Sample solutions were put into

sample cells of 1 mm path-length. The time

of exposure of samples to the X-ray beam was

900 sec.

RESULTS AND DlSaSSlON

In Figure 1 are shown the log(Int) vs.

log Q plots of the particles of the amylose or

its iodine complexes. From the comparison of

the scattering curves, the shape of the par

ticle was found to change from spherical to

cylindrical form with the increase of iodine

concentration, and moreover, further increase

of iodine lead the shape to spherical form

aga in.

From Guinier plots, the Guinier radius

was estimated, and was found to change from

23.9 A to the maximum value of 58.9 A, and

then decreased to 24.8 A with further addition

of iodine.(Table 1)

These result shows that the amylose was

induced to form an associated cylindrical

structure, and further addition of iodine

caused the structure break down into a short

spherical structure.

As is known, cyclodextrin-iodine com

plexes can form crystals in which the

cyclodextrins are stacked uni-

dimension a 11 y.21 3 The associated long
cylindrical structure which we showed in this

report can also be expected to be a similar

one to that of cyclodextrin-iodine complex.

In the case of amylose complex, however, the

complex cannot hold its cy 1 indrica11y as

sociated form under the presence of excess

iodine, and changes into a small spheric,

probably a monomeric, structure again with

further addition of iodine.
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Fig.1 log(Int) versus log Q plots of amylose
(- ' •) and amylose-iodine-iodide complex (- -

-). Molecular weight of amylose was 2900.
lamy 1osel =0. 2 unit-mol/1, [l2] = (a)0, (b)0.02,
(c)0.06. and (d)0. 10 raol/1, [l2]/[KI]=l/10,
measured at 15*C.

Table 1 Effect of Iodine Concentration on

Gu inier Rad ius(Rg)

[I2](mol/l)xi03
0, 00 2.00 6.00 10. 0

Rg(A) 23.9 57. 2 58. 9 24. 8

[amylosel=0. 2 unit-mol/I, at 15*0,

[I2]/[KI]=1/10
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Introduction

It Is well known that

poly-N®-(2~hydroxyehtyl)L-glutanlne, PHEG,
in solution changes Its conformation with
temperature and/or with the composition of
two solvents.' This conformatlonal change is
unique in that its Zlmm-Rragg parameter is
significantly large compared with other
polymers. The purpose of the present
Investlagtlon is to clarify the detail In
the conformatlonal change by studying the
scattering function obtained by small angle
X-ray scattering, SAXS.^

Experimental

PHEG was dissolved In water and a

mixture of water and Isopropanol (40 wt7.
Isopropanol). The measurements of SAXS were
carried out at various temperatures ranging
from 25 to 50 "C, where the polymer chain
may take different conformations.

The SAXS was carried out using a
synchrotron radiation as an X-ray source,
set up in the Photon Factory of the National
Lab. for High Energy Phya. at Tsukuba.

Results and Discussion

The observed scattering behaviors of
PHEG are the one as seen In ordinary nonionic
polymers' a maximum of the scattering curves
(I U.S. h) In a low angle region was not
observed under all present experimental
conditions. Therefore, the conformatlonal
analyses can be applied to the scattering
curves over a wide scattering vector range
above ca. 0.02 X"' In h.

For PHEG in water, the radius of
gyration of a cross-section of a polymer
chain, Rf, was almost kept constant, when
the temperature was changed, whereas, for
PHEG in a mixture of water and isopropanol,
Re Increased with the helical content of the
polymer chain.

After the observed scattering
Intensities were corrected for Re, they were
represented in the form of the Kratky plot,
1-h^ U.S. h, as shown in Fig.l. It is
observed that the scattering curves are
remarkably affected by the solvent and/or
the temperature, reflecting the change of
the conformation. The detailed

conformatlonal analyses are under progress.

References
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Fig.l
The dependence of the Kratky plot of PHEG
in solution upon the solvent and the
temperature' square, water at ambient
temperature} circle, triangle and cross,
a mixture of water and Isopropanol at
increased temperatures.
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Introduction

Bovine pancreatic ribonuclease A(RNAse
A) is one of the important proteins for
studies of reversible folding-unfolding
processes. However, the shape or global
structure at the denatured state is
still not clear. Therefore, we examined
structural differences of RNAse A

between native and denatured states by
small-angle X-ray scattering method.

Results and Discussion

Sample solutions of 0.85% ~ 4.9% RNAse
A were prepared using 0.01 M HCl and 0.1
M KCl buffer(pH 2.10). Small-angle X-
ray scattering measurements were carried
out from 10 "C to 50 "C at BL-IOC. The
scattering curve from oxidized RNAse A

2^ r (a)

0-6 1-2 1-8 2.4 3-0

(10"^ A"^)

0 0.S 1-6 2-4 3-2 4-0

(10'̂ A"^)

Fig.l. Guinier plot from scattering
curves of intact RNAse A(a) at 10 °C, 30
°C and 50 °C, and oxidized RNAse A(b) at
10 "C.

showed drastic conformational change and
somewhat aggregation even at low

temperature, but the scattering curves
from intact RNAse A did not change from
10 °C to 50 °C as shown in Fig.l (a) and
(b). Radius of gyration(Rg) of intact
RNAse A from Guinier plot was almost
constant (Fig.2(a)). The corresponding
UV and CD spectral changes in the same
buffer from 10 °C to 60 °C are shown in
Fig.2(b). The apparent transition
temperature is about 35 °C. Results of

Fig.l and 2 suggest that RNAse A with
intact S-S bridges is rather compact,
not expanded nor swollen at the

thermally denatured state. Informations
from small-angle X-ray scattering are
mainly from protein body itself without
hydration sphere, because the scattering
data reflect the difference of electron
densities between solute and solvent.
Comparing present study with previous
results, a compact denatured structure
with increased hydration sphere is
deduced as a model of thermally
denatured intact RNAse A.

0 10 20 » 40 50 60

Temperalure CO

0 10 20 30 40 50 60

CO

Fig.2. Temperature dependence of Rg and
relative change of UV and CD spectra.
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INTRODUCTION

Small-angle X-ray scattering is a technique
for studying structural features of a particles
in solution. In higher scattering angles, the
scattering intensities are much weaker, by more
than two orders, as compared with those in
small-angles. In these regions (moderate-angle)^
however, some biological molecules with
quaternary structure provide characteristic
scattering profile, that has been proved to be
related to the arrangement of submits in the
particle (1).

This report discribes a simple analysis of
the moderate-angle scattering profiles from Hb
as an example of oligomeric protein, and from Mb
as submit respectively.

THEORETICAL BACKGROUND

The electron density p(r) of a particle can be
written as

p(r)=p^{r)*^^5(r -r^)
where * denotes convolution operation, p (r) is
electron density of a subunit and r. the®position
of the i-th submit. ^

The scattering intensity from the particle is

I(S)={f {S)}^y J sin(27rS|r.-r. |)/(2rSlr,-r. |)
s '13' 'id'

This expression is valid when submits are taken
as spherically symmetric. The first term in I(S)
is the form factor of submit and the second the

interference fmction which is related to

arrangement of submits in particle_^ By some way,
if we could extract the values of |rj_-rj| ,we may
be able to reconstruct the arrangement of
submits in particle (2) .

EXPERIMENTS AND RESULTS

The X-ray scattering profiles from human Hb,and
from sperm whale Mb were measured by the SAXES on
BL-IOC. The contrast variation experiments were
carried out to separate the total scattering
profile into components, "form" Ij (S) and
"internal" I (S).

s

The scattering profiles from Hb and Mb with
several sucrose concentrations are shown in Fig.l

cind separated profiles I (S) and I (S) in Fig. 2.
f s

The outer peaks at S=0.08 and 0.10 of scattering
profile from Hb are derived from its "internal"
structuer, while the inner peaks are concerned
with "form" term.
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Introduction

Histone HI, which plays a crucial role in
chromatin condensation, is known as a very lysine
-rich protein among the basic proteins found in
most eukaryote chromatin. The sequence studies
of HI have shown that in free solution the mole

cule has three domains: an unstructured N-terminal

domain (^AO residues, calf thymus '), a folded
central domain ('vSO residues) and a long unstruc
tured C-terminal domain ('v95 residues) . We have
performed a SAXS study on structure of histone
HI (linker histone) in solution. This report
describes the X-ray scattering patterns from HI
solutions at various ionic strengths.

Experimental

Histone HI was prepared from rat thymus
nuclei according to the method of Oliver et al. '
Protein was dissolved in 1 mM Tris-HCl, pH7.5,
with 0-400 mM NaCl (or MgCl2)• The SAXS experi
ments for solutions of HI were carried out on a

double-focusing X-ray camera for solution •'
installed at BL-IOC, using 1.48 A wavelength. A
typical exposure time was 1800 sec at ring
current of 280-160 mA and sample-to-detector
distance was 75 and 200 cm.

Results and Discussion

Figure 1 shows the curves of scattered
Intensities, I(S), in a plot of Inl(S) vs. S ,
from HI solutions (5.6 mg/ml) at different con
centrations of NaCl. The salt concentration

dependence of the scattering curve was observed.
As the NaCl concentration increases up to 100 mM,
the scattered intensity I(S) is lowered uniformly
for all scattering angle observed experimentally
(0.2 X S <: 6 X10"2 i-1) , Above 100 mM
NaCl, however, the change in I(S) is reversed
and at 400 mM NaCl the intensity is raised over
the level of I(S) at 0 mM NaCl with the exception
of a slight recovery of I(S) in the small angle
region. In the case of MgCl2» the behavior of
the scattering curve as a function of salt con
centration is similar to that in the case of NaCl.

In all curves of Fig.l, the I(S) increases
steeply as S approaches zero. The tangents to
the curves of the most inner parts give more than
70 A as an apparent radius of gyration, Rg, and
the zero-angle intensities, 1(0), obtained by
their extrapolations show molecular weights
corresponding to about 4 HI molecules, indicating
the occurence of molecular aggregates in the
solutions used here. The ratio of Rg to 1(0)
for each curve differs largely from that of
globular particle. On the other hand, in the
higher angle region the scattering curve exhibits

a long tailing and does not drop readily to zero
up to the observable upper limit (S= S^IO'^A"^).
These features of the curves observed in both

small and higher angle regions suggest that
aggregates of HI and/or HI molecule itself have
elongated forms in solution.
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Fig.l. Logarithmic plots of scattered intensity
I(S) against S^, where S=2sin0/A, for the
solutions of HI at various concentrations

of NaCl. I(S) was normalized with respect
to the exposure time and the intensity of
the primary beam. The sample-to-detector
distance was 75 cm.
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INTRODUCTION

Bacteriorhodopsin (bR) is the sole membrane
protein in the purple membrane (PM) of H.
halobium and functions as a light-driven proton
pump. The M-intermediate in the photoreaction
cycle is considered to be the most important for
the function. To elucidate the structural change
in the intermediate with X-ray diffraction
technique, the lifetime of the intermediate
should be prolonged. As previously reported, we
have already found the condition for the
prolongation at room temperature without
destruction of two-dimensional crystal
structure of PM1),2). The condition was further
improved and we could record the diffraction
profile from M-intermediate with better S/N ratio
and analyze the structural change in M-
intermediate.

EXPERIMENTAL

PM was isolated from R1M1 strain of H.

halobium. PM solution was dialyzed against Arg-
HCl (ca. lOmM) solution (pH 10) and dried on the
sheet of myler. After the treatment, M-
intermediate can be completely accumulated under
the irradiation of intense yellow light.

X-ray diffraction experiment was performed
with MUSCLE diffractometer at BL-15A. The X-ray
wavelength, the camera length and the receiving
slit width in front of the PSPC were 1.5 A, 64.7
mm and 4.nim, respectively. Sample was exposed to
X-ray for 300 sec. The diffraction profiles from
trans state and M-intermediate were recorded with
each other. Samples were irradiated with intense
yellow light (> 530 nm) for the formation of M-
intermediate and purple (4-10 nm) light for the
trans state.

500 L_
0.02

t = 2s in0/X) (A ' )

Fig. 1 X-ray diffraction profiles from PM in
trans state (solid line) and M-intermediate
(doted line).

RESULTS

The X-ray diffraction profiles from the
trans state and the M-intermediate are shown in

Fig. 1. Small but significant differences can be
seen between the profiles. The lattice constants
of PM in trans state and M-intermediate were

found to be 62.7 A and 62.8 A, respectively.
This change in lattice constant indicated that
the chromophore-chromophore interaction between
adjacent trimer was weakened in the M-
intermediate. The integrated intensities for
each Bragg reflections were obtained through
several corrections and calculation. According
to the results of the electron diffraction

experiment3), the structure factors were obtained
from the intensity. The difference electron
density map [m-trans] were calculated with these
structure factors and phases3) (Fig. 2). We
found small but significant structural change in
two helices; B and G. The helix G contains some
amino acid residues having significant
contribution for proton-pumping4.) • These changes
indicated that the helices B and G tilted to the

inside of the trimer during the formation of M-
intermediate.

Furthermore, the time-resolved measurement
was performed diiring the conversion of M-
intermediate to trans state. There was no

disorder during the conversion.

Fig. 2 Difference electron density map. The
region where the electron densities increase
in M-intermediate is designated with thick line,
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INTRODUCTION

It is known that the intensities of most of the actin

layer-lines down to the axial spacing of 2.0 nm increase

during contraction of frog skeletal muscle (Amemiya et
al., 1987). However, the intensity of the first actin layer-
line at the axial spacing of 36.0 nm, which arises from the

double helix of the thin filament, has not been measured.

This layer-line is overlapped by the first myosin layer-line

at the axial spacing of 43.0 nm and therefore its intensity

can not be measured directly. In this study, we measured

the intensity profile of the first myosin layer-line to

separated the contribution from the first actin layer-line

to it.

EXPERIMENTAL

Sartorius muscles from Japanese fiogs ( Rana

nigromacrata ) were used. They were electrically stimu
lated at 6 "C. Experiments were done at the station

BL15A of Photon Factory, Tsukuba, using the X-ray

camera and the detector described in Amemiya et al.

(1983). DiSraction patterns were recorded on Fuji imag
ing plates and scanned as described in Amemiya et al.

(1987). The specimen-to-plate distance of 230 cm was

used to obtain the mjiximal resolution. The data were

analyzed on the ACOS-2020 computer and the image

analysis system (RSIPS-DT) at Tohoku Univeristy Com
puter Center.

RESULTS

(i) Inner region (0.026-0.076 nm'̂ )
The spacing of the first myosin layer-line in a resting
muscle was 43.0 nm, which is as expected for the first
myosin layer-line. The axial cross-section of the layer-line
showed a Gaussian-like intensity distribution. When fit
ted by two Gaussian functions centered at 43.0 nm and

36.0 nm, contribution from the latter fxmction was very
small (about 2%). When the muscle contracts, the first
myosin layer-line decreased in intensity to about 30% of
that in the resting state. Its cross section had a asym
metrical profile with a longer tail in the higher angle side.

The center of gravity of this profile was found to be 40.1

nm. When fitted by the two Gaussian functions, contribu

tion from that centered at 43.0 nm was 70%, while that

at 36.0 nm was 30%. When the intensity of each com

ponent was compared, that of the 43.0-nm layer-line was

30% of the resting value, while that of the 36.0-nm layer-
line was about 5 times as large as in the resting state.

(2) Outer region (0.082-0.142 nm"^)
The cross-sectional profile of the first myosin layer-line

has a broader profile in the outer part than in the inner

part due to the disorientation of the filaments in the

specimen. When the profile in the resting state was fitted

by the two Gaussians functions centered at 36.0 Tim and

43.0 nm, 33 % of the intensity was due to that at 36.0

nm. During contraction, the contribution ratio was not

significantly changed and hence the peak position moved

only slightly. Both the intensities of the 36.0- and 43.0-

nm layer-lines decreased during contraction.

DISCUSSION

The very clear contrast between the behaviour of

the inner and the outer regions of the first myosin layer-

line is interpreted as due to different behaviour in the
intensity of the first actin layer-line. The structural
change in the thin filament due to the Ca-regulation
decreases the intensity of this layer-line at around 0.10

am'^ (Yagi & Matsubara, 1989). This decrease is Iwge
enough to mask the intensity increase caused by binding
of myosin heads to the thin filament. In the inner region,
the structural change in the thin filament does not affect

the intensity so that the intensity increase due to binding

of myosin heads dominates the intensity change of the

first actin layer-line.
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INTRODUCTION

BDM (2,3-butanedione-2-monoxime) suppresses con
traction of skeletal muscle by inhibiting the actin-myosin
ATPase reaction (Horiuti et al., 1988; Higuchi & Tak-
emori, 1989). The previous study on the equatorial
reflections (Takemori et al., 1989) suggested that BDM
may inhibit tension generation of myosin heads bound to
actin. In the present study, this point was further studied
by investigating the intensity changes of the myosin and
actin layer-lines during contraction in the presence of
BDM.

EXPERIMENTAL

Sartorius muscles of Japanese frogs ( Rana nigroma-

crata ) were used as specimens. They were tetanicaUy
stimulated at 6 D either in the presence or absence of

3mM BDM. In the presence of 3mM BDM, the muscles
developed tension about 40% of that in the absence of
BDM. Experiments were done at the beam line 15A of
Photon Factory using the X-ray camera and the detector
described in Amemiya et al. (1983) and the axial diffrac
tion patterns were recorded on Fuji imaging-plates. They
were read by the scanner described in Amemiya et al.
(1987). The data were analyzed on the ACOS-2020 com
puter and the image analysis system (RSIPS-DT) at
Tohoku University Computer Center.

RESULTS

The intensities of myosin and actin layer-lines dur

ing contraction was measured in the resting and contract

ing states in the presence or absence (control) of 3mM

BDM. The intensities during contraction divided by that

in a resting state are :

Control 3mM BDM

Myosin 1st layer-line 0.29 0.38

Myosin 2nd meridional 0.15 0.31

Myosin 3rd meridional 1.27 0.91

Actin 5.9-nm layer-line 1.21 1.05

Actin 5.1-nm layer-line 1.78 1.36

DISCUSSION

As has been known (Amemiya et al., 1987), the
myosin layer-lines decrease in intensity while the actin
layer-lines increases in intensity during contraction. The
effects of BDM on the intensity changes of the myosin

layer-lines are small considering the fact that the tension
is less than half of that in normal contraction. This indi

cates that there are some myosin heads which are not

forming the helix around the thick filament, but not con

tributing the tension production, either. On the other
hand, the effects of BDM on the actin layer-lines are

roughly proportional to those on the tension development.

These results suggest that, even if there are myosin heads
which are bound to actin but not producing tension, they

are not contributing to the intensities of the actin layer-

lines. Probably their attachment to actin is different

from that during normal contraction.
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INTRODUCTION

Bacteriorhodopsin (bR) of Halobacteria is
one of membrane proteins and acts as a light-
driven proton pump, BR forms trimer and the
trimer arranged in a two-dimensional hexagonal
lattice forming purple membrane (PM). BR
contains seven trans-membranous ct-helix.
Mitaku et al. proposed the hypothesis that
structure of the membrane proteins is
maintained by hydrogen bonds , In order to
elucidate this hypothesis, we performed X-ray
diffraction experiments of purple membrane in
alcohol-water solution with various
concentrations.

EXPERIMENTAL

Purple membrane was isolated from
Halobacterium halobium. PM was suspended in
methanol or ethanol-water solution with various
concentration.

X-ray diffraction experiment was performed
with MUSCLE diffractometer at BL-15A.

RESULTS AND DISCUSSION

Figure 1 shows the x-ray diffraction
patterns from the PM in ethanol-water solution.

Stbanol
Concentration i H >

S ( = 23in0/l) (A"' )

Fig. 1. X-ray diffraction pattern of the PM
in ethanol-water solution.

Radial autocorrelation functions were
calculated from the patterns and analyzed.
With increase of the concentration of methanol
or ethanol, three steps of changes were
observed: In the region of low concentration
of alcohol, maximum absorbance decreases and
disorder is induced in the two-dimensional
lattice. In the region of middle
concentration, Bragg reflections disappeared,
that is two dimensional crystal structure is
destroyed but trimer structure is still
maintained.' In the region of higher
concentration trimer disappeared but the
correlation between helices still maintained.

Alcohol enters into the membrane and
destroys stepwise the PM structure, but not
intra-helical hydrogen bonds.

Fig. 2. Radial autocorrelation function with
20 A resolution calculated from X-ray
diffraction pattern from PM in ethanol-water
solution.

• • ElOH{M)

20\-n

• • MetOH(M)

Fig. 3. Concentration dependence of first
peak of radial autocorrelation function.
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Introduction

The phase behaviour of lipids depends
on the sort of head group. Aqueous dispersion
of glycolipids form the inverted hexagonal
(Hji) phase at high temperature , while phos-
phatidylcholine does not form the Hji phase.
The formation of the Hn phase in glycolipid
is due to the highly developed hydrogen bond
network.

The head group interaction may have also
influence on the lamellar structure at low

temperature. One of glycolipids, 1,2-p^-di-
tetradecyl-3-07 6-D-glucopyranosyl-_sn_-glycerol
(abbreviate as 14-Glc) forms the stable lamellar
(Lc) phase when 14-Glc in the metastable (Le
) phase (the Lg phase is formed as 14-Glc cooled
from the lipid crystalline (La) phase) is an
nealed at room temperature.2)

We studied the transition process from
the Lc phase to the La phase by using a synchro
tron radiation.

Experimental
The aqueous dispersion, 66 weight % water,

was seeled in a glass capillary of 1 mm diame
ter. X-ray diffraction study was carried
out at BL-15 A station.

Results and Discussion

Figure 1 shows the x-ray diffraction pat
terns of 14-Glc at various temperature in
the cooling process from the La phase to the
Lg phase. The cooling rate was 0.2K/min.

reciproc^ spacing xlOO ( A"")

reciprocal spacing xlOO (

We have already observed by using a diffract-
meter in our laboratory that the Lg phase con
verts to the Lc phase. It takes about 35 hours
to complete the conversion at 20.5°C. The
conversion is two phase conversion; on the
way of the conversion, the x-ray diffraction
pattern have the L3 phase component and the
L.c phase component. This behaviour is quite
differerj^t from the formation of the Lc phase
in DPPC^) .

Figure 2 shows the x-ray diffraction pat
terns of 14-Glc in the heating process from
the Lc phase to the La phase. In the narrow
temperature region (50-52°C), the L6 phase
appeard co-existing with the Lc phase. This
behaviour also differs from that of DPPC.

The line width of the Lc pahse is very
much wide compared with that of the Lg phase,
while the line width of the Lc phase in DPPC
is comparable to that of the Lg phase.

These results suggest that the Lc phase
of 14-Glc exists as the microcrystalline-like
domains and that the Lc phase domain is formed
by a interlamellar interaction resulting from
the hydrogen bonds between head groups.
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X-ray diffraction
pattern of 14-Glc.
Cooling 0.2K/min.
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X-ray diffraction
pattern of 14-Glc.
Heating 0.2K/min.
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Structural change associated with I
the allosteric transition of E.co1i |
aspartate transcarbamylase (ATCase) has
been monitored by solution X-ray 15Q.
scattering. Kinetics of the structural j
change was monitored by stopped-flow X- A| yft
ray scattering method, using acetyl L.\J /A
phosphate, which is a substrate analogue ^100- jf \a
of slow reaction rate . Our new r/\ \ I \
stopped-flow device operative at subzero ztf V \f\.
temperature has now enabled us to a \
monitor the structural kinetics of 50- \
ATCase during the physiological enzyme
reaction with the native substrates, L- | ^ ^
aspartate and carbamyl phosphate at -5 *C / $2 Si | Si S2
in the presence of 30?^ ethylene glycol. 0^=^ ' ' ' 1 --^.1 1 1 i
Stopped-flow X-ray scattering experiment 0.02 0 , 0.02 0.(
was carried out at the BL-15A of the S/A
Photon Factory with a position sensitive Figure 1. Time-resolved X-ray scattering
proportional counter. All the scattering patterns of ATCase during the physiolog-
data were normalized for incident beam ical reaction. ATCase containing
intensity and counting time. carbamyl phosphate was mixed with

Scattering patterns of the enzyme aspartate and carbamyl phosphate. Final
at various times after mixing are shown concentration: ATCase, 60mg/ml; carbamyl
in Figure 1. The subsidiary maxima, phosphate, 44mM; aspartate, 89mM. 13
whose position and intensity are runs were repeated. s=(2/A)sin6, and 26
specifically sensitive to quarternary is the scattering angle. Curve A,
structural changes, first show an recorded at 16.5 s after mixing in a
increase in intensity before reaching a steady state; curve B, 78.0 s after
plateau. When the substrates have been mixing in a final equilibrium; curve C,
exhausted, the maxima return to the scattering pattern of the enzyme ligated
initial level. Scattering pattern of the with a bisubstrate analogue PALA; curve
enzyme in the steady-state phase was D, background scattering,
thus obtained for the first time. In

Figure 2 is shown a time course of the ' ' '
whole reaction. Both the structural

change induced by the substrates binding
and the reverse structural change due to
the substrate consumption are seen. The 9-/
higher the aspartate concentration, the Z! » ••
longer the plateau becomes. Studies with -g J
allosteric effectors are now in ^2 '
progress. -

8'
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Figure 2. Reaction time course expressed
as the integrated intensity over the

angular range s-|^-S2 shown in Figure 1.
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Actin, a major protein of most
eukaryotic cells exists as a monomer

under low salt-conditions. The

monomeric actin (G-actin) assembles

into helical filaments (F-actin) by the
addition of neutral salts. Pioneering

work done by Oosawa and colleagues (1)

treated the process as a kind of a
nucleation-condensation phenomenon. The

nucleation-condensation mechanism

contains a lag in the polymerization
process. In most kinetical analysis,

the lag is interpreted as a nucleation

step of the polymerization. On the
other hand, it is now recognized that a
conformational change of actin monomer

induced by the added salts preceeds the

nucleation step. As a consequence, the

interpretation of the lag phase has

become more complicated than ever.
Moreover, in some reports, the entity
of nuclei was doubted (for review,

refer 2). In order to know the nature

of oligomers formed at very early stage

of actin polymerization, we measured
the stopped flow X-ray scattering of

actin polymerized with KCl/ MgCla and
found that dimerization of G-actin took

place without detectable lag-phase in
the kinetics.

Actin was extracted from an acetone

dried powder of chicken breast muscle
and purified to monomer by Sephadex

G-200 column chromatography. G-actin
preparation either with bound Mg or Ca

in 0.1 mM ATP and 5 mM Tris-HCl of pH
7.5 were used for the experiment. For

kinetic study, Ca-G-actin was
polymerized with 50 mM KCl and 2 mM
MgC12 in a stopped flow mixing chamber
regulated at 25.0 C.

Static X-ray scattering measurements
for monomer solution Guinier plots

of the scattering patterns gave i^adius
of gyration at 27.1 A and 26.2 A for
Ca-bound G-actin at a protein

concentration of 0.91 mg/ml and 2.41
mg/ml respectively. These values showed

good agreement with the previously

reported estimation done by Matsudaira
et al.(3) with synchrotron X-ray
diffraction studies. G-actin with bound

Mg also showed similar results,

suggesting that species of bound metal
did not affect gross conformation of

G-actin.

Stopped flow X-ray scttering

measurements during polymerization

G-actin at final concentrations of 0.71

mg/ml and 1.07 mg/ml were mixed with
Mg/K-polymerizating reagents in a
stopped-flow mixing chamber and

injected into the X-ray cell within 10
ms after the mixing. Time-resolved

scattering patterns were recorded at

300ms- or 3s-intervals. Plots of the

scattering intensity and the radius of

gyration obtained by extrapolating
observed values to zero degree versus

time (frame number up to 95 frames)
followed exponential curves and did not

show lag period. The calculated radius

of gyration of^ actin molecules
increased from 26 A to 30-40 A within

300ms after the initiatin of

polymerization. From these data, we

concluded that dimerization of actin

monomers occurred at very early stage
of the polymerization. The results we

had obtained so far agreed well those
of Matudaira et al. (3). However, a
varity of methods employed for the

measurements on polymerization kinetics
of actin showed lag phase. The

discrepancy should be elucidated by
further experiments.
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INTRODUCTION

Two types of binding seem to occur between
myosin and actin during muscle contraction (1).
One is a weak binding which produces no tension
and in rapid equilibrium with the dissociated
state (2). The other is a strong binding which
produces the contractile tension. The weak
binding shifts to the strong binding, releasing
an inorganic phosphate (1). This shifts is con
sidered to limit the rate of tension production
in cardiac muscle (3,4). To examine whether the
same shift limits the rate of tension rise in

skeletal muscle, we have studied by an X-ray
diffraction method the behaviour of the cross-

bridges in a slow muscle, anterior latissimus
dorsi (ALD), of the chick. This muscle is a
wing muscle and consists almost solely of slow
fibres which can maintain a tension for more

than ten minutes with a very little energy ex
penditure. We have compared the cross-bridge
behaviour in the slow muscle with that in a

fast muscle, posterior latissimus dorsi (PLD).
This muscle is also a wing muscle and consists
almost entirely of fast fibres.

METHODS

The anterior and posterior latissimus
dorsi were dissected from 4-week-old chicks.

ALD was isolated with part of the wing bone,
humerus, and the spinal vertebrae to which it
was attached. PLD was isolated also with the

spinal vertebrae, but the distal end was cut in
the middle of the tendon which connected the

muscle to the humerus. The muscles were held

isometrically in a specimen chamber which was
perfused continuously with an oxygenated Ringer
solution at 32 °C. ALD was stimulated for 2 sec

with a train of electrical pulses (50 Hz) given
through a pair of parallel electrodes. The
muscle length was adjusted to produce the maxi
mum isometric force. PLD was stimulated for

0.5 sec also at the optimal length.
The low-angle diffraction camera (5)

combined with the beam line 15A was used at a

wavelength of 0.15 nm and with a specimen-to-
detector distance of 2 m. A linear position
sensitive counter was used to record the

equatorial diffraction patterns. The time
resolution was 25 ms for ALD and 20 ms for PLD.
The diffraction data were accumulated over 50

contractions. From the accumulated data the

integrated intensities the two main equatorial

reflections, Iig and In, were obtained every
25 ms (ALD) or 20 ms (PLD).

RESULTS

The basic features of the equatorial pat
terns from ALD and'PLD were the same as those

described previously (6). The 1,0 lattice
spacing at the optimal muscle length was 31 nm
in ALD and 30 nm in PLD.

On activation of muscle the intensity ratio
Iio/In decreased, indicating the binding of
myosin heads with actin. About 80 % of myosin
heads were bound at the maximum tension in ALD

and 70 % in PLD. The half maximum of the bind

ing was obtained 40 ms after the onset of
stimuli in ALD and 20 ms in PLD.

The tension started to rise simultaneously
with the binding, but proceeded considerably
slower than the binding in both muscles. The
half maximal tension of ALD was reached 160 ms

after the onset of stimuli. This was 50 ms in

PLD.

DISCUSSION

The binding detected by X-ray diffraction
represents both weak and strong bindings. On
the other hand, the tension represents only
the strong binding (4). The delay between the
mid-points of binding and tension was 120 ms
in ALD and 30 ms in PLD. The delay probably
represents the time required for the weak
binding to shift to the strong binding. There
fore our results indicate that the shift takes

longer in slow muscle than in fast muscle.

REFERENCES

(1) Eisenberg, E. &Hill, T.L. (1985). Science
227, 999-1006.

(2) Brenner, B., Schoenberg, M., Chalovich, J.
M., Greene, L.E. & Eisenberg, E. (1982K
Proc. Nat. Acad. Sci. USA 79, 7288-7291.

(3) Matsubara, I., Yagi, N., Maughan, D.W.,
Saeki, Y. & Amemiya, Y. (1989). In Muscle
Energetics (Ed. Paul, R.J.) pp. 481-486.

(4) Matsubara, I., Maughan, D.W., Saeki, Y. &
Yagi, N. (1989). J. Physiol. 417, 555-565.

(5) Amemiya, Y., Wakabayashi, K., Hamanaka, T.
Wakabayashi,T., Matsushita, T. & Hashizume,
H.(1983). Nucl. Instr. Meth. 208, 471-477.

(6) Matsubara, I. (1974). J. Physiol. 238,
473-486.



proposal No 89-060

STUDIES OF PHASE TRANSITION IN FHOSPHATIDYLCHOLINE-WATER SYSTEMS BY TIME-RESOLVED X-RAY

DIFFRACTION AT LOW TEMPERATURE SCAN RATES.

Sinzi MATUOKA, Boris G. TENCHOV^, Hariihiko YAO, Satoru KATO, Yoshiyuki AMEMIYA^, Ichiro HATTA

Department of Applied Physics, School of Engineering, Nagoya University
„ Furo-cho, Chikusa-ku, Nagoya 46X-OI

. ^Central Laboratory of Biophysics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria.
^Photon Factory, National Laboratory for High Energy Physics Oho 1-1, Tsukuba, Ibaraki 305

Introduction

In hydrated phosphatidylcholine (PC) multi
layer systems, well defined thermal phase
transitions has been observed. From low

temperature L^a'phase (gel phase) P^' phase
(ripple phase) Le< phase (liquid crystalline
phase) appear. We have pointed out that the
time-resolved low-angle X-ray diffraction at
low temperature scan rates is one of the powerful
methods to characterize these phase transitions

' . This method provides a successive X-ray
diffraction profiles during phase transition and
make it possible to study the temperature
dependence in detail.

In this report we focus our attention on the
main transition from to hoc phase in the
system of fully hydrated dipalmitoylphos-
phatidylcholine (DPPC), fully hydrated di-
myristoylphosphatidylcholine (DMPC) and concen
trated DMPC in which water content is about 25
wt%.

Experimental

Hydrated multilayers of PCs were prepared
by the conventional method. Temperatures of the
samples were controlled by the circulating
water supplied from a computer controlled water
bath. The temperature scan rate was 0.1°C/min
and its monitoring by a chromel-alumel thermo
couple showed perfectly linear temperature
scans.

Small angle X-ray diffraction measurements
have been performed at BL-15A station. The
temperature resolution of each diffraction
frame in which the exposure time was 30 s is
0.050°C at the scan rate of 0.1°C/min.

Results and Discussion

X-ray diffraction patterns of fully hydrated
DPPC (water content : 75 wt%) in the heating
scans at 0.1°C/min are shown in Fig. 1. The
observed peak denotes the lamellar spacing.
The spacing of P^- phase shifts to that of L^
phase during heating through the main transition.
However its conversion shows the complicated
feature as follows. In a narrow range of
0.1°C at the transition midpoint (4-1.25 C) a
broad diffraction profile was observed. This
behavior reflects to the drop of the peak
intensity in the range of 4-1 «2 - 41.3°C. In
these temperatures the spacing shifts continu
ously from that of P^' phase to that of L« phase.
These data indicate that there is no coexistence

of P^' phase and La- phase in fully hydrated DPPC.
In fully hydrated DMPC with the water con

tent of 55 wt %. The coexistence of P^' phase
and Lv phase did not observed at the scan rate of
0.1°C/min as well.

In contrast, concentrated DMPC raultibilayer
system with the water content of 25 wt% exhibits
the two-phase coexistence at main transition
temperature. Fig. 2 shows the diffraction pro
files during heating scans at 0.1°C/min. Around
25.7*^0 two peaks originating from the coexistence
of P^' phase and Lef phase appear. Such a state was
stable at least 50 min. This fact indicates
the stable two phase coexistence.

These differences in the behavior of phase
transition caused by water contents suggest that
water molecules play an important role in the
nature of phase transition.
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Fig. 1 : The main transition in fully hydrated
DPPC multilayers recorded by low-angle X-ray
diffraction at heating rate of 0.1°C/min.
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Fig. 2 : The main transition in concentrated DMPC
multilayers recorded by low-angle X-ray diffrac
tion at heating rate of 0.1 °C/min.
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Introduction

The initial step of the visual process is
the absorption of light by the visual pigment.
The squid visual pigment is located in
microvilli which are cylindrical extensions of
the cell membrane, arranged hexagonally within
the rhabdomes. Until now, only a few papers
have been published on the structural study of
invertebrate rhabdomes by x-ray diffraction.
In those, however, the retina fixed by
glutaraldehyde was used, because this tissue
disintegrated within 1 hour of dissection. In
the previous report^), it was described that
we could succeed in recording the x-ray
diffraction pattern from unfixed retina by the
use of the synchrotron radiation and a storage
phosphor screen, the imaging plate. In the
present study, we have investigated the
structural response of photoreceptors to the
light stimulation.

Experimental

Living, active specimens of the squid,
Watasenia scintillans were captured at Toyama
Bay of the Japan Sea and brought to Tsukuba
within several hours. The squids were
decapitated and their retinas dissected in dim
red light. For the x-ray experiment, a 1-mm
thick slice of retina was kept in an artificial
seawater chamber with Mylar windows at 4®C.
Schematic diagram of a slice of squid retina was
shown in the previous report^). The artificial
seawater containing D-glucose was oxygenated and
gently circulated through the sample chamber
during the experiment. A 100-W halogen lamp in
conjunction with an interference filter and a
heat filter, was used for light stimulation
(about 500 nm in wavelength).

X-ray experiments have been performed with
a mirror-monochromator optics (the Muscle
Diffractometer) at BL-15Al2). The wavelength of
the radiation was 0.150 nm. The sample-to-
detector distance was 2276 mm. X-ray diffraction
intensity was recorded on the imaging plate and
stored on magnetic tape after converting to the
digital signals with the image reader and the
image processor^). The exposure time was 4
minutes and each recording finished within 40
minutes after the decapitation.

Results

Figure 1 shows the x-ray diffraction
patterns from outer segments of a live squid
retina in the dark {left) and light {right),
which were reproduced and photographed from the
stored images with the image writer. The low
angle x-ray diffraction spots are due to the
oblique lattice of microvilli. Upon light

illumination, the prominent changes have been
observed in the lattice constants and the x-ray
intensity distribution. The analysis of these
data by model calculations suggests that the
diameters of microvilli increase as well as the

spacings among microvilli in response to the
light stimulation.
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Figure 1. The x-ray diffraction patterns
from a live squid retina in the dark {left)
and light {right). The x-ray diffraction
spots are due to the oblique lattice of
microvilli. The lattice constants are

a=60.0 nm, b=59.0 nm and y=118® in the
dark, and a=65.5 nm, b=64.0 nm and y=118®
in light, respectively. The storage ring
was operated at 2.5 GeV with a beam current
of 300 mA. The exposure time was 4 minutes
for each pattern. The recording of both
patterns has finished within 40 minutes
after the decapitation.
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Introduction

Our interest is in the movement of the

muscle crossbridges, the heads of the myosin
molecules that cause contraction in a muscle.

These can be particularly well seen in insect
flight muscle. In order to simulate the po
sitions taken up transiently by the crossbridges
in active contraction for long enough to be able
to see them by X-ray diffraction we have recorded
the low-angle X-ray diffraction pattern from
Lethocerus flight muscle fibres in rigor or under
two conditions that modify crossbridge structure
and behaviour, aqueous AMPPNP and AMPPNP + calci
um in an ethylene glycol-water mixture.

Experimental

For this purpose we used the Photon Factory
low-angle diffraction line 15A, and observed the
diffraction pattern either on a linear position-
sensitive counter or on a Fuji Imaging plate; use
of film produced unacceptable deterioration in
the specimen before the data could be collected.
Restriction of exposure to that needed to observe
the inner layer lines of the pattern allowed
comparative observation of different stages of
relaxation in a single specimen.

Results and Discussion

The effects of relaxation on the 38.7 nm

layer-line peaks (hk.6) of the diffraction
patterns were studied in detail. In aqueous
AMPPNP at room temperature, a condition in which
rigor tension drops to half without loss of stiff
ness, the peaks remained nearly as intense as in
rigor except for the 10.6, which dropped to half.
In 20% ethylene glycol-AMPPNP + 100 yM Ca^""" at
23°C, a condition which removed muscle tension
but left stiffness close to the rigor value, the
10.6 and 11.6 peaks greatly decreased but the
31.6 remained relatively high. The 14.5 nm
meridional peak (00.16) became stronger on ad
dition of AMPPNP and again on adding glycol +
calcium. Considered in terms of diffraction

amplitude, these results show a progressive in
crease in thick-filament based order with re

laxation (squares. Fig. 1) and a progressive de
crease of the thin-filament based order (closed
circles. Fig. 1). The exchange of diffracting
mass between the two ordering filaments appears
to be quite precise, as if each part of the cross-
bridge took up one or the other order but did not
become disordered; note that the sum of the
squares and filled circles remains approximately
constant in Fig. IB.

We compared the X-ray diffraction patterns
and crossbridge structure seen in the electron
microscope under the same chemical conditions.
The electron micrographic model of redistribution
of mass within attached crossbridges as re

laxation approaches was confirmed by the X-ray dif
fraction results. However, in near-relaxed con
ditions the X-ray diffraction showed that more
crossbridge mass was attached in an orderly manner
to the actin than could be seen in the electron
micrographs.

Our data indicate that the position of the
myosin crossbridge is strongly constrained by its
relationship to both thick and thin filaments, even
when a muscle is partially relaxed. It follows
that contraction may well be a highly-ordered
process within the head of the myosin molecule,
consisting of several stages of internal motion.

RIGOR AMP G-PNP-RELAXED RIGOR AMP G-PNP- RELAXED
PNP Oa PNP Ca

Fig. 1. Amplitudes of electron density components
derived from the changes in X-ray dif
fraction. Average actin marking derived
from the 31.6 reflection (closed circles),
38.7 nm-periodic marking derived from the
10.6 reflection (open circles) and 14.5
nm-perlodic marking derived from the 00.16
reflection (squares). A, total ampli
tude expressed as a fraction of the maxi-
m\m seen; B, the variable component re-
normalised.
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Introduction myosin heads.
In order to clarify the molecular motion of the References

myosin heads during muscle contraction, we have 1] K. Wakabayashi et al., Biophys. J., 49, 581
investigated the effect of sinusoidal length (1986).
changes on a contracting frog skeletal muscle by 2] T. Mitsui et al., Photon Factory Act. Rep.,
time-resolved X-ray diffraction method. As re- 177 (1984/85).
ported previously [1], distinct periodic intensity ^
changes were observed in the 14.3 nm myosin meri- # 14.3nin
dional and the equatorial 1,0 and 1,1 reflections. -h • Ol7°c
In the present study we have found that the change ° 2 0 — •
of the 14.3 nm reflection at ca. 1% length ampli- ^ ^ 1(1,1)
tude contains less harmonics than in the case of 2 .4J ^ ^ LA 17 C
larger amplitude [1,2], and that intensity changes 2 O 2
in these three reflections from tetanized frog A
muscles depend significantly upon frequency and 1.0 - Q
temperature. a

Experimental Tl
Time-resolved X-ray diffraction studies were ^

done using the small-angle diffractometer at the i I I
beam line 15A1. Diffraction patterns were re- *^2 5 10 Hz
corded on a ID-PSD. The sartorius muscle of the . , - j ^
,,,£ j j. ..-Ti Fie. 1. Frequency dependence of the amplitude of
bullfrog was used and isoraetrically stimulated » ^ -.n, j.

o _ T onu i C n the Ii^ •^inm and 1(1,1) changes during
with 3 ms current pulses at 30Hz at the full over- ii.unm » o .-.or. j /<>,
1 n ..T. r-n. it- J 4. • 4. • slnusoldal length changes at 17 C and A (lap length. When the steady tetanic tension was & &
reached, sinusoidal length changes of frequencies 1.0-
of 2, 5 and lOHz at ca. 1% amplitude were applied a O • ^14 3nni
to a contracting muscle at 4°C and 17°C. Intensi- o ^
ty and tension data were measured with 10 ms (for "1^ 0— —Dr---—Q"" Oi7''C
5 and lOHz) and 20 ms (for 2Hz) time resolutions. h A . A in.l)

1.0

1(1,1)

Fig. 1. Frequency dependence of the amplitude of
the Ii4.3nm and 1(1,1) changes during
sinusoidal length changes at 17''C and 4''C,

1.0 -

a O • ^14.3nni
•H - • i'C

2 0--^--§r Q-
^ A ©

^ m A 4°c
0 Al7''C

0 -1.0 -

g • • 4°c
S •17<'C

Results and Discussion

As the frequency of the sinusoidal length change
increases, the amplitude of the Ii4,3nm change
became larger (Fig. 1) and the level around which
its oscillatory change takes place became lower
than the tetanus level of the intensity (Fig. 2)
and the phase shift of the intensity change became
markedly larger at 17°C (Fig. 3). The 1(1,0)
change was nearly in phase with the tension change,
whereas the 1(1,1) change was almost in antiphase
with it [1]. The 1(1,0) change was smaller than
the 1(1,1) change. The amplitude of 1(1,1) became
larger with increase in frequency (Fig. 1). The
oscillation levels of 1(1,0) and 1(1,1) were very
close to their tetanus levels at the three frequen
cies (Fig. 2). No distinct phase shift was ob
served in both reflections as the frequency in

creases. Decrease of Ii4.3nm stretch phase be
came remarkably larger by about 40% at 4°C than
17°C (Fig. 1). The level of the intensity oscil
lation was markedly lowered below the tetanus
level at 4°C (Fig. 2). At 4°C the intensity peak
during length oscillation tended to become doublet
and its tendency was more distinct in the higher
frequency, showing increase of the second harmonic

fl4.3nm [1>2]. The amplitude of 1(1,0) and
1(1,1) changes became slightly larger at 4°C than
17°C (Fig. 1). No distinct phase shift of both
reflections was observed by changing the tempera
ture.

The obtained results were explained on the as
sumption that weakly bound myosin heads move in
quite a different manner from strongly bound

Fig. 2. Frequency dependence of the oscillation
levels of Ii4.3nm, 1(1,0) and 1(1,1) during
sinusoidal length changes. Dashed line,
the tetanus level of intensity.

4.3nm

IT-C.llAinp.

Fig. 3. Frequency dependence of the phase lag of
the Il4.3nm change relative to the tension
change during sinusoidal length change.
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Introduction

Bacteriorhodopsin (bR) is a sole protein
existed in the purple membrane (PM) of
EdlobaGtevium halohiwn. In the PM, bR molecules
aggregate to trimers and form a two-dimensional
crystalline array, P3, together with lipids. BR
functions as a light-driven proton pump during
its photocycle consisted of several photo-
intermediates (K, L, M, 0 etc.).

We have examined the structure of M inter

mediate by X-ray diffraction study. The
treatments of PM with cross-linking agent and/or
detergents caused the elongation of the lifetime
of M. Also, using intense X-ray generated from
synchrotron radiation, the concentration of
sample suspension used in the X-ray experiment
could be lowered. These made possible that the
large population of bR existed as M state in the
X-ray sample under continuous intense light
irradiation.

We previously reported on the diffraction
changes of several modified PM due to irradiation

In this report, we present the results
on the other modified PM and compare them with
previous data.

Materials and Methods

The native and/or cross-linked PM by
glutaraldehyde were treated with deoxycholate
(DOC) and/or Triton X-100 as described
Part of Triton-treated cross-linked PM was

further treated with Bio-Beads SM-2 to adsorb

Triton The modified PM suspensions were
concentrated to 9-13mg bR/ml. X-ray diffraction
experiments were performed at BLI5A.
Experimental procedures were the same described
in previous report

Results

The detergent treatment of PM caused a
shrinkage of the unit cell of membrane
crystalline array by extracting boundary layer
lipids. Triton-treated cross-linked PM
dispersed without Triton had a similar unit cell
dimension, 58.lA of lattice constant, to that of
Triton-treated PM or DOC-treated PM. However,
when it was dispersed in 0.25% Triton-containing
solution, the lattice constant increased by 0.5-
0.7A. The treatment of this sample with Bio-
Beads caused further reduction of the unit cell

O

to 56.7A of lattice constant. The populations
of M state in the X-ray samples under irradiation
were estimated by measuring the visible
absorption change. About 40-80% of bR were
photoconverted to M state.

Figure 1 shows diffraction patterns from
Triton-treated cross-linked PM dispersed in 0.25%

Triton before irradiation, under irradiation and

during 5-LOmin after terminating irradiation.
These are almost the same as previously reported

Due to light, the larger changes in
diffraction patterns were observed, which involve
the enlargement of lattice constant by about lA
and the worse of crystalline order. However,
such diffraction changes were not observed in the
cross-linked PM, DOC-treated PM, Triton-treated
PM and Triton-treated cross-linked PM dispersed
without Triton. In Triton-treated cross-linked

PM dispersed in 0.25% Triton, the light-induced
structural changes might be caused as the
followings. The slightly larger unit cell of
this sample in comparison with the other modified
PM may cause the enhancement of the movability of
bR. Alternatively, bR in photoconverted state
may further interact with Triton in solution to
enlarge the unit cell together with crystalline
disorder.

References

1) Uruga et al., PF Activity Report#5, 326 (1987)
2) Uruga et al., PF Activity Report#6, 129 (1988)
3) Lam et al., Archives of Biochem. Biophys. 221,

557 (1983)
4) Hwang et al., J. Membr. Biol. 325 (1977)
5) Holloway, Anal. Biochem. 304 (1973)
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Fig. 1 X-ray diffraction patterns from Triton-
treated cross-linked PM in 0.25% Triton.

Curves: (a) before irradiation; (b) under
irradiation; (c) during 5-lOmin after terminating
irradiation. Total counting time was 40min for
each curve. Concentration of sample, llmg bR/ml;
Temperature, 5 C; PH, 7.0.
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INTRODUCTION

Alpha-2-macroglobulin has internal
thiolester bond which becomes exposed and
hydrolyzed spontaneously when the bait
region is attacked by proteinases. The
proteinases that split the peptide bonds
in the bait region sequence become
trapped by alpha-2-macroglobulin when the
latter undergoes a major structural
change subsequent to the bait region
hydrolysis. Similar structural change
can be induced by artificially breaking
the thiolester bond with externally added
methylamine but the structurally altered
alpha-2-macroglobulin no longer has the
capacity to entrap proteinases. If 2,4-
dinitrophenyl thiocyanate coexists with
methylamine and the thiolester is made
cyanylated, the capacity of alpha-2-
macroglobulin to entrap proteinases is
reduced to half of the normal level.

In this experiment, the x-ray
scattering curves of alpha-2-
macroglobulin in four different states,
namely, 1) native, 2)cyanylated (CN-
alpha-2-macroglobulin), 3) methyl amine
treated (MA-alpha-2-macroglobulin), 5)
chymotrypsin treated (CHY-aIpha-2-
macroglobulin were taken and structrual
differences between them were compared.

METHODS

A stopped flow cell built by
Kihara et al. for the time
resolved x-ray small angle
scattering experiment was used and
the scattering curvs were recorded
with intervals of 100 ms or 200ms.

Scatterng curves were taken at
protein concentration of lOmg/ml,
7.7mg/ml, 5mg/ml, 2.5mg/ml, and
1.2mg/ml for each sample.

RESULTS

The scattering curve of
a 1pha -2-macrog1obu1in has a
characteristic side peak which is
partially lost in MA-alpha-2-
macroglobulin. The result was
slightly different from the
published data of Osterberg and
his coworkers who has reported
that the side peak is completely
lost in MA-alpha-2-raacroglobulin.
CN-alpha-2-macroglobulin has a

similar scattering pattern to MA-alpha-2-
macroglobulin except in the very inner
part of the scattering curve. When CN-
alpha-2-macroglobulin was reated with
chymotrypsin the scattering curve showed
a time dependent change with a half-life
of about 0.3-0.4 sec and the final state
was similar to alpha-2-macroglobulin
directly reacted with chymotrypsin.

Scattering curve of fatty acid
synthetase was also taken in the absence
and presence of substrate, malonyl CoA.
Little difference was observed between
the two state in terms of x-ray
scattering but when the enzyme was
specifically cross linked at two active
sites, there was a change indicating that
the enzyme became more compact after
cross-linking.

Figure 1. X-ray Small Angle Scattering
Curves of Four Different States of Alpha-
2-Macroglobulin. 1) Native, 2) MA-, 3)
CN-, and 4) CHY-alpha-2-macroglobulin.

CHANNEL
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The X-ray pattern from the anterior byssus
retractor muscle of Mytilus edulis (ABRM) shows
layer lines from the thin filaments at small and
medium angles up to 0.145 A~^. By small angle X-
ray studies of the tonically contracting ABRM^\
structure change of actin has been suggested to
occur as in the contracting striated muscle of
bullfrog By medium angle studies structure
change of actin may be examined more precisely at
a scale of interpeptide-chain distance.

Tonic contraction was produced by stimula
tion with acetylcholine. X-ray patterns were
recorded in a 60 s exposure on Fuji imaging
plates by using the point focusing camera at
BL15A-1. The X-ray wave length was 1.504 A.

Change of the medium angle pattern by tonic
contraction depends on tension level. Figure 1
shows a medium angle pattern from a muscle gene
rating tonic tension of 7.3 Kg/cm . At this ten
sion the thin filaments are changed in structure
almost uniformly The strong 9.3 A layer line
characterizes the medium angle pattern. In the
tonically contracting state, the 9.5 A layer line
appears under the 9.3 A layer line. A weak layer
line at a period of 11.5 A also appears under the
11.3 A layer line. These layer lines increase in
intensity with increase in tonic tension. The
6.9 A layer line conversely decreases in intensi
ty with increase in tonic tension.

In Fig. 2 the intensities of the four layer
lines with the 0th Bessel order, the layer line
corresponding to the axial period of actin, 27 A,
and the higher order reflections, are compared
with the intensities in the resting state. The
intensities are integrated within the cross sec
tions perpendicular to the layer lines, and shown
on scales on which the intensity peaks of the
small angle 59 A layer line in the resting and
tonically contracting states coincide in the
height. While the 1st, 2nd and 4th layer lines
are flattened at the meridian, the 3rd layer line
shows a peak which rises at the meridian. The
scattering amplitudes from the inner and outer
domains of actin are probably in phase on the
third layer line, and out of phase on the other
layer lines at the meridian due to axial shift of
the two domains. The very narrow peaks at the
meridian on the 1st and 2nd layer lines indicate
the presence of a small mass on the outer shoul
der of the outer domain. The small mass and the

main part of the outer domain are staggered axi-

X-

113.8

ally by about 1/2 of the axial period of actin so
as to correct the phase difference at the meridian
between the scattering amplitudes from the two
parts due to diffrence in the dimension.

The maps in Fig. 3 show the cylindrically
averaged difference autocorrelation functions for
the cyrindrically averaged density distributions
of the thin filaments. The maps were obtained by
inverse transform of the intensities shown in Fig.
2. The solid lines are positive contours, and the
broken lines are 0 and negative contours. In both
maps disk-like peaks are oriented horizontally
about the longitudinal z-axis along the filament
axis, suggesting
horizontal orienta- Rest —Tonic
tion of peptide
chains. Because
the positive areas ^ ^
which are distant 6.9
from the z-axis is ^
a little expanded ^
along the z-axis in ^ 93 —
the tonically con-
tracting state as 2:
compared with the
resting state, the
peptide chain di-
rection is probably
tilted against the 27.9 —
filament axis in

the outer domain as o.'oi ol02 o'. 03
a result of struc- . ^
ture change by R A
tonic contraction. Fig. 2

The reflections from the paramyosin cores of
the thick filaments are also changed in intensity.
For example, the two reflections indicated by the
arrows have been reversed in the order of intensi

ty with increase in tonic tension.

1) Y. Tajima et al., J. Appl. Cryst. 2^, 72(1989).
2) K. Wakabayashi et al., (1989), In Molecular

Mechanism of Muscle Contractions, ed. H. Sugi &
H. Pollack, p. 353, New York: Plenum Press.
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X-ray scattering study on the
dissociation of Eisenia foe t ida

(earthworm) hemoglobin has been

proceeded [1]. In the static study,

Rg value of the native CO hemoglobin
was estimated to be 109.7 + 0,46 A.

The protein dissociates into smaller
units below pH 3.3 (25'C) and above

pH 11.2 (lO'C). Typical scattering

patterns at acidic, neutral and
alkaline pH are shown in Fig. 1.

Subpeaks observed at neutral pH

diminished at both extreme pH,

suggesting remarkable changes in

their conformations.

Acidic dissociation of the

hemoglobin was monitored kinetically

at 25'C by pH-jump method with the

stopped-flow X-ray scattering
apparatus [2]. Partially integrated

amplitude of the dissociation process

was monitored and plotted in Fig. 2.

The decay process was multiphasic, of

which half decay time was 35 s.

In contrast, the alkaline

dissociation was too fast to be

monitored at room temperature [1].

The dissociation rate, then, was

slowed down by reducing the

temperature to -lO'C in the presence

of antifreezer (30% ethylene glycol).
Thus, the dissociation process could

be observed with a half decay time of

42 s, as shown in Fig. 2.

We also carried out scattering

experiments in the oxy, CO and deoxy

forms at neutral pH. Rg values are

estimated as 109.6 A, 109.7 A, and

109.9 A, respectively, indicating no
significant differences between their

conformations. Further analyses are

now in progress.

REFERENCES

1. Y. Igarashi et al. (1989) PF

Activity Report 6 134.

2. H. Tsuruta et al. (1989) Rev.

Sci. Instrum., 62 2356-2358.
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Fig. 1. Normalized scattering patterns

of E. foetida hemoglobin at pH 3.3
(25'C), 7.2 (25'C) and 11.2 (lO'C).

Exposed 100 s, 5 min after the mixing.

E. foetida hemoglobin 4 x 10 g/ml.

PH11.2

Fig. 2. Time course of the partially
integrated amplitude (between and

S2 in Fig. 1). At pH 3.3; 25'C. At
pH 11.2; -lO'C in the presence of 30%
ethylene glycol.
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Within a muscle fiber the two globular heads of
a myosin molecule extend radially from the rod part of
the thick filament to form "crossbridge' between the
thick and thin filaments. Considerable effort have been
made to see a possibility of cooperative interaction
between the two heads. However, the role of the double
headed structure of the myosin molecule in muscle
contraction is still not clear.

A bifunctional thiol reagent, p-PDM(p-
phenylenedimaleimide), was known to react with reactive
sulphydryls on the myosin head, and to result in the
loss of its ability to bind to F-actin and to hydrolyse
ATP [1-3]. Recently it was suggested that the
isometric force in Ca-activated fibers may be generated
only by the myosin molecule with two native heads, while
there may be no cooperative interaction between the two
heads in catalyzing ATP hydrolysis [4]. In this study
an X-ray technique was applied to solve this problem
using p-PDH treated glycerinated muscle fibers.

Materials and methods

The glycerinated rabbit psoas muscle fibers
dissected into small bundle of about 0.5 mm (diameter)
were mounted horizontally between a force transducer
and a glass shaft attached to an X-ray cell. The
sarcomere length of the fiber bundle was adjusted to
2.4 um using a laser light diffraction technique.
Relaxing solution contained 125 mH KCl, 20 mM PIPES (pH
7.0), 4 mM ATP, 4 mM HgCl and 4 mM EGTA and contracting
solution was prepared by adding 4 mM CaCl.

At first, the fiber bundle mounted on the X-ray
cell was washed with the relaxing solution to take the
relaxed (control) equatorial pattern. Then it was
treated with various concentrations of p-PDM for 10 min.
After washing out free p-PDM with the relaxing solution,
the equatorial pattern was again taken from the p-PDH
treated fiber, and finally the contracting pattern was

[0^0% 50% 30% 0%
1 ! L J
0 50 100

Relative tension

Fig.l Relation between the intensity ratio and the
relative force. Numerals with the arrows mean the
amount of modification, o.unmodified; # modified.

taken from the fiber when the Ca-activated tension
reached a plateau level which was determined by the
extent of modification.

Results and discussion

Full modification of myosin heads caused decreases
in both 1(1,0) and 1(1,1), resulting in the decrease in
the intensity ratio, I(1,0)/I(1,1) (fromoto#in Fig.l).
The Ca-activated tension of the fully modified fiber
fell to nearly zero, and the equatorial pattern from the
fiber was similar to that from the relaxed one (Fig.l).

Fig.2 shows a relation between the individual
intensities and the isometric force level which is
controlled by the amount of modification. The
individual intensities were normalized relative to the
intensity of each reflection in the relaxed (unmodified)
state. These normalized intensities were found to vary
in a reciprocal way on activation: 1(1,0) decreased
while 1(1,1) increased throughout the range of force
level studi^. These gradual changes in 1(1,0) and in
1(1,1) with force level were very similar to those
obtained by Yu et al [5], in which force levels were
controlled by caffeine according to the rapid cooling
method.

1) M. Burke, E. Reisler and H.F. Harrington
Biochemistry 15, 1923 (1976).

2) R. Lamed, A. Opiatka and E. Reisler Biochim.
Biophys. Acta, 427, 688 (1976).

3) E. Reisler, M. Burke, S. Himmelharf and W.F.
Harrington Biochemistry J13, 3837 (1974).

4) S. Chaen, M. Shimada and H.Sugi J.Biol.Chem. 261,
13632 (1986).

5) L.C.Yu, J.E.Hartt and R.J.Podolsky 1^, 53 (1979).

Fig.2 Intensities of
1,0 and 1,1 normalized
to the relaxed values.
0,1(1,0); •,1(1.1).
0%, unmodified;
100%, fully modified.
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In our previous paper on K-edge
subtruction television system, some results
of the phantom experiments were reported.
The system has been improved to show the
clear image of animal vessels.

K-edge subtraction imaging
After injection of contrast material

(iodine), the subject is irradiated by
monochromatized dual energy X-ray flux
closely bracket the K-edge of iodine,
alternately. The subtraction images derived
from each pair of the X-ray images
visualize contrast material only.

Experimental results
In the animal experiment, two images

are acquired with 2ms exposure of X-ray
flux with the same interval time as shown
in Fig.l, and each image is memolized as
digital data (256x240,Bbits). A series of
32 pairs of image data is memolized at the
rate of 30 pairs per second, displaying
rough subtraction images in real time.

Table 1 Experimental
conditions.

'Ho

Stored data are processed to show the
improved subtraction images after data
acquisition. This system was used in an
anesthetized dog (14.5kg), and the
obtained images are shown in Fig.2 and
Fig.3. During the experiment, the SOR
system was running at 5.8GeV electron
energy and 25mA current.

Reference

1) H.Fukagawa, et al. Rev. Sci. lustrum.,
6Q, 2268 (1989) .

Photon Energy

Camera A.
Exposure

Camera B.

33.3msec

Fig.l Timing of energy chenge and exposure
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introduction
Several lethods to perfori K-edge subtraction

angiography using synchrotoron radiation have been
reported In K-edge energy subtraction,
Bonochromatic X-ray energy is switched between
energies above and below the K-edge of iodine. It
should be noted that the energy separation affects
on the quality of a subtracted image.

In this paper the optimum energy separation is
discussed in relation to various factors such as
stereo effect, contrast difference of bone image,
reflection-angle spread at crystal, energy distri
bution in a x-ray image field and a source spot
size. For simplicity, the effect of the number of
photons is excluded in this discussion. The enough
number of photons are assumed to be available.

From the Bragg condition the small amount of
change in the Incident beam angle corresponds to
the change of reflected energy as,

A E = a-hd [1]
where a = cot^ / E. 6 = 0.114 rad for the
energy of 33.16 keV and for reflecting plane of
Si (311), so that a= 2.90 x 10 ^ ( eV/rad ).

The Factors Limiting Lower Bounds of Energy
Separation

(1)Energy distribution in the X-Ray Field
Main factor to determine the lower bounds of en

ergy is the energy distribution in the field. This
distribution arises when the fan beam is incident
onto a crystal with parallel reflection lattice.

ffhen a source spot size is negligibly small, a
vertical half width of incident beam angle is
expressed as,

= y/R, C2]
where R is a distance between the sourece and the
crysatal and y is a vertical field size.

Typically R = 1500 cm and y = 1.0 cm in AR ring
at KEK. This corresponds to 193 eV in energy.
(2)Angle Spread in Reflected Beam in the Crystal

The angle spread A^o is dependent on the
roughness of crystal surface and the degree of
crystal imperfection. AEo corresponding to A^o
ranges from 30 eV to 100 eV which depends on vari
ous degree of surface preparation.
(3)Source Spot Size

As the source size depending on electron beam
size is finite, the penumbra forms within the
angle like

A0 , = s/R, [3]
where the source spot size is denoted by s and the
length between the soure and the object by R.

As these above three factors are additive and

independent, the energy separation have to satisfy
the relation as,

AE ^ a fi A6y^ + A0o^ + AB^^) [43

The Factors Limiting Upper Bounds of Energy
Separation

(l)Stereo Effect
We assume the expected spatial resolution In

the vertical direction is less than the pixel size

L/N, where L denotes the x-ray field size, N the
number of pixels along the vertical line. Stero
effects arises when a reflection crystal is rota
ted in order to change monochromatic x-ray energy.
Let the path length In a human body be Xb(cB).
Maximummisregistration amounts to 2'XbA0r. where
A^r is a rotation angle. As the misregistration
must be less than L/N, the relation

Ad r^L/(2-N-Xb) [5]
is required to be satisfied.
(2)Contrast in Subtracted Image of Bone

*e assume that the overall signal to noise ratio
is expected less than R (e.g.R=IO"®). Bone signal
will be suppressed to a factor of expC-A/UeXe) by
subtraction. As the attenuation coefficient of
bone is continuous around the K-edge of iodine,
for the smali amount of change in x-ray energy

A/Ub = (.S Us/6E)AE. [0]
Subtracted signal G in the presence of bone is
expressed as

G = Gb- exp(- (<5 /iB/5E)AE«XB)
= Gb'CI - (<5 //b/5E)AE-X0). [73

where Gb is a subtracted signal without bone
layer. Contrast between the images for above and
below the K-edge In the presence of bone layer
should be less than the expected value R like

AE ^ R / 1 (d Us/dEHs 1 . [83

Discuss ion
Unless the parameters for imaging would be

carefully chosen, there would be a possibility
that lower bounds exceed upper one.

Dominant factors are the distribution of energy
and the angie spread at the refiection crystal.
The lower limit is made smaller by using a bent
crystal to decrease A^v or by using a mirror-
polished surface to decrease Ado'

From the point of view of upper limit, the
smalier the energy separation is, the better
the results on image qualities are. If the lower
bounds exceed upper one, then the degree of
cancellation of bone and soft tissue or the
degree of misregistration will depend on A^v or
Ad a.
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In troduc t i on

Soft X-ray standing wave method is

crystal because the angular width of the
Bragg diffraction is large compared with
that for the usual X-ray
Moreover the sensitivity of the surface
atoms is very high, depending on the

Results

The diffraction curve from the

GaAs(lll) was measured by scanning the
energy.

demonstrared this method for the clean
and oxygen adsorbed GaAs(lll) surfaces.

We used

characteri zi ng

di f fract i on

imentai

the surface combined
system at BLIA. The

was detected by
r set at 45° from the

incident X-ray. Bragg angle was fixed at
67.5°. The Auger electrons of Ga, As,
and O were analyzed by semi-spherical
electron energy analyzer set at 21° from
the incident direction. The sample

cleaning was carried out by Ar "*•
bombardment in the UHV chamber. After
that we can observed the 1x1 pattern by
LEED and cannot detected the any Auger
signals except for Ga and As. Oxygen was

gasadsorbed by DC discharge in the 0
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The angular width of the

is very large. Especially in the case of
X-ray that becomes about few

degree. On the contrary the width in the
soft

reason the n /2 Bragg angle diffraction
can be used for the characterization of

the not so perfect crystal combined with
X-ray standing wave method. For example,

interfaces can be studied. In this work

we demonstrated this method to Ni-Si

The experiments were carried out by
us i ng
characteri zi ng

the surface comb i ned

A. The

enegy of the X-ray was calibrated by the
fluorescent X-ray from Ni and Si. Bragg

crystal were used as a monochromator.
This monochromator was set at the

optimum position where the mesh current
was maximum. Auger electron was analyzed
by semi-spherical electron
analyzer. Si(lll) wafers were prepared

energy

1.97

of the incident X-ray energy.

was bombarded by Ar ions and heated in
the

observed and no Auger signals except Si
were detected. Ni was deposited on this

UHV was

few minutes, and we can observed the 1x1

Auger signals. The interface was
observed by TEM after these studies and
it was very smooth.

(1617eV) and Ni LVV (852eV) Auger yields

very A1though we canno t

condition of the large Bragg angle. we

can obtained 90° of the Bragg angle and

figures. This method is understood to be
for the characterization of

1n terfaces.

useful

1.97

Pig. 2

and T. Matsush i ta,

of the incident X-ray energy.
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Int roduct ion

Monoclinic tridymite, a silica
polymorph, shows successive structure-
transitions as temperature changes. The
O-II form appear in the temperature
range from about 100 to 160®C, and has
superstructure cells three times larger
than that of the hexagonal prototype
structure. In this research project, we
aim at establishing the method of struc
tural study of superstructures by the
analysis of powder-diffraction profiles
taken with SR. We have chosen O-II as
the target of the present study, because
its superstructure cell-size is moderate,
but not too much complicated, and its
structure at 428K has been already stud
ied by a single-crystal diffraction

technique . The detailed information
about the sample used, the method of
preparation and the measuring conditions
of the diffraction profiles have been

2
given already , except temperature. The
sample was heated through the whole mea
surement, between 413 and 420 K, on a
stage with an electric resistence heater.

Ref inement

The space group of O-II is P2^2j2j
and the superstructure cell contains 24
formula of SiOg, which are grouped into
6 symmetrically independent formula.
Since all atoms occupy general positions,
we have 54 positional parameters, and 18
or 108 temperature factors if isotropic
or anisotropic thermal vibrations are
assumed respectively. Structure refine
ment was carried out by a computer pro
gram PFLS-M kindly supplied by Dr. H. To
raya of Nagoya Institute of Technology.
This program enable us to vary all the
structural parameters including cell
constants, and also some profile para
meters. Atomic scattering factors were

those for spherical neutral atoms^. In
short, we have repeated so many differ
ent schemes of 1east-squares calcula
tions to obtain good fits, and the cal
culations are still going on. So far we
have succeeded to refine the cell con
stants, but not succeeded yet to fit the
atomic parameters. Hence in this report
the powder diffraction profile, calcu
lated from the atomic positions and
equivalent isotropic thermal parameters
is compared to the observed one.

Results and discussion
The cell constants were fitted as a

=26.212(2), b=4.9901(4) and c=8.2055(8)A
The calculated and observed diffraction
profiles from 20 = 18 to 60° are shown
in Fig. 1, where crosses and lines indi
cate observed and calculated profiles,
respectively. The R-values are 0.29 for
profile intensity. The atoms in this
structure should undergo highly aniso
tropic thermal vibrations or be dis
ordered so as to result in anisotropic

thermal parameters^. The R-value ob
tained here is not a calamity, because
we have not invoked yet anisotropic
thermal parameters. Our problem should
be on the fitting procedure itself. The
profile data should be extended to much
higher angles for the 1east - squares me
thod to work properly.
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Fig. 1. Observed and calculated diffraction profiles
for orthorhombic-II tridymite at around 415 K.
Intensities are in an arbitrary scale.
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Introduction

Most of the X-ray fluorescence (XRF)
analysis using synchrotron radiation (SR) have
adopted an energy dispersive type detection
where the Si(Li) detector is almost exclusively
used. But the Si(Li) detector measurement is
inefficient for those samples in which the line
interference occurs and the major fluorescence
line is dominant. A crystal spectrometer with a
position sensitive detector is promising for
practical applications because of its high
energy resolution, multielemental nature, high
efficiency and matching with high brilliance SR
source. In this report, analytical aspects of
the crystal spectrometer with the position
sensitive propottional counter (PSPC) is
described.

Experimental

The experiment was done at the beam line
<iA. The experimental arrangement is
schematically shown in Fig.1. The sample is
mounted on the xyz stage for the alignment and
the positioning. A flat single crystal (Ge(lll))
and a linear PSPC (50 mm effective length, 0.2
mm spatial resolution) were mounted on the 0-20
goniometer. Pulse hight analysis was made using
the signal from an anode wire. The effects of
the spectrum of the excitation X-rays, X-ray
beam dimensions, polarization of the incident
beam, and geometrical arrangement were studied.

Results and Discussion

The energy resolution of a present crystal
spectrometer is determined by the dimension of
the irradiation area (X-ray source size for the
spectorometer), the distance between the sample
and the detector, and the spatial resolution of
the detector. For the typical experimental
arrangement (0.2 mm horizontal excitation beam

Analyzer
Crystal

fiamnlp

Fig.1. Experimental arrangement.

size, 4^0 cm sample to detector distance), the
energy resolution of 30 eV was obtained at 8
keV. The spectra in Fig.2 shows the comparison
of the energy resolution between the Si(Li)
detector and the crystal spectrometer. Mn Kb
(6.49 keV) and Fe Ka (6.40 keV) lines are
clearly separated with the crystal spectormeter,

while those are hard to be separated with the
Si(Li) detector.

The origin of the background was
systematically studied. For the white
excitation, scattered radiation from the sample
and around the sample was so high, careful
shielding was needed to reduce the background.
When the reflecting mirror is used before the
sample, the high signal to background ratio as
well as the radiation damage reduction was
achieved. The minimum detection limit is 0.3 A
for the thin film sample and the minimum
detection limit in the absolute amount is
improved by a factor of a few hundreds compared
to the conventional crystal spectrometer with X-
ray tube.

X-Ray Energy (keV)

Fig.2. X-ray fluorescence spectra from Pepperbush
(National Institute for Environmental Studies,
Certified Reference Materials, N0.1). (a) A
crystal spectrometer with white excitation and
(b) Si(Li) detector with monochromatic
excitation.
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UrTRODUCTION

X-ray fluorescence (XRF) imaging is made by
the image reconstruction technique using a line-
shaped incident X-ray beam, in which the
elemental distributions are obtained from the
XRF data measured with the rotation^ and
translational scanning of the sample^The
advantage of this technique is an increased
signal intensity compared with the technique
using a point-shaped beam.

We developed a high spatial resolution XRF
imaging with monochromated x-ray excitation by
this image reconstruction technique. To achieve
this end, we used an asymmetric reflection in
combination with a sagittal focusing
monochromator as a beam demagnifier.

In this report, the spatial resolution and
the incident photon flux are optimized for
practical applications.

EXPERIMEHTAL

The experiment was carried out on the beam-
line A schematic arrangement is shown in
Fig.1 .

To achieve the high resolution XRF imaging,
it is necessary to obtain narrow line-shaped X-
ray beams with the sufficient photon flux. We
used a sagittal focusing double crystal
monochromator and an asymmetric Si crystal (02)
for the horizontal and vertical beam demagnifier
respectively.

An asymmetric factor (b) of the
asymmetric crystal is given by b=sin(0-
a)/sin(0+a), where 0 is the Bragg angle and a is
the angle between the crystal surface and the
reflecting plane. By using the asymmetric
reflection as shown in Fig.1, the beam height is
reduced by a factor of b while the intensity
loss is only a factor of {h.

We used the asymmetric crystal of a:^
asymmetric factor of 1/50 at 8.83 keV (a=12.4.5
). The distance between the asymmetric crystal
and the sample was 30 mm. The height of the slit I
before the crystal was 500 pn. I

Monochro

Fig.1 Experimental arrangement for the high
spatial resolution XRF image reconstruction.

A sample was mounted on the x-y
translational stage for the positioning, and the
sample stage itself was mounted on the
rotational (Ml) and z- translational stage (M2)
for scanning. The XRF signal from the sample
was detected by a Si(Li) detector under the
atmospheric condition.

RESULTS AHD DISCUSSION

The beam height was estimated at about 10
Jim, which agrees well with the designed one
considering the broadening due to the angular
divergence of reflected X-rays.

The high resolution XRF imaging by the
image reconstruction technique was made. Fig.2
shows the reconstructed Ni 21F and transmission

X-ray image of the Ni grid (1000 mesh, 25 jam
period). Measurement conditions were as follows
; beam size 10 jam x 160 jam , 90 rotational steps
(2 "/step), 80 translational steps (2 jam/step),
and 1 sec measurement time at a step. The
highest counts of Ni Ka intensity was more than
6 X 10^ ops. Fig. 2 shows that the spatial
resolution of about 10 um was actually
achieved. The contrast of transmission image was
degraded for thin or dilute sample and cannot be
obtained for thick samples. The Fe XRF image of
the sintered iron ore was also obtained. The
application to the chemical state imaging with
the high spatial resolution is now underway.

The authors thank Mr. M. Sato for preparing
an asymmetric crystal.
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Introduction

Our reconnoaisance work to determine trace

elements with a microbeam X-ray fluorescent
(XRF) analysis by SOR developed by lida
revealed that a few ppm order of Ru within a
0-5 X 0.5_inm region can be determined by this
equipment . Only bulk founts of Ru in a few
meteorites were measured . Geochemical behav

ior of Ru has not been too well known partly
because of this analytical difficulty. Because
Ru is expected to have a behavior similar to
but different from Ir as a siderophile element,
we can obtain more insight into the differenti
ation processes of meteorites. In addition, we
can determine Ru in coexisting mineral grains.
We report a determination of Ru in iron meteor

ites and nickel-iron metal grains in chond-
rites and achondrites. We also located a

Ru-bearing framdlinge in the CAI in Allende
without destruction and coating.

Samples and Analytical Techniques.
The microbeam XRF unit on BL-4A was used

for the XRF intensity measurements the^s|me as
those described in the previous report ' '.
Sliced chips of meteorites were fixed with Wevo
plastic to a silicon wafer and the surface was

polished. The samples were irradiated by X-ray
of excitation energy fixed at 22.5 KeV, count
ing times ranging from 900 to 1000 sec., and
the beam diameters range from 0.25 X 0.25 mm to
0.40 to 0.40 mm squares. Standard samples of
Ni-Fe alloy (Fe 90: Ni 10 wt. %) doped with Ru
{1, 0.1, 0.01 wt. % Ru) have been prepared by
the courtesy of Tanaka Precious Metal Co. in
Tokyo.

Iron meteorites we measured in this ex

periments are lAB type, including Zogora (New
Morocco), Bocaiuva, Toluca, Yamato 791694,
ALH77283. Metal grains in Saint Severin (LL6)
chondrite were also measured to test the small

size of the beam. A white inclusion (CAI) 4 X
5 ram in size in a chip of Allende carbonaceous
chondrite has been used to locate Ru-bearing
framdlinge.

Results

Standard Ni-Fe alloys have been measured
to obtain a calibration curve for Ru. The

measured X-ray counts for 1 wt. % Ru was not on
a line for 0.1 and 0.01 %. The concentrations

of Ru in unknown iron meteoirtes were calculat

ed by a ratio method by employing the counts of
0.01 % Ru, which is the closest to the Ru

concentrations of unknown samples.
Bocaiuva contains approximately 10 ppm Ru.

ALH77283 and Toluca contain 2 to 5 ppm Ru, but
Y791694 and Zogora lAB irons do not reveal
detectable peaks of Ru. A metal grain in Saint
Severin chondrite conteins about 2.5ppm Ru.

A search for Ru-bearing fremdlinges (re
fractory metal) in CAI in Allende was perform
ed by moving the stage until we observe detecta
ble counts of Ru. One metal-looking area shows

the highest peak of Ru among observed meteorite
specimens (Fig. 1). In comparison with the Ru
in the Ni-Fe alloy standard, the X-ray counts of
this fremdlinge amounts to about 150 ppm Ru.

Discussion

With 22.5 keV X-ray, it was possible to
determine Ru down to 2 ppm in iron meteorites
using the Ka line. The advantage of micro-XRF
is that we can excite particular Ka lines of
Pt-group elements within a small area. Since we

could irradiate selected region with large
kamacite within the etched specimen, the Ru
content of ALH772B3 may represent almost
entirely of that of kamacite. The data of
Zogola may show bulk Ru contents of the mixed
phases of kamacite and thin taenite lamellae.

The bulk Ru contents of lAB irons reported
previously range from 5 to 10 ppm . Because
the modal abundance of taenite in the lAB irons

is low, the Ru contents of kamacite may be the
same order of amounts as those of the bulk

analysis of the lAB irons. Our measured values
are slightly smaller than those of the bulk
analysis.

The low Ru content of Y791694 may suggest
that the higher the Ni contents of the lAB
irons, the low the Ru contents. Ru in the metal
grain in the Saint Severin chondrite may be the
first value ever reported. Further studies will
be required to compare the Ru contents of metals
between irons and chondrites, but it is no doubt
that the micro-analysis will be useful to
unravel the problem of such meteorites.
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Introduction

Multilayer zone plate which was fabricated

using sputtering and slicing techniques, could

focus hard X-ray of A order wave length^'.
Theoretically an X-ray spot size focused by a zone

plate is determined by the outermost zone width of

about 2000 A 2). g^t an X-ray spot size actually
measured with a multilayer zone plate in the pre

vious report^ > was 3 jim. It is considered that the
spot size was determined by SR source size. In

this report, we realize 1 pm spot size of focused
X-ray using an aperture in the beam line.

Experimental

Experiments were performed on BL-4A. The

schematic view of the experimental configuration

is shown in Fig.l. 8 keV SR with a double crystal

monochromator was used for the experiment. X-rays

transmitted through a 10 pm diameter pinhole were

impinged on a multilayer zone plate and focused to

a spot. The pinhole was located 3 meters in front

of the zone plate, 10 m from the SR source. For

the zone plate, the SR source size virtually be

comes small.

To estimate the focused X-ray spot size,

transmitted X-rays were counted with a scintilla

tion counter while a 2.5 um diameter tungsten wire

was scanned across the X-ray spot on focal plane

and then a calculated result was fitted to a

measured X-ray intensity profile. Another pinhole

was set behind the zone plate to select a region

around the spot and to suppress scattered X-rays

and zero-th order diffraction.

It is assumed in the calculation that the in

tensity distribution of the focused X-ray spot is

one dimensional gaussian and that the tungsten

wire cross section is a circle. Values used for

PLabole

(aperture)

Monochromator

Zone plate

3 iTl Piiilioie

Sointiration

Fig.l Schematic view of the experimental

configuration.

the calculation is as follows ; tungsten density :
19.3 g/cm^, tungsten attenuation coefficient : 172
cm2/g.

Result and Discussion

A series of measurements was done by changing
the distance between the zone plate and the wire

to find a focal point. A typical measured X-ray
intensity profile, which had minimum FWHM of ab

sorbing peak, is shown in fig.2 as a solid line.

A calculated result ( a convolution profile )
is also shown as dashed line in fig.2. A FWHM of

X-ray spot size was about 1 pm according to the
profile fitting.

It became clear by this experiment that a

focused X-ray spot size strongly depends on the X-
ray source size. This was also confirmed by obser

vations of spot images with and without the

pinhole.

In this experiment, the distance between the

pinhole and the zone plate was 3 m. If the pinhole
can be set closer to the SR source, a focused spot
size will become smaller than 1 pm. To achieve
both higher incident photon flux and micron spot
size, higher brightness SR source is preferable.

The authors are grateful to Mr. S. Hayakawa
for providing us with the computer programs for

the experiment.
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INTRODUCTION

A recently facilitated SR monochromatized
X-ray beam of sub-millimeter dimensions with a
bi-dimensional scanner is effective when

examining trace characterization, especially for
biological samples such as marine fish.

Detailed information of elemental locality
in tissue may suggest migration, transportation
and history of elements and may introduce the
solution of physico-chemical behavior of elements
in the environment.

In this study, to supply necessary data for
radioecological evaluation on the elemental
uptake by organisms, trace characterization was
implemented for major and critical elements.

EXPERIMENTAL

1).Target sample: Detailed procedures for the
sample target preparation can be reffered to our
previous report, (l) A 500;um thick cross section
cut out from the 11th vertebra of a flat fish,
Paralichthys olivaceus, was mounted on a 2 ;um
Makrofol film, then coated with carbon.
2).Scanning: 17 keV SR monochromatized X-ray was
focussed into a beam of 200x200 ;am^by a Si( ill)
double crystal monochromator installed on the
BL-4A.(2) An area of lOOOOxlOOOO pm^ was covered
by this analysis with a 200 pm step. At each
step, signal accumulation was made for 3 seconds.

RESULTS AND DISCUSSION

The 17 keV monochromatized X-ray beam
sufficiently submitted characteristic X-ray
signals due to the elements K, Ca, etc. until the
energy of l4 keV emitted from Sr. The essential
elements P, Ca, Mn, Fe, Zn and Sr were therefore
scanned for determining their locality.

Fig. 1 shows the distribution pattern of Ca
on the cross section target. During the scanning,
the ring current decreased about 12 % from the
initial strength. The difference does not
affect the graphical representation, because the
color reflects the elemental concentration when

double X-ray signals are counted between
positions.

The two dimensional Ca distribution pattern
clearly indicates that even elements considered
the main physiological component have locality
characteristics, although our previous paper
stated,(1) using PIXE scanning analysis towards
one direction, that the element Ca presents a
uniformly concentrated level in the vertebra.

This pattern indicates that the specific
deposit of Ca observed at the edge and around the
intervertebrale foramen starts to form along with
the certain regularity, i.e. Ca deposits are high

Fig. 1

like spines radiated from the center of the
vertebra to its surface, and the deposit around
the intervertebrale foramen is independent of the
former accumulation.

The tendency was identical when the element
was Mn, Fe and Sr, while Zn was independent of
this category. The concentration level of the
element was low, but it developed homogeneously
over the scanned surface. The details are

described in a separate paper.(3)
The distributional results suggest, from the

observation of Ca and Sr, that for the infant
fish, alkali-earth metals are particularly
necessary. Since they are classified as the
essential elements, the requirement can also be
high during the growth, but the observed pattern
negates the estimation. The active accumulation
again occurs a few years after the period.

With superficial observation it is possible
to point out that the high deposit of the
elemental bands are formed by a concentric circle
with a few years interval. The solid geometry
suggests that, elements Ca consequently forms
multi-cylindrical hard layers like annuluses of
trees and fish scales. This estimation can

clearly be supported with sufficient data by a
high spacial resolution SR beam.
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Introduction

Recently,the heat generation by X-
ray absorption has been detected by a pho-
toacoustic method using synchrotron radia
tion with pure Cu metal in the K-edge re
gion. It was found that the spectra of the
heat production included fine structure
in the region,i.e.EXAFS. This report pre
sents detailed studies of X-ray absorption
spectra with a photoacoustic detector in
the region near the K-edge of Cu in Culn-
Se2,compared with that of pure Cu metal as
a reference.The ternary semiconducting
compound CuInSe2 has a chalcopyrite struc
ture,and the excellent reliability and
high power-conversion efficiency of poly-
crystalline thin film CuInSe2 solar cells
have stimulated research on fundamental

properties of this material.

Experimental and Results
Single crystals of CuInSe2 were pre

pared by melting the elements in an evac
uated quartz ampoule followed by direc
tional freezing. The cylindrical photoa
coustic cell has a sample chamber at the
center with volume of 0.16cm'^ and two Be
windows together with an electret type
microphone. The experiments were carried
on at the Beam Line 4A. In order to mea

sure the absorption spectra simultaneous
ly,the ion chambers were set at both sides
of the photoacoustic cell.The photoacoustic
signal intensity was always divided by the
first ion chamber current for normaliza

tion against photon flux. The X-ray beam
intensity was modulated by a rotating Pb
plate chopper at a frequency of 9 Hz.

Fig.l shows the X-ray photoacoustic
spectrum of CuInSe2 powder together with
that of Cu metal near K-edge region.Fig.2
shows the absorption spectrum in the same
energy region.Fig.2 shows the fine struc
ture in both cases which corresponds to
XANES. It shows that the information in

XANES is also included in the X-ray photo
acoustic spectrum,so that the heat produc
tion process is also reflected in XANES.
We cannot observe small structure at the

shoulder part of the spectrum in CuInSe2/
which is considered to be the ls-^3d-4s
band transition.The first energy peak val
ue of CuInSe2 is smaller than that of pure
Cu metal,indicating a chemical shift.

•it ! 1 •"

/I I

Photon Enorgy ( KeV

Fig.l X-ray photoacoustic absorption
spectra for CuInSe2(powder)
and Cu(10 ^ra foil).

: It t

I I I

8.9 5 9.00 9.OS

Photon Energy ( KeV )

Fig.2 X-ray absorption spectra for
CuInSe2(powder) and Cu(10 um
foil).
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Introduction

Due to the availability of a tunable
source of X-rays in the form of synchrotron
radiation,X-ray spectroscopy has been thriv
ing in the last decade.All the techniques
measure a signal which is linked to the ex
citation probability of a core electron.
Since the absorption of X-rays in a sample
results in the generation of heat,photo-
thermal spectroscopy should provide another
method of studying X-ray absorption.Recent
ly ,microphones have been utilized to ob
tain the X-ray absorption spectra with a-
coustic detection. This report presents
detailed studies of X-ray absorption spec
tra with a photoacoustic detector in the
region near the K-edge of Cu in brass(Cu:
65wt.%;Zn:35wt.%} and phosphor bronze(Cu:
94wt.%;Sn:6wt.%},compared with that of Cu
metal as a reference.

Experimental and Results
Brass,phosphor bronze and Cu foils of

10 /im were used as samples.The cylindrical
photoacoustic cell has a sample chamber at
the center with volume of 0.16cm^ and two
Be windows together with an electret type
microphone.The experiments were carried on
at the Beam Line 4A.In order to measure

the absorption spectra simultaneously,the
ion chambers were set at both sides of the

photoacoustic cell.The photoacoustic sig
nal intensity was always divided by the

first ion chamber current for normaliza

tion against photon flux.The X-ray beam in
tensity was modulated by a rotating lead
plate chopper at a frequency of 9Hz.

Fig.l shows the X-ray photoacoustic
absorption spectra of brass and phosphor
bronze together with that of Cu metal near
K-edge region.Fig.2 shows the absorption
spectra of them in the same energy region.
Fig.2 shows the fine structure which cor
responds to XANES.It shows that the infor
mation in XANES is also included in the X-

ray photoacoustic spectra,so that the heat
production process is also reflected in XA
NES. Energy peak values of brass and phos
phor bronze show the same values of Cu met
al ,indicating that there are no chemical
shifts in such Cu alloys.The results sug
gest that the crystal structure difference
between brass and Cu metal is not reflected

in XANES.There are small structures at the

shoulder part of brass,phosphor bronze and
Cu metal,indicating the transition of ls->
3d-4s band which is characteristic in pure
Cu metal.Fig.3 shows the phase changes in
brass,phosphor bronze and Cu metal near the
K-edge region.The phase spectra show sudden
changes at the K-edge.It shows that the
phase change of phosphor bronze is twice as
those of Cu metal and brass.It suggests that
the delay time of phosphor bronze is twice
as those of Cu metal and brass.

Phosphor Bronze
•

/V

'II I BrGSS

•i/t t ^

t

•-A

1
• • ....

/t t t
3 ,

Photon Energy ( KeV )

Fig.l:X-ray photoacous
tic spectra for brass,
phosphor bronze and Cu
foils (10 ^m each).
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Phosphor Bronze .130 ?
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Fig.2:X-ray absorption Fig.3:X-ray photoacous-
spectra for brass,phos- tic phase spectra for
phor bronze and Cu foils brass,phosphor bronze
(10 /am each). and Cu foils (10 /am each)
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Introduction

In X-ray absorption spectroscopy,the
extended X-ray absorption fine structure
(EXAFS) method is now widely employed as
powerful tool for structure analysis. Asa
further effect of X-ray absorption,heat
generation should be considered. Recently,
the heat generation by X-ray irradiation
was detected by means of a microphone pho-
toacoustic method( PAS), and f urther spectro-
scopic study showed a fine structure in its
primitive spectrum.In these circumstances,
further study using Cu alloys,brass,was
performed in order to check the generality
of this phenomenon and to study common
futures.

Experimental and Results
Brass foil of 10 ^ra was used as a sam-

ple(Cu 64.7wt.%,Zn 35.3wt.%).The experiment
was carried on at the Beam Line 4A.In order

to measure the normal absorption spectra
simultaneously,the ionization chambers were
set at both sides of the photoacoustic cell.

8S32 884S 9189 9472 9786 10099

Fig.ltX-ray photoacoustic
spectrum for brass.

Fig.3:X-ray photoacoustic
spectrum for brass near
Zn K-edge region.

The photoacoustic signal intensity was al
ways divided by the first ionization cham
ber current for nomalization against photon
flux.The X-ray beam intensity was modulated
by a rotating lead plate chopper at a fre
quency of 9Hz.

Figs.l and 2 show the X-ray photoacous
tic and normal absorption spectrum of brass,
respectively.Both of them show fine struc
tures over the K-edge of Cu and Zn which
correspond to EXAFS.It shows that the infor
mation in EXAFS is also included in the X-

ray photoacoustic spectrum in alloy system
like brass(Cu-Zn alloy) so that the heat
production process is also reflected in EX
AFS even in Cu alloy.Figs.3 and 4 show the
X-ray photoacoustic and absorption spectrum
near Zn K-edge region.Both of them show
fine structures which correspond to XANES.
It shows that the information in XANES is

also included in the X-ray photoacoustic
spectrum not only at Cu K-edge region but
at Zn K-edge region in Alloy system.

8532 8845 9159 9472 9786 10099

Fig.2:X-ray absorption
spectrum for brass.

Fig.4:X-ray absorption
spectrum for brass near
Zn K-edge region.
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Introduction

It was found that X-ray photoacous-
tic spectrum of Cu foil shows fine struc
ture similar to EXAFS,and Fourier analy
sis of the spectrum reveales the identi
cal radial dispersion to that of conven
tional absorption spectrum^^This method
has unique potential to be applied to depth
profiling. Another potential source of in
formation in the photoacoustic signal is
the phase angle of the signal with respect
to the modulation phase of the incident
light beam.By measureing the phase angle
of the photoacoustic signal,it is possible
to calculate the quantitative absorption
spectrum if in addition only the sample
thermal diffusivity is known.This report
presents detailed studies of X-ray photo
acoustic phase spectrum for thick Cu foil
(100 ^m) .

Experimental and Results
The cylindrical photoacoustic cell

has a sample chamber at the center with
volume of 0.16 cm and two Be windows to

gether with an electret type microphone.
The experiments were carried out at the
Beam Line 4A. In order to measure the ab
sorption spectrum simultaneously,the ion
ized chambers were set at both sides of

the photoacoustic cell.The photoacoustic
signal intensity was always divided by the
first ionized chamber current for normali
zation against photon flux.The photon flux
was of the order of 10^-10^*^ ops at 9 keV.

Energy (eVl

Fig.l:X-ray photoacoustic phase
spectrum for Cu foil (100 /im) at
frequency of 9 Hz.

The X-ray beam intensity was modulated by
a rotating lead plate chopper at a frequen
cy of 9 Hz.The driving of the monochromator
and data handling of the photoacoustic sig
nal, and of ionization chamber currents were
controlled and procssed by a microcomputer
using the interfacing electronic instrument.
The wave form of the photoacoustic signal
was also monitored by a storage oscillo
scope .

Fig.l shows the X-ray photoacoustic
phase spectrum.Fig.2 shows the X-ray pho
toacoustic spectrum which indicatesEXAFS.
EXAFS like fine structure is shown in phase
spectrum. The arrows indicate the maximum
peak of the fine structure.The peak values
in X-ray photoacoustic phase spectrum in
Fig^l corresponds to those of x-ray photo
acoustic spectrum in Fig.2. Also,the phase
spectrum shows sudden change at the K-edge
of Cu just like photoacoustic intensity
change.The heat which is needed for propa
gation to the surface can be detected as
the phase-lag.The phase signal is related
to the delay time of the response to the
incident signal.Experimental result suggests
that the delay time of the response has a
information on EXAFS which corresponds to
local atomic arrangment.EXAFS information
is included not only in photoacoustic in
tensity but also in phase.

DT.Masujima et al.,Rev.Sci . Instum.
60, 2522 (1989).

Energy <eV)

Fig.2.X-ray photoacoustic
spectrum for Cu foil (100
^m) at frequency of 9 Hz.
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4A at PF^utilizm^ J;he' energ;^ dis^rsive 'xRF ^ra^^^with de^ir^d^^ene:^gy^^and ŝize ^was

ence samfsles' as 'standards for iron iri variousoxidation states include ^metel, FeS2, Fe304, Im

Excitation ener^ies_ were determine^ to^b^e
I •*

and^ the samples were the 1b
energies. Two dimensional Fe image at each
energy was measured:beam size ca. 0.2x0.2mm^,
47x59 points, 0.2mm step, aryl 2s/point for ___ Ul^ I
pyrite/goethite: 0.13x0.13 mm'^, O.lmm step, l||K • jf %
2s/point and D7X40points for Allende and 39xoO _JL *•- * *i
for Murchison). I r

Results and Discussion hH ^
A selected image of each oxidation state iH |iur£|' j| - v ViHRw

of iron is obtained by a .simple mathematical |CTJ|^ JI • ^
treatment of the above dataf^ The results are pB H 1 - '4j
shown in Fig.l b-c and Fig. 2 b-f. where Fe^H 'JSH^ m I
concentration was scaled with 8 densities of jQf^ • 'yTj'
black and white image. Fig. lb indicates distri-|H Ml • B^FIP^
bution of divalent Fe, which corresponds well fBh
with pyrite, FeS2. while Fig. Ic indicates triva-I ^^L^i'hILI'W 1
lent iron corresponding to goethite, FeOOH. L. FW T TVJF|Mf
This result is consistent with assumed formation1 c if
process that the goethite formed under oxidizing picr i (a) r>vT«ii-o/cf,-.otv.i"+o i I If^l^ij*

^°''nT/t.fb=uLrs '̂̂ oT'"le£Sfcr^lia?Jnf%nd ^.l.. jl 7 A.^
trivalent iron in Allende meteorite are shown in t j e .
Figs. 2b, c, d, respectively. Figs. 2e and f
show distribution of trace elements, Cu and Zn
(beam size 0.2x0.2mm4, 27x21 points, 5s/point. a i
0.2mm step). Allende meteorite is composed of I
chondrules, inclusion and matrix minerals. A
separate SEM-EDX analysis using the same g H|^^~i[^^B|
sample showed that the chondrule is rich in Mg, ^B - • ® 1 L» I
Si, the inclusion is fine grained CAI (Ca, Al ® ;i8 •
rich inclusion) and matrix is rich in Fe and Si. i|B: g a
The present analysis indicates that Cu and Cr^B;^ B i 1 S I
concentrated at the region rich in metallic Fe, ^B: a pi M''' sSk?
but not vice versa. Zinc is concentrated in the |H' " a a « SI 1 J ':! f
fine grained CAI. 9 | «»« •

The authors thank Dr. A. lida and Mr. S. |H 3 i i I_ I
Hayakawa for their kind help in the measure- ^B_ _ • ii B i 4
ments. • •_ S ^ S
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Introduction

An intense monochromatic microbeara can

realize various kinds of X-ray spectroscopies,
and micro-EXAFS is one of the most promising
methods for the characterization of a

heterogeneous sample. The combination of a
mirror and a double crystal monochromator
realizes a monochromatic micro beam with a fixed
beam position when the energy of the incident
beam is continuously scanned.

Though we have realized a. micro X-ray beam
using Wolter mirror system % the maximized
photon flux in the 10 pm beam spot was obtained
using a single ellipsoidal mirror and a pinhole
at the expense of spatial resolution.
Monochromatic micro beam has been applied to
micro-XANES and micro-EXAFS measurement using
the fluorescence detection method.

Experimental

Experiments were carried out on the BL-iiA.
A single ellipsoidal mirror(M=1/9•5) was
installed in the beamline and a pinhole of 10 jum
in diameter was placed in the the experimental
hutch. A Si(111) double crystal monochromator
was used and the energy of the incident beam
could be selected in the region up to the cut
off energy of the mirror( about 10 keV). The
photon flux through the 10 jum pinhole was more
than 100 times intense than that with imfocused

condition for 8 keV X-rays.
We have used a single Si(Li) detector to

collect the fluorescence signals under
atmospheric condition as in the micro X-ray
fluorescenee(Micro-XRF) analysis. Detection
geometry and data acquisition time for the
micro-XANES and micro-EXAFS were evaluated by
comparing the data of Cu thin films between with
the fluorescence method and with the

transmission method.

Results and Discussion

A rock sample(peridotite) was analyzed with

10 keV monochromatic X-rays. Fig. 1 shows XRF
images of Or, Fe, Ni and Zn in a region of 900
Mm * 900 Mm. It was easily understood that there
were three minerals in this region, and micro-
XRF and micro-XANES spectra were measured at
each position of interest on XRF images by using
the xy scanning system. Micro-XANES spectra of
Fe were collected at the three spots marked on
the photograph in Fig.2. In the region c, Fe is
not the main component and the counting rate was
1/10 of that in region a. However, a XANES
spectrum of high SB ratio was obtained by using
the fluorescence method. From the XRF and XANES

spectra, these minerals could be easily
assigned to chromite, olivine and diopside

a)|

respectively.
The local structural analysis with micro-

EXAFS is now in progress, and elemental,
chemical and structural information can be

obtained simultaneously with trace element
sensitivity.

Reference

1) S. Hayakawa et al., Rev. of Sci. Instrum. 60,
2^52(1989).

b)l
J'. vt

w.. -V

Fig. 1 XRF images of a peridotite. a) Or Kc^, b)
Fe K«, c) Ni Kc< and d) Zn Koc signals were
collected for 1 sec/pixel using 10 keV
monochromatic X-ray beam. The analyzed area was
900 pm * 900 Min.

a: chromite / 12 ev
b; olivine /
c: diopside '

Energy
Fig. 2 Optical micrograph and micro fluorescence
XANES spectra of Fe taken in the spots marked on
the photograph of the rock sample.
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Introduction

The Grazing Incidence X-ray Fluorescence
technique (GIF) are suitable for the analysis of
the thin films and near surface of the materials
because of^, the shallow penetration of X-rays
(10-1000 A) around the critical angle.
However, conventional fluorescent experiments do
not give any information on chemical state of
the elements. This report shows the results of
near surface chemical characterization by the
GIF technique used in conjunction with the
selectixelY induced X-ray emission spectroscopy
(SIXES) * , which employs absorption edge
shifts for chemical state analysis.

Experimental and Results

The experiment was carried out on the beam
line 4A. A Si(lll) double crystal sagittal
focusing monochromator was used. The apparatus
for GIF was described in detail elsewhere. In
this experiment, the X-ray absorption spectrum
was measured in terms of fluorescent intensity
as a function of the incident energy scanned
around^the absorption edge. The sample used was
Cr[200A]/Cr202[2000l] thin film evaporated on a
flat, smooth synthetic quarts plate.

Angular dependence of the reflectivity is
shown in Fig.l. Below the absorption edge, high
reflectivity was obtained due to little
absorption in the film. The curve shows
interference oscillations mainly due to the
reflection at the Cr20„/Si02 interface. Good
agreement was obtainecT witn Che calculation
based on the Fresnel's theory. In contrast,
above the absorption edge, strong absorption
smears the angular dependence of the
reflectivity.

Cr Ka fluorescent intensity was measured at
various glancing angles by scanning incident X-
ray energy through the absorption edge. Figure
2 shows the near edge absorption spectrum
measured at an extremely low angle of less than
4 mrad. and the one obtained at 45 deg.
incidence angle (B). The standard spectra of Cr
metal and Cr^O^ thin films are also shown. The
Cr^Oo absorption curve locates higher energy
side of the Or curve, since the position of the
absorption edge shifts to a higher energy as the
oxidation number increases.

The curves A and B are clearly different,
though the sample is the same. For the 45 deg.
incidence angle, the penetration depth is in the
order of um above the absorption edge.
Therefore B corresponds to information for the

Cr metal 200 A layer pluswhole film.

^^2^3 ^ layer. On the other hand, in the
grazing incidence condition, the penetration
depth become extremely shallow and is estimated
to be about 100 X for A. That is, curve A
indicates the chemical state of the near-surface
layer of the sample. Actually, it is close to

the spectrum of Cr metal. The difference
between A and the Cr metal spectrum might be
explained by considering the formation of the
surface ^^^2^3 natural oxidation.
Assuming th^ curve A consists of two components
of Cr and Cr^O^ spectra, thickness of the
surface Cr-O^ layer can ^be calculated and was
estimated to oe about 40 A. From these results,
it is concluded that we can analyze the chemical
nature of near-surface layer separated from the
bulk material information using the grazing
incidence condition. The authors would like to
thank Prof. Gohshi of the Univ. of Tokyo for his
valuable discussion.

References
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1 Ka) Exp. above edge
below edge'

Glancing Angle (mrad)

Fig.l Angular dependence of the reflectivity at
lower (solid line) and higher (dashed line)
energy side of the absorption edge.

//// /• CrjOj

X-Ray Energy (eV)
Fig.2 Near edge absorption spectra of
Cr[200A]/Cr202 [2000A] thin film using the GIF
setup. A: extremely small glancing angle less
than 4 mrad. (See Fig.l), B: 45 deg. incidence.
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Introduction

The deformation behaviours of amorphous alloy
are completely different from those of crystalline
in both the elastic and plastic regions. The
previous EXAFS measurement confirmed that the an-
elasticity can occur on the atomic scale by the
irreversible rearrangement of atomsd). The
results of positron annihilation measurement
suggest that the free volume in amorphous alloy
increase by plastic deformation^^). "Work soften
ing" of amorphous alloy seems to be based on this
increase of the free volume by plastic deformation.

The purpose of this report is to investigate
the structural changes with plastic deformation
by means of X-ray diffraction.

Experimental
Pd83Sii7 amorphous ribbon (2.7 mm wide and

0.03 mm thick) was prepared by splat quenching
from the molten state using a single-roll tech
nique. X-ray structure factors S(Q) of Pd83Si;^7
amorphous alloy in the various states of plastic
deformation were measured by using synchrotron
radiation at the beam line 4B of Photon Factory
of KEK. The amorphous ribbon was reduced in
thickness by cold rolling along the direction of
the long ribbon. The degree of plastic deformation
was defined as the relative increase of length.
The degree of deformation were 0 (as prepared),
5.0 and 10.0 %. The direction of Q vector of X-
ray coinside with the direction of rolling.

Results and Discussion

Figure 1 shows the total structure factors
of as prepared and cold-rolled Pd83Si]_7 amorphous
alloy. Figure 2 shows the differences of total

rol 1 ed

5% rolled

as prep

O 5 10 1

Q (a-')
Fig.l Total structure factors S(Q) of cold
rolled Pd83Sij^y amorphous alloy.

structure factors, AS(Q)
hS(Q}=S(Q)^ - S(Q)q

where S(Q)q denotes the structure factor for as
prepared specimen, and S(Q) denotes that for the
cold rolled specimen with the deformation degree
of n %. The behaviour of AS(Q) indicates that
the height of the first peak in S(Q) decreases
by cold rolling of 5 %. Increasing the degree
of plastic deformation more than 5 %, the height
of the first peak in S(Q) returns back closer to
the original value of as prepared alloy. These
results suggest that a much more disordered
atomic structure is produced by the deformation
of 5 % than that is produced by the deformation
of 10 %.
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INTRODUCTION

Since an aiiiorphization of H20 ice I was dis
covered under pressure, many interests about the
process have been attracted for the premonitory
phenomenon of the structure transformation.

Recently pressure-induced amorphizations of
Si02, SnC14 and LiKSOA have been also reported
by diffraction studies under high pressure.
However, the amorphization mechanism has not
been clarified with respect to thermodynamical
and mechanistic aspects.

Many of the above mentioned structures consist
of array of molecules of AX4. The decomposition
to micro-domains under high pressure may induce
the amorphization.

We have observed the crystal 1ine-to-amorphous
transition of Ca(0H)2 (Fig. 1). which is an
isostructure to CdI2. This structure is not com

posed of any molecular structures therein.
The present experiment aimed to disclose the

process of the crystalline-to-amorphous phase
transition.

EXPERIMENT

Energy dispersive (ED) diffraction studies of
the pressure-induced amorphization of Ca(0H)2
has been undertaken using the diamond anvil
pressure cell which set on the powder diffrac-
tometer PFPD at BL-4B. The diamond anvil was in
stalled on the sample spinner with 1/20 rpm,
which is prepared for the randomization of the
preferred orientation of sample and reduction of
the effect of the grain growth under high pres
sure. Gasket of udmil-700 and pressure trans
mission medium of mixture of methanol and

ethanol were used. Pressure was measured by the

ruby fluorescence method.
In situ observation of the ED spectra up to

16GPa was carried out by intrinsic Ge SSD in the
energy range 10keV-40keV. Energy resolution and
counting efficiency were tested in advance by
radio active isotope.

Diffraction profile of the ED spectrum after
the subtraction of the background was expressed
by the pseudo-Voigt function.

The relation between energy and inter-spacial
distance was calibration with the X-ray fluores
cence of several metal elements. The lattice
constant of Ca(0H)2 under pressure was calcu
lated by six diffraction peaks of 001. 100, 101.
102. 110 and 111.

The diffractometer and ED measuring system
were previously detailed in PF Act. Rep. #5 143
(Yamanaka, et al. ) and 144 (Uno, et al.) and #4
147 (Yamanaka, et al.)

RESULT

(1) The diffraction peaks were observed up to
lOGPa but could not be detected at above 12GPa.

This indicates that the critical pressure of the
crystal Iine-to-amorphous transition is placed
between lOGPa and 12GPa at room temperature.

(2) The lattice constants of a(A) and c(A) of
Ca(0H)2 almost linearly decreased with pressure
(Fig. 2). The ratio of c/a as a function of
pressure decreased with pressure, which implies
that the sample was more easily compressed along
the direction of the c axis than the a axis,

and that the deformation from the hexagonal
closest packing of oxygen atoms becomes more ex-
t reme.

(3) A bulk modulus of Ca(0H)2 was calculated
to be Ko=39.2GPa from the volume compres
sibility.

(4) Full width half maximums (FWHH) of the
diffraction peak profiles became linearly
broadened and the integrated diffraction inten
sities were decreased with pressure.

(5) The amorphous phase stayed in all through
the experimental range up to IBGPa at room tem
perature. It is an interesting problem to
determine whether the phase is thermodynami-
cally stable at high pressure. The phase was
confirmed to be metastable under the thermally

activated condition and we found a new phase at

lOGPa and 450K. Probably the amorphous phase is
in the premonitory state of the transformation
to the high pressure phase. The structure of the
new phase has not been determined yet.
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INTRODUCTION

As to the GeOs-PzOs glass system, it was
reported that a part of Ge atoms change their
coordination numbers from 4 to 6 on introduction

of the PaOs compornent in the glasses. We have
estimated the fraction of six-coordinated Ge

atoms from the Ge-0 distances obtained by Ge K

EXAFS analysis." In this article, we report the
Ge-0 distances estimated by the radial distri

bution function (RDF), which were obtained making
use of the anomalous scattering of Ge atoms.

EXPERIMENTAL
The chemical composition of three kinds of

GeOa-PaOs glasses examined are given in Table 1.
The intensity measurements were performed on the
powder diffractometer installed on BL-4B. The
details of the experiment were described in our

previous report.^' The energy employed in this
study were 11.091KeV (f*Ge=-7.395) and 10.240KeV
(f'Ga=-2.265).

RESULTS

The experimental data were put on a common
scale by dividing measured values with monitor
intensities, corrected for the absorption and
Compton scattering, and then normalized in an
electron unit. Analytic approximations were used
for atomic scattering and Compton scattering
factors. The low r contribution to the RDF was

corrected analytically. In the conventional RDF,
there was no obvious difference in the first peak

distance among the three kinds of samples, the
peak being contribution of P-0 and Ge-0 pairs.

Fig.l shows Icoh-f^ of the GEP3 sample. The
difference depending on X-ray energy shows the

effect of the anomalous scattering of Ge atoms.
The differential reduced intensities SAi(S)
was derived from these curves, by taking the

difference(Fig.2). SAi(S) is defined as follows.

.00 8.00 10 00 in

SAi(S) =A(Icoh-f2)/2CGeAf'6ef,

where Cg« is the atomic ratio of Ge and Afoa is
the difference between f factors of Ge at two

energies.

With Fourier transformation of SAi(S), the
differential distribution function(DDF) has been
obtained(Fig.3). The Ge-0 distances estimated on
Fig.3 are also given in Table 1. The values show
the same tendency as those obtained with EXAFS.

In conclusion, the change of coordination
number has been confirmed by the two different

methods. A detailed discussion will be made
elsewhere.
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Table 1. Chemical composition and Ge-0 distances

Sample
Chemical Ge-0

Composition(mol^) distance(A)
GeOa PO5/2 EXAFS DDF

GeOe 100 1.73 1.74

(Glass)
GEPl 79.6 20.4 1.74 1.73

GEP2 66.0 34.0 1.76 1.76

GEP3 60.8 39.2 1.77 1.78

GeOg 100 (1.74)

(Trigonal)
GeOg 100 — (1.89)

(Tetragonal)

^ G0>l o
^ <J

.TO - 10 TO

S (l/A)

Fig 1. looh-f^ curve of
GEP3 sample

S (l/A)

Fig 2. SAi(s) curve obtained
from Icoh-f^ curve

r (A)

Fig 3. Fourier transform of
SAi(s)
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Introduction

One of the advantages of the synchrotron
radiation(SR) beam as an X-ray source of the
powder diffractometry is that a diffraction
measurement at an arbitrary wavelength can
be carried out.

In the case of our diffractometer, the
wavelength of the incident X-rays can be set
within the error of 0.0001 A and can be

measured within 0.00002 A^) . However, if
the beam moves 1 mm vertically, an angle of
incidence to the monochromator varies by
about 0.003 deg at the BL-4B hutch and the
wavelength of the exit beam from the
monochromator changes by about 0.0003 A. To
make the accuracy of the real part of the
anomalous dispersion correction more than
two digits just near the absorption edge,
for example 0.001 A shorter than the K ab
sorption edge of Ga atom, the accuracy of
the wavelength more than 0.0001 A is
required. Therefore the diffractometer
should follow the SR beam when the beam

moves more than 0.3 mm. To achieve this

requirement a new system was developed.

Design of the SR beam following system
The detector of a position of the beam is

an X-ray TV camera. To reduce the intensity
of the SR beam, a small piece of a copper
plate was set as a scatterer in the plane of
incidence on a side of an incident slit of

the monochromator at 45 deg to the SR beam,
as shown in Fig. 1. The X-rays from the
scatterer was detected by the camera through
a horizontal slit of 0.5 mm width put near
the middle point between the scatterer and
the camera. The camera was fixed to the

of tbo Heaechroaotor

Hor&sontel SlltlO.S

Int«frotlni

Circuit

Fig. 1. A block diagram of the SR beam
following system.

diffractometer in order to detect the rela

tive shift of the SR beam to it. The output
of the camera was monitored by the CRT and
the vertical position of the SR beam was
stored in memories of 640 channels. The

data in a single scanning line can be added
up to 256 times to get the time-integrated
intensity. The position of the center of
the beam was estimated from a middle point
of FWHM of the beam pattern. The sen
sitivity of the beam shift was about 0.03
mm, which was enough to control the shift of
the beam within 0.3 mm.

Results and Discussion

An example of the shifts of the SR beam and
the results of the beam following operation
on 7th July 1989 is shown in Fig. 2. The
diffractometer displaced upwards at about
6:20 am. Three downwards displacements were
performed from 2:20 pm to 4:15 pm.

These results show that our SR beam follow

ing system works satisfactorily and also the
system is necessary for the measurements at
the neighboxirhood of the absorption edge.
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Introduction

The preferd orientation and the size effect
of the crystallites in the powder sample are
ones of the important problems in the X-ray pow
der diffractometry. A method of evaluating
them, called " e—scan" method, is proposed by K.
Yukino et al.^) and successfully applied to the
focussing geometry of the diffractometer.

In the e-scan method, a thick tabular powder
specimen is rocked about the 6 axis of a dif
fractometer while the detector is fixed at a

Bragg peak position 2^2- When the powder
specimen is homogeneous and infinite in thick
ness, the total intensity of a Bragg reflection,
1(e), is given by

1(e) = 1(0) -Me),
A( e ) = 1 —cot 6 B • tan e ,
-^B ^ e ^ i9b.

where 1(0) is the total intensity in the case of
symmetry reflection, A( e ) the absorption factor
at a angle e . Only a part of the total inten
sity can be actually measured because of a
finite area of the recieving slit of the detec
tor. Figure 1 shows the absorption factor at
some Bragg angles, calculated under the condi
tions shown in the figure, in the kinematical
theory. The angular dependence of the orienta
tional distribution r( e ) is given by

r( e ) = Iex( e ) / Ic( e )
where lex is the experimental intensity, Ic the
calculated one. r( e ) reflects actually the in-
homogenities of the powder specimen as grain
size, orientation and packing density.

Intensity measurement was performed at BL-4B
station by using the high-resolution powder dif
fractometer (PFPD) with the parallel geometry,2)
The conditions of the experiment were as
follows: IS=0.2mm, RS=10mm, A=1.5409 A.

The sample spinner was very useful to average
the effects of the orientation and the packing
density. In the case of the NBS standard Si
powder 640B, the fluctuation of the reflection
intensity was less than 4^ using the spinner
while it was about 30^ without the spinner.
Therefore all intensity measurements were per
formed using the spinner. The species measured

were LiF, Si and hot pressed

Results and Discussion

LiF was expected to be homogeneous because it
was cubic in the form and less than 5//m in the
grain size by the obsevation of the SEM. The
result on LiF (111) plane is shown in Fig. 2.
The same result was obtained for all the other

planes. Thus, the homogenity was confirmed for
LiF, In order to find the size effect, the Si
powders of the various grain size (2~3/zm,~5/i
m,'~10/xm,''20/im) were measured. The fluctuation
of the intensity for the powder of the grain
size more than ~10/zm was estimated to be more
than 30^ even if the sample spinner was used.
It was possible to correct the prefered orienta
tion for the powder of the grain size of "S/zm.
The prefered orientation for that of less than 3
jum could be neglected. The angular depjendency
of the orientational distribution was found for

the hot pressed as shown in Fig. 3. Gaus
sian may be the good fitting curve for it.
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Fig.2. Homogenity of LiF(lll)
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« (4e«i Fig.3. Angular dependency of orientational dis
tribution of (001) plane of hot pressed M. (#

Fig.l. Absorption factors calculated at some — 002, X— 004,•— 006,0— 008). The solid
Bragg angles 2^b in the e—scan method. line expresses the fitted Gaussian.
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INTRODUCTION

AgBrl-xlx powder, photo-sensitive materials
has been investigated for collar film substance.
The crystallite size, texture and Agl concentra
tion give large effects to the image quality
and photo-sensitivity. The procedure of the
sample preparation also gives a significant ef
fect. Assembly of the submicron grains having
several different compositions is designed to
form a zonal structure of a few micron in
diameter. The composition of the substance is
finely controlled. It has been known that AgBr
(81 type structure) has a wide solid solution
range with Agl (wurtzite type structure). The
procedure of the sample preparation condition

Analysis of the crystallite size, strain in
the crystal lattice and chemical composition can
be made by the precise profile analysis and
measurement of the lattice constant. Anomalous

dispersion study can also confirm a texture of
the zonal structure. An integrated diffraction
intensity makes a quantitative analysis of the
thickness of the layer.

EXPERIMENT

A powder diffractometer PFPD designed for the
high angular resolution diffraction study with
in ± 0.0005° (PF Act. Rep. #5, 144) was used
for the profile analysis. A monolithic Si
(111) monocromator with fixed exit beam position
supplies an extremely precise wave length of the
incident X-ray source (less than 10-5A) with
1.54330A, which is similar to the characteristic
X-ray of CuKa. We selected the wavelength for
the comparison with the diffraction study using
the conventional X-ray source in laboratory. An
evacuation of all optical path including the
sample chamber reduces a background noise.
Sample spinner with 3 rpm was employed for the
randomization of sample orientation. Step count
ing technique of 0.01° X5sec was applied.

Profile analysis employed a pseudo-Voigt dis
tribution function, which was previously found
to be the most optimum profile function.

Well characterized AgBrl-xlx samples with
different grain size consisted of the submicron
crystallite were prepared the double-jet method.
Observation by scanning electron microscope
revealed that all samples were of homogeneous
grain size and that several different crystal
forms, octahedron, hexahedron, didodecahedron
and spherical, were crystallized by the sample
preparation.

RESULT

(1) With respect to AgBr samples, end specimen
of the solid solution, having diameters from
0.8/im to 2.0/fni determined by SEM, profile
analyses of the line broadening caused by the
crystallite-size effect reveals that FWHM of the
Lorentzian part of the peaks 111, 311, 331, 440,
531, 620 of each sample increased with diameter.
(2) A pure AgBr showed much longer tail of peak
profile than the sample containing Agl molecule.
This is probably because the lattice distortion
of the former sample is exceedingly large. This
is coincident with the noticeable diffuse streak

of the Bragg reflections of the single crystal.
(Noticed that AgBr crystal is a well known ion
conductor.)
(3) A lattice constant of the solid solution is
very sensitive for the concentration of Agl
molecule because of the large difference of
halogen ionic radii. A linear relation between
the lattice constant and the concentration is

presented by
a(A) = 5. 7748+0.00368X (X:mole%).

(4) AgBrl-xlx grain of l{i^ in diameter was
grown, having seven-layered zonal structure with
an octahedral form (Fig.l). Bach layer has a
different composition between x=0.03 and 20.0,
as shown in Fig.2. A high angular resolution
with PFPD disposed the separated peaks of 420
reflection from the individual layered compound
(Fig. 3). Integrated intensity of each peak indi
cate the mass ratio related to the thickness of
the layer of the zonal structure.

These analyses could not be performed by the
conventional X-ray source.
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TI-Ba-Ca-Cu-0 superconductors, TlinBa2Can-i-
CunOni+2n+2 consist of stacking Cu-0 layers between
which Ca layers are sandwiched, and they form
perovskite-like layered units. The units are
separated by TI-0 monolayers and bilayers in m=l
and m=2 systems, respectively. The superconducting
transition temperature Tc depends on the number of
Cu-0 layers in the perovskite-like unit and the
highest Tc occurs at 122 K in TlBa2Ca3Cu40ii (1234).
We have measured the Cu K-edgc absorption fine
structure to study the valence state of Cu ions and
local structure around them. We have also measured
the T1 L3-near-edge structures to discuss the origin
of hole carriers.

The samples were prepared by mixing
powders of TI2O3, BaO, CaO and CuO. Well mixed
powders were cold pressed into pellets and sintered
at 890 °C in an oxygen atmosphere for 30-50
minutes.^ X-ray absorption measurements were
performed at the BL-4C beam line. Both Cu K- and TI
L 3-edge spectra were measured with powdered
samples by transmission mode at 300 K and 30 K. The
measurements of the temperature variance of Cu K-
EXAFS of 1234 were also carried out between these
temperatures.

The near-edge spectrum of Tl2Ba2Ca2Cu3010
(2223) is shown with those of La2Cu04, Ba2YCu306.96
and Nd2Cu04 in Fig. 1. La2Cu04 and Nd2Cu04 are
typical compounds composed of Cu-0 octahedra and
planes, respectively while Ba2YCu306.96 is of both
of Cu-0 pyramids and planes. The near-edge
structure of the 2223 is found to be very similar to
that of Ba2YCu06.96, which reflects the similar
average coordination environment of the Cu ions
comprising the layers and pyramids. The absorption
edge of the 2223 is 0.47 eV higher in energy than
that of La2Cu04. The Cu valence is estimated at 2.2 by
using the value of average edge shift of 2.47
eV/valence.2 The edge positions of the m=l-system
lay slightly higher in energy than those of the
m=2-system. On the other hand, the systematic
variations of the near-edge structure with n were
not found. The Tl L3-near edge spectrum of 2212

has both features of Tl"*"^ and Tl+3 and the edge
position, which is defined by a midpoint of absorp
tion, lies between those for Tl"*"^ and Tl''"^ in energy.
This suggests the occurrence of Tl"^ ^ and agrees
with the results of the photoelectron spectroscopy.3

In the Fourier transform of the Cu EXAFS, the
most dominant peak indicates the contribution of

the nearest planer-coordinated oxygen ions while
the peak corresponding to the apical oxygens of
CuO5 pyramid is hardly found. This is because the
apical oxygens are fewer in number and located
further than those in plane. We performed the
Fourier filtering of the contribution of the first-
nearest oxygen in k^Xfk) between 1.0 and 2.3 A, and
fitted it using single-shell model. No anomaly in the
temperature dependence of the Debye-Waller factor
a of the 1234 was found between 30 K and 300 K and
it was fitted to the Einstein model with the Einstein
temperature 0e=577 K.

1. R. Sugise, M. Hirabayashi, N. Terada, M. Jo, T.
Shimomura and H. Ihara: Jap. J. Appl. Phys TL L1709
(1988).
2. H. Oyanagi, Y. Nishihara, K. Murata, H.
Yamaguchi, H. Unoki, H. Ihara, T. Matsushita, M.
Tokumolo and Y. Kimura: J. Phys. Soc. Jpn 58, 3324
(1989).
3. T. Suzuki, M. Nagoshi, Y. Fukuda, Y. Syono, M.
Kikuchi, N. Kobayashi and M. Tachiki: Phys. Rev.
B40, 5184 (1989).
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Fig. 1 The Cu K-XANES spectrum of Tl2Ba2Ca2Cu30io
compared with those of La2Cu04, Ba2YCu306.96 and
Nd2Cu04(dashed lines).
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II^RODUCTION

Ge/Si strained-layer superlattices exhibit unique

optical properties. In particular, the origin of the lowest

electroreflectance transition at 0.80 eV observed for

Ge4Si4(100) superlattice'^) has attracted much

attention. However, whether this strong transition

originates from the indirect Ty-Ac excitation or the

folded-in direot transition is not established yet. To

further characterize the electron states of the Ge/Si

superlattices dominated by strained Ge layer, we have

studied the local structure around Ge atoms in

Gen/Si(100) superlattices {n<8) using surfeace-

sensitive XAFS.

EXPERIMENTAL

Gen/Si monolayer superlattices were prepared on a

well-oriented p-type Si(IOO) (4 ohm-cm) surface in

an UHV MBE growth chamber with a base pressure of

1.3x10*^ Pa. A single-domain SI(IOO) 2x1 structure

was obtained by annealing at 1000°C for 20 min. Two-

dimentional growth of Ge and Si layers were performed

with an electron gun and a PBN Knudsen cell, monitoring

the oscillation of RHEED specular beam intensity.

Surface-sensitive XAFS experiments utilized a

fluorescence-detection technique and a total reflection

geometry. As a fluorescence detector, a Si{Li) solid state

detector (SSD) was used to filter out the scattered

photons and diffractions.

RESULTS AND DISCUSSION

In Fig. 1, the Ge K EXAFS oscillations of Gen/Si

superlattices are plotted as a function of photoeiectron

wavenumber k for (a) n=2, (b) n=4 and (c) n=8. The

EXAFS profile indicates that the Ge-Ge bond increases

with n since the backscattering amplitude of Si peaks at

low k and falls off sharply with the increase of k, while

that of Ge has a maximum at k=6-7A'^ and extends to

k>15A'''. The ideal Si/Ge ratio is 0.5 {n=2), 0.33

(n=4) and 0.14 (n=8) without a chemical disorder along

the [100] direction. The EXAFS profile for n=2 indicates,

however, that the Ge-Si bonds still dominate for n=2 as

in case of n=l2). These results indicate the presence of
substitutionai disorder along the [100] direction due to

interdiffusion. Second, the Fourier transform analysis of

EXAFS data show that the Ge-Ge bondlength decreases as

the Ge layers are strained. In agreement with the elastic

energy minimization. This rules out a possible

superlattice structure proposed by Wong et al.3)in which
the Ge-Ge bondlength of bulk Ge is conserved. In

summary, The present results demonstrate that the

chemical disorder exists along the perpendicular

direction which reiaxes the k-conservation rules along

the [100] direction enhancing r-X mixing.

1) T.P.Pearsall,J.Bevk,L.C.Feldman,J.M.Bonar and
J. P.Man naertsiPhys. Rev. Lett.58(1987)729.
2)H.Oyanagi,T.Sakamoto,K.Sakamoto,T.MatsushitaJ.Yao
and T.lshiguroiJ.Phys.Soc.Jpn. 57(1988)2086.
3) K.B.Wong,M.Jaros.i.Morrison and J.P.Hagon;
Phys.Rev.Lett.60(1988)2221.
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Fig. 1 Ge K-EXAFS osciiiations of Gen/Si monolayer
superlattices for (a) n=2, (b) n=4 and (c) n=8.
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The current experiments were based on the app
lication of triple-crystal geometry to cases of
polycrystal line or powder samples. Using triple-
crystal diffraction data from powder samples it
is hoped that one can study the diffraction pro
cess in individual crystallites. In this way in
formation on particle size and characteristics,
and strain can be obtained. Another aim of such

studies is to be able to investigate the nature
of extinction in powders.

The application of triple-crystal diffracto-
metry and topography to polycrystalline
materials, and in particular ceramics and metals
is very promising. Such studies may be able to
shed light (non-destructively) on the processes
of crack nucleation and propagation, and fatigue

The experiments were carried out on BL-4C. The
wavelength selected was 1.4A. A quartz powder
sample ( crystallite size < 140Am) was studied
initially. The 100 and 101 reflections were
selected. A Si 111 analyzer crystal was used, oj
scans revealed many peaks, associated with in
dividual crystallites. Fig. 1 shows the 2 dimen
sional Intensity distribution for 101 quartz
reflection. The various crystallites are clearly
visible along the co-direction. The values of 16
for the crystallites show very little variation,
consistent with little or no strain ( lattice-
parameter variation ).

In an attempt to induce strain in the quartz
powder, we heated the sample to 20, 50, 120, and
IbO'C. The changes to the peak positions ( 16)
were very consistent between the three crystal
lites examined. These changes were quite signi
ficant with 16 decreasing by 0.006* (20-50°C),
0.008* (50-120X:). and 0.008* (120-160°C). These
changes can be shown to be in reasonable accord
with the expected thermal expansion behaviour of
quartz.

The next sample to be examined was a Lucalox
ceramic sample (AUOa) which contained a (macro-
) crack directed along its length. The particle
size was typically around 30 to 40 jU m. A wedge
was positioned so that it could be driven into
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Fig. 1 2D intensity distribution for the 101 quartz reflection.
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Fig. 2 Scheaatkc diagram of the experlBental configuration.

the crack with a micrometer, thereby increasing
the stress field at the crack tip and forcing
the crack to propagate. The sample was mounted
on the diffractoraeter so that the X-ray beam was
incident on the sample just ahead of the crack
tip. We located six crystallites which we "kept
track of" as the wedge was driven into the crack
These particles were clearly resolved in the
diffractoraeter angles o>,16,x. Fig. 2 is a
schematic diagram of the experimental configu
ration The aim of this experiment was to use the
diffraction properties of the individual parti
cles in the ceramic to monitor strain and de

formation behaviour as the crack propagated.
Fig. 3 shows the two-dimensional intensity dis

tributions for one of the six crystal 1ities as
the wedge is driven into the crack. The contours
represent intensity levels which are 90, 80, 70,
60, 50, 40, 30, 20, 10, 5. 2 and IX of the maxi
mum count. The positions of the peaks in a» are,
to some extent, arbitary since adjusting the
micrometer may cause some change in co for the
entire sample. The most significant changes in
16 occurred for the crystallite displayed in
Fig. 3, which also exhibits the largest changes
in morphology. Another crystallite is seen to be
diffracting in step 3 and to a greater extent in
step 4. It is very tempting to suggest that this
crystallite has actually split into two smaller
crystallites (the main peak intensity does
indeed decrease significantly from step 3 to
step 4). It is not, however, possible to prove
this conclusively.
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Introduction
The lattice spacing of the sandwiched AlAs

layers between the GaAs layers in (GaAs)™
CAlAs)n superlattice layers grown on GaAsCOOl)
substrates is elongated along the epitaxial-
growth direction due to a Poisson expansion*'

It is also interesting to investigate
whether a similar lattice expansion exists or
not in a single bunch of AlAs layers
sandwiched between two GaAs layers.

Experimental
The sample investigated was a GaAs/AlAs/

GaAs multilayer structure grown on a GaAsCOOl)
substrate by MBE. The nominal numbers of
molecular layers of the GaAs and AlAs layers
were 1240 and 125, respectively. The thickness
of the cap layers of GaAs was equal to that of
basal epitaxial layers of GaAs.

In the X-ray diffraction measurements, a
synchrotron radiation source was employed at
beamline 4-C in which a vertical-type Huber
four-circle diffractometer was installed. The
wavelength of radiation selected was 1. 542A.
The scattering intensities from the sample
were measured by the 6-26 scanning mode with
step sizes of 0.001° C(9).

Results

The diffraction patterns obtained from
the scan along the <001> direction through the
002 Bragg point of GaAsCOOl) are shown by the
dotted line in Fig. 1. The sharp peak denoted
by 002 represents the Bragg reflection from
the GaAsCOOl) substrates. The axis of abscissa
represents the scattering vector normalized by
the lattice spacing between successive cation
layers of the substrate of GaAs Cai=2. 827A).
The three broad peaks in which a small
oscillatory structure is seen represent the
scattering profile from the GaAs/AlAs/GaAs

n

Pig. I. Observed (dotted line) and calculated intensity (solid line) vs
the scattering vector along 001 in the vicinity ofthe 002 GaAs reflec-
uon. The scattering vector is normalized by the lattice spacing be
tween successive cation layers in GaAs, a..

epitaxial layers.
In the framework of the kinematical theory

of the diffraction, the scattered intensity
from such a one-dimensional array of the
multilayer lattice is given by

FF*= 1 Fi I 2+ I Fz I 2+ I F3 t 2+CFiTz+FiFz")

+ CF2*F3+F2F3*) + CFs'Fi+FsFi''), CD

where Fi, Fz and Fs represent the scattering
amplitude from the cap layers of the GaAs,
from the AlAs layers and from the GaAs layers
including the GaAs substrate, respectively.
The numerical calculation was made on the
basis of eq. CD. The result is shown by the
solid line in Fig. 1 in which the lattice
spacings between successive cation layers of
the GaAs and AlAs regions are assumed to be
ai=2. 827A and 32=2. 835A, respectively. They
are cited from the values obtained from the
analysis of the CGaAs)28 CAlAs)24 super
structure lattice**. We can see that not only
the position of the broad peaks but also the
period of a small oscillatory structure
observed are well reproduced by the
calculation performed on the basis of eq. CD.
From these facts we see that the number of
molecular layers of the cap layers of GaAs and
of those of the AlAs layers are in agreement
with the nominal numbers of 1240 and of 125,
respectively. In the calculation, the lattice
spacing between the successive cation layers
in the AlAs layers is used to be 32=2. 835A.
This is the lattice spacing which is expected
from the simple Poisson expansion of AlAs
spacing so as to compensate the lattice
mismatch between GaAs and AlAs perpendicular
to the growth direction.

In general the ratio of the structure
factor of AlAs to that of GaAs Is 1 fAiA. | :
I fcaAs I =10:1 in the vicinity of the 002

Bragg point of the GaAs. Thus, the main terms
which contribute to the scattered intensity of
eq. (1) are I Fz | 2, G*"i*F2+FiF2*) and
CF2*F3+F2F3* ). The broad peaks in Fig. 1 come
from I Fz I 2 representing a well known Laue
function of the AlAs layers. The small
oscillatory structure in Fig. 1 comes from
CFiTz+FiFz") representing the interference
effect between the cap layers of the GaAs and
the AlAs layers.

We thank Prof. H. Terauchi of Kwansei-
Gakuin University for providing us with a very
high-quality sample.
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Introduction

From a physical point of vie* , the one-

dimensional quasiperiodic lattice is interesting

since it is, in some sense, the projection of a

quasicrystal onto a line. We discussed the dif
fraction patterns of the one-dimensional second-

order Fibonacci series grown by a technique of

the molecular beam epitaxy Many satel

lite peaks have a self-similar feature associ
ated with the golden mean r (a diagonal value

of a regular pentagon). Here we report the
diffraction patterns of the one-dimensional

third-order Fibonacci series, i.e.

St = A, Sa = C. S3 = CBA, S4 = CBACBC, .
Sn = 2Sn-t - Sn-3 + Sn-2 (l)

in which the seqular equation of the transforma

tion matrix is given by

x^ - 2x2 - X + 1 = 0 (2)

with the solutions -a/^ , 1/a and >9 (a

and /9 are diagonal values of a regular hepta

gon). Note that i/ a + 1/0 - i. The equa
tion (2) corresponds to the equation that gives
T, x2-x-l=0, in the second-order
Fibonacci series.

Exper imental

The third-order Fibonacci lattices were

grown by MBE on the (001) GaAs substrate follow
ing the sequence given in eq.(1). The thickness

of alternating layers do, da and do are 5ao/2
(AlAs), 9ao/2 (Alo.sGao.sAs), llao/2 (GaAs),

respectively, where ao is the average lattice

constant. The thickness ratio is almost 1 :

a : The ratio of numbers of A, B and C

included in the lattice is also 1 : a : ^ . The

average quasiperiodicity is then defined as

do = ( 5/2 + 9a/2 + ll;S/2)ao = 22. 97ao.
The preliminary measurement of the x-ray

diffraction pattern of the present lattice was
made by a conventional double axis x-ray dif-

fractometer with Cu-Ka radiation. The observed

diffraction pattern around the fundamental (004)

reflection is shown in the inset of Fig.1. The

high resolution measurement was carried out by

using synchrotron radiation (SR) available at

PF. Radiation (/ = 1.54 A) was monochromatized

by a pair of Si(lll) and focused by a sagittal
focusing mechanism (beam line 4C). Figure 1

shows the diffraction pattern scanned from 16 =
6 6. 50' to 68. 7 0'.

Results and Discussion

The several satellite peaks observed by a

conventional method are assigned by

(n=0,l . m=-l,0,l,2). qo = a {In /Aq) , as
shown in the inset of Fig. 1. By using SR, we

found many satellite peaks in the small region

of 16 as shown in Fig. 1. These satellite peaks

are also assigned by qo/'a'^^" (n= -3,..,1 , m=

2, ..,8), implying that there is a self-similar
ity in the third-order Fibonacci lattice.

In the Fibonacci lattices there are no long

range period, but strong correlations extending

up to a long distance give the sharp diffraction
patterns.2' The patterns show the self-similarity

and are assigned by the projection onto a line.

The authors wish to express their thanks to

staffs of the MBE group of Kwansei-Gakuin Univer

sity and the crystal physics group of PF for

their fruitful discussion.
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Fig. 1. Diffraction pattern of the third-order
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at low resolution.
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Introduction

The layered bisulfides of Ti and Ta
transition metals are intercalated with
various ions and molecules between the
sulfur layers which are normally sepa
rated through the Van der Walls interac
tion. These intercalation compounds are
of interest because of their quasi two-
dimensional properties and because of
their application as electrodes in cells.
In the present study, we report the re
sult of X-ray measurements on the in-
plane and intra-plane correlations from
stage-2 Ag^TiS2 single crystal.

Experimental

The Ag TiS^ single crystal was pre
pared elec^rocnemical1y by immersing TiS2
single crystal in a 0.1 mole AgNO^ solu
tion with Ag metal as the anode. Mosaic
spread of it parallel to the c axis was
less than one degree.The composition of
the specimen used was determined through
an analysis of the 00.L Bragg intensities
by a least-squares fitting procedure and
given as x=0.15.

Data collection of diffuse scattering
was performed on a Huber 5020.4- foui—
circle diffractometer with HOPG crystal
analyser installed at BL-4C. A new versa
tile cryostat was mounted on a centering
device on a Huber Eulerian cradle with
off set % circle .

Results

Rod1 ike diffuse scattering parallel
to c at 1/3 1/3. 0, 2/3 2/3. 0 and their
equivalent positions was observed on the
diffraction pattern at room temperature.
It reveals the two-dimensional feature of
intercalated Ag atoms in the compound.
These diffuse intensity distributions
parallel to the c direction centered on
5/3 2/3.0 were measured from 350 to 90 K.

Fig.l

Fig.l shows a typical result of diffuse
rod at six different temperatures, where
the range of the scan was from 1=-6 to 6.
It is clearly seen that intensity modula
tion on the diffuse rod appears slightly
at 250 K, enhances with decreasing tempe
rature and does not develop at 180 K
furthermore. It means an enhancement of
three-dimensional nature below 250 K.

In Fig.2 intensity distributions in
(hkO) plane of reciprocal space are shown
in arbitrary units at 350, 300, 280 and
250 K. As seen from a series of intensity
maps diffuse maximum at 1/3 1/3.0 recip
rocal point is increasing with decreasing
temperature. By performing the Fourier
inversion of intensity, two-dimensional
short-range order parameters were deter—
mined. Based on these parameters, local
arrangements of Ag atoms in the compound
are discussed.

Reference
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(a) 350 K (c) 280 K

(b) 300 K

(d) 250 K

Fig.2

Fig.l. A typical result of diffuse rods
at six different temperatures.

Fig.2. Intensity distrbutions in (hkO)
plane in arbitrary units at 350,
300, 280 and 250 K.
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Introduction

The phase diagram below 800 K is not well un
derstood because of the slow atomic diffusion in

the alloy. To overcome this problem, Morita, et
al. tried to get the equilibrium state enhancing
the diffusion by the electron-irradiation
technique^^. They prepared foil samples with dif
ferent compositions of 10 to 60 at^Ni whch were
electron-irradiated at temperatures between 470
and 770 K. They measured the magnetic properties
and determined the phase boundaries as drawn with
solid lines in Fig. 1. We performed X-ray dif
fraction experiments on the same samples to iden
tify each phase. Since Fe and Ni have almost the
same atomic scattering factors, it is hard to
detect the superlattice reflection intensities if
the conventional X-ray generator is used. We
employed synchrotron radiation as a tunable high-
intensity source to take advantage of the
anomalous scattering effect.

Experimental

Samples were the same ones that Morita, et
al. used for the magnetic property measurements.

For X-ray measurements, we used the multipur
pose four-circle diffractometer at BL-4C2) in an
X-ray optical geometry of Fig. 2. The wavelength
of radiation was adjusted to ?«, =1.7444 A after
calibrating the absorption edge of Fe (1.7435 A).
The diffraction pattern on the plane (in recipro
cal space) nearly normal to the sample surface was
surveyed by the imaging plate (IP) in an oscilla
tion method (A«= +5° and exposure time=20 min.).
This IP method was very powerful for the electron-
irradiated thin foil samples with enhanced grain
growth and strongly preferred orientation in
polycrystalIine structure.

Results and Discussion

We examined the samples marked with circles
in Fig. 1. The full circles indicate the samples

\\ 5Y14.Y2 ^
-\ \.^Cluster ^
. \ "^typeSRCi;

which showed diffuse scattering maxima at the su
perlattice reflection positions of the f.c.c.
based alloy. Fig. 3 is a typical IP pattern,
which was given from the Fe-50at.^Ni alloy ir
radiated at 570 K. The diffuse maximum indicated

by an arrow is thought to be the 100 superlattice
reflection of the r " phase (LIq type). The
broadening of the maximum might be due to an in
termediate state of ordering into a single ordered
domain. The average diameter of the ordered
domains was estimated to be 200 A from the line

profile measured by the 6-26 scan method. We
also observed such intensity maxima for Fe-
50at.^Ni (470 K) and Fe-60at.%Ni(470, 570 and 670
K). Other samples marked by the open circles in
Fig. 1 did not show any diffuse maxima, indicating
the absence of detectable ordered arrangements.
Particularly, the disappearence of the 100 super-
lattice reflection at 670 K for the Fe-50at.^Ni
alloy indicates that the r" phase never exists
above 670 K. On the other hand, the Fe-60at.^Ni
alloy exhibited a diffuse maximum at 670 K which
is thought to be the superlattice reflection for
the r' phase (LI2 type). Thus, the present
results strongly support ihe diagram predicted by
the magnetic measurements^^

We were not successful, for the present, in
finding 1) a trace of reflection of the a phase
for the samples with more than 30 at%Ni and 2) any
superlattice reflection for the r" phase in the
range from 25 to 40 at^Ni including the
stoichiometric Fe3Ni concentration. We are plan
ning more detailed examination for the Fe-Ni low
temperature phase diagram as the next step.
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teristic.



proposal No $9-083

APPEARANCE OF SUPERSTRUCTURE IN FERROELECTRICS AT LOW TEMPERATURE BELOW THE INCOMMENSURATE-
COMMENSURATE TRANSITION

Hiroyuki MASHIYAMA, Mamoru SAKAMOTO, Hazime NAKAMURA, Hironobu KASANO,
Takanao ASAHI*, Katsuhiko HASEBE* and Shunji KISHIMOTO**

Department of Physics, Faculty of Science, Yamaguchi University, Yamaguchi 753
* Department of Physics, Faculty of Liberal Arts, Yamaguchi University, Yamaguchi 753
**Photon Factory, National Laboratory for High Energy Physics, Tsukuba 305

Introduction

Thiourea is a well-known ferroelectrics that

performs an incommensurate-commensurate phase
transition at Tc=169K.l^ In the incommensurate
phase the dielectric constant has a sharp peak
where the modulation locks-in the commensurate
phase with l/8c*. However the temperature range
of this eightfold phase is very narrow without
applied electric field.On the other hand, a
peculiar dielectric anomaly at Tx=161K in the
ferroelectric phase has been interested recently.
In the temperature range between Tq and T^, the
diffuse scattering has been observed by using a
usual two circle diffractometer with a tube X-ray

source.

In order to clearify the modulated structure
in the incommensurate phase and the diffuse scat
tering, we performed a high resolution X-ray
scattering experiment by the use of synchrotron
radiation.

Experimental

A platelet specimen with size of 3x3x1.2mm3
perpendicular to the polar b axis was cut from a
single crystal grown from an ethanol solution by
slow evaporation and mounted in a cryostat cooled
by a cryogenics(APC DE202), which was attached on
a four circle diffractometerCHuber 5020.4) at the

station of BL-4C.4) The X-ray wavelength was
adjusted as 0.9997A for a parallel beam.

The satellite reflections were measured by a
c*-scan with 0=constant to avoid the excess tilt
of the cryostat. The diffuse scattering around
(0 2 0) main reflection was investigated by w-
scan (effectively c*-scan). Here reflections and
the reciprocal space are represented by refer
ences to the unit cell of the ferroelectric phase
(Pb2im).

c/110 • .•

2 • :i

( 230

Results and Discussion
Figure 1 shows a scattering distribution along
the c*-direction in the modulated phase at 178K.
Satellite reflections are characterized by the
commensurate wavenumber of 1/8. All order of

satellites were recognized at first time. The
HWHM of the satellite reflection is the same as

that of main ones.

Below the lock-in temperature T0=169K, sate
llite reflections disappear. Instead, the diffuse
scattering appear around main reflections as
shown in Fig.2. The width of the diffuse scat-
teirng becomes narrower with further decreasing
temperature. If the temperature is increased
from lOOK, then the width remains constant. And
above T^, the excess diffuse scattering dis
appears .

The observed diffuse scattering is consi
dered to be caused by the random distribution of
the discommensurations in the ferroelectric

phase. Therefore, the experimental result of
this work supports the idea that the dielectric
anomaly at Tx=169K is caused by the pinning or
depinning of the remaining discommensurations in
the ferroelectric phase.However, more
detailed and highly resolved observation of the
diffuse scattering is required to discuss quanti
tatively.

We thank Prof. H Terauchi, Dr. S. Hashimoto
and Dr. K. Ohshima for their advice and help to
operate the instruments.
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Introduction

Up to now only a few structures have been
solved ab initio from powder diffraction data.
We attempt to determine the crystal structure of
S-aminovaleric acid(5-AVA) by using monochroraated
synchrotron radiation and a large radius
Weissenberg camera. The crystal structure of
this compound has remained unsolved owing to
difficulty of growing its single crystals.

Experimental

The X-ray powder diffraction experiment was
performed at the Photon Factory BL-6A2. Powder
sample was sealed in a 0.5-iimi^ glass capillary
and mounted on a Sakabe's Weissenberg camera with
a Fuji Imaging Plate (IP; 40.96 x 20.48 cm) in
its cylindrical film cassette of 28.65-cm
radius. X-ray beam with a wavelength of
1.0418(4) A was used. The diffraction recorded on
the IP after 6 minutes exposure was digitized at
every 100xl00-^ini pixel by using a Fuji BA-100SF
IP reader. Intensities involved in the same 26
value were accumulated and averaged along with
correction for the Lorentz and polarization. Thus
I vs 26 data were obtained for 2° to 65° in
every 0.01° step.

Structure Determination

Crystal system and lattice constants
were preliminarily determined from low angle
peaks. Index assignments were then extended to
higher angles, and the space group was assumed
for Pnam or Pna23^ by the extinction of
(h=0,k+l=2n) and (k=0,h=2n). 55 integrated peak
intensities with unambiguous indexing were
obtained. The Patterson map revealed that
intramolecular C-C chain locates parallel to the
a-b plane. Position of the chain on the plane
was next determined by the trial and error
method. Five carbon and one nitrogen atoms were
located after the successive Fourier synthesis.
At this stage, the original diffraction pattern
was compared with a simulation pattern based on
the IFc1 values, and 21 reflections which were
consistent with the calculation were added to the

Fo data set. Remaining oxygen atoms were located
by further Fourier synthesis. The structural
parameters were finally refined by a Rietveld
analysis. The program used was RIETAN, which was
modified for the present study. The peak profile
was assumed to be a single Gaussian function. No
correction was performed for the preferred
orientation.

Results and Discussion

A model assumed for space group Pna2i
yielded better fit than that for Pnam. Final
cell parameters obtained were a=17.358(7),
b =4 523(2) r.-T AA'7fn\ K Il_CO/t T I A\ aOmd c=7.447(3)

were a=l7.3i

A, U=584.7(4)
Dc=1.33 g cm for Z=4 (C5H;liN®2' rW=117.15), and
Rp=0.079 and Rf=0.028. The result of the Rietveld

refinement is shown in Fig. 1. The crystal
structure is illustrated in Fig. 2. The molecule
approximately possesses a mirror symmetry
perpendicular to the c-axis, but two oxygen atoms
apart from the mirror do not locate at the
position of the symmetry to each other. Short
intermolecular N ••• 0 contacts of 2.77(7),
2.86(6), and 2.89(6) A were observed.

In conclusion, no Ka doublet, single-
Gaussian peak profile, and no preferred
orientation lead to rapid and stable convergence
in the Rietveld refinement. These excellent

performance will allow further application to
studying the crystal structure of more complex
and larger organic compounds, such as higher
alcohols, lipids, polypeptides, etc.

The authors thank Prof. N. Sakabe and Drs.

A. Nakagawa and N. Watanabe of the Photon Factory
for their kind help and suggestions in data
collection with the camera.

SO ii 66

Two-Trieta /deg

Fig. 1. Observed (points; background-subtracted),
calculated (bold) and difference profiles for 5-
AVA. Unit weight was employed in the refinement.
Range of 56.3° <26 ^ 58.3° was excluded from
the calculation because of the blind region of
the camera.

Fig. 2. Perspective view for the crystal
structure of 5-AVA.
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In the X-ray scattering from a flat surface of
a crystal, rod shaped scattering emanating from
each Bragg point in a direction normal to the
crystal surface is observed. This scattering has
been understood as the diffraction effect due

to the abrupt truncation of the charge density
at the crystal surface and is referred to as the
crystal truncation rod (CTR) scattering"®'. In
general the intensity of CTR scattering is strong
if the crystal surface is flat and smooth. It
depends very much on the surface condition so that
the investigation of this scattering provides
diverse information about the lattice modulation
at a crystal surface, such as the surface
morphorgy and surface lattice relaxation of an
atomic scale. But the intensity of the CTR
scattering is generally very weak comparing with
the Bragg reflection. Thus, the observation is
laborious, taking unexpectedly much beam time.

Ke examined whether the CTR scattering from
several crystal surface can be easily obseved
or not by using Imaging Plate (IP) detector since
IP is known to be effective also for the
observation of very weak X-ray scattering, having
high-quantum efficiency, unlimited count-rate
capacity, high spacial resolution, a wide
dynamical range (1~10^) and high sensitivity
(approximately 30 times that of normal
photographic X-ray film) if it is in conjunction
with synchrotron radiation X-ray source.

Ne tested three samples of Si single crystal of
which surface are formed in different way. two of
them are the natural (111) facet faces of the seed
cone which is formed during the crystal growth
process by using the CZ method. One of them is the
(111) facet face of the crystal grown by a
magnetic-field-applied CZ method and the other one
is that by a usual CZ method. Ke will referred to
as MCZ facet plane and CZ facet plane, hereafter
another sample is the (111) Si wafer of which
surface has been treated mechano-chemically
according to the ordinary wafer making process.
This sample is used as a referrence since the
surface of such a sample was been characterized
already by ordinary diffraction method.

In the observation we employed the Heisenberg
Camera for Machromolecular Crystallography
(Sakabe's X-ray Camera) installed to the BL-6-A2
at PF, and the IP were developed by BA-100 (Fuji
Photo Film Co.). Oscillaton photographs were taken
arround the 111 Bragg point with the oscillation
angle Aco ~ ±10 degree around the axis
perpendicular to the [111] axis and with the
incident beam monochromated to be 1. 02A.

In Fig. 1 three oscillation photographs are
shown: a) taken from the (111) natural facet face
of the MCZ single crystal, (b) taken from that of
the usual CZ single crystal and c) taken from a
mechano-chemically (HC) polished (111) surface of
a silicon wafer just for reference. Since the MC

polished surface of the silicon wafer had been
characterized by the measurement of the CTR
scattering, this sample could be used for
reference. In the photographs the 111 Bragg points
are represented by the index. The intensity
contours represented is in logalismic scale.
Elliptical shape contours seen around the Bragg
point are the well known thermal diffuse
scattering (the X-ray phonon scattering from low
energy acoustic branches) and the rod shaped
scattering emanating from the Bragg point along
both the [111] and the [III] directions is the CTR
scattering which is especially remarkable in a)
and c). If we compair three of them, we notice
that the CTR scattering is extending to almost the
same region in the reciprocal space in a) and c)
while it is not in b). According to Kashiwagura
et al.®' and Harada*' this fact suggests that the
surface of the natural facet face seen on the seed

cone of the MCZ crystal has the same degree of
flatness as that of the MC polished (111) surface,
whereas a similar natural facet face on the seed
cone of the CZ crystal is rather poor in the
flatness on an atomic scale.
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a) taken from the (111) natural facet face
of the MCZ single crystal

b) taken from the (111) natural facet face
of the usual CZ single crystal

c) taken from a mechano-chemically (MC)
polished (111) surface

Fig.1 three oscillation photographs
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Introduction

Synchrotron x-ray diffraction experiments have
revealed successive phase transitions in
epitaxi ally-grown PbSe/SnSe superlattlces. A bulk of
PbSe and SnSe compounds has the cubic Bl(NaCl)- and
the orthorhombic B16(GeS)-type structures stable at
atmospheric pressure, respectively. The B16 lattice
is realized as a denser structure by doubling the Bi
lattice along the <100> axis^'. In fact, PbSe un
dergoes the BI-to-B16 phase transition at 4.3GPa
while SnSe has the B16 structure at lowest up to
34GPa2^. At atmospheric pressure the [PbSe/SnSe] su-
perlattices have four kinds of structures as
[Bl/Bl], [B1/B16]. [B16(distorted)/B16] and
[B16/B16] depending upon the ratio of the layer
thickness. The cubic (100) plane is known to be the
stacking-layer in the present case. The purpose of
the present study is to investigate the effect of
hydrostatic pressure applied to the negatively-
pressured SnSe layer as well as the conversely
positively-pressured PbSe one in the PbSe/SnSe su
perlattlces.

Experimentals

A specimen film 300/zm^ was mounted in a high
pressure chamber of a diamond anvil cell(DAC)
special1ly-developed for layered-materials^^. X-ray
diffraction experiments were performed on the Beam
Line 6B. The incident beam was monochromatized(A.
=1. 089 A) and focused by a sagi t ally-focussing
Si (111) double-crystal monochromator. Diffraction
patterns were measured by a scintillation counter
with the d-26 scanning mode along the layer-
stacking direction at room temperature.

Results

Figure 1 shows the linear compression of
[PbSe(40A) /SnSe(40A)]25 (B1/B16 type structure in
its as-grown state). One can see a discontinuity at
pressure 4. 3Gpa .which results from the Bl-to-B16
structural transition of PbSe layer. Figure 1(b)
shows the result for [PbSe(36A) /SnSedZAjljg which
has the Bl/Bl type structure in its as-grown state.
One can see two discontinuities in its compression,
which indicate the Bi-to-B16 structural transition

successively taking place In SnSe and PbSe layers
upon compression. Similar measurements were also
carried out for several other superlattlces with
different layer-thickness.

Figure 2 summarizes the observed Bl-to-B16 tran
sition pressure(P(.) as a function of the number of
the (100) planes deposited in the PbSe layer(n).
The dashed line at 5.2GPa is the transition pressure
observed in the present vacuum-deposited PbSe
filmdOOOA in thickness). It is different from the
previous data of the bulk(4.5GPa)^'. One can see

the systematic variation of P^. as a function of n.
but no systematic behavior is seen between P^ and m.

In the present work, we have observed that the
negatively-pressured SnSe layer is forced to take
the Bl structure while the conversely positively-
pressured PbSe one transforms to the B16 structure
at pressures lower than its bulk value. We are now

under way to evaluate the interatomic forces acting
at the interface between the PbSe and SnSe layers
based on these systematic variation of the transi
tion pressures.
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Fig. 1 Linear coipresslon
observed on (a)[PbSe(40A)
A)]25 and (b)|PbSe(36A)
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Fig.2 The B1-B16 transition
pressBre(Pc) of the PbSe layer
versus the nuiber of Its (loO)
atonic planes deposited. The
dashed line at 5.2 GPa Is Pc ob
served on the PbSe fill (lOOOA in
thickness).
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Amorphous Al-based ternary alloys are usually

known to be very brittle and their tensile

strength is as low as about 50 to 150 MPa.

However, Inoue et al.''^ recently found that a
new amorphous Al-Y-Ni alloy shows extremely high

strength and good ductility. The specific

strength defined as a ratio of the fracture

strength to its density is as high as 38, which

is much higher than that for conventional

duralumin and alloy steels. Thus, the structural

information on this new amorphous alloy is

strongly desired to reveal the origin of the

particular properties at a microscopic level.

The anomalous X-ray scattering (AXS) techni

que at the Y K-absorption edge was applied to a

structural study of new amorphous Alg/^YgNi^
which shows the highest fracture strength in Al-

Y-Ni system. The scattering intensities measured

at 17.0126 and 16.7380 keV below the Y K-edge
in the ternary Alg,^YgNi^ alloy are shown in
Fig. 1. The fundamental features of both pro

files represent a typical non-crystalline stru

cture. A distinct feature observed in these

profiles is a pronounced prepeak at Q=13 nm~^
which is indicated by an arrow in Fig. 1. The

presence of a prepeak has been qualitatively

interpreted as one of the compound-forming

behaviors. The differential intensity profile at

the Y K-edge is shown in the top of Fig. 1. The

prepeak is still observed in the differential

profile, which implies the presence of certain

local ordering structure formed by Y and A1

atoms.
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Fig. 1 Differential intensity profile of amor
phous AlgyYgNij alloy

In order to obtain insight into the

structural features of this ternary alloy, the

environmental RDF around Y as well as the

ordinary RDF were estimated and given in Fig. 2.

The nearest neighbor distances of pairs

calculated from the metallic bonding distances

of Al, Y and Ni are indicated in Fig. 2. For

comparison, the ordinary RDF for a binary
O \

amorphous AlgQY.|Q alloy ' is also drawn in a
dotted curve. It is found that the first peak of

the ternary alloy extends to lower r than that

of the binary alloy. By comparing the peak posi

tions calculated from the atomic sizes, this

tail at the lower-r side corresponds to Ni-Ni

and Ni-Al pairs which are not included in the

binary Al-Y alloy, because the environmental RDF

around Y only contains three partial RDFs of Y-

Ni, Y-Al and Y-Y. This is clearly seen in the

profiles of the first peaks of the RDFs in

Fig. 2, since the atomic positions of pairs

unrelated with Y disappear in the environmental

RDF around Y.

These experimental results suggest that

there is a certain local ordering structure

which differs from the one given by the random

mixing of the constituents in these Al-based

amorphous alloys.
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Fig. 2 Environmental radial distribution fxm-

ction (RDF) around Y (top) and ordinary RDF
(bottom) of amorphous Alg^YgNi^ alloy.
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INTRODUCTION

Solid iodine undergoes the diatoiic-to-monatomic
phase transition, called molecular dissociation, at
21GPa and room temperature. Recently. Pasternak et
al. carried out M6ssbauer experiments of iodine at
high pressures and low temperatures^^. They have
claimed that at 4K the molecular phase still persists
at pressures ud to 30GPa. although some arguments
have arisen^'S). [n order to settle such arguments,
we have carried out x-ray diffraction experiments for
exploring the phase boundary at low temperatures.

EXPERIMENTAL

Iodine and NaCl (pressure standard) powder were
mounted together in a DAC(150/zm^ gasket hole)
driven by He gas^). Temperature was measured by a
thermocouple directly attached to the DAC. The
energy dispersive x-ray diffraction experiment with
SSD was made by the use of white radiation from a
bending-magnet (BL-BC]^). The incident beams were col-
limated 70/zm^.

RESULTS AND DISCUSSION
The patterns on the right hand side of Fig. 1
(scattering angle 20=15.0" ) were measured at T=298K
as a reference, where the transition is well known to
take place at about 21GPa. The pressure was reliably
determined by the NaCI 200 reflection. Upon compres
sion several new peaks (marked with arrow) start
emerging at P5=21GPa and the transition is completed
at Pf=25.46Pa. Left four patterns were measured at
T=33~46K and they change quite similarly to those at
T=298K. This fact offers the direct evidence that
also at low temperatures the molecular dissociation
takes place.
All data at several temperatures on compression are
plotted in the P-T diagram as shown in Fig. 2. The
open and closed squares represent the molecular and
raonatomic phases, respectively. Two solid lines rep
resent Pg and Pf. The extrapolation of thus deter
mined phase boundary to the lower temperatures im
plies that the monatomic phase must be realized at
P=30GPa and T=4K(asterisk in Fig. 2), where Pasternak
et al. have claimed the persistence of the molecular
phase.

PHOTON ENERGY (keV)

Figure i Pressure dependence of dirfractlon patterns of iodine and
HaCl observed at rooi teeperatures and lo« teiperatures. Diffraction in
dices assigned to tbe bottoi and lop figures are based on tbe ortborhoa-
blc Rolecular (Djh^^-Caea} and tbe lonatoiic (D2h^^-I>aR) phases,
respectively.
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One of the characteristics in born SR X-rays

is a well-defined continuous polarization froa

right- to left-circular polarization through linear
polarization in the plane of the electron orbital
in the storage ring. As one of the utilizations of
the circularly polarized X-rays, Cooper group^^ had
tried to aeasure the lagnetic Coipton scattering

(MCS) in iron, fe undertook to construct SR X-ray
optics systea to abstract the right-circularly po
larized X-rays (RCPX) and left-ones (LCPX) alterna
tively, to atteapt an expansion of the applied po
larized X-ray physics. The scheaatlc diagraa of

aain parts of the optics is shown in Fig. 1. The
first thing (A) in Fig. 1 divide the white X-rays
into the two circularly polarized parts with in

verse helicity, in electron orbital plane syaaetry.
The lowest liaits of the wave length were regulated

by the several effective thicknesses of beaa catch
ers Bade of tantalua. Behind the beaa cacther both

beaas are cut by chopper with the definite periodic

interval. Two silicon single crystals with 111

plane in the second part (B) lonochroiatize both
beaas, which are controlled to be focussed at the
same position of the specimen, shown in the third

thing (C) arranged to be used for MCS. The geomet
rical relation in the optics system shown
in Fig. 2 is described as follows'

Using the scattering angle

6 adjusted based on wave / I
length wanted to be and /
tilt, angle and /

C A.)

Fig. 1. Schematic arrangements of optical elments
to abstract rotatory polarized SR X-rays.

0 s at 0J11 rotation around the incident beam, we
could get the relation

sin (0 8/2)=sin20 j iisin( ^/2).

From the Bragg relation tjji=2ksin0 nj, we obtain
the following relation between 4> and 0$

'P= Ck/T,n {1- (2k/Tni) ') ^s-

By the translations and the rotations (shown by
arrows) of monochrometers driven by a personal com
puter within the reasonable small 0ni. both RCPX
and LCPX were abstracted and focussed continuously

on the constant position in a space ocuppied by a

specimen.

The third thing (C) is a small special type of
electromagnet installed on a ct)-20 goniometer.

This arrangement is used for MCS measurement to

determine the degree of the polaization of rotatory

polarized X-rays by use of RCPX and LCPX. The fur

ther detailed description including the test study

will be presented elsewhere.

DFor example, R. S. Holt et al., Nucl. Instrum. &
Methods A243 (1986) 608-610

C B )

Si(lII)

Fig. 2. monochromatising and focussing by the
plane 111 of silicon single crystals.
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Introduction

Amorphous silicon and germanium prepared by
vacuum evaporation (a-Si and a-Ge) are known to
show a pressure-induced seraiconductor-to-metal
transition at 10 GPa and 6 GPa, respectively.^'2
At these pressures, peaks of white-tin structure
appear In amorphous pattern. The high-pressure
phase of a-SI below 15 GPa returns to the amor
phous state on releasing the pressure. In this
sense, the transition of a-Si is reversible. For
amorphous silicon made by glow-discharge
decomposition (a-Si!H), the transition is also
reversible.2 On the other hand, the transition of
a-Ge is irreversible; the high-pressure phase
transforms to a BC-8 structure when pressure is
released.2'4

To understand the mechanism of these phase
transitions. It is important to investigate the
temperature and the concentration dependence of
transition behavior of amorphous silicon-
germanium alloys.

In this work, we measured x-ray diffraction
for amorphous silicon-germanium alloys prepared
by glow-discharge decomposition (a-SixGei-x>
X=0.9, 0.6) and for sputtered a-Ge at room
temperature and at 77 K at various pressures up
to 18 GPa.

Experimental

Powder samples, pressure marker (NaCI) and
pressure transmitting medium (4;i methanol-
ethanol mixture) were compressed in a diamond-
anvil cell. This cell was driven by He gas to
allow the continuous pressure control at low tem
peratures.5»6

Results and discussion

a-SigoGeio

ONaCl
Ap-Sn
• Melastable

0.9 GPa
? after 13.7GPa

5 13.7 GPa

15 20 25 30 35
Energy/keV

Fig.l

In a-Ge at room temperature, peaks of high
pressure phase (white-tin structure) appear at
7.6 GPa with increasing pressure. On depressuriz-
ing from 9 GPa to 1.8 GPa, the white-tin
structure transforms to a metastable ST-12 struc

ture. At 77 K, a-Ge transforms to the white-tin
structure at 11.6 GPa, and this phase still
remains even when the pressure is reduced to
8 GPa. Figures 1 and 2 show pressure dependences
of x-ray diffraction patterns at room temperature
of a-Sio.gGeo.i and a-SlQ.6^^0.4' respectively.
For a-Si0.gGeq .} , the phase transition is
reversible;* it transforms to the high-pressure
phase at 13.3 GPa and returns to amorphous state
on releasing pressure. For a-Sio.6('eo.4, however,
the phase transition is irreversible: the ST-12
structure appears at 8.2 GPa and the white-tin
structure at 9.7 GPa with increasing pressure.
With decreasing pressure, the peaks of the white-
tin structure become weak and those of the ST-12
structure grow.
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As was briefly reported in Photon Factory Acti-

tvity Report 1988 #6, He-3 dilution refrigerator
(He-3DR) model NS200 purchased from Oxford Inc. has
been continuously arranged to use X-ray diffraction,
since the virgin test was perfoied in the last sum-

aier. Some of our initial pourposes of the very low
temperature X-ray diffraction experiments is to get

better understanding of the physical picture of

solid helium single crystal as is called quantum
solids, structural transformation related with the

nuclear spin ordering, precursor phenomina in the
nuclear spin ordering in praseodimium etc.

As is well-known thermodynamically, the entropy
of the concerned system tends to zero, as the tem

perature tends to zero. Hence, the specific heats
and thermal conductivity tend to zero unlimittedly,
too. From these, it means that the cooling power and
its velocity of He-3 DR become smaller, because of
the entropy reduction of the coolant, including the
extra effect of the Kapitza resistance. Moreover, we
have nothing to insulate the inflow of the heat.

Ultra low temperature measurement is ceaselessly
challenge to the techniques to control finely tem
perature stabi1ity.

In July of 1989, we tried to observe the heat-

Fig. 1 Heating curve of mixing chamber.
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ing effects on a test specimen, for example, NaCl as

a standard material of the lattice spacings measured
by the energy dipersive X-ray diffraction. Fig. I

shows the behaviour of heating up at the mixing
chamber, which is thermal engine in He-3 DR to pro

duce the base temperature, measured by uncalibrated
carbon resistor thermometer. The ordinate represents

decrease of resistance in the carbon resistor by
rising temperature and the abscissa flying hours of
the X-ray Irradiation. The starting temperatures in

the curve (a) and (b) are about 14.6 and 50 mK, re
spectively. Every interval from point to point is

plotted by 10 seconds.
The former temperature in this run is the base

temperature, which is not reproducible because of

circumstances effect of mechanical vibration and

eddy current Joule heat by electromagnetic waves

in the shield room position. The shield room for X=
rays made of 6 mm thick pure iron plates is not ef
fective for protection of eiectromagnetic waves.

To make a gentle change of tempertures, thick

aluminum absorbers to 8 mm thick were used. And tak

ing the topographs of CsgNaHoCle (elpasolite) was
tried by Polaroid films for about 60 seconds expo
sure. In this run, we could not find an optimum
condition on thickness of absorber and length of the

exposure t ime.

The lower topographs in Fig. 2 were taekn at

14.8 mK and about 4.2 K under the same condition of

Fig. I (exposure time: 10 sec.). It is considered
that CsgNaHoCle has structural transformation at 150

mK. Its evidence may be confirmed from these photo
graphs. Detailed report will be presented elsewhere.

at 4.2 K.

III III ml

Fig.2 Topographs of elpasolite
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INTRODUCTION

Grafiiite intercalation compounds(GIC) exhibit
various kinds of phase transitions, that is,
staging, in-plane melting and stacking trasi-
tions. The stacking ordering is regarded as a
one-dimensional(lD) system along the c-axis.

In this work we ha\'e studied the first-order
stacking order-order transition in stage 1 Rb-
GIC. The compound has the four-layer-stacking
phase (a 0 y S ) at a low temperature(T) and the
two-layer-stacking phase (a /? ) at a high T.
These two structures correspond to the ID fer
romagnetic (AAAA..) to antiferrc«nagnetic{ABAB..)
states when <x ^ and y 6 layers are denoted by
A and B; B is shifted to A in the transition,
and vise versa. The present work is the first
investigation of the kinetics in the ID first-
order transition.

EXPERIMENTS
The stacking transition can be controlled by

sample T and the vapor pressure of Rb(P)i. In
the present measurCTients the time(t) dependence
of structures were observed by changing P across
the critical pressure Pc from the a & y 6 - to
a /?-side, and vice versa. X-ray diffraction
measurements were carried out at BL7C with using
a vertical two-axis goniometer and a two-T fur
nace. Monochromatic X-rays were used(A =
0.8216A). The stacking structures a 0 y d and
a0 were observed by c*-scans at (103) and
(104), respectively: these refractions were used
to get a higher resolution, instead of (101) and
(100) in the previous measurements. The acquisi
tion time was reduced to 60 sec per scan by im
proving the gear system of the goniometer(--
5°/sec).

RESULTS AND DISCUSIONS

Fig.l shows the t-dependence of the (101 )

diffraction spectrum obtained for the transition
frcrni a 0 y d to a 0 phase and A P - -1.6 Pa.
The (104) peak intensity ot a 0 phase grows
with time while the (103) peak of a 0 y 6
decreases. The (104) refraction is chareicteris-
tic of the Bragg pealt even at the begining stage
of the tr-ansition, indicating that nuclei of a
0 phase are stabilized to have a enough large
grain size in the matrix of the metastable a 0
y S phase.

The t-dependence of the integrated intensity
I(t) of a 0 phase can be scaled for various A
P by a unified function when t is normalized by
r=t/ti/2, where ti/2 is the time that I(t)
grows to a half the intensity at the completion
of the transition. The observed scaling function
is in agreement with the result of Avrami's
theory for the ID system. ^ Furthermore, the
structure factor S(q) can be scaled by a unified
function very close to the squred Lorentzian,
v4iich is in agreement with the theoretical pre
diction. 3'' These observations are the first
evidence of the scaling for nucieation

growth(NG) in the ID non-conserved order-
parameter system.

Fig.2 shows the t-dependence of nucler size R
of the growing phase which was determined from
the linewidth corrected by experimental resolu
tion. R shows the logarithmic t-dependence from
a critical size (— 60 A ) to a final size (--
300 A ). This obseirved dependence of R is incon
sistent witli the Avrami's asummption of a con
stant growing rate of nuclear size, the physi
cally reasonable assumption eind also the basis
of the recent microscopic theories. So the ob
served logarithmic t-dependence is quite unique.

The authors greatly thank A.Koyama and
M.Nomura for their technical advices. The work
was partially supported by the Grant-in-Aid of
the Ministry of Education.
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Introduction

The iodine K-edge energy subtraction
angiographic system with synchrotron radiation,
is now being constructed [1-4]. The coronary
artery will be demonstrated clearly and safely
with intravenous injection of contrast
material. By using a cine K-edge subtraction
angiographic system, a preliminary experiment
was done in 1988 [4-6]. In this paper, our
results of rabbits' experiments will be
described.

Method and materials

The cine K-edge subtraction angiographic
system was constructed at beam line of 8C of
Photon Factory in Tsukuba, consisted of movable
silicon (111) monocrystal, image intensifier
(II)-TV and digital memory system. X-ray TV
images were digitized into 256 x 256 pixel
matrix with an 8 bit depth by using an 8 bit AD
converter. Image processing and control of the
system were performed by the computer (HD-68000
as a micro-processor unit).

The energy of the beams was adjusted in
250 eV above and below the iodine K-edge by
rotation of the silicon monochromator crystal.
Asymmetric reflection at silicon planes
expanded the beam size 25 times, produced 50 x
60 ram monochromatic X-ray beam. Photon energy
between above and below iodine K-edge was
changed within 16.7 msec. During this
experiment, the electron storage ring was
operated at 2.5 GeV with an electron current of
approximately 200 mA.

The rabbits were anesthetized with

phenobarbital, and 5F catheter (0.8 mm in
diameter) was inserted into the inferior vena
cava via the right femoral vein. The aortogram
was also done. 1.5 ml/kg of contrast material
(Conraxin H 80%) was injected by the injector
at the rate of 0.75 ml/sec. Examination was
carried out in an anterior, a left and right
anterior oblique projection.

Fig. 1. K-edge subtraction image

Results

The clear K-edge subtracted images of
coronary artery are obtained in the rabbits*
studies. The right coronary artery, left main
trunk and left circumferential artery ($0.4 mm)
can be revealed. Fig.l showed the image of left
circumferential artery. The coronary artery
overlapping in the ventricular chamber, can not
be seen. The aortogram demonstrates the right
coronary artery, the left anterior descending
coronary artery and circumferential artery
(Fig.2). At the end diastolic and the end
systolic phase, images are sharp, but blur is
seen at other cardiac phase owing to the cardiac
wall motion.
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Introduction

In order to make clear the fracture
process of long fiber reinforced metal matrix
composites. X-ray CT images for same com
posites were obtained in two energy range .

Experiment
Boron(B)(carbon core filament) and silicon

carbide(SiC)(carbon filament) fibers rein
forced aluminum or titanium matrix composites
were fabricated by hot press and cut into the
specimens in which those sizes were calculated
on the base of the coefficient of X-ray ab-
sorbtion for metallic elements of composites

and boron or silicon carbide fibers. The
Si (400) channel cut type monocrometer was used
in the energy range from 20 to 29 Kev. The
specimen set up on the holder was rotated at
the range of angle from 0 to 180 degrees by 1
degree step and the transmitted X-ray was
detected by X-ray sensing pick up tube and
cross sectional image was re-constructed by
back projection method.

Result and discussion

For B/6N01, SiC/Al and SiC/606 1(Ai-0. 5Si-
0.5Mg) aluminum matrix composites boron and
silicon carbide fiber were clearly found at
the energy level of 20 Kev as shown in
Fig. 1(a), (b) and (c), while for SiC/Ti-6Al-4V
tiatinum matrix composite silicon carbide

Fig.l Monochromatic X-ray CT images of
(a)B/6N01. (b)SiC/Al.(c)SiC/A6061 and
(d)SiC/Ti-6Al-4V.

fiber was also observed at the energy level of
29 Kev as shown in Fig.1(d). In Fig.1(a) dark
areas are the boron fibers(90 micron meter in
diameter) and white area is the aluminum alloy
matrix, while in Fig.1(b),(c) and (d) dark
areas are the carbon core filament in the

silicon carbide fiber and white areas around

carbon filaments are the silicon carbides

fiber(140 micron meter in diameter). Slightly
dark area in comparison to silicon carbide

fibers are aluminum or aluminum alloy matrix.
On the other hand, in Fig.1(d) the most dark
areas were carbon filament, the most white
areas were titanium alloy matrix and others
were the silicon carbide fibers. These con
trast were followed by the coefficient of X-
Ray absorbtion for the element of each
materials.

3-dimentional image used 5 cross sectional
images were constructed by image processor as
shown in Fig. 2 for B/6N01 composite. Six
boron fibers deviate from the specimen axis.
It is suggested that 3-dimensiona1 images
could be point out the fracture parts of the
fiber or debonded parts at the fiber/matrix
interface. He tried to observe the fracture
process of fiber in matal matrix composites
and in future we will try to observe the par
ticles containing metal matrix composites and
in-situ observation of fiber containing com
posites will be tried.

Fig.2 3-dimensional image constructed from 5
monochromatic X-ray CT images for B/6N01
aluminum composite.
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Introduction

Three-dimensional CT images with a high
resolution of lOum using monochromatic X-ray
based on synchrotron radiation {SR-CT) are very
useful for understanding of internal structures
of materials. Allende carbonaceous chondrite

is one of the primitive chondrite which
includes volatile matters, chondrules, metallic
and iron-sulfide grains, silicate aggregates
and many kinds of silicate fragments. The
configuration of these materials may indicate
history of the parent body of the Allende in
the early solar system. We elucidated internal
structure and configuration of materials in the
Allende using the three-dimensional SR-CTT
imaiges and elemental image obtained by
computer-aided microanalyzer (CMA). The slice
thicloiess of SR-CT was 37um and the slice

plains were spaced at llOum intervals. After
observation by SR-CT, 7th slice plain was cut
and polished for CMA analysis.

Experimental results

Three dimensional SR-CT image indicated
that the Allende includes nearly spherical
chondrules (typical diameter of 0.1-0.5ran and
largest one of about 2mm in diameter). This
meteorite is very dense, and has no cracks
without open spaces of more than lOum in size.
The mineral compositions are estimated from the
X-ray attenuation coefficient of individual
elements. The largest chondrule is surrounded
by two kinds of iron sulfide, and a part of
them extends into the matrix field. It may
suggest the metamorphism of the Allende in the
parent body. The roost heavy element, probably
metallic FeNi grains, is observed in its
sample. Two hiunps are observed on the surface
of the largest chondrule (Fig.l). Probably
they are formed due to collision among
chondrules in space. Weil crystallized barred

minerals (probably olivine) are observed in the
center of the largest chondrule. Almost all
small chondrules consist of only light element
(silicate). Matrix seems to consist of
relative heavy elements con^iared with silicate
in chondrules.

Chemical compositions of Fe, Ni, Mg, S and
Si were measured by CMA. From the
configurations in the elemental, individual
minerals could be identified. Iron sulfide

limb of troilite and pentlandite are recognized
around the largest chondrule, which consists of
fine grained metallic FeNi, olivine, troilite
and pentlandite. The small chondrules consist
mainly of Si and Mg. Si and Fe are uniformly
distributed in the matrix. These observation
results seem to be good agreement with those of
the SR-CT image.

Conclusions
1. Three dimensional observation by
monochromatic X-ray CT based on synchrotron
radiation is available for identification of

precise internal structure of the stony
meteorites.

2. Mineral compositions estimated by SR-CT
give good agreement with the results by CHA
analyses.
3. Complicate internal texture of the Allende
Carbonaceous chondrite elucidates some history
in the early solar system; weak metamorphism of
the parent body and collision among chondi-ules.

Fig. 1 SR-CT imsiges of the 7th and 17th slice
planes for Allende carbonaceous chondrite.
Bright localized features are regions of high
attenuating elements, (a): 7th plane showing
a hump on the chondrule, (b): 17th plane
showing barred olivine in the center of the
ciioncJrule.

/barred olivinel
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X-ray computed tomography (CT) is a
nondestructive method to observe internal
structures of objects. We have also developed a
high resolution, tunably monochromatic X-ray CT
based on synchrotron radiation (SR-CT) a n d
obtained CT images of several industrial materials
with the resolution of 10 p.m.^) Further, in order to
examine the spatial fine structures of objects, the
SR-CT should be able to measure CT images at many
slice planes with a single scan of the object. A one
time scan offers advantages such as reduction of
radiation damage to objects and shorter measuring
time. This report describes the development of the
three-dimensional SR-CT measurement system and
its application to observation of spatial structures
in Allende meteorite.

Experimental and Results

Fig. 1 shows a schematic diagram of the SR-CT
for measuring the three-dimensional CT image. It
was installed on the beam line 8C2 in the KEK
Photon Factory. SR was monochromatized through
a Si(400) channel cut monochromator and applied
to a specimen. The two-dimensional projection
image, corresponding to an intensity distribution
of the X-rays transmitted through the specimen,
was detected by an X-ray sensing pickup tube
(HS501X, Hitachi Denshi Ltd.), which is a two-
dimensional X-ray detector. The output signal from
the pickup tube through the camera controller was
stored in a 2-Mbyte frame memory. The projection
image in the frame memory consisted of 1024 x 960
elements.

A large number of two-dimensional

Monochromatic
Sample

Monochromator

Si (400)

projection images irradiated at different angles
produces a three-dimensional CT image of a
specimen. CT images are fundamentally
reconstructed from every scanning line. However,
an enormous amount of memory capacity and
calculation time are necessary. We improved the
measurement software system, which condenses
the two-dimensional projection image of 960
scanning lines to a maximum of 40 slice planes by
accumulating several scanning lines. Slice
position, slice width and slice interval between the
slice planes can be arbitrarily selected in the
condensation work. Then the projection image,
consisting of selected slice planes, is stored in the
memory region of the image processing computer.
By rotating the specimen, 180 projections, at 1
degree intervals, are measured by rotating it.

As an application of the three-dimensional
SR-CT system to materials, spatial fine structures of
Allende meteorite were observed. Fig. 2 displays
three CT images of the Allende meteorite at the
sixth to eighth slice planes from among twenty
slice planes measured. The spatial structures and
configurations of substances such as metallic
minerals, matrix and chondrules in the Allende
meteorite could be observed.2)
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Fig.l Schematic diagram of SR-CT system for measuring
three-dimensional CT images.

Fig.2 Consecutive CT images of Allende
meteorite measured at 30 keV with slice
thickness of 30 pm and slice plane
interval of 110 pm.
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Introduction

X-ray microprobes should be a basic tool in
various X-ray analysis fields. Fresnel zone
plates, multilayer reflectors or grazing-incidence
mirrors are used to focus the X-ray beam. Among
them, the grazing-incidence total-reflection
mirror system has several advantages. A broad
wavelength band can be accepted with high
reflectivity, and the optical element can be used
at a fixed focal length that is independent of the
X-ray wavelength.

This report describes grazing incidence
optics for an X-ray microprobe. The mirror system
produces a demagnified image of the X-ray source.

Optical System >
In 194-8, Kirkpatrick and Baez ' devised a

simple optical system for high-resolution X-ray
microscopy. Their scheme used two crossed
spherical (or cylindrical) mirrors. The K-B system
can remove most of the astigmatism from the
grazing incidence optics with concave mirrors. The
principal limitation to the spatial resolution is
spherical aberration.

The most effective and simplest way to
eliminate spherical aberration is use of aspheric
(in this case, elliptical) mirrors. As shown in
Fig.1, an output beam from focal point F^ is
focused on another focal point by an elliptical
mirror, and demagnification can'lie approximately
defined as a/b. When a mirror with an elliptical
cylinder shape is used, the point source is
focused on a line image. As shown in Fig.2, with a
pair of elliptical mirrors in the K-B
configuration, a point image can be generated from
a point source. Although coma aberration and field
obliquity are still strong, they are not relevant
in microprobe usage.

Niimerically-controlled fly-cutting technique
was used to fabricate the elliptical mirrors.
Details of the flycutting machine have been
described elsewhere.

Focusing Properties Test
Focusing properties for the elliptical K-B

mirror system were tested at BL-8C. Synchrotron
radiation passing through a Si(l1l) symmetric
double-crystal monochromator is focused by the
mirror system. Profiles of the focused beam are

Fig.1. Focusing by an elliptical mirror.

measured by a knife-edge scan through a focused
beam. A steel knife is set on a two-axis
stepplng-motor-driven translating stage.
Transmitted X-rays are detected by a scintillation
counter. The knife-edge profile is differentiated
to give a line-spread function of the optical
system. As shown in Fig.3, the measured FWHM is
5.5pm horizontally and 4.2pm vertically at a
wavelength of 2.0A.
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Fig.2. Schematic diagram of optical system. X-ray
source S, crystal monochromator CM, elliptical
mirrors and M2. Distance between the source
point and front end of the mirror, L^ is 27970
mm. Mirror lengths , Lg and Lo, are 30 mm.
Distance between rear end of the mirror and focal
point, L^, is 15mm.
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Fig.3. Beam profiles obtained from knife-edge
scanning.
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Silicon is a dominant material in electronic
devices for the high quality of its oxide. To
control the electronic character, the atomic
structure at the Si02/Si interface must be
cleared. We introduced a grazing incidence X-ray
diffraction (GID) method to study Si02/Si inter
face.

Two types of samples were prepared. One had a
50A thick Si02 layer which was deposited by a
molecular beam deposition (MBD) method. The
other was a thermally oxidized Si(lOO), whose
Si02 thickness was 50A.

GID experiments were performed at BL-9C. The
monochromatized X-rays (1.5A) reflected from
Si(lll) were used. The incident beams, with a
horizontal divergence of about 1 mrad and a ver
tical divergence of about 0.04 mrad, was
monitored with an ion chamber. The beams impinged
a sample surface with a glancing angle of 0.23° .
Scattered beams from the samples were collected
by a scintillation counter through 3 mrad Seller
slits.

Some fractional-order reflections, which indi
cate existence of 2x1 interface superstructures,
were observed in the MBD sample as shown in
Fig.l. On the other hand, there was neither
fractional-order reflection nor diffraction peak
indicating the existence of crystalline Si02 in
thermally oxidized sample.

In this report, we refer to the (Oil) and (Oil)
indices as (-1 0) and (0 1), respectively.
Structure factors were obtained from the in
tegrated intensities through correction proce
dures. Figure 2 is a map of the observed struc
ture factors of the Si02/Si(100)-2xl sample. The
radius of each solid circle is proportional to
the magnitude of observed structure factor, and
stars indicate fundamental reciprocal lattice
points. At the points of open circles, no clear
diffraction peak was observed.

To explain observed data, several models were
considered. In our discussion, an R factor was
defined as in the following formula to judge the
agreement of the model with the observed data;

R=(2 I I Fobs I ~ I ^cal I I )/'(2 I Fobs I
We first considered the crystalline Si02

models. Recently, the observation of
cristobalite-like and tridymite-like crystalline
phases at the Si02/Si(100) interface were
reported^'2). But neither of them could not ex
plain our observed data.

Among other several models, the following three
models were selected. Atomic arrangements of
these three models are shown in Fig.3a,3b and 3c.

Model 1 is a dimer model like a clean surface.

Through the fitting procedure to decrease R fac
tor, the arrangements that gave an R factor of
15^ were obtained. The difference between calcu
lated and observed structure factors is rather
large at (-2 ±1/2) reciprocal lattice points.

Model 2 employs the bonding sequence of atoms
in the [Oil] direction proposed by Ohdomari et
al3), in a 2x1 unit cell ( the atomic sequence of
Si-O-Si-Si-O-Si ). Two additive oxygen atoms and
one additive silicon atom are taken into account

in the unit cell. This model resulted in the op
timum atomic arrangements with a 14% R factor.

Model 3 is modified from the model 2. It con
tains only one additive oxygen atom and one addi
tive silicon atom in a 2x1 unit cell. The optimum
arrangements give an R factor of 9%. Although
model 3 gives the smallest R factor, the other
two models cannot be denied completely, because
each observed structure factor contained about
15% ambiguity as its statistical error.

Further experiments, such as the measurements
of the crystal truncation rods for determination
of the depth profile, are required in order to
clarify the detailed atomic arrangements at the
interface.
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Introduction

The omega phase appears metastably in
certain b.c.c. alloys (e.g. Ti and Zr alloys)
upon quenching from high temperatures. Some
criteria for the occurrence of the omeoa phase
have been discussed by electron theory

It is known that there are co-operative
displacements of atoms along <111> directions in
this phase. However, as yet detailed structural
model has not been found. In the present study,
diffuse intensities have been measured with

single crystals of Ti-15mass% Mo and Ti-24mass%
V alloys quenched from 1273 K. Attention has
been directed towards the computer simulation on
the local atomic displacements relevant to the
omega phase.

Experimental

The diffuse intensities were obtained in a

volume in reciprocal space in absolute units ^
with monochromatic radiation (wavelength = 1.2A).
The measurements were performed at the beam line
lOA. A total number of measured points was
about 13,000 for each alloy. Further details on
the measurements will be seen in our paper '.

The observed intensities were analyzed by a
least square method. Several parameters to
represent local structures were determined
quantitatively.

411 3,8

zooi) til)211^ 222^^-8
0 1^9^-9%'
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211^ \ 222\

Fig.l Contour maps of the diffuse X-ray
intensity distribution on (Oil) b.c.c. reciprocal
lattice plane; (a) observed, (a') analyzed
intensity for Ti-15mass% Mo alloy, and (b)
observed, (b') analyzed intensity for Ti-24mass%
V alloy. The labels of the curve indicate2the
intensities in electron units per atom / f
(f : the average atomic scattering factor^y

Results

Fig.l (a-b') are the contour maps of diffuse
intensities on the (Oil) reciprocal plane; (a),
(a') and (b),(b') show the observed and analyzed
intensities for Ti-15mass% Mo and Ti-24mass% V
alloys, respectively. The diffuse scattering
peaks appeared near 2/3, 2/3, 2/3 type positions.
There is good agreement between (a) and (a')» and
also between (b) and (b')«

For either Ti-Mo or Ti-V alloy, short-range
order intensity was very small. For Ti-Mo alloy
it was estimated to be less than 5% of total

intensities. A large portion of the observed
intensities was attributable to the thermal

diffuse scattering and Huang scattering. This
result is consistent with the observation of
large temperature parameters (1.6-1.9 A ) of
these alloys.

Fig.2 shows one example of the displacement
parameters determined in the present study. There
is strong resemblance between Ti-Mo and Ti-V.

Based on these parameters, structural
simulations are carried out using a new computer
program with the simplex method. As this is a
completely new way for treating atomic displace
ments, the validity and usefullness of the
simulation is now investigated extensively.
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NaNOs is known to undergo structural
phase transition at 548 K in which ordering
and disordering in the orientation of the NO3
radicals are involved. The transition is of
a second order and structural fluctuation
which is observed as an X-ray critical
scattering occurs at temperatures just above
the transition temperature Tc<^' . Octopole-
octopole interaction between the radicals is
responsible for the transition and a decrease
in the inter-radical distance with the
application of pressure is expected to give
an influence on the transition. We made an
investigation on how the pressure effect
appears through the measurement of the
intensity of reflection which is sensitive to
the orientational order of the radicals using
single crystals on synchrotron radiation
source. The measurement, was extended to
detect the critical scattering under high
pressure.

Figure 1 shows a cross section of the
high-temperature diamond-anvil cell used for
the measurement. The sample crystal 0.1 mm
in a size is immersed in fluid paraffin and
squeezed in between a pair of the diamonds.
In order to prevent a release in pressure on
heating the cell, the tightening screws are
made of Invar metal having small thermal
expansivity. The cell was mounted on the
talbe of the four-circle diffractometer at
BL-lOA and monochr_omatized beam 0.09 nm in
wavelength and 0.3 mm in cross sectional
diameter was incident to the sample^

The reflection chosen was 11-3 and the
temperature dependence of its integrated
intensity was measured at a pressure of 1 GPa
along with the intensity of 02-2 reflection
which was insensitive to the orientational
order and used as a standard reflection. The
results show that the degree of the
orientational order decreases with increasing
temperature and finally goes to zero at a
temperature of 610 K, higher by 62 deg than
Tc at atmospheric pressure. What is notable
is the manner of the decrease and the order
begins to fall appreciably when temperature
approaches more closely to Tc. In other
words, the application of pressure makes the
nature of the transition in NaNOs closer to
that characteristic of the first order type.

Figure 2(a) shows the result of an
intensity scan at a temperature of 610.5 K
across the region where the critical
scattering appears. Although very weak, one
can clearly see a peak of the scattering with
the breadth three times narrower than that
observed at atmospheric pressure. When the
sample temperature was raised by 1 deg, the
scattering completely disappeared, as shown
in Fig. 2(b). This is in a striking contrast
to what is observed at atmospheric pressure,
at which the scattering exists over a
temperature range of 5 deg above Tc. This
also suggests the gradual change in the
nature of the transition with the application
of pressure.
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Introduction

In order to study the process of reaction
in crystals, it is necessary to observe de
composition of precursor and formation of the
product during the transformation. Since such
change is related to the structures of the both
phases. X-ray diffraction is the most powerful
tool for this purpose. However, not only Bragg
reflections but diffuse scattering or satellite
reflections are observed occasionally in the
early stage of the process and intensities of
such scattering are too weak to measure though
they are important to analyze the process.
Therefore use of synchrotron radiation is desir
able to study those problems.

There are many compounds which show
topotaxy during phase transformation. Since the
product of such transformation is formed in an
oriented manner under influence of the structure

of precursor, diffraction patterns of the prod
uct are similar to those of a single crystal and
anomaly of the diffraction can be easily detect
ed. Alpha-FeOOH is one of the compounds which
shows topotaxy during the dehydration and the
product indicates satellite reflections in the
early stage of formation. We have consequently
studied the process of dehydration in alpha-
FeOOH hy observation of diffracted X-ray.

Experimental

Single crystals from Colorado, U.S.A. were
selected for the investigation. Since prelimi
nary results obtained by quenching method indi
cates that the intensity of satellites is too
weak to measure on a conventional diffractometer

and that the satellites shift towards the main

reflection after longer heating, the process of
dehydration was observed at elevated temperature

104 min

225 min

304 min

508 min

Fig.1 Profiles of satellites

by X-ray diffraction with strong SR beam of
Photon Factory in KEK. The experiments have been
done using the vertical four-circle diffractom
eter on the BL-10A. A small furnace was attached

on the diffractometer to keep the specimen at A
definite temperature.

Results

For Al-analogue we have found that the sat
ellites being attributed to the periodic change
of the Al-occupancy change their profile as the
stage of the dehydration and that the modulation
specimens were heated longer and that they over
lapped to the main reflections finally. These
phenomena were interpreted as a kind of a one-
dimensional stacking disorder, because the struc
ture of the product can be regarded as a layer
structure (Ohmasa et al., 1988). Similar phenom
ena were observed for Fe-analogue in the present
studies. The change of profiles of the satel
lites are illustrated in Fig.1 where the heating
period is given in minutes. We calculated the
change of the profile of the satellites with the
following formula:

I=S(N- |ml )trVFP™exp(-2*im^),
where N is number of fundamental layers, V a
matrix of structure factors of the layers, F
probabilities of existence of the layers, P
sequence of the layers and tr a trace of a
matrix. Fig.2 the obtained relation between pe
riod of the diffuse maxima (period of the mean
modulation wave) and a probability gamma. When
gamma increase, the layers with the same cation
occupancy increase: that is, the layers with less
occupancy are filled with cation according to the
diffusion.
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To induce superconductivity in Nd2_jjCe CuO^
(NCCO), electron doping by the reduction
(y?^0) is necessary in , ^addition to the Ce
substitution ( x ~ 0.15 This indicates
breakdown of the rigid-band and single-band
models in which both the substitution and the
reduction should induce the same change in
electronic (band) structure. In the
present work,^ we have studied how the reduction
induce changes in the electronic and geometrical
structures in NCCO by means of X-ray absorption
spectroscopy (XANES) at the Cu K-edge.

The spectra for the reduced NCCO samples
(x=0.12, 0.15) are not identical with those for
the unreduced ones. We have tried to extract
XANES spectra for reduced components. The
extracted XANES spectra for the reduced
components can be obtained as follows:

([red.] - b ["unred."] )/a (a=l-h).
As shown in Fig.2.1, the extracted XANES spectra
for the reduced components show a single ls-4p7r
(P) and a single ls-4pa (Q) transitions,
irrespective of the values of a. This indicates
that the reduction yields monovalent species
unlike the Ce substitution. Examination on
various values of a has revealed that the reduced
components correspond mainly to Cu20-like
species.

In Fig.2.1 the extracted spectra are best
fitted to the spectrum of pure CuoO. The
resultant values of a are 0.07-0.08. This
means that y=0.24-0.28 (for example, [CuOn yo] =
0.92[CuO4] + 0.04[Cuo0] ). The value' of y
obtained with the XANEs analysis is much larger
than that„,obtained with the iodometric titration
technique •' which has revealed that the oxygen
content decreases from y=0~0.01 to y~0.04 after
the reduction when x~0.15. Most of the oxygen
deficiencies correspond to a tiny CU2O impurity
phase(l~2%J^ found with powder X-ray
diffraction that is, O.QQCCuO^] + 0.005[Cu20]
= [CuOg 965]* This is consistent with no
remarkable' difference found in the lattice
parameters between the samples before and after
the reduction. The discordance of the values of
y obtained with the XANES analysis and with the
iodometric titration and powder X-ray diffraction
techniques probably arises from the difference in
sensitivity to impurity phases and from the
experimental and analytical errors.

On the other hand, Cu 2p XPS spectra for
unreduced and reduced samples (x=0.15) show that
the satellite-to-main peak ... intensity ratios
I /Im are 0.25 and 0.21 , respectively,
indicating that monovalent species are included
up to 16 % after the reduction and y=0.56 if they
are all CuoO ([CuOo 44] = 0.84[CuO4] +
0.08[Cu20]). The values* of y obtained with XPS
are much larger than those obtained with XANES,
iodometric titration and powder X-ray
diffraction. This means that the monovalent

species are impurity phases such as surface
contamination and grain boundary segregation
since photoabsorption (transmission-mode) and
photoelectron spectroscopies are bulk-sensitive
and surface-sensitive, respectively, and there is
extrinsic Cu contamination mainly at the surface
and grain boundary.

The essential effect of the reduction to
induce the superconductivity in NCCO has not yet
been revealed.
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Fig.2.1. Extracted XANES spectra for impurities
introduced with the reduction from the spectra of
the unreduced
Ndo_„Ce..CuO^ „ (:

reduced.Cej^CuO^

([red.] - b ["unred."] )/ a (s=l-6).
(a) x=0.12, a=0.08, (b) x=0.15, a=0.07, (c) CugO.



proposal No 87—082

TERTIARY STRUCTURE OF CALHODULIN FRAGMENTS IN SOLUTION

Yoshinobu Izumi, Hasayoshi WAKITA, Hidenori YOSHINO*, and Norio MATSUSHIMA**,
Department of Polymer Science, Faculty of Science, Hokkaido University, Sapporo 060.

♦ Department of Chemistry, Sapporo Medical College, Sapporo 060.

** Department of Physics. School of Allied Health Professions, Sapporo Medical College, Sapporo 060.

Introduction

The solution X-ray scattering (SOXS) has been

applied to study the conformation of caloiodulin(CaM)

in solution'""'. This technique has brought a

remakable refinement in the quality of data compared

with the results in conventional laboratories. The

purpose of this paper is to present a further

verification of previous results throughout the SOXS

study of the sizes and shapes of fragments and the

complex formed by the interaction of each fragment
and mastoparan.

Experimental

The tryptic fragments F12 and F34 of calmodulin

were prepared according to the method previously
reported^'. The SOXS profiles were recorded with

synchrotron radiation from a storage ring at the

Photon Factory of the National Laboratory for High

Energy Physics, Tsukuba. The scattering profiles

for fragments F12 and F34 and the complexes were

calculated on the basis of the crystal coordinates.
The calculations were carried out with a computer

program which uses Debye-s formula for models

composed of spherical subunits^'. Each spherical

subunit is substituted by a circle of 3.7A radius,

which approximately represents the volume occupied by

one residue of polyalanine.

Results and Discussion

Fig. 1 shows the moderate-angle X-ray scattering

(MAXS) profiles for fragment F34 of CaH. Upon binding
mastoparan, the MAXS profile of Ca^'-saturated F34

differs remarkably from those of Ca^'-free and/or Ca^*

-saturated F34 without mastoparan: a prominent

decrease of a minimum near s=0.045, was observed,

where s is the inverse Bragg spacing. Ca^^-saturated

F12 with mastoparan showed almost the same behavior

as that of F34 with mastoparan.

Fig. 2 shows the theoretical SOXS profiles for

fragment F34 in the presence of Ca'''* and in the

presence of both Ca^* and mastoparan. The theoretical

scattering profiles calculated for F34 with or

without mastoparan are very similar to the

corresponding MAXS profiles shown in Fig. 1. That

is, the theoretical profiles for F34 without

mastoparan show a minimum, a maximum, and another

minimum at s=0.05, 0.06, 0.08, repectively. Upon

binding mastoparan, theoretical profile also shows a

prominent minimum near s=0.045A''. Ca^'-saturated

F12 with mastoparan showed almost the same theoretical

behavior as that of F34 with mastoparan.
Comparing with the model calculation by Persetich-

ini and Kretsinger suggests"^' that mastoparan in a-

helical state is located to interact with hydrophobic
patch in each fragment as in their model but the

center-to-center distance between mastoparan and each

fragment is shorter by several angstrom than that in

their model and that mastoparan in a-helical state

binds to both domains of intact calmodulin with a large
bend of the long central helix connecting the domains.
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The SOXS profiles of the fragment F34
in the presence and absence of
mastoparan.

The calculated profiles for the fragment
F34 in the presence and absence of
mastoparan.
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Introduction

In the X-ray region elemental analysis can
be conducted using the characteristic absorption
of atoms. Measurements based on X-ray absorption
are suitable for the determination of heavy
elements in light matrices. One of the problems
in photoacoustic measurement for powdered sample
is that the effect of scattering of exciting
beam is severe for fine particles. However, this
is not serious in X-ray region, because
refractive index of materials for X-ray is
almost 1 so that the scattering at the sample
surface will scarcely occur. Moreover, the
intensity of photoacoustic signal depends on the
thermal diffusion length, (i, which can be
varied by changing the chopping frequency.
Therefore, the frequency response of the
photoacoustic signal involves information
concerning the diameter of powder particles and
the distribution of elements in powder particle.'

Experimental
The photoacoustic measurements were

conducted at beam lines BL-IOC (1.7-1.8A) and
BL-15A (1.504a). The powdered sample was packed
in a concavity (18mm in diameter and O.Sram in
depth) of the sample holder and covered with
polymer adhesive tape. The photoacoustic signal
was detected by a condenser microphone. Active
alumina powder containing iron was used as
sample. Elemental composition of the sample was
checked by spectrophotoraetric method and
thermogravimetric analysis.

Results and Discussion

The photoacoustic signal intensity for the
sample without iron was large at a low chopping
frequency, and showed a tendency to decrease at
a high chopping frequency. The signal intensity
for the sample without iron was subtracted from
the raw signal intensities as the background.
Figure 1 shows the signal intensities plotted as

a function of the iron content. Plots for high
chopping frequencies show good linearity and
low background. This suggests that measurements
at a high chopping frequency is preferable to
quantitative analysis.

Figure 2 shows the change in the signal
intensity versus the chopping frequency, f. The
signal intensity decreased as f"' for samples
with iron added. On the other hand, the signal
intensity decreased as samples without
iron. According to the RG theory^, the
photoacoustic signal intensity varies as f"' on
the condition that ^>l/j3 (thermally thin
case) and as f"^'^ qjj condition that

(thermally thick case), where 0 is
optical absorbance of the sample. Thus, the
aluminum hydroxide gel powder without iron was
thermally thick, while the samples with iron
added were thermally thin. These facts suggest
that iron was concentrated at the surfaces of

particles or in small particles.
X-ray photoacoustic spectra is also

obtained. This is an approaches to eliminate the
background contribution. Figure 3 shows the X-
ray photoacoustic spectra for the active alumina
powder with iron added. The absorption edge can
be designated with the magnitude, Rj and the
wavelength Xj of the jump. Experimental value
of A, j fitted to that for Fe Ka. But, the
experimental value of Rj was larger than the
calculated value using mass absorption
coefficients which do not take into account the
effect of EXAFS. This disagreement is considered
to be due to the presence of fine structure
(EXAFS) and the concentrated iron at the surface
of the particles or in the small particles.
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Introduction

A huge number of experimental investigations on

kinetics of phase separation have been made by

using light scattering technique. Investigation of

shorter wave length behavior is needed to clarify

the early stage of spinodal decomposition, i.e. effect

of thermal noise, relation between the maximum

wave number km and the critical wave number kc,

etc. In the present study, we measured the time

evolution of the small angle X-ray scattering in the

phase

polystyrene(PS)/iioly(2-chlorostyrene) (P2-C1S)

blends to investigate the composition flucuation

with small wave length in the early stage of

spinodal decomposition.

separation process

Experimental

PS was the product of Pressure Chemical Co. with

the weight average molecular weight Mw = 5.00 X

10" and molecular weight distribution Mw/Mn < 1.06.

P2-C1S was prepared by radical polymerization

using AIBN as an initiator and was fractionated. Its

Mw and Mw/Mn were determined by GPC using PS as

the stndard to be 9.9 X 10" and 1.1, respectively.

The measured compositions of blends were 41 and 50

wt%PS. Temperature jump was made by

transferring the sample to the heating block
controlled at a temperature within the two phase

region. The scattered intensity was detected by

PSPC with the sensor length of about 20cm. The

distance from samples to the detector was 200cm.

The temperature of samples was controled within

Results and Discussion
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Fig.l shows the scattered intensity I(k,t) from 50

wt%PS sample at the wave number k = 1.27 X 10~®,

1.65 X 10"® and 2.03 X 10~® A"' as a function of

time t after the temperature was jumped to T = 152.3

"C. The scattered intensity I(k,t) increased initially

(early stage), and then decreased (intermediate

stage). The time period in which I(k,t) increased
depends on the wave length and is longer at the

small wave numbers. The temperature dependence

of the length of this period is opposit in the two

composition, namely, this time period became longer
with decreasing the quench depth for 41wt%PS,

while it became longer with increasing the quench
depth for 50wt%PS.

In early stage of spinodal decomposition, the

composition fluctuation of phase separation is
expected to obey the linearized diffusion equation,

so-called the Cahn-Hilliard-Cook's (CHC) theory'^.

The CHC theory predicts the followng equation

I(k,t) = (I(k,t) - I(k, CO ))exp(2R(k)t)

+ I(k, CO ) (1)

for the time development of I(k,t), where l{k,0) and

I{k, CO ) are the scattered intensity at t = 0 and t =

CO, respectively. Fig.2 shows the rate constant R(k)

obtained from the non-linear least squares fitting

to eq.(l) as a function of k. The deviation from the

linearity predicted by the CHC theory may be

responsible for the contribution of the non-linear

term neglected in CHC theory. This term may give

non-negligible contribution in high wave number

region becouse of the wave number dependece of
the time period of the early stage.
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INTRODUCTION

Pulse method, which analyzes the
transient response of photoacoustic
signal on a pulse-wise X-ray irradiation
on to samples, is shown to be useful for
depth-profiling '.

The synchrotron radiation X-ray was
chopped pulse-wise by a rotating blade
at audio frequencies.Thus we called this
method as "Semi-pulse method".

This semi-pulse method was adopted
for imaging by stepwise scanning of the
focused X-ray beam on the sample, at the
Beam Line ISA and 10 C.

EXPERIMENTAL

The experimental set uo was the same
as that of imaging method '. An circle
blade which has two slits (12'*x2/360° )
along its periphery was rotated at 9 Hz.
The response signal at each point (every
each 0.5 mm step) on the way of scanning
was averaged by a digital storage
oscilloscope.

RESULTS and DISCUSSION

Figure 1 shows the scheme of a model
Ni sample half of which is covered with
50 pm thick poly-ethylene terephthalates
(PET)film, X-ray was scanned from Ni
side to PET covered side. The series of

primitive photoacoustic signals are
shown in Pig.1(a). In contrast to the
sharp rising followed by exponential
rise-down in the Ni region which is
typical for monolayered region, small
and convex signals were observed in PET
region. In this PET coated region, the
amplitude of rising signal was decreased
whose contribution is from surface PET

and subsurface Ni.
Primary (surface) component of these

signals was extracted as shown in
Fig.1(b), according to the signal
shapes at separate experiments using Ni
and PET only. These signal shapes in
Fig.1(b) were subtracted from the
primitive signal shapes (in Fig.1(a))
and the difference signals are shown in
Fig.1(c). Delayed rise-up of the
difference signal shows that the Ni
layer is locating under the PET region

at 30-70 pm thick.
This method is quite useful for non

destructive and three dimensional

analysis of various layered materials.
When the energy of incident X-ray is
changed at K-edge region, the atomic
species can be discriminated. The study
of three dimensional atomic component
analysis is under development by
improving this method.
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Imaging
(a):Series of primitive photoacoustic
signal responses.
(b);Primary component signals from
surface layers.
(c):Subtracted secondary component which
comes from subsurface layer.
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TNTRODUCTION

It was suggested that the photoacoustic

imaging method with scanning the focused

X-ray beam enables us to analyze the

localization of various components in two-

dimension ^ Furthermore, three

dimensional analysis with depth profiling

should be possible by phase analysis of
2")

photoacoustic signals . In this paper, a

subtraction image was obtained from above

and below K-edge energy region's images.

EXPERIMENTAL

This study was performed at Beam Line

ISA and IOC. In order to improve the

resolution, the focused X-ray beam was cut

down into 0.5-0.9mmji by lead apertures

which were set just in front of the

photoacoustic cell. Monochromatic X-ray

beam was used at 1.37A (above Cu K-edge

energy) and at 1.39A (below Cu K-edge

energy) at modulation frequency 9 - 49Hz.

The photoacoustic cell was set on the

scanning X-Z stage which was settled

perpendicular to the surface of an iron-

base table with vibration -insulating
mounts. The photoacoustic signals were

monitored by the two phase lock-in

amplifier which gave amplitude images and

phase images of photoacoustic signals,

simultaneously.

three

RESULTS AND DISCUSSIONS

Figure 1 shows one of example of this

study. This model sample have a

copper/zinc/tin foil (phosphor bronze) at

right upper quarter, a brass foil at left

upper quarter and a copper foil at lower

half. Above Cu K-edge energy, any region

of various metal foils show higher signal

intensity (as shown in figure 1(a)),

however, it shows especially the highest

signal intensity at copper foil region.

The K-edge subtraction image shows signal

intensity corresponding to copper contents

at each region (as shown in figure Kb)).

The spatial resolution ('^Imm) and the

quality of imaging were still poor due to

poor S/N ratio, however, these results

seem to promise the potentiality of this

method for three-dimensional analysis.
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Figure 1. X-ray photoacoustic imaging of the model sample at 9Hz

a) above Cu K-edge image, b) subtraction image.
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The structure of the Si (111 )/3X'/3-
Ag surface is in controversy although
extensive studies have been made.

Hitherto, two kinds of models have been
proposed, that is, a honeycomb model
with two Ag atoms in the unit cell and a
trimer model with three Ag atoms in the
un i t ce11.

In a previous work^\the authors
have measured the intensity changes
along the integral and fractional order
rods in a reflection geometry, and
determined the arrangement of Ag atoms
and the adsoprtion site with respect to
the unreconstructed Si crystal: any
honeycomb model with two Ag atoms in the
unit cell was rejected and a modified

trimer model, HCT (honeycombly chained
triangle) model, was proposed although
the positions of the reconstructed Si
atoms were not fully analyzed. The
result is shwon in Fig. 1(a) and (b),
where the height of the Ag layer from
the unreconstructed first layer of Si is
about 2.9A, and the parameter x/a
indicating the size of a trimer is about
0.44. The R-factor was slightly better
for the model (a) than for the model (b).

In this work, the diffraction spots
were observed for the first time in a

transmission geometry as shown in Fig.2,
and the adsorption site with respect to
the unreconstructed Si atoms was

yAg 1st SI 2nd Si 11121 —

® *• ° ^ o ®o ®o
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Fig. 1

uniquely determined.
The experiments were made at BL-

lOC. The intensity change along the

(Oj) rod was measured around the 111
Bragg points, as hatched in Fig. 3. The
observed intensities (dots in Fig.4)

changed asymmetrically around the 111
Bragg point. The lines in Fig.4(a) and
(b) were obtained by calculations
according to the models in Fig.1(a) and
(b). The results clearly reject the
adsorption site in Fig.1(b).

Recently a similar atomic
arrangement of Ag atoms was obtained by
E. Vleig et al. " But a different result
is obtained as for the adsorption site.
The reason will be that they have
observed only the fractional order
spo ts.
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Very recently we have reported EXAFS-
like wiggles in the x-ray Raman spectra
of graphite and diamond, and showed that
they coincide very well with those
observed in soft x-ray absorption :
thus it was proved for the first time
that x-ray Raman scattering is capable
of providing the same information as
absorpt ion.

For anisotropic materials additional
information can be obtained. since the
momentum transfer or scattering vector
plays the sane role as the polarization
vector in the absorption. Scattering may
be superior to absorption in revealing
anisotropy because of several
experimental reasons.

aod Besulls

The experimental conditions are j^_the
same as those described previously .
except for BLIS, which is a multipole
wiggler line, was used as well as BLIOC.
Measurements at BL 16 reduced the time
required to collect photons by more than
an order of magnitude. The sample
employed is is a monochromator graphite
from Union Carbide. Scattering was
collected at 60* from the sample, which
was mounted in such a way that the c-
axis of graphite is either parallel or
perpendicular to the scattering vector
s. The c-axis of graphite is
perpendicular to the ring plane: in-
plane transitions are forbidden for
s//c, while those perpendicular to the
plane are forbidden for sxc.

Figure 1 shows x-ray Raman spectra
from graphite with the scattering vector
either parallel or perpendicular to the
c-axis. The two spectra show remarkable

differenaces in edge energy as well as
in extended fine structure. The edge
shift of the s//c spectrum is about 7 eV
smaller than that of sXc. Nagasawa et
al. has also reported a difference of 6
eV in his^po1arizaion study on near edge
structure . Hence. the transitions to

the lowest states are in the ring plane,
while transitions perpendicu1ar to the
ring plane start at a few eV higher in
energy.

In addition, there are prominent
differences in the extended fine
structure. A complicated staructure is
observed for sxc while the oscillation
for s//c is simple and has a rather
short interval. An oscillation observed
in the soft x-ray absorption of graphite

GRAPHITE

S // C

S i c

260 380 480 580

ENERGY SHIFT (eV)

Figure 1. X-ray Raman scattering spectra
of graphite with the scattering vector
s//c and s X c.

with polarization parallel tOgthe c-axis
has already been reported . and
a comparison of the two reveals without
doubt that they are substantially the
same. On the other hand. no polarized
absorption study perpendicular to the c-
axis is available. g

A more detailed analysis employing
standard procedures for EXAFS analysis
shows that intra and inter-layer
structural information can be separately
obtained from the anisotropy in the fine
structure reported here.
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Introduction

Tobacco mosaic virus (TMV) is reconstitut
ed in vitro into an infective virion from its

constituents RNA and coat protein (TMVP). The
reconstitution of TMV from its constituents
occurs in two steps I formation of the initial

complex by interaction of the 5'-end of RNA
with 20S disk aggregate of TMVP and growth
of the helical rod by sequential addition of
TMVP. This assembly process has been mainly
investigated by electron microscopy and tur
bidity, and the reaction is thought to complete
approximately within 20-40 min under physio
logical conditions. TMV particles reconstituted
were observed in a dried state by the former

method, and the latter method gave little
information about the size and shape of the

particles in solution. A small-angle X-ray
scattering (SAXS) method is exceedingly useful
for this case. The growth of aggregates of TMVP
and RNA to rodlike particle is suspended
completely by lowering the solution temperature
to about 5TI. We shall be able to determine an

aggregation state at each reaction time, if we
quench the sample at S'C after growing the
aggregate by keeping the sample at 20''C for
each reaction timeCmin) and carry out the
ordinary static SAXS experiments at S'C.

Experimental

TMV coat protein, prepared from TMV by the
usual acetic-acid method, was dialyzed against
phosphate buffer (PB) whose concentration was
increased stepwiseiy and final concentration
was lOOmM at pH 7.2. TMV-RNA was prepared by
the extraction method with phenol. All the
equipments and buffer solutions were sterized
with autoclave just prior to preparing of
sample solutions. We prepared eleven samples
varying incubation times at 20''C for SAXS, as
shown in Fig.l. The reactions of TMVP and RNA
were immediately stopped after a fixed period
of incubation by dipping the samples into ice
water. The mixing ratio of TMVP to RNA was 20
in lOOmM PB at pH 7.2.

SAXS experiments were performed with the
SAXS at station BL-IOC at 5°C in order to stop

the further growth of the aggregates. The z-
average radius of gyration and intensities at
zero scattering angle, le, proportional to
weight-average molecular weight of the aggre

gates, were obtained from the initial slope and
the intercept of the Guinier plot, respectively

Results and Discussion

The time courses of Rg and U are shown in
Fig.l. There is no appreciable change of Rg and
le in the case of TMVP only. However, the
mixture of TMVP and RNA showed the gradual

increase in Rg and ie with incubation time,
whose values are much larger than those (broken
line) caluculated by assuming the ideal (no
interaction) mixture of each component (shown
with lower curves for TMV protein and triangles
for RNA in Fig.l). The reaction lag is also
observed at the initial reaction time.

The detailed reaction mechanism is now

under analysis with the present data.
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Introduction

A microchannel plate (MCP) is one of the
usefull detectors for x-ray measurements in

fusion researches, because of its high gain,

fast time response, high degree of immunity to
magnetic fields as well as its compactness.
MCPs have often been applied to x-ray
imaging' • or spectroscopic measurement" .
Studies of x-ray detection chracteristics of
MCPs have been carried out in the 0.6 to 82 keV

energy range^'. We extend the measurement on
current response of MCPs in the 0.06 to 0.6 keV

Experimental and Results
The experiment has been carried out by

using synchrotron radiation in XUV and soft

x-ray region which is supplied at the beamline
having a 2-m grasshopper monochromator
(BL-llA). In order to suppress stray and
higher order radiation, four different thin
filters (Cu, Ag, C and Be) have been used.
The MCP to be calibrated, Hamamatsu F1943-22MX,
has a tandem configuration and is coated with
normal electrode materials (Fe and Cr), whose
channel diameter is 15/i m, length to diameter
ratio 40, and channel bias angle 13' . The MCPs
have been operated under the condition of the
unsaturated current detection mode. The gold

photocathode is mounted in an NBS-type diode
with a cylindrical anode. This is utilized for
calibration of the incident photon flux.

The current response of MCPs has been
obtained as shown in Fig.l for the photon
energy from 60 eV to 600 eV. The data have
been taken for the case of normal incidence to

the MCP surface; therefore, the incident angle
of photons to the channel axis is 13" (the bias
angle of the MCPs). The general feature of the
MCP current response curve is summarized as
follows: there is a maximum around 100 eV. The

response decreases with increasing the photon
energy beyond 150 eV as a whole, except the

Fig.l

Current response

of the MCPs as a

function of the

incident photon
energy from 60 eV
to 600 eV.
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structures originated from the absorption edges

of constituent elements of MCP glass material.

In particular, the 0 K-edge structure is very

clear accompanying with an EXAFS- like oscillatory
structure. The penetration length of photons
in this energy range is estimated to be on the

order of 1000 A for the MCP glass. Therefore,
the surface composition of the MCP glass

throughout a channel wall would strongly affect
the MCP response. It is considered that the
surface of channel wall consists of a SiOa

layer of 100 A thick, whose bulk side compo
sition is lead glass®' . The measured MCP
response might be explained qualitatively from
the surface composition of a channel wall, that
is, there are a small jump above Si LIl ,11 -edge

(100.6 eV), a clear jump near the 0 K-edge
energy (531.7 eV) and a hump around 400 eV
which is considered to correspond to the Pb
N-edge (413 eV). Finally it should be mentioned
about a jump near C K-edge energy because
carbon is not the explicit ingredient of MCP
glass. A possible origin of carbon is a rare
impurity included in anode material or some

contamination on the MCP channel wall. Providing

that the surface of channel which is consisted

of a Si02 layer of 100 A thick is covered with
a thin carbon layer, a 30 A thick cabon layer
can explain the jump ratio of 1.6 at the edge
from the absorption characteristics below and
just above C K-edge.
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ABSTRACT

The detection efficiency of a

silicon surface barrier (SSB)

detector, s s u , has been

investigated in the 0.056-0.900 keV

energy region. The experimental data

are compared with the theoretically

calculated results using the SSB-
detector parameters. As a whole, the

data points agree well with the

theoretical results except an

oscillatory structure for the 0.07-
0.17 keV region. In this energy

region, sharp edge structures in

V ssQ are observed near the A1 Lii
and Li 1 I absorption edges as well
as the A1 Li edge. In particular,

XANES is observed near the A1 Li

edge.

DETECTION EFFICIENCY OF

THE SSB DETECTOR

The detection efficiency data

of the SSB detector for a unit

incident photon flux, ? ssb, are

plotted by the dots in fig. 1.

Also, the result from theoretical

calculations is depicted by a

dashed curve. These experimental

data are obtained from the

following process: The experimental

results of the normalized detection

currents of Issq/Io and Iau/Iq give
the energy response of Issb/Iau for

the normalized incident photon

flux. Here, Issb denotes the

detection current of the SSB

detector. The quantum efficiency of

gold, QE(E), is proportional to the

normalized energy response of Iau

to the incident photon flux;

therefore, the relative value of

V SSB is calculated from Issb/Iau
multiplied by QE(E). (Here, in our
paper, the QE(E) values of gold are

based on the Day et al. data from

0.05 keV to 0. 9 keV; also, the

QE(E) data from Henke et al. are

utilized for the 0. 20-0. 28 keV

region as wel1.)

The theoretical values of v ssb

are written as:

5? S S B = eXp { (I = • P c • Xe )
X exp {(I i • p d • Xd)

X c 1 - exp {{1 d • p • p d o p • Xd 0 p) ]
X E , (1)

where fi , p , and x denote the

mass absorption coefficients, mass

densities and thicknesses of the

following layers. The subscripts of
e, d, and dep indicate the

electrode, the dead layer, and the

depletion layer, respectively.

Now, we compare the

experimental results and the

theoretical calculations. As a

whole, the experimental data points

agree well with the theoretical

curve except a detailed structure

near the Al absorption edges. Near

the Al Li , (73 eV) and L, i i (72 eV)

absorption edges, a sharp edge

structure of ? ssd is seen, and the

height of the jump in 5? s s b agrees

quite well with the theoretical

estimation. The next sharp jump

near the Al Lj absorption edge (87

eV), however, is not expected by

the calculations. Also, it is noted

that this sharp edge is accompanied
by an oscillatory structure (XANES).

1 en I I I I i I I I I ' uJij
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c/»

F"

Q05 0.1 Q5
E(keV)

fig. 1



proposal No 88-162

TIME-RESOLVED TWO-DIMENSIONAL OBSERVATION OF THE CHANGE IN X-RAY DIFFUSE SCATTERING
USING AN IMAGING PLATE ON SYNCHROTRON RADIATION SOURCE

H. IWASAKI, Y. MATSUO*, K. OHSHIMA** and S. HASHIMOTO***
Photon Factory, National Laboratory for High Energy Physics, Tsukuba 305

* Faculty of Science, Nara Women's University, Nara 630
** Institute of Applied Physics, University of Tsukuba, Tsukuba 305
*** Institute for Materials Research, Tohoku University, Sendai 980

Introduction of Imaging Plate, a highly K
sensitive area detector recently developed,
into X-ray diffraction experiments has opened W :
various new fields of structural study. When
combined with synchrotron radiation, it has ^
enabled us to take two-dimensional
diffracction pattern within a short period of
time and thus to do time-resolved measurement
of structure change in materials. The jK
measurement was hitherto concerned with Bragg
reflections having relatively strong
intensity. In the present study we made an ^
attempt to observe a change in the intensity . ohKHbik.
distribution of weak diffuse scattering from ,
an alloy single crystal and succeeded in " •'
following the time evolution of whole process ^

The diffraction geometry adopted is as '• - -
follows: an AgZn single crystal having the fe '^i itMBllll WF'"
B2-type structure is mounted on the (j)-table ^ i 'W '' ^
of the four-circle diffractometer at the BL- ^j
14A and monochromatized synchrotron radiation St .- ' ^
beam, 0.3 nm in wavelength, is incident to j : . • >. >•
the crystal at such an angle that the Ewald
sphere is nearly tangent to the (111)
relplane. Radiation scattered from the
crystal is captured by Imaging Plate, 250 mm
X 200 mm in size, placed on the 20—arm set at ,jL
an angle of 80 deg so that the plate is
nearly parallel to the (111) relplane to be
explored. The sample crystal is rotated by
an angle of ± 5 deg by changing (o-angle of «•
the diffractometer during exposure. This « ^ W
movement makes the Ewald sphere intersect the W
(111) relplane and the intensity distribution t "
on the plane is mapped and projected onto the ' .
plate.

The diffuse scattering was so weak that jife^
it took longer than 500 sec to get its |
readable image. The alloy crystal was kept «V|
at a temperature of first 330 K and then 353 wT
and 373 K using a small heater attached to '5'
the goniometer head to induce the transition J
from the P' phase into the C phase. Change iflK
in the intensity distribution on the (111) .
relplane was obsereved by making successive
exposures.

Figure 1 shows the patterns selected from ^
a series of two-dimensional patterns thus . » *
obtained. At the beginning of the transition " 1
there are only three strong Bragg reflections «
with diffuse streaks emanating from each of |
them in the pattern. There is also a weak ife »1 '
diffuse intensity sheet of a triangular shape \ ^ *»
with the corners at the three Bragg ^
reflection peak positions. The diffuse ^Bjf , I
scattering arises from thermal vibration of . 15. 1 | •
atoms. As the transition proceeds, weak but ^ |j ^
relatively Sharp spots appear superimposed on I
the diffuse intensity sheet without any 'flft
modulation in the intensity distribution, as |
seen in the middle of the pattern. The spots ' .
grow in their intensity with many additional ' I
pots and the diffuse scattering gradually fi. i ^ time-resolved two-
looses its intensity. The observation shows d.i *. i -.uv
that the transition is of a nucleation and
growth type and the new phase has a definite (aT,oini-i-v. ^ '4- ^4-
' . . . , , r_. a.. ^ a_ 1- cvolution of the scatterina intensitvorrentatron relatronshrp to the parent phase. distribution on the phase transition

in AgZn.

I " ••
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Introduction

The X-ray standing wave method was known as the
powerfxil tool for structure analysis of surface and inter
face^'^. However, There are some limitation in interface
analysis with using X-ray standing wave; (1) high quality
substrate crystals are necessary, (2) small lattice mismatch
is necessary between substrate and epitaxial layer, (3)
interface structure is abruptly changed. In the case of
GaAs and Si, (1) and (3) were usually gratified but (2) was
not satisfied enough because of the different lattice con
stant of 4% between GaAs and Si crystals. In previous
report, the interface structure of GaAs/Si(100) was inves
tigated and Ga and As Ka signals were same as Bragg
reflection in the case of 50 A thickness GaAs/Si(100) sam
ples. ^ This is due to the averaging of fluorescence signals
from X-ray standing wave through epitaxi<il layer and no
information gives about epitaxial film and interface struc
ture. To avoid averaging fluorescence signals, ultra thin
film sample should be used for X-ray standing wave. The
limitation thickness was about 20 A in Si and GaAs com
bination. Furthermore, it is difficult to get precise infor
mation of Ga and As position in interface because of the
equivalent position of Ga and As atoms in (400) reflection.
On the other hand, Ga and As fluorescence profile are sup
posed to be distinguishly different for GaAs film on Si(lll)
substrate because of different position of Ga and As about
25%. In this report, the investigation of GaAs/Si(lll)
interface structure by using X-ray standing wave method
was described.

Experimental

The GaAs/Si(lll) sample was prepared by MBE
method. To clarify the initial surface structure of Si sub
strate, As was evaporated at first after substrate was
cleaning. This surface which was known as As passivated
surface, is stable though in the atmosphere^. The thick
ness of GaAs film was set to about 4 atomic layers to
avoid the effect of lattice mismatch between Si and GaAs.

From the TEM images, GaAs film had growthed continu
ously from Si substrate in atomic order and interface may
be abruptly changed.

The experiments were carried out at BL-14B. The
optical system were almost same as previous experiments^
but all Si{lll) reflection geometry was selected in this
experiments. The asymmetry factor b was set at about 30
with 7.345° Bragg angle. The wavelength was set 0.800 A
to avoid the effect of the Compton and elastic scattering
into Ga and As fluorescence. The Ga and As fluorescence

yield was measured with rotating samples dioring Bragg
reflection region.

Result and Discussion

Figure 1 shows the normalized fluorescence yield of
Ga and As K. The intensity of Ga Ka was 0.5 to As. This
may be caused from the absorption coefficient of Ga and

As. Obviously, the different profile of Ga and As Ka
fluorescence was due to the dissimilar position of Ga and
As atoms in the unit cell of zinc blend structure.

The least square analysis was performed to decide Ga
and As atomic position. The parameters used in this
analysis were coherent parameter, position of marked atom
and background. From the least squares of Ga and As
position, the displacement of Ga and As atoms to Si (111)
net plane are 3.14 A and 1.05A, respectivity.

Figure 2 shows the interface model of GaAs/Si(lll).
The distance of Ga is nearly equal to lattice constant of
Si(lll) net plane, but the distance of As is 25% large than
the Si(lll) lattice distance. This may be due to the sur
face relaxation of silicon. Becaxise of lattice mismatch of
Si and GaAs, the distance of top Si atoms and second Si
atoms are expanded and the distance of first and second Si
atoms are larger than bulk Si atoms. In this case, the dis
tance of top Si atoms and first As atoms are small than
which was decided by least square.
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X-ray standing waves produced from a nearly
perfect crystal at grazing-incidence Bragg
conditions provide a means to accurately
determine the in-plane positions of surface
atoms. To investigate the feasibility of such
an experiment, we have measured Ge K
fluorescence yields from a bulk germanium
crystal with a mechano-cheraically polished
(111) surface. Prior to the measurement, the
surface was etched in HF solution to remove
oxide layers and passivated by bromine. Bragg
reflection for the (220) plane, nearly
perpendicular to the surface, was excited by 17
keV photons, which had angular divergences of 5
jurad and 70 /iirad in the A 6 and
directions, respectively. Here A 6 and 0 o
denote the deviation angle from exact Bragg
incidence and the glancing angle against the
crystal surface, respectively. The
experimental arrangement and procedures have
been detailed elsewhere [IJ.

Figure 1 plots observed reflectivities for
the specular and diffracted beams, Rs and Rh,
together with simultaneously measured
fluorescence yields by rocking the sample
through the Bragg position at three different
values of ^ 0 close to the off-Bragg critical
angle 0 c , which is equal to 2.5 mrad. Solid
lines show theoretical profiles calculated
using the dynamical diffraction theory for a
perfect crystal, where the incident-beam
profile and the macroscopic curvature of the
sample surface are taken into account. The
observed reflectivity and fluorescence data
show general behaviors predicted by the theory,
but there are obvious discrepancies. In

particular, no dip exists in the Ge Ka data
for the lowest ^ o angle examined. To examine
the effect of near-surface strain, we repeated
the measurements after chemically etching the
sample to remove a layer of 2000 A. However,
no noticeable change occurred in the observed
reflectivity profiles and the fluorescence
curves. The observed specular reflectivities
could be accounted for by including microscopic
surface roughness in the existing dynamical
theory. It seems difficult, however, to
explain the discrepant fluorescence yields in
terms of surface roughness.

Calculations indicate that fluorescence
yields are determined by the standing-wave field
intensities in a shallow penetration depth of
several tens Angstroms close to the surface.
Unlike in the conventional Bragg-case
diffraction, we have here two separate wave
fields, one with the standing-wave antinodes at
the atomic planes and the other with the nodes
at the atomic planes. At A 0 ~ 0 and ^ o ^

c crystal waves have complex amplitudes
because of total external reflection, which
lead to a shift of the standing-wave position.
It can be shown that the shifts are in the

opposite directions for the two wave fields at
A Q >0, while at A 0 <0 they are in the same
direction parallel to the diffracting vector.
The shifts amount to 10% of the Bragg-plane
spacing.
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=2.4, 2.7 and 3.4 mrad. Rs : specular beam, Rh : diffracted beam.
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Introduction

Porous silicon layer (PSL) is known to be
effectively used for the full dielectric isolation
of electronic devices because of its being easily
oxidized. Therefore, formation conditions and
relevant physical properties of oxidized PSL have
been also investigated. Previous studies showed
that the crystalline quality of PSL formed on the
(001) wafer of resistivity as low as O.Olflcra was
superior to that on the wafer of resistivity more
than 0.1 J^cra. X-ray diffraction studies of PSL
showed that the lattice spacing of PSL was about
ten times smaller on the wafers with lower resis

tivities than on the wafers with higher resistivi
ties. Recently, the authors^) have investigated
crystalline property of PSL formed on (111) and
(001) wafers with various resistivities more than
O.SJ^cm by means of well-defined X-ray goniometry,
and demonstrated that the crystalline quality of
PSL formed on the (111) wafers was superior to that
of the (001) wafer irrespective of wafer resisti
vity, andalsothat the crystalline quality of PSL
was inferior to that of the silicon substrate but

was not so heavily degraded. These results, to
gether with the previous results, suggest that the
crystalline property of PSL is related to wafer
orientation and wafer resistivity. In this study,
therefore, in order to confirm this more clearly,
we examined the crystalline property of PSL's on
(111) and (001) wafers of 0.01 to 33flcm, together
with annealing effect on the crystalline property
of PSL's by means of X-ray diffraction technique.

Experimental

In order to have a porosity of about 50% for
each PSL, p-Si wafers of O.OlJ^cra were anodized in
a 25%HF with SOmA/cm^ and wafers of more than 0.1
flcm were anodized in a 50%HF with 100 mA/cm2.
Anodized wafers with 15ym thick PSL were studied
by X-ray multiple-crystal diffractometry. Rocking
curves were measured mainly with thd reflection
planes parallel to the wafer surfaces: 111 and
333 reflections for (111) wafers and 004 reflec
tions for (001) wafers.

Experimental Results and Discussion

Diffraction rocking curves are found to be
composed of two peaks: one at a lower angle side
is for the PSL, and the other at a higher angle
for Si substrate. This indicates that the PSL is

a monolithic single crystal and has a slightly
larger lattice spacing than the substrate, being
under compressive stress. The PSL showed a com
paratively narrow FWHM, indicating that the cry
stalline quality is not so heavily degraded. On
the contrast, the change in lattice spacing of
PSL's formed on wafers of more than 0.1 ficm was
Ad/d=10- From these results, we can conclude
that the crystalline property of PSL is not due
to preparation conditions including HF concentra
tion and current density, but is affected by the
wafer resistivity. It was also found that the PSL
was easily affected by spontaneous oxidation of
inner pore surfaces in PSL's formed on the wafers
with various resistivities.

Figure 1(a) shows 004 rocking curves from an
anodized (001) wafer of O.Olficm. The features of
rocking curves are almost the same:angular separa
tion appears larger, but this separation corresponds
to the same change in lattice spacing as that of
PSL formed on the (111) wafers. PSL is found to be
under compression, resulting in an elastic bend
ing shown in the inset. Figure 1(b) reproduces
rocking curves from the same wafer after annealing
at 400^0 for 10 min.The lattice spacing of PSL is
found to be greatly affected by successive anneal
ing in a vacuum. It has been reported that a lot
of hydrogen-silicon bonds such as SiH, SiH2 and
SiH3 are produced in PSL during anodization and the
dissociation of Si-H bonds takes place at elevated
temperatures higher than about 250°C. Our prelimi
nary results concerning the size distribution of
pores in PSL measured by a gas adsorption technique
showed that no remarkable change in size distribu
tion was detected before and after annealing.

Detailed stdies of relations between hydrogen
concentration and lattice spacing of PSL. and also
of crystallographic features of lattice distortion
around pores in PSL's are now in process by using SR
X-ray diffraction technique.
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Fig. 1 Rocking curves from PSL and Si substrate,
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Introduction

The pressure dependence of the melting
temperature of selenium shows a maximum point.
This phenomenon (melting-curve maximum) is
interpreted in terms of a two-species model''2'
which assumes the liquid as a mixture of high- and
low-pressure solid phases. The aim of this work is
to measure diffraction for liquid Se under high
pressure to test the propriety of this model for
selenium.

At atmospheric pressure and room temperature,
selenium has a crystal structure consisting of
spiral chains. Each chain consists of tightly
bonded two-fold Se atoms, and is bonded to
adjacent chains with weak van der Waals force.

This crystal shows a pressure-induced
seraiconductor-to-metal transition. Though a
diffraction measurement was made for the high-
pressure phase^', the structure was not
determined. It can be thought, however, on the
analogy of tellurium that an atom in high-pressure
Se is bonded to interchain neighbors as well as to
the intrachain neighbors so that the coordination
number is larger than that of the low-pressure
phase. It is at least natural to think that a
dense high-pressure phase has a larger
coordination number than a sparse phase.
Therefore, it is expected from the two-species
model that the coordination number of liquid Se
increases with raising pressure.

In previous reports, we obtained the structure
factor SCQ) of liquid selenium under various
pressures^'®' . We report here some newly
investigated results derived by further data
analysis.

Experimental

MAX80, a cubic-type high-pressure apparatus
was used. Used light sources are a vertical

wiggler on PF and a bending magnet on AR. Details
of experiment and data analysis are described
elsewhere®' .

Results and Discussion

Structure factor S(Q) for liquid Se at various
pressures have been obtained''• ® ®' . Fig. 1 shows
pair distribution function 5r(r) derived from
Fourier transformation of S(Q). A high first peak
and a succeeding sharp dip of g(r) appeared at 0
GPa became less prominent with increasing
pressure. The coordination number N\ and the
position r\ of the first neighbors obtained from
Fig. 1 are plotted as Fig. 2. The increase in N\
can be explained by the expected formation of
interchain bonds. It seems unnatural that ri
increases with pressure. However, this may be
explained by an overlap of the peaks of inter- and
intrachain distances: a peak position can seem to
shift when another peak approaches. These results
imply that liquid Se under high pressure consists
of two species; i.e., the two-fold low-pressure
phase and the high-pressure phase of higher
coordination.
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Introduction

We have measured the static Debye-Waller
factor (SDWF) of dislocation-free silicon crystals

by analyzing the Pendellosung fringes in the
section topography.1)2) In this investigation
various FZ- and CZ-silicon crystals having micro
defects and growth striations were examined

by the section topography with an extremely
large scattering vector, such as 18 18 0 or

24 0 0, using synchrotron radiation from a vertical
wiggler.

Experimental

Experiments were carried out using 0.4 A x-ray

beam monochromated with a triangle-shaped silicon

loop. These results were given in Fig. 2 and
Table 1. As shown in Fig. 1, growth striations

were observed in the I- and S-regions. These

growth striations were analyzed using computer
simulation technique based on the Takagi-Taupin
equation and with the assumption that the growth
striation is represented as sinusoidally varying
functon of strain. The results indicated that

the growth striations could bCgSimulated with
the amplitude of strain, 8x10 , though the

origin of the growth striations is uncertain.
We tried the quenched CZ-crystals but satisfacory
results have not yet been obtained.

References

bent monochromator in the asymmetric 111 reflection. 1) Y.Sugita et al.;Jpn.J.Appl.Phys.26(1987)1903.
Section topographs were taken in the 440 to 2) S.Iida et al.;Jpn.J.Appl.Phys.27(1988)1081.
18 18 0 and 800 to 24 0 0 reflections and recorded

on nuclear plate or imaging plate. Various

silicon crystals were examined; as-grown FZ Table 1
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heat treated FZ crystals with D-defects; CZ
crystals containing clusters of point defects
formed by rapidly quenching the ingot during

crystal growth.

Resutls and Discussion

Figure 1 shows a series of the section topographs
of the as-grown FZ-crystal having D-defects

and growth striations. From the difference
in the period of the Pendellosung fringes between
the V-region containing D-defects and the I-region,
the SDWF was determined to be 0.014 for the

14 14 0 reflection. The nature of D-defects

was inferred from the model calculation of the

SDWF made on the basis of two models of vacancy

clusters, spherical cluster and dislocation

880 10 10 0 12 12 0 14 14 0 16 16 0

Figure 1
A series of section topographs of an as-grown
FZ-wafer.

dislocation loops from the experimental results.

The average radius, R, and the concentration of
vacancy necessary for the creation of the disloca
tion loops, C , are given as a function of the
concentration of the dislocation loops, N.

N(cm"^) 10^^

R(A) 69.5 32.3 14.9 6.8

C^(cm"^) 8.7x10^^ 1.9x10^® 4.0x10^® 8.4x10^®

\ \ \

\ \ \
n=10'®\ \

20 AO

Ro/X

Figure 2
Estimation of the average radius of spherical
vacancy clusters, R ; n is the concentration of
the clusters and g. is the mismatch parameter.
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1. Introduction

In order to improve the atomic
stucture model for an icosahedral phase,
it is necessary to obtain a high
resolution pair distribution function
experimentally. The high resolution
pair distributin function can be
provided by the achievement of X-ray
diffraction measurements from q=0 to
more than 20 A"^ with appropriate angle
resolution. We report here an attemp
to measure an X-r^v diffraction profile
from q=0 to 40 i with the resolution
of 0.01 A"^ at 3 i"^, at BL-14C.

2. Experimental

Figure 1 shows a schematic setup
for the X-ray diffraction measurent. A
monochromated X-ray of 43.57keV is used
for an incident X-ray beam. The
horizontal slit SI is fixed at 0.4mm and
S2,S3 is varied from 0.05mm to 0.2mm in
such a way to keep an appropriate angle
resolution. SSDl detects the intensty
of Compton scattered X-rays from the
Kapton film to monitor the intensity of
the incident X-ray beam. X-ray
diffraction profile was measured for a
powdered samples of Al6gMn2oRU8Si4
icosahedral phase.

3* Results

After corrections for air
scattering,Compton and multiple
scatering, the X-ray strcutuer factors
were obtained. The structure factor of

Al5gMn2oR^8Si4 icosahedral alloy is
shown in figure 2. The scattering peak
width of (21^1111) and (221001) are 0.030
and 0.042 A ^ in FWHM, respectively.
The pair ditribution function of this
alloy is shown in figure 3.

Improvement of atomic structure
model for Al5gMn2oRU8Si4 icosahedral
alloys is now in progress.
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The features of SR, the high brightness, the
well directivity and the wide energy range up to
ultraviolet, bring interesting but difficult
issues in the radiation dosimetry, differing from
Chat of conventional X rays. In the present work,
fundamental researches, the development of
absolute flux intensity monitor systems and
dosimetry techniques for SR, were made using
monoenergetic SR.

Concerning with the radiation dosimetry
technique, a total absorption calorimeter was
developed as an absolute flux intensity detector
of SR, and a parallel-plate free-air ionization
chamber which has been used as a beam monitor in

SR experiments was tested. The calorimeter has
the performance to measure the energy deposition
up to a few microwatt by detecting the differences
of the heat flow between the beam absorber and

reference made of Ag. The experimental
configuration using X rays from BL-1<4C line is
shown in Fig. 1. The experiments with 20 to 50
keV SR demonstrated that the total absorbed energy
of about 10 microwatt corresponding to the
intensity of 1.25x10® photons/sec of 50 keV
photons could be measured with an accuracy of a
few % with the calorimeter and Fig. 2 shows the
example of the calorimeter output for 50 keV
photons. Furthermore, the absolute values with
the ionization chamber agreed with 1 to 2 % with
those of the calorimeter as tabulated in Table 1,
when a correction was made for the ion-

recombination using a relationship between current
vs. collection field strength. The arrangement of
the guards and the collecting plate is shown in
Fig. 3. As the results, it was convinced that the
calorimeter as a standard absolute detector and

the ionization chamber as an in-situ monitor for

monoenergetic SR would be used in the experiments
of SR.

Next, the basic properties; energy response,
linearity, and dose rate effect of Li2 &+ O7 TLD
with 15 micro-meter thickness, and of film-type
alanin dosimeter with 120 micro-meter were

examined using SR less than 50 keV for low and
high dose measurements in various purposes. The
linearity for the radiation dose was obtained up
to 30 Gy.

Table 1
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Introduction

Fe-based amorphous alloys are known to be severe
ly embrittled by annealing at temperatures well be
low the crystallization temperature. Although many
studies have been performed on this subject, the re
lationship between embrittlement and structural re
laxation has not yet been well understood. Further,
some of the previous studies examined the embrittle
ment only at room temperature. Since Fe-based amor
phous alloys exhibit the ductile-brittle transition
(1), it is desirable to examine the embrittlement
on the basis of the ductile-brittle transition tem

perature.
The present study determined the dependence of

DBTT on annealing and analyzed the structural chang
es induced by annealing of Fe-B-Si amorphous alloys.
For detecting the structural changes, a small angle
X-ray scattering method using synchrotron radiation
was employed. This is a powerful means for this pur
pose since the structural change during annealing
can be almost continuously followed.

Experimental

Fe-B-Si alloys were melted in silica tube and ra
pidly quenched by using a single roller type melt
spinning apparatus. The amorphous specimens were
isothermally annealed at temperatures between 523 K
and 653 K. In order to determine DBTT, the fracture
strain was measured by a simple bend test at various
temperatures. The SR-SAXS experiments were performed

500h Fe77Bi3Slio

653K

6A3K
400- 033K.

0 5 10 15 20 25 30

Annealing Time. xlO^ Is

Fig.l The change of DBTT as a function of ann. time
at various ann. temp, in Fe77Bi3Siio alloy.

during heating at the rate of 0.33 K/s. The selected
X-ray wavelength was /I =0.15 nm, and each spectrum
was measured with a counting time of 20 s by using a
position sensitive proportional counter.

Results

As-quenched Fe77Bi3Siio amorphous alloy is quite
ductile at 77 K. After annealing, the alloy exhibits
the DBTT at temperatures above 77 K. At temperatures
above DBTT, the specimen is quite ductile(e f=1.0).
At temperatures below DBTT, the fracture strain sig
nificantly decreases. Also, the rising behavior of
DBTT depends on the annealing temperature.

As shown in Fig.l for the case of the Fe77Bi3Siio
amorphous alloy, DBTT saturates to about 290 K when
annealed below 623 K. On the other hand,when anneal
ed above 633 K, DBTT rises up to about 290 K at the
initial periods of annealing and then steadily rises
with increasing annealing times. These results indi
cate that the embrittling reaction proceeds in two
stages: below about 620 K, only the first-stage em
brittlement occurs and at the higher temperatures
the second-stage occurs following the first-stage
reaction.

On the other hand,as shown in Fig.2, the SAXS in
tensity begins to increase from 620 K which well co
incides with the starting temperature of the second-
stage embrittlement. The increase of the intensity
above 850 K is due to crystallization, as confirmed
by the DSC measurement.
DR.S.Williams et al.: Proc.of RQ3,Vol.1. 214(1978).

Fe77Bi3Siio
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k I nm"'

Fig.2 The change of SAXS intensity during heating.
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Introduction
Photoacoustic measurement is sensitive to

the thermal properties of samples such as
thermal conductivity and heat capacity. Using
the two dimensional scanning technique. X-ray
photoacoustic image of the sample was obtained,
which resulted from the subsurface structure as
well as from the variation in absorbance for the

exciting beam. Correlation photoacoustic
measurement gives impulse response
characteristics of heat generated in the sample
caused by X-ray absorption without any use of
pulsed X-ray source''^'. The impulse response
is referred to as the first kind of correlation

photoacoustics®', which gives more detailed
information on thermal and structural properties
of the sample material than the lock-in method.

Experimental
Experiments were conducted at the beam line

of synchrotron radiation, BL-15A. The X-ray beam
was monochromated to 1.504a and was narrowed
with the use of a lead slit of 1mm in diameter
and was chopped with a rotating sector.
Photoacoustic cell was mounted on an XZ-stage,
which was controlled by a desktop computer(NEC,
PC9801). The photoacoustic signal was detected
with a condenser microphone and preamplified.
Then the signal was introduced to a lock-in
amplifier (NF CIRCUIT BLOCK INC., LI575). The
output signals of amplitude and phase were read
on an A/D converter and stored in the memory of
the computer, memory of the computer.

In the measurement of correlation spectra
X-ray beam was modulated by a mechanical random
chopper (containing 2 series of M-sequence,
n=31). Chopper speed was 4RPS. The preamplified
photoacoustic signal and the reference signal
from the chopper were introduced into PFT
analyzer(ADVANTEST, TR9403), where the cross
correlation between these signals was
calculated with accumulation of 1024 times.

Results and Discussion

Figure 1 shows X-ray photoacoustic images of
the laminated sample of aluminum and lead foils.

The shape of the subsurface lead layer was
clearly visualized. In the amplitude image,
signal intensity was weak in the center part of
the specimen where the hole of the lead foil
was open. In the phase image, phase delay was
small in the center of the specimen and large
in the surroundings. This is considered as
follows: i) X-ray absorption occurred largely in
the lead foil at deep layer in the surroundings
of the specimen showing the large phase delay
and X-ray absorption mainly occurred in the
surface aluminum layer in the center of the
specimen showing the small phase delay.

Figure 2 shows the X-ray photoacoustic
image of the flexible print circuit board. The
print pattern of copper strip at surface layer
was visualized in the amplitude image. But, the
print pattern below polymer layer was not
observed in the experiment with spatial
resolution of 1mm. In a photoacoustic image with
0.5mm spatial resolution, print pattern below
the surface polymer layer was visualized both in
amplitude and phase images.

Figure 3 shows a correlation photoacoustic
spectra obtained for the laminated sample of
lead and aluminum foils. The correlation spectra
measured at the center of the specimen, where
the hole patter was opened, is different from
that for the surroundings of the hole. This is
due to change in the depth of heat generation
between two position.
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Fig.l. X-ray photoacoustic images
of the laminated sample of lead
and aluminum foil. A, amplitude
and B, phase images.

Fig.2. X-ray photoacoustic
image (amplitude image) of
the flexible print circuit
board.

Fig.3. Impulse response of
laminatedsample.
A, center ofthe specimen and
B, the surroundings.
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Introduction

We have developed a new method using
high speed X-ray topography for determining
diffusion coefficients of point defects (vacancies
or self-interstitials) . The method involves
observation of dislocation clibm under supersatura-
tion (or undersaturation) of the defects, and
the diffusion coefficient D is determined from

the climb distance vs. time plot. We applied
the method to ice crystal, and determined migra
tion energy and entropy of self-interstitials suc
cessfully. The most important unknown parameter
for self-interstitials in ice is an activation vol

ume, Vm, involved in the migration process.
For determining Vm by the above method, in
situ X-ray topographic observations under high
pressure is desirable. In the present study, the
first attempt for such observations was made.

Experimental
In the present method, a specimen dimension

is essentially important. A suitable thickness
of the specimen is around 2 mm for ice and
a diameter has to be much larger than twice
the thickness. Therefore, a high-pressure cell
should necessarily have a large capacity in it.
Figure 1 shows the cell and the pressure aparatus
used in the present experiments. The cell was
compressed by an oil actuator of which load
capacity was 80 kN. The maximum pressure
achieved in the cell was 250 MPa, which is
higher than the phase transition pressure from
Ih to III (210 Mpa at 251K). The pressure in
the cell was calculated sipmly from the compres
sion force and the cross-sectional area of the
cell. Pressure melting was observed in order
to confirm the pressure calculated.

The cell was cooled by blowing cold nitrogen
gas evaporated from liquid nitrogen. Temperature
of the sample was monitored by a thermocouple
embedded in the steel sleeve, and was controlled
by changing the evaporation rate of the liquid
nitrgen.

Fig.l A high pressure appratus for X-ray topo.

CL:cyIinder,PST:piston, TC:thermocouple, S:specimen
PO:silicon oil, W:PMMA window, TS:teflon sleeve
SS:steel sleeve (pressure ring)

Results and Discussion

Sufficient supersaturation (or undersaturation)
of the self-interstitials were introduced by a
rapid change in temperature. Climb motion of
dislocations was observed by a monitor TV and
was recorded on a video tape intermittently.
Figure 2 shows In(Lf-L) vs. time plot, where
L is the climb distance and L f is the final value
of L. The gradient of this plot is equal to
- TT^ D/d^, where d is the specimen thickness.

The values of D were determined as a func

tion of pressure P as shown in Fig.3. D decreases
as P increases, i.e., negative activation volume
for the migration results in ice. Further analysis
of the data is underway.
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Fig.2 A climb distance vs. time plot

The sample was cooled from -6°C to -26°C, and
then climb motion of a dislocation was observed.
L is the climb distance and L, the final value
of L. ^

D <»•/:

20 40 60 80 lOO PCMPa)

Fig.3 Diffusion coefficient D vs. pressure P

The plot indicates a negative activation volume
for self-interstitial migration in ice.
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Introduction

In situ synchrotron radiation X-ray topogra
phy experiments were carried out in order to
measure dislocation velocity in ice. The very
high X-ray flux allows the observation of lattice
defects by X-ray TV system and reduces the
exposure time for the film method to approxi
mately one second. The utilization of an image
processor allows to increase the contrast by
integrating several tens frames and to measure
quite easily the displacement of the defects
by comparing two Images.

Experimental
A specimen chamber mounted on the gonio

meter is cooled by cold nitrogen gas evaporated
from liquid nitrogen in a Dewar vessel. The
temperature is controlled by a programmed regu
lation. The loading machine specially designed
is schematically shown in Fig. 1. The maximum
load admitted by the load cell is SON. The applied
constant load and the loading period were control
led by computer.

Several artificial single crystals and bicrys-
tals with a very low dislocation density were
studied. Sample length was 30mm for all speci
mens but with a different section of 3x3, 6x3
or 6x6 mm^ . Single crystals were cut with
the c-axis parallel, normal and inclined with
regard to the sample axis. No dislocation move
ment was observed in the first two cases even
at high stresses (IMPa) and high temperature
(-5°C). These results are in good agreement
with previous mechanical tests. Many velocity
data were obtained when basal planes were sub
jected to shear stress (the third case).

Bicrystalline samples were also used for
a study of interaction between dislocations and
a grain boundary. In all the bicrystalline samples
we observed a subboundary intersecting a large-
angle grain boundary. We studied dynamical
behaviour of the subboundaries also.

Results and discussion

Figure 2 is an example of the TV topograph
which shows dislocation motion in a single crys
tal. This photograph was made by overlapping
two TV images which were taken before and
after deformation. The dislocation A moved

to A' along the basal plane by the deformation
while other dislocations did not move at all.
A linear relationship between dislocation velocity
and the applied shear stress was obtained in
a stress range between 0.05 and 0.6 MPa. We
have also studied the stress and temperature
dependence of the subboundary migration velocity
in the region indicated in Fig. 3. During migra
tion, some rotation of the subboundary was ob
served. Since the subboundary intersected a
large-angle grain boundary, this rotation can
be explained by a dragging at the intersection.
A relaxation was also observed, i.e., the subbound
ary rotated backward after removal of stress.

At each temperature and stress, several
loadings were carried out. The calculated velocity
are similar to those of Yamamoto obtained on
individual dislocations in single crystals How
ever the linear relationship between the velocity
and the applied stress was not always observed
(the stress exponent at some temperature is lower
than unity). This fact may be explained by the
possible drag due to the grain boundary. The
temperature dependence of the subboundary mobili
ty in a bicrystal is also equivalent to that of
individual dislocations in a single crystal.
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Fig.2 Glide motion
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Fig.3 Subboundary migration curve
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INTRODUCTION

Intrinsic magnetic properties of RpFej/jB
compounds have been extensively studied in
connection with the sintered R-Fe-B permanent
magnet, which is applied to insertion device
as a synchrotron radiation light source. In
the series of the compound, spin reorientation
transitions have been observed in the compounds
with R=Nd, Ho, Er and Tra. These transitions
have been ascribed to competition between crys
talline electric field of the R'̂ * ions and
molecular field due to exchange interaction.

Although the crystal structure of the
compound has been studied by neutron diffrac
tion, magnetic structure is not still clear
because of absorption of neutron by Boron
and rare earth. Recently, X-ray magnetic
scattering technique is available to study
magnetic structure. It is favorable to investi
gate spin structure with long period because of
high resolution in k-space. When the incident
X-ray energy is tuned through an absorption
edge, a resonant enhancement of Bragg peak is
observable. The polarization of spin density
near Fermi level or the orbital and spin
contributions in magnetic materials is studied
from resonant magnetic scattering.

In the present work, we study magnetic and
band structures of R2Fej^4B by means of X-ray
magnetic scattering technique.

EXPERIMENTAL and RESULT

(1)Nd2Fei4B .
Tne single crystal of the Nd2Fei4B was grown

in an infrared image furnace By trie floating
zone melting technique. The crystal structure
is tetragonal. The high-field magnetization
measurements along the three principal direc
tions have been done in the temperature range
from 4.2 up to 300K. The spin reorientation and
Curie temperatures are 130 and 588K, respec
tively. The magnetic structural transition from
ferromagnetic to conical structure takes place
at 130K with decreasing temperature.
(2) X-ray magnetic Bragg scattering.

The experiments have been done at R.T. and
13K by using the three-axes diffractometer
installed at BL-15B. The Si(llO) channel-cut
monochromater was used. The energy of the
incident X-ray was tuned to 10 keV(^=1.24 A).
The sample was a disc of Nd^Fe^^B single crystal
with the (001) plane, 5 mm in aiameter and 1 mm
in thickness. To arrange the magnetic domain,
the sample was attached on a SmCc^ permanent
magnet. Magnetic satellite peak associated with
the magnetic structural transition has been
searched in the (001) plane at 13 K in compari

son with the scans at R.T. Unfortunately, the
satellite peak has not been observed yet.
(3) X-ray resonant magnetic scattering.

The Resonant magnetic scattering has been
measured on Nd2Fe^4B single crystal with the
(110) plane. ihe incident X-ray energy was
scanned below and above Nd Lo absorption edge by
a step of 1 eV, and the Eragg condition was
corrected every time the energy was changed. The
magnetic field (2.5 kOe) was applied parallel to
the easy [001] direction and perpendicular to
the scattering plane. Intensity of (330) re
flection was measured with alternating the
direction of magnetic field . The period of
the alteration was 30 - 45 sec and the repeti
tion of the measurement was 20 times.
The asymmetric ratio defined by Ra=(l^-lb/(I^+I*).
where P and P is the intensity of the Bragg
reflection when the spin is parallel to k x k'
and antiparallel to it, reflects the difference
of spin density above Fermi level. The fluores
cent X-ray spectrum was simultaneouly measured
to compare with Rg. They are indicated in
Fig.l. It gives the information about the
exchange splitting of Nd 5d-band in Nd2Fei4B.
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absorption edge.
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Fig,3(b) is all less than 4®, Like this, a notable
difference in the oscillation amplitude was observ
ed between the opposite weight-loading directions.

The findings (2) and (3) give clues for the fur
ther investigation hereafter.
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Introduction

It has recently been reported^'that X-ray moi
re fringe patterns are not exactly a projected fig- >
ure thrown to the wave-traveling direction in vacu- >
\im, in contradiction to the theoretical prediction.
The purposes of this study are to see whether such

nonprojective moire fringes are also observed using
good-natured SR X-rays, and to elucidate the char

acteristics of that nonprojectiveness.

Experimental
The experiment was conducted on the beam line

150. X-rays of wavelength 0.72 A were selected by
the Si (111) and (220) monochromaters set in a (+,-)
setting, with the wavelength spread AX/X= 6x10"^
and the angular spread 0.34" arc. This X-ray beam
was incident on the specimen (Fig.l) aligned in the
parallel setting with the downstream monochromator
of Si(220). The specimen was a monolithic bicrystal
of the total thickness 3350 and gap width 225
Vim. The rear component of the bicrystal was rotated
unforcedly about the z axis relative to the front
component due to the mass difference between the
two. This deformation is the main cause for produc
ed moire fringes. Further, the rear component was
pulled at a point on its side by the weight W, so
as to be rotated about the y axis. Moire patterns

were recorded simultaneously on about ten X-ray
films placed parallel each other but at different

(distance from the specimen), Exposure time was
25-35 sec.

Results and discussion

Figures 2(a) and (b) show moire patterns recorded
on each successive four films of two sets of topo-
graphs taken simultaneously when the pulling weight
W was -0.2 and +0.2 g, respectively, where the neg
ative value refers to the operation of weight W(-)
(see Fig.l) and the positive value to the operation
of W(+). Figures 3(a) and (b) show the slope angles
of moire fringes (angle between the fringe line and
the X axis) measured on these two sets of topo-
graphs.

(1) In Fig.2(a), by comparing moire fringes in
the limited field between vertical lines (Area II),
we can visually recognize that the direction and
position of moire fringes are changed between
the topographs. This inspection and the plots
in Fig.3(a) show that the nonprojective oscil- o*-
lation of moire fringes is observable, similar-
ly to the previous studies, with SR X-rays
which are linearly polarized and well collimat-
ed and monochromatized. The oscillation ampli- cc-
tude in this case was a few to 13 deg of arc
for the fringe-direction change,

(2) It should be noted in Fig.3(a) that the -ic-

oscillation amplitude is large for fringes
(Nos.1-7) in the lower field in the topographs,

but becomes much smaller for fringes in the up- -2cr-
per filed. This was a common tendency observed _io-.
in other areas on the specimen and in other
sets of topographs.

(3) In contrast to Fig.2 (a), the change in the _20*-
fringe direction and position in Fig.2(b) is _
not easily recognized by visual inspection ex
cept for No.l fringe. In agreement with this. Fig.3
the amplitude of the slope-angle change in Right

Horizontal
line

W(+) w(-)

y W(-)

Fig.l. S: Specimen; P: Frame stretching thin Pt
wires; F: X-ray films. x//[ll0], y//[ll2], z//[lll].

Fig.2. Upper raw: (a) Exposure No.14 (W=-0.2 g);
Area II; 60.5 (a), 60.8 (b) , 61.2 (c), 61.8 ram
(d). Lower raw: (b) Exposure No.8 (W=+0.2 g); Area
II; z^= 60.6 (a), 60.9 (b), 61.3 (c), 61.8 mm (d).
G-beam images. Moire fringes are numbered from the
bottom. Nos.5, 10, 15 fringes are marked by dot.

Fringe number-'"*
Fringe number-

61 62 63 64 z<j(^rn) 61 62 63 66 Zd(mm)

. Slope angle lo vs. z^. Left: (a) Exposure No.14.
: (b) Exposure No.8. G-beam images. Area II.
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Introduction

Dislocations in undoped GaAs crystal form a
typical cellular structure. The cell walls act as
a source as well as sink for vacancies, and as a
gettering center for some residual atoms. Point
defects such as anti-site atoms, interstitial
atoms and vacancies are also generated. At the
same time, these point defects interact with the
dislocations, which affects the inhomogeneity in
electrical and optical properties. In this work,
lattice spacing variations were measured around
the dislocations in the aim of studying point
defect behaviors around them.

Experimental

The experimental arrangement, schematically
shown in Fig.1, was set up at beam line 15C. The
0.08nm wavelength x-rays were monochromatized by
01 crystals. Since the lattice spacings for Si
(553) and GaAs (008) are very closethe (+n,-
n,+n) triple crystal setting is made up between
the collimator, sample and analyzer crystals. A
series of topographs were taken at individual
angle positions around the Bragg peak of the
analyzer crystal, with respect to a fixed angle of
the sample crystal. Other series of topographs
were repeatedly taken in the same way, after
rotating the sample crystal to the next angle
position. From this experiment, the scattering
vectors, which are related to the angular
deviations from the Bragg angle for the sample and
analyzer crystals, can be represented as
"reciprocal points" in qx-Qy reciprocal space^^.

Results and Discussion

Figure 2 shows a typical cellular structure
observed in these topographs. The local
reciprocal lattice points giving meaningful
intensities for the regions A—D are necessarily
deviated due to imperfection from that for an

01 monochomator Si 111 04 sample GaAs 008

02 collimator SI S53 05 analyzer Si 553

C3 collimator Si 553

? C D

ideal undoped GaAs crystal. Their deviations are
obtained by plotting the reciprocal points which
give strong black contrast for individual regions,
as shown in Fig.3. The rows of reciprocal points
for individual regions lie parallel to the qx
axis. This implies that contrast observed in the
regions A~D is derived from a dynamical
diffraction effect. Individual row center's
correspond to the reciprocal lattice points of the
regions A-D. Considering position shift of the
row centers of the regions A-D, two kinds of
features are found. One is the position shift
along the qx axis, which represents a variation in
the length of the reciprocal lattice vector due to
lattice spacing variation. The other is that
along qy axis, which represents a variation in the
direction of the reciprocal lattice vector due to

lattice inclination variation. In the
dislocation-free regions C and D, the row center
positions are located near the average reciprocal
lattice point. That is, the lattice spacings in
these regions show the average value. In the
dislocation-related regions, the lattice spacing
in the region A is smaller than the average value
by 3X10"", and the lattice spacing in the region
B is larger than the average value by 6x10"°. It
is plausible that the lattice spacing contraction
observed in the region A is due to vacancies,
while, the lattice spacing dilatation observed in
the region B is due to interstitial atoms. In
addition, the vacancies in the region A is
expected to be associated with the existence of
dislocations because dislocation climbing motion
frequently occurs near cell walls, after
forming sessile dislocations-^'.
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Introduction

We have proposed equi-lattice-spacing mapping
x-ray topography (ELSMXT) to observe two-
dimensional lattice spacing variations over the
GaAs wafers, irrespective of lattice
inclinationi). The macroscopic lattice spacing
variation was observed using this method.
However, the contrast formation mechanism around
the cell walls still remains to be unsolved. In

this work, the contrast formation mechanism, which
was observed microscopically at the cell interiors
and the cell walls, is discussed.

Summarv of ELSMXT

Fig.1(a) and (b) show two ELSMXT taken at
analyzer angle positions of p=3.0" and 0.0".
Black contrast is observed at the peripheral part
in Fig.1(a) and at the central part in Fig.1(b),
where the diffraction condition is satisfied.

From these results, we concluded that lattice
spacing was longer at the peripheral part than at
the central part, by Ad/d=1x10"^.
Microscopically, the cell interiors are imaged in
black contrast when the diffraction condition is

satisfied (the peripheral part at p=3.0" and the
central part at p=0.0"). However, the cell walls
are imaged in black contrast when the diffraction
condition is not satisfied (the peripheral part at
P=0.0" and the central part at p=3.0"). Thus,
contrast reversal is observed between the cell

interiors and the cell walls.

peripheral part

Fig.2 central part
— peripheral port

— central port

Analysis
Fig.2 shows the schematic representation of

extents of dynamical and kinematical diffraction
profiles in reciprocal space. The dynamical
diffraction, which dominates at the cell interiors
where the crystal is nearly perfect, is
represented as streak pattern along the qx axis.
The kinematical diffraction, which dominates on
the cell walls where the crystal is heavily
distorted, is represented as isotropic pattern for
simplicity. The dash-dotted lines show the
momentum resolution determined by the intrinsic
diffraction width of the analyzer crystal. Fig.3
shows the dynamical and kinematical diffraction
intensities integrated along the qy axis in Fig.2,
which vary dependent on the qx values. When the
intrinsic diffraction width of the analyzer
crystal covers the centers of the integrated
diffraction intensity profiles (the peripheral
part at p=3.0" and the central part at p=0.0"),
the integrated dynamical diffraction intensities
are much larger than the kinematical ones.
Accordingly, black contrast at the cell interiors
is a result of x-ray enhancement by the dynamical
diffraction effect. At the same time, white

contrast at the cell walls is only due to a minor
kinematical diffraction effect. The opposite
phenomenon occurs when the intrinsic diffraction
width of the analyzer crystal covers the off-
center portions of the integrated diffraction
intensity profiles (the peripheral part at p=0.0"
and the central part at p=3.0"). The results
described above are summarized in Table 1. In
this way, contrast reversal observed between the
cell interiors and the cell walls is explained by
preference of two kinds of diffraction effects.
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Fig. 3

Table 1 Contrast observed between the cell interiors and the
cell walls

peripheral part central part

cell interiors cell walls ceil interiors cell walls

OB: Dynamical DifTraction BlTect
KB: Kinematical DifTraction EfTect

P: Analyzer Angle Position

(DB>KB)
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Introduction

Using the time-resolved x-ray diffraction
method, we have studied the lattice deformation
in semiconducting materials caused by pulsed
laser irradiation. ' This report describes
the time-change behavior of rocking curves from
a Ge crystal under visual pulsed-laser irradia
tion.

Experimental

The experimental arrangement was the same
as reported previously. The sample used was
a 2 mm-thick Ge crystal with the [ill] orienta
tion which was aligned to give the symmetric
111 reflection. We irradiated the sample sur
face with a Q-switched NdiYAG laser beam with a
wavelength of 0.53 pm and a pulse width of about
20 ns at a 10 Hz repetition rate. The power of
the laser beam 6 mm in diameter was about 15 mJ/
pulse. Time-resolved rocking curves were mea
sured using the TAG technique, and the time
dependence of the diffracted x-ray intensity at
a fixed angular-position of the^s|^ple was ex
amined using the MCS technique. '

^ 50

Fig.1. Time-resolved rocking curves measured by
the TAG technique. A: just laser irra
diation, B: 10 ys after the laser irradi
ation.

Results

Figure 1 shows time-resolved rocking curve
profiles of the symmetric 111 reflection measured
by the TAG technique with a time resolution of 50
ns. When the laser beam was irradiated onto the
sample surface, the enhancement of x-ray intensi
ty was observed at the lower angle side of the
Bragg peak, but the peak shift was not observed
(curve a). This intensity enhancement disap
peared 10 )Js after the laser irradiation (curve
B). The FWHM of the measured rocking curve was
about 17". The penetration depth of x-rays was
estimated to be about 2 pra for a wavelength of
1 .54 A.

Figure 2 shows the time dependence of x-ray
intensity examined by the MCS technique at a fix
ed angular position (0=-9") of the sample. The
time resolution was 200 ns and it took 20,000
times accumulation of a single scanning profile
to obtain this MCS profile. The x-ray intensity
was rapidly increased just after the laser irra
diation and then gradually decreased. It took
about 4 ys to relax the lattice strain due to the
laser irradiation.
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Fig.2. Time dependence of x-ray intensity exam
ined by the fast MCS technique at an angu
lar position 0=-9". Arrow indicates the
laser irradiation time.
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Introduction

X-ray diffraction topography using highly
collimated x-ray beams provides a useful tech
nique to observe growth striation and microde-
fects in as^gtown FZ, CZ and MCZ silicon single
crystals. ' When a dynamical diffraction
occurs in Laue geometry with a highly collimated
beam, a rocking curve of a nearly perfect sili
con crystal has an oscillatory profile. In
this report we describe the influence of crystal
defects to this high-resolution diffraction pro
file of silicon.

Experimental

The experimental arrangement was the same
as that of ultra-plane wave x-ray diffraction
topography. ' The (+m,-n,+n) separated
three-crystal monochromator gave about 40 nano-
radian collimation of the incident x-ray beam
(X=0.72 1). The silicon sample 300 ym thick
with the [001] surface orientation was aligned
to give symmetric 220 reflection in the Laue
geometry for a non-dispersive parallel setting.
Rocking curve measurements were carried out
using the diffracted x-ray beam reduced to 0.4
mm X 1.0 mm with a slit in front of the scin
tillation counter.

Fig.1. Rocking curve for the symmetric
220 reflection of as-grown MCZ
silicon in the Laue geometry.

Results

Figure 1 shows a rocking curve of the sample
prepared from a high-grade, B-doped MCZ silicon^^
crystal with an oxygen concentration of 18 x 10
atoms/cm (old ASTM). This curve gives an os
cillatory profile predicted by the dynamical the
ory of x-rays, and it has subsidiary peaks with
a half-width of about 0.1".

High temperature annealing generates oxygen-
precipitates in CZ and MCZ silicon crystals.
Two examples of rocking curves obtained from
heat-treated MCZ silicon are shown in Fig.2.
The sample which was annealed at 1000°C for 25 h
in N2 gave a profile showing a decrease in the
intensity of subsidiary peaks (Fig.2a), while the
sample which was annealed at 750°C for 50 h gave
a remarkably reduced oscillatory-profile (Fig.2b
). Both samples co^tai^ed gxygen-precipitates
with a density of 10 'VIO /cm , but they showed
different profiles of rocking curves. This
result indicates that the change in the high-reso
lution diffraction profile gives new information
about crystal imperfection.
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Langmuir-Blodgett(LB) films are built-up
multilayers prepared by transferring monolayers
spread on water surfaces to solid substrates. In
order to understand correlation between the in-

plane structure of arachidic acid monolayers on
water surfaces and that of LB films(l, 3 and 13
monolayers of cadmium arachidate on glass
substrates in the present case), grazing incidence
diffraction(GID) experiments were performed on
a bending magnet(BL-4C) and a mutipole
wiggler(BL-16) beamlines. The X-ray beam was
deflected downwards by a flat mirror and was
incident onto the water or substrate surface with

a glancing angle of 1.8 mrad. The diffracted
beam was measured by a scintillation counter
before which a Sollar slit(0.118°) was placed. The
temperature of the trough was controlled at 20.0
±0.1 ®C.

Figures 1 and 2 show background-
subtracted diffraction curves from monolayers of
arachidic acid on pure water and for 10"^ CdCl2
in the subphase at various surface pressures. In
the case on pure water, the peak position shifts
to higher angles as the pressure is raised up to
27 mN/m and stays nearly constant above it. The
lattice(d-) spacing changes from 4.3lA(-0.0
mN/m) to 4.11A(50.0 mN/m). The pressure
dependence of d-spacing is very similar to the
results reported by Kjaer et al.^). The FWHM
becomes wider at higher pressures suggesting
formation of a deformed lattice. In the presence
of Cd^"*" ions in the subphase, the peak position
was almost stationary below 30 mN/m with
corresponding d-spacing of 4.11 - 4.10A. At 25
to 30 mN/m, another peak appeared around
29=23.0° corresponding to a d-spacing of 3.73A.
It should be noted that this peak was observed
in some scans, but was not in others. At 50.0

mN/m, the main peak shifts to 21.62°(d=3.97A)
and becomes sharper.

For a single monolayer of cadmium
arachidate transferred onto a glass substrate at
25mN/m, we observed a diffraction peak which
corresponds to a d-spacing of 4.10A. This value is
very close to that for arachidic acid on the
surface of water containing lO"'̂ M Cd2+. For 3
and 13 monolayers of cadmium arachidate on
glass substrates, we also observed a peak giving
a d-spacing of 3.74A. This is close to that for the
peak at 23.0° in Fig.2. The intensity ratio
between these two peaks(for d=4.10A and

d=3.74A) was strongly dependent on the in-
plane orientation of molecular rows giving Bragg
reflection. This would suggest reorientation of
two dimensional crytalline powders in the
process of transferring monolayers from water
surface to glass substrates.

1) K. Kiaer, J. Als-Nielsen, C. A. Helm,
P. Tippman-Krayer and H. Mohwald,
J. Phys. Chem. 93(1989)3200.

2) M.Sugi, N. Minari, K. Ikegami, S. Kuroda,
K. Saito and M. Saito, Thin Solid Films
178(1989)157.
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Introduction

The in-situ observation of materials at
high pressure and temperature is important in
the Earth sciences and high-pressure materials
science. In-situ X-ray diffraction is used for
pressure measurement, the observation of
unquenchable phases, and the measurement of
compressibility and thermal expansion. In this
study, an internally heated Drickamer-type
pressure cell is developed, which is designed
for in-situ X-ray diffraction studies at
simultaneous pressures and temperatures higher
than those attainable by previous methods.

Experimental

The design of the cell is shown in the
first figure. The sample {d) is compressed by
applying a uniaxial load to two anvils (b),
which are made of tungsten carbide or sintered
diamond. The pressure medium (c) is boron
epoxy resin, with an MgO or pyrophyllite sleeve
around the sample. Heat is applied using
resistance heaters, which are in contact with
the sample. Sample temperature is measured
with a Pt/Pt 13% Rh thermocouple.

The incident X-ray beam (e) enters through
a hole in the outer cylinder (a). Diffracted
X-rays pass through a 15 degree slit in the
outer cylinder, and are collected by a solid
state detector for energy dispersive analysis.
X-ray measurements for the present study were
made at the accumulator ring at KEK.

Results and Discussion

Pressure generation curves at room
temperature were collected using a mixture of
NaCl and Au. A typical X-ray exposure is shown
in the second figure. The pressure results for
sintered diamond anvils are shown in the third
figure. The anvils survived to a pressure
approaching 30 GPa, with no reduction in the
efficiency of pressure generation. Tungsten
carbide anvils, in contrast, generated up to 16
GPa.

The difference in pressure values measured
for gold and sodium chloride standards may
result from the inhomogeneous elastic response
of the mixture to high pressure or high stress.
Previous calibrations at lower pressures agree
more closely with the data for NaCl.

Temperature was raised to 600 degrees C at
4 GPa, and X-ray patterns were taken for a
sintered disc of MgO under these conditions.

These trials show the feasibility of
taking X-ray patterns at high P and T using
this system. We are working on two
improvements: 1. Stable alignment of the cell
is needed, to minimize breakage of the anvils,
and 2. The furnace has been redesigned and is
now stable to temperatures above 1000 degrees
C.

a) Cylinder b) Sintered diamond anvil

c) Pressure medium d) Sample e) X-ray beam

A131 f#13l:DR1 } DR8-7-1 PH=7.25
1989-07-03 23:21:52
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Int roduct ion

High pressure transitions of
ruti le-structured dioxide are of

considerable interest to predict
post - Stishovite transition in the
earth's interior. Rutile-aPbCg
transition of TiOg is an important
example of the post-rutile transition.
However, this transition boundary in
TiO- has not yet been well constrained
in the previous studies. The purpose of
this study is to determine accurately
the equilibrium phase boundary of the
TiO- transition by in situ x-ray
diffraction experiments.

Experiments
Experiments were carried out using

the cubic anvil apparatus (MAX80) at
the beam line AR-A2 with 4mm trancation

anvils. The sample assembly W|s similar
to that in the previous study . A
mixture of rutile and aPbOg types gf
TiOg, synthesized by shock loading .
was inserted in a tublar graphite
furnace. Pressure was measured from a

lattice parameter of NaCl which was
also embeded in the furnace.

Temperature was monitored by a Pt/Pt-Rh
thermocouple. X-ray diffraction
patterns were measured in traversing
the phase boundary at pressures up to
8.5GPa and temperatures to 900 "C.

Results

Typical diffraction patterns are
shown in Fig.l. When the sample was
kept at 4.7GPa and 800°C, it was
observed that the transition of aPbOg
phase to rutile phase proceeded in
about SOmin. The results of the present
experiments are summarized in Fig.2.
Open circles represent the runs in
which relative amount of aPbOg phase
increases, while closed circles show
the runs of rutile phase. The phase
boundary is represented as

P(GPa)=3.5+0.0038T(°C)• This boundary,
which is quite diffrent from that
determined ^y the synthesis
experiments , can be used as new
pressure calibration points at high
temperatures.
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Introduction

Au-Ge and Au-SI systems are known to have eu-
tectlc phase relations In their equilibrium phase
diagrams with only two terminal solid solutions of
limited solubility, a, having the fee structure and
,/3 , having the diamond structure. However, earlier
Investigations on the Ag-Ge system, which has also
an eutectic phase relation, showed the formation of
an intermediate phase by quenching after application
of high pressures The result suggests that
such an Intermediate phase may be formed In the Ag-
Ge and Au-SI systems under high pressures.

Experimental

Au-20,30XGe and Au-20,30^51 alloys about 50 mg
weight each, were prepared by melting the elements
together In ceramic tubes in vacuum. The melts were
followed by cooling to room temperature within a
few minutes. The alloys were crashed about 0.3 mm
thick, then a part of It was used as a sample for
the compression. The sample was placed in a cube-
shaped pressure transmitted medium of 8x8x8 mm® In
size and subjected In a cube type multl-anvlls MAX80.
First, room temperature compression runs were made
up to the desired pressure. Next, temperature was
raised stepwise at 50 K intervals and maintaining
for about 10 min in each stage, while the alloy sam
ple was subjected to the pressure. During the heat
ing In-situ X-ray diffraction experiments were car
ried out.

Results and Discussion

Fig.1(a) shows an X-ray diffraction profile of
Au-20%Ge alloy before high pressure annealing. Dif
fraction lines indexed In terms of the fee struc

tures are due to the aCAu) and /3(Ge) phases. When
the alloy sample was kept at 5.4 GPa and 473 K, a
new Intermediate phase appeared. After further heat
ing at 523 K for several minutes, the multi-phase
state was converted Into a single phase. The dif
fraction lines were indexed In terms of the hep
structure as shown In Fig.Kb). When the temperature
was raised at 673 K, the alloy was melted. Lattice
parameters of the hep phase were estimated to be a=
0.2864 nm and c=0.4686 nm with c/a=1.636 at 5.4 GPa
and 523 K.

When the Au-30XSI alloy was kept at 4.2 GPa and
473 K, another new Intermediate phase appeared. Fig.
2 shows an X-ray diffraction profile of the new
phase and a phase at 523 K. The new phase, desig
nated X, usually coexisted with the a phase up to
the melting temperature, that is, the SI content In
the X phase is more than 30^51. The structure was
not identical with that of the hep phase in the Au-
Ge system. Many diffraction lines shown in Fig.2
suggests that the structure of the X phase Is com
plex. When It was aged at ambient pressure and room

temperature,It was transformed into another metasta-
ble X' phase having a complex structure. Therefore,
In the case of Au-Si system the in-situ measurement
of phase transformation Is important to study equi
librium phase relations under high pressures.

FIg.l Diffraction profiles of the Au-20at%Ge alloy
,(a)at ambient pressure and room temperature,(b)at
4.2 GPa and 473 K.

• E
Fig.2 Diffraction profile of the Au-30at%Si alloy
at 4.2 GPa and 473 K.
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Hitherto, measurements of Compton profiles of
magnetic electrons have been intensively made on a
typical ferromagnet of iron, stimulated by
interest in the spin-dependent momentum
distribution of 3d, 4s, and 4p electrons^.
However, no magnetic-electron Compton profiles
(MOP) have been made on another characteristic
ferromagnet of nickel except preliminary ones^""'),
because the small magnetization of this
ferromagnet have prevented us to measure the fCP
with sufficient statistical accuracy.

Recently, an elliptical multipole wiggler was
installed at the 6.5-GeV storage ring (AR) of
TRISTAN complex, and intense circularly polarized
60-keV X rays with a brightness of 10^^
photons/s.mm^ .0.1 b.w. became available®). The
following is our first report on experimental
observation of anisotropic negative spin
polarization of 4s,p conduction electrons of
ferromagnetic Ni.

,... experiment

theory

Ni 111

i. 5 6 7 8 9 10

Ni 110

-J 1 1

A 5 6 7 8 9 10

Ni ICQ

01 23656789 10

[^{a.u.)

Fig. 1. Magnetic-electron Compton profiles of
Ni.

Circularly polarized 60-keV x rays
monochromatized by a quasi-double-bent crystal
array^) were focused on a specimen. The specimen
was a single-crystalline Ni disk 12 mm in diameter
and 2 mm in thickness, The crystal axes <100>,
<110>, and <111> are at an angle of about 7 °
above the surface of the specimen, so that the
scattering vector chosen is parallel to one of
these crystal axes. The energy spectra of
CcOTpton-scattered x rays were measured by a
conventional solid-state detector and an amplifier
with a pile-up rejector. The overall momentum
resolution was 1.0 a.u.

RA.<;iilt.s and Discussion
In Fig. 1 are shown the MCPs of ferromagnetic

Ni. The directional profile along the <100>
direction shows the deepest hollow around P2= 0,
indicating a large amount of negative spin
polarization of s,p-like conduction electrons.
The solid lines in Fig. 2 are the band-theoretical
profiles calculated by the full-potential
linearized augumented-plane-wave ( KLAPW )

method^®). The present agreement between the
experiment and theory shows that the FLAPW method
gives better spin-dependent momentum distribution
than a previous theoretical calculation^^), which
was made by using a constant potential outside of
the atomic potentials together with LCAO wave
functions for 3d electrons and OPW wave functions
for s,p-like electrons.
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Circulary polarized x rays interact with
electron spins in the process of Corapton
scattering, and the scattering intensity becomes
spin-dependent. At the same time, the energy
distribution of Compton-scattered x rays reflects
the momentum distribution of electrons, and yields
the so-called Compton profile. Thus the Compton
profile of circularly polarized x rays provides
the information of magnetic-electron momentum
distribution in ferromagnetic materials.

One of the difficulties in measuring a
magnetic-electron Compton profile (MOP) had been a
low count rate due to relatively low flux of
circularly polarized photons^. Recently, this
difficulty was largely overcomed by an elliptical
multipole wiggler installed at a 6.5 GeV storage
ring of TRISTAN complex®). A measured degree of
circular polarization was 0.8 for 60-keV x rays
anitted along the spiral orbital axis.

Figure 1 shows the measured MCPs of
magnetized Fe with extreme statistical accuracy.
Two single crystal specimens of Fe with 3 % Si
with dimensions of 9 x 20 x 0.15 mm®, and 20 x 20
x 0.2 mm® were used. The crystal axes <100>,
<110>, and <111> are in the surface of the
specimen, and transmission geometry was adopted
for the MOP measurement. The accumulation time
was about 20 hrs. for each direction.

Fe 111

A 5 6 7 6 9

Fe 110

A 5 6 7 6 9

Fe 100

0123A56789

p (a.u.) FiS- 2. Anisotropy of magnetic-electron Compton
profile between Fe<100> and Fe<lll> profile. The

Fig. 1. Magnetic-electron Ccmipton profiles of Fe solid line shows the FLAPW anisotropy^), and the
measured by using 60-keV circularly polarized dotted line the previous APW one®),
x-rays. The manentum resolution is 1.0 a.u.

The solid lines in Fig. 1 are
band-theoretical profiles calculated by the
full-potential-linearized augumented-plane-wave
method( FLAPW )'*). An excellent agreement is
obtained between the experiment and theory: It
should be noted that no theoretical calculations
have ever succeeded in getting correct profiles in
the region | <2.0 a.u., where appears the
momentum distribution of the negative spin
polarization of s,p-like conduction electrons.
This result demonstrates that the careful
band-theoretical calculation with suitable
non-constant potentials in the region outside the
atomic spheres can explain the momentum

distribution of magnetic electrons in Fe.
The anisotropy in the magnetic-electron

Compton profile between <100> and <111> direction
is examined and shown in Fig. 2. Within the
statistical accuracy, good agreement between the
experiment and theory is found. The FLAPW
calculation gives much better agreement than the
previous AF¥ calculation^).
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Installation of a multipole
wiggler in the 6.5GeV AR and a guasi-
double-bent monochotomator in the NEl
beam line have enabled us to use
intense linearly or elliptically
polarized X-rays in the energy range
from 50keV to 70keV. We reprot here a
Compton spectromator designed for
studies of electronic structures of
metals and alloys both magnetic and
non-magnetic. It has been known
theoretically but not well established
experimentally that a three-
dimensional electron momentum
distribution can be reconstructed from
a group of Compton profiles which are
measured along different crystalline
directions. The characteristic
feature of this spectromator is that
we can measure four Compton profiles
of different crystalline directions
simultaneously. With this we can
obtain twelve to sixteen profiles
within a reasonable beam time.

A schematic view of the

spectromator is shown in Fig.l. The
system for analyzing the scattered X-
rays consists of a Cauchois bent-
crystal analyzer ( Si 422 ) and an
Imaging Plate or PSPC as a position
sensitive detector. The scattering
angle is fixed to 160 degrees. The

Sample Chamber

Imaging Plate

Fig. 1

distance from a sample to a crystal
analyzer is 500mm. The analyzer plate
with 1.5mm in thickness is cut in a
triangular shape so that the direction
of Bragg diffrected X-rays having the
Compton-peak energy ( 48.9keV ) is
normal to the surface of the analyzer
plate. The plate is cylindrically
bent to a radius of 2500mm. In order
to improve the ratio of signal to back
ground, a four-quadrant slit is placed
in the path between the analyzer and
the detector. The position of the
slit is determined by analyzing the
paths of signals from the sample to
the detector through the analyzer.
Figure 2 shows the results of the path
analysis and the position of the slit.
The slit minimamizes the amount of the
X-rays which come from the analyzer
without being energy-analyzed.
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Introduction

There are three known stable phases of
gallium''. The atmospheric-pressure phase. Gal
has an orthorhombic structure consisting of a
stacking of distorted hexagonal layers. Since the
inter-layer bonds are much stouter than the intra-
layer bonds, this structure can be assumed to
consist of Gaa molecules. The phase behavior of
gallium has been a subject of some confusion
because of the capricious appearance of metastable
phases. However, a face-centered tetragonal (fct)
structure which is identical to the indium's has

been proposed for a high-pressure phase (GaK or
Gain) by several investigators^".

The melting point of Gal descends with
increasing pressure. A two-species model^' was
proposed to interpret such negative slope of
melting curve. According to this model, liquid
consists of high- and low-pressure solid phases,
gradually changing the concentration with

pressure. Thus this model suggests that high-
pressure solid phase can be found in liquid at
pressure lower than the transition pressure. This
can be tested by measuring diffraction for liquid
varying pressure.

Previously we reported the structure factor
S(Q) of liquid gallium under various pressures®' .
We report here some newly investigated results
derived by further data analysis.

Experimental

The experiment was carried out using a cubic-
type high-pressure apparatus MAX80, settled at AR.
Details of the experiment and data analysis are
described elsewhere'^' .

Results and Discussion

The structure factor S(Q) for liquid gallium
was obtained at various pressures, which suggests
that there was the high-pressure phase (fct) in
liquid state at lower pressure than the transition
pressure®-'" . The subpeak appeared at the high-Q
side of the principal peak of S(Q) shifted toward
the principal peak with raising pressure so that
c/a ratio of the corresponding fct structure
decreased toward unity, that of fee. This is in
contrast with the result for liquid bismuth®',
whose subpeak of S(Q) shifted toward opposite
direction.

Using Fourier transformation, pair
distribution function ^(r) was derived from S(.Q)
and plotted in Fig. 1. And Fig. 2 shows the first
coordination number and the first coordination

distance ri estimated from S'(r), versus pressure.
With increasing pressure, A'l increases and n
decreases. Being satisfactory for a result of
compression, however, this is also in contrast
with the result for liquid bismuth, whose n does
not change with pressure®-'®' .

References

1) A. Jayaraman, W. Element, Jr., R. C. Newton and
G. C. Kennedy, J. Phys. Chem. Solids, 24, 7

(1963).
2) L. F. Vereshchagin, S, S. Kabalkina and Z. V.

Troitskaya, Dokl. Akad. Nauk. SSSR, 158. 1061
(1964) [Sov. Fhys.-Dokl., 9, 894 (1965)].

3) C. E. Weir, G. J. Piermarini and S. Block, J.
Chem. Phys., 54, 2768 (1971).

4) L. Bosio, J. Chem. Phys., M, 1221 (1978).
5) E. Rapoport, J. Chem. Phys., 46, 2891 (1967).
6) K. Tsuji, K. Yaoita, M. Imai, 0. Endo, 0.

Shimomura and H. Endo, PF Activity Rep., 6, 205
(1988).

7) K. Tsuji, K. Yaoita, H. Imai, 0. Shimomura and
T. Kikegawa, Rev. Sci. Instrum., 2425
(1989).

8) K.Yaoita, K. Tsuji, M. Imai, T. Kikegawa and 0.
Shimomura, High-Press. Res., (to be published).

9) K. Tsuji, K. Yaoita, M. Imai, T. Hitamura, T.
Kikegawa and 0. Shimomura, (this volume).

10)K. Tsuji, J. Noh-Crys. Sol., (to be published).

liquid Ga

6.1 GPa 120X

3.5GPa 80'C

1.4 GPa 30X.

OGPa 30^

5 ,0 ,5

liquidGa

2 4 6
Pressure/GPa

Fig. 2.

Fig. 1



proposal No 87-167

STRUCTURE OF LIQUID BISMUTH UNDER PRESSURE

Kazuhiko TSUJI, Kenichi YAOITA, Motoharu IMAI, Takeshi MITAMURA,
Takumi KIKEGAWA* and Osamu SHIMOMURA**

Department of Physics, Faculty of Science and Technology, Keio University, Yokohama 223
* Photon Factory, National Laboratory for High Energy Physics, Tsukuba 305
**National Institute for Research in Inorganic Materials, Tsukuba 305

Introduction

Bismuth tends to crystallize in structures
related to simple cubic structure since the bonds
between bismuth atoms are formed mainly by p-
electrons spread along x-, y- and z-directions. In
fact, Bi I and Bill'' have a thombohedral and a
monoclinic structure, respectively, both of which
can be regarded as distorted simple cubic
structures. Under sufficiently high pressures,

however, bismuth crystallizes in a bcc structure
(BiV) which is no longer simple-cubic related.
Structures of intermediate-pressure phases (Biin
and BilV) are not known, though diffraction
measurements have been done^ • ^ ^, which have
yielded very complicated patterns. As solid
bismuth shows so many pressure-induced phase
transitions, it is interesting to see the behavior
of structure of liquid bismuth with varying
pressure.

Melting temperature of Bi I decreases with
increasing pressure. A two-species model^' was
proposed to explain such negative slope of melting
curve. This model assumes liquid as a mixture of
high- and low-pressure solid phases. Thus
existence of high-pressure phase at pressure lower
than the transition pressure of solid is
predicted. The propriety of this model can be
tested by measuring diffraction for liquid under
high pressures. Here lies the second reason why
the structure of liquid bismuth under high
pressure is of interest.

Experimental

The high pressure experiment was carried out
using MAX80, a cubic-type high-pressure apparatus.
Details of experiment and data analysis are
described elsewhere®' .

Results and Discussion

Fig. 1 shows obtained structure factor S(6)
for liquid bismuth at various pressures''' . At

2.5GPa

1.6 GPa

220'C

0.2GPa
280'C

Fig. 1

liquid Bi

7.3 GPa
650°C

4.7 GPa
450'C

pressures below 4.7 GPa SiQ) shows a subpeak at
high-Q side of the principal peak. The position of
the subpeak is same as that of some diffraction
peaks of Bill, Billl or BilV, while there is no
significant peak of Bi I on that position. This is
consistent with the prediction of the two-species
model.

Fig. 2 shows pair distribution function g(.r)
below 4.7 GPa derived from Fourier transformation

of S(Q), and the first coordination number A'l and
the first coordination distance ri estimated from

<7(r) are plotted in Fig. 3. While N\ increases
with pressure, n seems almost constant. This is
in contrast with the result for liquid gallium®',
whose ri decreases with pressure.

The S(Q) at 7.3 GPa shows a pattern totally
different from ones at lower pressures. It has
extremely high peaks and no subpeak. It should be
noticed that the peak positions of this pattern
does not satisfy the pattern for bcc, which is the
structure of BiV .
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Introduction

As the compressibility of cesium is very large
(V/Vo = 0.4 at 4.3 GPa), the electron number
density n increases remarkably with compression.
This increase in n changes the screening length
and the Fermi level. Moreover, it causes an
electronic transition from 6s- to 5d-band. These

changes in the electronic structure reflect on the
ion-ion pair potential 0(r), and consequently, on
the atomic structure.

There are two maxima in the pressure
dependence of the melting point of cesium.
Melting-curve maximum has been discussed in terras
of a two-species model'-^'. This model assumes
liquid phase as a mixture of high- and low-density
phases. If the high-density phase is realized as a
high-pressure solid phase, a similar structure, on
a short range order basis, can appear in the
liquid at pressures lower than the transition
pressure of solid. Isoconcentration lines in the
p-T plane were constructed for liquid cesium^',
which proposed a sudden change in liquid state at
pressure around 3 GPa.

The aim of this work is to measure x-ray
diffraction for liquid cesium under high pressure

to get information about the pressure-induced
structural change predicted from these two points
of view, viz., from the electronic transition and
from the two-species model.

Experimental

The experiment was carried out using MAX80, a
cubic-type high-pressure apparatus set at a
bending-magnet beam line on AR. The experiment and
data analysis were done in previously described
way^'. As cesium was chemically reactive, the
sample container had to be made by Teflon, and

construction of the sample assembly had to be done
in Silicons oil to prevent oxidation of the
sample.

Results and Discussion

Obtained structure factor S(Q) and pair
distribution function gir) are shown in Figs. 1

and 2, respectively. The height of the first peak
of S(Q) increases with compression below 2.9 GPa,
then decreases between 2.9 GPa and 4.3 GPa. The

width of the first peak of g(r) also shows a
pressure dependence with an abnormality at
pressure between 2.9 GPa and 4.3 GPa. This

abnormality can be clearly seen in Fig. 3 which
shows the first coordination number N\ and the

first coordination distance ri derived from

Fig. 2. N\ shows a sharp drop at pressure between
2.9 GPa and 4.3 GPa.

At 2.9 GPa, ri shows a value larger than
expected from a continuous compression. It should
be noticed that the two-species model predicts an
abrupt change around this pressure^' . As a phase
transition of solid cesium at 2.3 GPa is

associated with increase in the atomic radius®',
the abnormality of ri can also be interpreted as a
result of similar transition occurred in liquid
state. If this interpretation is realistic, iVi
should increase at the transition since the

transition in solid is from bcc to fee. In fact,
broadened high-r side of the first peak of gir)
taken into account, Ni shows a peak at 2.9 GPa®'.

Thus it is concluded that liquid cesium has
two abrupt pressure-induced structural changes:
one at about 2 GPa corresponding to the bcc-fcc
transition or the abrupt concentration change of
the high-pressure species, and the other at
pressure between 3 GPa and 4 GPa possibly caused
by the electronic transition .
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INTRODUCTION

When ionizing radiation interacts with
matter, short-lived reactive intermedi
ates such as electrons, ions, excited
states and radicals are produced in the
matter. Reactions of these intermediates

are so complicated that the elucidation
of detailed formation mechanisms of

final radiolytic products is formidably
difficult without the direct observation

of reactive intermediates.

A pulse radiolysis technique, which
can directly measure reactive intermedi
ates, is very powerful method for stud
ies on the primary processes of the
radiolysis. In this method, the reactive
intermediates are generated by the
pulsive radiation, and their time-de-
pendent behavior is observed and ana
lyzed spectroscopically.

Recently picosecond phenomena in
radiolysis of aqueous solutions, organic
molecules and polymers using electron
pulse radiolysis, and the primary
processes of LET effects (excitation
density effects) using ion beam pulse
radiolysis have been investigated exten
sively. The first picosecond synchrotron
radiation pulse radiolysis is starting
for studies on above materials, and we
intend to compare with these results and
to clarify the differences of effects
between excitation sources.

EXPERIMENTAL

The picosecond synchrotron radiation
pulse radiolysis experiments have been
started at the NE9 beam line of the

Accumulation Ring of the TRISTAN accel
erator. The SR pulse width (FWHM) is

below 150 psec and the time separation
between neighboring bunches is 1.25
usec. The X-ray pulse from the AR was
introduced to a target sample through a
Imm-thick Be window without a monochro-

mator.

The UV emission from liquid or solid
sample was detected by a photomultiplyer
(PMT) with multi-channel plates (MCP)
(Hamamatsu photonics, R2809U-02), whose
rise time was about 150 psec, combined
with a band pass filter. The time-de
pendent signal from PMT was observed by
an oscilloscope (Tektronix 11403 IGHz
digitizing oscilloscope or 7854 oscillo
scope with S-6 sampling head).

RESULTS AND DISCUSSION

Fig. 1 shows a typical time-behavior
of the fluorescence from liquid n-dodec-
ane after a SR pulse irradiation. The
rise time of the fluorescence was equal
to the time resolution of the detection

system, and the decay was 3.6 nsec.
This value was smaller than the results

obtained by electron pulse radiolysis
(4.3nsec).

The formation processes of excited
states in n-alkanes, which are mostly
the geminate ion recombination and
partially direct excitation, complete
within the time resolution of the detec

tion system of our SR pulse radiolysis.
In the case of low-LET radiation,

such as high energy electron beam, the
ionization and excitation take place in
a localized spatial region (so-called
"spur"). On the other hand, the excita
tion energy in this experiment is from 5
to 20 keV. Therefore, as the spur may
be overlapped by the comparably high LET
effect, the interaction between the
excited states may shorten the lifetime
of the fluorescence. This speculation
is agreement with the lifetime of 2.7
nsec obtained by the irradiation of high
LET ion beam.
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Introduction

RbF and LiF are among the alkali
fluorides those with the smallest (0.2%)
and the largest (28.8%) lattice mismatch
to the GaAs-lattice. Lattice matching
plays an important role in the
discussion about epitaxial growth and
the quality of the interface. We studied
the interface properties of
RbF/GaAs(100) and LiF/GaAs(100) against
annealing temperature and deposition
thickness and compared the results with
our previous investigations of NaF and
KF on the same surface
Experimental
Photoemission experiments were performed
at BL-IA of the Photon Factory. Angle-
integrated spectra were taken at a
photon energy of 115.4 eV. X-ray
photoelectron spectra and low-energy
electron diffraction (LEED) were
additionally monitored. We used Ar -
sputtered and annealed GaAs(lOO) wafer
surface. RbF and LiF powders were
evaporated from tungsten basket.
Results and Discussion

Fig. 1 and 2 show the surface-sensitive
F2p peak for the interfaces RbF/GaAs and
LiF/GaAs, respectively. In the case of
RbF on GaAS the F2p peak is for
monolayer deposition centered at 8.7 eV
binding energy (BE). At higher BE the
Rb4p peak at 16.1 eV appears. Annealing
the sample a second F2p peak at 2.3 eV
to lower BE is observed and increases
with increasing temperature. For the
same sequence the Ga3d peak shows a
shoulder to higher BE. This shoulder is

(leed;

FIG. 1. Photoelectron
F2p/Rb<ip spectra from F2p and

Rb4p core levels of
RbF on GaAs (100). (A)

/ Monolayer deposition.
— (B)-(E) After

A j annealing the initial
D monolayer deposition

— I up to 200, 250, 300,
y-sj and 350°C; a second
/ F2p peak at lower BE

A I appears and the
J\ /v/ intensity increases

/r--—^ with increasing
I I annealing
I 1 temperatures. For all
I 1 spectra a 4x1 LEED
/ V / pattern was observed,

t ^' I which is the same for
2 4 6 8 10j2 14 16 18 Clean surface.

BINDING 6NERGY(eV)

getting more distinct also with
increasing annealing temperature. From
these results and from the fact that the
LEED pattern for the whole sequence is
4x1, which is the same as that for the
clean surface, we conclude the formation
of Ga-F bonds at the interface. Since
the lattice constants of RbF and GaAs
crystal are almost the same, RbF lattice
can be easily commensurate with and
epitaxially grown onto GaAs(100). At the
interface the F atom couples with the
dangling bonds of two Ga atoms and the
RbF(lOO) surface is prepared.
In the case of LiF the F2p spectra of
monolayer and multilayer (fig. 2A and C)
deposition show the typical double peak
structure of LiF-lattice deposition.
After annealing the sample the LEED
pattern changes from a very diffuse 4x1
into a sharp 2x1 pattern and again a
second peak at 3.5 eV lower BE than the
F2p appears. Further annealing causes a
preferential desorption of fluorine
whereas Li atoms remain on the surface.
We assume that during the annealing
process LiF partially dissociates and a
reconstruction of the GaAs surface is
induced .
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FIG. 2. Photoelectron
spectra from the F2p
core level of LiF on
GaAs(lOO). (A)
Monolayer deposition.
(B) After annealing
the initial monolayer
deposition up to
400°C. (C) Multilayer
deposition. (D) After
annealing the initial
multilayer deposition
up to 400°C.
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X-ray diffraction in backreflection geometries
are highly insensitive to mosaic structures in
the diffracting crystal. Although discovered in
early 1970s [1], this property has never been
given adequate experimental confirmations nor
found useful applications until recently. The
lack of a bright, tunable X-ray source has pro
hibited careful experiments. Also, no practical
means was found to detect and measure reflected

X-rays at near 180" scattering angles without
blocking the primary beam. These difficulties
are removed on BL-IA, where a UHV compatible
InSb crystal monochromator delivers high-
intensity photons in the 2500-4000 eV range from
a bending magnet source [2].

A simple but direct way of demonstrating
the predicted high insensitivity is to observe
diffraction profiles from crystals with diffe
rent mosaicities [3]. Experiments were carried
out on Cu(lll) crystals with 1.2" and 0.4°
mosaic spreads by scanning the photon energy in
the vicinity of 2970eV for fixed near-normal
directions of the incident beam on the sample.
A photoeraissive grid allowed the incoming and
backtreflected X-rays to pass through and there
by be measured simultaneously. Very similar
near-Gaussian profiles were observed from the
two crystals at normal incidence angles. Their
nearly equal widths were dominated by the photon
energy resolution of BL-lA, which was found to
be 2.1 eV (FWHM) at 3 keV. On the other hand,
the two crystals showed distinct behaviors at
off-normal angles. While profile widths, A Ep,

observed from the 0.4° -mosaic crystal remained
virtually unchanged when the off-normal angle
was increased up to 3° , the 1.2° -mosaic
crystal showed A Ep's markedly dependent on off-
normal angle (Fig.l). The different rates of
insensitivity loss with increasing off-normal
angles are in quantitative agreement with the
prediction of dynamical diffraction theory [4].

The backreflection geometry has a unique
advantage in the application of the X-ray
standing-wave technique to surfaces other than
semiconductors. The high mosaic insensitivity
removes the demanding requirement of a high
degree of crystalline perfection in the sample
[5]. Coupled with an improved beamline energy
resolution, this technique allows routine data
collection from various Bragg planes for the
study of atom registry at substrate-overlayer
interfaces [6].
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INTRODUCTION

The surface/interface of GaAs has
long been uncontrollable with the state
density on the order of 10"(cm"^)
until we successfully reduced it down
to 1x10" by means of sulfur treat
ment". There arises an interesting
question on the bonds of surface/inter
face atoms, and the synchrotron radia
tion pnotoemission is the exact means
to obtain the information needed.

EXPERIMENTAL

Chemically-mechanically polished
surface of GaAs was etched and rinsed

before dipped into the solution of
(NH«)2Sx, 1<x<3, at 60 C for 2hours.
The sample was kept in rough vacuum for
a few tens of minutes so as not to

contaminate the measuring system at
BL-IA, with sublimating sulfur.

For the photon energy of 209.4eV,
photoemission spectra of Ga3d, As3d,
and S2p were measured in respect to the
effect of the sulfide treatment. Also

measured were those of A12p during the
aluminum Schottky barrier formation.

Results and Discussions

Figure 1 shows the As3d spectra on
various surfaces. On NajS-treated sur
face is seen the presence of oxygen,
while the (NHi)2S,-treated surface is
free from oxygen.

Gallium, arsenic and sulfur bonds
were observed to change with heat-
treatment at 360 C as shown in Fig. 2.
Before heating, As-S bonds dominate
over Ga-S bonds and S-S signal is also
observable. But after heating the Ga-S
bond becomes dominant, while As-S and

S-S bonds disappear. This is the result
corresponding to the previous data^'
that the heattreatment brings about the
surface reconstruction and that sulfur
adatoms are more heatresis- tant on
(lll)A than on (lll)B plane.
Switching the bonds is observed when
atomic layer of aluminum is evapo
rated onto the (NHi)2S,- and heat-
treated GaAs. Figure 3 shows the build
up of Al-S signal which is eventually
buried with the accumulation of A1

layer. This is a very important infor
mation, in that S adatoms are not
easily lost on the deposition of
foreign atoms to form an interface.
This is in good supporting accordance
with our previous observation that both
in the MIS" and MS^' structures the

surface trap density of GaAs at the
interface is considerably reduced by
the (NHi)2Sx treatment.

We also observed the surface band

bending with the deposition of sub
atomic layer of metals. However, the
discussions on band bending should be
done with a good refereence data on the
ideally cleaved surface which remains
unsuccessful.

The intensive experiment with
synchrotron radiation, though time-
limited, supplied valuable evidences
supporting the previous hypotheses*' on
the effect of sulfur treatment.
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Chemistry of (NH4)2Sx-treated GaAs surfaces and
metal/(NH4)2Sx-treated GaAs interfaces has been
investigated with great interest, because the surface state
density isdramatictdly reduced bythe (NH4)2Sx treatment.^)
We have found that Ga-S and Al-S bonds play an important
role for (NH4)2Sx-treated n-GaAs surfaces by using
synchrotron radiation with a photon energy of about 210
eV.2),3) We have also analyzed the In/(NH4)2Sx-treated n-
GaAs interfaces and (NH4)2Sx-treated p-GaAs surfaces,
adjusting the photon energy to 80 eV to minimize the escape
depth of Gs3d, As3d, and \x\4d core electrons. In this
report, the chemistry and band bending of these systems are
discussed.

All of the experiments described here were carried
out at BL-IA. The photon energy was adjusted to 80 eV by
using the grating/crystal monochromator.'+) G?3d and Asid
photoemission spectra for (NH4)2Sx-treated n- and p-GaAs
were measured before and after annealing at 360°C for 10
min in vacuum. \n.4d spectra were also measured after
monolayer-order In deposition.

Asiii photoemission spectra for (NH4)2Sx-treated n-
GaAs are shown in Fig. 1. The As-Ga main peak energy for
as-treated n-GaAs (100) is about 0.4 eV lower than that for
cleaved n-GaAs (110), indicating the upward band bending
of as-treated GaAs. The band bending is relaxed by
annealing in vacuum and also by monolayer-order In
deposition, which corresponds to the relatively low (i.e.;
metal work function-dependent) barrier height of the
In/(NK4)2Sx-treated n-GaAs Schottky contacts.^)

Figure 2 shows h.s3d photoemission spectra for
(NH4)2Sx-treated p-GaAs. It is obvious that As-S bonds are
broken by annealing at 360°C in vacuum, suggesting that the
chemistry of the (rfe4)2Sx-treated GaAs surfaces does not
depend on the carrier type except that a small amount of As-0
bonds exist on p-GaAs surfaces. A peak shift of about 0.4
eV toward higher binding energy is observed after annealing,
which indicates that the downward band bending is enhanced
by annealing. The mechanism of this change is not clearly
understood at present.

In summary. It is found that the band bending
relaxation is occured for (NH4)2Sx-treated n-GaAs by
monolayer-order In deposition and that the downward band
bending is enhanced for (NH4)2Sx-treated p-GaAs by
annealing at 360°C in vacuum. The results can be explained
by our previous work for n-GaAs, however further
investigation is necessary for p-GaAs.

1) J. Fan et al, Jpn. J. Appl. Phys. 27(7), L1331 (1988).
2) H. Sugahara et al, "Extended Abstracts of the 21st

Conference on SSDM" (Tokyo, 1989) p.547.

3)Y. Nannichi et al, "PFActivity Report 1989".
4) T. Kawamura et al. Rev. Sci. Instrum. 60(7), 1928

(1988).
5) H. Oigawa et al. (unpublished).
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Fig.1. AsJdphotoemission spectra for (NH4)2Sx-treated n-GaAs.
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Fig.2. As3d photoemission spectrafor (NH4)2Sx-treated p-GaAs.
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Shottky barrier heights of metaI/(NH4)2Sx-treated
GaAs diodes are reported to be dependent on the metal work
function.^) Wefound that (NH4)2Sx-ireated GaAs surfaces
are terminated by Ga-S bonds after annealing at 360°C in
vacuum and that Al-S bonds are formed at Al/(NH4)2Sx-

treated GaAs interfaces.^)'̂ ) In this report, the initial stage
of Au Schottky barrier formation on (NH4)2Sx-treated GaAs
is discussed comparing with the Al/(NH4)2Sx-treated GaAs
system.

Photoemission spectra of Ga3d, As3d, S2p, and
Au4f for the Au/(NH4)2Sx-treated n-GaAs system were
measured before and after monolayer-order Au deposition at
BL-IA. Photon energy was adjusted to about 210 eV to
obtain surface sensitive information for S2p core electrons.
MgKa characteristic x-ray was also used to confirm the SR
photoemission spectra.

Ga3d, As3d, and S2p photoemission spectra are
shown in Fig. l(a)-(c). It is obvious that a Ga-S shoulder
peak in Ga3d and an elemental As peak in As3d increase as
Au thickness increases, and that As-S peaks in As3d and S2p
are still remained even after Au deposition. This indicates
that the interfacial chemistry for the Au/(NH4)2Sx-treated n-
GaAs system is different from that for the Al/(NH4)2Sx-
treated n-GaAs system in which the peak intensities of
elemental As and As-S are relatively small.2)'̂ ) The
observed Au4f peak shift of about 0.4 eV suggests that AuGa
alloy is formed at the Au/GaAs interfaces. Ga3d and As3d
peak shifts of at most 0.2 eVtoward higher binding energy
for the Au/GaAs system is smaller than that for the Al/GaAs
system. '̂j.S) This indicates that the band bending relaxation
is relatively small for Au, which corresponds to the barrier
height of this system determined by I-V and C-V
characteristics of Schottky diodes.^)

In summary, it is found that AuGa alloy is formed at
the interface of Au/(NH4)2Sx-treated n-GaAs and that a
relatively large amount of elemental As atoms, Ga-S and As-
S bonds are remained at the interface of this system. The
electrical characteristics of Au/(NH4)2Sx-treated n-GaAs are
thought to be closely related to these bonding states of the
interfacial Ga and As atoms.

1) H. Oigawa et al., "Extended Abstracts of the 20th
Conference on Solid State Devices and Materials"
(Tokyo, 1988) p.263.

2) H. Sugahara et al., "Extended Abstracts of the 21st
Conference on Solid State Devices and Materials"
(Tokyo, 1989) p.547.

3) Y. Nannichi et al., "PF Activity Report 1989".
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Fig. 1. Photoemission spectra of(a) Ga3d, (b) As3d, and
(c)S2p for Au/(NH4)2Sx-treated n-GaAs.
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Introduction

The results of many experiments suggest that
Cu02-planes play a key role in high-Tc
superconductivity of Cu oxides. The carriers in
these materials are holes. However, in a recently
discovered superconductor 1 ,Nd2_xCex'-^'^4-v'^^®
carriers are electrons. Differences are expecred in
the electronic structure of the valence band,
especially the structure near the Fermi level. We
report results of measurements on Ndi 0QCeQ 20^"^4-
y(NCCO) single crystals for the first time by
photoelectron spectroscopy using synchrotron
radiation and conventional X-ray sources to clarify
the valence band structure.

Experimental

Photoelectron measurements were carried out
at BL-IA of the Photon Factory. Total energy
resolution was 0.2eV-0.4eV depending on the photon
energy of the synchrotron radiation, 40eV-100eV.

The samples were Ndj^ 8nC®0.20^'^'^4-v single
crystals^', which showed metallic conductivity, but
were not superconducting. The clean surface was
obtained by heating for 10 minutes at 350®C in
ultra-high vacuum. Photoelectron measurements were
made after confirming a 1x1 LEED pattern.

Results and Discussion

Figure 1 shows photoelectron spectra of NCCO
using synchrotron radiation with photon energy in
the range 42-lOOeV and using MgKW. x-ray. In order
to compare these spectra intensities, the spectra
taken with 42-lOOeV photon energy are normalized
with photo-current measured by an Au mesh. Binding
energy (BE) of the XPS spectrum is determined by
aligning the XPS NdSp peak position with the
corresponding peak for synchrotron radiation.

The peak marked TBS at 13.6eV of BE is
enhanced at a photon energy of 76eV because of the
resonance photoemission due to Cu3p-3d excitation.
This is the valence band satellite due to the two-
hole bound state of Cu 3d, which is also observed
in hole-doped superconductors'^). The valence band
located from OeV to lOeV of BE has three
structures. A, B and C. The valence band is
expected to consist of 02p, Cu3d, Ce4f and Nd4f.
Ce4f is unlikely to be observed since the quantity
of Ce4f is very small. Structure C can be assigned
as 02p, because the photoionization cross section
of 02p drastically decrease in the energy range
from 42eV to lOOeV, while the cross sections of
Cu3d and Nd4f remain almost unchanged. Since the
photoionization cross section of Cu3d is three
times larger than that of Nd4f in the photon energy
of 1253.6eV, structure A is assigned as CuSd.
Therefore B is assigned as Nd4f. The peak positions
of Cu3d, 02p and TBS show no big differences from
hole-doped type high-Tc cuprates.

Spectra with photon energy around 76eV are
more surface sensitive than XPS spectra because the
mean free path of the photoelectron is minimvun. In
these spectra, a peak maximum exists at structure
B, that is Nd4f. Thus it is concluded that the
topmost layer of the clean surface is an Nd-0
layer.

The photoelectron spectra around the Fermi
level in the photon energies of 42eV, 76eV and
lOOeV are shown in Fig.2. We can recognize very low
densities of states (DOS) near the Fermi level and
the Fermi edge is not observed. These results

indicate that the cross section of DOS near Fermi
level is very low in this photon energy range, and
that the Nd-0 layer is not metallic. Furthermore,
the intra-atomic Coulomb interaction between Cu3d
electrons, Udd, is determined to be 7.2eV, which is
a little larger than that for hole-doped type
superconductor.

Ndj.,Ct CuO*., x-0.20

25 20 15 10 5 0
Binding Energy (eV)

Fig.l Photoelectron spectra of Ndj^ 8Q'-®0 20'-^®4-v
with MgKt< and syncrotron radiation' photon energy
from 42 to lOOeV.

Nd,^Ce^CuO

•*» 42eV

ZO 1.0 0 -1.0 -ZO

Binding Energy(eV)

Fig. 2 Photoelectron spectra of Ndj^ goCOQ 20^^®4-y
near Fermi level measured at photon' energy of 42,
76 and lOOeV.
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lOTRODUCTION

We found there is a possibility that n-Si(lGO)
surfaces contaminated with Fe and other metals during
Ar sputtering process are more easily oxidized and
show more remarkable dependency on oxygen grade than
less contaminated surfaces[l]. In this study, metal
overlayers were formed on the n-Si(lOO), and initial
oxidation features by ultra clean oxygen gas in
comparison with normal grade gas were studied with
photoemission spectroscopy.

EXPERIHEKTAL

Experiments were performed at BL-IA of the Photon
Factory. Photoemission spectra of Si2p and In4d core
levels and valence band were taken with photon energy
of 127.6 eV.

Samples chemically treated were annealed with
electron bombardment from the rear side. 2x1 LEED

patterns were obtained on the annealed surfaces.
Then, and In were deposited on the clean surfaces.

An ultra clean oxygen was suppled with a gas
purifying system consisting of a double pipe sistem
and a molecular sieve[l].

RESULTS AND DISCUSSION

Various surfaces were exposed to 10® L of ultra
clean oxygen gas. Si2p photoemission spectra taken
with the photon energy of 127.6eV are shown in Fig. 1.
The thickness of deposited Ag layer is estimated to
be 6 A. In comparison with each other, it can be
said that n"^ -Si wafer(5xl0'®cm "®) is easier to be
oxidized, and that Ag overlayer plays a role of
enhancing surface oxidation, while In overlayer has
no effect of oxidation catalyst. It should be noted
that the oxide on the Ag/Si surface consists of more
highly oxidized states such as Si''* , while the oxide
on the n * Si surface is composed of rather
intermediate oxidized state. Actually, according to
peak deconvolution[2] by a computer, Si"** ratio for
the Ag/Si case is 24%, while that for the n * -Si case
is 11%.

fti the contrary, In-covered Si(lOO) surface shows
almost no effect of oxidation enhancement. Judging

I1q\ CI,-«aq»OMd

from the results of In4d core level spectra, the
metallic In was immediately oxidized by 10® L oxygen
exposure, while the Si substrate was only slightly
oxidized. Thus, In overlayer has no oxidation
enhancement effect.

The enhancement effect by Ag overlayer is thought
to be attributed to breaking of Si SP® hybrid bonds
and formation of Ag-Si bonds which may be easier to
be oxidized. Figure 2 shows Si2p spectra from the
oxidized Ag/Si surfaces. These spectra were nomalized
with SR ring current. When Ag overlayer was deposited
on the clean Si surface, Si2p showed peak shift
towards lower binding energy, and this shift
gradually increased up to 0.3 eV as the Ag amount
increased. There are two possibilities to explain the
peak shift as follws; (1) chemical shift of Si because
of Ag-Si bond formation, and (2) upward band bending
by the Ag/Si Schottky barrier formation. It is
difficult to determine which is faverable at the
present stage.

In the course of oxidation, Si2p peak position
moves towards higher binding energy. This is probably
due to band bending towards more flat band condition.
A similar tendency in the oxidation feature was
observed by J.J.Yeh et al[3].

In the initial oxidation of Ag/Si(100), a clear
difference between ultra clean oxygen and normal
grade oxygen was observed, as shown in Fig. 3,
although the difference is not so remarkable as the
Ar-sputtered Si surface. Therefore, it may be said
that metal-disrupted surface shows more remarkable
dependency on moisture in oxygen.

In conclusion, Ag-deposited Si(lOO) surfaces are
found to be more easily oxidized and show clearer
dependency on oxygen grade than the clean Si surface.

REFERENCES
[1] N.Kawamura et al. PF Activity Report 1989.
[2] F.J.Himpsel et al. Phys. Rev. B 38,6084(1988).
[31 J.J.Yeh et al. J.V.S.T. A4,1479(1986).
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Figure 2 Si2p spectra from clean
and Ag-deposited Si surfaces
exposed to ultra clean oxygen.
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Figure 3 The difference of Si2p
spectra between ultra clean oxygen
and normal grade oxygen on Ar-
sputtered clean Si and Ag/Si.



proposal No

SYNCHROTRON RADIATION PHOTOIONIZATION OF SPUTTERED NEUTRALS
Hasaharu OSHIMA, Satoshl MAEYAMA, Tomoaki KAWAMURA, and Tetsuya MARUO,
NTT Applied Electronics Laboratories, Musashino-shi, Tokyo 180

Introduction

Various attempts have been made at enhancing the
ionization probability to improve an analysis
sensitivity and accuracy in SIMS analysis by post-
ionizir^ the sputtered neutrals.

In this study, we successfully used synchrotron
radiation to investigate the possibility of the
photoionization of sputtered neutrals for the first
time." The results are compared with the calculated
values.

Experimental
Experiments were performed at BL-IA of the Photon

Factory. The beamline consists of the first
paraboloidal mirror, the monochromator, the second
paraboloidal mirror and an exit slit. In this
experiment, a 600-g/mm grating was used.

A synchrotron radiation photoionization chamber
containing an ion gun, a SR inlet port with a large
bellows nipple, a highly sensitive mass spectrometer,
an SR photocurrent monitor and a manipulator was made
to detect photoionized ions. The samples used were
Al, Si, GaAs, AI2O3, Pb, and Au. The zeroth-order
synchrotron radiation beam at the photoionization
chamber was focused at the sample. The beam size was
about 8 mm x 2 mm.

Theoretical considerations

A schematic diagram of the synchrotron radiation
photoionization process is shown in Fig. 1. Ion
intensity 1 is expressed by
I = a*{27 * N"v +r* Jlf c*q{E)*^ (E)dE* N°v ).
Here, a is a detection efficiency of the mass
spectrometer, t? is a secondary ionization yield. N°
is the density and v is the velocity of sputtered
atoms in space. r is the duration in which
sputtered neutrals pass through the 2-mm-wide SR beam
flux. is the photoionization cross section (cmM-
The photon density c*q can be calculated by
jrc*q(E)dE= Jir f(E)*R(E)dE / (0.8x0.2) (ph/cmVs).
f(E)= 2 TT a . * a y * Brilliance* «,*«,.
R{E) is the total reflectivity of the beamline. The
total photon flux was calculated to be 1.84x10'®
photons/sec by integrating these curves from 10 eV to
1000 eV.

Next, we calculated photoionization cross
sections, based on the reported data. Then,jrc*q(E)
* a (E)dE was calculated to be 1.8x10 sec for Si
and 1.5x10 sec"' for Au. a was experimentally
determined to be 1.4x10 "" for the Au sample. Based on

* q

these values, the number of detected ions of
photoionized sputtered neutrals were estimated to be
l{Si)=6.6 cps and I(Au)=l.lxlO® cps.

Results and discussion

First, an Al sample was Ar-sputtered with the SR
beam, and no detectable difference between with and
without SR was observed.

Then, a Au sample was used. Figure 2 shows "^Au
" mass spectra measured with and without SR beam
irradiation 5 mm above the sample surface. For 2-keV
At ion energy, a signal about 4 times larger than the
secondary ion peak was observed.

Figure 3 shows the '®^Au * mass signal intensity
from a Au sample as a function of photon flux. The Ar
ion energy was 1 keV. When the entrance slit was
completely closed, almost no "''Au * signal was
detected. However, the signal drastically increased
by opening the slit. The measured ' " Au intensity
is about an order of magnitude smaller than the
calculated "'Au intensity of 1.1x10^ cps. However,
the degradation of reflectivities of mirrors should
be taken into account. The measured photocurrent of
about 3a^A comes to about an order of magnitude
smaller photon flux than the calculated value of
1.84x10^® ph/s. Therefore, these phenomena can be
explained by SR photoionization. These SR
photoionization processes were also observed for the
Pb sample.

When the sample was irradiated by the SR beam,
the SR photoionized ion intensity decreased
drastically. This phenomenon is attributed probably to
the neutralization process of ions by photoelectrons
from the sample surface.

In conclusion, the SR photoionization effect of
sputtered neutrals was observed for the first time,
and photoionized ion intensities were compared with
calculated values. This technique will be applicable
to understanding the features of sputtered neutrals
and precise in-depth profiling.

RGf*6r0nC0S
1) M. Oshima et al. to be published in J.V.S.T. 1990.
2) J. J. Yeh and I. Lindau, Atomic Data and Nuclear
Data Tables, 32 (1985)7.

Fig.1 Schematic diagram for the SR
photoionization process of
sputtered neutrals.

Fig.2 "''Au ^ mass spectra measured
with and without SR beam.

Ar ion energy was 2keV.

Fig.3 "''Au " mass signal intensity
as a function of photon flux.
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RESULTS AND DISCUSSIONINTRODUCTION

Many studies have been carried out to

elucidate the initial oxidation processes of
SKIOO) surfaces. However, initially oxidized
states caused by the same amount of oxygen exposure
are extremely varied. One of the reasons for these

scattered results Is considered to be the grade of
gas. Ohml et al.[l] reported that the barrier
height of thermal oxide films grown by ultra-clean
oxygen Is higher than that of films grown by
normal-grade oxygen.

In this paper, we investigate the relationship
between the Si2p photoemlsslon spectra and oxygen
gas grade with surface sensitive photoemlsslon
spectroscopy using synchrotron radiation.

EXPERIMENTAL

The experiments were carried out at BL-IA of
the Photon Factory. Photoemlsslon spectra were

taken with a photon energy of 127.6 eV to obtain
surface-sensitive information.

The samples were cut from n-type Si(100)
wafers. After H2S0^+H202 cleaning, they were dipped
in 5% HE for 2 min and in H2O2 for 5 min. These HE
and H2O2 treatments were repeated twice. Then, the
samples were dried in air after rinsing in
delonized water.

Ar ion sputtering and annealing were repeated
until 2x1 LEED patterns were observed on the sample

surfaces. At this time, almost no Si2p sub-oxide
peaks were observed In the photoemlsslon spectra.

The moisture concentration of the oxygen was
especially notable In the experiments: ultra-clean

oxygen contains less than 20 ppb moisture, while
normal-grade oxygen contains 72 ppm moisture. To
obtain ultra-clean oxygen, the gas supply system
shown in Eig.l was prepared. The point to note
about this system was that fresh oxygen, purified
by a 13X molecular sieve, flowed at variable leak

valve continuously. The moisture concentration was

monitored by a dew-point meter.

The samples were exposed to the ultra-clean
oxygen and the normal-grade oxygen at various
substrate temperatures between room temperature and
650 'C.

Dew-Polnt

Meter

Vsriabls Leak
VaXve

The S12p photoemlsslon spectra on SI(100)
surfaces exposed to ultra-clean oxygen and normal-
grade oxygen for lO^L at room temperature are shown
In Fig.2. We performed peak deconvolution of these
spectra using a computer. A clear difference
between the two oxidation cases is observed for the

S12p chemically-shifted peaks. The normal grade
oxygen-exposed Si surface shows a higher
Si3''(^E=2.5 eV) peak than the Sl2-^(JE=1.8 eV[2])
peak. By contrast, the ultra-clean oxygen-exposed
surface exhibits a smaller Sl^* peak than the Si^*
peak and a negligibly small Sl^* (Si02 state)peak,
Indicating that moisture content in the oxygen
might play an important role to make the higher
oxidized state. This relationship is also observed,
when lO^L oxygen is exposed at room temperature and
the substrate temperature Is elevated. Thus, the
difference due to the oxygen gas grade is found to
mainly appear in the uptake of SI®* and Sl^*. This
relationship is almost identical to the

relationship between wet-oxidation and dry-
oxidation.

Figure 3 shows the Si2p photoemlsslon spectra
of 81(100) surfaces exposed to normal-grade oxygen
at different temperatures. The metallic S12P peaks

are shifted 0.2 eV towards higher binding energy
with oxidation, while that in the case of ultra-
clean oxygen remains unshifted. This means that the

SI surface oxidized with moist oxygen Is bent 0.2
eV towards a flat band condition.

In the case of n-type Si(100) surface cleaned

without Ar Ion sputtering, no dependence of
oxidation rate on the grade of oxygen gas was

observed, while the identical band bending with
oxidation occurred. Therefore, the above mentioned

differences due to the grade of gas might be due to
such metal contaminants as Ee, Cr and Ni derived

from Ar sputtering which were detected by SIMS and
Total reflection X-Ray Fluorescence (TXRE). Further
study is needed to investigate these phenomena In

detail.

REFERENCES

[llT.Ohml et al, Extended Abstracts 173rd
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12]F.J.Hlmpsel et al, Phys. Rev. B 38, 6084(1988)
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Introduction

The X-ray standing wave method was known as
powerful tools for analysis surface and interface struc-
ture[l,2]. There are some rigorous limitations in X-ray
standing wave method; (1) highly perfect substrate cry
stals are necessary, (2) abruptly interfaces should be
changed. The perfections of substrate crystals are more
important for X-ray standing wave method in hard X-ray
region because of the small value of natural width of rock
ing curve. To avoid these restriction, X-ray standing wave
method applied to samples in soft X-ray region [3]. In this
region, the natural width of rocking curve is about hun
dred arcsec and the effect of defects which enlarge the
natural width of rocking curve are ignored. To measure
the X-ray standing wave signals in soft X-ray region, the
incident X-ray energy was usually changed instead of
changing incident angles because of convenience. However
energy scanning X-ray standing wave method has some
problems; (1) the refinement of incident X-ray beam pro
perties should be necessary, (2) the overhead of changing
incident X-ray energy is not negligible. To solve these
problems, the angle scanning X-ray standing wave method
was desirable. However, there were many difficulties to
perform angle scanning X-ray standing wave method
because of the lack of high accuracy rotation mechanisms
in vacuum. To realize angle scanning X-ray standing wave
method, we developed direct rotating goniometer with X
and Y stage and 2 swivel stage. In this report, the perfor
mance of goniometer and preliminary result of angle scan
ning X-ray standing wave method was described.

Experimental

The angle scanning X-ray standing wave instrument
was designed both X-ray standing wave and BXAFS. The
wide area Si(Li) solid state detector was set for monitoring
fluorescence yield due to X-ray standing wave and
EXAFS. The rotation movement was introduced directly
into vacuum through differential feedthrough shown in
Figure 1. The differential feedthrough was pomped by ion
pomp to avoid excess vibration. The present pressure is
about 10"® Torr and the pressured was only restricted by
the outgas of solid state detector. The accuracy of rota
tion was 0.72 arcsec in main rotation axis and the accu
racy is sufficient for angle scanning X-ray standing wave.

GaAs (001) samples was set on the goniometer and
(111) reflection was used for X-ray standing wave method.
The incident X-ray wave length was set at 5.76 A (^g is
about 62.3°). In this arrangement, the angle of surface
were 7.6° and 63.0°. The fluorescence yield was meas
ured in both cases.

Results and Discussion

Figure 2 shows the As L fluorescence yield
corresponding to angles. Obviously, specular fluorescence
yield profile corresponding to X-ray standing wave was

observed. The peak to peak angles of profile was about 85
arcsec and this value was same in order as the calculated

natural width of rocking curve of GaAs (111) reflection.

The possibility of angle scanning X-ray standing
wave in high vacuum was confirmed with using the direct
rotating mechanism in high vacurun. This method may be
easily applyed to angle scanning X-ray standing wave even
in UHV environment with using UHV compatible fluores
cence detector.
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Inner-shell photoionization processes
of atom have been extensively studied
theoretically as well as experimentally
for some time. It is well known that a
model calculation assuming independent
inner-shell electrons yields the ioniza-
tion cross section having a photon energy
dependence of E . Such model calcula
tions show reasonable agreement with most
experimental results.

In our previous work, we reported the
charge state distributions of xenon ions
created by multiple photoionization in the
L-shell ionization region . During the
study, we had noticed that the photon
energy dependence of the measured total
photoion yield deviates from a simple
power law. In the present experiment,
total photoionization cross sections of
xenon have been measured in the L-shell
ionization region, covering the photon
energy from 4.6 to 6.1 keV with the step
width of wavelength scans of about 0.0025
A.

Details of the present experimental
set-up have been already described '.
Undulator radiations emitted from the 2.5
GeV electron ring at the Photon Factory in
the National Laboratory for High Energy
Physics were monochromatized by an
InSb(lll) double crystal monochromator and
crossed a beam of xenon atoms introduced
into the ionization region through a
nozzle. The resulting photoions were ex
tracted from the ionization region by an
electric field and detected by a micro-
channel plate after passing through a
drift space.

Figure 1 shows total photoionization
cross sections for xenon obtained in this
work. As the present cross sections corre
spond to the photoabsorption cross sec
tions, the absolute values of the present
cross sections were obtained by nor
malizing them to the absorption cross
sections of Wuilleumier at the photon
energies of 4.65 and 6.10 keV. Pre
vious result of McCrary et al. and
Wuilleumier, and theoretical curve of
Scofield are also shown in Fig.l for
compar i son.

In the present data are clearly seen
sharp peaks at the L^ and L^ edges, which
had not been observed in previous experi

mental and theoretical work. It can be

suggested that these peaks are due to the
photoexcitation of 2p electrons to the
unfilled higher levels. This conclusion
shows agreement with the analysis of
Breining et al. . Their model calculation
reveals that the 2p-nd (n=5, 6, and 7)
excitations are important process at the
Xe Lg, and absorption edges. Further
more, a structure above the Lg edge which
suggests deviations from the power law
like energy dependence predicted by an
independent electron model can be seen in
the present data. This structure might be
due to simultaneous two electron excita

tion. Full detailed discussion of these

results is given in our resent publica-
s i on.

L, L,1

• Wuilleumier

A McCrary et ol.

Scofield
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Fig. 1. The relative photoion yie|^d
curves of Ne in the K-edge region:a)Ne ,
b)Ne and Ne"^ .

In the course of experimental study
for multiple photoionization of atoms,
we present here the result for neon atom
in the K-shell ionization region. p

The details of experimental appara- .2
tus and procedure have been described o
previously . Undulator radiation, emit- «
ted from the 2.5 Gev electron ring at «
the Photon Factory, was monochromatized 2
by an InSb(lll) double crystal monochro- "
mator and crossed a beam of neon atoms ^
which were introduced into the ioniza- 'S

tion region through a nozzle. The re- -2
sultant photoions were mass-analyzed by pi
a time-of-f1ight spectrometer. The rela
tive intensities for the different

charge state of the ion were measured as

a function of photon energy in the re
gion around Is ionization threshold.

Figure l.(a) and (b) shows the ion
yield spectra obtained in this experi
ment. The ion yield curve for Ne shows §
prominent peaks corresponding to the
excitation of Is electrons to bound g
np(n=3,4,5) states. At the resonance „
energy, the single charged ions are ©
produced by resonance Auger process. For 5
Ne , the resonance peaks could not be ^
distinguished clearly with the resolu- .>
tion of present experiment. The doubly «
charged ions, however, can be observed «
at the resonance energy. These doubly
charged ions are produced by two step
Auger decays from the Is-np excited
states. Above Is ionization threshold,
main product is doubly charged ion pro
duced by normal Auger decay process from
Is hole state.

The formation of triply charged ioig|
is very interesting. The yield of Ne
seems to increase stepwisely above low
est Is-np resonance energy. This means
that the Auger shake-off process from
the Is hole state is main process for
Ne formation in this energy region.
Above _the photoe 1ectron shake-off
(Is nl ) threshold (about 910 eV), the
triply charged ion yield increases to
about twice the value in the region just
above the Is ionization threshold.

Detailed analysis of the results is
still in progress.
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Introduction

The mass of the electron neutrino (m )
has been recently investigatec^^^sing electron
capturing isotopes including Ho and

Pt. ' Our method ' to determine the

electron neutrino mass is based on the m -

Jggend|gcjggf decay rates of the transition
Ho -> reconstruct an M X-ray

spectrum from Ho per atom per second using
two spectra S. the M X-ray spectra of
dysprosium when there is one vacancy in the Ml
and M2 subshell, the coefficients of Sj^j^ and
S„2 correspond to and X^^ respectively,
which are the partial Ml-capture and M2-capture
decay constants. Using X^^, X^^^ (total
decay constant) which was measured separately
with isotope-dilution mass spectrometry, * as
three constraints, the m , the Q-value, and

nuclear matrix element for the decay of
Ho can be simultaneously solved from three

equations of the electron capture rate.
The present experiments are aiming at an

experimental determination of the and
spectra of Dy. These two spectra can be
reduced from fluorescence M X-ray spectra of
dysprosium, S„ (a = a e), using the "Photon
Subtraction Method" as described in page VI-1 of
PF Activity Report (1983/84).

Experiments

Undulator radiations from BL-2A line were

monochromated by a double reflection crystal
monochromator made of InSb and directed onto a

Dy target. The incident photon beams were
counted with a photon counter which consists of
a xenon proportional counter and a Be-absorber
array. M X-rays emitted by dysprosium excited
with the incident photon beams, were measured
with the same Si(Li) detector as that which was
used for measuring a photon spectrum from a

Ho source

Results and Discussions

We accumulated S^.^, and S_ spectra
having an enough2Statistics for a tnin Dy
target (10 yg/cm thick) deposited on a mylar.
As an example of these spectra, a spectrum
is shown in Fig. 1, where an elastic part was
already subtracted using.the response function
of the Si(Li) detector. We also succeeded in
estimating the number of very intense incident
photons (1 keV "v 2.5 keV) using the combination
of the photon counter above-mentioned and a
slit system.

Our method of determining the mass of the
j^^ctron neutrino using electron capture in

Ho is based on the assumption that two
spectra S^. and Sj^2 same for the
following two cases; electron capture in Ho
and photoionization of Dy. In order to check
the validity of this assumption, the energy of

the 5p - 3s line^was measured for both cases as
shown in Fig. 2. The energy difference between
two cases was found to be less than a few eV,
indicating an evidence on the validity of the
method for measuring the m . An analysis for
the other data taken during the present
experiments is now going on.

0.0 0.5 1.0 1.5 2.0 2.5 3.0
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Fig. 1 spectrum. Some peaks seen in the
right are caused by piling up.
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Fig. 2 The 5p-3s line in a Ho and spectra.
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Introduction

For X-rays in the energy region of a few keV.
there is no material which acts as a refractive
lens. Therefore one-to-one proximity printing

technique has been studied in X-ray lithography.
There are many problems to be solved in making

X-ray masks for production of ULSI. These will
be minimized if pattern demagnification by the
optical system can be made possible.

We have tried to reduce the size of the image
by using the asymmetric Bragg reflection of
the crystal', and reported only one dimensional
pattern demagnification by using this method
before^-In this report we show the optical
system for two dimensional pattern demagnifica
tion and some experimental results.

Experimental

Fig.l shows the optical system for two dimen
sional pattern reduction used in our experiment.

This method needs highly parallel, bright

and monochromatic X-rays. We used X-rays from
the undulator (BL-2A). X-rays emitted from
the undulator was monochromatized by a double
crystal monochroraator. A mask was set in the
incident beam. The width of the X-ray beam which
passed through the mask was reduced in horizon
tal direction by the first Si mirror and in
vertical direction by the second Si mirror.
The second reduction mirror and the second

crystal of the monochromator were set in the
(+,+) arrangement to restrict the range of wave
length and the beam divergence. The distance
from the mask to resist film along the path of
the X-ray beam was about 15mm.

We have chosen wavelength 1=3.5a, the offset
angle a=22° and 111 reflection(fl=34*)• Then the
reduction ratio n is 0.25.

A mask pattern used is a set of line and space
whose width are lOum, 5/im, 3jjm and 2iim parallel

to vertical and horizontal directions (Fig.2).
The absorber was Au of 1.2/im thick supported on
SiN membrane and the expected contrast was about
45 for 1=3.5a.

Resist films which we used in this experiment
were positive type EBR-9 (TORAY). The thickness
of the resist film was 2,600a.

Results and Discussion

A replicated image is shown in Fig.3. Expo
sure dose described by a ring current in milli-
amps multiplied by exposure time in hours was
about 250mAh. A pattern size was reduced to 1/4
of the original size in two directions. Line and
space pattern whose width are 10/im (at the mask
pattern) were resolved, but whose width are 3jim
and 2|im weren't resolved. Horizontal line and

space pattern whose width are 5/;m were resolved,
but vertical pattern weren't resolved. Resolu
tion is different between vertical and horizontal

direction. A cause of this phenomenon is dif
fraction of X-ray. The Distance from the first
(horizontal) reduction mirror to resist is longer
than the distance from the second (vertical)
reduction mirror to resist. Another cause is

the beam divergence. The monochromator restrict
only the range of vertical beam divergence. It is
necessary to use the two sets of monochromators.
one in horizontal direction and the other in

vertical, and to make the distance from mask to

resist shorter.
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Introduction

The theory"-2'' of inelastic scattering of soft

X-ray suggests that it is possible to detect the ef

fect of p.A term. Fig.1 shows the predicted results

of the theory. The cross section of scattering by

p.A term increases characteristically as the energies

of incident X-rays become lower, while in the same

region that by the A^ term decreases. Thus measure

ments of the cross section of the p.A term are re

quired to know the characteristic features of the X-

ray scattering in the soft X-ray region; this could

lead to the direct measurement of the life time of

the inner shell hole^'.

Experimental result

In a recent experiment, we analysed scattering

intensity of a polycrystalline beryllium for soft X-

rays with wave-length between 350nra and 750nm by fil

ter method. The energy of incident soft-Xray was 407

eV(30.5 A). The scattering angle was 90 degrees. The

result, contrary to the theoretical prediction, shows

that the scattering intensity is flat for the radia

tion with the wave-lengths in the above mentioned re

gion. We consider the effect of stray light from the

monochromator. Fig.2 is the experimental arrangement

for estimating stray light. The H-valve has a quartz

window, so when the M-valve is closed, soft X-rays

cannot pass through this valve, while light does.

Table 1 shows the result of this experiment. The con

tribution of the stray light is of the order of 1/100

of the incident beam. The experimental result agrees

with the calculated value of absorption of soft X-

rays and light at glancing angles of 20° or 60°. but

we cannot explain the data obtained at the symmetri

cal position of 45°. Integrated intensity of scatter

ing from 300 nm to 800 nm by experiment is about 10"®

smaller than that of incident soft X-ray, and the

signal by p.A term is much smaller, so we will re-

examine the spectra in this energy region.

da I/Io closed I I/Io Open exp. cal.

60 I 0.008

45 0.042

20 0.006 3.95 3.82

Table 1 Estimation of stray light. 0• is glancing

angle.

Discussion

Recently Marchetti and Franck^' observed the

spectrum of inelastically scattered X-rays by copper

K-shell electrons. The incident beam of 70 KeV X-rays

was used from wiggler radiation of CHESS. The spec

trum of scattered X-rays observed by them in coinci

dence with K-shell is reported to be due to the A®

term and to accelerated secondary electron emission.

They concluded that the p.A term is not observable

for copper, which has a large value of the ion chcirge

Z. Due to the recent progress of the experimental

instruments, it has become possible to use windowless

SSD as a detector; this helps to perform experiments

in the energy range given by Fig.1 to detect the

scattering by p.A term. Probably, SSD will work well

in the energy range larger than 300 eV. Incident en

ergy of 1.1 KeV meets the condition for p. A term re

quired theoretically. Fig.3 shows theoretical spec

trum of inelastic scattering that is corrected by SSD

sensitivity(solid line). As shown here, if we observe

the tail in the lower energy side of the spectrum due

to the A® terra, it agrees with the theoretical pre

diction®'. If successful, our investigation gives for

the 1st time the spectra of the p.A term in this re

gion of the infrared divergence.
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INTRODUCTION

A soft x-ray microscope using zone plates { ZP's )

as imaging devices is in operation at the undulator

beamline, BL-2B'\ The undulator radiation ( UR )
consists of successive harmonics with a narrow band.

A ZP produces not only the primary order diffraction

but also positive and negative higher order ones.

Therefore, the resultant images observed in an image

plane are very confusing. This report briefly
describes image formation by the ZP in the case of a

one-dimensional transmission grating ( TG ) illumi
nated by UR and the experimental result. The detailed

description will be published^^

EXPERIMENTAL

The m-th order focal length of a ZP is given by

fm=f5/m, where fi is the primary focal length, fi is
given by fi=ri®/A, where n is the radius of the
innermost zone and X the wavelength of incidence.

Since the wavelength of the n-th harmonic of UR is

X i/n, where X i is that of the first harmonic, the

m-th order focal length of ZP for the n-th harmonic

can be written as fmn=nfi/m. Fig.1 shows the optical

path when a one-dimensional TG is illuminated by UR.

The n-th harmonic proceeds in parallel to an optical

axis at a distance of R. The ray firstly deflected by

TG toward Pin is deflected by ZP toward the secondary

source point, namely, maximum of a Fraunhofer pattern

Simn. It finally arrives at Qinn in the image plane.

If Xj is much smaller than the groove spacing d, xin

can be given by xin=laXt/nd. Din is given by Dir=

1 X nfiin/d=lri®/md. Since it passes through two points
Pin and Sinn, the coordinates of Qinn ( Xu. Yin )

have the following relation.

m d b R 2 a

1 ft r a , b,2
+ — — —— (1 + —) n)

4 m d b a

TRANSMISSION ZONE IMAGE
GRATING PLATE PLANE

y P,n(x.n,R,0) Y

*Slinn(Dlni,0,f(m}

QUm(XInvi ,b}

Fig.1 Ray tracing for the determination of the

positions of the diffraction spots.

This equation means that every ray appears on various

parabolic curves determined by the orders l.m and n.

The experiment was performed in order to confirm

the above analysis. Xi was fixed at 2.68 nm. Main

parameters of a ZP are as follows: ri is 5.0 m and

the number of zones is 100. Therefore, its diameter

is 100 UJfi and f+n is 9.40 mm. The primary magnifi

cation M+ii(=b/a) was 195. The outer area of a large
ZP was used as TG. The groove spacing d of this area

was 0.72 //m in average. A 20 m diameter pinhole
was used as an off-axis diaphragm. Fig. 2(a) shows the

arrangement of diffraction spots in the image plane

when the pinhole was set 30jum from the optical axis.

Fig. 2(b) shows the result calculated by eq. 1 to ex
plain the arrangement in Fig. 3(a). l.m and n are the

diffraction order of TG,that of ZP and harmonic order

of UR, respectively. Dotted lines represent several

parabolic curves determined by eq.1. The primary

magnified image of TG can be observed in the lower

side. Because of the weak continuous spectrum of UR,

the spots are not completely separated. This picture

clearly shows that the experimental result agrees

well with calculation.
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Introduction

Steps and kinks on a vicinal surface can be
a model of active sites of catalysis. Near Edge
and Surface Extended X-ray Absorption Fine
Structure ( NEXAFS and SEXAFS ) combined with
vibrational spectroscopy by HREELS can be power
ful techniques to determine a local structure of
molecules adsorbed at those sites. So, we ap
plied an apparatus of HREELS with an angle
resolved electron spectrometer to measurements
of NEXAFS and SEXAFS.

We report preliminary results of determina
tion of CO orientation adsorbed on a Ni(7 9 11)
vicinal surface by means of polarization depen
dence of NEXAFS.

Experimental

The measurement was performed at the soft
X-ray beam line BL-7^) . NEXAFS spectra were re
corded in the Auger detection mode.

The samples were prepared from a single
crystal nickel rod. Samples were cleaned by
repeated cycles of Ar ion-bombardment and an
nealing. CO was admitted on a sample cooled by
liquid nitrogen.

In the present experiments, LEED patterns
of a sample surface with no carbon and oxygen
showed a twice of step periodicity of an ideal
Ni(7 9 11) surface. This surface rearrangement
may be due to hydrogen adsorption2) . CO was ad
sorbed on this reconstructed surface. LEED pat
terns was not changed by CO adsorption.

530 540 550 560 570
PHOTON ENERGY (eV)

Fig.l. Oxygen K-edge NEXAFS of 3L CO dosed on a
Ni(7 9 II)

Results and Discussion

It has been suggested that CO adsorbs at a
step site of Ni(7 9 11) stepped surface^) at
about 0.3L of CO, and at a terrace site above
3L. Fig.l shows oxygen K~edge NEXAFS of 3L CO
dosed on the reconstructed surface. The position
of IT* resonance peak, a* resonance peak and
absorption edge are deconvoluted as shown by the
dotted lines. Each peak is resolved at 537.4,
557 and 541eV respectively. Fig.2 shows the
polarization dependence of the intensity of ir*
resonance peak divided by the edge jump. The
data points of the present spectra are statisti
cally disperse. This is due to weak signal in
tensity because of angle resolved measurements.
However we suggest by the polarization depen
dence of NEXAFS and HREELS ( not mentioned in
this report ) that CO molecules are perpen
dicularly adsorbed on bridge sites and/or on-top
sites on the terrace plane. At 0.3L, the spectra
are noticeably different from that of 3L CO, al
though the data points are much disperse. The
polarization dependence is also different. We
think a new adsorbed state of CO is detected. We

tentatively assign that the polarization depen
dence of this 7T * resonance peak intensity is
due to tilted CO molecules adsorbed at a step
site as suggested by Erley. The tilt angle of CO
obtained from the polarization dependence is
about 20° relative to the terrace normal. Im
provement of statistical errors by modifying the
detection system is planned in the near future.
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Introduction

More than ten experimental results of
H desorption from OH adsorbed on
surfaces excited by photons and electrons
in the valence region have been reported.
However the excitation process leading to
H desorption is still ambiguous. One
reason of this is due to overlap of a
few possible optical transition because
the excitation energy of the energy
levels of adsorbate and of substrate is
in a similar energy range. We chose two
examples H2O adsorbed on Si(lOO) and on
Ge(lOO) in order to resolved each
process. Si has no sharp absorption edge
near 25 eV, but Ge has 3d absorption edge
near 30 eV. We report a part of photon
stimulated desorption(PSD) of H from H_0
adsorbed on Ge(lOO).

Experimental and Results
The present experiment has been

performed _^at BL-7B in Photon Factory.
Desorbed H were detected by a quadrapole
mass analyser. The present PSD was
measured on the (2xl)-H20 dissociatively
adsorbed sample at the saturation
coverage.

Fig.l shows the H*^ yield as a function
of photon energy above 20 eV. Two large
peaks are found. Each threshold energy
is determined at 31(Peak A) and 23 eV
(Peak B), respectively. Three small
peaks(indicated by arrows in the figure)
on Peak A are reproducibly resolved. The
total electron yield spectrum(TEY}
measured on the same sample is shown in
Fig.l. Similar shape of two large peaks
(Peak C and D) and three peaks on the
high energy Peak C with those shown in
Fig.l is found. A remarkable difference
is the energy shift of the high energy
peaks Peak A to Peak C. The energy shift
is 0.7 to 0.8 eV. No clear shift is

resolved for the low energy ones Peak B
to Peak D.

Discussion

The high energy peak Peak C measured
on the (2 x 1)-0H covered surface
corresponds to the TEY peak measured on
the clean Ge(lll) surface^except for the
surface sensitive peak. Three peaks
has also been detected on the peak. It
has been interpreted that the peaks has
been caused by transition of 3d
electrons to the empty conduction bands
of Ge. The small peaks have been agreed
with the maxima of the density of states
of the empty bands of Ge. So Peak C is
caused by the excitation of 3d electrons
to the empty conduction band of Ge
substrate. The energy shift of Peak A

to Peak C is in good agreement of the
band gap energy of Ge. We interpret that
the energy shift is due to the

simultaneous excitation of 3d electrons

to the empty conduction band and the
interband transition from near the Fermi

level to the empty b^nd. So the optical
transition making H desorption is the
two electron excitation of from a Ge 3d

electron to the empty conduction band and
the interband transition.

Peak B is also due to desorption from
HO-Ge species. The origin of Peak B is
not so clear from an experimental point
of view. From the viewpoint of the
energy conservation, a transition of 0 2s
level to the vacuum level is not

realistic, a transition to the empty
conduction band may be opened. However, in
this case, we are not sure whether the
final state of the transition ^s
dissociative and repulsive to desorb H ,
or not. In the desorption ^f H^O in a
gas and a condensed phase, H desorption
in this energy range is considered by

predissociation of H2O after two electron
excitation. We assign that Peak B is
due to two electron excitation of Ge-OH
chemisorption bond.
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Introduction

Higher-order photons, contained in the
soft x-ray beam from grazing-incidence
monochromators, degrade the quality of data
in experiments using SR. Spectroscopy using
undulators suffer from higher harmonics as
well, as they generate intense harmonics
themselves. In order to enable precise
spectroscopy even in the presence of such
harmonics, we have developed a higher-harmonic
suppressor for soft x-rays.

Design

To suppress higher harmonics, we have
employed grazing-incidence mirrors, which filter
out higher harmonics with photon energy above
the cut-off of total reflection. Figure 1 shows

a schematic diagram of the higher-harmonic^
suppressor. The ambient pressure is below 10
Pa. The cross section of the incident beam is
30 mm horizontally and 3 mm vertically.

Higher harmonics are suppressed through
two reflections by a pair of identical mirrors.
The exit beam is parallel to and 8 mm lower
than the incident beam. Eight sets of double
mirrors are mounted on an octagonal prism.
Its rotation selects one of the double mirrors

to be in the beam path. The 8 sets, each with
different coatings and incidence angles, cover
the energy range of 80-1600 eV.

In order to suppress higher harmonics
efficiently, we have selected reflecting
materials and incidence angles so that the
absorption edges of mirror-coating elements
are located just above the critical energies
of total reflection. Table 1 shows the

parameters for the eight sets of double mirrors.
The reflecting materials are deposited on the
optical-flat substrates made of synthetic fused
silica. Each mirror set is designed to transmit

more than 50% of the fundamental photons and
less than 3% of the second harmonics (calculated

values are after Henke et al.). The higher-
harmonics suppressor is installed at the soft
x-ray branch line BL-BA.

Incident beam

Octagonal prism

Fig.l Schematic diagram of the higher-harmonic
suppressor with 8 sets of double mirros.

Performance

We measured the transmission efficiencies

of the double-mirrors. The measured trans

mission efficiencies of the double-mirrors coated

with C, Ni, Al, Si, and Pt satisfied the design
values. On the other hand, BN, TiN, and MgF

mirrors had transmission lower by factors or
2-10 than expected, owing to ambiguities of
the optical constants and to imperfections of
the deposited films.

Next, we examined the effect of the

suppressor upon measurement of reflectivity
of a MgF mirror using a reflactometer . Figure
2 shows the reflectance spectra of a plane mirror
coated with MgF^ at 2° grazing-incidence angle.
The reflectivity measured without the higher-
harmonics suppressor is reduced between 330
and 700 eV. This is due to the second-harmonics

with energy higher than 660 eV, where the
reflectivity suddenly decreases due to the total
reflection and the F K-shell absorption edge

at 686 eV. The results measured with the

higher-harmonics suppressor show that the

reduction of the reflectivity disappears. Thus,
the harmonics suppressor reduces the effects
of higher harmonics in measuring reflectivities.
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Table 1. Parameters for the double mirrors

Harmonics Reflection Grazing Absorption
suppression material incidence edge(eV)
energy (eV) angle(deg.) [element]

80- 150 iw tTs 188[B]
130- 250 C 4.5 284[C]

210- 340 TiN 4.0 399[N]

455[Ti]

310- 540 MgF 3.0 686[F]
400- 690 Ni 3.0 855[Ni]

600-1100 Al 1.5 1560[All

900-1600 Si 1.0 lB39[Si)

None Pt 1.0

a 0.5
Oj — calculated

*** with suppressor
without

suppressor

Photon Energy (eV)

Fig.2 Reflectivities of a MgF^ mirror at a
grazing-incidence angle of 2 degrees.
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Introduction

Soft X-ray reflectivities of LB films were measured us
ing SR. Thickness and its uniformity in LB films were
determined by analyzing oscillatory profiles of reflectivity
vs. wavelength or grazing incidence angle, which is due
to an interference of two waves reflected at the film sur
face and at the film-substrate interface. Thickness and its
uniformity are basic parameters to characterize LB films,
and the obtained results provided suggestions about the
mechanism of film deposition.

Three types of LB film fabrication have been considered:
the "Y-type" is defined as a floating monolayer is trans
ferred to a substrate at both down-strokes and up-strokes
in dipping cycles, and the "X(Z)-type" as the monolayer is
transferred at only up(down)-strokes. In some conditions,
Y-type deposition changes and approaches an X-type one
gradually and spontaneously during the process, but X-ray
diffraction analyses revealed the same bilayered structure
of the deposited filmU as pure Y-type films.

Experiments and Results

At BL-8A, reflectivities of LB films were measured us
inga reflectometer for soft X-rays^b Cadmium arachidate
[(CH3(CH2)i8COO)2Cd)] LB films were prepared on op
tically flat Dorosilicate glass substrates. Millipore filtered
water added 4xlO~^M CdCl2 and 5xlO~^M KHCO3 was
used as a subphase at 19 to 20°C (pH 6.5). The sur
face pressure of a floating monolayer was kept constant
at 15dyn/cm, and dipping speed of substrates was 0.6 to
0.7mm/min.

Figure 1 shows the measured reflectivity (•) and its fit
ting curve (—) of a film which was nominally deposited as
39 monolayers (that is, the substrate was passed through
the floating monolayer 39 times). Although the deposition
of the film was Y-type at the beginning of fabrication, a
gradual transition to an X-type appeared after the 10th
stroke, which was monitored by the area decrease of the
floating monolayer (see Figure 2). At first, the fitting cal
culation included parameters for reflectivity loss due to
roughness of the film surface and the nonmonochromatic

—: calculation

• : experiment

component contained in the incident beam. However, the
fitting was not successful by assuming that the thickness,
or the number of layers, was uniform. Therefore, the mea
sured reflectivity wasfitted by also taking account of thick
ness distribution weight as a parameter. The obtained film
thickness distributions as a percentage of the film surface
are shown in Figure 3. Furthermore, the obtained average
thickness corresponded not to the number of strokes but
to the area decrease of the floating monolayer.

Discussions

To explain the transition from Y-type to X-type depo
sition, a molecular overturning modeU^, a hole creation
modeU^ and a molecular peeling modeF^ have been pro
posed. Experimental verification has not been success
ful enough to determine model validity. Our experiment
shows that the film consisted of areas where the thick
ness varied, and that all molecules which disappeared from
the air-water interface were deposited to the substrate.
The molecular overturning model seems the most satis
factory one to the authors to explain these experimental
results®'''^b
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Introduction

Soft x-rays are useful probes to evaluate
optical elements and characterize materials
and surfaces. Therefore, we have developed

a soft x-ray analysis system equipped with a
reflactometer and detectors for

absorption-induced emissions. In the following,
we describe the design and the results of
performance tests for the reflectometer through
measurements of reflectivities and scattering

distributions of Cu plane mirrors prepared by
a diamond-turning machine.

Experimental

A soft x-ray analysis system consists of
three chambers; analysis, evaporation, and sample
introduction. Figure 1 shows a schematic diagram
of the analysis chamber equipped ^ihh the
reflectometer. Pressure is 10 -10 Pa. A

sample and a detector rotate with an angular
accuracy of 0,01° and resolution of 0.001°.

The ref lectometer is installed at the soft

x-ray branch line BL-8A. We measured angle-

resolved scattering and reflectivities of

diamond-cut plane copper (OFHC) mirrors. They

Analysis chamber

Si(Li) detector \f<

Monitor '"••Os \
-rVi-Vf \ •

Filter

Rotation

assemblies

Sample

Detector

to evaporation

and

' introduction

chambers

M^llO 1/s IP
Fig.l Schematic diagram of the reflectometer.
Si(Li) detector and CEM are not used here.

>N

^ 10^
c

-i

r 10

: Perpendicular

—; Parallel

A A.W i:
•^Incident

-2-1012

Angle A0 (deg)
Fig.2 Angle-resolved scattering of diamond-
cut copper mirrors. Cutting marks are oriented
either perpendicular or parallel to the plane
of incidence. In the perpendicular case,
diffraction peaks appear (order number m).

were fabricated with a fly-cutting machine
without additional polishing or coating.
S-polarized beam was used for all the
measurements.

Results and Discussion

Figure 2 shows the results of angle resolved
scattering measurements with an angle step of
0.01°, an incidence angle of 89°, and an
wavelength of 10 nm. All the curves are

normalized to their peak intensities. The origin
of the angle is set at each specular peak.

Cutting marks are oriented parallel and
perpendicular to the plane of incidence.
Diffraction peaks appear for the perpendicular
case because of cutting marks, the period length
of which is estimated to be 22.33 pm. This
value agrees with the tool-feed rate.

Figures 3(a) and 3(b) show the energy
spectra of reflectivities of these mirrors.
Solid curves are calcule^^ed using the optical
constants of Henke et al . The large discrep
ancy between the observed and calculated results

in Fig.3(b) is due to diffraction. With selection
of a cutting direction parallel to the plane
of incidence, diamond-cut mirrors can be utilized

in soft x-ray grazing-incidence optics systems.

References

DS.Moriyama et al., SPIE Proc. 830, 98 (1987).
2)B.L.Henke et al., AIP Proc. 75, 340 (1981).

Wavelength (nm)
. 10 5 1

Cu,ei =89'

(a) Parallel

Observed

Calculated

Calculated
with correction

(b) Perpendicular
M ...Al

Photon Energy (eV
Fig. 3 Reflectivities of diamond-cut copper
mirrors for (a) parallel and (b) perpendicular
cases. Broken curves are calculations corrected

with the effect of surface roughness.



Investigations of Si Oxidation Process by
ZPS and XANES Using Synchrotron Radiation

Hideo SEKIYAHA, Hasatoshi NAKAZAWA and Susunu KAWASE*

Central Research Laboratory, Hitachi Ltd., Kokubimji, Tokyo 185
•Present address : Hitachi Research Institute, Chiyoda-ku, Tokyo 101

Introduction

There has been considerable interest in
the nechanisffl of Si suface oxidation from
fundamental and applied points of view. In the
present study, IPS and surface-sensitive XANES
spectroscopy have been used for probing the
local elecrtronic structures in the initial
stages of Si oxidation.

Experimental

Measurements of XPS and XANES spectra were
carried out at the soft X-ray beamline(BL-8A),

where a grazing-incidence monochromator^^
equipped with a varied-space plane grating is
used. XANES spectra were measured with the

Auger-electron-yield method^', which provides
high surface sensitivity. Clean Si(lOO) and
Si(111} surfaces were obtained by several
cycles of Ar ion sputtering and annealing at
"iOOO''C. The oxidation of Si surfaces was
carried out at various temperatures between
room temperature and TOO^C.

Results and Discussion

Figure 1 shows Si 2p XPS spectra
(tU'slSOeV) for Si(lOO) and Si(lll) surfaces
exposed to oxygen at room temperature. In this
case, the escape depth of the photoelectron
(kinetic energy : Ekih= 25eV) for the Si 2p

level is about 0.6 nm. The peaks of

intermediary oxidation states (Si^*, Si^*,

Si®*) for the Si(lll) surface have greater
intensity ratios than those for the Si(lOO)
surface. This indicates that, at room
temperature, the oxidation of clean Si(lll)
surfaces proceeds much faster than that of the
clean Si(100) surface because of the
difference between surface structures of

Si(lOO) and Si(lll)®'.
Figure 2 shows oxygen K-XANES spectra for

progressive oxidation process of Si(lOO) and
Si(lll) surfaces. Oxygen K-XANES spectra for

molecular oxygen*^ and thermally grown silicon
dioxide(~200om thick on a Si surface) are also
shown in Fig.2. Oxygen K-XANES spectra for Si
surfaces are more similar to the XANES

spectrum for SiOa than that for molecular

oxygen. This indicates that oxygen is
atomically adsorbed onto the Si surfaces, and
that oxygen-silicon bonds are formed by the
oxygen exposure at room temperature. The
intensity of band B attributed to the
continuum shape resonance increases with
increasing oxygen exposure. The change in the
intensity of band B suggests that an effective

potential barrier®^ is formed because of the
formation of silicon-oxide like molecular

units (SiOx) where a Si atom is surrounded by

one or more electronegative oxygen atoms.
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Introduction

In SR lithography, secondary electrons
generated from the substrate material deteriorate
its excellent resolution. In this study, the
effects of secondary electrons from an Si
substrate, which is the most important material
for LSIs, on the resolution of SR lithography, is
investigated both experimentally and
theoretically.

Experimentals
The lithography instrument with an oscillating

mirror at BL-8C was used for the experiments.
Peak wavelengths of 0.5~0.8nm can be acquired by
this instrument.

The new X-ray mask was prepared to estimate
the resolution limit of SR lithography. This
mask consisted of absorbing patterns at a width
of O.OSHm by Si{110) anisotropic etching and the
tantalum shadowing technique .

Path of the electrons in the resist was

simulated. In the simulation, the X-ray profile
was calculated using Fresnel diffraction. A
single photon absorption generated a pair of
photo- and Auger electrons, and their yield
corresponded to X-ray absorption. Angular
distribution of Auger electron was treated as

spherical, while asymmetry parameter {i was
given by 2 for photoelectrons. Rutherford and
Bethe-Bloch models were used to calculate the

energy loss of electrons in the resist, and the
developed resist pattern shape was simulated
using the ray-tracing model ^,3),

Results and Discussions

In Figs.1(a) and 1(b), the SEM photographs of
PMMA patterns on an Si and the polymer-coated Si
substrate, exposed to an energy of 2J/cm2 is
shown. In Fig.1(a), an undercut was produced at
the resist-substrate boundary by secondary
electrons from the substrate, while no undercut

IjjHI
iiZ'.t^i

Polymer

Fig.l SEM photographs of replicated PMMA
patterns, (a) on the Si substrate, (b) on the
polymer-coated Si substrate.

Fig.2 SEM photograph
of a replicated PMMA
pattern at a width of
0.05lim. The proximity
gap is 5|lm. , ,

O.liimi Polymer

was observed in Fig.1(b). Futhermore, on the
polymer-coated Si substrate, as shown in Fig.2, a
PMMA pattern at a width of O.OSjim could be
fabricated using the mask mentioned above.

As the above exposing wavelengths include an
Si Is absorption edge of 1.84keV 0 . 675 nm) ,
excitation of Is, 2s/2p photoelectrons and the
KLL Auger electron is possible. In these
electrons, contribution of Auger electron is the
highest, because it has both high kinetic energy
and high yield, and the simulation mentioned
above was applied to confirm whether this Auger
electron produces an undercut on the developed
pattern.

For the exposing X-ray, a monochromatic
wavelength of 0.67nm was selected. This
wavelength coincides with the Si Is absorption
edge, where the effects of Si KLL Auger electrons
can be observed selectively. In Fig.3(a),
simulated resist pattern on the Si substrate
exposed to an energy of 2J/cm2 is shown. An
undercut was produced at the resist-substrate
boundary, while no undercut was produced in the
simulation of the polymer-coated Si substrate.
This result coincides well with the above
experiments. Therefore, this undercut is due
mainly to Si KLL Auger electrons. Futhermore, in
Fig.3(b), a simulated resist pattern on the Si
substrate exposed to a monochromatic wavelength
of 0.7nm, which cannot excite Si Is electrons is
shown. An undercut can also be eliminated by
this approach, and this shows eliminating the
wavelength which excites the Si Is electron from
the exposing SR beam is promising for fabricating
deep submicron patterns on the Si and the Si
compound substrate with SR lithography.

SR lithography was also confirmed to improve
the resolution to lower than 0.1|im if secondary
electrons from the substrate were effectively
minimized.
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SR X-ray lithography offers
advantages in (1) resolution, (2) process
latitude, and (3) throughput for the deep
submicron ULSI fabrication use. The major
issues for X-ray lithography are the
overlay accuracy and the critical
dimension control. The development of a
useful X-ray mask aligner is thus, one of
the most important subject for the SR X-
ray lithography. This paper describes the
new X-ray mask alignment system employing
a simple projection linear fresnel zone
plate (LFZF) method.

The block diagram of the newly
developed mask alignment system is shown

in Fig.l. Both an X-ray mask and a wafer
are set in the open air for suppressing
the temperature rise during X-ray
exposure process as well as for realizing
high throughput. The alignment optics is
installed in a He chamber, where He gas
pressure is kept 1 atm ± 10mm HgO- The X-
ray extraction window for the He chamber
is made of a Ipra thick SiN membrane,
which is stable for the X-ray exposure in
comparison with a polyimide film which is
degraded by X-ray irradiation resulting
in darkening and wrinkling due to
scission of main chain of polymer.

Figure 2 shows the alignment optics
for the projection LFZF method. The wafer
mark consists of a 2pm wide, 4pm pitch
grating, which yields high signal to

LFZF with

length is used for the mask mark. The
focal length of the LFZF equals to the
gap between the mask and the wafer. When
a laser beam focused by the LFZF mark
illuminates the wafer mark, the laser

beam is diffracted by the wafer mark. The
first order of diffracted laser beam is

colliraated through the LFZF mark on to

4pm pitch
signal to

40pm focal
mark. The

the photodetect0r . The focusing position
of the collimated laser beam changes

according to the relative position of the
grating line with regard to the LFZF
ma r k •

Figure 3 shows an alignment signal
obtained with the projection LFZF
alignment system- It is shown that the
alignment signal has 8.9 V/pm sensitivity
and 2 pm capture range. An excellent
linearity near the zero-cross point has
been obtained. The noise level is only

80 mV peak to peak, which corresponds to
better than 0.01 pm resolution for the
alignment error detection.

The overlay error of this alignment
system was measured by the double
exposure technique, which employs two
exposure processes using the same X-ray
mask. The alignment data, thus, do not
include the error due to the mask

distortion. The overlay errors, measured
by using vernier patterns, are shown in
Fig. 4. The overlay errors were less than
0-1 pm in 3 sigma in both X and Y
directions. This result shows the
usefulness of this mask alignment system

for sub-half micron feature size device

fabrication.

SR f—n

1. Walerchuck

2. Wafer fine stage

3. Wafer coarse stage

4. Mask chuck

6. Mask stage

7. Alignment detector

8. He chamber

9. Bewtndow

10. l^ser Interfercmeler

11. Stage controller

ia Main computer

13. Console

Fig.l Block diagram for the X-ray
mask alignment system-

o« 0.03 ^
y«-0,0S ^
a« 0.03 um

Position Error (vm} Overlay Error (/im) Ovariay Error {;/m)

Fig-2 Schematic diagram
of the alignment optics
for projection LFZF
met hod•

Fig.3 Typical
signal obtained
projection LFZF
system.

a 1i gnme n t
from the

a 1 i gnment

Fig.4 Overlay error measured
by double exposure method
using single mask-
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Understanding of XANES spectra of
molecules and solids is an attractive
current subject. There remains several
unsettled fundamental problems. One of
them is that the oscillator strength of
the transition to the upper-lying n*
orbital in conjugated ti-electron systems
is surprisingly smaller than that to the
lower-lying one, and a simple MO consi
deration fails in explaining such
anomaly. In this work, C K-edge XANES
spectra of poly-p-phenylenes and poly-
acenes were measured, and in order to
explain the observed ls->7c* features,
empirical MO calculations based on the
CNDO scheme were performed. Multi
layer films of 7c-conjugated hydrocarbons
were prepared by evaporation onto poly-
crystalline Cu substrates. XANES measu
rements with the total electron yield
mode were performed at the Grasshopper
Monochromator Station BL llA.

Figure 1 shows normal-incident XANES
spectra of poly-p-phenylenes around tc*
regions, together with a spectrum of
gaseous benzene taken with EELS[1]. All
the spectra give a similar trend that
only one intense -n* resonance appears at
nearly the same excitation energy. It
is, however, expected from virtual tc*
orbitals of their ground states and
confirmed from electron transmission

spectroscopy that the energy of the
lowest 7i* orbital(s) should gradually
decrease with the extension of ti conju
gated system and that there should
appear a greater number of strong bands
in a larger molecule. The present MO
calculation based on the equivalent core
approximation significantly suppresses
the relative intensity. The suppression
of the transition probability to the
higher-lying tc* orbital is interpreted
in terms of the localization of tc* orbi
tals in the Cls-excited state. When a

Cls core electron is excited or ionized,
passive valence electrons experience a
sudden enhancement of a Coulomb attrac

tive potential as if the carbon nucleus
were replaced with nitrogen. Since the
2p level of nitrogen is at a lower
enirgy than the C 2p^ one, the lowest tc*
orbital becomes concentrated at the

excited atom, and the atomic orbitals of

the unexcited carbon atoms compose
higher tc* states. Since the peak inten
sity is essentially determined by the
population of tc* orbitals of the excited
atom, this leads to a significant sup

pression of transition probabilities to
higher-lying excited states. The experi
mentally obtained spectra of tc* region
of poly-p-phenylenes resemble that of
benzene, and the lowest-lying virtual tc*
orbital dominates the spectral features,
again exemplifying the rearrangement
(localization) of their tc* orbitals.

[1] J.A.Horsley, J.Stohr, A.P.Hitchcock,
D.C.Newbury, A.L.Johnson, and F.Sette,
J.Chem.Phys. 83, 6099 (1985).

n/-» OB

280 285 291

Photon Energy(eV)

Fig.l. Normal-incident C K-edge XANES
spectra in the vicinity of the C1s->tc*
region of poly-p-phenylenes. An EELS
spectrum of gaseous benzene is
inserted[1].
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Diacetylene compounds of general
formula RC^C-C=.CR* polymerize e.g. by UV
light, to form polydiacetylenes ^RC-C=.C-
CR'^ . We already reported that the Cls
XANES of a long-chain diacetylene
tricosa-10,12-diynoic acid (TDA) (R =
CHq(CH2)g, R' = (CH9)gC00H) and its Cd
salt, in the form or evaporated and
Langmuir-Blodgett (LB) films, respec
tively, changes drastically on UV
photopolymerization in the Cls -> x*
excitation region [1]. Here we report
further study of this change and its
interpretation by MO calculations [2,3].

The samples were: (1) evaporated films
of TDA, (2) LB films of TDA Cd salt
polymerized after deposition on a NESA
glass, and (3) TDA Cd salt polymerized
in monolyer form on water and then de
posited by LB method on a NESA glass.
The XANES spectra were meaured as the
total-electron yield at the beamline llA
of Photon Factory with a grasshopper
monochromator with resolution of 0.5-0.7
eV in the Cls region. UV photopolymer
ization was carried out using a Do lamp
in and outside of the vacuum chamoer.

The change of the XANES spectra of an
evaporated film of TDA in the Cls -> x*
region by UV polymerization is shown in
Fig. 1. The peak at 285.1 eV of monomer
(with a fine structture of 0.3 eV
splitting) is split to two peaks at
284.4 and 285.7 eV. These features are
interpreted by MO calculation using
equivalent-core approximation [4]. The
monomer peak is ascribed to the
transition to the lower ** levels
resulting from the interaction of two
pairs of x* levels in diacetylene.
The transition to the upper x* levels
has negligible transition probability.
In polymer, two x* systems are formed
from the C2p orbitals in and normal to
the molecular plane. The two features
in Fig. 1 corresponds to the excitations
to the bottom of these states.

The LB films of type (2) polymerized
after deposition gave qualitatively
similar change, but the degree of change
was and not so extensive as that of

evaporated films. This difference is
ascribed to the disorder in the films

caused by the deposition on the NESA
glass. To confirm this, the films of
type (3) polymerized on the water
surface showed similar spectra as those
of evaporated films.

[1] K. Seki et al., This Report, p.240
(1988).

[2] K. Seki et al., Thin Solid Films, in
press.

[3] K. Seki et al., Phys. Scripta, in
press.

[4] T. Yokoyama et al., Phys. Scripta,
in press.
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Fig. 1. Change of the XANES specttra in
the X* excitation region by UV polymer
ization for grazing (15°) incedence
(left) and normal incidence (right) of
synchrotron radiation. The time of UV
irradiation (in min) are shown for each
curve.
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Introduction

In previous works ', we have studied
photodissociation of molecules in the VUV region
using a threshold-electron photoion coincidence
technique. The present study is an extention of
the work into the soft X-ray region where
excitation and ionization of a deeper inner-shell
are possible. The inner-shell hole causes more
various dissociation processes than valence-shell
ionization. In this work, we report photo-
dissociation from K Is-shell excitation of N2.

Experimental

Experiments were carried out at BL-llA using
a 2m grasshopper monochromator. The mass
spectrometer used was of time-of-flight (TOF)
type accompanied with a threshold-electron energy
analyzer K The resolution of the electron
energy analyzer is estimated to be about 0.03 eV
from a measurement for Kr 4p photoelectrons.

Results and Discussion

Figure 1 shows an example of TOF spectra
obtained in the threshold-electron photoion
coincidence measurements. The photon energy at
401 eV corresponds to N2 KIs 2pjL excitation.
One can see three peaks; A, B and C. The peak
A is due to the formation of parent ions and
the peak B is that of N2 parent ions. It
follows that kinetic energies of these ions are
z^ro. The peak C is due to the formation of
N fragment ions with a dissociation energy. In
generally, the TOF spectrum of a fragment ion is
composed of two peaks when the fragment ion has
a dissociation energy. The two peaks correspond
to ions generated with forward and backward
initial velocities with respect to the axis of
the TOF spectrometer. In the present work,
however, the energetic ions with backward
velocities escape from the detection cone of the
TOF spectrometer because the low voltage of 10
eV is applied to an ion repeller. The low
voltage is neccessary to the high resolution of
the threshold-electron energy analyzer. As a
result, a peak alone corresponding to energetic
ions with forward velocities was observed.

The K Is-hole may be filled by Auger and/or
Auger cascade transitions. The decay causes the
foliation of multiply charged parent-ions (ex,
N2 In succession, the parent ions dissociate
to N fragment ions. The present work is
consistent with this fact. However, the N2'̂
parent ions are also observed in addition to N2 .
This observation suggests that a radiative
transition takes part in the decay from K Is-
shell excitation. Thus, the present technique
is also useful to photodissociation of molecules
in the soft X-ray region.

hv/ = 401 eV

TIME OF FLIGHT

Figure 1. The TOF spectrtim in coincidence with
threshold electrons from N2 K Is 2px
excitation. The abscissa shows the TOF of

ions which is directly related to the kinetic
energy of the ions. Peaks A, B and C
correspond to N2'*', N2 and ions produced
by the excitation, respectively.
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Recently Niicker et al.[l] r
energy-loss spectroscopy on

reported an electron
n newly discovered
or Nd„ Ce CuO. [2]."electron-doped" superconductor Nd^, Ce CuO. [2].

In the report the authors questioned n-type
superconductivity in Nd2_ Ce CuO. according to
their oxygen-K absorption measurement. We
examine this challenging report, since we have
done a quite similar experiment but reached a
different conclusion.

Figure 1 shows 0-K absorption spectra obtained by
a total-photoemission-yield-method for Nd2_ Ce_

CuO. at x=0.04 (non-superconductor) and x=5.15
^superconductor with Tc=23K). The spectra
are in good agreement with those reported
by Niicker et al. [1]. We include in Fig. 1 an 0-
K absorption spectrum of Bi2Sr2CaCu20g (Tc=85K)
measured with the same experimental setup for
comparison. An inset in Fig. 1 shows x-ray
photoemission spectra of the 0 Is core level
for Bl2(Sr, Cai-CuOg and Nd^ gCe^
1 we immediately find a considerable difference
in energy between the 0 Is core level and the 0-K
absorption edge for Bi2Sr2CaCu20g; the absorption
edge (peak A at 528 ev) nas an energy about 1 eV
smaller than that of the 0 Is core level (529

eV). A similar discrepancy is also found for
smaller than that of the 0 Is core level (529

eV). A similar discrepancy is also found for
La2- Sr^Cu04 and YBa2Cu„0.^_^. We attribute
this discrepancy to a Kind of excitonic effect
which lowers the absorption energy by the
electron-hole Coulomb interaction.

The inset in Fig. 1 shows that the 0 Is core
level has almost the same binding energy (529 eV)
between Bi-and Nd-system high-Tc superconductors.
When we assume a similar excitonic effect in Nd2_

Ce CuO., we should take 528 eV as an optical
transition from the 0 Is core level to the
electronic states just at the Fermi level
(Ep) also for Nd2_^Ce CuO^. This means that the
absorption edge in
longer corresponds to the Fermi level and instead
the center of the first unoccupied states (peak
B) is located 1 eV above Ep. j^Jhis unoccupied
electronic state would be 3d state (upper
Hubbard band) because a strong hybridization
between the Cu 3d and 0 2p orbitals enables the
appearence of the 3d state in an 0-K absorption
spectrum. This assignment ejglalns reasonably
the existence of peak B (3d ) even for non-
supercondutors.

As shown in Fig. 1, the absorption edge (peak B)
shows almost no change in the energy position or
in the intensity with Ce-doping compared with a
drastic change observed for La2_ Sr CuO, and
YBa.CUgO__». This static feature or peak B
(3d state) seems unfavorable to the d orbital
as an acceptor of doped electrons, since if

electrons are doped in the d orbital the 3d
state should be shifted toward the Fermi level

and at the same time the intensity of the
absorption spectrum should be reduced. Thus, the
experimental results observed by Nucker et al.
[1] and also in the present study suggest that
doped electrons may be transferred to the other
atomic orbital(s), for example Cu 4s. However,
it seems very difficult at this point to finally
determine the character of the atomic orbital

which accommodates doped electrons and thereby
drives the high-Tc superconductivity. Further
experimental and theoretical studies are
necessary.

1. N. Nucker, P. Adelmann, M. Alexander, H. Rom-
berg, S. Nakai, J. Fink, H. Rietschel, G.Roth,
H. Schmidt, H. Spille, Z. Phys. B75,421(1889).

2. Y. Tokura, H. Takagi, S. Uchida, Nature 337,
345 (1989).

0-K absorption

•e i\ /' 'V
S Nd-HTCs/^ / /"\
^ I I i I I / / 'i
> 534 530 526 A ;

Binding energyleV) i \
— ' ' I ; ;• ,/ i \

/r ; . / \ \

<n Bi25r2CaCu2b0 .J n
B /;•

c L/l
Ndi.96Ceo.o4,Cu04 _ / /

Ndi.BsCeo.isCuO^

/ u.

525 530 535 540

Photon energy (eV)

Fig. 1
Oxygen K absorption spectra of Nd2_^Ce CuO^ with
x=0.04 (non-superconductor) and x=0.i5 (super
conductor with Tc = 23K) measured with the total-
photoemission-yield-method, compared with that of
BipSr^CaCUpOo (superconductor with Tc=85K). Note
a alfrerence in the energy of the absorption edge
between the two classes of superconductors. The
inset shows x-ray photoemission spectra of oxygen
Is core level for Bip(Sr,Ca)„Cu„Oo (Bi-HTCS) and
Ndi gCe CuO. (Nd-HTCS). The 0 Is core
level Snows almost the same binding energy
between the two high-Tc superconductors.
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It has been gradually accepted that the Fermi-
liquld states do exist in the high-Tc supercon
ductor and play a central role in appearance of
the high-Tc superconductivity [1]. The next step
to approach the high-Tc mechanism is to elucidate
the nature and origin of the Fermi-liquid states.

Samples of Bi2Sr2Ca._ Y Cu^Oq (x=0.0 to 1.0) were
prepared by sintering mixtures of Bi„0„, SrCO„,
CaCOg, YgOg and CuO powders of 99.99 %purity
with its respective composition. X-ray diffrac
tion measurements confirmed that they are all
single-phased except for the sample of x=0.0
which contains some impurity phases of less
than a few percent volume fraction. The magnetic
susceptibility measurements showed that Tc is 80
K for x=0.0 and gradually decreases as the
content of Y and finally the sample with x=1.0
does not show superconductivity.

X-ray absorption measurement was performed
at BLllA. with the total-photoemission-yield-
method. In order to obtain a fresh and clean
surface of the sample for measurements, we
scraped the sample surface with a diamond file in
the spectrometer just before the measurements and
kept it at room temperature. No surface degrada
tion was observed throughout the measurements.

Figure 1 shows oxygen K-absorption spectra
of Bi2®^2^^1-xV"2®8
absorption edge, which is a transition from the
01s level to the empty 02p state at E,,, corre-uis levei to tne empty uzp state at Ep, corre
sponds to the photon energy of 528.2 eV. The
spectrum for x=0.0 has a narrow and prominent
peak just at the K-absorption edge, indicating
the existence of substantial density of 02p
states at Ep. The intensity of this narrow K-
edge peak gradually decreases in accordance with
the increase of Y content, namely the decrease of
hole concentration, and finally the K-absorption
edge disappears at x=l.O. This is a direct
evidence for accommodation of doped holes in the
02p states at E„.

r

The most remarkable feature in Fig. 1 is the
static nature of absorption spectrum against the
hole-doping. The apsorption spectrum is not
shifted as a whole with respect to £_ (528.2 eV)
according to the hole concentration. The hole-
doping causes the change only in the intensity of
the K-absorption edge. This indicates that the
change of electronic structure caused by hole-
doping is not a shift of the Fermi level but is
creation or anihilation of new electronic states
at Ep.

Figure shows the result a polarized K-
absorption measurement on a single crystal Bi„-
StgCaCUgOg. The intensity of K-absorption edge

at 528 eV decreases monotonously as the electric
vector of the linearly-polarized incident light
is aligned to the normal of the crystal surface
(a-b plane). This indicates that the 02p orbital
at Ep is almost perfectly oriented along the a-b
plane.

Thus, the present x-ray absorption study on
Bi2Sr2Ca._ Y^CUgOg clearly shows that the Fermi-
liquia state in tne high-Tc superconductor is not
a simple one-elecetron state predicted from band
structure calculations. The experimental result
that hole-doping does not necessarily cause a
shift of Ep but produces new electronic states at
Ep is in favor of a kind of impurity state or a
Kondo-like state as an origin of the Fermi-liquid
state. The possibility of a Kondo-like state,
however, may be ruled out by the observed
dominant 02p nature of the electronic states at
Ep since a Kondo-like state should have a
dominant Cu3d nature.

1. T. Takahashi, H. Matsuyama, H. Katayama-
Yoshida, Y. Okabe, S. Hosoya, K. Seki, H.
Fujimoto, M. Sato and H. Inokuchi, Nature 334
(1988) 691; Phys. Rev. B 39 (1989) 6636.
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Fig. 1 (left)
Oxygen K-absorption spectra of Bi2 '̂"2^^1-x^x^^2-
0„ with x=0.0 to 1.0. Note a prominent K-
apsorption-edge peak at 528 eV for x=0.0 and its
gradual decrease in intensity with decreasing the
hole concentration by increasing Y content.

Fig. 2 (right)
Oxygen K-absorption spectra of single crystal
Bi^SrpCaCUpOg measured with linealy-polarized
light by changing the incident angle )•



proposal No 89-111

XANES study of diamond films synthesized by hot filament CVD

Y.Takata, K.Edamatsu, T. Yokoyama,K.Seki , M. Tohnan^, T. Okada"'" and T. Ohta

Department of Materials Science,Faculty of Science,Hiroshima
University, Naka-ku, Hiroshima 730

Chemical Research Laboratory.TOSOH Corporation, Tonda, Shinnanyou,
Yamaguchi,736

Structures of synthesized diamond films C, whict
have been studied by various methods gives es
such as scanning electron microscopy of natui
(SEM), X-ray and electron diffraction. Above re
and Raman spectroscopy. In the present model wt
study, we introduced a new method, XANES clusters
as the probe of searching local atomic An avera

C, which was not identified as diamond ,
gives essentially the same XANES as that
of natural diamond, as shown in Fig.2.
Above results can be explained by a
model whereby film C consists of diamond
clusters having only short-range order.
An average diameter of the clusters is
estimated to be less than 40 A from the
fact that no sharp x-ray patterns were
observed.

[1]Y.Takata, K.Edamatsu, T.Yokoyama,
K.Seki, M.Tohnan, T.Okada and T.Ohta
Jpn.J.App.Phys.28(1989)L1282

structures of diamond films[l].
Diamond films were synthesized by the

hot filament CVD method from methane
diluted in hydrogen at three kinds of
methane concentration:1.0 %(film A), 4.0
%(film B) and 7.5 %(film C). From the
SEM, Raman spectroscopy and X-ray diff
raction experiments, it was confirmed
that film A and B are composed of
diamond crsytals, while film C consists
of ball-like particles without crysta
lline habits, as shown in Fig 1.

C K-XANES spectra of these samples
were taken at BL llA (Grasshopper mono-
chromator station). A 1200 lines/mm
holographic grating supplied by Astron
Co. was used. The spectra were measured
by means of the total electron yield
detection mode. The collected data were
normalized by the spectrum from an
evaporated gold thin film to correct for
energy-dependent structures on the mono-
chromator transmission function. The

normalized spectra of films A,B,C are
shown in Fig.2, along with those of
natural diamond and highly-oriented
pyrolitic graphite(HOPG). The XANES
spectral features of films A and B, both
of which have been identified as diamond
by X-ray diffraction and Raman spectro
scopy, are quite similar to those of
natural diamond. The peak at 285.2 eV is
asigned to the transition to either the
7c''(C=C) or 7c*(C=C) antibonding orbital.
It indicates the existence of unsatu-

rated (sp or sp)bonds as observed in
HOPG. It is rather surprising that film

lOum

a'(C-C)
cf(C-H)

diamond

270 280 290 300 310 320 330 340

Photon Energy (eV)

Fig.2 Carbon K-edge XANES spectra of
films A, B and C, HOPG and natural
diamond.

lOum 10um

Fig.l Scanning electron micrographs of polycrystalline diamond films
grown at methane concentrations of (a)l.O %(film A), (b)4.0 %ffilm B^
and (c)7.5 %(film C).
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Introduction

The step on a metal surface is generally
expected to play an important role in the
initial stage of adsorption. In this conection,
sulphur adsorbed on stepped surfaces is quite
attractive for the structural study. They are
investigated by LEED method and so on, but the
local structure of sulphur in these systems have
not been well elucidated yet. In this work, we
investigated the structure of the S/Ni(7 9 11)
systems by means of surface EXAFS.

Experimental

The Ni(7 9 11)=[5(111)x(To1)] surface
(7x7x2mm^) was cut out from'a Ni single-crystal
rod. The sample surface was cleaned by repeated
cycles of annealing to 800°C and Ar"^
bombardment. Hydrogen sulphide was dose at room
temperature until the value of
SLw(152eV)/Nii,{\^(60eV) peak-to-peak ratio was
equal to 0.2 in the AES profiles. A (1x1) LEED
pattern appeared. The sample was subsequently
annealed at 600'C. This treatment gave a clearer
(1x1) LEED pattern. No superstructure was found.

S K-edge EXAFS spectra were measured by
fluorescence X-ray detection mode at BL-llB.

Results and Discussion

EXAFS spectra were measured for two
diffferent X-ra^ polarizations; one for E
parallel to the [101] i.e. perpendicu3^ar_ to the
step and one for parallel to the [121] i.e.
parallel to the step. Fig.l shows the Fourier
transforms of the EXAFS oscillations measured at

incident angles of 15' , 60° and 90° for each
azimuthal-angles.

Bond length R and effective coordination
number N*, corresponding to the nearest neighbor
S-Ni bond, were obtained by the curve fitting
analysis, using EXAFS data of Ni3S2 (R=2.28A,

Eistep E// step

5S012345G Step 4-fold

N=6) as the standard. From all the EXAFS data, R
was estimated to be 2.25+0.03A. This value is

somewhat longer than that of the nearest
neighbor S-Ni bond in the S overiayers formed on
planar surfaces, such as
p(2x2)S/Ni(lll) (2.20A)1) and
(5V^x2)S/Ni(lll) (2.22A)2).

Since effective coordination number N*
depends on the azimuthal-angle, S atoms are not
adsorbed on a high symmetry site, such as the 3-
fold site. In order to determine the adsorption
site the polarization dependance of the
experimental N* was compared with the calculated
ones for the several models.(Table and Fig.2)

As shown in Table 1, the polarization
dependance of the step 4-fold site well agreed
with the observation. This is the first
observation of the local structure of sulphur
adsorbed on the step site by surface EXAFS
method.

We measured also the EXAFS spectra of
(-\^xt/3)R30° S/Ni(7 9 11); the ratio of SLvy/Nif^fW
peak-to-peak is equal to 0.6. This system was
prepared by dosing hydrogen sulphide at room
temperature after the measurements on
(lxl)S/Ni(7 9 ll)(S/Ni=0.2 ptp). The nearest
neighbor S-Ni distance in this system was
estimated to be 2.22+0.03 A, which is closer to
the values found for S/Ni (planner surface)
systems.

This fact shows that sulphur is adsorbed on
the step site, and then on the terrace site,
growing from preadsorbed sulphur on the step
site to form the (-\/3xV3)R3Q° structure. Further
analyses are now in progress.

We thank Yasutaka Takata(KEK-PF,Hiroshima
Univ.) for his help in this experiment.
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The x-ray SW method is a powerful
technique for determining the surface
structure and a number of works by use
of hard x-rays have been published so
far. On the contrary, the soft x-ray SW
method is less common because the light
source of soft x-rays has been very
limited. Recently, however, several
facilities supplying tunable and intense
soft x-rays have been developed by use
of sychrotron radiation, and the utility
of the soft x-ray SW method has been
pointed out. In this report, we describe
the application of this method and sur
face EXAFS to c(2x2)Cl/Ni(100) and
discuss the detailed surface structure

accompanied with surface relaxation.
Spectroscopic measurements were per

formed at the soft x-ray double-crystal
monochromator station BL IIB. Bragg
reflectivities from the Ni(200) lattice
plane were measured by monitoring photo
electric current Ip from the Cu grid in
front of a clean NiciOO) single crystal.
Angular dependence of the reflectivity
was studied at several angles. A Cl-K
fluorescence yield spectrum (SW absorp
tion profile) was recorded at the Bragg
angle of 85.0 (nearly normal incidence)
by use of a UHV-compatible gas-flow
proportional counter. In order to obtain
a SW profile from the substrate itself,
total electron yield spectra were also
taken simultaneously. Polarization-
dependent C1 K-edge SEXAFS spectra were
recorded at room temperature with
varying the direction of the incident E
vector of 90 , 45 and 15 with respect
to the surface normal, by use of the
same proportional counter.

The surface structure can be des

cribed by use of the SW and SEXAFS re
sults. The SEXAFS results reveal that C1
locates at the 4-fold hollow site and

the layer spacing between C1 and Ni is
1.60+0.02 A. This value is significantly
different from the location of C1 (1.80
A) relative to the bulk lattice plane,
which is determined by the SW analysis.
This deviation indicates that there

exists outward relaxation of the first

Ni layer. If we assume that only the
first Ni layer relaxes and other layers
are fixed with the bulk lattice spacing

of 1.76 A, the surface layer spacing is
estimated to be 1.96i0.05 A, which cor
responds to the expansion of 0.20+_0.05
A compared with the bulk value. The
surface structure of the present system
is consequently visualized as shown in
Fig.l.

In this report, the usefulness of the
soft x-ray SW method is emphasized. We
can use the same optical system and the
same UHV chamber with a fluorescence

detector as surface EXAFS spectroscopy
since the soft X-ray SW method requires
neither the quite high resolution nor
the high collimation of monochromatized
X-rays. These two techniques provide
complementary information; surface EXAFS
spectroscopy gives local structures such
as interatomic distances between adsor-

bates and substrate surfaces, while the
SW method provides the displacement of
adsorbates relative to the net plane of
the bulk substrate. Combining these
methods, we can elucidate the whole
surface structure for adsorbate-sub-

strate systems. Details of the present
analysis are given elsewhere.

[1] T.Yokoyama, Y.Takata, M.Yoshiki,
T.Ohta, M.Funabashi, Y.Kitajima, and
H.Kuroda, Jpn.J.Appl.Phys. 28 (1989)
L1637.

I-2.38A

t_6_0 A

1.80 A

T.76 a

Fig.l. Surface structure (side view) of
c(2x2)Cl/Ni(100).
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Recently, the soft X-ray standing-wave (SW)
method has been exploited using synchrotron
radiationCll. In order to determine the surface
structure with accuracy by this method, it is
essential to separate the signal of adsorbates
from the undesirable background. We have used a
UHV compatible gas-flow proportional counter
(FPC)E2] to measure the SW profiles so far. In
some cases, depending on the Bragg reflection
energy and the elemental combination of
adsorbates and substrates, it was hardly to
isolate the fluorescence of adsorbates due to

the poor energy resolution of FPC. Si(Li) solid
state detector (SSD) has much higher energy
resolution. In this study the SW profile
of S-K fluorescence for (575x2)S/Ni{lll) was
measured with Si(Li) SSD and compared with the
previous one measured with FPC.

The experiment was carried out at the soft X-
ray double crystal monochromator station (BL
UB). A single crystal Ni(lll) was cleaned by
argon ion bombardment and annealing. The clean
surface was dosed with H2S and subsequently
healed at about 600K. This treatment leads to

clear 5)3x2 complex LEED pattern which retains
its sharpness for several days under the UHV
condition.

The SW profiles associated with a normal-
incidence Ni(lll) Bragg reflection were measured
with the energy-scanning mode. A Si(Li) SSD was
used for the measurement of S-K fluorescence

yield, whose energy resolution is about 140eV
(FWHM) at 2308eV (S-K fluorescence).

The pulse height spectrum for the soft X-ray
yield from (5v^x2)S/Ni(111) measured with SSD
and FPC are shown in Fig.l and Fig.2,
respectively. The Incident photon energy is
3060eV. In the spectrum from SSD, S-K
fluorescence is completely isolated from the
elastically scattered X-rays and Si-K
fluorescence in contrast with that from FPC. Si-
K fluorescence may originate from insulating
materials or viewing ports. The SW profile of
S-K fluorescence for (5JJx2)S/Ni(111) associated
with normal-incidence Ni(lll) Bragg reflection
is shown in Fig.3. This spectrum was recorded
using a single channel analyzer to window the S-
K fluorescence peak shown in Fig.l. The profile
is different from that measured with FPC (see

Fig.l in Ref.3). As shown in Fig.2, we cannot
separate S-K fluorescence completely with FPC.

So, in the previous study the background
spectrum from the clean surface had to be
subtracted in order to obtain the correct

profile. The present profile (Fig.3) is almost
the same with the background subtracted one (not
shown).

By use of SSD, It will be possible to study
surface structures including elements whose
fluorescence cannot be resolved with FPC.

[13 T. Yokoyama et al. JJAP 28 (1989) L1637.
[2] M. Funabashi et al. RSI M (1989) 2505.
[33 T. Yokoyama et al. Photon Factory Activity

Report #6 (1988) 243.
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Fig.l. Pulse height spectrum from Si(Li) SSD for
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Fig.2. Pulse height spectrum from FPC.
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Fig.3. SW profile of S-K fluorescence for
(5J5x2)S/Ni(lll).
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INTRODUCTION

The surface EXAFS method is suitable
for the study of the adsorption-induced
surface reconstruction. We have
investigated the (5'/3x2)S/Ni(111) system
with this method and confirm the surface

reconstruction into the pseudo-c(2x2)
S/Ni(100) structure^. Here we report the
surface EXAFS results for S/Cu(111)
system with (a/Tx*/? )R19.1 ° LEED pattern.

EXPERIMENTAL

When a cleaned single-crystal Cu(lll)
was dosed with ixlC'^PaHaS for more than
20 seconds at room temperature, the
(a/Txa/DRIQ. 1° LEED pattern was observed.
The surface EXAFS measurements for this
sample were carried out at the BL-llB soft
x-ray double crystal monochromator
station by monitoring sulfur K
fluorescence yields with an ultrahigh
vacuum compatible gas-flow proportional
counter^. The polar angle of incident x
rays, 0, was changed from IB^Cglancing
incidence) to 45° and 90°(normal
incidence).

RESULTS AND DISCUSSION

Figure 1 shows the sulfur K
fluorescence yield spectra for the three
different polarization angles. The
periods of EXAFS oscillation are
different from each other, and
correspondingly the position of the

2400 2500 2600 2700 2800 2900

Photon Energy (eV)

Fig. ! S-K EXAFS spectra for (a/TxvT)R!9. TS/Cud 11)

dominant peak in the Fourier transform
moves with the polar angle. It means that
there are two or more types of S-Cu bonds
and the contribution of these components
changes with the polar angle, leading to
the apparent shift of bond length. Thus
we performed the EXAFS spectral
simulation for several structure models
proposed by the LEED pattern and the
qualitative feature of the EXAFS spectra.

The final model we propose is shown
in Fig. 2, where the top layer of Cu(111)
is separated into two layers through both
the vertical and lateral movements. Guj
(open solid circle) is located in the
upper level, while Cug (open dashed
circle) is in the lower level. Sulfur
atoms (full circles) are adsorbed at three
types of sites. S^ is at the 3-fold
hollow site composed of Cu|, S2 is at the
other 3-fold hollow site composed of Cu|,
and S3 is at the 3-fold hollow site
composed of Cug- The structure parameters
were obtained by the EXAFS simulation and
summarized in Table. Although the
vertical distance of Cuj-Cug cannot be
determined directly by this method, it
should be larger than 1.15A to avoid an
unreasonable contraction of Cui-Cug
distance.

REFERENCES

1.Y.Kitajima et al: Surface Sci. 214,
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Fig. 2 Structure model for ('/7'xvT)R19.1 S/Cu(lll

Table The structure parameters obtained by EXAFS simulation.

Lateral displacement (A)
)ci(Sj-Cui) 0.34
X2(Si-Cu2) 0,21

Bond distance (A)
Rl(S]-CU]) 2,22
R2(S2-Cuj) 2.3!
R3(S3-Cu2) 2.35

Vertical distance (A)
di(Sv-Cui) 0.00
d2(S2-Cui) 1.47
d3(S3-Cu2) 1.66

Bond declination angle (deg)
O](S]-Cuj) 0.0
«2(S2-Cu]) 39.6
G)3(S3-CU2) 45.0
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Introduction

Recent development in synchrotron radiation
sources has made it possible to study resonance
phenomena of Auger electrons. Auger shape-
resonance phenomena were observed for C(KVV),
O(KVV), and S(LVV) Auger processes in several
gaseous samples.However, no reports have been
made on resonance phenomena involving deep-core
electrons of solid materials. During the course
of the investigation on S(KLL) Auger spectra, the
present authors found the analogous phenomena for
solid samples containing S®*.

Experimental

All the measurements were performed at the
BL-llB in the Photon Factory. X-ray excited
S(KLL) Auger spectra were taken using a newly
constructed electrostatic hemispherical electron
analyzer system (Rigaku Industrial Corp.) with
high energy resolution up to 5000 eV.2) The pass
energy was set to 20 eV and the collection time
was 0.5 s/ch. Powdered samples of MoSz,
Al2(S04)'3, and NazSzOa were dispersed on Cu metal
plates to restore conductivity of the samples.

Results and Discussion

S(KL2,3L2,3) Auger electron spectra for
Na2S04 excited by various incident X-ray energies
(Ei) between 2476.5 and 2486 eV are shown in
Fig.l. Kinetic energy-shift caused by charging up
was corrected for each incident X-ray energy using
the photoelectron energy of C Is of contaminants.
Two kinds of Auger decay processes were observed
in Fig.l. One is the Auger peak at 2105 eV which
has a maximum intensity when incident energy is
2482.0 eV. When the peak appears (Ei=2476.5 -
2480.0 eV) and disappears (Ei=2484.0-2486.OeV),
the kinetic energy of the peak shifts to higher
energy side with the increase of incident X-ray
energy. The other is the Auger peak at 2109 eV
which appears when Ei is greater than 2481 eV.
This phenomenone is contrastive to MoSz which a
single peak was observed for.3)

Figure 2 shows S(KL2,3L2.3) Auger electron
spectra for NazSzOs excited by various incident X-
ray energies (Ei) between 2468.0 and 2486 eV. In
this case, four kinds of Auger decay processes
were observed. First is the Auger peak at 2109 eV
which has a maximum intensity when Ei=2471.0 eV.
Second is the Auger peak at 2104 eV which has a
maximum intensity when Ei=2480 eV, Third and
fourth are the Auger peaks at 2100 and 2104 eV
which appear Ei is greater than 2482 eV. The peak
at 2104 eV is corresponding to the Auger electron
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/ 2479.0

/ 2478.5
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Fig.l S(KLL) Auger electron spectra for Na2S04
excited by various incident X-ray energies(Ei)
between 2476.5 and 2486 eV. P2486.0

2485.0
2484.0
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Fig.2 S(KLL) Auger electron spectra for NazSzOs
excited by various incident X-ray energies (Ei)
between 2468.0 and 2486 eV,

due to The peak at 2100 eV is corresponding
to 82-.

As shown above, there are differences in the
behavior of S(KLL) Auger spectra among SO42-, S2-,
and 82032-. The most probable cause of the
difference is the different structure of the

valence band. Theoretical approaches are required
for further discussion from this point of view.
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Introduction 61 1 t 1 1
We previously measured the x-ray reflec- A|

tion at the surfaces of metal films and, then,
their refractive indices were determined by
the least-squares fitting (1). The standard \ 4- iionkeei nl.
deviations of the imaginary part were somewhat ~ \
large. We have, therefore, planed to determine / - \ ^
independently the imaginary part of the re- °
fractive index, i. e., the absorption coefficient, ^ 2" \
of materials. As sample materials, Al, Cr, and
Ni have been chosen: Cr and Ni are usable . \J
materials for optical elements used in the 2.4- -r
4.3 nm wavelength region (2). Soft x-rays in q—"^•"•"••'*"1^ —1 1
this wavelength region (so-called "water win- 1 2 3 4 (
dow") are suitable for biological studies. , n

Wavelength (nnO
Experimental Fig. 1 Mass absorption coefficients 0

X-Ray absorption measurements were done wavelength,
at the wavelength region of 1.25-6 nm at the
beam line BL-IIA. The incident beam was fil- ni 1 1 1

tered by a 250-nm-thick copper foil (1.25-2.95 Qp
nm wavelength region) and a 350-nm-thick silver "
foil (2.95-6 nm wavelength region). « J

Each sample was deposited by electron ^ ^ ' _rJ[
beam evaporation onto a 400-nm-thick polycar- g m
bonate membrane substrate. The sample thick- " " ft
ness was monitored by a quartz oscillator. The — JJ /
sample deposition and the x-ray absorption ^ 1 " If (
measurement were done alternatively in the ^ ^
same chamber without breaking the vacuum, by / !i ^llenks ei al.
which the samples were prevented from being
oxidized and polluted by air. 0 I 1 1 1 1

1 2 3 4 E
Results and Discussion

In Figs. 1-3, averaged mass absorption Wavelength (nm)
coefficients of Al, Cr, and Ni obtained by the Fig. 2 Mass absorption coefficients of
present study are shown together with the wavelength,
values calculated from the atomic scattering
factors of Henke et. al. (3) for comparison. 3 1 1 1 1 1
The average was carried out over 8 (for Al \
and Cr) or 10 (for Ni) data at each of 256
wavelength points. bO ji 1/ » 1 -f"

Although the absorption edge of Ni \ 2 - en e e a .
agrees between both curves in Fig. 3 (1.45 nm), % \
that of Cr does not agree in Fig. 2 (2.15 nm in
our case and 2.07 nm in the case of Henke et. 2 [ /
al.}. This remains a question. ^ 1 -yfl L,

Some large deviations from an expected ^ 11 1 l''\f
smooth line are seen in Figs. 1-3. They are - 1 U
explained by the mixing of the second-order 1 f
light. When the content of the second-order 0 I 1—ll j 1 i
light is large, the value of mass absorption 1 2 3 4 £
constant might be observed between the true Wavelength (nm)
value and the value for the second-order

light. At 2.6-2.95 nm, the absorption of the Fig. 3 Mass absorption coefficients c
first-order light by the Cu filter is higher wavelength.
than that of the second-order. At 5.8-6.2 nm,
the Ag filter was not thick enough to reduce References
the second-order light sufficiently. The devia- 1. N. Kihara, H. Nagata, N. Nakagiri, H.
tions at 4-4.3 nm might be caused by the and T. Miyahara, Rev. Sci. Instrum. 60
carbon contained in the polycarbonate mem- (1989)
brane: The relative content of the second- 2. H. Fujisaki, Jap. J. Appl. Phys. 2Jj 133
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membrane. 340 (1981)
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Fig. 2 Mass absorption coefficients of Cr vs.
wavelength.

enke et a .

Wavelength (nm)

Fig. 3 Mass absorption coefficients of Ni vs.
wavelength.
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The group-IVB and -VB transition-metal
carbides and nitrides exhibit unique bonding
properties. Their extreme hardness and high
melting temperatures are typical of covalently
bonded materials. These compounds also show
metallic properties such as metallic color, good
conductivity and, in some cases,
superconductivity. In addition, they
crystallize in the rock-salt structure typical
for ionic crystals. Another remarkable property
of this class of materials is their tendency to
form nonstoichiometrically; they can accommodate
up to 50% vacancies on the nonmetal sublattice
while retaining the rock-salt phase. The
vacancies have a strong influence on a variety
of physical properties.

The stoichiometry-dependent bulk electronic
structure has been studied by optical
spectroscopy for single crystals of TiCx with
x=0.95 and 0.70, VCx with x=0.86 and 0.76, and
NbCx with x=0.93, 0.84 and 0.71.^) The
reflectance was measured in the photon energy
range 0.5-40 eV for all the samples and measured
up to 100 eV for TiCo.95, VC0.86' ^^id NbCo.93.
By making a correction for the surface-roughness
effect with use of measured roughness values,
the data were Kramers-Kronig analyzed to obtain
the dielectric function and related functions.

Figures 1-3 show the resultant optical
conductivity spectra of TiCx, VCx and NbCx,
respectively. The observed interband
transitions, except for V, can be interpreted on
the basis of existing calculations for the
energy-band structure and partial density of
states. Main peaks, D, E, and F, are assigned
to transitions at and around the X and Q
portions in the Brillouin zone. Their shifts to
lower energy and reduced intensities with
lowering carbon concentration can be explained
by the concomitant changes in the p-d
hybridization. Features, A and B, in three
compounds and E* in NbCx are attributable to
transitions involving initial or final sates
near the Fermi level. Their dramatic x-

dependent behavior in VCx and NbCx provides
clear experimental evidence that the Fermi level
moves downward in these compounds with lowering
carbon content. Structure V in VCx and NbCx,
which remarkably develops in intensity as x
decreases, cannot be identified in the band
structures for x=l and is ascribed to a

transition between vacancy-induced states below
and just above the Fermi level. No
corresponding structure is observed in TiCx.

All the volume electron-energy-loss
functions show the main volume plasmon peak
which is close to the free-electron-gas plasmon
energy and shifts to lower energy with lowering

x.^^ A small Drude plasma structure is observed
at 2.7 eV in NbCo.93, being rapidly attenuated
with increasing carbon vacancies.
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Fig. 1 Optical conductivity of TiCx.
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Magneto optics is a powerful technique for
spectroscopic studies of the magnetic properties
of materials. In particular, magnetic circular
dichroism (MCD) using circularly polarized light
provides useful information about the spin-
dependent electronic structure and has been
widely used in the visible region. However, MCD
studies have been severely limited in the VUV
region because of experimental difficulties.
For the past several years, we have developed a
magneto-optical apparatus consisting mainly of a
superconducting magnet in order to study MCD in
the VUV region. A description of the apparatus
is given here together with an example of
results obtained so far.'-'

The magnet system satisfies the following
specifications: (1) The superconducting magnet
is a split-coil solenoid producing fields up to
5.8 T; (2) Its cryosystem has a double wall to
make it bakable, i.e., UHV compatible; (3) The
smaller magnet bore of the double wall is 4.8 cm
in diameter, allowing MCD measurements in
reflection as well as in transmission; (4) Field
homogeneity at the sample position is better
than 0.5% within a cube 1 cm in diameter. The

whole system also meets the requirements: (5) It
contains a component which can produce
alternating left and right circularly polarized
light; (6) The samples are interchanged without
braking the vacuum; (7) The sample temperature
is varied from liquid helium temperature to room
temperature.

Figure 1 shows a schematic of the
experimental setup. A calcium fluoride stress
modulator is used for a quarter-wave retarder
and linearly polarized synchrotron radiation
from a Seya-Namioka monochromator is converted
to 50-KHz left and right circularly polarized
light. A lithium fluoride stress modulator will
be used in near-future experiments. The
detector is a sodium salicylate-coated
photomultiplier specially designed for use under
high magnetic fields. The d.c. component of an
output of the photomultiplier is kept constant

Supercond. Magn^
Photomul.

p—^
-HV Supply!

I
DC Servo
Amp. I

IComputeH

Sample/tress Modulator
I / Mz I

Modulator
Driver

Lock-in Amp

Fig. 1 Arrangement for MCD experiment.

by controlling a high voltage applied to the
photomultiplier. The a.c. component, which is
proportional to the MCD signal, is detected with
a phase-sensitive technique.

Figure 2 displays MOD (in reflection) and
reflectance spectra of KI taken at room
temperature in the region below 7.5 eV. Spectra
of Rbl are similar to those in Fig. 2. There
are four exciton peaks, Ei through E4 and two
shoulders. Si and $2, over this energy range,
although E2 and E3 are not well resolved at room
temperature. The MCD signal for each structure
is proportional to the logarithmic derivative of
reflectance, giving effective g values of 1.24,
1.22, ~ -0.8 and -0.76 for excitons Ei, E2, E3

and E4 in KI, respectively. Effective g values
for Si and S2 are also determined to be 1.20 and
- 1.3. Similar results are obtained for Rbl.

Low-temperature measurememts are required for a
precise determination of g values for structures
E3 and S2 •

The assignments of the structures deduced
from the present g values are consistent with
those determined from our previous
piezoreflectance studies;^"^' Ei and E2 are
attributed to spin-orbit split F excitons. Si and

$2 to their interband thresholds, E3 to an L
exciton, and E4 to a composite structure of L
and X excitons. The finding that the measured g
values for excitons, Ei and E2, are nearly the
same as those for the corresponding band-to-band
transitions. Si and 83, indicates that the
exchange interaction between the electron and
hole has negligibly small effects on the MCD
spectra of excitons in KI and Rbl.

1) T. Koide et al., manuscript in preparation.
2) T. Koide et al., Solid State Commun. 22.r 547

(1979) .
3) M. Miyabe et al.. Solid State Commun. £(1, 281

(1986); J. Phys, Soc. Jpn. ££, 378 (1987).
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Fig. 2 MCD (solid line) and reflectance (dashed
line) spectra of KI.
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It is well known that the growth
kinetics of Si epitaxial film indicates
strong dependence upon the reactant-gas,
species and the substrate orientation.
This means that the surface reactions

such as adsorption of reactant gases and
desorption of reaction products are
severely affected by the crystal
orientation. In this study, to clarify
how surface atomic steps affect an
adsorption kinetics of reactant gases we
measured UPS spectra of SiH.- and Si~H^-
adsorbed Si(100) O°off and 4°off
surfaces with synchrotron radiation.

The experiments were performed at
beam line BL-11C. The substrates used

were Si(100) 0 off and 4°off wafers.
The gas adsorption of SiH. and Si-Hg was
done at room temperature and an amount
of exposure was 36000 L.

Figure 1 shows UPS spectra of SiH.-
and Si2Hg-adsorbed Si(100) o'̂ off surface
compared with that of H2-adsorbed
surface. The photon energy is 30 eV.
In the figure, the peak positions of
monohydride, dihydride, and trihydride
are indicated with arrows. ' ' From
Fig.1, it is clearly seen that there is
a lot of trihydride on the H.-adsorbed
surface and monohydride and dihydride
are dominant on the SiH.- and Si2Hg-
adsorbed surfaces. A dip at 6 eV ,
corresponding to the structure due to
trihydride, is deeper for Si^H^ than
that for SiH^. This suggests that
dissociative adsorption of Si^H^ leads
to most of monohydride and dihydride.

This trend of adsorption kinetics
for the reactant gas species can been
seen more remarkably for the Si(100)
4 off surface. A structure at 10 eV,
corresponding to the peak due to
trihydride, shows up clearly on the
SiH^-adsorbed surface, but remains
unchanged same as in Fig.1 for Si2Hg
adsorption. In addition the dip
structure at 6 eV becomes deeper for the
latter. This indicates that surface

steps change significantly a reaction
path to increase Si-H. for SiH. and Si-H
and Si-H2 for Si2Hg.

We also measured UPS spectra with
ultraviolet light of 23 eV and 15 eV.
As a result, it is concluded that the
dominant reaction kinetics of SiH. and

4

Si^H^ adsorption on the terrace and step
edge of Si(100) surface is as follows;

Si-H2 + 2Si-H

Si-H^ + Si-H

(terrace)

(step edge)

n
2Si-H2 + 2Si-H (terrace)

Si-H2 + 4Si-H (step edge)

1) C.W.Pearce, VLSI Technology, ed.
S.M.Sze(McGraw-Hill,New York,1988)p.55.
2)R.Butz, E.M.Oellig, H.Ibach and
H.Wagner: Surf. Sci. 147(1984)343.
3)K.C.Pandey, T.Sakurai and
H.D.Hagstrom: Phys. Rev. Lett.
35(1975)1728.

Sl(100)0*off

10 5

BINDING ENERGY (eV)

Fig.1 UPS spectra of Hp-, SiH.- and
Si2Hg-adsorbed Si(IOO) 0 off surfaces
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It was reported that H2 desorption
from the crystal-growing surface is a
rate-limiting reaction in Si crystal
growth using gas at low
temperatures. In order to establish
a low-temperature process, we tried to
break Si-H bonds on a SiH.-adsorbed

Si(100) surface with synchrotron
radiation. It was found that Si-H

bond breaking takes place at a photon
energy above 20 eV on this surface.
Furthermore we clarified a reaction

kinetics of the Si-H bond breaking by
measuring ultraviolet photoelectron
spectra with synchrotron radiation.

The experiments were performed at
beam line BL-11C. The substrates were

Si{100) 0°off surfaces. The SiH^
adsorption was carried out at room
temperature and its exposure was 36000
L.

Figure 1 shows a photon-stimulated
desorption (PSD) spectrum of H ion.
It is seen that the H^-PSD yield
increases at a photon energy above 20
eV and saturates at about 33 eV. This

PSD yield spectrum is very different
from that of a HF-passivated Si{111)
surface, in which there is a maximum at
23 eV. The Si-H bond configuration
of hydrides on each surface is j)
responsible for this difference.

To demonstrate clearly an
irradiation-induced change in UPS
spectral profile , we derived
difference spectra with respect to that
at t=0 min as shown in Fig.2.
Unmonochromatized light was used for
irradiation because of its strong
intensity. Two peaks at 3 eV and 7
eV, corresponding to monohydride, do
not decrease but increase with

irradiation time. This means that the

amount of monohydride increases in
spite of Si-H bond breaking. On the
other hand, from UPS spectra obtained
with ultraviolet light of 15 eV it was
seen that the amount of dihydride
decrease significantly with irradiation
time. These observed changes of each
hydride can be explained in terms of
the following reaction kinetics model;

.H vH yR,
Si-H3 Si-H^ Si-H
where C1, C2 and C3 are the rate
constants. In this model, breaking of
the Si-H bond in dihydride leads to
production of monohydride. Therefore
if the value of the constant C3 is

smaller than that of C2 and the amount
of trihydride is a little, the amounts
of dihydride and monohydride would
decrease and increase with time,
respectively, as observed in this
study.

1) F.Hirose, M.Suemitsu and N.Miyamoto:
Jpn. J. Appl. Phys. 28(1989) in print.
2) Y.Takakuwa, M.Nogawa, M.Niwano,
H.Katakura, S.Matsuyoshi, H.Ishida,
H.Kato and N.Miyamoto: Jpn. J. Appl.
Phys. 28(1989)L1274.
3) Y.Takakuwa et.al.: to be published.

20 30
PHOTON ENEROY (»V)

Fig.1 H'''-PSD spectrum from the SiH^-
adsorbed Si(IOO) surface.

10 5
BINDING ENERGY [eV)

Fig.2 Difference UPS spectra of the
SiH^-adsorbed Si(IOO) surface.
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BaFz has several sharp reflectivity peaks in the

photon energy region froa 16 to 21 eV. These peaks have

be«i attributed to Ba®* 5p-6s,5d core excitons, details of

which, however, are not clear yet. Studies of stress

effects are interesting for clarifying origins of these

peaks. Piezoreflectivity spectra of BaFg with mxi-norsal

incident gecaetry" were leasured at BL-llC using Seya-

Naiidta type BOiochroBator. All aeasureoents were Bade at

rooa tenperature.

Figure 1 shows the reflectivity spectrum of BaFa.

The spectrum is competed of four distinct peaks (B,C,E,and

F) and two weak peaks (A and D). In figure 2, the cubic,

tetragonal and trigonal piezoreflectivity spectra,

(ifE/Tl)cub, (JR/R)tet and 01R/Tl)tri, are shown. For coapar-

istxi, the logarithmic enegy derivative of the reflectivity

spectrum, (l/R)(dR/dE), is also shown. The line shape of

ea(^i structure in the (dR/R) spectra is approximately pro

portional to that in the (lA)(dR/dE) spectrum. By compar

ing the peak-to-peak amplitude of each structure in the

(ilR/R) spectra with that in the (l/R)(dR/dE) spectria, aie

can {Atain deformation potentials. These are listed in

table 1. General tendency of the cubic deforaatioi

potaitials - sign and magnitude - agrees with that of
thermal shifts.

We interpret these origins in the atomic picture,

while Rubloff assigned these structures in the band

picbire.^^ According to the point ion model, signs of
defonatiwi potentials for each excitation are predicted as

shown in table 1. Comparing the signs of the deformation

potentials with those by the point ion model, we assigned

each structure as listed in table 1. The C and F structures

are assigned to 5p-6s excitras. Their oiergy s^iaration is

2.0 eV and this value is nearly equal to the S-0 splitting

of free Ba^* 5p states. In these assigrmaits, some of the

5s-6d excitations are located at lower energy than the

5p-6s excitation, in good accord with the case in free

iai. This result is differait from that in Rb halides,

where the structure appearing at the lowest energy in the

core excitaticm region was assigned to the 4p-5s excitwi.®'

It is concluded that the atomic picture explains

well the core excitations in BaFa the same as in aikali

halides.

References

1) Y.Aiura et al. : Photon Factory Activity Report 1986 #4

241.

2) G.tf.Rubloff : Phys. Rev. B5 662 (1972).

3) C.Satoko et al. : J. Phys. Soc. Jpn. 34 701 (1973).
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The reflectivity spectra of (X-Al^O^ single
crystals measured with the plane polarized light
have been reported by us in refs. 1) ~ 3). The
spectrum in this report measured at BL-llC with
no In-filter employed is dissimilar to each of

1 ~ 3)
the preceding results in the relative mag
nitudes of the peaks found in the region up to
35 eV. The present spectral behaviour (full
curve in Fig. 1) was obtained under the condition
I (.A)/I '(A) = const of A which ascertains that

o o

no appreciable changes in the incident light
intensities occurred at each of A's during the
passage of time in the measurement; here, I^CA)

and I^'(A) are the reference light intensities
at the wavelength A before and after the run of
the reflected light measurement, respectively.
Thus, it appears probable that the present spec
trum is more reliable. The dotted curve stands

for the reflectivity spectrum calculated with
the use of literature values of the refractive

indices.

The spectrum of which is Kramers-

Kronig transformed from this reflectivity spect
rum, is found to be consistent with the number
of the valence band electrons. As regards the
physical interpretation of the spectra of optical
constants, no new materials are found at present

3)
to be added to the preceding publication

References

T. Tomiki, T. Futemma, H. Kato, Y. Aiura,
H. Fukutani and T. Miyahara: Photon Factory
Activity Report #5 (1987) p. 289,
T. Tomiki, T. Futemma, H. Kato, T. Miyahara,
Y. Aiura and H. Fukutani: Photon Factory
Activity Report #6 (1988) p. 248.
T. Tomiki, T. Futemma, H. Kato, T. Miyahara,
Y, Aiura, H. Fukutani and T. Shikenbaru: J.
Phys. Soc. Jpn. 58 (1989) 1486,

o(-Al203 REFLECTIVITY SPECTRUM
RCE)

A 296 K

^ 10 20 30
PHOTON ENERGY E(eV)

Fig. 1. The reflectivity spectrum of C«:-Al202
measured with the plane polarized light at BL-
llC. The orientation of the specimen relative

to E, the field vector of the light, is the

same as the preceding specification of <c> J. E
in refs. 1)^ 3). The crystallographic check is
now being carried out.
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Introduction
In addition to our previous results'', we report

further photoeraission evidence for the bulk anti-
ferromagnetic (AF)—paramagnetic (PM) phase transi
tion in Cr. An emission from the 24 and 2i bands
unique to the AF phase was found to disappear at
above the Neel temperature (Tn =312 K).

Experimental
The ARUPS experiments were made on BL—IID. The

clean Cr(llO) was prepared by repeated Ar"^ sputter
ing and annealing cycles. Ihe working pressure was
1 XlO-'° Torr.

Results and discussion
Fig.l shows normal-emission photoelectron spectra

of the clean Cr(llO) surface measured at 80 and 470
K: (a) A V = 25 eV and =60° from the surface
normal and (b) fiv =45 eV and =25° .The 7"= 80
-K spectra show four features at ~0.3, 1, 3, and 6
eV below Bf . Throughout this work, the surface
component of the vector potential (A) of the inci
dent light was at an angle of 55° with the [001]
azimuth (see the inset^of Fig.l), i.e., in the [111]
azimuth (An along [111]). The hv dependence of
the normal-emission spectra for A|i parallel to the
[001] azimuth have been reported previously" .
According to Ref.l, the observed features at -^0.3,
1, 3, and 6 eV in the_ J'=80-K spectra of Fig.l are
ascribed to the emission from the surface resonance
(SR) state and 3d-like Ea bajid, the 3d-like top
2i bands, the middle 2i bands, and the 4s~like
lowest 2i bands, respectively. For the h v =45-
eV spectrum [Fig.1(b)], the lowest 2i band emis
sion is superposed to an incoherent MssVV Auger
emission with a fixed kinetic energy of_36-38 eV as
referenced to Bp • Since An along [111] has a
component parallel to the [TlO] azimuth, an emission
from the 24 band can be excited. The position of
the 3-eV feature determined from this study is plot
ted in Fig.2 (stars marked by arrows),which show all
the experimental points (from Ref.l) plotted over
the calculated bulk band structure (lines) of AF Cr
^' (circles are for the 21 peaks and crosses for
the 23 peaks).There, we assume a free-electron-like
final-state band with 2i symmetry and with an inner
potential Vo =9.8 eV for the case of Cr(llO) [Ref.
1]. The 24 -band emission may overlap the emission
from the middle 2i band at ~3 eV.

As has been discussed in Ref.l, the existence of
the 23 -band emission is possible at 20^ h v ^45
eV for both the AF and PM phases, but the 24 and
middle 2i bands unique to the bulk AF phase should
disappear at above Tn . In fact, as seen in Fig.l,
when increasing temperature from 80 K (below Th )
to 470 K (above Ts , 7=1.5 Tn ), the '-'3-eV
emission feature disappears, while other features
are essentially unchanged.

References
1)Y.Sakisaka, T.Komeda, M.Onchi, H.Kato, K.Edamoto,

and Y.Aiura, Phys. Rev. B 38, 1131 (1988).
2)S.Asano and J.Yamashita, J. Phys. Soc. Jpn. 23,714

(1967).
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Introduction
Two-dimensional band dispersion was studied by

angle-resolved photoemission (ARUPS) for a p(2x2)-Xe
overlayer on Cr(llO) with a Xe-Xc nearest-neighbor
distance of t/xe-xe =4.99A, which is much larger
than earlier reported ones. The Xe 5p 1/2,3/2 levels
show ~0.2 eV dispersion, which confirms the theo
retical prediction, or a simple exponential depen
dence of the bandwidth on ^Xe-Xe •

Experimental
The ARUPS experiments were made on BL-llD. The

clean Cr(llO) was prepared by repeated Ar^ sputter
ing and annealing cycles. With liquid-N2 cooling,
the sample could be cooled to ~80 K. The working
pressure was 1 XlO"''^ Torr.

Results and discussion
As the Cr(llO) clean surface is exposed to Xe gas

at 80 K, a p(2x2) LEED pattern is observed at 5X10'®
^2x10'® Torr Xe. For the p(2x2)Xe/CrUlO) overlayer
, o'xe-xe is 4.99 A, being 1421 larger than the bulk
value._ Fig.1 shows off-normal UPS spectra along the
[001](r//) azimuth for the p(2x2)Xe surface (hv =
30 eV, 01 =60° , 80 K). Ifoth the Xe 6^3/2 and 5p
1/2 peaks shift slightly to higher binding energies
as the emission angle 0e is increased until a sur
face Brillouin zone boundary is reached. Fig.2 shows
measured dispersion of both Xe 5p bands for p(2x2)Xe
/Cr(110).A compilation of the available experimental
data, in a semilogarithmic plot, for the full Xe 5p

P(2x2) Xe/Cr(1 10) 80 K
hU=30eV d^=SO° l<|,alaTg[OOII (r-H)

XeSp Xe5p3^3

•' —^ •

o*(r)-_.

1/2 bandwidth for ordered monoiayers on various sub
strates as a function of t/xe-xe is shown in Fig.3
(solid symbols)[see Ref.l]. Here, a simple exponen
tial dependence of the bandwidth on t/xe-xe is as
sumed, as can be expected if the bandwidth is deter
mined by wave-function overlap. The three open cir
cles connected by.a straight line are the results
given by the LRC band calculation for an unsupported
Xe monolayer^'. As seen in Fig.3, except for Xe/^t
(111), the data obtained previously are concentrated
on the narrow c/xe-xe range between 4.3 and 4.5 A,
and therefore it is not sufficient to prove the LRC
calculation or the exponential dependence of the
bandwidth on </xe-xe . However, when our Xe/Cr(110)
datum (denoted by a solid star) is included, we find
the agreement between theory and experiment becomes
good. That is to say, though the data in Fig.3 are
somewhat scattered, the general trend of the data
indicate that the bandwidth of the Xe 5p state seems
to be determined by c/x«-x6 .The Xe-substrate inter
action might be relatively important for larger dx^
-Xe , but our data indicate the Xe-substrate inter
action is of minor importance as conpared with the
lateral Xe-Xe interaction.

R0 f 0r0ncss
1)T.Koraeda, Y.Sakis^a, H.Onchi, H.Kato, S.Suzuki,K.

Edamoto, and Y.Aiura, Phys.Rev.B40, 3344 (1989).
2)K.Hermann, J.Noffke, and K.Horn, Phys. Rev. B 22.

1022 (1980).
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Introduction

The electronic structure of Ag is of considerable
interest since its valence state consists of two

different components, viz, localized d-states and
free-electron like s,p-states. In this report, the
electronic structure of Ag(lll) is investigated by
angle resolved photoeiiiission spectroscopy.

Experimental
The measurements •were conducted on BL-llD with

a spherical analyzer. The clean Ag(lll) surface was
prepared by repeated Ar" sputtering and annealing
cycles. The base pressure was 1 x 10"'® Torr.

Results and Discussion

Figure 1 shows normal emission spectra for
Ag(lll). The intense band observed at 4 - 7.5 eV
is composed of 4d bands. In this photon energy
region, the density of state effect is dominant in the

spectra," and thus the 4d bands appear in the
overlapped form. We use the newly developed FIRO
deconvolution method^' to resolve the overlapped peaks.
The resolved peak positions are used to map the energy
band dispersions along F-L direction. Figure 2 shows
the results together with the calculated band structure
by Christensen.®' The experimental bands are flat, but
well reproduced by the flat parts of calculated bands.
Besides the 4d bands, the plateau like emission is
observed between Ef and 4d band (Fig. 1). In this
region, only the s,p band is expected to exist,
therefore, the plateau is associated with s,p band
emitted via the indirect transition, which is probably
due to thermally induced phonon-assisted process.
Figure 3 shows a plot of the area intensities of the
plateau as a function of photon energy. The emission
is enhanced at hw >38 eV where the emission comes from
the region near the s,p band, and is weakened as the
region separated from the s,p band (Fig. 2). These
results suggest that the plateau arises from the s.p
band and that the emission is broadened due to the
phonon assisted process.
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Introduction

Recently, it has been reported that the
resistivity for SmPd3Bx decreases with teirperature
v^en the concentration of boron is increased^'.
For SmPdsBx with high x-value, therefore, it is
anticipated that the Sm 4f states are located
near the Fermi level so that Kondo effect appears
to occur.

Vfe have performed photoanission measurements
for samarium ccn^unds of SmPd3, SmPd3Bo 42 and
SmPd3Bi.o in order to obtain detailed information
about the electronic structure of these materials.

Photoanission measurements were made for the

valence band region in the photon energy range
fron 40 eV to 140 eV with use of an electron
energy analyzer of a double pass cylindrical
mirror type and a constant-deviation type irono-
chronator at BL-llD. Constant-initial-state

spectra (CIS's) were also measured for relevant
materials in the photon energy ranges including
the Pd 4p-4d and Sm 4d-4f thresholds which are
located above 50 eV and 130 eV, respectively.
SaiTple sirrfaces were prepared by scraping with
diamond files in ultra high vacuum of 10"^^ Torr.

Results and Discussion

Figure 1 shows valence band photoemission
spectra of three sairarium corpounds which were
taken at the photon energy of 40 eV. The intensi
ties of these spectra were normalized with monitor
signal measured for monochrcmatized light behind
the exit slit of the monochroTBtor. Gross feature
of these spectra is similar to each other. They
are characterized by prominent Pd 4d band appear
ing in the binding energy region from the Fermi
level to 5 eV. However, they are different in the
appearance of a step structure at the Fermi level
with the addition of boron atoms. Moreover, the
peak of the Pd 4d band of SmPd3 at 2.5 eV is
slightly shifted toward high binding energy with
the content of boron, indicating the change of
the electronic structure by adding boron atoms.
It was found by analyzing the Pd 4d-4f resonance
spectra that the Pd 4d band is about 2.4 eV in
width and its peak is shifted from 1.8 eV for
SmPd3 to 2.4 eV for SmPd3B]_^0 ^ binding
energy.

The electrical resistivity shows quite dif
ferent temperature-dependence between sartples with
boron conc^tration below 0.25 and above 0.42 per
unit cell This seans to be related to the feature
of photoanission spectra that the spectrum of
SmPd3 has no step at the Fermi level, vhile those
of SmPd3Bo,42 and SmPd3B]^^0 ^ve conspicuous steps.

The CIS spectra of SmPd3Bjj vhich were
observed at the initial-state-energy of 0.5 eV
below the Fermi level, danonstrated resonant
behavior above the Sm 4d-4f threshold. This

"RojsAO eV

SmPd3B
•

SnnPd3Bo.42

SnnPd3

15 10 5 0
BINDING ENERGY (eV)

Fig. 1. Photoanission spectra of SmPd3,
SmPd3BQ 42 and SmPd3B]^^0 which were
taken with the photon energy of 40 eV.

suggests that Sm 4f states exist near the Fermi
level, forming the step there. Photoemission
spectra taken with the photon energy of 120 eV
make contribution frcm the Sm 4f states dcminant
since the Cooper minimum for Pd 4d photoioniza-
tion occurs around 120 eV. The 120-eV spec±ra
for SnnPd3Bx seans to indicate that the Sn 4t states
are distributed frcm the Fermi level dcwn to about
11 eV. This fact is also consistent with Sm 4f
spectra which were obtained by mking difference
spectra between on- and off-resonance spectra for
Sm 4d-4f excitation above 130 eV.
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Introduction

NbC pocesses many interesting physical properties
such as high melting point, ultrahardness. and
superconductivity. These properties are closely related
to the valence electronic structure.''^' We reported
here the angle-resolved photoemission study on the
electronic structure of NbC(lll) single crystal.

Experimental
The measurements were conducted on BL-llD with a

spherical sector type analyzer. The NbC(lll) clean
surface was prepared by flashing to about IBDU-C in
the vacuum chamber (the base pressure was 1 x 10"'®
Torr).

Results and discussion

Fig. 1 shows normal-emission spectra for the
NbG(lll) surface taken at various photon energies
(25 - 80 eV). At hv > 35 eV, the resonant emission
is observed at just below Ef, This resonance has also
been observed in the spectra for NbG(lOU)" and is
attributed to a Fano-type resonance corresponding to
a Nb 4p 4d excitation followed by a super Coster
Kronig decay. A sharp peak is also observed at just
below Ef (labelled A) at hv = 27.5 eV, which is
ascribed to a surface induced state. Peaks B-F are
the emissions from the bulk bands. According to the
symmetry selection rules, polarization dependences
shown in Fig. 1 show that the initial state
symmetries are Ai for peaks E-G and E', An for
peak D. and obscure for peaks B and C. With regard to
the energy levels and symmetries, experimentally
determined bands are well reproduced by the flat
part of the theoretical bands.The peaks B and C
are both emitted from the flat parts of the bands
at r point where the bands of different symmetries
are degenerated, which is compatible with the results
that the polarization dependences of these peaks are
obscure.

It is known that a surface state is important
for the surface reactivity. The surface reactivity
of NbC(lll) is much higher than that of (100).^'
This is considered to be due to the difference of
surface electronic structure, thus the investigation
of surface state on NbC(lll) is well motivated.
Fig. 2 shows the effect of Oa adsorption on the
spectra of NbC(lll). It is shown that the peak A is
very sensitive to adsorption relative to other peaks.
Fig. 1 shows that the initial state symmetry of peak
A is Ai, while only the bulk bands of As symmetry
are expected to exist around Ef. theoretically. These
results suggest that the peak A is attributed to a
surface induced state. The dispersion of this peak
plotted in the surface Brillouin zone®' indicates
that this level is half-filled metallic state, which
may play an important role on the surface reaction.
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INTRODUCTION

Ion bombardment onto the materials surface

has become one of the most important

subjects for forming new materials and

analyzing the surface states. It causes the

lattice damage, which may lead to various

types of chemical effects on the surface

through the change in electronic structure.

We report here electron photoemission

measurement of molybdenum under the argon

ion bombardment in order to clarify the

effect of the ion bombardment on electronic

structure.

EXPERIMENTALS AND RESULTS

Photoelectron spectra were measured with

a cyridrical mirror analyser at beam line IID.

The photon energy region was between 35

and ISOeV. The system was evacuated by

using two turbo pumps of 4001/s, and the
working pressure was {l-2)X10"''Torr-Ar with

ultimate impurity level of 6X10"^^Torr-H20. The

clean Mo(llO) was prepared by repeated

Fig. 1
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argon sputtering and annealing. The

measurements were made during and after the

ion bombardment(3keV) around 800C. Here,

the heating of sample was done through an

electron bombardment to the backside of the

tantalum sample holder.

Figure 1 shows an example of emission

spectra for the clean molybdenum at 820C

with the histogram of density of state(DOS)

obtained by the APW method[l]. The peak

positions are in good agreement with the DOS

calculation. Figure 2 shows the spectra with

photon energy of 84-130eV during(b) and

after(a) the argon ion bombardment. The

spectrum peak C becomes weak during the

ion b om b ar dem e n t, and the electronic

structure disappeared.

[1] D.D. Koelling, F.M. Mueller and B.W.Veal,

Phys. Rev. BIO, 1290 (1974).
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Introduction

The band structure of ferromagnet Fe, which is
fundamental for understanding various physical phe
nomena, has been the subject of many angle-resolved
photoemission spectroscopy (ARUPS) studies. Although
spin-orbit coupling has an important effect on the
electronic structure, until now there has been no
report for the observation of such effects despite
the extensive ARUPS work. Our ARUPS study of Fe(lIO)
reveals spin-orbit splitting of the upper Fzs'
state into two, separated by ~110meV, being much
larger than theoretical estimate (~45 meV).

Experimental

The ARUPS experiments were made on BL-llD. The
clean Fe(nO) was prepared by repeated Ar"^ sputte
ring and annealing cycles. The base pressure in the
system was ~1 X10"^° Torr.

Results and discussion

Fig.l shows the normal-emission spectra of clean
Fe(llO) between Ef and ~1 eV measured at 23^ h v
^40 eV. Three features at ^Q.2, 0.4, and 0.7 eV
move as h V is changed.If we assume a free-electron
final band with symmetry and Vo= 8.9eV for the
case of Fe(llO) as used successfully in Ref.l, we
can map the binding energies of all the peaks in the
normal-emission spectra onto points along the[110](
rZN) direction in the bulk Brillouin 2one. The
results between Ef and ~1 eV are shown in Fig.2 (
solid circles).The caluculated non-relativistic band
structure^' is also shown (thin lines). There are
some discrepancies between non-relativistic theory
and experiment (the situation is aggravated if
compared with the relativistic theory^'). Such
discrepancies are considered to be partly due to the
local density approximation to the exchange-
correlation potential.

The most important finding is that the experimen
tally determined and bands are never
merged into a Fas-j, state in contrast to a non-
relativistic band structure^', but are split into
two components. This splitting is clearly relativis
tic (spin-orbit coupling) effects. The binding ener
gies of the two components are r7+| = 0.27 eV and
r8+4 = 0.39 eV, separated by -~'110 meV. This split
ting is ~2.5 times as large as that (~45 raeV)
estimated by the relativistic band calculation^' .
Fully relativistic band calculation of Fe with the
inclusion of spin-orbit coupling in a more accurate
way is desired.
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In fusion research, absolute intensity calibration of the
spectrometer is needed for measurements of impurity
densities, radiative losses, and impurity transports. The
present paper describes the method and the result of
absolute calibration^ -2) carried out for a normal incidence
VUV spectrometer over a wide wavelength region from 350
to 1250 A by using a calibrated photodiode and synchrotron
radiation for the purpose of impurity diagnostics in JT-603).

The spectrometer to be calibrated is a normal incidence
vacuum spectrometer (Nikon, NU-1000) with a multichannel
detector (Hamamatsu Photonics, C2321-02). The
spectrometer-detector system covers a wavelength range of
687-1328 A in the first order with a resolution of 1.4 A.
Figure 1 shows a sketch of the optical arrangement of the
spectrometer and the experimental arrangement. The
spectrometer was equipped with a 0.4 m, 2400 grooves/mm
ruled concave grating with an Al-i-MgF2 coating and a blaze

angle of 6.9®. The detector^) is a photodiode array with a pair
of microchannel plates

The normal incidence spectrometer was absolutely
calibrated for light 700-1250 A in the first order and 350-
650 A in the second order at the beam line 12A. As shown in
Fig.l, synchrotron radiation was monochromatized by a 1 m
Seya-Namioka monochromator, and the absolute intensity of
the incident photon flux was measured with a windowless

far-UV photodiode^) calibrated at the National Institute of
Standards and Technology, USA.

As the first step of the experiment, we measured the
intensities of the first- and second-order light coming from
the post focusing mirror. As the second step, we measured
the signal of the test spectrometer and the signal of a
standard photodiode for the light coming into the
spectrometer. Then, the sensitivity of the spectrometer was
calculated from the results measured in the previous two
steps. The sensitivity in the wavelength region of 1050-1250
A was also measured by cutting off the higher-order light
with a LiF filter. The calibration experiment was performed in
two cases: that the grooves of the grating were vertical and
that they were horizontal. The result was averaged in order
to compensate the effect of the polarization.

nornial Incidence specliomeier

The result of the calibration experiment is shown in
Fig.2, where the sensitivity refers to the output (V) of the
spectrometer divided by the flux (photons/s) of the incident
light. The figure shows the sensitivities for the first-order
light of 700-1250 A and the sensitivities for the second-order
light of 350-650 A. In the wavelength region longer than
1050 A, the sensitivities obtained by two methods are shown.
Open points show the sensitivities obtained by employing a
LiF filter to cut off the higher-order light. Solid points show
the sensitivities corrected by estimating the contribution of
the second-order light to the signal. The results obtained by
the two methods agreed typically within 20%. Therefore, it is
expected that the contribution of second-order light was
corrected well in the measurement without the LiF filter. The
sensitivity for the first-order light was higher by an order of
magnitude than the sensitivity for the second-order light. The
sensitivity had a dip at the wavelength of 1120 A. The dip
would be due to the absorption edge of MgFl^). The error in
the calibration is estimated to be 13-35%, and the sensitivity
obtained by this method is greater than that obtained by
other methods'̂ ) using line emissions. Therefore, the result
indicates that the present calibration would provide an
accuracy needed for the measurement of impurity line
intensities in tokamaks. The spectrometer is used to study
impurity behaviors in the JT-60 tokamak.

1) H.Kubo, T.Sugie, A.Sakasai, et al., Rev.SciJnstrum., ^ 1515
(1988).
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eiil sill
posi locusing

mlnofs 1

Itn Sejo-Komioko
tnonocliroiTialor

slondard
deiecior

(NIST photodiode)

grating &00g/mm

Fig.l Optical arrangement of the normal incidence vacuum
spectrometer and experimental arrangement of the
calibration.

200 400 600 eoo 1000 1200 1400

wivelenglh (A)

Fig.2. Calibration curves of the .spectrometer.



proposal No 88-100

AN ATTEMPT OF FLUORESCENCE LIFETIME MEASUREMENTS USING THE PULSE STRUCTURE OF PHOTON FACTORY

Masatoshi UEAI, Noriyuki KOUCHI, Kosei KAMETA, Ryo CHIBA, Kazunori NAGANO,
Kenichiro TANAKA and Yoshihiko HATANO

Department of Chemistry, Tokyo Institute of Technology, Me^ro-ku, Tokyo 152
*: Photon Factory, National Laboratory for High Energy Physics, Oho, Tsukuba 305

Introduction

One of the most fascinating opportunities in
applications of synchrotron radiation to studies of
the molecular superexcited states is to improve the
SR pulse structure, especially its single-bunched
character.'^ Special attention was also acquired in
studies of the dynamic processes of highly excited
molecules,^' The present group applied, for the
first time, the single bunch character of SR to the
study of binary collision process or gas-phase
chemical reaction®' Fluorescence lifetimes of some
fundamental saturated hydrocarbons in liquid phase
were also examined with the aid of the single-
bunched SR.'" In those experiments, the SR pulse was
employed from the ISSP-SOR ring. However, it has
been of continuing considerable desire to apply the
single bunched SR beam from Photon Factory in
combination with other excellent features.

This is the first attempt to improve the single-
bunched pulse from Photon Factory to studies of
dynamic processes of highly excited molecules. We
present measurements of the fluorescence lifetimes
from some highly excited N2 molecules.

Experimental

Time-resolved detection of the optical emission
was carried out using a conventional delayed coinci
dence technique. The block diagram is shown by
fig.1. Optical emissions of 115-200nm from N2 gas
excited by SR-photon impact passing through MgF2
window was detected by a microchannei plate (MCP).
Signal pulse was amplified and discriminated to form
a start pulse into the time to amplitude converter.
A RF pick off signal throi^h a 1/312 divider was
utilized as a stop pulse. Time profile of the
incident beam was monitored with the same MCP and
coincidence circuit using the reflected SR beam from
the monochromator.

GAS CELL (N2)
SR from PF

•MCP T~

CFD M DELAY
tacHpha

1/312 DIV - PULSE GEN.

k offRF pick off

Fig. 1 Block diagram of the time-resolved emission
detection.

Results

Time resolved decay profiles of the optical
emissions are presented in fig. 2 at several excita
tion wavelengths. As can be seen, the decay of the

fluorescence was dependent on the excitation wave
length. In the present operation, however, elimina
tion of the nearest neighboring pulses was not
complete: the main pulse accompanied neighboring
pulses with a few percent heights of the main one.
The decay curves were analyzed by means of the
moment method. The lifetimes obtained were shown in
table 1, which are in good agreement with the
previous measurements.®'
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Channel Number

Fig.2 Fluorescence decay profiles from N2.

X (nm) Electronic State Lifetime (ns)

98.5 b'n.,v'=l 1.9 1.75^®"®'
95.7 C4'i;,,v'=0 1.0 0.9
90.7 V'^.,v'=9 0.6 0.71
86.4 3o-,^5pcr. 0.7 0.6 ®'

Table. 1.Fluorescence lifetimes from the highly
excited N2 molecules.
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Introduction

Photoionization of group-iV hydrides and their
derivative molecules acquires an elementary interest
to substantiate efficient energy deposition in gas-
phase reactive plasmas. Recent experimental efforts
were mainly devoted to inner shell ionization of
SiH^ molecules.'"'" However, according to electron
scattering studies,maximum photoabsorption was
expected to exist in the extreine-UV region. A few
quantitative works available were restricted below
105nm.®' Above 105 nm, a quantitative study, the
measurement of the absolute photoabsorption or the
photoionization cross section was not reported; only
relative ionization cross sections were obtained
previously.®'

We present, here, the first absolute measure
ments of the photoabsorption cross section and the
photoionization quantum yield of SiH^ in 30-97 nm
region.

Experimental

Muptiple statged ionization chamber employed in
the present experiment was similar to those reported
in the previous measurements!"'' " However, in order
to remove the secondary artifacts and to increase
collecting efficiency, a new chamber with a cylin
drical fashion was used in this experiment. To
eliminate higher order radiation and to avoid gas
effusion into the optical path, Al-Te, Sn, or In
foil filter was employed as the window of incoming
SR beam.

Results and Discussion

Photoabsorption cross section obtained in the
present experiment is shown in fig. 1. The cross
section of about 80Hb at around 90nm decreased
gradually with the increase in the photon energy
down to a few Mb at 30nm. A broad peak was observed
with the peak maximum at 84nm. An oscillatory
structure in 70-78nm was observed, which was inter
preted as the Saj'-nl Rydberg series.®'®' The general
feature of the cross section is in good agreement
with the electron energy loss spectrum obtained in
a small angle scattering experiment.®' The cross
section is also very similar to the higher energy
side than 89nm of the total photoionization cross
section obtained by Hayaishi et al,®'

In fig.2, photoionization quantum yield is also
shown. The wavelength region was limited to 50-92nm
owing to the experimental difficulties. Very
unfortunately, the increasing structure below 92nm
from the ionization threshold, which explains the
structural dicrepancy between the ionization cross
section by Hayaishi et al. and the present absorp
tion cross section in this region, was not able to
be obtained. The ionization quantum yield was very
close to unity in this region. However, a broad
minimum was observed centered at around 84nm. The
minimum corresponds very well to the peak maximum
in the photoabsorption cross section. The maximum
was supposed due to electronic excitation in the
inner valence 3saj orbital into the a* valence

shell.®'®' The present observation well demonstrates
the interpretation. By using the present absorption
cross section and the ionization quantum yield in
combination with the results by Hayaishi et al. the
absolute ionization cross section of SiHi is calcu
lated. The cross section is 64Mb at the peak maximum
of 84nm.
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Fig.1 Photoabsorption cross section of SiH4,
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Introduction

The photochemical etching of n-Si (100) by sulfur
hexafluoride ) / Ar was investigated using SR. The
purpose of the present experiment is to realize highly

selective etching in the SR irradiated region.

We confirmed by a preliminary experiment that etching
reaction of Si was not observed only by SI irradiation in
the S^'e /Ar environment. Therefore, we tried to use a 2.45

GHz microwave discharge together with SR. Microwave
discharge is usually used to decompose the etching gas. It

is well known that Si is etched by the decomposed products

of SFe made from microwave discharge.'' Highly selective
etching in the irradiated region was shown by N. Ueno et al.
by the combined use of a capillary discharge lamp and

microwave discharge.^' The great increase of the etching
rate in the SI irradiated region was realized in this work
as expected.

Experimental

The zero-th order dispersion of the Seya-Namioka
monochromator at the beamline 12A was used as an excitation

source. The radiation which passed the monochromator was

limitted to A > 35nm. A side view of the apparatus used
for the experiment is schematically shown in Fig. 1. SR beam
was led into the reaction chamber (RC) through two
differential pumping chambers (DPC) and three cylinders set
at the joint of the chambers. These cylinders are 8 mm in
diamater and about 100 ram in length. The system was

evacuated by turbo molecular pumps (TP). The base pressure
of RC was 2 X 10"' Torr. SFe and Ar used as the reactive

gas were simultaneously fed into RC. The partial pressure
of was from 2 to 50 mTorr and that of Ar was from 250 to

750 mTorr. The flow rate of the^ gases were controlled by

a needle valve in the gas inlet line, respectively. The

reactive gsecies, which were generated by 2.45 GHz microwave
discharge of / Ar, were transported to RC through a
quartz tube. Microwave power was controlled from 10 to 45
W. The gate valve which was set between RC and its TP was
closed while RC was filled with gas. Even when gas was fed

into RC. the high vacuum of the monochromator was kept by

the differential pumping system. For instance, when the
pressure of RC was 750 mTorr. that of DPC-A was 3 x lO"'
Torr. The pressure (2 x IQ"' Torr) of the post-focusing
mirror chamber between the monodiromator and DPC-A was not

changed by introducing the gas into RC.

Results and discussion

The experiments using at together with microwave

discharge were performed by changing the reactive gas

pressure and microwave power. A typical surface profile of
Si etched by 3^6 / Ar is shown in Fig. 2. In this
experiment, partial pressure of was 10 mTorr, that of Ar

was 500 mTorr and microwave power was 15 W. The dose
defined as the product of the real irradiation time and the

average ring current vras 15,000 min x mA. A Ni me^ which
has 10 |/m line and 40 jim ^cing was used as a mask and was

put 0.3 mm apart from the Si substrate. From this figure
it is found that the mask pattern was replicated in the

etching profile on the Si substrate. Many stripes appeared
parallel to the edges of the mask in the irradiated square
region. It is considered that this profile is possibly due

to diffracticn effect at the Ni mask. The surface profile
measured by using surface profiler (DEKTAK 3030) is shown in
Fig. 3. The etched depth of the irradiated region was
about 3 .500 A (mark A) and that of the non- irradiated region
was about 400 A (mark B). This result apparently diows
that the etching rate is extremely enhanced by simultaneous

use of SR irradiation and microwave discharge. Detailed
studies are being carried out to elucidate the mechanism of

etching process and to realize much more selective etching
in the SR irradiated region.

Rferaices

1 )S. Tachi et al.. J. Vac. Sci. Technol. 4(1986)459
2)N. Ueno et al.. Jpn. J. Appl. Phys. 27(1988) 1723

DPC-A

Fig. 1 Experimental apparatus used for SR-assisted etching
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Fig. 2 Micrograph of Si surface etched by SFa/Ar
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Fig. 3 The surface rofile measured by DEKTAK
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INTRODUCTION

The photoabsorption cross sections for the
rare-gas atoms, argon, krypton and xenon, in
their autoionization regions have been measured
photoelectrically with the highest resolution
ever achieved in these wavelength regions. The

cross sections can be described using the line-
shape formula which is based on multichannel
quantum-defect theory (MQDT) and has a form
analogous to Fano's resonance formula /I/.

In this report, the results deduced from the
line-shape fitting procedure are compared with
those obtained from the ab-initio and

semierapirical calculations.

EXPERIMENTAL

The present experiments were carried out
using the focal plane scanning mode of the 6.65 m
high resolution spectroscopic facility (6V0PE)
installed at BL-12B of the Photon Factory. The

6.65 m, 1200 grooves/mm grating blazed for 5500 A
was used in the 6th spectral order. In this way,

the resolving power was estimated to be
> 1.5 xlO^ at ~ 887 A with the entrance and exit
slits of 10 Mm wide. The main spectrometer tank
was used as an absorption cell and was filled

with rare gas at a pressure of 1 - 4 x 10"^
Torr. The uncertainty of the obtainted
photoabsorption cross sections was estimated to
be less than 5 %.

RESULTS

The profiles of the photoabsorption cross
sections were fitted to the resonance formula as

follows /I/:

^=^as( «:s+qs)^/(l+^s^)+®ad( ^d+Qd) ^/(l+^d^)+''b'
Here is a periodic energy scale given by

ej.=tan[ tt( vi/2fpj,) ]/W£. for t=s and d,

in which vi/2=[Ry/(Il/2-E) for the second
ionization limit I1/2, the energy of interest E
and Rydberg constant Ry. The quantum defect P(i,
and the width parameter Wj, are related to the
resonance energy Enj, and the resonance width Ij,
through the relations /I/:

Il/2-EnJ-=Ry/(o-Pii)^ and rj./2=2RyW2,/ (n-pj,)^.
The present photoabsorption cross sections of

the 11s' and 9d' line pairs of argon atom ( •) are
shown in Flg.l together with the curve (—)
fitted by least square method. The fitted curve
is in good agreement with the experimental
points.

In Fig.2 and 3, the quantum defect Pj_ and
the width parameter Wj, determined from the curve
fittings are shown together with those calculated
from the ab-initio (AI) eigenchannel parameters
/2/ and the semiempirical (SE) eigenchannel
parameters /3,4,5/. The circles, triangles and
squares, which are open for s and solid for d,

deote the values obtained from the present work,
the AI calculation and the SE calculation,
respectively. It should be noted that the values
of Wg are reduced by 1/10 times. The figures
indicates that the observed parameters are in
reasonable agreement with those deduced from the

AI and SE calculations, although the agreement is
not perfect. The abrupt increase at n>ll in the
observed Wg may be caused by the lack of
instrumental resolving power.
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1. Introduction

Molecules are found in a wide variety of astronomical
objects: interstellar clouds, supernova remnants, circumstellar
shells, stellar atmospheres (including that of the sun), planetary
atmospheres, and comets. Knowledge of molecular parameters
is necessary for interpretation of observed spectra and for
modelling the photochemical processes that lead to observed
abundances and excitations of the molecules in them. . Rota

tional-line /-values are required for determination of column
densities and abundances from observed absorption features,
photoabsorption coefficients are needed to calculate rates for
photodissociation—often a major molecular destruction mecha
nism, spectra of isotopic variants of are required to predict
isotopic fractionation, and high-resolution laboratory spectra are
needed so that rotational analyses can be performed and,
subsequently, the spectra at the peculiar conditions, e.g., very
low temperatures, in astronomical objects can be predicted.

2. Molecules in Diffuse Interstellar Clouds

Interstellar clouds are of interest to astronomers because

they are regions of star formation. Dense clouds are opaque to
light from the VUV though to the infrared and are studied by
observing radio-wavelength emission from molecules; diffuse
clouds are somewhat transparent, so that photochemistry affects
the molecular abundances, and are studied by observing atomic
and molecular absorption features in the spectra of stars
imbedded in, or behind, the clouds. Although more molecular
species are found in the dense clouds, study of diffuse clouds
provides valuable information about the physical and chemical
states of, and processes in, star-forming regions.

a) Carbon Monoxide: 91 - 100 nm

Carbon monoxide (CO) is believed to be the second most
abundant interstellar molecule after H2, and, because it Is
readily observed, is used as a tracer of molecular material in
interstellar clouds. However, abundances of CO are poorly
determined observationally and not well understood theoreti
cally. One of the major uncertainties is the rate of CO
photodissociation by starlight, particularly that between
91.2 nm and the dissociation limit at 115 nm. Providing
improved photoabsorption coefffcient data for CO in this
wavelength range has been a major focus of our research
program in the past few years.

In November 1986, Yoshino, Smith, and Ito used the

6V0PE on BL-12B for high-resolution (A/(5A>10®), photoelec
tric, measurements of a number of strong bands of CO between
93 and 100 nm. Our results were presented at International
Astronomical Colloquium N°. 102 and published in the proceed
ings thereof. In January, 1988, Yoshino, Pajkinson, and Ito
repeated some earlier measurements for which omissions,
anomalies, and uncertainties were suspected. Every significant
absorption feature between 91.2 nm and 100 nm was meas

ured at several column densities. Absorption coefficients have
been determined for the data and the results are being
prepared for publication.

b) Carbon Monoxide: A-X, C-X, and E-X Bands

The bands of the A(v')-X(0) system with v'>9 (i.e.,
with A<130 nm) are weak and, therefore, less likely to be
saturated in interstellar cloud absorption spectra than the
bands at longer wavelengths. Consequently, these bands are
the optimum ones for observations with the Hubble Space
Telescope and for subsequent determination of accurate CO
column densities in clouds. Further, it is especially important
to know the /-values for lines of the (14,0) band because there
are accidental coincidences with the Ly-a line of atomic
hydrogen that lead to fluorescence effects in astrophysical
environments.

There is considerable discrepancy between sets of meas
ured /-values for lines of the C(v')-X(0) and E(v')-X(0) bands
of CO with v'=0 and 1, and theoretical values do not agree
with the measurements. Determination of the correct /-values
would provide benchmark data for assessment of the theoretical
models of the CO molecule.

In order to provide improved /-values for some of the
A(v/)-X(0), C(v')-X(0), and E(v/)-X(0) bands of CO, we used
6V0PE to measure the absorption spectrum of CO at high
resolution. Bands studied include A(l2)-X(0), A(13)-X(0),
A(14)-X(0), A(15)-X(0), C(0)-X(0), C(l)-X(0), E(0)-X(0), and
E(l)-X(0). Analysis of these data will take place in the next
year.

c) Other Interstellar Molecules: HCI

In 1980, we determined the /-values of the C(0)-X(0)
band of HCI using photographic techniques at the Center for
Astrophysics. Our results were later questioned by others.
Consequently, we remeasured the absorption coefficients using
the photoelectric mode of 6V0PE. Data analysis is in progress.

3. Molecules in' Planetary Atmospheres: C^H^

Acetylene (C2H2) features are prominent in the VUV
albedos of the outer planets (Jupiter, Saturn, Uranus, and
Neptune) and acetylene is expected to play major roles in the
photochemistry of their atmospheres. Planetary atmosphere
models that include acetylene features must incorporate
photoabsorption cross section data that are accurate at the
temperatures of planetary stratospheres, i.e., 150 to 200 K.
We have used the new low-temperature absorption cell on BL-
12B to measure photoabsorption coefficients for C2H2 from
—140 nm to 174 nm at room-temperature and 195 K. Data
analysis is in progress.
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Introduction

Photochemical deposition by synchrotron radiation (SR)
is a promising approach to the low-temperature
semiconductor process, because the vacuum ultraviolet light
can effectively excite the inner core energy level of source
gas and generate highly-reactive ions. To investigate the SR
induced photochemical process of silicon film deposition,
we measured the gas-phase reactive ions from SiH4 gas by
SR excitation having the same energy and intensity as silicon
film deposition experiments.

Experiments
We used the beam line BL-12C. The SR reflected by

Rh/C 21-layers multilayer mirror is quasi-monochromatic
and it has the center photon energy of about 123 eV, which
can excite L-core electrons of Si. Absorption cross-section

of SiH4 is about 6Mb at 123 eV^). 5% SiH4 gas diluted by
He was introduced to the experimental chamber that is
connected to the beam Une through the differential pumping
system. The total pressure was varied from 3x10'"^(base
pressure ofour system) to 1x10"^ Toir. Gas-phase ions are
detected by photo-ionization quadruple mass analyzer. By
using photo-ionization method, SR excited ions are directly
measured without fragmentation, that is commonly observed
by electron-ionization method. SR passes through 10 mm
diameter hole at the point of mass andyzer.

Figures 1 and 2 show the obtained mass spectrum at the
mass number of 27-33 and 8-17, respectively. The pressure
dependence of mass signal was also measured for each mass
number and this indicates that the mass signals, except for
mass number of 16, linearly increase as the SiH4 partial
pressure. Therefore the mass signals can be assigned as the
molecule ions indicated in Figs. 1 and 2. Mass number of 16
is probablycaused by or from the residual gas in
the experimental chamber.

By absorbing the 123eV light, SiH4wasdecomposed to

produce a lot ofunivalent ions such as SiH2"*' and SiH3''".
Bivalent ions such as Si^"^, SiH^"*" and SiH2 '̂̂ are also
produced in the gas-phase. The amount of these bivalent
ions was about 10% of that of univalent ions. Trivalent ions
from SiH4, that are supposed to appear at the mass number
9.3-10.7, were not detected by our experimental system as
shown in Fig.2.

L-coreexcitation of SiH4 molecule by SR is assumed to

produce transitional bivalent ion SiH4 '̂'" through the Auger
process^). SiH4 '̂'" ion is decomposed to produce bivalent

SiH42+ —> SiH2^"^ +H2

and to produce a pair of univalent ions as

—> SiH2+ +H+ + H.

These processes are directly measured in the
experiments.

In our experiment of growing silicon film, the
contribution of gas-phase reactive species is smaller
compared with that of surface excitation^). However, the
reactions described above are thought to occur between the
surface SiH4adsorbates andincident SR.

1)W. Hayes and F.C.Brown, Physical Review A vol.6,
No.l, p.21,1972.

2)K.Ueda and Y.Saio, Hoshako, vol.1, No.2, p.l, 1988.
3)Y.Nara et.al., PF Activity Report #6, p.270,1988.
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Fig.l Mass spectrum from SiH4 (Mass number =27-33)
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Fig.2 Mass spectrum from SiH4 (Mass number = 8-17)
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INTRODUCTICN width of the mask. This means that the

Surface reaction plays an important role surface reaction such as the photolysis of
in the deposition of semiconductor material adsorbed SiH^ is dominant.
K.f t> o/I i b 4- <^ r\ / CD \ 1) D 4 n-11 t. ^ O oK/N.iro 4- aby synchrotron radiation (SR).^

On the photo-chemical deposition of Si
film, we have concentrated on the interaction
between the surface adsorbed SIH^ molecules
and incident SR. We found that the

irradiation of vacuum ultraviolet (VUV) light
on a dense absorbed surface causes the

photolysis of adsorbed SiH^ to produce

adsorbed SiH^ dominant.

Figure 2 shows the qualities of films
deposited using photon energy of 97 and 123
eV at -178°C. The film deposited using 97 eV
light contains SiHg and SiH^ structure which
suggests insufficient decomposition of
surface SiH^ adsorbates. The film deposited
using 123 eV light is an amorphous silicon
with structure of SiHo bonds. This film has

amorphous silicon film and that the inner
core excitation is an important factor.

EXPERIMENTS

The experiment was performed using BL-12C
which has a multilayer monochrometer and a
differential punping system. We used 5% SiH^
diluted by He. In order to investigate
surface adsorption effect of SiH^, the
substrate temperature was lowered to -178°C
by liquid N2.

To examine the effect of incident photon
energy or inner core excitation of SiH^, we
used two kinds of multilayer mirror. One is
Rh/Si 27-layers mirror with center photon
energy of 97 eV. The other is Rh/C 21-layers
mirror with center photon energy of 123eV.
SiH^ has a higher absorption cross-section at
123 eV than at 97 eV due to the L-core

electron excitation of Si in SiH^.
Infrared absorption spectroscopy and Auger

electron spectroscopy were used to examine
the quality of the deposited films.

RESULTS AND DISCUSSIONS

Figure 1 shows the ten^erature dependence
of the deposition rate. The deposition rate
increases as the substrate temperature
decreases due to the increased adsorbance of

surface SiH^. By using a stencil mask with 5
micron open width, we found the deposition
occurs only at the irradiated region. The
mean free path of gas is about 100 micron,
which is large enough con5)ared with the open

inner no SiHg and SiH^ bonds. From the Auger depth
profile, the film deposited using 97 eV light
has high oxygen incorporation into the

1L-12C deposited film. The oxygen concentration of
ind a the film using 123 eV light was very small

SiH^ and it was almost the same as the single
[gate crystal substrate.

the The effect of substrate temperature and
178°C incident photon energy on the film quality is

explained as follows. The coverage of
tioton adsorbed SiH^ molecule is expected to be 1
4, we below -150°C. Irradiation by VUV light that
ne is excites the inner core level of SiH^ on a
hoton saturated adsorbed layer causes the
ayers interaction among the adsorbates and prevents
23eV. oxygen incorporation. This process produces
on at the amorphous silicon film with SiH2
-core structure. If the light dose not excite the

inner core level of SiH^ as 97 eV,
Auger interaction among the adsorbates is not
amine sufficient and this causes the film with SiH^

and SiHg structure. Insufficient
decomposition of the adsorbates causes the

idence incorporation of oxygen probably from the
rate residual gas such as water,

iture In conclusion, we deposited amorphous
ce of silicon film by the photolysis of adsorbed
ith 5 SiH^ on the low-temperature surface. Inner
ition core level excitation is important to bring

The about sufficient interaction among the
eron, adsorbates.

open DH.Kyuragl and T.Urisu, Appl.Phys.Lett.
vol.50, p.1254, 1987
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Introduction

A multilayer mirror for soft x-ray has a
reflectivity of several tens percent at large
glancing angles. The mirror is used for soft x-
ray optical elements^\ for example in a
reflection-type demagnified optical system in
which synchrotron radiation (SR) is generally
used as the x-ray source. It is expected that
such a mirror will be used more and more in

experiments using SR. However, there are very
few reports on damage due to SR irradiation on
the mirror. The authors made multilayer films
for soft x-ray and evaluated their
reflectivities by calculations and experiments.

SR irradiation experiments were carried out
using BL-12C. This reports the experimental
results on SR irradiation damage of molybdenum
and carbon multilayer films.

Experimental

Samples were molybdenum and carbon (Mo/C)
multilayer films, which were made by evaporating
molybdenum and carbon in turn on a silicon
substrate. The thicknesses of the molybdenum and
carbon layers were about 70 A and ICQ A,
respectively. The number of layers were 19. SR
was irradiated on the samples in a vacuum
chamber located in BL-12C. The vacuum pressure
was less than 2x10" Torr under irradiation. The
wavelength range of the irradiated SR was over 7
A, which was achieved by inserting a SiC
toroidal mirror in the beam line. The irradiated

area was 10x20 mm. SR doses were 10 and 10 A
sec.

The reflectivity of the samples were
measured before and after the SR irradiation

using the measurement system shown in Fig.l. The
x-ray wavelength was 67.6 A, which was generated
by a boron target. An x-ray beam was collimated
to a beam width of 50 pm. The x-ray detector was
a proportional counter. The sample and the
detector were turned against the incident x-ray

1000 mm

570mm

X-RAY slit/
SOURCE '50pm) (50pm)

SUBSTRATE

I> ) SLIT

7 PROPORTIONAL
SLIT COUNTER
(40pm)

Fig.l Schematic diagram of reflectivity
measurement system

beam. Reflectivities of the samples were
measured by changing the x-ray glancing angles
from 0 to 16 degrees.

Results and discussion

No change in reflectivity was observed in
the case of a 10^ A-sec dose.

The results of reflectivity measurement
before and after an SR irradiation of 10^ A*sec
is shown in Fig.2. The peaks near a 14 degree
glancing angle show the reflection due to the
multilayer films, and the other parts are due to
surface reflection. The angle which showed the
peak was changed towards a 0.5 degree lower
angle after SR irradiation, though the
reflectivities did not change so much before and
after SR irradiation. Carbon adsorption to the
surface was observed after SR irradiation.

However, the adsorbed carbon did not cause an
angle change because the film thickness was
estimated to be less than 50 A.

It has been reported that a similar angle
change was observed after 1000 "C annealing in
the case of a W/C multilayer film, and that the
change was due to the thickness change of the
carbon layers caused by the change of amorphous
carbon to glassy carbon K

In the present experiments, the temperature
rise of the sample under SR irradiation was
estimated to be less than 100 °C from
temperature measurements using a thermographic
system (JEOL: THERMOVIEWER JTG-3200). Therefore,
the temperature rise of the samples could be
ignored. It is thought that there is possibility
that amorphous carbon changed to glassy carbon
by SR irradiation.

References
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Fig.2 Reflectivity change of Mo/C mirror
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We constructed a beam line (BL-17A)
which aims at (1 ) producing
monochromatic X-rays in the 1800-13800
eV range with energy resolution within
1.0-2.5 eV, (2) yielding a spatially
fixed beam at a sample position, and (3)
making X-rays available in an UHV. These
objectives reflect the use of this line
for (E)XAFS and SEXAFS studies. One

feature of our double-crysta 1
monochromator is in situ

interchangeability of monochromator
crystals in an UHV. Users can select
Si(111) or InSb(lll) crystals according
to the required energy range. The most
important requirement for a double-
crystal monochrcmator is the capability
of changing the Bragg angles while
keeping the two crystals parallel. While
the monochromator is scanning, the Bragg
angles of the two crystals have to
remain aligned within 10 arc sec, which
is the narrowest full width at half

maximum height (fwhm) of the rocking
curves. Thus, to keep the monochrcmator
output photon intensity optimized, we
tune the incidence angle of one of the
crystals with a feedback systan using a
personal computer.

The monochromator operates in the
nondispersive (1,-1) parallel mode. We
set the second crystal at an angle
corresponding to a specified photon
energy, then we rocked the first crystal
around the right Bragg angle through a
parallel alignment to the second
crystal. The outgoing monochromatized X-
ray intensity was measured by an
ionization chamber. The measurements for

silicon(lll) at photon wavelengths of
1.3 A, 1.45 A, and 2.5 A are shown in
Fig.1. The entrance vertical slit used
was about 0.5 mm high. We measured the
copper K edge absorption fine structure
by means of the transmission method.
Fig.2 shows the Cu K edge XANES spectrum
taken from a 10 um-thick copper foil.
The resolution estimated from the

absorption near edge is aiJaout 2.0 eV at
a photon energy of 9020 eV.This value
agrees closely with the rocking curve
measurements.

In summary, we constructed a beam line
and studied its energy resolution. An
energy resolution of 2.0 eV was obtained
at a photon energy of 9020 eV in an UHV.
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Fig.1. Double crystal rocking curves of
Si(lll).

Cu-K edge
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Fig.2. XANES spectrum above the Cu K
edge.



PATTERN REPLICATION ACCURACY FOR SOFT X-RAY LITHOGRAPHY

Yoshlmi YAMASHITA, Fumlaki KUMASAKA, Syunjl GOTOH,
Hidetoshl ISHIWARI, Kei HORIUCHI. and Shlnpei HUIYA

FUJITSU LABORATORIES LTD., 10-1 Morlnosato-Wakamiya, Atsugi 243-01

Soft X-ray lithography with synchrotron radiation (SI^ Is promising
for quarter-micron pattern replication. We Investigated how exposure
conditions such as proximity gap and wavelength affect pattern
replication.
This report describes relations between replicated resist pattern

width (Wr) and mask pattern width (Wm) at different exposure dose.

We conducted pattern replication tests using the beamline BL-17C1)
which was equipped with double fused quartz mirrors (a pair of two
parallel mirrors) and a 50 pm-thlck Be window. The X-ray mask had a
0.65 |im-thick Ta absorber on the 2 )jm-thick SIN membrane. The
resist was 0.5 pm-thlck positive EB resist (CMR) on the Si substrate.
The resist was developed in MIBK at 23°C for 120 s. An X-ray mask
and a wafer were spaced at a fixed proximity gap and mounted in an
exposure chamber filled with He gas. The wavelength region was
selected by the glancing angle of the two quartz mirrors. The SR
spectra in this pattern replication test is shown in Fig. 1.
Pattern replication accuracy was evaluated by measuring the change

in the pattern width for dose fluctuations) at different glancing angles
(12 to 18 mrad) and proximity gaps (5 to 200 pm).

We determined the relationship between Wra and Wr in detail at
different doses with a glancing angle of 14 mrad and proximity gap of
32 pm (Fig. 2). The Wm-Wr plot has a slope of 1 with a parallel shift at
different doses. The amount of shift is nearly proportional to
logarithm of the dose difference. It can be approximated by the
following equation

Wr = Wm - a- log (D/Dq)

where D Is the actual dose. Dq the dose for Wr=Wm. and a is the
coefficient of the pattern width fluctuation, representing process
stability against dose fluctuation. We calculated a to be 0.3 in Figure 2.
a depends on exposure conditions : glancing angle of mirror

(wavelength) and proximity gap (Fig. 3). The a decreases when the
proximity gap decreases or the glancing angle increases. From this,
a^O.3 at a gap of less than 30 pm and a glancing angle larger than 14
mrad. a=0.3 means a dose fluctuation AD/D=0.17 causes a pattern
width fluctuation AWr=-0.02 pra.
The minimum line width we obtained was 0.15 pm. Figure 4 shows a

0.5 pm-thick, 0.15 pm line and 0.2 pm space CMR pattern, replicated at
14 mrad glancing angle and 8 pm proximity gap.

References
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Figure 1. Spectra of SR reflected by two quartz
mirrors and passed through 50 pm-thlck Be window.
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Figure 2. Replicated resist pattern width of 0.5
pm-thick CMR for various mask pattern width.

Figure 3. Gap dependence of a for different
glancing angles.

Figure 4. 0.15 pm line and 0.2 pm space pattern
replicated into 0.5 pm-thlck CMR under 14 mrad.
8 pm proximity gap.



measurement of synchrotron radiation spectra in soft x-ray regicn

Syunji GOTOH, Takao TAGUCHI, Shigeru OKAMURA, and Tokushige HISATSUGU
FUJITSU LABORATORIES LTD,, 10-1 Morinosato-Wakamiya, Atsugi 243-01

INTRODUCTION

We designed a spectrometer using He gas
scattering with a Si(Li) detector to measure the
broadband spectra of synq^hrotron radiation (SR)
in the soft X-ray region '.

To measure spectra accurately, we must take
into accomt the response function of the Si (Li)
detector '. We measured the spectra of the SR
passed through a 50-pm-thick Be window at
station BL-17C using the unfolding with the
response function.

RESPCNSE FUNCTION OF THE Si (Li) DETECTOR

We measured the response function of Si(Li)
detector with AlK and SiK fluorescence and

monochroratic X-rays between 2.2 keV and 10 keV
obtained from a Si(111 ) double crystal
monochrcmnator at the station BL-17A. We fit the

measured response function with HYPERMET
function and determined the photon energy
dependence of the fitting parameters.

For example, the response function for 4.0-
keV photons is shown in Fig. 1.

MEASUREMENT OF SR SPECTRA

We measured the direct beam spectrum passed
through a 50-pn-thick Be window and estimated
the absolute intensity spectrum by correcting
with the scattering cross section of He and tte
detection efficiency of the Si(Li) detector .

To determine the detection efficiency, we
took into account the transmittance of a 8-pn-
thick Be window and a 20-nm-thick Au contact

layer of the detector.
The measured spectrum without unfolding,

spectrum with unfolding and calculated spectrum
of the direct beam are shown in Fig. 2. The
measured spectrum with unfolding agreed with the
calculated spectrum well.

We also measured the spectrum of the
reflected beam from two fused quartz mirrors
with a glancing angle of 8 mrad. The measured
and calculated spectra are shown in Fig. 3. The
mirror reflectivity was calculated by using the
scattering factors ', extrapolating the real
part of the scattering factor by the Kramers-
Kronig integral '. The agreement between
calculated and measured spectra shows that the
reflectivity can be accurately calculated using
the real part of the scattering factor in our
previous report.

CONCLUSION

We showed that we could accurately measure
the broadband spectra of SR above 1 keV by our
spectrometer using the unfolding with the
response function of the Si(Li) detector.
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Fig. 1 Response function of Si(Li) detector for
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Fig. 2 Direct beam spectra. Solid line shows
calculated spectrum, dotted line measured
spectrum without unfolding and broken line
measured spectrum with unfolding.
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Fig. 3 Spectra of reflected beam frcm two fused
quartz mirrors. Solid line shows calculated
spectrum and broken line measured spectrum with
unfolding.
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Vanadium is found in blood cells
of several species of ascidian^ .
Although about 80 years have passed
since the initial finding of vanadium in
ascldian blood cells (vanadocytes)^ . The
biological functions and the structure
of this metal in ascidians are still
unknown. Recently, on the basis of the
results on EXAFS study of vanadocytes in
an ascidian, Ascldia ceratodes, the
oxidation state of vanadium and the
structure around vanadium have been
proposed^ . Here, we report the results
on XANES and EXAFS studies on a Japanese
ascidian, A. ahodori, collected at
Naruto of Tokushima.

Experimental
Each sample was ground to a fine

powder. For fluorescence mode
measurements, the samples were pressed
into pellets of 13.0 mm in diameter and
their spectra were obtained by Lytle
detector"•^ which was set to be
perpendicular to the incident beam using
Ti filter. For transmission mode
measurements, the samples were dusted
onto Scotch tape until suitable edge
jumps were obtained. The several
vanadium complexes were measured. The X-
ray absorption measurements were
performed by using the synchrotron
radiation from the Photon Factory at the
National Laboratory for High Energy
Physics^ • , The V K-edges EXAFS spectra
of vanadocytes were taken in both
transmission and fluorescence modes at
lOK, using a beam line BL-7C. A double-
crystal monochrometer was used with two
Si(lll) which detured from parallel to
pass only 50% of maximal intensity in
order to reduce the harmonic content of
the beam. The X-ray beam was focused on
the specimen by means of sagittal
focusing of the monochrometer crystal.
The photon energy, E, was calibrated
with respect to Cu foil by assigning
8.9788 keV to the pre-edge peak on the
absorption edge. The EXAFS oscillation
x(k) were extracted from the absorption
spectra followed by the standard
procedure® . In Fig. 1, the k®x(k) for V
K-edge and its Fourier transformed
radical structure function, ({>(r), are
shown. In the figure, one major peak in
<j>(r) is due to 0 atoms, where the peak
position is shifted a few tenths of an
angstrom from the actual interatomic
distance because of the phase shift.

Results and Discussion
Tn the XANES soectra of several

types of vanadium complexes in the +3 or
+4 oxidation state, the intensity ratio
of the pre-edge and edge peaks was found
to be correlated on the oxidation state
of the metal as well as the type of
coordination structure of the complex.
The ratios for V®* complexes were 0-0.2,
while those for VO® * complexes
distributed between 0.3 to 0.6. Ihe
ratio of vanadocytes was found _to be
0.06, indicating that the oxidation
state of vanadium is in the V®^ . Thus we
analyzed the EXAFS spectra of
vanadocytes and model complexes. The
Fourier transforms and curve fits oi

vanadocyte EXAFS are shown in Fig. 1 and
2, respectively. After the curve-fitting
method using the EXAFS parameters of
many vanadium complexes, the vanadium in
vanadocytes was found to be in a
symmetrical, single-shell coordination
environment, providing that the vanadium
coordinates with 6.2 oxygens in a
distance at 2.006 A. These results agree
with the reported EXAFS data
(coordination numbers, 5.4 and distance
of V-0, 1.99 A)® . The studies on the
more precise structure of vanadium in
the ascidian are now in progress.
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Introduction

10 years has been passed since the planning of
MAX80 has begun. Based on the experience using
MAX80, a new X-ray apparatus for the experiments
at higher pressure region utilizing synchrotron
radiation from a multi-pole wiggler was con
structed.

The basic concept of the new apparatus suc
ceeds that of MAX80, hence it is named as MAX90.
The characteristic of MAX9Q is the use of sin

tered diamond as anvil material so that higher
pressure can be attainable.

MAX90 is mainly used at BL13C with SR from a
multi-pole{27poles) wiggler. Also, it is used
at BL14C, a high field wiggler beam line, to
perform a high energy experiments up to 120keV.

Apparatus

MAX90 consists of a 350 ton press, a cubic
type (DIAIO) high pressure vessel, a 4-axes
table, a base, a goniometer, a machine control
system, a data acquisition & treatment system.
Total weight is about lOton.

Figure 1 shows the anvil assembly with sin
tered diamond. The outer dimensions are compati
ble with that made of tungsten carbide, which
has been so far used. The truncation of the
anvil top is 4mm square.

Pressure and Temperature Generation

Pressure generation was confirmed by measuring
the unit cell volume of NaCl. The experiments
were done at BL14C. Pressure transmitting
medium was a mixture of boron and epoxy-resin
(4:1 in weight) with 6mm cube shape. Preformed
gasket made of boron and epoxy-resin (1:1 in
weight) were used. With this assembly, cracks
were occurred nearly at the center of the anvil
and spread linearly to the margin at the pres

Figure Assembly for sintered
diamond anvil.
l:s[ntcred diamond. 2:WC backup,
3:WC spacer, 4:steel ring

Figure 2. P-T region with sintered diamond
and tungsten carbide. wBN-cBN booundary ^

is also shown: are present result and
is a quenching experiment.

sure of 12 to 13 GPa. Then the maximum pressure
is about 14GPa.

This pressure is quite lower than that is
expected by the compressive strength of diamond.
This may be caused by the large grain size of
the diamond (average size is about TOmicron).
A cleavage may, take place at certain single
crystal by the local stress and spread to the
margin. The use of boron as pressure transmit
ting medium may enhance this effect. Detail
investigation on this point is now in progress.
As for the temperature generation, graphite
heater transforms to diamond at 1500C at 13GPa.

The pressure and temperature region attainable
with current system is shown in Fig.2, together
with that realized by tungsten carbide anvils.

Preliminary Experiments

In this P-T rang, we investigated the phase
stability of AIN and BN.

AIN, which crystallizes in the wurztite struc
ture at normal pressure, was found to show no
phase transition up to 12 GPa and 1500C.

Hexagonal BN transformed to wurzite type
structure at about 10 GPa at room temperature,
as well known. Single phase of wurzite type
structure was obtained by raising the tempera
ture at about 300C, and transition to cubic
phase was found with further increase of temper
ature. These points are plotted also in Fig. 2.
This is the first time for the direct observa

tion of wurzite-cubic transition, though there
have been many investigation by quenching meth
od.

This work was supported by Special Coordination
Funds for Promoting Science and Technology.
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INTRODUCTION

A VUV/soft x-ray monochromator has been

developed to utilize undulator radiation from a

26-period multipole wiggler/undulator at the

Photon Factory^The most critical problem of
this entrance slit-less monochromator is heat

load on optical elements. A conventional

replicated grating is not suitable for this

monochromator, because the surface of the grating

is damaged by the high power density of the
2

undulator radiation '.

This problem was solved by developing

thermally resistant optical elements made of SiC

and mounting them on the monochromator. This

paper describes spectral measurements of the

undulator radiation using the SiC-optical

elements and evaluates the the monochromator

system.

EXPERIMENTAL

During spectral measurements, the magnetic

gaps of the 26-period multipole wiggler/undulator
were set to 100, 70 and 50 mm, corresponding to

the K-parameter of 1.40, 3.21 and 5.75,

respectively. The positron beam current of the

Photon Factory storage ring was around 250 mA.

Thermally resistant front mirrors and a master

grating made of SiC were mounted on the

monochromator. The mechanically ruled gold

grating with SiC substrate was manufactured by

Hitachi Ltd. It was a 2m radius cylindrical

grating with a groove density of 1200 lines/mm.
The size of this grating was lOOmm^ x 36mm^ x

m

lOmm . Spectral intensity was measured with a

gold-mesh photocathode mounted after the rear

focusing mirror.

RESULTS AND DISCUSSION

Figure 1 shows the spectral responses of the
monochromator over the photon energy range from

40 eV to 300 eV with a 20 _pm slit. For K=5.75

(the photon energy of the first harmonic peak was

28.2 eV), higher order harmonics from the second

to the ninth were clearly observed. The peak of

the tenth harmonic was hidden by the K-absorption

edge of carbon. The fractional bandwidth of the

third peak was evaluated at 1/38. This figure

shows that the monochromator was well aligned

over the entire scanning photon energy range.

The shapes of these spectral responses were

constant during more than 24 hours of irradiation

by undulator radiation. Therefore, the

thermally resistant optical elements are well

able to withstand the high power density of

undulator radiation.
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si surface 236 255 , 256
31(111) 194 Superexcited state 279
Si(Li) detector 288 Superlattice 172
Si(Li)SSD 260 Supported catalyst 80
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Silane 283,284 274

Silica 67 Surface analysis 155
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Silicon di oxide 184 Surface reconstruction 259 ,261
Silicon substrate 250 Surface structure 194 ,260
Silicon surface barrier detector 197 Surface-sensitive EXAFS 163

Silver halide 88,161 Synchrotron radiation 132,,179,182
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Single bunch 278 287

Sintered diamond 290

Sinusoidal length change 133 T

Si02 85

Size effect 160 Ta 85

Sm compound 273 Temper embrittlement 207

Small angle X-ray scattering 118,191,207 Terbium 64

Small-angle scattering 121 Thermal expansion 54
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Soft X-ray absorption measurement 260 Thin layer catalyst 73

Soft X-ray microscope 243 Thin-filament 123

Soft X-ray spectra 288 Thiourea 169

Soft X-rays 246 Three-dimensional measurement 182

Solid solution 88 Threshold electron 254

Solid state amorphization 63 Ti 25

Solution 17 Time-resolved diffraction 215

Solution X-ray scattering 189 Time-resolved measurement 199

SOR 180 Time-resolved X-ray diffraction 130

SOR soft X-ray 242 Tin 34

Spectroscopy 190 Ti02 18,219
Spin-orbit splitting 276 Titanium alloy 185
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Squid retina 131 TMV 196
SR scanning 148 TMV-RNA 196
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Standing wave 141,142,200 Tobacco necrosis 101

237 Topography 177

Standing-wave 229, 260 Topotaxy 187

State analysis 153 Total reflection 155

Step 244 Trace elements 148

Stepped surface 258 Transferability 34

Stoichiometry 264 Transforming effects 99

Stopped-flow 127,137 Transition 157

Strong gel 116 Transition-metal carbides 264

Strontium 65 Tridymite 143

Structural analysis 83 Trimer 125

Structural change 136 Two electron excitation 245
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Structure analysis 143,170
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Structure transition 143 Undulator 2 91

Subtraction imaging 193 Undulator radiation 243

Subunit 120 Uniformity 247
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Sulfur hexafluoride 280 V205 19, 37
Super-thin layer 18 Vacuum 237
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X-ray diffraction liquid 224

X-ray diffraction study 107

X-ray fluorescence 97,144,153
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X-ray fluorescence analysis 145
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X-ray microscopy 96,183
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