
User's Short Reports





USER'S SHORT REPORTS

CONTENTS OF USER'S PROGRESS REPORTS

Title

A : EXAFS

The Structure Studies on the Thermal

Stability of SiO^-supported VoOe

Photoemission Investigation of the
Room Temperature Adsorption of TMG
on GaAs Surface

Study on Solid Solution Strengthening
of Austenitic Steels by EXAFS

Br and Ge EXAFS Studies of AgBr-Ag20-

GeOj Glasses

An EXAFS Study of Co-Mn and Fe-Mn

Bimetallic Solvated Metal Atom

Dispersed Catalysts

Local Structure around Fe Atom in

Bi-Zn-Fe-0 Magnetic Glass

Effects of Alloying Elements in
Steels on EXAFS

EXAFS Study of Selenometallothionein
Structure

An EXAFS Study of the Silica
Supported Vanadium Oxide Catalysts
Prepared by CVD Method

Study of Al-Mn Quasi-crystal by EXAFS

XANES Measurements for Ce Valence

in Pd-Ce Ordering Alloys with a
Basic Structure of FCC Lattice

Studies on the Local Structures of

the Iron Catalysts for Coal
Gasification

Structure Determination of Metal

Complexes in Very Dilute Solutions
by Fluorescent EXAFS Spectroscopy.

Copper(II) Chloride Complexes in
Acetonitrile

EXAFS Measurements on the Copper

Catalyst Prepared by the Novel Method

An X-Ray (1.7-14 keV) Beam Line for
EXAFS Studies

The Local Structure of Iron-Tin

Composite Oxides Studied by X-Ray

First Author Proposal No

Asakura, K. 87-012

Claverie, P. 87-134

Shibata, K. 86-082

Morikawa, H. 86-084

Kanai, H. 86-085

Sakurai, M. 87-005

Shibata, K. 87-017

Esaki, N. 87-019

Sone, T. 87-116

Ino, H. 87-118

Kuwano, N. 87-129

Yamashita, H. 87-139

Yamaguchi, T. 87-144

Yoshitake, H. 88-019

Nakano, A. 88-006

Yoshida, S. 86-086

Pago

昌治
テキストボックス
You can jump to the top of the secion by clicking titles.



Absorption Spectroscopy

EXAFS Observation of Vapor Quenched
Fe-Ag, Fe-Cu and Fe-Cu-Ag Alloys

Local Structure of Ni-Al Alloys
in Connection with Premartensitic

Phenomena and co-Phase Character

Local Structure of the Perovskite-

type SrCo i _ v MnvOs Solid-solution

Local Crystal Structure of Exchanged
Ions in Zeolite

Characterization of Supported RhFe

and PtFe Bimetallic Carbonyl
Clusters and Their Catalytic Functions

EXAFS and XANES Analysis of Selenium
Compounds (II)

Characteristics and Structure of NbC

Films Fabricated by Ion Beam Sputtering

Changes in Local Structure of Ultra-
fine Rhodium Particles by Chemisorption

In-situ EXAFS Studies on the Structure

Change of Rh2 Attached on Si02 During

the CO Insertion Reaction

EXAFS Studies on the Structure of

the Se-Rh/Si02 and Its High CO
Insertion Activity

Studies on the Structure of Bimetallic

Colloidal Catalysts

An EXAFS Study of Ag3SbS3-Ag3AsS3

Solid Solution

An EXAFS Study of Ag3AsS3 Glass

Structure of Zinc(II) Iodide

Complexes in Aqueous Liquid and
Glassy Solutions

Structure of Zinc(II) Chloride

Complexes in Aqueous Liquid and
Glassy Solutions

Structure of Gallium(III) Chloride

and Bromide Complexes in Aqueous
Liquid and Glassy Solutions

EXAFS Study on Active Sites for
Hydrocracking and Hydrogenation
Activities of Mo Supported Catalysts
II. Effect of Mo Loading

XANES and EXAFS of Nickel Thiolate

Complexes in Terras of Nickel
Containing Hydrogenases

The Structure of Intercalated Metal

Particles in Layered K4Nb60i7

Nakamura, Y. 86-087

Noda, Y. 86-088

Yoshiasa, A, 8 6-090

Kuroda, Y, 8 6-093

Ichikawa, M. 87-002

Kawashima, T. 87-008

Tuneki, 0. 87-009

Fukushima, T. 87-010

Asakura, K. 87-011

Asakura, K. 87-013

Toshima, N. 87-016

Sugaya, H. 87-020

Okuno, M. 87-020

Yamaguchi, T. 87-023

Yamaguchi, T. 87-023

Yamaguchi, T. 87-023

Matsubayashi, N 87-024

Yamamura, T. 87-120

Yoshimura, J. 87-121



A Study on the Correlation between
the Local Structure and Photo-Catalytic

Activity by Supported Niobium Oxides
Catalysts

XAFS Studies on Local Structure of

High Tc Superconductors

Chemical Short Range Order in Liquid
Rb-Se Alloys

ASO4 Molecule Distortion in KDA

A Study on the Ni^"*" Ions in Sodium
Borate Glasses by EXAFS

Characterization of Zeolite-

encapsulated Metal Phthalocyanin
Catalysts

Temperature Dependence of the EXAFS

Spectra for Silver and Palladium
Small Metal Clusters: Dissimilarities

of the Thermal Vibration and Thermal

Expansion in Comparison with Bulk Metals

Structure of Germanium CVD Zeolite by

EXAFS and XPS

XAFS Study of (Bi203) (Y2O3)X System
at High Temperatures

Structural Studies on Precipitation
Reactions in Qualitative Analysis by

EXAFS and XANES Technique (I)

A XANES Study on Ni Zr Amorphous
Alloys Prepared by Mechanical Alloying
Method

EXAFS Study on Fluoride Ion-
conductive ZrFi-BaFj-CsF Glasses

EXAFS Study on Active Intermediates

of Cytochrome P-450 Models

EXAFS Study on Thin Film of Zr02 on

Ti02

Rhodium-Niobia Interaction on Silica

Formed by Air Calcination at High
Temperature

EXAFS Study on the Local Structure of

Amorphous TexCi.v Alloys

Te-K EXAFS Study on the Structure of
Amorphous SixTei.x Alloys

XAFS Studies on Phase Transition in

Iron and Iron Base Alloys

EXAFS Studies on the S1O2 Attached
Nb Dimer Catalyst

The Structure of the One-atomic Layer

Nishimura, Y 87-122

Yamazaki, H. 87-123

Endo, H. 87-124

Noda, Y. 87-126

xu, Q. 87-127

Ichikawa, M. 87-131

Yokoyama, T. 87-135

Hibino, T. 87-136

Kamijo, N. 87-140

Nakai, I. 87-141

Sakurai, M. 87-145

Kawamoto, Y. 88-004

Hirobe, M. 88-005

Tanaka, T. 88-011

Kunimori, K. 88-012

Tsunetorao, K 88-013

Tsunetomo, K 88-013

Yamazaki, H. 88-017

Kuwabara, R. 88-020

Asakura, K. 88-021



Rh Catalyst in the CO Oxidation Reaction

The Structure Studies on the

Reversible Activity Change of the
Noble Metal Catalysts

Elucidation of Structure of

Catecholdioxygenase-model Complexes
and Mechanism of Oxygenation of
Aromatic Ring

EXAFS and XANES Studies on Dynamic
Behavior of Two-site Promotion of CO

Catalyzed by Bimetal Clusters

Compact Fluorescence X-Ray Detector
for Surface EXAFS and X-Ray Standing-
wave Measurements

La K-edge EXAFS Studies on the
Structures of La Oxide Thin Layer
Catalysts

Measurements of Spectra of

Synchrotron Radiation in Soft X-Ray
Region by Means of Helium Gas
Scattering

Study of Quarter-micron Pattern
Replication by X-Ray Lithography

Radiation Durability of a-BNC:H for
X-Ray Mask Membranes

Local Structure around Zn Atoms

Diffused into GaAs Crystal

EXAFS Study of Rh/AloOs Catalysts

Structure of Liquid State of

BipOi by EXAFS

EXAFS Studies of High Tc Super
conductor CaxYi_xBa2Cu307_y

EXAFS Studies on Ca-Ni-Mo/AljOs
Catalyst for Hydrogenation of Coal
Liquid Bottoms

Analysis of Modified Hopeite Films
by Means of EXAFS

XANES of Tb-Liii in Zr02-Tb407
Mixed Conductors

EXAFS Studies of WSiN Films

Copper K-edge Polarized EXAFS of
High-Tc Superconducting Single-
crystal YBa2CU30y

YTTRIUM K-edge Polarized EXAFS of
High-Tc Superconducting Single-
crystal YBa2Cu30y

Barium K-edge Polarized EXAFS of
High-Tc Superconducting Single-
crystal YBa2CU30y

Asakura, K. 88-022

Funabiki, T. 88-023

Ichikawa, M. 88-027

Funabashi, M 87-142

Asakura, K. 87-015

Gotoh, S. 87-009

Ishiwari, H. 87-009

Yamada, M. 87-009

Kitano, T. 88-Y004

Murofushi, Y 87-Y017

Koto, K. 87-130

Akai, T. 88-YOOl

Dshlkubo, T. 88-YOOl

Sato, N. 88-Y005

Arashi, H. 88-Y025

Maeyama, S. 88-Y007

Maeyama, S. 87-Y012

Maeyama, S. 87-Y012

Maeyama, S. 87-Y012



Killing on E.Coli and Deinococcus

Radiadurans by Monochromatic X-Rays

at Resonance Energy of Phosphorus

K-absorption Edge

Enhanced Killing on Cultured
Mammalian Cells by Soft-X-Rays with
Resonance Energy of Phosphorus
K-absorption Edge

X-Ray Contact Microscopy of Hydrated
Human Nuclei

NMR Study of the Irradiation Effect
by SR Monochromatic X-Rays on
BR-Deoxyuridine-monophosphate

Nondestructive X-Ray Fluorescence
Spectroscopic Imaging of Trace
Elements in Animal Tissues

Induction of Mutation and Chromosome

Aberrations in Cultured Mammalian

Cells by Synchrotron-produced
Monochromatic X-Rays

Detection of Damaged DNA Irradiated
with Mono-X-Ray in the Presence
of BrdU

Detection of the Damaged and Fragile
Sites Irradiated with Mono-X-Ray

on Chromosome

Studies on Auger Enhancement in
Cultured Mammalian Cells with the

Use of Radical Scavengers

Crystallographic Studies on Intact
Ribosomal Particles

Structural Studies of Lipoamide
Dehydrogenase and 3-Isopropylmalate
Dehydrogenase by Rapid Measurement
of High Resolution X-Ray Diffraction
Data

High Resolution Data Collection for
the Complex of Subtilisin BPN' with
Streptomyces Subtilisin Inhibitor

Crystal Structural Studies of
Biological Macromolecular Assembly

Diffraction Experiments of
Hydrogenase at Two Wavelengths II

Phase Determination of Cytochrome
C553 by Multi-wavelength Anomalous
Dispersion Method

X-Ray Solution Scattering Studies on
Solubilized Bacteriophodopsin III.

Maezawa, H. 86-101

Maezawa, H. 88-039

Shinohara, K. -033

Takakura, K. 86-100

Nakai, I. 88-034

Ejima, Y. 88-036

Miyoshi, N, 88-037

Miyoshi, N. 88-037

Shinohara, K. 88-041

von Bohlen, K 87-028

Takenaka, A. 88-043

Takeuchi, Y. 88-047

Takeuchi, Y. 88-048

Higuchi, Y. 88-049

Nakagawa, A. -050

Kataoka, M. 86-028



Quarternary Structure Change of
Tryptophanase Observed by Small-angle
X-Ray Scattering

Conformational Analysis of Broken
Rodlike Chains: II. Conformational

Analysis of Poly(D-Glutamic Acid)
in Aqueous Solution by Small Angle
X-Ray Scattering

Molecular Shape of 114-kilodalton

Pea Phytochrome Studied by X-Ray
Solution Scattering

Improvement of "SAXES" and Development
of Data Treatment Software

Structural Analysis of Oligomeric
Proteins in Solution

Structural Behavior of Troponin-C
upon Calcium Ion Binding

Inactivation of Bad T Tus Subtilis

Spores by Monochromatic X Radiation

with the Resonance Energy of
Phosphorus K-shell Absorption

Analysis of Mutational Specificity
in lacZ Gene on Plasmid pUC19

Crystal Structural Analysis of a
Ferredoxin from Mycobacterium

Smegmatis by the Native Anomalous
Dispersion Method

Intensity Measurements with Short
Wave-length X-Rays/ Structure
Refinement of Ilmenite

Development of Specimen Chamber for
Light Irradiation at Low Temperature
and Its Application to Bacterior-
hodopsin Photocycle IV

Effects of X-Ray Irradiation on
Murine Heart Muscle

Effects of 2,3-Butanedione-2-Monoxime

on the Structural Changes of the
Thin Filament during Activation of
Frog Skeletal Muscles

Temperature Dependence of the Ripple
Structure in DMPC-Cholesterol

Multibilayer System

Radial Movements of Myosin Heads in
Murine Heart Muscle during Contraction

Equatorial X-Ray Intensity Changes
during Contraction of Frog Skeletal
Muscles under the Inhibitory Action
of 2,3-Butanedione-2-Monoxime

X-Ray Diffraction of the Live Squid
Retina

Kira, E.H, 86-103

Muroga, Y. 86-105

Tokutomi, S. 86-106

Ueki, T, 87-031

Ueki, T. 87-032

Funisawa, T. 87-033

Munakata, N. 88-042

Yatagai, F. -053

Tsukihara, T 86-031

Ohgaki, M. -054

Tokunaga, F. 87-036

Mataubara, I 87-037

Yagi, N. 87-038

Matuoka, S. 87-039

Saeki, Y. 87-043

Takemori, S. 87-045

Hamanaka, T. 87-040



Change in the Small-angle Diffuse
Scattering from a Frog Skeletal
Muscle during an Isometric Contraction

Changes in Equatorial X-Ray
Diffraction Intensities from Skeletal

Muscle of the Frog Stretched at the
Onset of Twitch

Time-resolved X-Ray Diffraction
Studies of Equatorial Reflections
from Frog Skeletal Muscle during
Segmental Length Clamp

Effect of the Slow Sinusoidal Length
Change (2Hz) on the Intensity of
Myosin Meridional Reflections from
Isoraetrically Tetanized Frog Skeletal
Muscles

X-Ray Diffraction Studies of the
Modified Purple Membrane during
Its Photocycle

Medium Angle X-Ray Diffraction
of a Tonically Contracting

Molluscan Smooth Muscle

Dissociation and Association

Kinetics of E. coli Ribosome.

Stopped-flow X-Ray Scattering
Study at Subzero Temperature

Structural Dynamics of Alpha-2-Macro-
globulin and Fatty Acid Synthetase
Studied by Time-resolved X-Ray Small

Angle Scattering Experiment

Dissociation of Limulus Polyphemus
(Horseshoe Crab) Hemocyanin Monitored
by Stopped-flow X^Ray Scattering Method

Dissociation of Eisenia Foetida

(Earthworm) Hemoglobin Monitored by
Stopped-flow X-Ray Scattering Combined
with Time-resolved Imaging Plate as
Detector

Time Resolved Small-angle X-Ray

Scattering Study of Aggregation
Process of Cucumber Green Mottle

Mosaic Virus Protein

Conformation Change of Amylose and
Amylopectin Induced by Complexation
with Iodine-Iodide

X-Ray Experiments

Detection Characteristics of Micro

channel Plates for Plasma X-Ray

Diagnostics

Quantum Efficiency of Gold
Photocathodes (2-8 keV)

Wakabayashi, K 87-041

Iwamoto, H. 87-044

Kobayashi, T. 87-044

Wakabayashi, K 88-056

Uruga, T. 88-057

Tajima, Y. 88-058

Tsuruta, H. 88-060

Ikai, A. 88-060

Kimura, K. 88-060

Igarashi, Y. 88-060

Sano, Y. 86-107

Hirai, T. 87-149

Yamaguchi, N 87-164

Cho, T. 87-164



X-Ray Diffractometoric Determination

of Lattice Misfit between f and y
Phases in Nl-base Superalloys

Powder Diffraction-profiles of the
Monoclinic Superstructure of Tridymite

Chemical State Imaging of Rock Sample
by X-Ray Fluorescence Spectroscopy
Using Chemical Shift of Fe-K
Absorption Edge

Application of Synchrotron Radiation
to Archaeological Objects (Ill)d

Non-Destructive Chemical State

Analysis of Cu Oxide Compounds

Micro X-Ray Fluorescence Analysis
Using Energy Tunable SR X-Ray Micro
Analyzer

SR X-Ray Fluorescence Imaging by
Image Reconstruction Technique

Determination of Trace Siderophile
and Lithophile Elements in Meteoritic
Mineral Crystals by Microfocus X-Ray
Fluorescence Spectrometer with

Reference to Their Formation Conditions

Fabrication and Characterization of

Mutilayer Zone Plate for Hard X-Rays

Analysis of Ultra Trace Elements in
Marine Ecological Samples by SR
Monochroroatized X-Ray

Photoacoustic EXAFS for the Analysis
of Layered Materials

Applicability of Photoacoustic EXAFS
Method to Various Samples

X-Ray Phtoacoustic Imaging by
Computer Tomographic Method

X-Ray Photoacoustic Absorption
Spectra of CuInSe2 and Phosphor Bronze

Synchrotron X-Ray Rietveld Analysis

of a-Hafnium Phosphate HflHPO^jj H2O,
an Inorganic Ion Exchanger

Measurement of X-Ray Diffraction
from Micrometer-size Sialon

Basic Characteritics of a Powder

Diffractometer for the Photon Factory

Kinetic Study Under High Pressure by
Energy Dispersive Powder Diffraction

Spectra

EXAFS and RDF Studies of 2627353120
Glass

Ohno, K. 88-066

Kihara, K. 87-154

Nakai, I. 87-056

Nakai, I. 87-056

Saitoh, N. 87-057

Hayakawa, S. 87-058

Takahashi, M 87-155

Hidaka, 0. 88-061

Saitoh, K. 88-063

Ishikawa, M. 88-064

Masujima, T. 88-089

Shiwaku, H. 88-089

Masujima, T. 88-089

Toyoda, T. 88-089

Nakai, I. 85-148

Ohmasa, M. 87-060

Ozawa, H. 87-061

Yamanaka, T. 87-062

Nasu, H. 87-064



The Structure Study of Ge02-P205
Glasses with the Anomalous X-Ray
Scattering

Structure Analysis of Organic
Compounds by X-Ray Powder Diffraction

Spatially Modulated Structures of
(N(CH3)4l2MnCl4

Diffraction Pattern of an

Environmental Fibonacci Lattice

Phase Transitions of Black Phosphorus
and Black Phosphorus-arsenic Alloy
at Very Low Temperatures and High
Pressures

Determination of the Environmental

Structure around a Specific Atom in
Crystalline Materials by the Anomalous
X-Ray Scattering

Spontaneous Distortion in Antiferro-

magnetic TbCuc-type Compounds

Observation of Pendelldsung Fringe
Induced by X-Ray Resonant Scattering
Using SR

Magnetic Spontaneous Distortion of
Lattice in Antiferromagnetic Compounds

Kinetics of Phase Transition in

Graphite Intercalation Compounds

Determination of the Environmental

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

High Speed Iodine K-edge Subtraction
Angiography in the Animal Experiment

Al-Mn Alloy ((}) Phase) Showing the
Diffraction Patterns Similar to

Decagonal Quasicrystals

Anomalous Transmission of Thermally
Scattered X-Rays in a Germanium
Crystal

Local Atomic Order in the Spin-glass
System Au-Fe Alloys

Studies on the Process of Reaction

in Crystals by SR. —Dehydration of
Alpha-AIOOH.—

Study of Rubber-like Behavior in a
Au-Cd Alloy by X-Ray Diffraction

Crystal-structure Determination of
a Small Single-crystal Using

Synchrotron X-Rays j (j) Phase of

Al-Mn Alloy

The Detection of Localized Excited

Shimizugawa, Y 88-065

Kurahashi, N. 88-067

Hamaya, N. 88-069

Terauchi, H. 88-072

Shirotani, I. 86-114

Waseda, Y. 88-074

Kamigaki, K. 85-125

Yoshizawa, M. 87-071

Kamigaki, K. 87-158

Metoki, N. 88-062

Waseda, Y. 88-074

Takeda, T. 87-189

Sasaki, S. 86-115

Kashiwase, Y. 87-067

Ohshima, K. 87-074

Ohmasa, M. 87-079

Ohba, T. 87-080

Sasaki, S. 87-081

Sawada, H. 88-078



States in Crystal Structures by the
Single-crystal X-Ray Diffraction
Method (I)

X-Ray Raman Scattering as a
Substitute for Soft X-Ray Absorption

Tertiary Structure of Calmodulin in
Solution

Structural Study of Gelation of
Branched Polyethylene in Solution

Studies on SiUH) •vTX Vi^Bi
and -Ag Surfaces by X-Ray Diffraction

X-Ray Correlation Photoacoustic

Measurement of Layered Materials

Crystallization of Poly(Vinyl Alcohol)
on Heterogeneous Nuclei

Photoacoustic EXAFS Study at Beam
Line IOC

Nuclear Excitation by Synchrotron
Radiation — Background —

Dynamical Diffraction of X-Ray in
Perfect Crystals under Grazing-
incidence Conditions

Angle-dispersive X-Ray Diffraction
by Water Molecules II.

The Bragg Case Phase Plate

X-Ray Standing Wave Analysis of

GaAs/SidOO) Interface

A Study of Solid-liquid Phase

Transition for Lithium Metal by
High Resolution Corapton Scattering
Measurements

High Resolution Compton Profiles
on Al-Li-Cu Single Quasicrystal

Atomic Structure of Icosahedral

Al-Mn-Ru-Si

Chemical Effects on X-Ray Intensity
Ratios of Nuclei Excited by
Synchrotron Orbital Radiation

A New Method for Determining

Diffusion Coefficients of Point

Defects by the Use of SR Topography

X-Ray Photoacoustic Imaging for
Depth Profiling

X-Ray Semi-pulse Photoacoustic
Method for Depth Profiling

Focusing of Synchrotron Radiation
by a Cyrindrical Multilayer
Bragg-refleetor

Udagawa, Y. 87-066

Izumi, Y. 87-082

Izumi, Y. 87-083

Takahashi, T 87-085

Sugitani, Y. 87-188

Isoda, S. -083

Masuiima, T. 88-089

Mukoyama, T. 87-093

Hashizume, H 86-076

Takeuchi, H. 86-125

Hirano, K. 87-090

Kawamura, T. 87-190

Itoh, F. 86-124

Tanaka, Y. 86-124

Sakurai, Y. 86-127

Yoshihara, K 87-088

Hondoh, T. 87-095

Masuiima, T. -089

Masuiima, T. -089

Takenaka, H. 86-077



X-Ray Chracterization of
[l-x]InA.srxAlAs .Alloy Films
Grown on InP Substrates

Effects of Growth Interruption
on Structure of MBE Grown GaAs/AlAs

Hetero-interfaces Studied by X-Ray
Diffraction

Direct Observation of Dislocations

in Solid Heliura-4 by X-Ray Topography

Section Topography Using a High-order
Reflection and Its Application

Dynamical Observation of Lattice
Defects in Nearly Perfect Aluminum
Single Crystals

Orthorhombic to Tetragonal Phase
Transition in High Tc Superconductor
YBa2Cu307_y under High Pressure

High Pressure and Temperature
Generation with a Multiple Anvil
System Using Sintered Diamond Anvils

Search of Long-period Structures
in Rare Earths

Structure of Liquid Gallium
under Pressure

Structure of Liquid and Crystalline
Bismuth under Pressure

Accurate Powder Diffraction

Measurements under Uniaxial Stress

High Pressure X-Ray Diffraction
Study Using an Imaging Plate

Observation of Antarctic Meteorites

by Monochromatic X-Ray CT Based
on Synchrotron Radiation

Structural Behaviours of La2Cu04_y
and La2_xSrvCu04

Composition Dependence of Lattice
Parameter for LEC Grown GaAs Crystals
with Dislocations

Phase Identification in Oxidized

Hf/Fe Multilayer Films by Using
Anomalous Scattering

Development of a Stepwise Temperature
Control Device and Its Application to
Time-resolved SAXS Measurements of

Polymer Blends

Time-resolved X-Ray Measurement of
Surface and Bulk Strains in Silicon

Irradiated by a Frequency-doubled
Nd:YAG Laser

Nittono, 0.

Koshiba, S.

Suzuki, H.

Sugita, Y.

Kino, T.

Mori, N.

Ohtani, E.

Hamaya, N,

Tsuji, K.

Tsuji, K.

Sorensen, Y.S

Shimomura, O.

Funaki, M.

Hirosawa, I.

Usuda, K.

Imafuku, M.

Kojima, T.

Konima, S.

86-129

86-130

86-131

86-152

87-096

86-111

87-007

86-121

86-122

87-094

87-167

87-169

87-170

88-0003

87-U006

87-COll

88-0022

88-C007

88-C013



X-Ray Fluorescence Analysis of
Trace Metals in Polymer Using
Synchrotron Radiation

X-Ray Diffraction Study of Fe/MgO
Multilayered Films

Synchrotron Radiation Lithography
System in an Atmospheric Environment

Computer-controlled Oscillating
Mirror System for Synchrotron
Radiation Lithography

Microstructure and Schottky Barrier
Height of Yb/GaAs Interface

Interfacial Superstructures of
AlN/GaAs and AlN/InP Systems
Fabricated by Chemical Vapor
Deposition with Surface Pretreatment
of GaAs and InP Substrates

MBE Apparatus for in Situ Grazing
Incidence X-Ray Diffraction

Analysis of Diffuse X-Ray Scattering
from the Omega Phase in Titanium

Alloys

Imaging System with an Amorphous
Silicon Linear Sensor

Real Time K-edge Subtraction
X-Ray Imaging

In-situ Measurement of the Lattice

Constant of Wustite Solid Solution

under High Pressure

D ; VUV abd Soft X-Ray Experiments

The Electronic Properties of Ionic
Insulators on Semiconductor Surfaces:

Alkali Halides on GaAs

Optical Performance and Applications
of a Soft X-Ray Microscope

Soft-X-Ray -p-A Scattering by Light

Element Solids

Photon Energy Dependence of Desorbed
Ions from H20/Si{100) in the Valence
Excitation Region

Charge Distribution of Xe Ions
Produced by Multiple-photoionization

Threshold Photoionization of Xe

Subshell

Ionic Fragmentation Following the
Sn:4d and 4p Photoionization of
Sn (CH3) 4

Ionic Fragmentation Following

Satoh, E.

Koyano, T.

Okada, K.

Fu'iii, K.

Hirose, K.

Fuiieda, S

Akimoto, K.

Morinaga, M

Hasegawa, K

Fukagawa, H

Sekine, T.

Klauser, R.

Kagoshima, Y

Suzuki, T.

Namba, H.

Mukoyama, T.

Hayaishi, T.

Ueda, K.

Ueda, K.

87-yoio

87-y016

86-113

88-Y004

88-y004

88-Y004

88-Y004

88-Y004

87-160

88-084

87-046

87-101

87-191

87-103

88-110

86-134

86-073

87-105

87-105



the C:ls and Sn:3d Photoionization

of Sn{CH3)4

Ionic Fragmentation Following the
Ga:3p and 3s Photoionization of
Ga(CH3)3

Optical Constants of Superthin
Gold Films for Soft X-Rays

Re-examination of Soft X-Ray
Reflectance of Multilayer Mirrors
after Irradiation of SR

Multiple-photoionization of Rare-earth
Atoms; Sm, Eu and Yb

Polarized XANES Studies of

Polyethylene and Fluorinated
Polyethylenes

In Situ DC Oxygen-discharge Cleaning
of Optical Elements

Study of the Polymerization Process
of Diacetylene Long-chain Compound
by Inner Shell Polarized Absorption
Spectra

Surface EXAFS and X-Ray Standing-wave

Profiles for (VF X Vsl RSO" Cl/Ni(lll)

Structure Analysis of c{2x2)Cl/Ni(100)
by Surface EXAFS and Soft X-Ray

Standing Wave Methods

Soft X-Ray standing-wave Absorption
Profiles of c(2x2)S/Ni(100) t
Discussion on the Analysis Method
and Comparison of the Detection Modes

Soft X-Ray Standing-wave Absorption

Profiles of p{2 X 2)S/Ni(lll);

Usefulness as a Surface Structure

Analysis

Soft X-Ray Standing-wave Absorption

Profiles of (sVTx 2) S/Ni (111) :
Reconfirmation of Surface Reconstruction

Study on Local Structure around

Sulfur of Iron Sulfide Catalyst

Two-dimensional X-Ray Photoelectron
Diffraction Measurements by Use of
Retarding Field Type Analyzer

The Optical Spectra of (X-AI2O3 Single
Crystals in VUV Region II

Photo-stimulated Desorption of H

Ions from Oxidized Silicon Surfaces

Piezoreflectivity of Na 2p Core
Exciton in NaCl

Angle-resolved Photoemission Study

Ueda, K. 87-105

Yanagihara, M. 87-106

Yaraamoto, M. 87-106

Yoshxno, M. 87-107

Ohta, T. 87-178

Koide, T. 87-179

Seki, K. 88-105

Funabashi, M. 86-139

Funabashi, M. 8 6-139

Yoxoyama, T. 86-139

Yokoyama, T. 86-139

Yokoyama, T. 86-139

Matsubayashi, N 86-141

Kanayama, S. 87-108

Tomiki, T. 86-070

Takakuwa, Y. 87-180

Yuri, M. 87-181

Aiura, Y. 86-145



of Oxygen Adsorption on W(HO) at 300K

Angle-resolved Photoernission Study of
Hydrogen-adsorbed Cr(llO)

Angle-resolved Photoernission Study
of Oxygen-adsorbed Cr(llO)

Electronic Structure of NbC(lOO)

Surface: Angle-resolved Photoemission
Study

Angle-resolved Photoemission Study
of 0? Adsorption on NbC(lOO)

Photoemission from SmRhiBo

Photoionization Quantum Yield of

Diraethylether in the Extreme-UV Region

Role on Molecular Superexcited States
in the Photoionization Quantum Yields

Characteristics of Flat Field

Spectrometers for Fusion Plasma
Diagnostics

Threshold Electron-ion Coincidence

Measurements of C02'*'

Non-ionizing Decay of Superexcited
CoHo in the Vacuum Ultraviolet Region

Vacuum Ultraviolet Fluorescence in

the Photodissociation of Superexcited

N2 and O2

High-resolution Absorption Spectrum
of Calcium near the 4p ^pi/2 3/2 Edges

Absorption Cross Section of Krypton
Atom in Its Photoionization Threshold

Region

Test Operation of a VUV/Soft X-Ray
Monochroraator for Undulator Radiation

at the Photon Factory

Angle-resolved Photoemission
Determination of the Band Structure

of YBa2Cu3O7_x{001)

An Attempt at Pattern Demagnification
by Asymmetric Bragg Reflection

Optical Constants for Coated Thin
Films in the Soft X-Ray Region

Photochemical Etching of GaAs at
Low Temperature Using Synchrotron
Radiation

Synchrotron Radiation Excited
Deposition of Silicon Film

Radiation Damage in Silicon Nitride
X-Ray Lithography Mask

Komeda, T. 86-150

Komeda, T. 86-150

Edamoto, K. 86-151

Edamoto, K. 86-151

Sugawara, H. 87-184

Ukai, M. 87-113

Ukai, M. 87-113

Kubo, H. 87-185

Morioka, Y. 87-186

Okai, M. -100

Ukai, M. -100

Ueda, K. 88-101

Maeda, K. -102

Muramatsu, Y 87-104

Sakisaka, Y. 88-D002

Suzuki, S. 87-C008

Kihara, N. 88-C018

Terakado, S. 87-C008

Nara, Y. 87-C006

Mori, I. 87-C006



Real Time Surface Analysis with
Synchrotron Radiation Photoemission
Spectroscopy

SRPES and RHEED Studies for the

CaF2/GaAs(001) Interface

Bonding Properties at the

CaF2/Gs^s(iii) Interface

First Observation of Synchrotron

Radiation Post-Ionization Effect

SRPES Analysis of Interface
Reactions between Si and YB2CU30y

Synchrotron Radiation Photoelectron
Spectroscopy of Single Crystal
Bi-Sr-Ca-CuO

SRPES Studies of High Tc
Superconductor Surfaces and

Interfaces for Contact Formation

Reaction Mechanism Study with SR-
Stimulated Etching of SiOj

Photoemission and XANES Studies of

Si (100) Surface Oxidation

Angle-resolved Photoemission Study
of the Pd(llO) Clean Surface



proposal No 87-012

THE STRUCTURE STUDIES ON THE THERMAL STABILITY OF SiOa-SUPPORTED
VsOs

Kiyotaka Asakura, Masahiro Shirai, Junji Inukai and Yasuhiro
Iwasawa

Department of Chemistry. Faculty of Science, the University of
Tokyo, Hongo, Tokyo 113.

Introduciton

The Vanadium oxide is a catalyst for the
partial oxidation of the hydrocarbon. To
obtain the high surface vanadium oxide catalyst:
the vanadium oxide is often supported on other
oxide surfaces. TiOa(anatase) is known as a
most efficient support It is explained as
follows. TiOa anatase lattice is crystallo-
graphically matched with VsOs lattice, hence
the VgOs crystal epitaxicially grows up on the
TiOs lattice. However, the mismatching
between the support and supported oxide can
produce the unexpected new catalyses as we
have previously shown(l-3). To assure the
contact between the support surface and V2O5
and to produce the distortion owing to the
mismatch we adopt the attached method for the
preparation of the supported VaOs , using the
reaction between the surface OH group and
V0(0C2H5)3.

In this work we prepared SiOa-supported
V2O5 and examined the structure and thermal

stability of the VaOs on the SiOa by means of
EXAFS.

Experimental

The VaOs/SiOa was prepared using the reaction
between the VO(OC2Hs)3 in hexane solution.
The supported VaOs was then calcined at 673 K
or 873K. EXAFS spectra were measured at
BL-lOB of Photon Factory.

Results and discussion

Fig.l shows the Fourier transform of the V2O5.
The first peak was directly attributed to the
V-G bonding- and the second one to the V-V.
Fig.2 and Fig.3 show the Fourier transforms of
the Si02-supported V2O5 calcined at 673 K and
873 K. Only one prominent peak corresponding
to V-0, indicating the amorphous structure.
No aggregation to V205 was observed even
heated at 873 K. This is because of the

strong V-O-Si bonding produced in the reaction
between the V0(0C2H5)3 and OH groups of Si02.
The Previous EXAFS studies on Ti02-supported
V2O5 produced in a similar way reported that
the thermal treatment at 773 K produced the
large crystalline V20b(4). Thus the thermal
stability of the Si02-supported V2OS increased
comparing to that of the T1O2- supported V2O5
and the amorphous structure was maintained at
high temperature.
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Introduction

Recently, a great deal of interests has been
focused on GaAs epitaxial growth by CBE
resulting from developments in MBE and MOCVD.
However, a number of aspects concerned with
this process, such as the adsorbed states and
sticlcing coefficients of source materials, are
not yet well understood.

We report here the results of a preliminary
study on the adsorption of trimethylgallium
CI^iG) on GaAs(llO) surface at room tempera
ture, which were carried out by means of the
ultraviolet photoemission spectroscopy.

The exx^eriments were conducted at the beam
line 7B of Photon Factory. The UHV experi
mental apparatus has a double-pass CMA, LEED,
quadrupole mass spectrometer, gas handling
system and so on. The base pressure of UHV
chamber is 5x10"'' torn. Ar ion sputtering
(700eV,30min.) and successive annealing at
350 "C were employed to obtain a clean recon
structed (1x1) GaAs(llO) surface.

Results and Discussion

We found that the TUG adsorption at room
temperature reached saturation for an exposure
to TTIG as low as 3L. From the measurement of

AES, the saturation coverage was estimated to
be less than 0.1 monolayer. The stoichiometry
of GaAs surface is known to vary depending on
the condition taJten in the cleaning proce
dures, but no direct correlation was found
between the saturation coverage and the degree

of As depletion from the surface.
The photoemission spectrum of a clean GaAs

surface with 21eV stimulation, is shown in
Figure 1, together with the spectra after IL
and 31. TTKJ exposures. The origin of the photo
emission peal<s of clean GaAs has been well
established", according to which the first
broad x^aks in the 5-8eV region, which is
associated with the iJ-like bonding states, is
comxxDsed of two comxxjnents (denoted 1 and 2 in
fig.1(A)), among which the component 1 is
attributable to the As associated p dangling
bonds. The x>eaJts 3 and 4 are due to the states
mainly associated with Ga4a orbital with a
small admixture of As4p orbitals. IMG molecule
has two photoemission peaks in the 5- 15eV
region . From the comx)arison between the
sp>ectra (B) and (C) in fig.l, we can see that,
on increasing IMG exixjsure, the intensity
increases in the regions corresxxjnding to the
photoemission x'eaks of TTKi (i>ealc c: Ga-C ,x>eaJ^
e: lt2 orbital of methyl group®^). The inten
sity of the comxwnent which is mainly due to

As dangling bond (j)eak a), is exijected to
decrease to a great extent ujxDn TMG adsorp
tion. In fact, its intensity decreases a lit
tle after TMG exixjsure, but did not completely
disapx)ear. Although it is hard to extract a
quantitative information, the results of
deconvolution analysis clearly indicate that
the sxjectra observed after TMG adsorption can
be regarded as a simple suxjerjxjsition of the
comjx)nents due to TMG molecule and those of
GaAs, indicating that TMG molecules are
adsorbed on GaAs surface without decomx»sition
emd ixDssibly most of them are just physically
adsorbed.

In conclusion, we were able to elucidate,
for the first time, some characteristic
features concerned with TMG adsorption on GaAs
surface at room temx^erature by using photo
emission spectroscopy. The saturation occurs
at the TMG exxx>sure up to 3L, and the coverage
at this state is less than 0.1 monolayer. All

the observed data indicate that most TMG

molecules are gidsorbed without decomxxjsition
at least at room temx)erature.
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Introduction

Carbon and nitrogen atoms strengthen steels
remarkably. The mechanism, however, have re
mained unclarified. Shibata et al^ found that
austenitc steels strengthened by nitrogen and
carbon were noticiably soften by low cycle
fatigue deformation. Such softening can be
explained quantitatively by presuming an exis
ting of short range ordering ( I-S complex )
between substitutional and interstitial atoms

and its breakdown during cyclic deformation.
Any direct evidence of the existence of such an
I-S complex, however, has never been shown. The
present authors^ found that the existence of
interstitial atoms around Cr stoms decreased the

depth of the shoulder peak in absorption spectra
of Or K-edge. In the present work, the
change in the shape of the shoulder peak were
examined by using the other austenitic steels.

Experimental procedures

Fifteen steels with and without alloying
interstitial atoms were melted in vacuum
furnaces. Ingots were hot worked to plates.
After solution treatment the plates were water
quenched and machined to round bar specimens for
cyclic and tensile deformations which were
carried out with an Instron-type machine at
ambient temperature. Thin plates were cut from
as-solution treated and deformed specimens, and
were polished mechanically and then electroliti-
cally to foils of 20 to AO Mm in thickness for
XANES observations. The XANES observations
were performed at room temperature by using
synchrotron radiation at 7C beam line of the
Photon Factory.

In all the series of the investigated steels,
the depth of the shoulder peak of the as-
solution treated steels was decresed by carbon
and nitrogen alloyings. It was found that Si
decreased also the depth. The results were
summarized and shown by Fig.1. In this figure,
the depth was normalized. The effects of the
deformation on the depth were not noticed. The
results of 15Cr-15Ni-C and 15Cr-15Ni-N series
steels were shown by Fig. 2.

It was found that the depth of the shoulder
peak was decreased not only by nitrogen and
carbon atoms but also by silicon atom in the
austenitic stainless steels. The systematic
effects of cyclic and tensile deformation on
the depth were not observed.
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Fig.1 The effect of alloying element
on the depth of the shoulder peak in
Cr K-edge absorption spectra of
various austenitic steels.
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Fig.2 The effect of cyclic and tensile
deformations on the depth of the
shoulder peak of (a)15Cr-15Ni-G and
(b) 15Cr-15Ni-N series steels.
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Introduction

Classes with high ionic conductivity have been

prepared in the systems on silver halides." Local
structures around Ge and Ag atoms of the glasses in

the system Agl-AgzO-GeOa have been investigated by

EXAFS method.2''®' Ionic conductivity of the glasses

containing Agl probably results from similar atomic

configuiation around Ag atoms between glasses and Agl

crystals since Agl crystals show ionic conductivity.

The glasses containing AgBr show ionic conductivity"'
although AgBr crystals do not show ionic conduc

tivity. The present report describes Br and Ge EXAFS

sudies of AgBr-AgaO-GeOs glasses.

Experimental and Results

Mixtures of AgBr, AgaO and Ge02 were melted in a

silica crucible and the melt was poured on to a

copper plate to obtain glass. The table 1 listed the

nominal compositions of the glasses prepared.

Table I CheaicBl coaposilions and results of EXAFS analysis.

Saapio Cheaical coaposi Uon(aolX) 0/Ge Bond dislftnce(A)
GcO; AgiO AgBr ratio Br-Ag Ce-0

G20 20 40 40 4.0 2.76 1.76
G30 80 30 40 3.0 2.76 1.77
G40 40 24 36 2.6 2.77 1.81

AgBr . - 100 . 2.89 _

GeO, 100 - - - - 1.74

EXAFS spectra of the glasses in the neighborhood of

the Br and Ge K absorption edges were measures by the

normal absorption mode using a two crystal Si(lll)
monochromator. AgBr and Ge02 crystals were used for

reference samples. Powder sample was mixed with poly

ethylene powder and then pressed to a disc with a

diameter of 12 mm, which was used for EXAFS measure-

ents.

The k'xCk) data were Fourier tranformed to get
I F(r) I curves which were shown in Fig.Ka) for Br

EXAFS data and in Fig-Kb) for Ge EXAFS data. Atomic
distances of the first coordination shell was ana

lysed by the curve-fitting method using theoretical

values of phase shifts and backscattering amplitudes.

The values of atomic distances for Br-Ag and Ge-0

were Iisted in TabIe 1.

Average Br-Ag distances for the glasses samples

were obtained by the present EXAFS analysis to be

2.76-2.77 A. These values clearly shorter than the Br

-Ag distance of 2.89 A in AgBr crystals where each Ag

atom is octahedrally surrounded by six Br-atoms.

Therefore, the average coordination number of Br atom

in the glasses is less than six. It is probable that

some of Br atomes are tetrahedralIy surrounded by Ag

atomes as found in Agl crystals and the structural

similarity around halogen atomes between Agl crystal

and AgBr-AggO-GeOa glass may be one of the reasons

for ionic conductivity of the glasses.

The average Ge-0 distances were estimated to be

1.76-1.81 A. The coordination geometry of Ge atom in

AgBr-AgsO-GeOs glasses were very similar to that in

Agl-AgsO-GeOs glasses.

Dlatance r(^]

(a)
Distanea r{X)

(b)

Fig.l Fourier tranform magnitudes of (a)Br EXAFS data

and (b)Ge EXAFS data. No corrections for phase shifts
and inner potential energy were applied.
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The EXAFS study of highly active Co-Mn/SiOj
bimetallic SMAD(Solvated Metal Atom Dispersed)
catalysts^) has revealed that metallic cobalt
species are highly dispersed at the expense of
manganese fixed to silica.We will further dis
cuss on the EXAFS of AI2O3 supported Co- and Fe-
Mn bimetallic SMAD catalysts to elucidate their
characteristic features in relation to the

catalysis.

Experimental

All operations were done under highly purified
N2. Co- and Fe-Mn/AlaOs SMAD catalysts prepared
according to the method described previously*'
were mixed with polyethylene powder, followed by
pressing into pelletes which were sandwiched be
tween two polyethylene pellets. They were sealed
in Q-pack pouches. EXAFS measurements were run at
the BL-7C station.

Results and Discussion

Co— and Co-Mn/Al203(Fig. lA) The moncmietallio
Co/Si02 contains significant amounts of Co-0
bonds with silica.3' A low loading monometallic
C0/AI2O3 has revealed metallic species with sub
sidiary amounts of Co-0 bonds. Exp>osure to air
changed metallic species into oxides. However,
high loading causes agglomeration of Co clusters
showing still Co-Co bonds exposure to air. The
higher activity of the Co/Al203 catalyst in the
FT reactions is ascribed to the more highly
dispersed state of metallic Co species than
Co/Si02. The addition of Mn causes most of Co
species more reactive dispersed metals. The much
addition of Mn forces the tendency so that most
of Co are reacted into oxides on exposure to air.
Fe- and Fe-Mn/Al203(Fig. 2B) Complicated FTs
can be seen for supported Fe SMAD catalysts.
Higher Fe loading than 4% gave rise to agglomera
tion of Fe metals, some of which were kept metal
lic on exposure to air. However, some parts of
metals were reacted into oxides to result in a

lowering of metallic Fe-Fe<peaks. All fresh Fe
catalysts have Fe-O bonds despite the addition of
Mn. The less catalytic activity of Fe SMAD
catalysts than that of Co^' is due to the less
amounts of highly dispersed metallic species.
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Fig. I Fourier transforms of A1203 supported
Co{A) and Fe(B) SMAD catalysts.
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INTRODUCTION

Ferromagnetic-like glasses have been obtained
by melt quenching from a certain mixture of
antiferromagnetic BlFeOs and ZnFe204lK In order
to understand why the glass state can be stably
formed and why the ferromagnetic-like properties
appear only in the glass state, we studied the
local structure around Fe atoms by means of
EXAFS spectroscopy.

EXPERIMENTAL

BiFeOs glass and (BiFeO3)3(ZnFe204) glass were
prepared by three kinds of method; melt
quenching{MQ), Reactive-Ionized-Cluster-Beam(R-
ICB) deposition, and solid state amorphizatlon
where mechanical alloying{MA) and mechanical
grinding(MG) are included. The Fe K-edge EXAFS
spectra in these specimen were measured at BL-7C
station in both absorption and fluorescence
mode. Fused quartz mirror was used to reduce
contamination from higher order harmonics.
Structure parameters were determined by a curve
fitting using empirical phase shift and back
scattering amplitude parameter with program
EXAFS22).

RESULTS AND DISCUSSION

Figure 1 show the Fourier transforms of k^-
weighted K-edge EXAFS of Fe in
(BiFe03)3(ZnFe204) glasses without taking
account of phase shift. Curve fitting results
about the first peak at r=1.5A which is
attributed to Fe-0 atomic correlation are

tabulated in table-1. It can be seen that
coordination number(N) and distance(r) of all
glasses under study are decreased from N=6 to
4-5 and from r =1.98A to 1.93 - 1.95A ,
respectlvly, compared to crystalline BiFe03.
These facts mean that almost all Fe atoms are
tetrahedrally surrounded by 4 oxygen atoms in
glass state, resulting in stability of the glass
state. This observation is consistent with the

Table 1 Results of curve fitting analysis for
(BiFe03)3-(ZnFe204) glasses

Method

MA 72hr Amorphous + crystalline
MA 250hr Amorphous + crystalline

ICB Amorphous, ferromagnetic
ICE Amorphous, non-ferromagnetic

MQ Amorphous

Standard BiPeOg crystal ( 6.0 ) ( i.98 )

Zachariasen's glass-network formation rule in
which the cations surrounded by 4 or less than
4 oxygen atoms form stable glass-network.

A second peak around r=2.6A in Fig.l
corresponds to Fe-Fe atomic correlation as can
be seen from the specimen of MG Ohr. The
increase of milling time decreases the height of
peak with growth of vitrification. The specimen
with milling time of 250hr has still crystalline
phase left in the matrix. The shape and position
of the 2nd peak in ICB-glass(ferro) and MQ-glass
seem different from those in lCB-glass(non-
ferro), and also from that in crystalline state.
Therefore, ferromagnetic-like behaviors in ICB
and MQ glasses may be related to this second
peak in F(r).

(1) K. Suzuki, H. Onodera, H. Sakurai, S.
Masuda, A. Matsumoto and H. Sadamura, IEEE
Trans. Mag. ^(1986)1090.

(2) N. Kosugi, H. Kuroda: PROGRAM EXAFS2/V03,
Reserch center for Spectrochemistry, Faculty of
Science, Univ. Tokyo (1987).

1 (DiFe03)3-(ZnFe204) 1

MA Ohr

MA 72hr

MA 25Dhr

ICD ferro.

ICD non-ferro.

/ A

Fig.l Fourier transform of k3-weighted Fe K-edge EXAFS
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Introduction

Carbon and nitrogen atoms strengthen steels
remarkably. Shibata et al^ suggested the stre
ngthening was due to an existing of short range
ordering (l-S complex) between substitutional
and interstitial atoms according to their obser
vation of remarkable softening of steels stren
gthened by carbon and nitrogen through cyclic
deformation. Any direct evidence of the exis
tence of such an I-S complex, however, has never
been shown. Therefore, the present authors^''
examined the effects of C, N and Si and defor
mation on XANES of various austenitic steels in

order to have the direct evidence of the I-S

complex. The evidence, however, has never been
obtained, although interesting phenomenon was
observed concerning the effects of the alloying
elements on the depth of the shoulder peak in
absorption spectra of Cr K-edge^'^. In the
present work, the effects of C, N, Si and defor
mation on EXAFS were examined.

Experimental procedures
The EXAFS observations were performed at room

temperature by using the same specimen foils as
those used in the previous XANES experiments®.

Results

It was' found that the height of the first
neighbor peak in Fourier transform curve for Cr
K- edge changed by the alloying of C, N and Si,
and deformation. Fig.1 exhibits the results
for the as-solution treated specimen. The peak
height is decreased by the alloying of C, N and
Si. Fig.2 shows the effect of deformation on
the peak height of 32Mn-7Gr steels. Cyclic
deformation increases the peak height of the
steels with N. The decrease in the peak height
by the alloying of C and N is attributable to
the wider distribution of atomic distance

between Cr atoms and nearest neighbor substitu-
tionals due to the formation of the I-S complex
between Cr and interstitial atoms. Silicon may
enhance the effects of the interstitial atoms

through the incresing their activity. The
increase in the peak height by the deformation
can be explained by the narrowing of the distri
bution due to the breakdown of the complex by
dislocation movements during the deformations.

Conclusion

The change of the height of the first neig
hbor peak in Fourier transform curves with the
alloying of C, N and Si, and deformations sugge
sted the existence of the I-S complex.
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Introduction

Metallothioneins (MTs) are a class
of low-molecular weight and cysteine-
rich proteins, which bind with high
amount of metal ions such as Zn, Cd, and
Cu. Neurospora Cu-MT consists of only
25 amino acids and binds 6 Cu ions to 7
cysteinyl residues: the smallest MT thus
far isolated. Recently, we synthesized
selenium analogue of the MT peptide
(selenometallothionein (SeMT)), in which
all the cysteine residues are replaced
by selenium counterparts, to study the
structure of the Cu-selenolate cluster
in a SeMT-Cu complex. In contrast to
the native Cu-MT complex, 3 Cu ions are
coordinated in the form of a single
Cu(ll)-selenolate cluster. To obtain
futher insight into the structure of the
complex, we have attempted an X-ray
absorption study.

We here describe the EXAFS spectra
of the SeMT-Cu complex to compare with
those of the MT-Cu complex.

Results and Discussion

MT and SeMT were prepared with an
Applied Biosystems peptide synthesizer
430A. X-ray spectra were measured by
fluorescence mode with a Lytle detector
at BL7C. Data were measured on the
frozen solution, kept at 18°K, with a
thermoelectric cooling module. Two data
scans were averaged to give the reported
spectra.

The XANES oscillations of the Cu
complexes of MT and SeMT revealed a
remarkable similarity (Fig. 1). This
indicates that the structure of Cu(Il)-
thiolate cluster in the CuMT is similar
to that of Cu(lI)-selenolate cluster in
the selenium counterpart. CuS was repo
rted to resemble CuSe in the crystal
structure: Cu is in a tetrahedral coor
dination to 3 Sy (R= 2.09 and 1 Syy

.32 A) .
«uo-wii ^ n. / ailU i "TT

(R= 2.32 A). We have applied these
values to the analysis of the structure
of Cu-MT complex. Fig. 2 shows a pro
posed structure of the Cu(ll)-thiolate
cluster. Se-MT was analyzed also by Se-
EXAFS in order to cofirra the proposed
structure (Table 1).

Cu-SeMT

Cu-MT

.66 69.75 69.66 69.96 90-06 90.16 90-26

PHOTON ENERDYIKEV) -lO''

Fig. 1. XANES spectra for Cu-MT
and Cu-SeMT

Fig. 2. Proposed arrangemen-t of Cu-
thiolate cluster in Cu-MT

Table 1. Interatomic Distances (X

Cu-Se-,.
Cu-Sejj
Cu-Se^il
C-Se

Cu-Cu
Se-Se
Cu-Sj, Cu-Sjj
Cu-Siii

)u EXAl

2.31

Se EXAF!

2.29

2.29

2 .63

1.99
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Introduction

Isolated VO4 tetrahedra on silica are sup
posed to be the active species in the photo-
oxidation of alcohols.Previous XANES and
EXAFS studies show that isolated VO4 species
exist on dried catalysts, while H2O molecules
tie adjacent VO4 species.In order to form
highly dispersed VO4 tetrahedra species on
silica, we have applied CVD technique via a
direct reaction between silica and vaporized
metal oxide precursors.

Experimental

Three types of silica supported vanadium
oxide catalysts ( V2O5, 6 % by weight ) were
prepared. Catalysts by CVD method (VSCVD)
were prepared as follows; V0(0Pr^)3 was
vaporized through bubbling of carrier gas
(Nz). It was reacted with silica { JRC-SIO-4
30-48 mesh) in a flow bed reactor. These
treatments were carried out at r.t. under the

pressure of 6-10 torn, followed by drying in
vacuo at 373 K for 1 h. The others were

prepared by impregnating silica in an aqueous
solution of NH4VO3 (VSIM), and in an n-hexane
solution of V0(0Pri)3 (VSIV), respectively,
followed by drying at r.t. All these
catalysts were calcined at 673 K for 3 h in
an O2 atmosphere.

The catalysts were treated in vacuo at
673 K for 3 h and cooled down to r.t. They
were mixed with polyethylene powder, pressed
into disks and sealed in polyethylene-nylon-
polychlorobinylidene films. X-ray absorption
experiments were carried out at the Photon
Factory(BL-7C).

Results and Discussion

Normarized K-edge XANES spectra and mag
nitudes of Fourier transforms(FT) of the
samples together with V2O5 as a reference
compound are shown in Fig. 1. Energy offset
is taken to the position of the- pre edge peak
of V2O5 (5496.7 eV). Energy resolution is 0.5
eV. The peak ( 24 eV ) appearing in the XANES
of V2O5 is assigned to ls-4p transition.
Shoulders are observed at around 24 eV in the

XANES spectra of VSIM and VSIV. The inten
sities increases in the order VSCVD < VSIV <

VSIM, which reflects the formation of
microcrystalline V2O5 on silica supported
catalysts.

The FTs of k^ weighted EXAFS are also
shown in Fig. 1. The peaks appearing around
1.5 A and 2-3 A are due to V-0 bonds and V-V
bonds, respectively. The V-V bonds which are
seen in VSIM, VSIV and V2O5 suggest that
polymeric vanadates are present in both im
pregnating catalysts. The heights of the

5450 5500

Photon energy/eV

2 4

Dlstonce/A

Fig. 1. Vanadium K-edge XANES spectra ( A-D )
and Magnitudes of Fourier transforms { A'-D')

A: VSCVD B: VSIM C; VSIV D: V2O5

V-V peakes decrease in the order V2G5 > VSIM
> VSCVD. In particular, there are very low
peaks within noise level at longer distance
( > 2 A )in VSCVD. The number of neighbouring
vanadium ions in VSIM is smaller than that of

V2O5 crystal , and the vanadium ions in VSCVD
are isolated from others. It is concluded
that highly dispersed catalyst can be ob
tained by CVD method.
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INTRODUCTION

The Al-Mn quasi-crystalline phase is
considered to be constructed by a Penrose
aperiodic lattice. Extended X-ray Absorption
Fine Structure ( EXAFS ) measurements were
performed on the Al-(Mn,Fe) icosahedral alloys
containing, in order to obtain the further
information on the local configuration of each
atoms in this lattice.

EXPERIMENTAL

We chose AlagMnm and Al73SiaMnii for basic
systems. The behavior of Fe was investigated
with Alg6(Mni-xFex)ii, ( x = 0, 0.25, 0.50 ) and
Al73Si6(Mni-xFex)2i ( x = 0, 0.25 )• Samples
were made in flake form by melt quenching on a
rotating Cu wheel in Ar atmosphere. A
crystalline Al73Sii$Mniia-phase was prepared by
annealing the melt quenched alloy for comparison
of the EXAFS data. Samples were ground to
powder and then rubbed onto Scotch tape. EXAFS
measurements were made about the Mn and Fe K-a

edges using the beamline BL-7C at the Photon
Factory. The EXAFS function, k^x(^)» were
Fourier transformed to real space to obtain the
spectra related to the average radial
distribution functions of the atoms neighboring
the absorbent atoms. The positional order of
the atomic sites was evaluated by the sharpness
of the first peak of the spectrum. We
quantified the sharpness by a parameter h/fwhm
defined by deviding peak height of the first
shell by full width at half maximum.

RESULTS

Figure 1 shows the spectra of Fourier
transformed k^x(l^) of^ the a-AlgSiigMnii crystal
line phase and icosahedral Al73Si6Mn2i. The
spectrum of the a-phase is apparently much
sharper than those of the icosahedral phases.
The parameter h/fwhm for the spectra of the Mn
and Fe edges of icosahedral Alge(Mni-xFex)14
and Al73Si6(Mnx-xFex)2i are shown in Fig. 2.
On substitution of Mn by Fe, the sharpness of the
peak around Mn increases, while around Fe
decreases.

DISCUSSION

The broadness of the first peak of Fourier
transformed EXAFS function in Fig. 1 reflects the
ambiguity of the atomic position in icosahedral
phase compared with crystalline a-phase. In
icosahedral phase, the atomic sites included in
the first shell around the Mn probe atom are much
more fluctuating than in the crystalline phase.
This would mean that in icosahedral phase, atomic
sites can be classified into more groups than in
the crystalline phase. From other measurements
of AlSi(Mn,Fe) icosahedral phase, two kinds of Mn
sites, with and without magnetic moment, are
proposed, and Fe atoms are considered to occupy
the latter sites . Together with the present

result, we propose one simple atomic model.
Two kinds of Mn sites are assumed, which differ
only in " free volume ". Since, Fe atoms are
smaller than Mn atoms in size, Fe atoms would
first occupy the smallest site when the first Mn
atom is substituted. As the substitution rate

increases, the distance between the Fe atoms and
surrounding atoms will be deviated more from the
mean value. At the same time, Mn atoms will
gradually be restricted to occupy the larger
sites. Therefore, the sharpness of the first
peak around Fe atoms decreases and increases
around Mn atoms. This further suggests that Mn
or Fe atoms in the smaller sites have no magnetic
moment.
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Fig. 1 Spectra of Fourier transformed k^x(^) of

the a-Al73SiigMni1 crystalline phase and
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It is known that Ce has an intermediate

valence between 3 and 4. Since sinomalies in phys
ical properties of Ce-alloys are attributed to
the intermediate valence, the correct values
for Ce valence are required in order to understand
the origin of the anomalies. In this study, Ce
valence in Pd-Ce binary alloys was estimated from
the X-ray absorption near edge structure (XANES)
as functions of Ce concentration and heat-treatment.

Alloys ingots of Pd-Ce with 12.5, 14.5, 16.7,
17.2 and 24.5 at%Ce were prepared by arc melting
in high purity argon. The alloys are known to
have ordered structures of an fee basic lattLce.^'^)
The ingots were annealed for prolonged time at
proper temperatures to promote homogenization.
Powder specimens made by filing under Ar enriched
atmosphere were sealed in evacuated quartz cap
sules and annealed at various temperatures, fol
lowed by quenching. X-ray diffraction patterns
were recorded to examine the alloy phases of the
powder specimens. XANES spectra were taken, using
the facility of BL-7C, at energy intervals of
about 0.54 eV with a double crystal monochromator
of Si(lll).

Figure 1 shows an example of the observed

XANES spectra for Pd-16.7 at%Ce annealed at 873 K
or 973 K. One can see a doublet of Ljuedge of Ce,
corresponding to Ce^* and Ce'**, respectively. The
doublet indicates that the valence of Ce in these

alloys has a fractional value between 3 and
4. It should be noted that the ratio of the peak
height of Ce^* to Ce'** for the alloy annealed at
873 K is smaller than the one annealed at 973

K. The variation of peak height implies that
the Ce valence decreases with the annealing tem
perature. We divided the XANES profiles into the
components of Ce3+ and Ce'*+ by the least squares
method, preliminarily assuming that each compo
nent consists of a single Lorentzian and arctan

gent curve:

P(E} - I r. )
j»3,i. J J J J J

+ Sj arctan +6j)}/Cj ]> +
The line profiles for Ce^*and Ce''*thus decomposed
are also illustrated in Fig. 1. The ratio in area
of the components gives the value for Ce valence,
yielding y=3.39 and 3.36 for the alloys annealed
at 873 K and 973 K, respectively. The alloys of
16.7 at%Ce has an ordered structure, and then the
degree of order can change with temperature.
Actually, it was confirmed by electron microscopy®^
that the degree of order decreases from unity to
0.7 with increasing temperature from 873 to 973 K.
The present result is the first evidence for
the dependence of Ce valence on the degree of order.
We^^ measured the electrical resistivity of the
alloy between 10 K and 300 K, finding that the
resistivity shows anomalous variation depending
strongly upon the annealing temperature. The
anomalies are thought to be due to the "dense

Kondo effect". It is of great interest that the
intermediate valence and the dense Kondo effect

are both related to the atomic configuration in
the alloy.

One can see in Fig. 1 that there is s small
disagreement between the observed XANES profile
and the calculated one in the tail around 5710 eV.

It is due to the assumption that the profile in
cludes a single Lorentzian which is symmetric.
Recently, Rohler^) proposed a new procedure where
such an asymmetrical peak profile is reproduced
by a convolution of a sharp Lorentzian and an

asymmetric distribution function. Although the
simple analysis mentioned above can give the
relative change in Ce valence correctly in the
present case, it seems necessary to take the
asymmetry of profiles into account in order to

investigate the dependence of Ce valence on Ce
composition and atomic configuration in detail.
The XANES for the alloys with other compositions
as well as those shown in Fig. 1 are now being
analyzed using Rohler's method.

- 873 K

Energy (eV)

Fig. 1 Observed and calculated XANES spectra for
Pd-16.7 at%Ce annealed at 873 K and 973 K
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Introduction

coDpounds arIron compounds are very useful
catalysts for the gasification of coal^.
Many studies have been carried out to know
the state of iron catalyst^, but the coal
with small amount of catalyst loading has
not been studied enough. In the present
study, the dependence of the structure of
iron in the coal on the catalyst loading
during the devolatilization or the
gasification process has been investigated
by EXAFS.

Experimental

Ley Yang brown coal from Victoria,
Australia, was used. Several coal samples
with different catalyst loading (0.1'^20
wt% as metal) were prepared by
impregnation method using an aqueous
solution of Fe(N0Q)3. The Fe-loaded coals
were devolati1ized in N2 or gasificated in
wet-N2 (steam; 234 Terr) at atmospheric
pressure in a small fluidized bed reactor.
EXAFS and XANES spectra at Fe K-edge were
recorded in a transmission mode on a beam

line BL-7C at KEK-PF at room temperature
using a Si(lll) channel cut monochrometer.

Results and Discussion

Devolatilization of coals were carried

out at several temperatures ( 3 50'^800®C)
for 20 min. Figure 1 shows Fourier
transforms (F.T.s) of the k^-weighted
EXAFS spectra. The precursor salt,
Fe(N03)3*9H20, in which Fe atom is
coordinated octahedrally by six H2O
molecules, exhibited a main peak at near
1.6 A (phase shift uncorrected ) . The
untreated 10 wt% Fe-loaded coal also

exhibited a main peak at 1.6 A. The
smaller peak height indicates that the
dehydration occurs and Fe atom is
coordinated by oxygen atoms existing on
the coal. In the case of char prepared at
SSO'C, two peaks are observed at near 1.6
and 2.7 A. The peak at 2.7 A can be
assigned to the neighboring Fe atoms (Fe-
Fe) in the oxidized iron compounds. This
result suggests that the iron atoms
aggregate in the oxidized states. In the
case of chars prepared at temperature
>600''C, the main peak was observed at near
2.1 A. This peak can be assigned to the
neighboring Fe atoms (Fe-Fe) in the
reduced iron compounds. In the case of
the char prepared from 0.5 wt% Fe-loaded
coal, only a peak due to neighboring 0
atoms was observed. The aggregation and
reduction of iron atoms in the coal with

the small amount of catalyst loading are
very difficult.

The gasification of coals were carried
out at 650®C for 10 min ~ 3 h. Figure 2
shows F.T.s of the k^-weighted EXAFS
spectra. a-FeOOH and Fe304 exhibited two
main peaks around 1.6 A (Fe-0) and 2.9 A
(Fe-Fe). The peak at around 2.9 A (Fe-Fe)

In the case of

0. 5 wt% Fe-loaded

to neighboring 0

was singlet in the case of ff-FeOOH, but
doublet in the case of Fe304. The
predominant features of F.T.s for the 0.5
wt% and 10 wt% sample gasified for 20 min
resemble to that of a-FeOOH. The main peak
at around 2.9 A has a little shoulder in
the case of 10 wtX Fe-loaded coal,
indicating that some amounts of Fe30^-
like crystallites exist in addition to a-
FeOOH. On the other hands, the features of
F.T.s of the 10 wt% Fe-loaded coal
gasified for 3 h resemble to that of
Fe304. These results indicate that the
iron atoms exist as a-FeOOH crystallites
or aggregated Fe304, and that the
proportion of these species much depends
on the amount of catalyst loading and on
the carbon conversion.
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Introduction

Structural information of metal complexes
in solution is essential in understanding details
of chemical reactions in solution. X-ray and
neutron diffraction methods, which have been used
to determine the structure of metal complexes in
solution, usually require concentrated solutions
to obtain reliable structural parameters, and
hence it is very difficult to investigate the
structure of intermediate species of very low
solubility in solution. In the present study,
fluorescent EXAFS spectroscopy is applied to
determine metal complexes in very dilute
solutions, in which the composition of the metal
complexes is known from thermodynamic quantities
obtained in the same dilute solutions.

Experimental

A system investigated was copper(II)
chloride in acetonitrile, in which the total
copper(II) concentration was kept constant at 10
mM. Figure 1 shows the distribution of each
complex calculated from thermodynamic data[l].
Solution samples at compositions B-D were
prepared so as to satisfy the compositions used
for measurements of thermodynamic data. Sample
A was a copper(II) perchlorate acetronitrile
solution. X-ray absorption spectra of the

Cu/C-edge were measured in the fluorescent mode
at the BL7C of the Photon Factory, KEK.

E D C
J- J. I

—log([Cl~] / moi dni"^)

Fig. 1, Distribution of [CuCl^]^^ specli
1n 0.1 M(CgHgl^NClO^ AN solutions.

Results and Discussion

Figure 2 shows XANES spectra of sample
solutions A-D. A feature of the XANES spectra
changes with successive coordination of chloride
ions to copper(II). The Fourier transforms of
samples A-D are shown in Fig. 3. The first peak
is ascribed to interactions between a copper(II)
ion and nearest neighbour atoms bound to it.
The position of the peak shifts to the longer
distance side with formation of copper(II)
chloride . complexes} the result shows that
acetonitrile molecules coordinated to a
copper(II) ion are replaced with chloride ions
with an increase in chloride ion concentration.

At lower chloro complexes the peaks ascribed to
non-bonding interactions such as Cu-C and Cu-CHs
are observed. Structural parameters of each
complex were determined by a least-squares
fitting procedure applied to Fourier-filtered
spectra and summarized in Table 1 with

thermodynamic quantities.
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Table I: Structure and thermodynamic quantit1es[l]

- n.—Cu - ci. ;; ; :r/X g/A r/A o/A dG 4H 4S
CuCAN)^"^ 1.98 0.062 '--
CuC1(AN)3 1.97 0.055 2.18 0.092 -55.3 -11.7 147

CuCl2(AN)2 2.01 0.085 2.18 0.075 -45.4 -5.0 135

CuCljCAN)" 2.19 0.19 2.17 0.069 -28.2 -4.4 80

CuCI?" 2.23 0.062 -16.3 -34.3 -61

'kJ/mo1. "O/CK mol).
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Introduction

The synthesis of a new type of well-defined
catalytically active species is one of the
intriguing problem in surface science. It is
possible that the stepwise double fixation
produces bimetallic or dimer clusters with a
well-defined structure on the surface. Cu(acac)2
is easily reacted with CuCla to be a dimeric Cu2
complex and the precipetate is formed. We first
fixed Cu(acac)2 complex on the surface of SiOa
using the reaction of the silanol and Cu(acac)2.
Then CuClg was reacted with the fixed Cu(acac)n
complex to produce the dimer Cua structure. In
this work we measured EXAFS spectra to obtain the
information about the surface reaction and the
surface transformation.

Experimental

SiOa (ID gel, Fuji Devison) was impregnated
with CHCI3 solution of Cu(acac)2 (Wako Chemical
CO.,Ltd.) under the dry argon atomsphere. After
removal of the solvent, Cu{acac)a/SiOs (sample T)
was mixed with THE solution of CuCl2 and stirred

for 3 h at room temperature. Solvent was removed
and the catalyst was washed with THF before the
drying of the catalyst. The sample (sample |') was
then transferred to the EXAFS measurement cell.

EXAFS spectra were taken at BL-7C.

Results and Discussion

Fig. 1 (a) shows the Fourier transform of
Cu(acac)2 and Cu(acac)a/SiOa, in which the first
shell is assigned to be Cu-0 bond and the second
is to be Cu-C bond for both of the catalysts.
This demonstrates Cu(acac)2 is supported on SiOg
without any transformation of the structure.
Cu(acac)2 was physically adsorbed on SiOa Fig. 1(b)
shows the Fourier transform of the sample catalyst
after the addition of CuCl2. The peak was
appeared at 0.9 - 1.8 A which is assigned to be
Cu-0 bond. No evidence was found for the bond

formation of Cu-Cl or Cu-Cu by EXAFS. The
comparison between sample (i|:) and (^|) about C-G
bond is illustrated in Table 1. No reaction

between surface Cu(acac)2 and CuCl2 occured. This
must be due to the change of reaction conditions

on the surface of SiG2.

Table 1. Results of the Curve-Fitting Analyses of
EXAFS Data for the catalysts.

CuCl2/Cu(acac)2 Cu(acac)2/SiG2 Cu(acac)2
/SiG2

C.N. 3.8 4.2 4.0

r 1.89 1.91 1.95

DISTANCE R (A)

The Fourier Transform of
(a) Cu(acac)2/SiG2 and (b) CuCl2/Cu(acac)
/Si02. ''
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priate quantity of Ne or Ar is mixed with He gas

for the Iq monitor when the higher energy range

is measured. The bent cylindrical mirror reduces

the beam size, 25fflm(H)X1bb(V), at Im upstream
of the monochroaator, to I.8aB(H) X0.5mB(V)(FWHM)
at 0.3b downstream of the flat mirror.

Examples of Si'K-EXAFS spectra are shown in

Fig.2. The absorption edge energies of Organic

Silicon Positive Resist(A), Si3N4(B) and a-Si(C)
are 1845, 1844 and 1840eV, respectively. Each

of the spectra indicates a steep peak in XANES

region. The energy width of the peak of sample

(A) is about leV. Each of samples (A), (B) and
(C) also exibits a distinct second peak or
a shoulder at 1855eV. The calculated interatomic

distances of each sample are 1.63A (Si-O,A),
1.97A CSi-C,A), 1.71A (Si-N,B), 2.36A (Si-Si,C).
respectively.

Reference

1) Nakano A., Abe 0. and Edamura T.: Abstract of

lUCr XIVth(1987).

2) I. Nagakura : KEK Report, 81-17(1982).

Introduction

BL-8B was already utilized for EXAFS measure-

aents of higher energy region than 6keV^*. In

order to utilize the lower energy region we have

improved the double crystal aonochroaeter and ^

accomplished to aeasure Si*K-EXAFS recently.

Arrangeaent of BL-8B I

The optical system consists of a double 1

crystal monochroaator, a bent cylindrical mirror

for focusing and a flat mirror for eliminating

the haraonics. The optical system is illustrat

ed schematically in Fig.l. The beryllium X-ray

window with the size of 60bb(H) X8Bm(V) and the
thickness of 75/xm is located between the slits

at upstream of the double crystal monochroaator.

Although the vacuum systeB is designed to reject

the pressure difference between both sides of

the beryllium X-ray window even when the BL-8B

is broken to the atmosphere, the thickness is

determined by a calculation^* that the window
endures the atmospheric pressure.

Double crystal monochroaator is installed in

the vacuum chamber evacuated to 3XlO'®torr. Two

pairs of crystals, InSb(lll) and Si(311) are now
available and exchangeable automatically without

breaking the vacuum. Two rotation angles of the

crystals are independently adjusted in 1/8 arc

sec step by AC-servo motor controllers. The bent

cylindrical and flat mirrors are made of fused

SiOa and coated by Ni. The bent cylindrical

mirror is inclined 6.3arad to SR beam and the

acceptance is 3Brad(H)X0.ISmradCV).

Experiments and Results

Some kinds of materials which are applied for

electronic devices have been measured. Incident

(lo) and transmission(Ii) intensities are mea
sured by ionization chambers. On Si-K-EXAFS

measurement He and Ar are used for working gases

of lo and I, monitors, respectively. An appro-

SR Double Crystal
Beam \ J Monochromator

. InSbdH),

/ // \ 02/IL.
Be Windo'w

17m

X-ray Photon
2 3

Energy (hevi

Fig.2 EXAFS spectra of OSPR, SijN, and a-S.i

Flat

Mirror

Bent Cylindrical

Mirror

Sample,

Fig.l Schematic illustrations of the optical system of BL-8D
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Introduction

In the previous report,we discussed the
local structural change of iron-tin composite
oxides, a gas sensor, with the composition on the
basis of K-edge EXAFS of iron and tin. At that
time, the quality of EXAFS of tin was unfor
tunately not so high to carry out a curve fitting
analysis. Thus, the K-edge EXAFS of tin was re
corded again more precisely in this work. Newly
obtained results allow us to discuss the local

structures of the composite oxides in detail and
the previous tentative conclusion is modified.

Samples and experimental procedures for
recording EXAFS were the same as that reported
previously, but data collection time for K-edge
EXAFS of tin was prolonged in comparison with the
previous work.

Results and Discussion

Frcra the F.T.s of Fe and Sn K-edge EXAFS,
structural parameters were extracted by the curve
fitting procedure described elsewhere.2) In the
analysis backscattering amplitudes and phase
shifts are corrected with the theoretical values

obtained by Teo and Lee^) . The applicability of
these values is confirmed for Fe-0, Sn-0, Fe-Fe
and Sn-Sn pairs by simulation of EXAFS of
reference compounds, but for a Fe-Sn pair, the
applicability was not be able to be confirmed,
because of lack of appropriate compounds. Thus,
the obtained structural parameters for the pair,
especially for coordination number of Sn atoms to
a Fe and vice versa should be regarded as
qualitative one. The results are shown in Table 1
and 2.

It is clear from Table 1 that the local

structure around a Fe atom is that almost the

same that of or-FezOs (corundum structure) until
15 mol% of Sn02. The existence of Fe-Sn pair in

dicates the formation of a solid solution fhase
of corundum structure. When the content of SnO:
exceeds 15 mol%, the structure changed slightly,
and almost constant value of coordination number

of Sn atoms suggests that the limit of Sn02 com

position in the solid solution is 15 mol%. We
could not extract reasonable structural

parameters from a oxide of SnOj 67 raol% by a
curve fitting analysis with 6 shells.

From Table 2, followings can be deduced for
the local structure around a Sn atom. 1) The
oxides containing SnOa up to 33 mol%, Sn-Sn pairs
can not be identified and the local structure is
the almost the same as that of corundimi.

2) The oxide of 50 mol% of SnO: contains both
SnOa (rutile structure) and corrudum structure
phases. 3) In the oxide of 67 mol% of SnOz, only
rutile structure phase can be identified.

The item 1) suggests that the composition
limit for a solid solution with corundum struc

ture is 33 mol% of SnOa. This is apparently dis
crepant with the results with Fe-edge EXAFS. A
possible explanation is that a Fe atom in the
corundum structure is replaced by a Sn atom until
33 mol% of SnOz, but the regular corundum struc
ture can not be kept for oxides with SnOa more
than 15 mol% and some disorder is introduced in

the structure. This modification in the struc

ture might be related to apparent decrease in
coordination numbers of Fe-Fe pairs at R=3.7 A
for oxides of SnOa 33 and 50 raol% in Table 1.

Apparent constant value of coordination numbers
of Sn to a Fe atom above 15 mol% of SnOa would
result from the structural modification, as
structural disorder brings about a decrease of
amplitude of EXAFS and eventually the apparent
coordination number.

1) S. Yoshida, H. Mizutani, T. Tanaka, T.Punabi-
ki, M. Takano, PF Activity Report 1987, p240

2) T. Tanaka, H. Yamashita, R. Tsuchitani, T. Fu-
nabiki, S. Yoshida, J. Chem. Soc. Faraday
Trans. 1, in press.

Table 1. Structural parameters obtained from Fe K-edge EXAFS

N R(A) N RIaT
a -Fez O3 3.0
SnOz 5mol% 3.0

SnOz 15mol% 3.1
SnOz 33mol% 2.6
SnOz 50mol% 2.5

1.95 3.0 2.04

1.95 3.1 2.08

1.93 3.0 2.06

1.86 2.7 1.95

1.85 2.5 1.95

"N R(I) N ^(X) N TOT
4.1 2.95 3.1

3.9 2.96 2.7

4.0 2.95 2.9

4.0 2.95 2.8

4.2 2.95 2.7

3.37 3.8 3.69

3.39 4.1 3.69

3.37 3.6 3.69

3.36 3.1 3.68

3.34 1.8 3.70

Table 2. Structural parameters obtained from Sn K-edge EXAFS

Oxide
SnOz 2.0

SnOz 5mol% 3.0
SnOz 15mol% 2.9

SnOz 33mol% 3.0
SnOz 50mol% 2.9

SnOz 67mol% 2.1

1.95 3.0

1.96 3.8

Sn-Sn

H R{KT
2.0 3.18

2.2 3.23

1.9 3.18

Sn-Fe
N R(A) N R(A).

4.0 3.08 3.0 3.37

4.1 3.05 2.9 3.35

4.1 3.06 3.0 3.37

4.2 3.08 3.0 3.32

Fe-Sn

N R(Xl

0.19 3.36

0.30 3.32

0.26 3.31

0.27 3.13
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Introduction

Fe, Cu and Ag give no equilibrium solid
solution at room temperature, whereas Fe and Ag
are immiscible in each other even in the

equilibrium liquid state at 2300 K. Sputter-
deposition is a typical vapor quenching method
in which a high energy vapor solution is
condensed onto a cold substrate so as to exhibit
nonequilibrium alloys^'. This report mentions
the results of the X-ray diffraction and the
extended X-ray absorption fine structure (EXAFS)
measurements on vapor quenched Fe-Cu, Fe-Ag and
Fe-Cu-Ag alloys.

Experimental

Alloy specimens with thickness of about 2 m
were prepared by an rf diode sputtering on
polyiraide film substrates whose temperatures
were about SO'C during sputter-deposition. The
electron probe microanalysis was made for the
determination of chemical compositions of these
sputter-deposited alloys. X-ray diffraction
patterns at 290 K were observed using Fe-Ko
radiations and a graphite monochromator. EXAFS
spectra were observed at Beam Line lOB and 7C in
Photon Factory, National Laboratory for High
Energy Physics.

Results

Figure 1 shows the phase boundary diagram of
sputter-deposited Fe-Cu-Ag alloys estimated by
X-ray diffraction measurements2>. A single bcc
phase appears at the Fe-rich corner and single
fee phases at the Cu- and Ag-rich corners, while
an amorphous phase at the central concentration
range of the ternary phase diagram. Figure 2
shows the Fourier transform of EXAFS oscillation,
k3;t(k), at the Fe-Ko edge for fee Fe-66at%Cu,
fee Fe-67at%Ag and amorphous Fe-28at%Cu-30at%Ag
alloys3>. A clear peak of the first coordina
tion shell is observed around 2.2 A for these

alloys, where the peak intensity of the ternary
alloy is much smaller than those of the binary
alloys. Some peaks of higher coordination
shells are detectable for the fee Fe-Cu and

Fe-Ag alloys, while they cannot be detected for
the amorphous Fe-Cu-Ag alloy, indicating that
the atomic stacking is much disordered in the
ternary alloy.

References

1) K.Sumiyama: Bull. Japan Inst. Metals 25
(1986) 615.

2) K.Sumiyama, Y.Kawawake and Y.Nakamura: Trans.
Japan Inst. Metals 29 (1988) 191.

3) H.Yasuda, K.Sumiyama, Y.Nakamura, T.Tetnaka,
H.Mizutani and S.Yoshida: in preparation.
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Introduct ion

The ^'~Niy;Ali-x alloy has a CsCl type
structure for the concentration region
0.45<x<0.70. Within this region, the alloy shows
complicated behavior in the phase diagram: 1)
martensitic phase transformation for x>0. 60 ac~
companled by premartens It Ic phenomena, 2) co-
phase behavior as a short range ordering, 3)
vacancies for x<0.50. These characteristics of

the y3'-phase strongly indicate that the local
structure is distorted from the regular cubic
symmetry while the average structure retains the
CsCl structure. Shown in Fig. 1 is the lattice
constant of the cubic cell as a function of the

concentration x. Here, the data are taken by the
conventional diffraction technique so that the
lattice constant in the figure means the average
periodicity of the unit cell. For x>0.5, the
lattice constant decreases with increasing the

nickel concentration, which might be consistent
with the difference of the atomic size for

Nl(ro=1.25A) and A1 (ro=l-43 A). On the other
hand, the behavior of the lattice constant shows
anomalous decreasing for x<0.5 region where
vacancies are introduced In the sample. In this
report, we performed the EXAFS experiments in or
der to investigate the local structure of NlAl
alloys especially in connection with premarten-
sitic phenomena and the co-phase character.

Experimental and Results
Conventional EXAFS experiments around the

K-absorption edge of nickel atom were carried out
on the lOB beam line mainly at room temperature.
Five samples indicated by triangle marks in Fig. 1
are currently analyzed. Following the standard
procedure, EXAFS signal % (.k) and Fourier trans
formed radial distribution function are obtained.

At the moment, we analyzed the 1st and the
2nd peaks In the radial function by using the

nARrCNSlTK
PXA&C

0.45 0.5 0.55 0.6 0.65

NixAl/.z

Fig. 1 Lattice constant of Nij^Alj-j^

f,lltering technique. Let us assume a simple two-
shell model where coordination numbers (Ni^,N2)
and distances (ri^,r2) are the fitting parameters.
In Fig.2, the obtained and calculated k^A:(k)'s
are shown. The essential difference between these

five samples is seen in the obtained coordination

numbers. In order to move out ambiguities for the
coordination number, the ratio of the 1st shell

and the 2nd shell coordination numbers is taken

and depicted in Fig.3.

Discuss ions

Obtained result is interpreted by the den
sity of vacancies introduced into the Al-rich

sample. Hence, the coordination number a.t the 2nd
shell decreases to BCl-i?) at x<0.5 and finally
S is obtained as 0. 057. At x>0. 5 region, nickel
atoms will occupy the aluminum site so that the
electron density at the 1st shell and the 2nd

shell will effectively increase. However, this
idea does not give any good agreement with the

behavior at x>0.5 shown in Fig.3. We are now un
dergoing to analyze the data based on the embryo
picture or a local cluster model randomly dis
tributed in a cubic lattice.

Ni Al,
X I-x

WAVE VECTOfl ^ (WA)

Fig.2 Observed and calculated k^p;(k) of five
samp 1es

1 • Nix^^i-x r—°^

0-5'
0.45
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Introduction

the Mn^"*" ion with the Co^"'" ion; the 0^" ion
shifts toward the Mn^+ ion in the Co-O-fto
combination (Fig. 2). In the range 0.33_<x_<l.0,
the decrease in the Mn-0 distance is explained by
an increase in the number of Co-O-Mn

combinations with increase of Co'̂ "'" ion content.
In the range 0,0_<x<0.33, a constant Mn-0 distance
can be also interpreted by forming no Mn-O-Mn
combination (i.e., an ordered arrangement of
ions, where only the Co-O-Mn and Co-O-Co
combinations exist). The variation of the Co-0
distances is explained by increase of Co-0
distances due to the formation of Co-O-Mn

combinations. The strength of the ligand field
for Co^+ ion becomes weak gradually with increase
of Mn^+ ion content because the 0^ ions around
Co^"*" ions are attracted to Mn^"*" ions. It can be,
therefore, understood why Co^"^ ion of larger
ionic radius in the high spin state is more
stable than in the low spin state in the range
0.33<x<1.0 though the solid solutions have
smaller unit cell volumes.

We are grateful to Dr. H. Maeda, Okayama
University, for the computer programs of EXAFS
analysis and to Drs. S. Nomura and A. Koyama,
KEK, for their indispensable assistance on EXAFS
measurements.
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<;rro. Mn n_

The perovskite-type oxides containing
transition metal ions in tetravalent state show

interesting electrical and magnetic properties.
The system SrCoi_xMnx03 forms a continuous solid-
solution with the perovskite-type structure and
the change from ferroraagnet to antiferromagnet
occurred at about x=0.33 in the solid-solution
(1). The change from ferroraagnet to
antiferromagnet was related to a change of spin
state of Co^+ ions located at the octahedral
sites. The spin state of Co^"^ ion changes from
low ([Je]^[rfY]^) to high ([de]^[rfY]^) at about
x=0.33 in connection with a peculiar variation of
the lattice constants. In the SrCoi_xMnx03 solid-
solution, it is expected that the local
environments of the Co^"*" ions (e.g. the bond
distances to the ions) differ from those of
the Mn '̂t ions. Positionally averaged information
for both ions is obtained by the diffraction
methods because the Co^"^ and ions occupy the
crystallographically equivalent positions. EXAFS
spectroscopy is a useful probe of the local
environment around a particular kind of absorbing
atom in the solid-solution.

Experimental
The mixture of SrC03, MnC03, and C0CO3

powder in the desired ratio was fired under the
appropriate conditions according to the previous
study (1). As the compounds obtained in this way
were oxygen-deficient, they were annealed under
oxygen pressure of 130 MPa at 300 ''C for 72
hours. The formation of single phase solid-
solution was confirmed by X-ray diffractometry.
The lattice constants agree excellently to the
published values. The X-ray absorption
measurements near the Co K- and Mn X-edges were
made with synchrotron radiation by use of the
EXAFS facilities installed at the beam line lOB
of Photon Factory in KEK. Using a curve fitting
analysis of EXAFS, the structure parameters of
the solid solution were determined by the least-
squares parameter fitting. The amplitude and
phase shift parameters are obtained from the
reference samples (both end-members).

Results and Discussion

The actual Co-0 and Mn-0 distances

determined by EXAFS in the solid-solutions are
plotted in Fig. 1 with the mean (Co,Mn)-0
distances by X-ray diffraction (one half of the
lattice constant). It is revealed that the Mn-0
distance decreases with increase of Co^"^ ion
content in the range 0.33_<x^l.0, while in the
range 0.0<x<0.33 the Mn-0 distance has a constant
value. On the other hand, the Co-0 distance
increases with ion content with a break at

x=0.33. In Fig. 1, it seems that a lever rule is
satisfied; (1-x)•R[Co-0] + x*R[Mn-0] = R[(Coi_
xMnx)-0], where R[Co-0], R[Mn-0] and R[(Co]^_
xMnx)-Oj are the Co-0, Mn-0 and mean (Co,Mn)-0
distances, respectively.

These variations in the distances from the

Co^"*" or Mn^"^ ion to the first nearest-neighbor
can be reasonably interpreted that the 0^" ion is
locally attracted to the Mn^+ ion by replacing

Fig. I. The Co-0 and Mn-0 nearest neighbor distances
measured by EXAFS and the mean (Co,Mn)-0 distances by X-ray
diffraction in the perovskite-type SrCoi_xMnx03 solid-
solution.

Mn4+

Co4+ :

oJ-JiLQ o

Fig. 2. The Co-0 and Mn-0 distances in the Co-O-Co, Co-O-Mn
and Mn-O-Mn combinations. The 0^" ion shifts toward the Mn^"'"
ion in the Co-O-Mn combination.
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Introduction

Metal species are often substituted
onto zeolite to generate a catalytic reactive
species or sites. The structure of this site
and the adsorhate geometry is of considerable
importance for understanding the chanistry of
such surfaces. A sufficiently good
understanding of the location and adsorbate
structure of catalitically active metal
species on zeolite may allow optimizaticn and
control of the catalytic activity of such
systems. EXAFS spectroscopy is a suitable
technique to investigate the structural
properties of these catalysis. But up to the
present, experiment of EXAFS measurement in
zeolite system is undertaken under imperfect
vacuo and without variation of continuous
pretreatment condition, though the effect of
ccntamination such as CD2 and O2 etc. in air on
the properties of zeolites is markedly. So
that it is needed to design the simple in-situ
cell for EXAFS measurements, by which we can
evacuate the sample at elevated tsnperatures
in vacuo, treat 1±e sample quantitatively with
the gases such as O2 and H2 etc. at elevated
tanpertures, and can be adsorbable the gases
cn its sample. Here, we design the in-situ
cell and describe the results of EXAFS
measurements on 215 % Cu exchanged
mordenites which are treated at elevated
tanperatures in vacuo.

Cu-exchanged mordenites were prepared
fron Na-mordenite by the usual method. ' The
extent of ion exchange, determined by
chelatometric titration, were found to be 215
for Cu(II) ions (CuM-215). The X-ray
absorption measurement was performed by using
the synchrotron radiation from the Photon
Factory (PF) at the National Laboratory of
High Energy Physics (KEK, Tsukuba). The Qa K-
edge EXAFS spectra of the CuM samples and the
reference samples Cu(II)0 and Cu(0H)2 were
taken with the transmission mode, using a beam
line BL-10B with channel-cut silicon (311)
crystal monochrccnator under a ring operating
conditions of 2.5 GeV and 200 mA maximal
current. The energy resolution is 0.5 eV for
near-edge scan and 2.0 3.0 eV for EXAFS scan.
The Photon energy, E, was calibrated with
respect to a Cu foil by assigning 8.9788 keV
to the pre-edge peak on the absorption edge.
Details of the performance for both EXAFS
spectroneters and data processing procedure
have been described in refs. 2 and 3.

Results and Discussion

The fourier transforms of the EXAFS

function of CuM-215 measured at room
temperature as a function of evacuated
tOTperatures are shewn in Fig. 1. Using CuO
and Cu(0H)2 as the reference substances, we
attributed the first major peak centered at
1.54 A (no phase-shift correction) to the
backscattering from the nearest neighbor
oxygen atoms, and the second major peak
centered at 2.85 A (no phase-shift correction)
to the backscattering fron the second nearest
Cu ions and Si ions. Increasing with
pretreatment temperature, the second peak
splits into two peaks, and finally these peaks
disappear at 773K. These results suggest that
the hydroxyl bridged dimer is formed in
mordenite at room tonperature, the CuO cluster
is formed frcm this hydroxyl bridged dimer at
about 473K, and the static disorder is very
large in the samples evacuated over 773K.

1) J. R. Rearce, W. J. Mortier, J. B.
Uytterhoeven, and J. H. Lunsford, J. Chem.
See. Faraday 1, 77_, 937, 1981 .
2) H. Oyanagi, T. Matsushita, M. Ito and H.
Kuroda, KEK Report, 83-30, 1984.
3) H. Maeda, J. Phys. Soc. Jpn., 2777,
1987.
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Introduction

In the catalytic CO+Ha reaction, the
conventional Rh-Fe/SiOa and Pt-Fe/SiOa
catalysts exhibit a unique activity for
producing Ci-Ca alcohols. We have employed
RhFe and PtFe bimetallic carbonyl clusters as
molecular precursors for preparation of RhFe
and bimetallic catalysts.^In this
study, we have conducted EXAFS evaluations
for the RhFe/SiOa catalysts to characterize
the local structure of RhFe bimetallic
clusters fixed on SiOa.

Experimental

The precursor carbonyl clusters were
imoregnated on SiOa from the adequate organic
solution. The catalysts were reduced with Ha
at 673 K. EXAFS measurements were carried
out at BL lOB in KEK-PF.

Refinlts and Discussion

Table 1 summarizes the results of curve-
fitting analyses of Fe-K and Rh-K edge EXAFS
k®;^(k) for RhFe/SiOa catalyst derived from
CNMesCHaPhlalFeaRh^CCOie] and RhCU+FeCU.®'
With the three catalysts, there is a
negligible contribution of Fe-Fe bonding.
Interestingly, Fe-Rh interatomic length of
the Rh^Fea cluster catalyst is about 0.1 A
shorter than that of the salt-derived
catalysts. These results suggest that
bimetallic RhFe particles derived from the
Fe2Rh4 carbonyl cluster are highly dispersed
on the SiOa surface. From ®'Fe Mossbauer
study on the Fe2Rh4/Si02 catalyst, it is
revealed that the oxidation states of Fe
atoms are Fe® and Fe®*", and that 73 % of Fe
atoms are in the state of Fe®-.^' Neither
Fe" nor Fe^* species were observed.

We propose derive the location model for
the cluster derived RhFe/Si02 catalyst. Fe
atoms which are stable mostly in the state of
Fe®" are located in the metal-support
interface forming chemical bonds with the
oxygen atoms of Si02. Since the contribution
of Fe-Fe is negligible, Fe atoms should be
highly dispersed on the surface. Thus, Fe®"
has the role to anchor Rh atoms onto the

support in forming Rh-Fe®"-0{si11ca support)
at the metal-support interface. IR study
suggest that the Rh-Fe®" bimetallic sites
specifically activates the adsorbed CO in
forming Rh-CO*"Fe®". The Rh-Fe®" sites are
highly active for migratory CO insertion as
judged by the rates of the hydroformylation
of olefins which are dramatically enhanced.
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Table 1. Results of the curve-fitting analyses of k®>({k) of Si02-supported [NMe3CH2Ph32
[Fe2Rh4(C0)ie]-derived catalyst.

precursor

metal Fe/Rh Fe-O(support)
loading ratio C.N. R(A)

[NMe3CH2Ph]2[Fe2Rh4(C0)i6] 4 wt.% Rh 0.5 3.0 1.99 1.8

RhCla + FeCU 4 Mi.v. Rh 0.3 1.5 2.05 4.7

4 wt Rh 0.5 0.9 1.99 4.0
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Introduction
The authors have previously elucidated the

structures of piaselenols and the oxidation state
of selenium compounds by EXAFS/XANES technique. ^
The present report describes a further EXAFS/XANES
study on the electronic effects of the
substituents and various organic solvents on the
structures of piaselenols. The variation of
local structure around selenium with time during
the reaction of selenious acid with o-
phenylenediamine is also reported.

Five cm-^ of eaci

bond distance in

the curve fitting
is 1.83 A and no

Experimental
Piaselenol (C^H/NjSeJ and its 5-substituted

derivatives-•> were prepared as described
previously.'^-' Benzene(Bz), nitromethane(NM).
dioxane(DO), pyridine(Py), tetrahydrofuran(THF;
and hexamethylphosphorictriamide(HMPA) were chosen
as organic solvents and their 0.1 mol dm~-^
solutions of piaselenols were prepared.

_ A water-ethanol (1:1) solution of 0.5 mol
dm"-^ selenious acid and 0.75 mol dm~^
o-phenylenediamine was prepared^ Five cm-^ of each
solution were mixed with 15cm^ of 1.5 mol dm"-^
sodium acetate water-ethanol(1:1) solution to
study the reaction process.

Powder samples of piaselenols were prepared
by dusting onto Scotch Tapes and the sample
solutions were taken into a specially designed
cell for our measurement. Se-K absorption spectra
were measured by using a Si(311) channel-cut
crystal monochromator on the EXAFS facilities
installed at BL-10B at PF.

Results and Discussion
Fourier transforms for powder samples of

piaselenols are given -in Fig. 1. The first
intense peak around 1.4- A in Fig. 1 is due to the
Se-N bond distance. The bond distance in

piaselenol determined by the curve fitting
analysis in the k-space is 1.83 A and no
significant variation of the Se-N distances is
found for all 5-substituted piaselenols. On the
other hand, it is reported that the Hammett's
substituent constants well correlate with the
positiouv of absorption maxima of piaselenols in
toluene-^-'. The substituents only influence on
the electronic state of benzene ring, and,
therefore, the electronic state of 5-substituted
piaselenols are varied. As a result, wavelength
of maximum absorption is shifted. But the
substituent effects are not strong enough to alter
the Se-N bond distances, so the Se-N bond
distances remain unchanged.

The results of EXAFS analysis for piaselenols
in various organic solvents are summarized in
Table 1 in which A denotes the difference between
the Se-N bond distances in solid state and in
solution. As shown in Table 1, the Se-N bond
distances of piaselenols in solution are longer
than those in solid state, indicating that the
lengthening of the Se-N bond are due to solvation.
However, no correlation between the Se-N bond
lengths and the properties of these solvents
(e.g. donor number, acceptor number, etc.) is
observed. Since the solvent molecules may not
specifically interact with the selenium or
nitrogen atoms of piaselenols, there is no
correlation between the properties of solvents and
the Se-N bond length.

XANES spectra were measured to study the
reaction process of selenious acid with o-
phenylenediamine from a view point of the local
structures of selenium. Figure 2 shows the Se K-
edge XANES spectra measured at regular time

intervals during the reaction. The position of
the Se K-edge shifts toward lower energy side
with time. From a comparison of these XANES
spectra with those of the standard samples of
(CzHc)2Se2, Na2SeOT and Na2SeO/ , the shift is
attributed to a decrease in the oxidation number
of selenium from quadrivalent to divalent. The
process of the reaction can thus be observed
directly as the variation of the oxidation state
of selenium, i.e. the reaction of selenious acid
with o-phenylenediamine begins with the reduction
of selenium, is followed by the formation reaction
of piaselenol. So it is expected that this
reaction mechanism can be clarified structurally
by using the energy dispersive EXAFS technique.
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I.Sample Preparation
The films used In this study were fabricated by ion

beam sputtering. The Nb target (99.953l)were bombarded
by 8kev Ar ion beam and Nb was evaporated on the
single crystal sapphire substrates at a pressure

2-61:I0"^Torr. The composition of residual gas is
givenn in Table 1. It is supposed NbC or Nb-oxides
were formed in the sputtering processes, considering
the very slow deposition rate ( about 10-50 l/h) and
the highly contaminated residual gas.

2.Experimental and Discussions
The measured electrical resistance of the films are

given in Fig .2. From the figure, samples are divided
into three categories.

A!The temperature coefficient of resistance /0=
pdr

of the films is positive and the films become super
conducting at low temperature (metallic behavior).

B:/3is negative and films become superconducting.
CljQis negative but films are not superconducting in

the teperature range of measurement (non-metallic).

From the analysis of X-ray diffraction and of XPS
measurements, films are NaCI structure and are NbC(cf.
NbC Cis peak in Fig.2 upper, C peak Is that of surface
contamination and disappears by etching). Fig.3 shows
the results of analysis of fluorescence EXAFS for Ai
and Ci.The narrow slit were placed before the detector
to avoid the Bragg reflections from the supphire sub
strate but it was difficult to remove them over the

whole measured energy range. As a results of computer
simulation method used for such reflections, three
Nb-Nb peaks were separated for Ci as shown in Fig.3.
This difference between Al and Cl may predict the
charcteristics of the films above mentioned.

The Table 2 shows the characteristics of the films.
The chemical shift of Nb3d5/2 suggests that Ai is NbC
and Cl has vacancies at C-sites. The same tendencies

are also seen in EXAFS data, but further analysis are
needed. The detailed discussions will be reported
later.

Ar CO COa O2 CalUO Ne HaO
Na

70.3 14.1 1.0 2.6 1.3 8.6 2.0
Table 1. Ratio of partial pressure of component
residual gases to total pressure(X).

Sample 3d 5/2 a

shift(ev) (A)

Table 2. Characteristics of the Films.
allattice const., dithickness.

Blndi^®Energy<eV)

/>(20) ^ m
AI 0.19XI0^,Xton '

• A2 as
B1 0:30
B2 a39

a2 - B3 1.01
Cl 1.&9
C2 208

- C3 3.74
C4 1&8

Fig.I The normalized resistance of

the films versus temperature. The

resistance are normalized at 20K.

206 204
Binding Energy (eV)

Fig.2 The results of XPS mesurements.

The chemical shifts of Nb 3d peaks cor

responding A,B,and C are different.

Rivdlal Distance U1

Fig.3 The results of flourescence
EXAFS. For Cl, three peaks corre-
ponding Nb-Nb are separated.
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Introduction

Recently Van't Blik et al showed that
ultra-fine particles of Rh are disrupted by the
addition of CO by using EXAFS technique. They
also studied the surface species on Rh by IR and
found only the gem-dicarbonyl species. We have
been studied the surface species on Rh/Al203 but
have not been able to get such a sample that
shows only gem-species by the addition of CO.
It has been observed that linear type species
are always accompanied with gem-species and this
is a common feature on IR spectra for Rh/AloOs
systems studied in many papers. So, we used
EXAFS technique to study our Rh/Al203 samples^
which are well characterized by IR technique .

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.

Fig. 1. Fourier transforms of the Rh K-edge
EXAFS of 0.5wt%Rh/Al203 catalysts.

A: Rh203; B: Passivation only after H2
reduction at 400°C for 16 hr.

C: CO addsorption for 30 hr after passivation.
D: H2 re-reduction at 400®C for 1 hr.
E: H2{latm) treatment at r.t. for 45 hr.
F: C0(30torr) addsorption for 4 hr after E.

Results and Discussion

Fourier transforms of the Rh K-edge EXAFS of
0.5 wt5K Rh/Al203 catalysts are shown in Fig. 1 and
EXAFS parameters obtained by curvefitting analyses
are tabulated in Table 1. The Fourier transform
of the passivated sample shows only Rh-0 peak and
no Rh-Rh bonding in metal Rh(l-B). This indicates
that the Rh oxide exists atomically on the surface
of support after passivation and storage in air.
Metal-metal bonding is restored after re-reduction
at 400®C{1-D). It is interesting to know that
this restoration of bonding ocurrs even at r.t.(l-
E). The coordination number{N) of 6.3 is obtained
for Rh re-reduced at 400®C and this corresponds' to
12A semispherical particle with 35 atoms assuming
FCC structure. These results again indicate that
small particles of Rh are undergone oxidative
disruption by the oxygen chemisorption and that
thus dispersed oxide particles agglomerate
reductively and restore the Rh-Rh bonding even at
r.t. by H2. CO is adsorbed on the passivated and
evacuated sample and it can be seen two peaks
derived from carbonyl CO(l-C). Because of the
noise it is not clear at which extent exists the
Rh-0 bonding in Rh oxide, but Rh carbonyls are
dispersed atomically on the support in any case.
Fig. 1-F shows the result of CO adsorption on Rh
surface pre-treated by H2 at r.t. after passi
vation.. Compared with 1-E, one can notice the
decrease in magnitude of Rh-Rh peak and the co
ordination number obtained is about 1.2. This
suggests the extent of oxidative disruption by CO
is less than by O2. Our purpous of this study is
to get informations of morphology change in Rh
particles by CO chemisoption. It becomes clear
that on our sample, the small Rh clusters remain
even after CO adsorption together with atomically
dispersed carbonyls on the support surface. This
explains why linearly adsorbed species exist when
CO is introduced on Rh/Al203 in IR measurements.
Thus it is concluded that the appearance of both
linear and gem-dicarbonyl peaks is the proof of
existence of both small cluster and atomically
dispersed phases.
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Taljle 1. Curvefitting results for O.SwtS Rh/Al203

Rh{Cl)/Al203
Rh(Cl)/Al203
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Rh(Cl)/Al203
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oscil/d. tion of the 473 K evacuation of the

sample. The EXAFS oscillation corresponding
to the Rh-Rh appeared in the high k-region.

jrstand the catalysis of the The curve fitting showed that the distance of
Lecular level, it is important Rh-Rh is 0.270 nm, a little longer than that
le knowledge about the dynamic of the incipient Rha/SiOs. The reintroduction
surface in a working state. of CO on this sample caused the cleave of the
dential for probing the surface Rh-Rh bonding. Thus in-situ EXAFS studies
the catalysts in the working clearly showed that the reversible cleavage
s Rha attached on SiOa using and formation of Rh-Rh bonding occured during
Detween the Rha (CHs) 2 (./^-CHa) 2 the inter of the CO insertion and
les) and OH group of SiOa showed COCHs decomposition reaction as shown in
behavior in the interaction of Fig.l.
ed Rha had the surface structure Acknowledgement
.la, which possessed the Rh-Rh, We thank Prof. K.Isobe (Institute for
Ha bondings. The IR spectra Molecular Science) and Dr.Y.Arakawa(National

twin CO was adsorbed on the Chemical Laboratroy for Industry)

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 offers potential for probing the surface

structure of the catalysts in the working
conditions. The Rhz attached on Si02 using
the reaction between the Rha (CHs ) 2 (./^-CHa ) 2
cp'a (op' s CsMes) and OH group of SiOa showed
an interesting behavior in the interaction of
CO. The attached Rha had the surface structure

as shown in Fig.la, which possessed the Rh-Rh,
Rh-CHa and Rh-CHa bondings. The IR spectra
showed that the twin CO was adsorbed on the

attached Rha after the exposure to CO. The
subsequent evacuation of the sample at 473 K,
the CO was inserted into the Rh-CHa bonding
and acetyl group was produced. When CO was
introduced again, the acetyl was broken and
twin carbonyl species with CHa ligand was
regenerated. The. phenomenon was completely
reversible. However, it was against the
general knowledge about the CO insertion
reaction because the CO insertion reaction

more easily proceeds under high pressure of
CO. In this work we studied the structure of

Rha during the reversible CO insertion and
COCH3 decomposition on the attached Rha by
means of in-situ EXAFS technique.

2. Experimental

The preparation of catalysts was carried out
descrioed elsewhere.[1] EXAFS spectra were
taken at BL-lOB of Photon Factory in National
Laboratory for High Energy Physics.

3. Results and discussion

Figs.2 and 3 show the k-weighted EXAFS
oscillations and the Fourier transforms of Rha

attached on SiOa. The first peak was composed
of Rh-C(cp* , CHs, CH2) and the second one was
corresponding to RH-Rh interaction. The curve
fitting analysis showed that the Rh-Rh bonding
was found at 0.262 nm in the incipient sample.
The Rh-Rh distance was almost equal to that of
the original Rha(CHa)a(CHa)a(Cp*)a. Fig.3b
sho.ws the Fourier transform of the Rha after

the exposure to CO which was similar to that
of incipient Rha/SiOa as shown in Fig.3a.
However, the k-weighted EXAFS oscillation of
the Rha exposed to CO drastically changed as
shown in Fig.2b. The EXAFS oscillation in a
high k region disappeared indicating the
cleavage of Rh-Rh bonding. As a result of the
curve fitting analysis, the peak was
attributed to the oxygen atom of the carbonyl
and no contribution of the Rh-Rh bonding was
found. Fig. 2c showed k-weighted EXAFS

(1)K.Bando, K.Asakura, Y.Iwasawa,
Y.Arakawa, and K.Isobe. in preparation
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Fig.l The scheme for the- attachment reaction
and surface reaction.
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Fig.2 EXAFS oscillations
(a) Rha, (b)Rha+CO,
(c) evacuation

''0123456
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Fig.3 Fourier transforms
(a) Rha, (bIRha+CO,
(c) evacuation
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Se has been widely accepted as a poison
to catalyst similarly to S and C1. However,

we have revealed that Se has a promotion
effect for the CO insertion reaction when a

very small amount of Se is deposited on Rh
/ZrOg.. The CaHsCHO was 2-4 times more

selectively produced from C2H4, Ha and CO on

the Rh modified with a quite small amount of
Se than on the unmodified Rh catalyst. In
this work we examined the local structure of

Se to understand the function of Se in the

hydroformylation reaction.
Although the Se-modified Rh/ZrOa is the

most effective catalyst where the absolute
activity toward CO hydroformylation increases
with the Se content, yet EXAFS measurements on
the Se/Rh/ZrOa are difficult because of the

large absorbance of ZrOa and low concentration
of Se. In this work we used SiOa-supported Rh
system. We found the existence of the direct
bonding of Se-Rh.

To Increase the dispersion of the Rh
particle, the supported Rh was derived from
RhstCOlie. Rh8(C0)i6 was deposited on SiOa
from the hexane solution. The amount of Rh

loading was 5 wtx. Se was introduced on the
Rh surface using SetCHala which was reacted
with RheCCOlie at 400 K. The preliminary
studies on the activity showed that the
Se-modified system showed the maximum activity

for hydroformylation at Se/Rh=l/6. In this
work we studied two different concentration of

Se(Se/Rh=l/6 and 3/6), EXAFS spectra were
measured at BL-IOB.

Results and Discussion

Fig.l shows the Se K-edge EXAFS oscillations
of Se/Rh/Sl02(Se/Rh=l/6 and 3/6). The EXAFS
oscillations appearing at high k region mean
the existence of Se-Rh bonding. Fig.2 showed
Fourier transforms of the corresponding K-edge
EXAFS. Only one dominant peak appeared.
The good fitting results of the observed and
calculated EXAFS oscillation based on the

assumption of Se-Rh bonding also demonstrated
that the Se was dispersed on Rh particle as
shown in Fig.3. The coordination number of Rh
around Se in the sample of Se/Rh/SiOa
(Se/Rh=l/6) was nearly 3 and Se-Rh bond length

was 0.231 nm, indicating that the Se exists in
the three fold hollow site. We have proposed
the model structure for Se/Rh system as shown
in Fig.4. No difference in the structures of
Se/Rh/SiOa (1:6 and 3j6) was found. The curve
fitting result for Se/Rh/SiOa (Se:Rh=3/6)
showed that .the coordination number was 3 and
Se-Rh bond length was 0.233 nm. Thus the
activation mechanism for CO insertion reaction
is related to the electronic effect of
Se. The excess addition of Se might block the
active Rh site and cause the decrease of the
hydroformylation activity.

Fig.l EXAFS (a) Se/Rh=l/6, (b) Se/Rh=3/e

Fig.2 FT Of (a) Se/Rh=l/6, (b) Se/Rh=3/6

wu"i(a H 11A I

Fig.3 OF of (a) Se/Rh=l/6, (b) Se/Rh=3/6

Se ^.Rh

Fig.4 The model for Se/Rh/SiOa

in. t
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Introduction

Bimetallic colloidal catalysts are highly
dispersed metallic particles composed of atoms
of two different metals. The colloidal

catalysts protected by water-soluble polymers
are prepared by reducing noble metal salts in
the presence of polymers and have been shown to
represent a high activity and selectivity for
hydrogenation of olefins.

Recently it has been found that palladium-
platinum bimetallic colloids are produced by
refluxing the mixed solution of palladium
chloride and hexachloroplatinic acid in alcohol
in the .presence of poly(N-vinyl-2-pyrrolidone)
(FVP).^^ When these colloids were used for the
catalyst for selective partial hydrogenation of
1,3-cyclooctadiene, ' they represented higher
activity than colloidal palladium, colloidal
platinum or the mixture of them. The formation
of the bimetallic colloid has been suggested by
UV and TEM observations. ' The determination of

the structure of bimetallic colloids was made of

the extended x-ray absorption fine structure
(EXAFS) associated with the K edge of palladium
and the edge of platinum. The results of the
measurement using a BL-10B PF-EXAFS station are
suggesting a special structure for the most
active bimetallic catalyst.

Experimental and Results

The bimetallic colloids at the various

ratios of platinum and palladium were prepared
by refluxing in the water-ethanol mixed solution
under nitrogen atmosphere. These bimetallic
colloids were concentrated by evaporation of the
solvent under reduced pressure, and the
concentrated solutions were sealed in the 50 mm

(for palladium) and 10 mm (for platinum) cells
under nitrogen atmosphere. The EXAFS data of
this measurement were analyzed by a program
EXAFS4 (Research Center for Spectrochemistry,the
University of Tokyo

Table 1. Coordination number of the Pd/Pt (A/1
bimetallic particles

Particle Diameter Coordination No,

/nm around Pd

Observed

Pt Core Model(55atoms) 1 .A

Random Model(55atoms) 1.A

3.7 2.9

3.86 2.00

5.58 1.73

Colloidal palladium is an active catalyst
for hydrogenation of 1,3-cyclooctadiene, while
colloidal platinum is little active, for the
hydrogenation. When palladium-platinum
bimetallic colloids at different molar ratio

were examined as the hydrogenation catalysts, it
has been found that the activity varies with the
ratio and the catalyst at. palladium/platinum=A
has the highest activity. The EXAFS data of
this sample provide information on the structure
of the palladium-platinum bimetallic colloids.
This EXAFS data has indicated that the palladium
atoms coordinate predominantly to other
palladium atoms and only to a minor extent to
platinum atom (Table 1 ).^' This fact suggests
the model structure shown in Fig.1, in which the
palladium atoms surround the platinum atoms at
the core. The coordination number around

palladium in this model well corresponds to the
observed one.^^ The change in the structure
with the variation in palladium/platinum ratio
is under investigation. The present results are
expected to provide a new concept on the
activity of a bimetallic catalyst.

Reference

1)N. Toshima, K. Kushihashi and H. Hirai,
Preprints of 5Ath Spring Meeting of the
Chemical Society of Japan, p.720 (1987).

2)H. Hirai, H. Ghawanya and N. Toshima, Reactive
Polymers, 3, 127 (1985).

3)K. Asakura and Y. Iwasawa, Petrotech, 8(12),
A1 (1985).

A)K. Asakura, N. Kosugi, H. Kuroda and Y.
Iwasawa, Shokubai(catalyst), 26(5), 390 (198A).

5)N. Toshima, K. Kushihashi, T. Yonezawa, K.
Asakura and Y.Iwasawa, Preprints of 56th Spring
Meeting of the Chemical Society of Japan,
2IDA7 (1988) : N. Toshima, B. Zhao and T.
Yonezawa, Polymer Preprints, Japan, 37(3),
p.550 (1988).

PdlPdIRj

pd^t^ptm^pdm

H
PdlxPt^xPt^Pd

PdXPdAPd

Fig. 1. A Pt core model of the Pd/Pt(A/1)
bimetallic particle composed of 55 atoms



proposal No 8 7-020

AN EXAFS STUDY OF Ag^SbSa-Ag^AsSj SOLID SOLUTION

Hideyuki SUGAYA, Masayuki OKUNO, Takeo MATSUMOTO, Hiroto ANDO

Tsuyoshi HOTOYAMA, Hiroki OKUDERA

Departaent of Earth Sciences, Faculty of Science, Kanazawa University, Harunouehi 1-1, Kanazawa, Ishikawa 920

Introduction

AgsSbSa and AgjAsSs are isostructural and form

a complete solid solution''. In these structures,

SbSa and AsSa groups form trigonal pyramids and Ag

atom bridges two trigonal pyramids^'. For interme

diate composition of these solid solutions, there

is no data of X-ray single crystal study and it is

difficult to synthesize the single crystal. We ap

plied EXAFS analysis to estimate the local struc

tures of these solid solutions and to reveal the

changes of forms for AsSa and SbSa groups as a

f unct i on of the composition.

Experimental

Seven crystalline specimens whose compositions

were given in Table 1 were prepared by silica-glass

quenching method. Powdered specimens coated on ad

hesive tapes were used for EXAFS measurements.

X-ray absorption spectra were collected in the en

ergy ranges of 11.36-13.06 keV and 29.98-31.68 keV

for As K and Sb K absorption edge, respectively, by

a transmission mode at Beam Line lOB at 300K.

Results and Discussion

Figs. 1 and 2 show the magnitudes of the

Fourier transform |F(r)rs of k'z(k) for As K and

Sb K EXAFS spectra, respectively. Since the small 3

contents of Sb, the EXAFS spectra of Sb K edge for ^

Sb 30mol{ and lOmolS specimens could not be mea- Z

AgaSbSa

Aga(Sbo.9,Aso.1)Sa

Aga(Sbo.7,Aso.alSa

Ag 3(Sbo.s,Aso.5)Sa

Aga(Sbo.3,Aso.7)Sa

Ag3(Sbo.1,ASo.9)S3

AgaAsSa

sured. By comparing the peak positions and the crystal

structures of AgsSbSa and AgsAsSj analyzed by Engel &

Nowacki, it Is clear that the prominent peaks at a-

bout r= 1.90A in Fig. 1 and 1.95A in Fig.2 correspond

to the As-S atomic pairs within AsSs groups and the

Sb-S atomic pairs within SbSa groups, respectively.

Because of the abscissa scales are not corrected for

phase shifts, the position of each prominent peak in

dicates smaller value than their real atomic dis

tances, As-S=2.254A, Sb-S=2.463A. by about 0.35A for

As-S and about 0.5A for Sb-S. In Figs. 1 and 2, all

the prominent peaks have similar peak positions. These

facts suggest that In the AgsSbSa-AgoAsSj solid solu

tion, AsSa and SbSj groups have similar As-S and Sb-S

distances, respectively. This proves that AsSa and

SbSa groups are rigidin the crystal structures of

AgaSbSa-AgaAsSa solid solution series.
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Table 1. Chemical compositions
of specimens.
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Introduction

Ag^AsS^ crystal is an important ore of silvar.
The crystal structure consists of AsS^ trigonal
pyramid groups and Ag atoms link the groups.
The glass phase of this crystal arouses
interested in their electrical properties
as containing Ag atoms. We measured EXAFS
spectra for Ag and As and analysed the local
structures around Ag and As atoms of the glass.

Experimental

Ag-AsS- glass was prepared from Ag, As and
S by the melt quenching method in the evacuated
silica tube, EXAFS measurements were carried

out over the ranges of 11.36 - 13.06 keV(As
K absorption edges = 11.865 keV) at 300K,
and 25.03 - 26.70 keV(Ag K absorption edge
= 25.508 keV) at 80 and 300K by a transmission
mode with a channel-cut Si(31l) monochromator.
Ag-AsS^ crystals{proustite) were used for
a reference sample.

Results and Discussion

The EXAFS X{k) spectra of Ag-AsS^ glass were
shown in Fig.1 with the spectra of Ag_AsS-
crystals. Fig.2 presents the lF(r)| curves
for As and Ag atoms of Ag-AaS- glass and the
crystal. In the lF(r) | ct^vef of As and Ag,
prominent peaks at r - 2 A are observed.
By comparing the peak positions and the crystal
structure of Ag_AsSo(Engel and Nowacki,
1966) it is clear these peaks correspond
to the As-S atomic pairs within AsS» groups
and the Ag-S atomic pairs. Because these
lF(r)| curves were not corrected for the
phase shifts, the position qf each peak should
Ije shifted by about 0.35 A for As and 0.A5
A for Ag.

All the As-S peaks have similar peak heights
and shapes. This fact suggests that even
in the glass structure the As atom forms a
AsS- group and the form of the group is very
similar to that in the crystal. The Ag-S
atomic distances are nearly equal in the glass
and the crystal. However, the peak height
of the glass is about only A0% of that •of
the crystal. Therfore, it is supported that
the glass has rather random distribution of
Ag atoms around AsS^ groups.

Reference

1) P.Engel and W.Nowacki, Neues Jahrb. Miner.
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A03A5S3 OLASS

---- AGjAsSj crystal

11 12

Fig. 1. EXAFS 2:(k)'s for (a) As
and(b) Ag edges in the Ag AsS-
glass and the crystal at 300 K.
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Fig. 2. ThelF(r)|'s for (a) As
and (b) Ag atoms in the Ag-AsS-
glass and the crystal at 3OOK.
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Introduction

Chemical equilibria of metal complexes in
aqueous glassy solutions, often used in Mbssbaur
and ESR spectroscopies, are neither the ones
simply expected from temperature dependence of
equilibrium constants of metal complexes, nor
those in the liquid state at room temperature[l].
In the present study we have performed XANES
and EXAFS measurements of aqueous 2inc(II) iodide
solutions in liquid and glassy states and
revealed structural difference in the liquid and
glassy state.

Experimental

Sample solutions were prepared by dissolving
2inc(II) iodide of reagent grade into distilled
water. The samples measured were Znl2.f?H20
(/?=4.7, 10, 20), and crystalline powder Znig and
ZnS04.7H20 as a structure standard. Liquid
samples were measured at room temperature, while
glassy samples, prepared as previously described
[1], were measured at liquid nitrogen
temperature. X-ray absorption spectra of samples
were measured around the Zn /C-edge at the BLlOB
of the Photon Factory, KEK.

Results and Discussion

Figure 1 shows XANES spectra of sample
solutions in the liquid and glassy states. In
the liquid state the peak at 9670 eV,
characteristic for aqua 2inc(II) complex,
decreases, whereas the peak at 9663 eV, probably
due to [Znl4]^ , increases with increasing solute
concentration. These changes in the peaks
suggest stepwise formation of zinc(II) iodide
complexes accompanied with a decrease in water
content. The XANES spectra in the glassy state
show a peculiar trend; at /?=10 the XANES spectra
in both glassy and liquid states are very
similar, but the equilibrium seems to shift to
form the lower complexes at R«4.7, but to form
the higher complexes at R-20 in the glassy
solutions. Figure 2 shows the Fourier transforms
(not corrected for the phase shifts) of samples
investigated. In the liquid solutions, the sharp
peak at 1.72 A, ascribed to Zn-0H2 bonds within
hexaaqua zinc(II) ions, decreases with increasing
solute concentration, while the peak due to Zn-I
interactions increases at 2.50 A. On the
contrary, in the glassy state the Fourier
transforms of the three solutions are very
similar, suggesting the presence of similar
species formed in the solutions. Least-squares
fits, applied to Fourier-filtered spectra, were
then performed and the final results are given
in Table 1.

References
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Liqu-td itata ZnLj.RH^O Slas»y Jtat*AZnK-edqa
ZnSO^.ZHjO eryit,

Znlj eryit.

9600 9700 9800
F1;. 1. XARCS spectra of Znl2>RH20 solutions

ZnSO.. ^
THjOeryst.

daisy stata

R-10

Znlj cryst.

0 1 2 3 4 S r/A

Fig. 2. Fouriar transform! of Znl^.RHjO solutions

Table 1. Structural parameters of 2r»l2.RH20

Liquid Glass
Zn K-edge Zn-I Zn-O Zn-I Zn-O

r/A N r/A N r/A H r/A W

nIg.l.ZHgO 2.56 2.2 1.99 3.2 2.57 2.7 2.04 3.4
nIg.lOHgO 2.572.2 2.032.8 2.582.6 2.033.0
nI,.20H,0 2.57 1.8 2.03 3.1 2.57 2.5 2.02 3.9

Znl2.'l.7H20
Znlg.lOHgO
Znl^.aOHgO
Znig cryst.
ZnS0^.7H20 cryst.
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Introduction

Structure of metal complexes in glassy
aqueous solutions has attracted the attention of
people in the fields of solution chemistry and
biochemistry. We have developed an EXAFS system
for glassy 8olutions[l]. In the present study ve
have performed EXAFS measurements on aqueous
zinc(II) chloride solutions in liquid and glassy
states.

Experimental

Sample solutions were prepared by dissolving
zinc(II) chloride of reagent grade into distilled
water. The samples measured were solutions of
compositions of ZnCl2./?H20 (/?»3.5, 4.5, 10) and
ZnCl2.3LiCl. 2OH2O, and crystalline ZnS0i}.7H20 as
a structure standard. Liquid samples were
measured at room temperature, while glassy
samples, prepared in a previous manner [1], were
measured at liquid nitrogen temperature. X-ray
absorption spectra of samples were measured
around the Zn /(-edge at the BLIOB of the Photon
Factory, KEK.

Results and Discussion

Figure 1 shows the Fourier transforms of
the samples. The predominant peak for
ZnS04.7H20 is ascribable to Zn-0 bonds within
hexaaqua zlnc(II) ions. The sharp peak seen for
ZnCl2.3LiC1.20H20 arises from Zn-Cl interactions
within tetrahedral tetrachloro zinc(II) ions.
The dominant peak for other solution samples will
consist of both Zn-0 and Zn-Cl interactions of

zinc(II) chloride complexes formed in the
solutions. The peak in the Fourier transforms
in the glassy state is more enhanced than that
in the liquid state. Structure parameters of
zinc(II) chloride complexes in both glassy and
liquid solutions were obtained by a least-squares
fit for Fourier filtered spectra and summarized
in Table 1. The Zn-Cl distance within

tetrachloro complex was determined to be 2.26 A
in both states. The Zn-Cl distance does not

change significantly for solutions of R'3.5, 4.5,
and 10. On the contrary, the distance and
coordination number of Zn-0 interactions differ

in . both liquid and glassy states; the
coordination number increases from 3.3 to 4.5
while the Zn-0 distance increases from 2.04 to

2.08 A in vitrification. This result indicates
that hexaaqua and tetrachloro complexes coexist
in the glassy solutions, while di- and trichloro
complexes are predominantly formed in the liquid
state.

References

1) T. Yamaguchi, M. Nomura, H. Ohtaki,
PF-Activity Report, p. 194 (1987)}
J. Chem. Phys. (1988), in press.

IZnClj'JLICl'ZCKIjO

ZosOg-ziijO cmt

ZnCl2'3LICi-20ll20|
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r/i

F^ln, 1 Fourier tronsfonns or the sonnies

Toble 1.

2nClv3,5HoO

Structure porcmeters or ZnCl2 solutions

Llauld(298K) eiOSSlBOK)

Zn-Cl Zn-0 Zn-Cl Zn-0

r/A N r/4 N r/A N r/A H
2.2t| 1.5 2.01 3,1 2,29 1.1 2.09 1.5

2,25 1.6 2.01 3.3 2.25 1.7 2.08 1.1

2.25 1.5 2.01 3.5 2.25 1.1 2.08 1.7

ZliClj-I.BlljO 2.25 1.6 2.01 3.3 2.25 1./ 2.U8 M.l

ZiiCl2-iO"2°
ZnCl2-3LlCl-20H20 2.26 1* 2.26 1*
ZnS0(j.7N20 cryst. 2.07 6*

•Fixed ri dlstonce In A, N: Coordination number
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Introduction

Glassy solutions formed by quick
vitrification of liquid solutions are of interest
In solution chemistry since the motions of Ions
and solvent molecules are suppressed In the
glassy state. In the present study we have
performed EXAFS measurements of aqueous
galllum(III) chloride and bromide solutions In
liquid and glassy states to investigate the
structure of gallium hallde complexes In both

Experimental

Galllum(III) chloride solutions were
prepared by dissolving anhydrous gaHlum(III)
chloride into distilled water. Gallium(III)

bromide aqueous solutions were prepared by
reaction of gallium oxide with hydrobromic acid.
Solutions of GaX3.3LiX.20H20 (X=Cl,Br) were
prepared by addition of LiX to the above
gailium(III) hallde solutions. An aqueous
gallium(III) perchlorate solution was also
measured as a structure standard. Liquid samples
were measured at room temperature, while glassy
samples, prepared as described elsewhere[lblO,
were measured at liquid nitrogen temperature.
X-ray absorption spectra of samples were measured
around the Ga/C-edge at the BLlOB of the Photon
Factory, KEK.

Results and Discussion

Figures 1 and 2 show the Fourier transforms
of gallium(III) chloride and bromide solutions,
respectively. The predominant peak for a
gallium(lll) perchlorate solution la ascribable
to Ga-0 bonds within hexaaqua gallium(III) ions.
The sharp peak seen for GaX3.3LiX.20H2O (X-Cl,
Br) arises from Ga-X interactions within
tetrahedral tetrahalogenogallium(III) ions. The
dominant peak for other solution samples will
consist of both Ga-0 and Ga-X interactions of

gallium(III) complexes formed in the solutions.
In both chloride and bromide solutions of R"20
the peak position shifts to the lower distance
side in the glassy state, indicating the
equilibrium shifts to form lower halogeno
complexes in the glassy solutions. Quantitative
analysis was made by a least-squares fit for
Fourier-filtered spectra and the final- results
are given in Table 1. In the chloride system
the coordination number of the Ga-Cl interactions
decreased from 1.2 to 0.6, while that of the Ga-0
interactions increased from 4.0 to 5.7 In the
glassy state} this result shows hexaaqua
gallium(III) ions predominantly form in the
glassy solutions. A similar trend has also been
found in the bromide system. The number of Ga-X

Interactions at the same composition is
significantly larger In the chloride solution
than In the bromide solution, showing that a hard
galllum(III) ion prefers chloride to bromide Ions
as expected from the HSAB principle.
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GoClj'lOHjO "loss J

GoClj'ZCHjl} llQUld

C4IC1CI4)]-1SH20 liquid
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r/i

GaBr3'JLiBr'2iW20 liould

GoBrj'ZlWjO glass

GaBrj.20H20 ijfluld

GatClOiglj'lBHjO liquid

0 1 2 J q 5 6
r/i

Fig 1' fourif tropsform or the loiole! Fig 2 Fourier transforms of the sorcles

Table 1. Structure poroweters of GoCl-r ond GoBr^ solutions
Llauld(298K) Glass(80K)

Ga-X Ga-0 Go-X Go-O

r/A N r/A N r/A n r/A n
GoCl3-20ll20 2.18 1.2 1.93 1,0 2,21 0,6 1.91 5.7
GaCl3'3LiCl-20H20 2,17 1* 2.17 1* —
Ga(C10n)3-13H20 —• 1-93 6*

6oBr3'20ll20 2.30 0.5 1.93 5.5 — 1,93 6.6
GoDr3-3LlBr-20H20 2,30 1*

•Fixed r: distonce in A, N; Coordinotlon number
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Introduction

Supported molybdenum sulfide catalysts have
been widely used for hydrotreating of heavy oil.
The previous report^^ showed that the local
structure around Mo in the catalysts was different
when the presulfiding condition was different. In
the present report, EXAFS method was applied to
the investigation of the local environment around
Mo using various catalysts with different Mo
loading.

Experimental

Eight kinds of catalysts were prepared by
impregnating alumina supports with solutions of
ammonium paramolybdate. M0O3 loading was varied
from 2.5 wt% to 30 wtX. Before measurements, the
catalysts were presulfided in a stream of 5 vol%
of H2S/H2 at 400 "C for 4h. Mo K-absorption EXAFS
spectra were then measured at the BL-lOB of the
Photon Factory.

Results and Discussion

Figure 1 shows the Fourier transforms of the
EXAFS for the 2.5 and 10 wtX M0O3/AI2O3 catalysts.
Peaks at 1.8 A in the Fourier transforms are

corresponding to Mo-0 bonds. In the case of low
M0O3 loading, the Mo-0 peak still remained after
presulfiding. This Mo-0 peak intensity decreased
with increase of the MoOa loading. Peaks at 2.4
and 3.2 A in the Fourier transforms are
corresponding to Mo-S and Mo-Mo bonds in M0S2
crystal, respectively. The intensities of the Mo-
S and Mo-Mo peaks for the catalyst with 10 wt% of
MoOa loading were larger than those for 2.5 wt%
M0O3/AI2 O3 catalyst.

The average numbers of coordinating S atoms
(N(S)) and the nearest Mo atoms (N(Mo)) around Mo
were calculated from the intensities of the Mo-S
and Mo-Mo peaks. In this calculation, M0S2
crystal was used as standard. Figure 2 shows the
changes in N(S) and N(Mo) for the catalysts. At
Mo loading below 20 wtX both N(S) and N(Mo)
increased with the increase of Mo loading.
N(Mo)/N(S), which indicates a degree of the growth
of M0S2 crystal-like structure^', also became
larger as Mo loading increased in this region.
These results clearly show the growth of M0S2
crystal-like structure at high M0O3 loading.2)
However, when the M0O3 loading increased beyond 20
wt%, these values did not increase further. This
result seems to show that disordered structures
increase at the higher MoOs loading.

References
1) N.Matsubayashi, H.Shimada, N.Kosugi, H.Kuroda,

Y.Yoshimura, T.Sato, and A.Nishijima, PF Acti.
Rep. 1987,

2) A.Nishijima et al., Sekiyu Gakkaishi, in press.

10 iri%

0 1 2 3 4 5

R/A

Fig.l Fourier transforms of the Mo K-edge EXAFS
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The hydrogen uptake site of hydrogenases
of arcaic bacteria is known to be a low
spin Ni , ' which interacts with Fe^S^
cluster core. EXAFS studies revealed
that this Ni^"*" has 3 or 4 sulfur atoms
^as the backscatterers depending on
the species studied. However there is a
possibility of the migration of another
atoms such as nitrogen or oxygen in the
Ni-S peak of the Fourier transform, con
sidering the discrepancy in scattering
amplitude between sulfur and nitrogen
or oxygen. The Fourier transform of D.
gigas hydrogenase could be the example
of such migration showing the existence
of a shoulder in its Ni-S peak, although
the authors did not argue about it.-^'

We have prepared several kind of
thiolatonickel compounds in terms of
this site; NiS4, NiNS^i, NiN2S2 and Ni-Ni
interacting cases, and revealed the
structures for several of these. ~ '
The porpose of this experiment was
settled to accumulate the knowledges for
the EXAFS and XANES pattern of thiolato
nickel complexes by using the complexes
with known structures, and thereby to
understand the EXAFS of hydrogenases. We
examined EXAFS and XANES measurement

also for structurally unknown thiolato
nickel compounds.
Experiment Materials used are M) [Ni
(SPh).]^-, (2) [Ni2(SCH2CH2S)3]^", (3)
Nig(SEt)i2» (4) Nitbmbzylen), (5) [Ni
(tmea)]-„, (6) [Ni (tmea) ], (7) [Ni

(tdpmpaTTQx' [Ni(Boc-Cys-Pro-Leu-
Cys-0Me)2T/ within which (1) - (4) are
structurally known, and (5) - (8) are
not known {Fig. 1). The measurement was

S—(p
Nr

cp—5'̂ ^S-<p
(1)

I

M
rJ»NA
C^Ni—S

Ni Ni

/N

" (A)

performed by using the beam lines BL-
1 OB and BL-7C at standard conditions.
The result was analyzed by EXAFS 1 (by
N. Kosugi and H. Kuroda, Research Center
for Spectrochemistry, The University of
Tokyo).
Result The Fourier transform of the
EXAFS of compound (1) apperared an well
resolved Ni-S peak. This was used as the
general base for Ni-S analyses of other
compounds. The Fourier transform of (2)
and (3) showed small peaks neighboring
the large Ni-S peaks. Although these
were assigned for the backscatterings
from the nickel which interact with the
absorber nickel, the number calculated
from the theoretical scattering ampli
tude and phase shift were only 0.5 and
1.2, respectively. These are not enough
comparing the number, 1 and 2, of nickel
atoms for the complex (2) and (3), res
pectively. The result suggests the
necessity of long time measurement at
low temperature, or the practical
decision of the parameters for Ni-Ni
case. In the Fourier transform of the
EXAFS of the complex (4), the radial
distributions of Ni-S and Ni-N were not
separated. Nevertheless the analysis
for this complex afforded reasonable
result both in distances and coordina
tion numbers for Ni-S and Ni-N. It
should be noticed that the scattering
by N appeared as a shoulder in the Ni-S
peak for this compound. This is
suggestive of a possibility that the
shoulder which is observed in the Ni-S
radial distribution of the Fourier
transform of the nickel EXAFS for D.
gigas ' originates also from the back-
scattering by nitrogen. The same migra
tion of Ni-N into Ni-S was observed also
in all the compound, (5) - (8). We
decided the Ni-S and Ni-N distances and
the coordination numbers for all of
these compounds.
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Introduction

We have studied on the photocatalytic

activity of K.Nb-0. . It has mica like layered
structure, ana K ions which locate at the
interlayer of niobate sheets are ion
exchangeable. If metal particles are able to
intercalate into the interlayers of K^NbgO^^,
this catalyst will be useful not only for
photocatalytic but also for other thermal
catalytic reactions. Therefore, Ag -exchanged
K.Nb^O was prepared and was investigated the
structure by means of EXAPS and XANES
spectroscopy after various treatments.

Experimental

The catalyst were prepared by the method
discribed elsewhere. Six samples were

measured, (1) Ag /K.NbgO.„: untreated, (2)
Ag /K.NbgOj„: after reaction of ^
photodecompisition of water, (3) Ag
after reaction of photoevolution from HeOHaq,
(4) Ag /K^NbgOj^ : reduction by at 200 C, (5)
Ag foil. Sample (5) was used as reference.
Sample (2) and (3) were measured at the steady
state reaction condition.

Results and Discussion

Figure 1 shows the XANES-spectra of Ag K-
edge. Spectra (A) is actually identical with
Ag metal. Spectrum (2) and (3) are also
similar to sepctrum (5). But their amplitude
2Lre smaller than that of (5)» and rather similar
to (1) because of amplitude of the first peak is
larger than the others. 2

Figure 2 shows the Fourier transform of K X
(K) of Ag K-edge EXAPS data. In there spectra,
the peak at R=2.89 corresponds to Ag-Ag of Ag
metal and the peak aj R=1.68 is attributed to
Ag-0 of untreated Ag 7 sample. In
reduced sample, only Ag metal is observed and
its coordination niunber is 9. On the other

hand, in samples after photocatalytic reaction,
the Ag metal also exists but their coordination
number are 3 and ^ for (2) and (3) respectively
and Ag-0 peak still remaines.

Taking these results into consideration, it
is concluded that some part of exchange Ag ions
are photo-reducible and the produced Ag metals
are highly dispersed ultra fine particles.

25AA2 25530 25618
E/eV

Pig. 1 The XANES-spectra of Ag K-edge,

(c)0 12 3 4 5 6
R/A

0 12 3 4 5 6

R/A

Pig. 2 Fourier transform of Ag K-edge EXAFS
data.
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Introduction

Niobium oxide supported on silica exhibits
the catalytic activity for photo-assisted partial
oxidation of propene. Generally, the activity of
supported metal oxide catalysts are related to the
local structure of the oxide. To clarify this
correlation in Nb205/Si02, we carried out EXAFS
and XANES experiments.

Ey-perimental

The catalysts were prepared by impregnation
method with ethanol solutions of Nb(0Et)5 in the
defferent concentration. Some of the catalysts were
pretreated with oxygen, and spectra were recorded
in situ {Nb x). The other samples were exposed to
air (Nb x'). X-ray absorption spectra were recorded
with the facilities at BLIOB of KEK-PF.

Results and Discussion

Fig. 1 shows XANES spectra of the catalysts
and reference compounds. The characteristic pre-
edge peak is attributed to the so-called Nb Is -
4d transition caused by mixing 0 2p orbitals with
Nb 4d. The shape of this peak depends on the
coordination symmetry around the central Nb atoms.
The pre-edge peak becomes more intense when a
niobium atom is in tetrahedral coordination, as in
YbNb04. The peak height increases with a decrease
in Nb205 loading. The catalyst without pretreatment
(Nb x') exhibits a smaller peak than that with
pretreatment (Nb x) does. The decrease of this
peak is due to the formation of coordinatively
saturated niobates with H2O in highly dispersed
catalysts.

Fig. 2 shows the fourier transforms of k^-
weighed EXAFS spectra. Peaks appeared in 1-2 k
are due to Nb-0 bonds. These peaks change with
an increase in Nb205 loading. The peaks in 2-3 ^
are due to the scattering from neighboring Nb
atoms. These peaks become high when the samples
are exposed to air, and this effect is more
remarkable with the lower content of Nb205. This
increase in the peak height is due to linkage of
two coordinatively unsaturated niobates with H2O
as in the case of vanadates. These results

are explained by that niobates on silica is
tetrahedral when they are in a low-loaded and a
dehydrated state, but octahedral when in a high-
loaded or a hydrated state.

Reference

1) S. Yoshida, T. Tanaka, Y. Nishimura, H. Mizutani
and T. Funabiki, Proceedings 9th International
Congress on Catalysis, 1473(1988).

(Nbl5) (Nbl5')
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Fig. 1 XANES of YbNbO^ia), Nb20g(a'} and
X wtX Nb205/Si02(Nbx,Nbx'). (Nbx)s were
recorded in situ, (Nbx')s were ex situ.

(Nbl5 (Nbl5')

R / A

Fig. 2 Fourier transforms of EXAFS of (Nbx)s and
(Nbx'le.
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Introduction

Since the discovery of oxides which have a
stable and reproducible superconductivity tran
sition, intensive studies on the superconducting
properties and the crystal structure have been
reported. The following materials have been
presently established as the high-T(j supercon
ductor, i.e., the La-(Sr-Ba)-Cu-O, R-Ba-Cu-O and
Bi-Sr-Ca-Cu-O systems. In order to clarify the
relation between the crystal structure and
superconductivity, it is desirable to elucidate
the local environment on valence and coordina
tion state of metal ions, temperature variation
of interatomic distance and thermal vibration
between metal and oxygen atoms, and so on. For
this purpose, the X-ray Absorption Fine Struc
ture (XAFS) measurement is one of most useful
techniques.

Experimental

The following oxides were prepared by the
usual method for the present experiments; the
YBagCuoOy.y, YBa2(Cuj.jjFex)207_y (x=0.05, 0.1-
0.5), Yi 20^1 and Bi2(Sr,Ca)3_„Cu209.y
compounds. The synthesized compounds were
characterized by the transition temperature T^
estimated from the resistivity measurements by a
conventional four-terrainal method, and by the
lattice parameters determined from the X-ray
diffraction measurements on the powdered samples.
X-ray absorption measurements were performed
using the facilities of BL-lOB and BL-7C. The
energy resolution was about O.SeV for near-edge
scans and 2.0-3.0eV for EXAFS scans. The photon
energy was calibrated with respect to the pre-
edge peak of the Cu-K absorption. The following
oxides were used for reference materials; CU2O
and CuO for Cu-K edge, Bi203 for Bi-L3 edge, Y2O3
for Y-K edge and Fe203 for Fe-K edge.

Results and Discussion

(1) Temperature dependence of mean-square
relative displacement (MSRD) in the
YBa2Cu30y oxides. '

The temperature variation of XAFS spectrum
of the Cu-K edge was taken in the temperature
range 20-300K on the orthorhombic-I, ortho-
rhombic-II and tetragonal phases in the YBa2Cu30y
oxides system. From the analysis of EXAFS
spectrum, an anomalous reduction in the peak
hight of Fourier transform with decreasing tem
perature is found on the nearest neighbor pairs
(Cu-0) in the ortho-I and ortho-II superconduct
ing phases below a temperature corresponding to

It can be thought to result from the Debye-
Walier type broadening of the relevant atom pair.
Therefore, in order to determine the Debye-Waller
factors of two nonequivalent oxygens around each
of two kinds of Cu ions, four-shell model was

employed in the curve fitting analysis. In the
temperature dependence of the Debye-Waller
factors thus determined, anomalous jump is ob
served in the factor with respect to the axial
Cu-0 bond in the vicinity of T^ for the ortho-I
and ortho-II phases; however, no anomaly is
found in the relevant factor for the non-super
conducting tetragonal phase. The Debye-Waller
factor of the equatorial Cu-0 bonds, on the other
hand, shows the normal temperature dependence,
which decreases monotonically with decreasing
temperature. These features would suggest that
the lattice vibration is strongly correlated
with the superconducting transition.

(2) Local structure of the Bi-Sr-Ca-Cu-O super
conductor. ^

X-ray absorption spectroscopy has been used
to study the local structure of a new supercon
ducting phase in the Bi-Sr-Ca-Cu-O system. From
EXAFS analysis on the Cu-K edge, Cu ions are
pyramidally coordinated with five oxygen atoms
without stretching in the axial direction. The
Cu-0 and Bi-0 distances are determined to be
1.91 and 2.10 K, respectively.

(3) Substitution effect in Fe doped YBa2Cu30y
superconductors.

It is well known that substitution of 3d
transition metal atoms for Cu results in a re
duction of Tg. In order to study which site the
Fe atoms are substituted for and how the local
environment changes, therefore, we have carried
out the XAFS measurements on YBa2(Cu^_jjFej.)30y
as Fe concentration is increased. The foilowing
conclusions are derived from EXAFS analysis: The
Fe ions substituted for the Cud) site are octa-
hedrally coordinated with six oxygen atoms with
out stretching in the axial direction; the axial
Cu-0 distance has a tendency to decrease with
increasing Fe content; the local environment
around Y ions is hardly affected by substitution.
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Introduction

Liquid selenium (1-Se) is coiii>osed of chain

molecules and exhibits semiconducting behavior.

Recently it has been found that an addition of

£ilkali metal impurities to 1-Se remarkably

increases the electrical conductivity and
1)

changes the sign of the thermopower. It is

interesting to study how the chain structure of

1-Se is modified by adding alkali metal. In

this paper we report the EXAFS results on both

Se and Rb K-edges for liquid Se-Rb mixtures.

RbSe and RbSe alloys were prepared by
3 2 o

exposing liquid Se to Rb vapor at 400 C in a

pyrex tube. Rb metal was carefully handled

under dry argon. For EXAFS measurements of

liquid samples, we have made special poly-

crystalline sapphire cells with X-ray windows

250^ thick. We could keep the sample stably in

the space with 3{^m thickness vp to SSC^C. X-
ray absorption measurements near Se and Rb K-

edges were made using the EXAFS facilities

installed at BL-IOB.

l-RbSe2

10 12 U 16 IS

k (A"')

Fig.l. The Se K-edge EXAFS oscillation^{k) of
1-Se at 400''C, 1-RbSe at 350°C and 1-RbSe at

3 2
350'C.

Results and Discussion

Figure 1 shows EXAFS oscillation 7C(k) near

Se K-edge of 1-Se at 400®C, 1-RbSe at SSO '̂C
3£ind 1-RbSe^ at 350°C. The amplitude of the Rb

Se mixtures is as large as that of 1-Se. This

evidence indicates that the chain structure is

also preserved in the mixtures.

Figure 2 shows the magnitude of Fourier

transform iF{r)i of kO^k) near Se K-edge for 1-

Se at 400'C, 1-RbSe at 350'c and 1-RbSe at
3 2

350 G. The first peak is clearly seen in the

lF{r)l of the Rb-Se mixtures. The width be

comes large and the position is shifted toward

larger distance with increasing Rb content.

These results suggest that disorder of the Se

chain structure increases and the bond length

elongates with addition of Rb. The EXAFS os

cillation near Rb K-edge of the liquid Rb-Se

mixtures is damped and nearly disappears, sug

gesting that there is no strong Rb-Rb and Rb-Se

bonds. Detailed analysis is now in progress.

DS.Hosokawa, M.Yao, T.Yoshiraura and H.Endo,

J.Phys.Soc.Jpn., ^ (1985) 4717.

Fig.2. The magnitude of Fourier transform

lF(r)i of k^k) near Se K-edge for 1-Se at

400''C, 1-RbSe at SSO^C and 1-RbSe at 350®C.
3 2
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Introduct ion

Such KDP(KH2P04) type materials as KDP,
KDA, ADP, RDP etc. show phase transitions, at
some critical temperature Tc, in which hydrogen
ordering or softening of hydrogen tunneling mode
plays an Important role. However, recent works
cast some doubts on the above tunneling model.
There are several key points to consider the

recent discussions between 'tunneling group' and

'order-disorder group'.

(1) Does a tunneling mode exist or not? If there
is, what is the direct contribution to Tc.
<2) Does a PO4 molecule distort or not? If it
distorts, what is the contribution of the dipole-

dipole interaction to Tc.
Question <1) relates to the recent model so

called 'geometrical isotope effect' and involves
quite complicated problem. On the other hand,

question (2) seems to be much simpler than the
tunneling problem to be revealed by experiments.

Ve report the ASG4 molecule distortion ob
served by EXAFS experiments around As atoms, in
the low temperature phase and the high tempera

ture phase.

Experimental and Results

Conventional EXAFS experiments around the
K-absorption edge of an arsenic atom were carried
out at the lOB beam line from lOK to 300K. The

phase transition temperature of KDA(KH2As04) is
about 90K. Following the standard procedure, EX
AFS signal X ^k) and Fourier transformed radial
distribution function are obtained. In Fig.l,
EXAFS signals k3;i;<k) obtained at 300K and 30K
are shown. Well defined signals were obtained up
to 18A"l(with ZTt unit). As is shown, k^A^Ck)
at 300K is very simple, while V.^ x (k) at 30K Is
very complicated and contains higher order
frequencies. The transformed distribution func

tion of k3p:<k) (right hand side figure) shows
many peaks at 30K and single peak at 300K, cor

responding to the structure of k3A;(k). The first
peakdp reflects the oxygen atoms around the
probed arsenic atom. Other peaks(l2,l3)
gradually decreased at raising temperature, and

nothing happened at T^.
The first peakCIj) was analyzed to inves

tigate the local structure of the ASO4 molecule.
There are two alternative models; two-shell model
in which the ASO4 molecule distorts, and one-
shell model in which the ASO4 molecule forms a
regular tetrahedron. Inverse Fourier transformed

(k) around the first peak was fitted by the
calculated one with parameters; distance rj and
r2, Debye-Valler factor cJ, mean free path of
photo electron T, the energy of the absorption
edge Eg, and the scale factor. The Debye-V/aller
factor at the different site of oxygen atoms was

assumed to be the same, for the sake of
simplicity. The coordination numbers were fixed
to be Nj=N2=2 for the two-shell model and N=4 for
the one-shell model. Thus, the number of fitting

parameters were 5 for the one-shell model and 6

for the two-shell model. Examples of calculated

and observed x (k) at 300K and 30K are shown in
Fig.2, for two different models. The ratio of
the R-factors of the two-shcil model(R2) and the
one-shell model (Rp was R2/R|=Q. 8. Obtained bond
lengths of As-Q are ri=l,685A and r2=1.764 A for
two-shell model, and ro=1.716A for the one-shell
model. It is obvious to consider that the ASG4
molecule distorts at the low temperature phase,
and the observed result is consistent with the

predicted structure of the low temperature phase.
When the temperature was raised up to 300K ,

the feature of k^^ (k) was almost the same
through all temperature region, and the ratio

R2/R1 was around 0.8. Parameters at 300K were
ri=l. 671A. r2=l. 754A and ro=1.712A.

Concius ion

We summarize the experimental results:

(1) The ASO4 molecule already distorts at the
high temperature phase. This means that the
phase transition includes the configurational or
dering of the distorted molecule. (2) We found
extraordinary temperature dependence of the
higher frequencies in k^;^ (k). At the moment, we
have no idea to explain these phenomena, but we
speculate that these intensities come from the

multiple scattering process of EXAFS.

UBVE VECIOB KIl/B)

Fig.l Observed k^A:(k) and Fourier transformed
distribution function

T-30K

2-Shell nODEL

Fig. 2 Observed and calculated k3;K(k)
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Introduction

It is well-known that in the binary
sodium borate glasses containing Ni^"^
ions their colour changes from greenish
yellow to deep brown with increasing
Na20 content. By comparing with some
crystal structures, Paul and Douglas^^^
showed that three coordination states of

Ni^"^ ions may exist in the glasses, i.e.
octahedral, square planar and
tetrahedral species. Beyond 19+1 mol%
alkali content, the conversion of the
octahedral to 4-fold coordinated Ni^"*"
species occurs. In this paper we report
the results of study on the change of
coordination number around Ni^"^ ions in
sodium borate glasses by XANES and
EXAFS.

Experimental

xNa20*{1-x)B203 oxide glasses
containing 1 mol% NiO, where x are
0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4,
were prepared from reagent grade
Na2C03, H3BO3 and NiO. Powder samples
placed on Scotch tape were used for the
measurements. The X-ray absorption
measurements were carried out at the BL-

10B line of the Photon Factory in

the National Laboratory for High Energy
Physics ( KEK-PF ).

Results and Discussion

It is found that the shapes of the
XANES spectra of the glasses below
20mol% Na20 are rather similar to that
of NiO. On the other hand, the several

peaks of the XANES spectra of the
glasses disappear gradually with an
increase of Na20 content. It seems that
there is a meaningful change of the
local structure around Ni^"*" ions.

Figure 1 shows the results of Fourier
transforms of the EXAFS for the NiO

crystal and the glasses. The main peaks
in the spectra of the glasses within the
region of 1.2^,2.0 A are attributable
to Ni-0 bonds. The next peaks around

2.5O.0 A are considered to be due to
Ni-B interactions. The peaks below
1.0 A are merely ghosts.

It is found from Fig.l that the

intensities of the main peaks in the
spectra of the glasses decrease with an
increase of Na-iO content. This decrease

A 2 +
corresponds to the decrease of the Ni
coordination.

The curve-fitting analyses for sodium
borate glasses containing 1 mol% NiO
were performed. As the result, the
nearest Ni-0 bond length remains almost
constant below 15 mol% Na20. However,
when the Na20 content is above that
composition, the length decreases
remarkably. It appears that the

structural change occurs gradually in
the region of 15^,30 mol% Na20.

The composition dependence of the
coordination number of Ni^"*" ions
obtained by a curve-fitting method, is
similar to that of the nearest Ni-0 bond

length. It is indicated that the
coordination number of Ni^"*" ions
decreases largely in the region of 1 5'v30
mol% Na20. However, the coordination
number remains constant both above and

below 15^30 mol% Na20. This corresponds
to the conversion of the Ni^"*" octahedral
species to a 4-fold coordinated one.

Reference

(1) A. Paul and R. W. Douglas, Phys.
Chem. Glasses 8(1967)233.

m
1

Fig.l. k^ Fourier transform of the EXAFS
spectra.
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introductioi

Metal phthalocyanin complexes encapsulated
inside 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
alkanes.^' We synthesized NaY zeolite-
encapsulated iron phthalocyanin (FePc) from
[HFe3(C0)ii]"/NaY and phthalonitrile. The
strcutural properties of FePc inside the
supercage were studied by Fe K-edge XANES and
EXAFS, "•'Fe Mossbauer, FTIR, and UV-VIS. We
report here that FePc highly dispersed within
the NaY supercage is distorted from its original
plane structure.

Iron phthalocyanin in NaY supercage
(FePc/NaY) was synthesized from [HFeaCCOul"
/NaY and l,2-CoH4(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 108 in KEK-PF.

Results and Discussion

Figure 1 shows the Fe K-edge XANES spectra
for FePc/NaY, FePc+NaY, FePc crystalline, and
FePc(pyridine)2 complex. FePc/NaY, FePc+NaY,
and FePc have the sharp peak at about 7110 eV,
arising from ls^4p7t* transition of Fe core
electron. On the other hand, FePc(Py)2 gave no
absorption at 7110 eV, because two pyridine
molecules coordinate to Fe perpendicularly (n)
with respect to FePc plane of FePc(Py)2. XANES
spectra suggest that Fe of FePc within NaY
supercage is in the similar states to that of
FePc crystalline. From "'"Fe Mossbauer study, it
is certificated that the valence states of Fe in
FePc/NaY is almost the same as those in FePc.
Mossbauer data for FePc/NaY revealed also that
FePc is highly dispersed in the NaY supercage
network.

Figure 2 shows the Fourier transform of
k''k:(k) of Fe K-egde EXAFS for FePc/NaY. The
strong peak at 1.8 K can be attributed to first
neighbor Fe-N. Table 1 summarizes the results
of curve-fitting analyses. By comparison,
FePc/NaY gave less coordination number (C.N.)
and longer interatomic distance (R) than FePc
crystalline and FePc on the NaY surface did,
although the shifts of C.N. and R are not so
large. These results suggest that Fe is
slightly out of the phthalocyanin plane. The
difference of the Debye-Waller like factor
(Ad®) for FePc/NaY was larger than that for
FePc+NaY, presumably due to the encapsulation of
FePc within NaY supercage.

FePc/KaY FePc+KaY

FePc Py

Fig. 1. XANES spectra for FePc/NaY, FePc+NaY,
FePc, and FePcfPyla.

FePc/NaY

Fig. 2. Fourier transform of k®;^:(k) of Fe K-
egde EXAFS for FePc/NaY.

Tab. 1. Results of curve-fitting analyses for
FePc/NaY, FePc+NaY, and FePc.

S&ople C.K. R(fi)

FePc/HaY 3.6 1.84 -1.2CxI0-»

FePc+KaY 4.0 1.83 -0.47xl0-»

FePc 4.0 1.83 0.00

FTIR and UV-VIS studies showed that the
electronic states of phthalocyanin of FePc/NaY
are shifted compared with FePc and FePc+NaY.

From these spectroscopic data, it is
suggested that FePc in the NaY supercage is
comparatively distorted from its original plane
structure. EDA complex [Na*']n[FePc""]/NaY {n=l-
4) derived from FePc/NaY gave trans-2-butene
selectively in the catalytic butadiene
hydrogenation.

1) N. Herron, G. D. Stucky, and C. A. Tolman, J,
Chem. Soc., Chem. Common., 1521(1986).

2) T. Kimura, A. Fukuoka, and M. Ichikawa,
Shokubai (Catalyst), 444(1988).
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Introduction

Recently EXAFS study of the temperature-
dependence has become a useful tool for
investigating the thermal vibration and also the
thermal expansion by using an appropriate
analysis including anharmonicity. It is an
interesting subject to investigate thermal
properties of small metal clusters in comparison
with those of bulk metals. The purpose of the
present study is (1) to confirm that temperature
dependent EXAFS analysis can predict thermal
vibration and thermal expansion quantitatively
for bulk fee metals and (2) to apply this method
to small metal clusters of Ag and Pd, and to
discuss similarities and dissimilarities of
thermal and/or structural properties between
small metal clusters and their corresponding bulk
metals.

Experimental

Silica-supported Pd and Ag clusters v/ere
prepared according to the ion-exchange method.
Precursor materials were reduced with hydrogen at
400 C for Pd and 200 C for Ag, and then evacuated
to result in hydrogen-free metal clusters. The
present EXAFS analysis indicates that each
cluster has <20 A diameter. Pd K-edge and Ag K-
edge EXAFS spectra of supported small metal
clusters were recorded under inert atmosphere at
several temperatures at Beam Line lOB of the
Photon Factory in the National Laboratory for
High Energy Physics[1]. The EXAFS spectra for
bulk metal foils (25/jm thick) were also taken in
a similar manner.

EXAFS data were analyzed by means of the
fourth-order cumulant-expansion technique[2] in
order to account for anharmonicity. Debye
temperature was evaluated according to the well-
known formula[3].

Results and Discussion

Table 1 shov/s the results for the bulk metals,
together with the thermodynamical data. Table 2
gives the results for the small metal particles.
The results of bulk, metals (Table 1) show
excellent agreement with the thermodynamical
data, indicating that EXAFS could be a suitable
method to estimate such thermal properties if the
higher-order cumulant moments are explicitly
taken into account. The Debye temperatures of the
metal clusters (Table 2) are noticeably lowered
compared with those of bulk metals (Table 1), as
mentioned by Balerna et al[4]. This implies that
the surface atoms are likely to move much more
freely, and that the effective potential depth of
clusters should be shallower. The degree of
thermal expansion of the clusters is

significantly larger and hence their thermal
vibrations are of strong anharmonicity, again
indicating the shallower potential of clusters.
It should be noticed that the interatomic
distance of each cluster is shorter than that of
the corresponding bulk metal. Although such
behavior appears to be contradictory to the above
description, it is caused by the decrease of the
coordination number in the small metal clusters.
These observations such as the shallower
potential and the shorter equilibrium distance
have been actually predicted by the MO
calculations of Cu clusters[5].
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Table 1. Temperature dependence of interatomic
distances and Debye temperature for bulk metals

_

interatomic distance (A) Debye temp. (K)
metal temp.(K) EXAFS thermar EXAFS thermal

Pd 100 (2.745)* 2.745 282 275
200 2.747 2.748
295 2.747 2.751
360 2.753 „ 2.753

Ag 30 (2,877) 2.877 228 228
184 2.884 2.883
295 2.891 2.889
362 2.896 2.893

preferred to the thermodynamical data.
Values in parenthese are assumed in the present

analysis.

Table 2. Temperature dependence of interatomic
distances and Debye temperature for small metal
clusters

0

metal temp,(K) distance(A) Debye temp.(K)
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Introduct ion

We have proposed the chemical vapor
deposition (CVD) of SiCCH^)^ to control the pore-
opening side of zeolites. This method has been
applied to mordenite and ZSM-5 , and the shape-
selectivity in the cracking of octane isomers or
in the methanol conversion has been finely
improved. A direct observation of the deposited
silica, however, is entirely difficult because of
its similarity with bulk zeolite as well as
extremely small contents. As one of the
countermeasures, we will use GeCOCH^)^^, and
estimate the structure of the deposited Ge02 as a
model for the deposited silica by the EXAFS and
XPS measurements.

Experimental and Results

The CVD mordenite in a glasscell with capton
windows was calcined in vacuo at 773 K at 1 h. The
Ge-edge spectrum was measured at room temperature
with the EXAFS facilities of Photon Factory at the
National Laboratory for High Energy Physics (KEK-
PF). The incident and transmitted beam intensities
were evaluated with ionization chambers filled

with Ar(l5%)-N2 and with Ar(100%), respectively.
The other instrumental details are given in
reference^.

The Fourier transform of the EXAFS spectrum
in a-quartz type Ge02 exhibited two peaks at about
0.14 nm and 0.27 nm (before phase -shift
correction), which were corresponding to the Ge-0
and Ge-Ge distances, respectively. Similarly, the
GeHMlO gave two peaks at about 0.14 nm and 0.27 nm
(before phase-shift correction). However, the
intensities of Ge-Ge on these samples were lower
than that in a-quartz type Ge02.

An information about the structure was gained
by the EXAFS measurement. Initially, the first-
nearest neighbors of the deposited Ge atom were
four oxygens with tetrahedral coordination on
these CVD mordenites, because of its consistency
with the first peak of a-quartz type Ge02.
However, the intensities of the second peak on
these CVD mordenites were lower than that in cr
quartz type Ge02. This was caused by a decrease in
number of coordinated Ge atoms. Further, the
coordination number did not increase with
increasing the amount of deposited Ge02. From
these findings, the structure of the deposited
Ge02 was considered as below. The deposited GeO^
does not have a long range order of tetrahedral
GeO^ unit because of its little coordinated Ge
atoms. Therefore, the deposited Ge02 is

distinguished from a-quartz type Ge02 with a long
range order of tetfahedral GeO^ unit, and this may
be rather similar to either a bulky amorpous type
Ge02 or a thin layer of Ge02. The amorphous type
Ge02 is commonly known to have a short range order
of tetrahedral GeO^ unit. Similarly, the thin

layer of Ge02 also have such a short range order,
because the thin layer grows epitaxially,
depending on the external surface structure of
mordenite and it, thus, can not keep a usual
crystal structure of germanium dioxide. On the
other hand, it is hardly expected that the bulky
amorphous Ge02 caused the fine-control of pore-
opening size. The uniform deposition on the
external surface is required for achieving such a
function. Therefore, the Ge02 may be considered to
deposit as the thin layer. This is also supported
by the fact that the thickness of the deposited
Ge02 increased linearly with increasing the
deposition extent. Although this had been already
concluded to some extent , this became more
apparent in the present study.
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Fig.l. Fourier trans forms of EXAFS spectra of (a)
the GeHMlO (10.0 Ge nm"^), jb) GeHMlO (16.0 Ge nm"

), (c) GeHMlO (30.2 Ge nm ) with crquartz type
GeOo •
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Introduction

Bi^Oj crystal has high ionic conductivity and
has fluorite type structure above 1003 K which
undergoes a phase transition to a monoclinic
structure at the lower temperatures. Several
lanthanum series oxides are effective in

stabilizing defect-fluorite at the lower temper
atures .

(Bi-O^) (Y„02)^(x=0 .1'V'0.4) contains large
concentration or oxygen vacancies and has high
ionic conductivity as compared with stabilized
zirconia at elevated temperatures.

Experimental and Results

Here, we report XAFS C^-ray Absorption Fine
Structure) study of (Bi^O )._ CY.,0„) (x=0.25,
0.4) at 910 K and 1080 X whicfi are below and
above the transition temperatures of Bi202
crystal to elucidate the origin of ion conduc
tivity and stabilized mechanism of the system.

The sample used in the XAFS measurements
were prepared by conventional method as
described in the previous paper -i XAFS measure
ments were made by use of the EXAFS facilities
installed at the beam line lOB.

Fig. 1 shows the XANES spectra of Bi L_-edge
and Y K-edge in (Bi 0 ) (Y^O ) (x=0.25,0T4) at
910 K and 1080 K respectively, ^t is noted that
XANES spectra of Bi L^-edges of the system are
different between above and below the transition

temperature of Bi202 (1003 K): above the
transition temperature, 1080 K, appreciable XAFS
signals can scarecely be found for Bi L,-edge.
However, such remarkable decrease of XAFS
signals can not be observed at 1080 K for Y
K-edge of the system.

We also have obtained the Fourier transform

of EXAFS spectra in Bi L^- and Y K-edge of the
system at 910 K and 1080 K respectively. For
near neighbor oxygen peaks around Y and Bi ions
curve-fitting technique is applied using the
theoretical amplitude and phase shift values
given by Lee and Teo. The structure parameters
thus obtained are shown in Table 1. The

coordination number of oxygen ion around Bi in
the system is extremely small at 1080 K as
compared with that of 910 K. The oxygen ions
around Bi seem to go out from the system above
the transition temperature. They are shown to
be partially returned at 300 K after heating at
1080 K, whereas XANES spectra exhibit the
similar structure with that of 8120^ at 300 K.

at 910 K

f»^J°s'0.75W0.25
£«• 170SI 4( 9)0 c

17010 L7030 170S0 17070 17090

Phocon Energy(eV)

/ "'2°3'0.75(V3'0.2
e,. IJ419 " '

E,> 134li 1010 t

I »C SID S

/ "'2''3'o,75(^2®j'a.25
J at 910 I

I Eg> 13423

13390 13430 13470 13S10 13330

Photon Eoerj7(cV)

Fig. 1 XANES spectra of CBi205)j^_^(Y202)^(x=0.2S, 0.4)
at 910 K and 1080 K respectively.

Eq represents the inflection point of absorption
edge.

Table 1 Structure paramoters obtained by EXATS

with those of standard samples and

(B.Y75)- 960K

(B-Y7S) 1080K

• *

(B-Y60) 980K

(B-Y60) lOSOK

«^2°3 300K

loeoK

300K

(B-Y75)-

•(B-Y60)

Y - 0 (Double shell) 81 0 (single shell)

3 2.19

(x-ray dlff.]

N<0.8 2.IS (EXAFS)

2.269

2.3S4^*-"^
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Introduction
Qualitative analysis is the oldest and

nevertheless, still an important methodology of
analytical chemistry. However, products of the
precipitation reactions in qualitative analysis
are not fully understood, because the precipitates
are often amorphous.

The EXAFS/XANES technique is suitable for
structural study of these precipitates because
this technique is independent of the sample
condition. The purpose of this study is to
clarify structures of reaction products in
solution, as-grown precipitates (with mother
liquid), and crystallized products by the
EXAFS/XANES technique in combination with the X-
ray diffraction method and the SEM-EDX technique.

The precipitation reactions studied in the
present study is shown below.

As^-^+HsS-^ASsSal (1)
As'-^+H^S-^ASaSsI (2)
As®''+ excess (NH4)2Sx -^AsSs^ (3)
As^''+ excess (NH4)2Sx (4)
Hg '̂' + H3S^?(whi te) 4 ^?(orange) I -»-HgS(black) 4 (5)
Nessler's reagent + ammonia 4 (6)

Experimental
Samples containing As or Hg were prepared by

conventional method in qualitative analysis. As
K-edge and Hg Lju-edge absorption spectra were
measured by using a Si(31l) channel-cut crystal
monochromator on the EXAFS facilities installed at

BL-10B at PF.

Results and Discussion
As K-edge XANES spectra and Fourier

transforms(FT) of EXAFS are given in Figs. 1, 2
and 3« The As-S bond distance of the AsoSq
precipitates (reaction 1) is shorter than that
of orpiment(crystalline As2So), and is almost
equal to that of AS2S0 glass. Moreover, the
second peak of FT appearing around 3 A for the
As2Sq crystal is not observed for both As2So
precipitate and glass. Therefore, the structure
of AS2S0 precipitate is similar to that of AS2S0
glass. The As-S bond distance of the product
of reaction (2), which is considered as As2Sc, is
the same as that of the AS2S0 precipitate. The
energy of As K-edge for the As2Sc precipitate
agrees with that for the As2S'3. Moreover, the
existence of crystalline sulfur in the As2Sc
precipitate was confirmed by the X-ray diffraction
technique. This observation indicates that the
oxidation number of the arsenic ion is reduced
from V to nr by addition of sulfide ion , which
is instantly oxidized to elemental sulfur.
Therefore, it can be concluded that the
precipitate containing arsenic (V) does not
exist, and the product of reaction (2) is a
mixture of AspS^ and S.

-The As-S bond distance in solution containing
ksS-i , which is prepared by dissolving the AS2S0
precipitate in (NH/)2Sx (reaction 3) is found to
be shorter than that of the AS2S0 precipitate.
Unexpectedly, the formation of as-0 bond was
observed when a mixture of AsoSo and S was

dissolved in (NH,)2Sy (reaction 47(Fig. 3). This
means that AsS,-^ like species is not present but
oxygen-containing compound is formed in the
sulfide solution. A further study will be
necessary to clarify this reaction.

FT of Hg LjQ--edge spectra is given in Fig.
When Na2S was added to HgCl2 solution, the

precipitates changed their color (cream gray
black) with increasing amount of Na2S. It is
observed that the Hg-S bond distance of HgS

crystal is longer than Hg-Cl distance of HgClj
crystal. The Hg-S distance of HgS precipitate
(black) (reaction 5) agrees well with that of HgS
crystal. Moreover, no significant relationship
was observed between the positions of Fourier
peaks and the amount of Na2S added. Therefore,
it is thought that this color change is not caused
by changing the HgS/HgCl2ratio in the precipitate.
Besides, X-ray powder diffraction data suggested
that HgqSpClo formed first and turned into HgS
(cinnabar) by the addition of Na2S. This evidence
was also supported from the results of the SEM-EDX
analysis. X-ray diffraction technique revealed
that the product of reaction (6) is NHg2l'
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Fig. 2 Fourier transforne
for arsenic sulfides

(pfrt.)

0.0 t.o 2.0 i.o A.o 5.0 6.0 0.0 1.0 2.0 3.0 6.0 $.0 ^.0

t / I r / A
Fig. 3 Fourier tranaforaa A Fourier transforne
for araenic oxides for mercury compounds



proposal No 87~145

A XANES STUDY ON Ni Zr AMORPHOUS ALLOYS PREPARED BY MECHANICAL ALLOYING METHOD

Masaki SAKURAI, Tetsuro SEKIUCHI*. Fumltake ITOH, Toshlharu FUKUNAGA, Kenji SUZUKI

Institute for Materials Research. Tohoku University,
Katahira 2-1-1, Sendai, Japan 980

INTRODUCTION

Recently .much attention has been paid to the
mechanical alloying technique as new method for
preparing amorphous alloys. In previous paper^),
we have reported the amorphization process of
NlZr- alloy by the mechanical alloying by means
of X-ray diffraction and EXAFS. This paper
reports of XANES spectra in NiZr amorphous
alloys prepared by a ball milling.

EXPERIMENTAL

NiZr amorphous powders were prepared in a
laboratory ball mill using stainless vials and
hardened balls. The milling was carried out at
ambient temperature for 400 hours at the rate of
110 rpm. Amorphous alloy thus obtained Is called
the mechanical alloylng(MA) when a mixture of Ni
and Zr powders is used as a starting material
while the mechanical grinding(MG) is named when
the milling starts from crystalline powders of
NiZr Interraetallic compounds.

XANES measurements were carried out with a
Si(311) channel-cut monochromator at BL-lOB for
K-absorption edges of both Ni and Zr atoms in
NiZr amorphous alloys.

RESULTS AND DISCUSSION

Figures 1 and 2 show XANES spectra of Ni and
Zr K-edge, respectively, in NlZr amorphous
alloys prepared by MA and MG method mentioned
above. XANES spectra in (a) pure Ni or Zr
element, (b) crystalline NiZr compound (c-NiZr)
and (c) melt quenched amorphous alloy(MQ a-NiZr)
are shown together for comparison.

In XANES of Ni K-edge(Flg.l), a prepeak around
8,330 eV which is responsible for ls->3d
transition^) and a main peak around 8,352 eV
characteristic of NiZr alloys can be seen
Irrespective of its state. It is interesting to
see that the shapes of both the prepeak and the
main peak in MQ a-NiZr are more blurred compared
to those in its crystalline counterpart but are
more sharpened compared to MA and MG a-NiZr
alloys. The situation is similar to XANES of Zr
K-edge in NiZr alloys in which a shoulder around
17,990 eV and a characteristic peak around
18,015 eV are weakened in both MA and MG a-NlZr.

These facts imply that the chemical state of
Ni and Zr atoms in both MA and MG a-NiZr are
slightly different from that not only in c-NiZr
but also in MQ a-NlZr in association with slight
modification of atomic arrangement.

(1) F. Itoh, T. Sekiuchi, M. Sakurai, T.
Fukunaga and K. Suzuki, 'Non-equilibrium Solid
Phases of Metals and Alloys', Suppl. Trans. JIM
29(1988)127.

"Present address : Muroran Works, Nippon Steel
Corporation, Muroran, Hokkaido, Japan 050

(2) M. Lenglet, R. Guillamet, A. D'huysser, J.
Durr and C. K. J^frgensen, J. de Phys. Colloque
08(1986)765.
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Fig.l Ni K-edge X-ray absorption spectra,
(a) pure Ni, (b) crystalline NiZr(c-NiZr),
(c) MQ a-NiZr, (d) HA a-NiZr and (e) MG a-NiZr,
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Fig.2 Zr K-edge X-ray absorption spectra,
(a) pure Zr, (b) crystalline NlZr(c-NiZr),
(c) MQ a-NlZr, (d) MA a-NiZr and (e) MG a-NiZr.
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Introduction

Recently ZrF^-based glasses have become of
interest as a vitreous solid electrolyte of F~
ion. 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 average
Zr-F bond length and/or by the average F coordi
nation number of Zr.^^ The present EXAFS study is
undertaken in order to confirm the validity of
this suggestion.

Experimental and Results

The compositions of ZrF4-BaP2-CsF glasses
chosen for EXAFS measurements are SSZrF^•45BaF2»
55ZrF4*25BaF2*20CsF, and 55ZrF4•5BaF2*40CsF. On
the other hand, polycrystalline Li2ZrF0, 6-
Cs2ZrFg, and 3-ZrF4 were synthesized and utilized
as the references of EXAFS analysis of ZrF4-BaF2-
CsF glasses.^^^ For the EXAFS measurements,
these specimens were finely powdered and pressed
into discs with polyethylene powder. The measure
ments of Zr-K EXAFS spectra were carried out
using the EXAFS facilities at BL-IOB.

Fig. 1 shows the X-ray absorption spectra
obtained for glass samples. Fig. 2 shows the
Fourier transformation of k^x^k) tjY using data
from 3.5 to 13.5A~^ in k. As can be seen from

O

Fig. 1, the first peaks at around 1.5A which
correspond to the Zr-F distances shift toward

smaller distances with increasing CsF content.
Next, the inverse Fourier transformation and

curve fitting were performed for these peaks. The
amplitude and the phase shift in the calculation
were obtaind by employing Li2ZrFg as refernece.
The structure parameters (interatomic distance,
coordination number and Debye-Waller factor),
except those of the 55ZrF4*5BaF2'40CsF glass, are
listed in Table 1. The present EXAFS study seems
to support the hypothesis mentioned in Introduc
tion.

As seen from Fig. 2, the first peak of the
55ZrF4-5BaF2*40CsF glass exhibited an obvious
shoulder at the right-hand side of the peak.
Thus, the Fourier filtering was practically dif-,
ficult for this glass. On this glass, therefore,
we are planning the analysis using "two shell
model".
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Fig. 1

Fig. 2

Table 1

Sample

Li2ZrPg
B-ZrF

55ZrF/•45BaF.

55ZrF4.45BaF2

55ZrF4.25BaF2-20CsF

55ZrF4'5BaF2-40CsF

imo 16(00

ENEROY IEV1

55ZrF4-45BaF2

55ZrF4-25BaF2-20CsF

55ZrF4'5BaF2'40CsF

r (A)

r/A N 0

2.016 6.0 0.070

2.09 7.3 0.086

(2.116) (8.0)

2.01 5.6 0.072

(2.04) (6.0)

2.04 6.3 0.098

2.03 6.4 0.109

Numerals in branckets are values determined

by X-ray structural analysis. ^^^ ^^
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Introduction

The reaction mechanism and active

intermediates of cytochrome P-450 have
been the targets of extensive investi
gation. The importance of synthetic
porphyrin models for P-450 in under
standing the properties of the protein-
free metal center has been emphasized
recently. It is necessary to obtain
structural information of a wide
variety of metallo porphyrin deriva
tives in order to reveal the local
structure of the reactive intermediate
of cytochrome P-450. Therefore a preli
minary EXAFS measurements was done with
several P-450 model compounds of which
each works characteristically as
catalysts for oxidation.

Experimental

Powder samples of metal (Ru, Mo,
Fe) -porphyrin (tetramesityIporphy
rin : TMP, tetrapheny1porphyri n:TPP,
'picket-fence' porphyrin :TpivPP) were
sealed in polyethylene bags. X-ray
absorption spectra near metal K-edge
were measured in transmission mode by
using the EXAFS facilities at BL-IOB. A
cryoGooler apparatus was used for the
low temperature measurements (170 -250
K).

OCHCO

Results and Discussion

It is postulated that a thiolate
anion (S ) of the axial ligand of iron
porphyrin in the active center of cyto
chrome p-450 plays a great part in the
activation of dioxygen molecule llgated
at the another axial site. It is there

fore essential to reveal the local

structure around the axial ligands for
the analysis of the reaction mechanism
for p-450 systems. Very recently we
succeeded in the synthesis of a new
porphinatoiron coordinated by.thiolate
anion intramolecularly (a) . The
complex (a) is adequately stable during

Radial Distance /X
Fig. 1. Fourier transforn of the k^-nultiplied
EXAFS data of FeTpivPPS"{a) and FeTpivPPBr-(b).

oxidations and has much higher
catalytic activity than iron porphyrin
not ligated with thiolate anion. We
therefore chose (a) as a sample for
EXAFS since it is a preferable model
for cytochrome P-450. Besides the
result about EXAFS data of the complex
(b) was mentioned in this report.

The Fourier transform of the k -
multiplied EXAFS function of a P-450
model, FeTpivPPS (a;, is shown in Fig. 1.
This indicates that the Fe-N and Fe-
axial(S) ligands contributions combine
to form a single broad peak of 0.95-2.2
A and a curve-fitting analysis is
required for the determination of the
ligand structure. A least-squares curve
fitting analysis based on the single
scattering model was performed using
theoretical phases and amplitudes.
The average Fe-N , Fe-axial(S) and Fe-
axial(0) distances were calculated to
be 1.99, 2.20 and 2.21 A respectively,
which are consistent with the values in
other P-450 systems reported before.

Next the fourier transfer^and its
curve fitting analysis of the k -multi
plied EXAFS function of compound (b)
was performed as same as above. The
average Fe-N and Fe-Br distances were
calculated to be 2.03 and 2.35 A,
respectively.

The authors thank Dr. Nobuhiro
Kosugi of University of Tokyo for
offering us the computer program of
curve fitting analysis.
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sity of Tokyo (1987).
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Ttie soi-gei metliod using metal aikoxide is

one of the promising methods to prepare
iiomogeneously combined mixed metal oxide.
Recently this method has been applied to
preparation of thin film oxides on surface of tlie
pertinent carrier material including glass. The
first step of the preparation is a reaction
between aikoxide and surface OH groups, wliich is
the same as that utilized in the preparation of
supported catalyst. In the present study, we
have prepared the new supported catalyst of
zirconium oxide on several carriers using
aikoxide and have investigated the structure of
zirconium oxide species on tlie surface by means
of EXAFS.

Exoerimental

The catalyst samples were prepared by the
ifflpr"^§r^ation of an inorganic carrier, titania(7B
m g~ ), in the toluene solution of zirconium
tetraisopropoxide, followed by calcination at 77u
K. The deposition of zirconium cations on the
carrier in this way was repeated several times to
obtain a desired amount of zirconium. The

samples were mixed with polyethylene powder and
pressed into discs. X-Ray absorption spectra
were collected on EXAFS facility installed at
BLIOB in KEK-PF using a channel cut SKhll)
monochroraeter.

Results ajid Discussion
In the present study four kinds of Zr0^/Ti02

were prepared by depositing Zr one to four Limes
( ZT 1 to ZT1 ) . Figure 1 sliows t iie Fourier
transforms (FTs) of the Zr K edge EXAFS of ZT2,
ZT3, and ZT4. Evidently, tlie FTs of ZT2 and ZT3
are very similar to each other wliile the FT of
ZT1 is different. The peaks appearing at around
2 A due to the scattering by oxygen atoms seems
the same for ail samples. However, a Zr-Zr peak
found in the vicinity of 3 A is high in case of
ZT4. This suggests that bulk zir-conium oxide is
grown on Ti02 surface while not on either ZT2 or
ZT3. Actually, the FT of ZT4 EXAFS is almost
identical with that of monoclinic Zr02 shown
together in Fig. 1. However, it should be noted
that the relative peak height of Zr-Zr to that of
Zr-0 in ZT4 is a little smaller than that of ZrO._.
bulk oxide, indicating that crystal growth to a
monoclinic phase is not completed in case of ZTl,
wliich is consistent with the X-ray diffraction
results of these samples.

In order to examine the environment of a

zirconium cation more in detail, the curve-
fitting of EXAFS considering tlie exclusive
contribution of the oxygen ligands was carried
out using theoretical parameters calculated by
Teo and Lee. The versatility of this method was
verified by comparing the results of EXAFS data
of known samples to the data with the
crystallographic parameters, given in Table I.
Coordination number(s) are not reliable in this
case while the bond distance(s) can be estimated

in the 0.02 A accuracy. As suggested in Fig. 1,
the parameters for Zr-0 moiety of ZT4 is \e.ry
close to that of monoclinic ZrO^, while zirconium
oxide species in ZT3 consists of at least two
kinds of Zr0^ species, one of which, t h
predominant species, has shorter bonds with
length at around 2.08 A. In the case of ZT2,
such species is dominant. Since Zr-0 botid Length
is generally fairly long, ca. 2.2 ZrO
species with short Zr-0 bonds I'uinid in cases ol
ZT3 and ZT2 are presumably the species affected
by TiO._j carrier.

DtSTPNCE /fl DISTANCE /fl

Figure 1 Fourier transforms of Zr K-edge EXAFS
of ZT2 (a), ZT3 (b), ZT4(c), and monoclinic Zr02

TABLE I Structural parameters for Zr-O shells

sample CN®' r'^Va tT^/A^

ZrOg^^ 3.3 (3) 2.09 (2.10) 0.0072
2.2 (4) 2.22 (2.22) 0.0074

Zr(acac)., 8.0 (8) 2.19 (2.20) 0.0055

ZT2 5.9 2.11 0.0086

ZT3 3.9 2.08 0.0076

1.4 2.20 0.0027

ZT4 2.8 2.07 0.0017
2.8 2.22 0.0020

a) Coordination number. The values in
parentheses are those obtained with XRD. b)
Bond distance. The values in parentheses are
those obtained with XRD. c) Monoclinic

crystal.
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Introduction

In the course of Investigating NboOc-promoted
Rh/Si02 catalysts (atomic ratio; Nb/kh =1 - 9)»
which exhibited strong metal-support interaction
(SMSI) behavior in ethane hydrogenolysis studies
[1], we have found that the extent of Hh-Nb205
interaction was increased significantly by cal
cining the niobia-promoted Rh catalysts in air
at high temperature (973 K - 1173 K). In this
work, structual transformation in the
Nb20^/Rh/Si02 system during the calcination and
reduction treatments has been studied by means
of EXAFS spectroscopy.

Exoerimental

Niobia-promoted Rh catalysts (Nb/Rh =1 or 3)
were prepared by impregnating 4-wt% Rh/Si02 cata
lyst with an aqueous solution of
(NH, )o [Nb0(020 , )o], followed by calcination in
air at high temperature (773 K - 1173 K) for 3h.
The EXAFS spectra were measured at BL-10B of
Photon Factory.

Results and Discussion

The Rh K-edge EXAFS spectrum of the niobia-
promoted Rh/Si02 catalyst (Nb/Rh = 3) calcined
at 1173 K appeared to be quite different from
that of Rh202« Figure 1 shows the Fourier
transform of the Rh spectrum, and tentative
assignments are also shown in the figure. An X-
ray diffraction (XRD) study suggested the forma
tion of a mixed oxide (RhNbO^), having the
rutile structure (the unit cell parameters; a =
4.i708 A, c = 3.017 A). These results show that
RhNbO/ compound was formed almost exclucively on
the S1O2 surface by the calcination treatment.

As shown in Figs. 2 and 3j the Fourier
transform of Nb K-edge EXAFS of the catalyst
after the reduction in H2 at 773 K was a little
different from that after the calcination at

1173 K. The XRD study suggested that the RhNbO^

Rh-0

r=2.03 A

kRh-Nb(or Rh-Rh)
\ r = 3.652 A

Fig. 1 Fourier transform of Rh K-edge EXAFS of

the Nb20g/Rh/Si02 catalyst calcined at 1173 K.

Fig. 2 Fourier transform of Nb K-edge EXAFS of
the Nb20^/Rh/Si02 catalyst calcined at 1173 K.

Fig. 3 Fourier transform of Nb K-edge EXAFS of
the Nb20g/Rh/Si02 catalyst reduced in H2 at 773 K.

compound was reduced to Rh metal and Nb02 by the
high-temperature H2 treatment. However, it
should be noted thaT this catalyst (Nb/Rh = 3)
contains an excess amount of niobia promoter, a
large part of which would not interact strongly
with Rh. Therfore, we have prepared the
RhNb0^,/Si02 catalyst (Nb/Rh = I) as a starting
material to study chemical behaviors taking
place on the Si02 surface after the calcination
and reduction treatments [2]. The EXAFS spectra
of these catalysts have also been measured, and
further analyses are now in progress.

References

[1] Z. Hu, H. Nakamura, K. Kunimori, H. Asano,
and T. Uchijima, J. Catal., 1J_2, ^78 (1988).

[2] Z. Hu, H. Nakamura, K. Kunimori, and T.
Uchijima, Catalysis Letters, in press
(1988).
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Introduction

Amorphous Te compounds have been much
interested for optical recording medium. In
amorphous TexC-i_x films prepared by sputtering
technique, Te atoms make amorphous clusters in
graphite-like carbon matrix. ^29Te Mossbauer
effect and other measurements suggest that the
randomness around Te atoms increases with C

content increasing.
We report the local structure around Te

atoms in TexCi_x by means of Te-K EXAFS.

Experimental and Results

All samples were prepared onto Sum thick
Kapton substrates by sputtering a carbon target
upon which Te chips were placed. Sputtering
conditions, RF power, substrate temperature and
Ne gas pressure, are 20-30 W, 20 °C and 0.67 Pa,
respectively. About 32 layers of the film were
stacked to attain a best ut.

EXAFS above Te-K edge ('^31 •8 keV) were
measured at 77 K on the Beam Line 10-B of the
Photon Factory.

TexCi-x

x=0.72

x=0.55

x=0.08

2 4 6
DISTANCE R (A)

Fig. 1. Magnitude of Fourier transform of
k2 times X(k) for t-Te and amorphous

'^®x'^1-x*

Figure 1 shows the magnitude of Fourier
transform |F(r)I of times X(k) for t-
Te(trigonal Te) and amorphous TexC-i_x {x=0.08,
0.56, 0.72). We can observe three main peaks for
t-Te. These peaks are related to the short range
order around Te atoms in t-Te crystal.

In the TexCi_x1 films, only one main peak and
small second peak are observed. Peak area of first
peak decreases about 15% compared to t-Te.
Furthermore, peak position of first nearneighbor
shift to left side with increasing carbon content.
This shortening has been Investigated in several
amorphous chalcogenide''' , and explained by the
reduction of interaction between the chalcogen on
the next chain. Thus, in amorphous TexC-|_x, the
interaction between the Te chains is decreases

with increasing carbon content. This results is
also suggested by decrease of second peak area.

In table 1, the structure parameters derived
by fitting the theoretical curve for Fourier
filtered data are listed.

The authors are grateful to Drs. S. Nomura
and A. Koyama, KEK, for their help and useful
advice in the experiments.

References

1) M. Inui, M. Yao and H. Endo, J. Phys. Soc. Jpn.
^ (1988) 553.

2) P. Boolchand, T. Henneberger and J. Oberschmidt,
Phys. Rev. Lett., 30 (1973) 1292.

Table 1. Structure parameters derived by
curve fitting.

Sample x

Te C,
X l~x

t-Te

0.T2 2.821 0.53 0.03
0.56 2.809 0.55 0.03
0.08 2.765 0.5^ 0.03

2.859 O.Tl 0.03
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Introduction

Amorphous SixTe-i_x alloys with a content of
13*^27 % Si can be obtained by the melt-quenching
or the splat-cooling technique.^The radial
distribution function obtained from X-ray
diffraction were interpreted by a model of
configuration of tetrahedrons with Si having 4.
and Te having 2 neighboring atoms.2)

Using the sputtering technique, the Si
content in which Si^Te-j.^ become amorphous was
extended to 10-90 at Z Si. In this report, the
short range order of the Te atoms in amorphous
SixTei_x has been studied using Te-K EXAFS
measurement.

Experimental and Results

All samples were prepared onto 8 ym thick
Kapton substrates by sputtering a Si target upon
which Te chips were placed. The film thicknesses
of the samples were about 2'^3 ym. About 16 layers
of the film were stacked to attain a best yt. The

composition of the samples were determined by X-
ray photo electron spectroscopy.

Extended X-ray absorption fine structure
(EXAFS) above Te-K edge ('̂ 31 *8 keV) were measured
for amorphous SixTei_x alloys (12, 31, 57, 76 and
87 at % content Si) on the Beam Line 10-B of the
Photon Factory. The samples were cooled down at
77K throughout measurement. Ar and Kr gas were
used for the front and the rear ion chamber.

SivTe,.>!

Figure 1 shows the magnitude of Fourier
transform |F(r)l of k times x (k) for several
amorphous SixTe-^.x alloys. Two main peaks are
observed and the amplitudes change systematically.
The first and second peaks are related to Te-Si
and Te-Te bonding, respectively.

The structure parameters, coordination
number N and inter atomic distance R, derived by
curve fitting^) are shown in Figs. 2 and-3.

The Te-Te distance decreases from 2.79 A
(very close to that of a-Te^)) to 2.77 A, and Te-
Si separation slightly increases with increasing
Si content.

In Fig. 3, the number of Te(Si) atoms
connected to a Te atom, NTe_i;g(NirQ_g3_) are
plotted. The solid lines are calculated from
tetrahedron model described in ref. 2, and the
dashed lines are calculated from covalent random
network (CRN) model. In Si poor region, CRN model
doesn't fit to our data. But, in Si rich region,
CRN model fit to our data very well. So, we
conclude that the CRN model seems to be exactly in
Si rich region, and the tetrahedron model or
another model is necessary to explain the
amorphous structure in Si poor region.

References

1) K. Ploog, W. Stetter, A. Nowitzki and E.
Schonherr, Mat. Res. Bull., ^ (1976) 114.7.

2) G.E.A. Bartsch, H. Bromme and T. Just, J. Non-
Cryst. Solids, 18 (1975) 65.

3) M. Inui, M. Yao and H. Endo, J. Phys. Soc. Jpn.
57 (1988) 553.
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DISTANCE R(A)

Fig. 1. Fourier transform of
k times x(k) for SixTe-]_x
alloys.

• 0 0.2 0.4 0.6 0.8 1.0
Si CONTENT

Fig. 2. Radial distances
obtained by curve fitting.

0 0.2 O.i 0.6 0.8 1.0

Si CONTENT

Fig. 3. Number of Te(Si)
atoms connected to a Te
atom, NjQ.Te^O)# ^gi-Si
(A). Solid and dashed lines
are calculated for
structural models.



proposal No 88-017

XAFS STUDIES ON PHASE TRANSITION IN IRON AND IRON BASE ALLOYS.

Hitoshi YAMAZAKI, Hironobu MAEDA*, Hiroshi MARUYAMA, Hiroyuki AOKI, Jun SHI,
Kazuaki SHIHIZU, Michinobu MINO, Akihisa KOIZUMI and Naruhiko BAMBA.

Department of Physics, Faculty of Science, Okayama University,
♦ Department of Chemistry, Faculty of Science, Okayama University,

3-1-1 Tsushima-Naka, Okayama 700.

It has long been known that iron exhibits
complex phase transitions: Ferromagnetic EGG
iron ( a ) is transformed into paramagnetic EGG
iron ( & )at 1041K; when the temperature is fur
ther increased, structural phase transition from
EGG to FGG occurs at 1183K; furthermore, anti-
ferromagnetic FGG iron ( Y )is transformed again
into paramagnetic EGG iron ( 6 )at 1673K. The
unique physical properties of iron has been
widely utilized in steel technology. However,
microscopic explanation of the phase transitions
of iron has remained controversial.

Recently, Hasegawa et al. have argued
theoretically that the structural phase transi
tion arises from a magnetic contribution to
phonon softening via the band Jahn-Teller effect.
They have succeeded in interpreting qualita
tively the phase diagram and several precursory
phenomena of the phase transitions.

In order to investigate electronic state and
local structure changes accompanied with the
phase transitions. X-ray Absorption Fine Struc
ture (XAFS) study is a powerful technique.

Experimental

The disordered 25.0at%Pt-Fe and 26.4at?iNi-Fe
alloys were prepared by induction melting. After
grinding the ingots, the powdered samples were
annealed for 2 hours at 800®C under vacuum and
subsequently given a suitable thermal treatment.
These samples undergo the martensitic transfor
mation from the high-temperature FCC phase to
the low-temperature EGG phase at about Mg=260 K
with decreasing temperature, which was deter
mined previously by X-ray diffraction. Temper
ature dependence of XAFS on the Fe-K, Ni-K and
Pt-L3 edges for these alloys was taken in the
vicinity of the Ms-temperature.

Single crystal sheet of pure iron was grown
by strain annealing technique. The [1101 direc
tion was almost normal to the surface. The
sample was formed into a foil with about 10 um
in thickness. XANES spectrum of the Fe-K edge
was taken at R.T. as the angle between the di
rection of linearly polarized X-ray and the [100]
axis in (110) plane was changed. Temperature
dependence of EXAFS on the Fe-K edge was taken
in the temperature range of 25-1000 °C

Results

XANES spectrum provides informations on un
filled density of state above Fermi level and
about coordination symmetry of absorbing atoms.
Then, we have taken XANES spectrum above and
below the Ms-temperature to study the electronic
state. Figures 1(a) and (b) show XANES spectrum
of the Fe-K edge of the disordered 25.OatJiPt-Fe
alloy at 295 and 20K, respectively. Several
fine-structure peaks of varying intensities are

discerned and labeled BpE ' in, each of the
spectra. By the martensitic transformation, the
XANES spectrum changes clearly from double peak
in FCC phase at 295K into single peak in EGG
phase at low temperatures: no change is recog
nized in the peaks E, and C; on the other hand,
in EGG phase the peak E2 collapses drastically,
peak D appears distinctly and peak E is broaden
ed out; consequently, the XANES spectrum is
identical with that of pure Fe. The similar
change in XANES spectrum was observed also for
the Ni-K edge of the disordered Fe-Ni alloys.
However, no change has been recognized in the
XANES of Pt-Lg edge. Radial structure function
obtained by the Fourier transform of EXAFS spec
trum indicates clearly a change from the pattern
reflecting FGG structure to that resulting from
EGG phase. These features insist that the struc
tural phase transition affects significantly the
electronic state of Fe atoms.

(1) H. Hasegawa, M.W. Finnis and D.G. Pettifor;
J. Phys. F: Met. Phys. 17 (1987) 2049.

(2) L.A. Grunes: Phys. Rev. B27 (1983) 2111.
(3) M. Kitamura, S. Muramatsu and G. Sugiura:

Phys. Rev. E33 (1986) 5294.

B2C E

7.10 7.U 7.18 7.10 7.U 7.18
PHOTON ENERGY (keV)

Fig. 1. XANES spectrum of the Fe-K edge of the
disordered 25.0at%Pt-Fe alloy; (a)-at
295K, (b) at 20K.
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Introduction

The attached inorganic-oxide metal catalysts
obtained by reactions between metal complexes and
surface OH groups of inorganic oxides have well-
defined structures eind novel catalytic activities
different from conventional supported catalysts.
We have already investigated the structures and
the reactivities of the attached Nb monomer cata

lysts and the one atomic layer Nb catalysts and
found that each catalyst shows distinct catalytic
activity. Therefore, we synthesized a new SiOg-
attached Nb dimer catalyst to clarify the caxise of
difference of the two types of attached catalysts.

The SiO„-attached Nb dimer catalyst wels pre
pared using a dinuclear Nb complex [(CgHg)
(C-H.)NbHl« (^) vhich was synthesized by the reac
tion between Nb{C£.H(.)oClo and NaH in THF[1] solu-

The Nb dimer itruc?ure is stabilized in the

existence of the bridging CgH. ligands. The room
t«nperature EXAFS measurement was carried out at
BL-lOB of Hioton Factory for THF solution of the
original dimer complex m, the attached catalyst
without pretreatment (^), the catalyst preheated
with HgllOO Torr) to S23 K and the catalyst
pretreated with 0_{100 Torr) at 793 K for 1 hour
(4).

Results and Discussions

Figure 1 shows Fourier transform of the sam
ples frc«n ^ to ^ and ^ have two main peaks
near 0.2 nm and 0.3 nm, but on the other hand _3
and ^ have only one main peaks about 0.15 nm. The
former peaks common with all the samples are at
tributed to the bonding between Nb-C or/and Nb-0.
The latter peaks observed only in ^ and of
which theoretical fit of the inversely Fourier
transform are shown in Fig. 2, are arisen frOTi the
bonding between Nb-Nb. The bond distances ob
tained by the curve-fitting analysis are indicated
in Table I, with the bond parameters of the crys
tal of original Nb dimer complex The bond
length of Nb-Nb for 1 are rather longer than that
for^. This fact suggests that the complex in THF

TABLE I. Bond Distances for Nb Dimer Complex and
Attached Catalyst from Curve-Fitting
Analysis of EXAFS Data.

Bond Distances / nm

SamDle Nb-C Nb-0 Nb-Nb

0.22-0.24

0.223

0.203

0.219

0.311

0.348
0.335

Distances determined by X-ray diffraction.[2]

solution is deformed from the crystal by the ef
fect of the solvent. The comparison of the bond
ing distances Nb-Nb between and 2 indicates that
the dimer structure of the complex is held after
the reaction with the CSl and complex For the
samples ^ and the Nb-Nb bonding is not observ
ed. This is explained as follows. The bridging
ligands (C_H^) in the initial Nbg canplex desorb
after the thermal treatment and hence the thermal

vibration of this bonding is too large at rocrni
tenperature. The observation of Nb-Nb is possible
if the measurement is carried out at low tonpera-
ture. The Nb-0 distances for 2-4 are determined

to be 0.194-0.199 nm, which are comparable with
0.193 nm for the SiO«-attached Nb moncmer cata

lyst. [3]

0 I 2 J . S Bo
OlitANCC * c'f)

Fig. 1. Foxjrier transform of the samples 1(a),
^(b), ^(c) and^(d).

fio") A J\ aI ITr> A A A A ft

5 8 1 e 9 10 II 13 S 9 7 e 9 10 II I'j ' ja ' h
WAVg NLTKlCft K Cj/Al HAVj MUKEA K <1/A >

Fifi* 2. Theoretical fit of the data inversely
Fourier filtered over 0.28 and 0.-35 nm
for the sanqjles 1(a) and ^(b).
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and E.G.Perevalova, J. Organoraet. Chem., 217,
292(1985).

[2] L.J.Guggenberger, Inorg.Chem. 294, 12(1973)
[3] M.Nishimura, K.Asakura and Y.Iwasawa, J.Chem.

Soc. ,Chan.Comniun., 1660(1986).
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Introduction

The reaction between Rh (•'J ^-CsHb ) 3 and OH
groups on SiOa followed by Ha treatment at
room temperature and subsequently at 473 K
produces one-atomic layer Rh cluster on SiOa
surface. Since all the Rh atoms are located

at surface, the one-atomic Rh cluster is

suitable for the investigation of the behavior
the Rh atom in the interaction of the adsorbed

gas species on the standpoint of the catalysis
of the small cluster. In this work we studied

the structure change of the Rh one-atomic
layer cluster on SiOa during CO oxidation
reaction by means of EXAFS.

Experimental

Rh(""J ^-CsHb ) 3 was prepared in the
previously reported way.[l] The Rh('»;^-CsHs )3
was reacted with OH group of SiOa at 293 K.
The attached Rh(•'} ^-CsHb ) (OSi) g was reduced
with Hg at room temperature and then at 473 K.
The sample thus obtained was denoted as
A-Rh/SiOg. The Transmission electron
microscopy showed that the Rh cluster exists
in a small cluster with 1.3 nm in diameter.

The Hg was adsorbed on the Rh cluster with a

H/Rh ratio = 1. EXAFS measurements were
carried out at BL-lOB, using the EXAFS
reaction chamber.

Results and Discussion

The curve fitting analysis of EXAFS of the
A-Rh/SiOg showed that the coordination number
is 5 and bond distance is 0.285 nm.

Considering from the coordination number to be
5.0 and the particle size 1.3 nm. We proposed
one-atomic layer Rh cluster structure.

The one-atomic layer Rh cluster has a high
activity toward CO oxidation reaction at room
temperature. We examined the structure of Rh
cluster by means of EXAFS in the atmosphere of
Og and CO. The reactivity of oxygen on Rh
cluster preadsorbed at 293 K is much higher
than that preadsorbed at 373 K. After the
exposure to Og , Rh-Rh bond maintained with the
appearance of a new peak corresponding to Rh-0
as shown in Fig.la. On the other hand the
structure of Rh cluster changed by the
exposure to Og at 373 K in Fig.lc. The first
and second peaks in the Fourier transform can
be attributed to the Rh-O and Rh-Rh and the

second peak is composed of two type of the
Rh-Rh bonding of Rh metal cluster and
RhgOs-like cluster. After the CO introduction,

the oxygen atoms adsorbed on Rh cluster at
room temperature easily reacted with the CO as
shown in Fig.lb. On the other hand the oxygen
adsorbed at 373 K was slowly reacted with CO
in Fig.Id. Thus the high activity of adsorbed

oxygens toward CO oxidation reaction requires
metallic structure.

[1] K.Asakura and Y.Iwasawa J.Chem.Soc.
faraday Trans.I,84.1329{1988).

0 1 2 3 4 5 6

r / 10 ^ nm

Fig.l Fourier transforms of
Rh K-edge EXAFS oscillations
(a) Rh/SiOg preadsorbed with Og at 293 K
(b) Rh/SiOg obtained from (a) by exposure

to CO

(c) Rh/SiOg preadsorbed with Og at 373 K
(d) Rh/SiOg obtained from (a) by exposure

to CO
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Introduction

The noble metals (Pd, Pt, Rh)
deposited on SiOg efficiently catalyzed
C2H4 hydrogenation reaction. Recently, we
found that the activity of Pt, Pd, Rh/SiOa
for C2H4 hydrogenation increases by one
order or two when they are pretreated
above a certain transition temperature and
decreases reversibly when pretreated below
that temperature. Such phenomenon can be
only seen in the supported metal particles
with an appropriate particle size
characteristic to the metal. (1-10 nm for
Pt/SiOa for example) The large particle as
well as the small one showed no such

reversible change of the activity. It is
considered to be relevant to some kind of

structure transition of the small metal

particle in the range of an appropriate
particle size. We measured in-situ EXAFS
spectroscopy to find out the transition of
structure and investigate the relationship
between the structure change and the
reversible activity change of catalysis.

Experimental

The supported Pt, Rh, Pd catalysts
were prepared from the Pt(N03)2, Rh(N03)3,
and Pd(N03)2 aqueous solutions. The
loadings of the metal were 2 wt%. They
were calcined at 673 K and reduced at 773

K in the EXAFS reaction chamber. The

chamber was set in the X-ray light. The
sample was raised to a certain temperature
and then EXAFS spectrum was measured at
the temperature. The sample was heated
from RT and up to 773 K.

EXAFS was analyzed by decomposing the
EXAFS signal into amplitude and phase
parts. Coordination number and Debye
Wallor factor were extracted by means of
ratio method using the Pt, Pd, and Rh foil
as reference compounds.

Results and discussion

Fig.l showed EXAFS spectrum of Rh
K-edge measured at 293 K and 773 K above
and below the transition temperature of
activity, respectively. The amplitude of
EXAFS oscillation damps more quickly in
the spectrum of 773 K owing to the
Debye-Waller factor. The curve fitting
analyses showed that no change in the
coordination number was found in the

Rh/SiOs. Fig.2 showed Debye-Wallor factors
of Rh-Rh bonding in the first coordination
shell of Rh metal and Rh/SiOg. The Debye-
Waller factor of Rh metal factor

monotonically increased with the increase

of the temperature. However, the curve of
Debye-Wallor factor of Rh/SiOs inflected at
the transition temperature. The slope of
the curve corresponds to the strength of
the Rh-Rh bonding. This change means that
the Rh-Rh bonding becomes weaker at this
temperature. We have not reached the full
understanding of the change of the Debye-
Waller factor and the relevance between the

behavior of Debye-Waller factor and the
increase of the activity. However, some
structure transition should occur at that

transition temperature which must be
related to the change of thermal disorder
of the Rh-Rh bonding.

22690 23280 23670 24060 24450 24840

PH0T0N ENER&T (EV)

Fig.l EXAFS spectra of Rh/SiOg (a) 293 K,
(b)773 K

fe .10

Fig.2 Temperature dependency of Debye-Wallor
Factor (a) Rh metal, (b) Rh/SiOg
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Introduction

As a model for oxygenation of catechol by enzy- /V
me, 3,5-di-t-butyl-catechol(l) is oxygenated by /
pyridineiron(lll) in tetrahydrofuran to give Intra- r\
and extra- oxygenation products in addition to /
quinoneU, The yield of oxygenation are affected /
by the pyridine concentration, it is important to
clarify the structure of active species in order / \
to know the oxygenation mechanism. In the present /A \
study, the variations of oxidation states and ^ 1/
structures of complexes formed in the presence of X. ^ fj \ .
different pyridine, are investigated by XANES and / V/EAXFS. ^I

Experiment I

1 and FeCl3 were dissolved in THF-pyridine sol-
vents in argon atmosphere. The solutions were pack- I
ed Into polyethylene-nylon-polychlorobinylidene
films under argon babbling. X-ray absorption i—'—' ' ' I
spectra were recorded with the facilities at 7100 7150
BLIOB of KEK-PF. ENERGY/eV

_ , , ^ Figure 1. XANES spectra of Fe-DTBC complex andResults and Discussion ° [FeCl3(OEt2)l
_ (a)-(c): Fe-DTBC complex in THF-pyridine solventFigure 1 shows the Fe K-edge XANES spectra of (a)lpyrIdlnej/lFel=4, (b) [pyridinel/[Fe]=100

the solutions of iron-catechol complexes formed (c)\n pyridine
in THF-pyridine solvents and the diethylether {djFeCh in EtoO ([FeCUlOEto)))
solution of FeCl3. All spectra show a pre-edge
peak which is attributed to the ls-3d transition. 12
Its intensity decreases with increasing pyridine ft
concentration. The spectrum of the complex formed " 1
with the very low pyridine concentration is similar g - |
to that of tetrahedral complex [FeCl3(OEt2)] which J 1
is formed with FeClg in diethylether (Fig.l (a)). 1
This result indicates that tetrahedral coordinated 4 - 1
by chloro and catechol ligands is dominant in the "AAr \
case of the low pyridine concentration, and the 0
complex is converted to an octahedral complex by ' A
increasing the pyridine concentration. By Mossbauer 3 •; A
spectroscopy we have detected high-spin Fe(ll) / 1
species which we considered Fe(II)-semiquinone -o 2 • \
complexes, and they increased when pyridine concen- 2 I 1
tration became higher^). We expected that the ener- & 1: / 1
gy shift of K-edge caused by variation of pyridine 5 • / lA
concentration, but it was hardly observed. So ^ -Vj
clear supports for formation of Fe(lI)-semiquinone ' ' ' ' "
species have not been obtained by X-ray absorption .
spectroscopy. ^ ~ A

Figure 2 shows the fourier transforms of k^- ; M
weighted EXAFS spectra. No peak corresponding to 11
Fe-Fe can be found in Fig. 2. Thus, the solution .1 1
includes only monomer complexes and no dimer 1: /"V.
complex in which two irons are bridged by catecol. AAf

0 1 1 I • I •
References 0 2

1)T.Funabiki, A.Mizoguchi, T.Suglmoto, S.Tada, ^
M.Tuji,H. Sakamoto, and S.Yoshida, J.Am.Chem. Figure 2. Fourier transform?
Soc.,1986,108,2921. in THF-pyridine s(

2)T.Funabiki, S.Tada, T.Yoshioka, M.Takano, and (s) lpyrid'ine]/[Fel=4, (b) (pj
S.Yoshida, J.Chem.Soc.,Chem.Commun., 1986, 1699 (c) in pyridine

R / X
Figure 2. Fourier transforms of Fe-DTBC complex

in THF-pyridine solvent
(a) [pyrid'ine]/[Fel=4, (b) (pyridine]/[Fel=100
(c) in pyridine
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Introduction

The use of bimetallic cluster compounds as
the catalyst precursors is an important aspect
of homogeneous and heterogeneous bimetallic
catalysis.^' The bimetallic clusters offer
prospects of synergistic effect for the two
metal compounds in many useful catalytic
reactions. Particularly, bimetallic clusters
grafted on solid surface have attracted much
attention, because they may provide the
advantage obtaining highly dispersed bimetallic
species. This can pave the way for catalyst
design in a molecular-level.'"®'

In a CO+Ha reaction, SiOa-supported Rh-Fe
and Pd-Fe catalysts derived from metal salts
showed a unique activity for producing Ci+Ca
alcohols.

Accordingly, as a tailored model for the
Fe-promoted Rh and Pd catalysts, we have
prepared RhFe/SiOa and PdFe/SiOa catalysts by
using RhFe and PdFe bimetallic carbonyl clusters
as molecular precursors. The bimetallic
clusters grafted on SiOa were structurally
characterized by Fe K-, Rh K-, and Pd K-edge
EXAFS.

FeRh^, FeaRh*, FcoFde, and Fe4Pd carbonyl
clusters were used as the precursors. The
carbonyl clusters were supported on SiOa from
adequate organic solutions. After drying in
vacuo and mild oxidation by air, the catalysts
were reduced with Ha 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
k®X(k) of Fe K-edge EXAFS for [NMe4CH2Ph]a
CFe4Pd(C0)ie], FeaPde/SiOa, and Fe4Pd/Si02. In
the Fourier transform of [NMe4CHaPh]a
[Fe4Pd(C0)i8], the peak at about 2.5 A is
attributable to Fe-Pd bonding. FeePde/SiOa has
the strong peak at the similar position,
possibly due to the Fe-Rh bonding. On the other
hand, Fe4Pd/SiOa has no strong peak at about 2.5
A, suggesting the absence of Fe-Pd bonding.
The strong peak at 2.2 A may arise from Fe-Fe
boning.

The different contribution of Fe-Pd bonding
between FeoPdo/SlOa and Fe4Pd/SiOa well
reflects the activity difference for MeOH
production in catalytic CO+Ha reaction; i.e.,
FeePds/SiOa was a highly selective catalyst
toward MeOH, while Fe4Pd/SiOa gave lower
activity for MeOH production.

Combining with ""'Fe Mossbauer study, we
revealed that bimetallic Pd-Fe®* species derived
from the FeoPd® carbonyl cluster promote the
MeOH production due to the enhancement of CO

ri MAUG* ( S.OM It.tM S.*

aiSTAHCt t (A)

ftltTAMtC K (*>

• ISTAHCe R U>

Figure 1. Fourier transforms of k®;i:(k) of Fe
K-edge EXAFS for CNMe4CH2Ph]a[Fe4Pd(C0)io] (a),
FcePde/SiOa (b), and Fe4Pd/S102 (c).

insertion. It is also shown that the Pd-Fe®*
sites were not formed effectively from the Fe-
rich Fe4Pd carbonyl cluster Imorsgnated on SiOa.

1) B. C. Gates et al. ed.," Metal Clusters in
Catalysis", Elsevier(1986).

2) A. Fukuoka, H. Matsuzaka, M. Hidai, and
M. Ichikawa, Chem. Lett., 941(1987).

3) A. Fukuoka, M. Ichikawa, J. A. Hriljac, and
D. F. Shriver, Inorg. Chem., 23., 3643(1987).

4) A. Fukuoka, T. Kimura, and M. Ichikawa, J.
Chem. Soc., Chem. Commun., 428(1988).

5) M. Ichikawa, A. Fukuoka, and T. Kimura, Proc.
9th Intnl. Congr. Catal.(Calgary), vol. 1,
569(1988).
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1. Introduction

Surface EXAFS spectroscopy and X-ray

standing-wave (XSW) method are powerful

techniques to investigate the surface

Structures. In the surface EXAFS measurement

electron-yield modes are often employed

because of their good surface-sensitivity.
X-ray fluorescence-yield mode, however, seems

to be more promising for the XSW measurements
and for the systems with very low concentra

tion of X-ray absorbing atoms.We have
developed a compact fluorescence detector

for these purposes.

2. Design

The X-ray detector is a type of gas-flow
proportional counter (FPC) as shown In FIg.l.
It can be mounted to a UHV chamber with an

ICF-70 flange, and is linearly movable through

a bellows for optimizing its position. A
pinhole-free Be film with 25 /im-thick is used
for vacuum seal and for X-ray window. In or Au
gasket allows to keep ultra high vacuum
«lxIO"'°mbar). In order to detect low-energy
X-ray photons a center wire supported on the
inner tube (see Fig. 1) can move to an

appropriate position where the detection gas
is sufficiently ionized.

3. Experiments

The detector is tested at BLUB. The typical

operating HV on center wire is 1800V and the
counting gas (P-10) flow-rate is about 50

cc/min. Fig.2 shows the pulse height
distribution curve for C1 adsorbed on Ni. The

energy resolution Is about 20-30%.
For the EXAFS and XSW measurements of 1/4

monolayer sulfur adsorbed on a NKlll) single
crystal, the S/B ratio is 12 times higher than
that of Auger-electron-yield(AEY) mode. The

intensity of signal is about 10" cps (see
Fig.3).

It was impossible to extract a pure XSW pro
file from adsorbates with AEY mode due to

dominant background electrons from

substrates. On the contrary, the XSW profiles

monitored by X-ray fluorescence yields (XFY)
show clear difference from each other.®' The
results indicates that the XFY-monitored SW

profile can be used for the surface-structure
analysis with high accuracy.

Reference

DJ.Stohr et al., Phys.Rev.Lett. 55, 1468(1985)

2)D.A.Fischer et al., Nucl.Instr.Methods A246,

561(1986)

3)T.Yokoyama et al., in this issue
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ZSM-5 attached 3-atomic layer LaaOs showed a
unique nature as a support(1). When Pd was
deposited on it, the CO+Ha was selectively
converted into CaHe. We have tried to

elucidate the structure of La oxide by means
of EXAFS. However, it is quite difficult to
apply the conventional transmission technique
on the Ls-edge of La, because of the large
absorption of ZSM-5 substrate. Thus we
examined K-edge EXAFS using the high energy
X-ray emitted from the superconducting wiggler
beam line. In this work we will report the
preliminary EXAFS results of the 3-atomic
layer LaaOa deposited on ZSM-5.

Experimental

The ZSM-5 attached 3-atomic layer LaaOs was
prepared in a previously described way(l).
The EXAFS spectra were measured at BL14A beam
line using the Si(553) double crystal
monochromater. The ionization chamber was
filled with Kr.

Figs.l and 2 showed k®-weighted EXAFS
oscillation and the Fourier transform of LaaOs
powder. One can measure the EXAFS oscillation
at high k-region. Comparing to the CeOa EXAFS
oscillation previously reported, the EXAFS
oscillation of LaaOs damps quickly, indicating
the contribution of La-La EXAFS oscillation to

the total EXAFS oscillation. The first and
second peaks were immediately attributed to
La-0 and La-La. Figs.3 and 4 showed the
Fourier transform of ZSH-5 attached 3-atomic

layer LaaOs. The EXAFS oscillation smears at
K=90 nm"', indicating the little interaction
of La-La. Only one prominent peak
corresponding to the La-0 can be found in the
Fourier transform. The peak corresponding to
La-La was not found. This observation

suggested that the La exists in the amorphous
state. The previous studies on the one-atomic
NbaOs and ZrOa produced in a similar way
showed that the one-atomic oxides took an

amorphous structure though the deposition
amount exceeds the amount equivalent to the
2-atomic layer the corresponding oxide
crystallines were observed both in the EXAFS
analyses and X-ray diffraction studies. The
amorphous structure in the one-atomic layer
oxide was caused by the mismatch of the oxide
lattice and substrate one. In the case of

ZSM-5 supported LasOs the situation is quite
different. No crystalline of LazOa was
observed either in EXAFS and in the X-ray
diffraction. Thus the effect of mismatch

between the LazOa and ZSM-5 lattice prevails
through the 3-atomic layer.

1) A.Kase, K.Asakura, C.Egawa, and Y.Iwasawa,
Chem.Lett.. 855(1986)
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Fig.l La K-edge EXAFS of LazOa

0 I 2 3 4 S 6

atSTANCE R (A I

Pig.2 Fourier transform of LazOa

3 4 5 6 7 e 9 10 11

UAVE NUHBER K ( 1 /-A )

Fig.3 La K-edge EXAFS of La/ZSM-5
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INTRODUCITON

We designed the spectrometer using gas
scattering method and a Si(Li)-detector to
investigate the spectra of synchrotron radiation
of soft X-ray region.

We chose helium gas because it transmits
soft X-rays sufficiently, and its scattering
theory is very simple and we can adequately
reduce the high SR intensity by helium gas
scattering^.

EXPERIMENT

Our measuring system is shown in Fig. 1.
The He gas chamber was evacuated and filled with
pure He gas. The pressure of the chamber was
held at 1 atm. We defined the detectable

scattering region by slits and the sensitive
area of a Si (Li)-detector. We determined the
dimensions of the spectrometer by estimating
adequate reduction rate for Si(Li)-detector
using the scattering theory of helium gas.

We placed the measuring system at 31 m from
the source of the beam line, BL-17C. SR X-rays
can be taken into the air through a 200-;am-thick
Be window, 2.0-cm thick He gas and a 25-_pm-thick
Kapton window.

We measured the spectra of the direct beam
and reflected beam from two plane fused quartz
mirrors which were set in parallel.

RESULTS

We compared the measured spectrum of the SR
emitted in the orbital plane with the
calculated one (Fig. 2). The measured intensity
was about 30% less than that of calculated

We believe this difference is mainly caused
by the geometrical errors of energy-independent
factors, (scattering volume and solid angle).

Next, we estimated the spectra of the
reflected beam from fused quartz mirrors by
fitting the measured and calculated intensities
of direct beam.

The measured and calculated spectra of
reflected beam from fused quartz mirrors with
glancing angles of 8, 10, and 1 2 mrad are shown
in Fig. 3. The profile of measured spectra
agreed with the calculated, but the measured
intensities were about 30% - 50% less than
calculated.

We believe this result was caused by the
roughness and imperfect flatness in the mirror
surfaces.

We confirmed, we can measure the absolute
intensity spectra within accuracy of 30% using a
Si(Li)-detector and He gas scattering, and we
also apply this system to evaluate the
spectral characteristics of X-ray lithography
beam line.

REFERENCES

1) T. Mitsuhashi, T. Shioya, M. Ando, and T.
Yamakawa, Nucl. Instrum. Methods A246v 54
(1986).

2) S. Gotoh, T. Taguchi, S. Okamura, and T.
Hisatsugu, submitted to Rev. Sci. Instrum.
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X-ray lithography using synchrotron radiation is

promising for mass production of quarter-micron

VLSls.

Synchrotron radiation spectra in the beam line

BL-17C can be changed by adjusting the glancing

angle of the two plane-fused quartz mirrors (1).

We investigated the relation between the glancing

angle of the mirrors and the exposure

characteristics of resist.

Synchrotron radiation emitted from an electron

storage ring was introduced into an exposure

chamber through a 200-M.m-thick Be window.

An X-ray mask and a 1-p.m-thick PMMA resist

on a Si wafer were mounted on the stage in

the chamber. The gap between the mask and

wafer was kept to about 25 pm. The X-ray

mask was made of 0.65-pm-thick Ta absorber

patterns (2) and a 2-pm-thick SiN membrane

fabricated on the Si substrate. The resist was

8 mrad
10 mrad

Dose (A-sec)

Figure 1. Dose of PMMA resist for two glancing

angle of the mirrors.

developed by dipping the wafer into methyl

iso-butyl ketone (MIBK) for 120 s.

Figure 1 shows the dose of PMMA resist for two

glancing angles. The horizontal axis is the product

of the current in the electron storage ring and

exposure time. The dose of PMMA resist for a

glancing angle of 10 mrad must be larger than

that for 8 mrad. This is due to the decrease the

intensity of the synchrotron radiation on resist.

However, the X-ray mask contrast for 8 mrad is

smaller than that of 10 mrad, because the peak

wave length of synchrotron radiation is shorter. The

X-ray mask contrast is about 4 for 8 mrad and

10 for 10 mrad. Therefore, fine resist patterns are

difficult to make with an 8 mrad glancing angle.

Figure 2 is SEM micrograph of the 0.2-pm

line and 0.3-pm space fine patterns replicated in

PMMA at glancing angle of 10 mrad.

(1) S. Okamura et a/.: Photon Factory Activity

Report, No. 5, 81 (1987 ).

(2) M. Sekimoto et al.: Extended Abstract of the

16th Conf. on SSDM, Kobe. 23 (1984 ).

Figure 2. SEM micrograph of the patterns

replicated in PMMA.
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1. Introduction

Because of rapid progress of synchrotron
radiation (SR) lithography, the radiation dura
bility of X-ray mask materials has become very
important. We investigated radiation durability
of boron compound materials, a-BNC:H and a-BN:H,
observing changes of the optical transparency
and stress under X-ray irradiation.

2. Experimental

Amorphous BN:H films of 4}im thick were
prepared by a low pressure CVD at 400*'C. Amor
phous BNC:H films of 2pm thick were prepared
by a plasma enhanced CVD at SOCC. These

samples were uniformly exposed by a white beam in
the air. The stress during X-ray irradiation
was monitored by the bulge method, and the
optical transparency was monitored for a He-Ne
laser.

3. Results and Discussions

Figure 1 shows stress change due to X-ray
irradiation as a function of absorbed energy per

OHl

unit volume. The internal stress of a-BN:H

started to change after absorbing 30 kJ/cm^, and
became compressive after absorbing 100 kJ/cm^.
This results agreed with the work of Johnson et.
al.(l). The internal stress characteristics of
a-BNC:H were similar to those of a-BN:H. However,
the absorbed energy at which the stress began to
degrade was about one order of magnitude larger
than that of a-BN:H. The stress of a-BNC:H

withstanded tension up to 6 MJ/cm^.
The optical transparency of a-BN:H mono-

tonically decreased with increasing absorbed
energy. However, there was no change of optical
gap for a-BNC:H.

We found that the a-BNC:H had a higher
radiation durability than conventional a-BN:H.

The a-BNC:H can be used without mask distortion

up to an absorbed energy of 1 MJ/cm^.

Reference

1) W.Johnson, R.Levy, D.Resnick, T.Saunders,
A.Yanof, H.Bets, H.Huber and H.Oertel,
J.Vac.Sci.Technol..B5(l). 257 (1987).

Absorbed Energy OU/cm^)

Figure 1. Stress change of a-BNC:H and a-BN:H due to X-ray irradiation
as a function of absorbed energy per unit volume.
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Introduction

On the study of Zn diffusion into GaAs, a
number of experiments which have plotted
diffusion profiles of Zn concentration versus
diffusion depth have shown anomalous diffusion.
We also note that the introduction of Zn atoms

into GaAs/AlAs or GaAs/GaAlAs multilayers
enhances the intermixing of host atoms, which
may create a problem. Defect reactions in this
way play an Important role in impurity
diffusion. None of these phenomena can be
understood without a knowledge of the local
structure around Zn atoms. In this study, local
structures around Zn atoms doped in LEC-grown
GaAs (grown-in) and diffused into GaAs
(diffused-in) were investigated using EXAFS
method.

Experimental

Zn diffusion was made at 6l6°C for 3h. in
an evacuated sealed quartz ampoule using ZnAs2
source. The diffusion depth was determined to
be 3 ip ^nd the surface Zn concentration about
1x10^cm"3. X-ray from SR was monochromatized
by Si(lll) double crystals and Zn Ka fluorescence
yield was detected using a pure Ge SSD.

Results and Discussion

Figure 1 shows diffused-in and grown-in Zn
K-EXAFS oscillations. Ga K-EXAFS of undoped

<a)Zn K-«<)9«EXAFS
(dlffuud-lnl

(b)Zn K-«d9«EXAFS
A {grown-ln)

IclOo K-adgtexATS
A (undopadi

GaAs is also given for comparison. lF(r)| of
grown-in Zn K-EXAFS is shown together with that
of Ga K-EXAFS in Fig.2. The first and the
second peak positions, magnitudes and FWHM
values of the two lines profiles are in .good
agreement with each other. It is said that
grown-in Zn atoms have the four As atoms as the
first NN and twelve Ga atoms as the second NN,
and the bond lengths of Zn-As and Zn-Ga are
nearly the same as those of Ga-As and Ga-Ga in
undoped GaAs, respectively.

Figure 3 shows lF{r)| of diffused-in Zn K-
EXAFS. The first peak positions are in
agreement with each other but the magnitude is
remarkably different. In order to determine the
coordination number (CN) and Debye-Waller
factor, each of the first peaks is back Fourier
transformed to k space. By plotting the
logarithm ratio -versus k^, CN is determined to
be 2.5 and the difference is less than 0.001.
Extra peak as the second nearest neighbor (NN)
is observed at distance of 3-35 A between the
first and the second NN distances of undoped
GaAs. As for the third peak, since the position
and magnitude are in agreement with the second
peak position and magnitude of undoped GaAs,
respectively, it is said that Zn atoms have 12
atoms near distance of 4.00 A. From the above
results, almost all diffused-in Zn atoms occupy
the substitutional site. However, the local
structure around Zn atoms is different from that

of regular zinc-blende structure and Zn atoms
are associated with vacancies.

1 EXAFS oscillations of

each materials.

12 3^96
distance (A)

Fig. 2

|F(r)| for grown-in Zn
doped GaAs (solid
line) and undoped
GaAs (dashed line).

2 3 4

distance (A)

Fig. 3

|F(r)| for diffused-in
Zn doped GaAs (solid
line) and undoped
GaAs (dashed line).
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Rhodiun is a comBon constituent of catalysts

for the purification of automobile exhaust gas.
However, the atomic structure of the supported

rhodium has not been characterized satisfactorily.

The Rh/AlsOs catalysts were studied with the EXAFS

of the rhodium and some complementary techniques.
EXPERIMENT. Rh/AUOa catalysts were prepared by

the incipient wetting technique. A known amount
of ^•-AlzOa (BET area 170tVg) was wetted with an

aqueous solution of RhCls. After impregnation,
catalysts were dried in air (120'C,lhr), reduced
with flowing Hs (400'C,2hrs), cooled down to room

temperature. They were then stored in air until
needed. The rhodium loadings of the catalysts

were 0.05, 0.1, 0.3 and 0.6wtX,respectively. The
catalysts were pressed into thin self-supporting

wafers.

RESULTS. Figure 1 shows the Fourier transforms
of the catalysts and the reference materials. In

table 1 are listed best fit values of structural

parameters of them, also listed the results of XPS
and CO chemisorption measurements.

Rh-0 and Rh-Rh bonds were obtained from EXAFS

measurements on O.OwtX Rh/AhOa catalyst. This
Rh-Rh bond has a coordination distance of 2.67 A

which is nearly equal to the distance found in

rhodium metal lump. So in this catalyst, rhodium
metal clusters are formed.

While, below 0.3wtX of the rhodium loading, the

Rh-Rh bond disappers and the measured coordination
number of the Rh-0 bond increases. This Rh-0 bond

is assigned to a coordination of the interfacial
rhodium ions with support oxygen ions. These

spectrums of 0.05, 0.1 and 0.3wtX Rh loading

catalysts are different from the spectrums of
rhodium metal and RhsOs powder. This results
suggest that the rhodium in the low rhodium

loading catalysts form isolated ions on support

oxygen ions.

0.6wtX Rh/Al20s

0.3wt:

O.lwtX

O.OSwtX

RhsOs powder

Figure 1. The |FT| of Rh EXAFS

Table 1. Results of EXAFS, XPS and CO Chemisorption Measurements

ig I EXAFS parameter values I CO chemisorption I RhSde^a electronRh loading EXAFS parameter values

(wtX) Rh-•0 Rh-•Rh

N R(A) N R(A)

0.6 2.8 2.09 3.6 2.67

0.3 3.5 2.04 0.4 2.60

0.1 4.2 2.04 0.3 2.59

0.05 3.7 2.06 0.3 2.49

Rh metal - (12) 2.69

lump (6) 3.79

RhgOa powder 5.0 2.04 3.1 2.83

(CO/Rh) binding energy

(eV)
307.6

308.4

309.2

309.1

307.4
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Introduction

A high temperature form of Bi203,
J-form, is the best known oxide ion
conductor. It has an oxygen deficient
structure with the fluorite-type in
which one-fourth of oxide ions are

missing. The '-form is supercooled
and the metastable forms are influenced

not only by the temperature before
cooling and the cooling rate but also
the duration of melting l).To elucidate
the phase transition mechanism, local
structures of ^-form and liquid state
of Bi203 were investigated by EXAFS.

Experimental and Results

A sample of commercial Bi203 {99.9%,
Nakarai) was used in this experiment.
Bi2O3(30mg) and c-BN(50mg) in powder
form were well blended in agate mortar
and then pressed to make a disk with
13mm in diameter and 0.7mm in thickness

The EXAFS measurements were carried

out at from room temperature to above
the melting point with a stability
of a few kelvins. X-ray thickness is
about 2.0. Bi203 in liquid state exists
on the surface of BN grains.

The X-ray absorption measurements
near the Bi L3 edge were made in
transmission on the Beam Line lOB at

Photon Factory. The data analysis was
made using the program written by Dr.
H. Maeda, Okayama Univ..

No appreciable changes in XANES spectra
except the second sharply raised area
of liquid state at 826®C (Table 1).

The Fourier transform of liquid state
is similar to those of the -form (up
to BlCC) but only different in magni
tude, about one-half of the J-form.
(Fig. 1).

Table 1. Absorption edges of Bi203
versus temperature.

Temperature("C) Absorption edge(eV)
a b c

room temp. 13415 13423 13441
700 13417 13424 13442

732 13417 13424 13442

751 13416 13424 13442

776 13416 13424 13443

800 13416 13424 13443

810 13416 13424 13443

826 - 13423 13443

a: the second most sharply raised point
b: the most sharply raised point
c: the first absorption peak

Increase of the Bi-0 distance is
small near the melting point but large
increase when melt (Fig. 2)^

The authors thank to Drs. S. Nomura
and A. Koyama, KEK, for useful advices
and also to Mr. F. Kihara and H. Ito,
Osaka Univ., for help in the experiments,
Ref. 1) M. Tsubaki and K. Koto: Mat.

Res. Bull. 19 (1984 ) 1613.

Fig. 1

1^
1.0 2.0 3.0 4.0

DISTANCE(A)

The Fourier transforms for Bi L3 edge
of Bi203. No phase shift corrections
were made.

1.56 -

Bi-0 distances of 5-Bi20, from EXAFS
versus temperature. No phase
shift corrections were made.
M stands for melt.
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Introduction

It is known that the electronic state

around Cu atoms in the high Tc superconductor

YBa2Cu307-y plays an important part in the

superconductivity.

Recently, we have synthesized a new

series of superconductors with the nominal

composition of CaxYl-xBa2Cu307-y (X=0. 1, 0. 3,

0.5,0.6), for the purpose of increasing the

valence of Cu. Althogh Ca atoms did not show

the full substitution of Y sites, the speci

mens with nominal composition of

CaxYl-xBa2Cu307-y(X=0.5, 0. 6) showed the super

conductivity even if they were quenched into

liquid nitrogen.

In order to clarify the phenomena, we

attempted to reveal the local structure and

the electronic environment around Cu atoms

by using EXAFS(XANES) .

Experimental and Results

The Cu K-edge and Y K-edge EXAFS spectra

of these superconductors have been measured

by using EXAFS apparatus at Beam Line lOB.
All specimens were prepared by using solid

state reaction.

Table 1 shows the Tc of these specimens

prepared by cooling slowly in air, and by
quenching into liquid N2, respectively.

Figures 1, and 2 show the Cu K-edge

XANES for CaxYl-xBa2Cu307-y by cooling slowly

in air, and by quenching into liquid N2,
respectively. In the species obtained by

quenching into liquid N2 (Fig. 2), Cu
ls-+4p7c transitions are observed, and

the intensity of the transition is increasing

as X value decreased from X=0.6 to X=0. 1.

On the other hand, there is no absorption of

the transition in the species obtained by

cooling slowly in air.

The energy position of the Is—»4p7i:

transition is dependent on the coordination

number, the coordination bond length and

bonding character. The energy position of
the ls^4p7C transition of these specimens

is the same with Cu20, which has Cu ions

coordinated by two oxygen atoms. Therefore,

these observations indicate that the Ca rich

species ( X=0.5, 0.6 ) have less Cu ions
coordinated by two oxygens than the Ca free
specimens. This may imply the less amount

of oxygen vacancy.

Figure 3 shows the results of Fourier
transform of the EXAFS data. A new peak A

appears in the species with X=0.3, 0.5, 0.6.

Although the peak is related to Ca atoms in
the superconductive phase, it is difficult

to explain the detail of the structiure.
The analyses of Y K-edge EXAFS spectra

and curve fitting are in progress.

References

1) H. Oyanagi et al., Jpn. J. Appl. Phys. 26,
L1233 (1987)

2) H. Kuroda, N. Kosugi, and H. Taj i ma,
KEK-PF ACTIVITY REPORT, 219 (1987)

Table 1 Tc for specimens

X in Tc(onset)/Tc(end) (K)

CaxVi-xBaaCusOT-v slovly cooled liq.Ni quenched

CaxYi-xB02CU3O7-y
slowly cooled

^ I X-0.5

8970 8980 8990
PHOTON ENERGY CeV)

not super

not super

52/33

70/34

CsxYi-xBa2Gu307-y
liq. Nj quenched

1 X-0.3_
cc

° X-0.5
m •

X-0.6

8970 8980 8990

PHOTON ENERGY (eV)

Fig. 1 XANES spectra Fig. 2 XANES spectra

slowly cooled

4 , 6
R (A)

liq.Ns quenched

4 6 8 10
R (A)

Fig.3 Fourier transform of Cu K-edge
EXAFS of Caxyi-xBa2Cu307-y
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Introduction

BCL Process, which is a two stage
coal liquefaction process, is now under
development for Australian (Victorian)
brown coal. This process includes a
fixed-bed hydrogenation of Coal Liquid
Bottoms (CLB) at second stage. It was
found that the deactivation of the

hydrogenation catalyst might be due to
coke formation derived from preasphal-
tenes which adsorbed on the active sites

A new catalyst, Ca-Ni-Mo/Al_0_, having
less coke formation, has been developed.
(1,2) In the present report, EXAFS
method was applied to the investigation
of the effect of Ca on the less coke

formation and the longer life.

Experimental

The catalysts studied in this
report were (a) Ni-Mo/Al^O- (fresh) (8
wt/5 NiO-8 wt% MoO_), (b) (a) presulfided
and used for hydrotreating CLB2(reaction
conditions : 400 °C, 150 Kg/cm G, 100 h
), (c) Ca-Ni-Mo/Al 0_ (fresh) (3 wt)g Ca-
8 wt% NiO- 8 wt% MoO^)! and (d) (c) pre
sulfided and used for^ hydrotreating CLB
(reaction conditions : the same as (b)).
Furthermore, MoSp and CaMoO^ were
analyzed as standard samples. Before
EXAFS measurements, the used catalysts
were washed with tetrahydrofuran to
remove coal-derived liquids from the
catalysts, dried, and pressed into
pellets. The Mo K-edge EXAFS data of
these catalysts were obtained at EXAFS
apparatus (BL-lOB).

Results and Discussion

Figure 1 shows the results of
Fourier transformations of the EXAFS

data for the catalysts, MoS-, and CaMoO^.
In the oxidation state, before sulfided,
the atomic distance and coordination

number of Mo-0 of Ca-Ni-Mo/Al-O- were
the same as those of CaMoO^. The
results of curve-fitting analyses for
the used catalysts are shown in Table 1.
For Ni-Mo/AlpO^ and Ca-Ni-Mo/Al-O-, the
MoSp like crystal structure appeared.
However, in the Ni-Mo/AlpO^ catalyst,
the coordination numbers or Mo-S and Mo-

Mo were smaller than those in the Ca-Ni-
Mo/AlpO catalyst. It seems that this
result implies that sulfurization treat
ment was incomplete for the Ni-Mo/AlpO^

catalyst, or the elimination of S from
the catalyst occured through the hydro-
treating CLB in the Ni-Mo/AlpO^ catalyst.
More detailed studies on the structure

of the catalyst are now progressing.
The research and development of the

BCL process is supported by the New
Energy Development Organization (NEDO).
We wish to thank NEDO for his permission
to present this report.
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Ca-Ni-Mo

/ AI203
(fresh)

Ni-IVlo/Al203
(fresh)

CeilVlo04

Ca-Ni-Mc
11 /AI2O3

(Used)

Mo-Mo

, Ni-Mo

/A1203
(used).

M0S2

Fig. 1. Fourier transforms of the Mo K-
edge EXAFS of Ni-Mo/AlpO^ and
Ca-Ni-Mo/AlpO^ catalysts?

Table 1. Results of curve-fitting
analyses of EXAFS for used
catalysts.

Sample

Ni-Mo/AlpO^
Ca-Ni-Mo/AlpO.

Mo-S

R /A N
2.40 T

Mo-Mo

R /A N
T15 S"

2.39 1.80 3.11 0.56

2.39 3.02 3.15 2.43
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1. Introduction

By using ESR , it was found that Hopeite films are

was disordered.

Fourier transformation of Mn - K absorption edge for

modified by manganese or nickel components'̂ To Hopeite ® and MnO were shown in Fig.2.

elucidate the characterization of modified Hopeite films in

detail, the analysis by means of EXAFS was done.

2. Experiment

Two kinds of Hopeite films were prepared as pow

dered samples. The metal compositions of these films de

termined by atomic absorption were as follows.

Hopeite ® Zn 142.6 wt. %

Hopeite Zn ! SB.Owt. % , Mn I 4.8wt. %

Analysis was done by observing XANES spectra and

Fourier transformation of EXAFS.

3. Results and discussion

XANES spectra of Zn —K absorption edge for Hope

ite ® and ® were shown in Fig.l.

Hopeite®! Hopeite®

9.63 9.64 9.65 9.66 9.67 9.68 9.69 970 9.71

Photon energy/ keV

Fig.l XANES spectra for Zn-K
absorption edge

Both spectra showed almost same values of the

Hopeite®
•0 • I

m\ A
0.0 1.0 2.0 3-0 i.O 5.0 6.0

Distance/A

Fig.2 Fourier iransformation for
Mn-K absorption edge

The peak position of EXAFS relating to first neigh

boring atom showed the same difference. The facts suggest

that manganese exists as Mn(n) in the modified Hopeite

® films. However, the patterns of Fourier transformation

were different between the modified Hopeite films and

XANES spectra and Fourier transformation of EXAFS

provided a conclusion that the modified Hopeite films have

a structure of Zna-xMn* (PO4) 2•4H2O instead of a

conventional one of Zna(P04)2*4H20. Analysis by means

of EXAFS was thought to be useful to clear the charac

terization of Hopeite films.

References
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Mixed electronic-ionic conductors have
the wide fields of applications such as
electrode and gas separation. Fundamental
researches of the physical and chemical
properties of these conductors are re
quired before its application. ZrOj-
Tb^O, systems show a mixed conduction.
The reason for electronic conduction is
considered as a result of valence change
of Tb ions from trivalent state to tetra-

valent state. The electronic conductivity
in these terbium compounds is supposed to
arise from hopping of localized charges
and can be described by the small polaron
model. Following the paper by Van Dijk
et al.pthe mobility depends on the frac
tion of Tb in the tetravalent state.

To clarify the relationship between Tb'^V
Tb3^ ratio and electronic conduction, the
temperature dependence of Tb''VTb3+ ratio
in ZrOj-Tb^O, systems were investigated
by XANES measured at various tempera
tures .

The solid solutions were prepared by
means of a solid-state reaction between
ZrO, and Tb^O, with a level of purity
99.9 %. Appropriate proportions of ZrOj
and Tbi^Oy powder were mixed and ball-
milled in distilled water for 24 h with
alumina ball. After being dried at 150®C
for 24 h, the mixed powder was then iso-
statically pressed into rods under 2 ton/
cm2 and sintered for 5 h at 1750 °C in
air.

For XANES measurements, the sintered
materials were crushed and milled. The
fine powder of ZrOj-TbjOj jsolid-solution
was mixed with BN powder and pressed into
a disc 25 mm in diameter and 1 mm in

thickness, XANES spectra were measured
using BL-lOB beam line.

The temperature dependence of XANES
spectra in 0.5ZrO^-O.5TbjO^ 5 and O.SZrOj
- O.ATb^Oj 5 was measured in the tempera
ture range rrom room temperature to 1000

and results are shown in Fig. 1.
The large peak is ascribed to Tb^+ion
absorption and the shoulder observed on
the higher energy side is ascribed to
Tb'f+ ion absorption. The co-existence
of trivalent and tetravalent state of Tb

ions was confirmed in ZrOj-TbjOj 5 solid-
solution from these XANES measurements.
The line width and peak position of ab
sorption caused from Tb^"*" ions do not
show any change with increasing tempera
ture, The intensity of the shoulder
which corresponds to the amount of Tb'* +
ions decreases with increasing the tempe
rature.

Least squares fitting method was used to
decompose the observed XANES spectra into
the contributions from Tb 3 + and Tb'» +

ions. We have used a Lorentzian combined

with arctan function as a model function

O.srrOj-aSTbjOja

7500 7J57 7^00 7^57
ENEft6Y(K«V) ENR6Y (K«V)

Fig. 1 XANES spectra measured at
various temperature.

EHEftOY (KtV)

• Q5TJyD«

o OATbfiu

200 600 1000

Teinperoture( *C )

Fig. 2 Decomposition of XANES 3 Temperature dependence
spectra into Tb and Tb Tb '̂VTb '̂̂ ratio,
contributions.

for least squares fitting. The results of
decomposition of XANES spectra for 0,5Zr02
-0,5Tb203^5 measured at room temperature
and 750 °C*are shown in Fig. 2. The Tb'^V
Tb^ ratio was determined from the ratio
of the hight parameter of Lorentzian for
Tb*'"'' ion absorption peak to that of Tb^"^
ion absorption peak. The temperature de
pendence of the ratio of Tb''VTb^''"is
shown in Fig. 3 for two TbgO3^sconcentra-
tions. It clearly shows that the frac
tion of Tb'*"'' increses with increasing
Tb203^5 contents and decreases with in-
cresing temperature. Iwahara et alPhave
been reported that an electronic transport
number increased for increase in Tb203^5
contents and decreased for increase in
temperature in ZrO2-Tb203^ssystem. Com
paring our experimental results with those
repoted by Iwahara, it is concluded that
the fraction of Tb''+ ions controls the
electronic conduction in Zr02-Tb203 ssys-
tem. Using the ratio of Tb*^ /Tb^"*" deter
mined by XANES measurements, investiga
tions for hopping conduction mecahnism in
ZrO2-Tb2O3^jsystem are now in progress.
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Introduction —i—•—^^^—i—-—

WSiN metal is a new refractory material for
fabricating G«di.s FFT devices. The WSiN layer ^ 55
suppresses an As-outdiffusion from GaAs
substrates during high temperature annealing^^, ^ {a)w,si
thus GaAs FFT with WSiN gate have a superior | . -
performance. No information about the structure I] 3.25- ^ — -
of the WSiN has been obtained by X-ray
diffraction analysis because it is amorphous. We y (ciw^siN
analyzed the location of nitrogen atoms in WSiN 5 2 55
by measuring W L-edge EXAFS. S

q:
o

Experimental 3
^ 1.25-

The three samples used for the measurements
were prepared by depositing W2Si films on Si 1
substrates by sputtering under three different
atmoshere conditions; gas flow rates (N2/Ar+N2) "3900 10100 10300 ' 10500 ' 10700 ' 10900 fi 01
were 0, 0.1 and 0.2. GaAs substrates were not
used for the samples because the Ga iC-edge is ENERGY(eV)
near the W L-edge. Sample(a) is a WoSi film and Flg'l. EXAFS spectra at W L3-edge for
8amples(b) and (c) are W2SiN films with low and (b),(c)W2SiN.
high nitrogen contents, respectively. These
samples ' were annealed at 800® C in an Ar ' ' • . . . • . ' 1 '
atmosphere; however, X-ray diffraction [A] —jCbjWgSiN
measurements confirmed that all the samples were ... :(a)W2Si
amorphous. W LJ-edge EXAFS were measured at §
room temperature in the fluorescence mode at >,
beam line 14A of the Photon Factory. b

^ A
Results - 1

EXAFS fluorescence spectra for the ^ A mA • A
samples (a), (b), and (c) at the WLJ-edge are 'Z l-\ •• \\ r^\ /n.
shown in Fig.l. The amplitude of EXAFS u • J'i/ \
oscillations increases as the nitrogen content ^ -'j jy 1/^ I —Vn
increases. Figures 2(A) and 2(B) compare the V •/ v V\./' /
Fourier transforms of the W L3-edge EXAFS 0 ' J ' 2 ' 3 k—5 s 7 ' fi'' q" la
oscillations for the samples (a)., (b), and (c).
The peaks positioned at 1.5 - 2A are not seen ' /T"*^ • • ^—'——t—
in the Fourier transform for the W2Si and peak >-• I®] — *
height increases with nitrogen content in the . ... : (ajWjSi
WjSiN. Thus the peaks can be assigned to the §
nitrogen atoms in the W2SiN. Figure 2 indicates >,
that the nitrogen atoms are located in « - a /.
interstitial sites between the tungsten atoms ^ 1 /\
and nearest silicon atoms; consequently the •- V \
higher nitrogen content increases the radial ^ ' /|1 1
distance from a tungsten atom to its nearest /v | L
silicon. These results suggest that W2SiN has "Z . / IaA /A
higher atomic packing density than W2Si. This Zl ' / \ / /A / \/^
physical property of the W^SiN is primarily ^ -'r if \ j/ \\/-.\ /
responsible for suppressing ime As-outdiffusion v \/ \ V'
during the annealing. 0 I ' p ' 4 ' i 1—4—i'"' .L

0 12 3

(bJWgSlN

(a)W2Si

5 6 7 8 9 10

; (c)W2SiN

: (ajWjSi

0123456709 10
RRDIRL DISTRNCE r[R]

Pig.2. Comparison of Fourier transforms
of W L5-edge EXAFS oscillations: [A]
(a)W2Si vs. (b)W2SiN with low nitrogen
content and [B] (a)V2Si vs. (c)W2SiN
with high nitrogen content.
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Introduction i ••—•

1 E/zc-axis
A local structure analysis by means of EXAFS 3 ^

dose not provided sufficient structure « \i\^
information for the complicated crystal \J
structure of YBa2Cu30y.(YBC0) , because the >2
results are generally averaged over all the ^sE//ab-axis
crystal orientation. However, it is possible to l.
determine the local structure along the crystal °
axis by analyzing polarized EXAFS. Thus Cu K- m
edge polarized EXAFS of YBCO have been measured o
by using a single-crystal sample. w

c

Experimental ,
8.8 9.0 9.2 9.'^ 9.6 9.1

A small orthorhombic single-crystal sample PHOTON ENERGY(keV)
of YBCO^J was used for the measurement. The
measurements were carried out at room 4®'?" 5'f ®vn
temperature using a Si(lll) double-crystal
monochromator with a four-circle diffractometer
installed at beam line 14A of the Photon +0.16|—^—1—1—r—-i—1—^—i—^—1—.—I
Factory. The Cu JT-edge EXAFS spectrum under the : E//ab-axls
condition of the X-ray polarization vector E ' . r// « '
parallel to the ab axee {E/ / ab) in the • ... : t/ c-axis
transmission mode. The spectrum under the E//c , .
condition was measured in the fluorescence mode. \ A-a

Results 2 a qA j\ A ^

E//ab-axis

9.0 9.2 9.4 9.6

PHOTON ENERGY(keV)

E//ab-axls

E// c-axis

EXAFS absorption spectrum for El lab and
fluorescence spectr\im for El I c at the Cu K
edge are shown in Fig.l. EXAFS oscillations
obtained from the EXAFS spectra are shown in
Fig.2. Figure 3 shows the magnitude of the
Fourier transform of the Cu JT-edge EXAFS
oscillations for El lab and Ellc. There are two
types of Cu in the orthorhombic crystal
structure of YBCO X so called Cu(l) and Cu(2).
The Cu(l) is in a CuO^ plane due to the oxygen
vacancies. The Cu JT-edge EXAFS cannot be
measured for the Cu{l) and the Cu(2) separately.
The first peaks positioned at 1-2A in Fig.3 are
assigned to the 0 neighbors located around the
Cu(l) and Cu(2) atoms, but not the same 0
neighbors because of the polarization effect.
The first peak in the Fourier transform for Ellc
is mainly due to the 0 neighbors of the Cu(l).
The overlapping peaks at 2-4A in the Fourier
transforms for Ellab and Ellc are assigned to
heavy atom neighbors located in the ab plane and
along the c axis direction from . the Cu(l) and
the Cu(2), respectively. The relative position
and height of the peaks in Fig.3 are considered
to correspond to the radial structure expected
from the structure model presented by neutron
diffraction analysis ).
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Fig.2. EXAFS oscillations obtained from
Cu X-edge EXAFS spectra of single-
crystal YBa2CujOy.
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Fig.3. Fourier transforms of Cu X-edge
EXAFS oscillations for Ellab and Ellc in
single-crystal yBa2Cu30 .
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Introduction

YBa2Cu30y(YBCO) is a representative
superconductor with Tc above liquid nitrogen
temperature. There have been many reports of Cu
K-edge EXAFS studies on high-Tc superconductors,
but a few reports about Y JT-edge EXAFS of YBCO.
The authors measured the Y JT-edge polarized
EXAFS of a single-crystal YBCO as well as
polarized EXAFS at Cu K-edge. This report
described the results of the Y K-edge polarized
EXAFS.

Experimental

The Y K-edge polarized EXAFS were measured
at room temperature for the same single-crystal
sample as used for Cu K-edge measurements at the
beam line 14A of the Photon Factory. This
sample was prepared by oxygen annealing as as-
grown crystal from Y-Ba-Cu-0 solution^). The
transmission and the fluorescence modes were
employed for the measurements under the E/fab
and the E//c conditions, respectively. The
experimental procedure is almost same as the
measurements at the Cu K-edge.

Results

Figure 1 shows EXAFS absorption spectrum for
Ellab and EXAFS fluorescence spectrum for Ellc
at the Y K-edge. Figure 2 shows EXAFS
oscillations obtained from the EXAFS spectra.
These were normalized by the smoothed background
function and plotted as a function of
photoelectron wave number k. Figure 3 shows the
Fourier transforms of the Y K-edge EXAFS
oscillations for Ellab and Ellc. These
oscillations multiplied by k were Fourier
transformed into a real space without correction
for phase shift. The first peaks positioned at
1.5 - 2A in Fig.3 are assigned to the nearest 0
neighbors located in the ab plane based on the
radial structure calculated from the reported
structure model^). The second peaks at 2.5 - 3A
are assigned to the Cu(2) neighbors located in
CuOj pyramids. The third peaks at about 2.5A can
be assigned to the different neighbors because
of the polarization effect. The third peaks for
El I ab and El I c are due to the Y neighbors
located in a horizontal direction and Ba
neighbors located in a vertical direction from
the Y atoms, respectively.

References

1)Y.Hidaka, Y.Enomoto, M.Suzuki, M.Oda, A.Katsui
and T.Murakami, Jpn. J.Appl.Phys . ,2£^I'726 (1987 )

2)F.Izumi, H.Asano, T.Ishigaki, E.Takeyama-
Muromachi, Y.Uchida and N.Watansabe
Jpn. J.Appl.Phys . ,26.fL1193 (1987)

E//c-axJs

E//ab-axis

16.8 17.0 17.2 17.4 17.6 17.

PHOTON ENE:RGY(keV)

Flg.l. Y K-edge EXAFS spectra of single-
crystal YBajCUflO with the condition
El lab and K/fc. ^

•I-0 .201 1 T1 1 1 ' 1 1 1 • 1 1—
: E//ab-axis

1 ... : E// c-axis

^ ^ 4 6 0 10 12 14
HRVE NUMBER kCl/fl]

Fig.2. EXAFS oscillations obtained from
Y K-edge EXAFS spectra of single-crystal
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Fig.3. Fourier transforms of Y K-edge
EXAFS oscillations for ElJab and Eljc in
single-crystal YBa2Cu30 .
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Introduction

EXAPS at Ba iT-edge has not been measured
because it is in high energy region(37.5keV).
Synchrotron radiation emitted from a
superconducting vertical wiggler is available at
beam line 14 of the Photon Factory, thus it is
possible to measure the Ba JC-edge EXAFS at this
beam line. The authors tried to measure the Ba
X-edge polarized EXAFS of a single-crystal
YBa2Cu30y(YBCO) in order to obtain EXAFS of YBCO
at all three metal elements X-edge.

37.4 37.6 37.8 38.0

PHOTON ENERGY CkeV]

Experimental

Two pieces of orthorhombic single-crystal
thin pl.L were used to get the adequate s^le Ba EXAFS
thickness for X-ray absorption at the Ba X-edge. ® ^
Ba X-edge EXAFS measurements were made at room condition El lab an if .
temperature using a Si(553) double-crystal
monochromator with a four-circle diffractometer +0.07
at the beam line 14A of the Photon Factory. The .
EXAFS spectra under the El / ab and El / c
conditions were measured in transmission mode, ifA ~ •
and the Ba K fluorescence yields were also <A .
recorded as reference data. _ ll\l .M A a a

Results

EXAFS absorption spectra for El/ab and EiIc
at the Ba X-edge are shown in Fig.l. Reference
fluorescence spectra confirmed EXAFS observed in
the EXAFS absorption spectra. Figure 2 shows a
comparison of the normalized EXAFS oscillations
for Ei!ab and Bile. These oscillations were
obtained from the absorption spectra after
removing the pre-edge and smoothed backgrounds.
The polarization dependence of EXAFS is clearly
observed in Fig.2. Figure 3 shows the Fourier
transforms of the Ba X-edge EXAFS oscillations
multiplied by k^ for Ell ab and Ellc. Owing to
the polarization effect, the first peaks
positioned at about 2A in Fig.3 can be assigned
to the different 0 neighbors;the 0 atoms located
on the c axis and in the ab plane, respectively.
However, these first peaks are positioned at the
almost same distance. This result is not
consistent with the structure model presented by
a neutron diffraction analysis^, because the
radial structure calculated from the reported
model indicates that the radial distance from
the Ba atom ^ to the 0 atom located in the ab
plane is 0.2A longer than that to the 0 atom on
the c axis.
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Fig.2. EXAFS oscillations obtained from
Ba X-edge EXAFS spectra of single-
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Fig.3. Fourier transforms of Ba X-edge
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single-crystal YBa^CujOy .
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Introduction

1 2)
In our previous experiments ' the killing

enhancement has been observed on E.coli,
Deinococcus radiodurans and dry bacteriophages
at the resonance energy of phosphorus
K-absorption edge. It has been suggested that
the observed enhancement was caused by the
direct absorption of photon in phosphorus of
organisms. The repairability of cells for
damages by K-shell photoionization in phosphorus
atoms is an important object of radiation
biological research. In this short note, the
experimental results are reported on radiation
sensitive strain of E.coli and D. radiodurans.

Materials and Methods

E.coli H/r30 (wild type), and B _j_(uvr , lex
) strains and radiosensitive strain of
D.radiodurans were used through the experiments.
Exponentially growing cells of bacteria out of
culture were washed and suspended in saline
(0.15M Nad). The cells were loaded on a
millipore membrane filter. The filter, which

was placed on a wet paper soaked in saline, was
mounted on a plastic dish. The plastic dish was
moved up and down on a sample scanning stage.
After irradiation, cells were resuspended in

saline, diluted appropriatelly and placed on the
ager medium for colony formation. Beam lines
used were IB and IIB. Irradiaiton energies of
monochromatic X-rays were 2.153 keV (the
resonance energy of K-shell absorption of phos
phorus), and above (2.160 keV) and below (2.146
keV) of the resonance energy. Exposure rate was
measured by an ionization chamber.

Results

Exposure-survival curves of E.coli H/r30 and
B ^ strains were shown in figure 1. Killing
sensitivity at 2.146 keV was similar to that at
2.160 keV, in each strain. Killing at 2.153 keV

was enhanced as compared with other two X-rays.
In radiation sensitive strain of D. radiodurans,
killing at 2.153 keV was most sensitive as

compared with that at 2.146 keV and 2.160 keV,
as well as E.coli cells. The killing sensi
tivity per unit exposure at 2.153 keV for E.coli
and D.radiodurnas was 1.3 times and 1.4 times

D.radiodurans higher than that at 2.146 keV,
respectively. This value are comparable to the
previous results in H/r30 recA strain. The
calculated energy absorption per unit exposure
per cell (f-factor) was 9-35 x 10 Gy/R at
2.146 keV and 1.085 x 10 Gy/R at 2.153 keV.
The calculated ratio was 1.16 (=1.085/0.935) at
2.153 keV as compared at 2.146 keV. The

experimental value is larger than the calculated
value. It is suggested that the energy

deposition by K-Shell ionization followed by
Auger cascade produces the lethal damages
effectively as compared with that by normal
photoionization in materials. Further analysis
proceeds concerning of the identification of the
species and the repairability in cell system for
damage produced by K-shell ionization in
phosphorus atoms.
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Fig. 1. Survival of E.coli H/rSO (a) and B
(b) cells irradiated with X-rays at
2.146 keV, 2.153 keV and 2.160 keV.
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Fig. 2 Survival of radiation-sensitive mutant of

D.radiodurans irradiated with X-rays at
2.146 keV, 2.153 keV and 2.160 keV.
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Introduction

Biological effects of X-ray induced inner-
jh|li ionization of an^atom in several organisms

' and DNA molecules have been investigated.
Phosphorus atoms links the sugar of each

nucleotide in DNA. The inner-shell photo-
ionization of phosphorus is fallowed by Auger

cascade, and it is expected that the released
energy was deposited in the vicinity (within 10
nm diameter) of phosphorus atoms.

In this note, the enhanced killing on
mammalian cells irradiated with monochromatic

X-rays at the energy of K-shell resonance
absorption of phosphorus atoms was discussed.

Materials and Methods

FM3A {C3H mouse mammary carcinoma) cells
were grown in ES medium (Nissui) supplemented
with 5% calf serum (GIBCO). Exponentially
growing cell^ were used through the experiments.
Cells (1x10 ) were loaded with momolayer on a

membrane filter (pore size of 0.45 /tm) which was
placed on the 1% agar medium in a plastic dish.
The plastic dish was mounted on a sample
scanning stage for moveing vertically during
irradiation. Irradiation was carried out with

the monochromatic X-rays at beam line IIB.
X-ray energies were 2.153 keV, corresponding to
the resonance absorption peak of phosphorus,
2.146keV and 2.160keV. Exposure rate was
measured by an ionization chamber. Irradiated
cells were resuspended in ES medium, appro-
priatelly diluted and plated in 0.33% soft agar
medium (supplemented with 10% fetal bovine
serum) for the measurement of colony forming
ability.

Results

Survival curves of cells were shown in

figure 1 with three energies of monochromatic
X-rays. On the basis of exposure (Rontgen
unit). X-rays at 2.153keV was most effective for
lethality. No difference of lethality between
the X-rays below (2.146 keV) and above (2.160
keV) the resonance peak was obserbed. Killing
sensitivity at 2.153 keV was 1.3 times higher
than that at 2.146 keV, using the exposure
required to decrease survival of 37%.

Above situation was examined in terms of the

absorbed energy in cells for 2.153 keV and 2.146
keV radiation. Calculations of the absorbed

energy were performed with the bulk of cells.
The absorbed energy in cells for the two X-ray

energies may be compared by calculating a
f-factor (Rbntgen-Gray conversion factor). The
ratio of f-factor at 2.153 keV to that at 2.146

keV was about 1.1 "(calculated enhancement

ratio). The experimental enhancement ratio
(1.3) is significantly large as compared with
the calculated enhancement ratio.

This means that the energy deposition from
K-shell photoionization of P atoms followed by
Auger cascade is more lethal as compared with
that from normal fashion of X-ray photo
ionization.
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Exposure-survival curves of FM3A cells

irradiated with monochromatic X-rays at 2.146,
2.153 and 2.160 keV.
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Introduction

Observation of intact biological specimens
with X-ray contact microscopy using resist
has been developed extensively. In a line of
this progress, we have observed unstained human
chrcmoscmes dried with no fixative by X-ray
contact microscopy using undulator radiation in
vacuum (1). The next step is to observe an
intact material in a hydrated condition. In the
present experiment, we observed hydrated intact
human nuclei in a moist chamber.

Materials and >fethods

Nuclei were isolated fron human l^miphocytes
(RBil 1788) by syringing cells in a nucleus
isolation buffer (2). A droplet of nuclei
suspension was placed on a window of a silicon
nitrite film (1.0 um thick) supported by a
silicon plate and covered with EMMA resist on a
silicon plate. The thickness of the water layer
was adjusted to be as thin as possible (less
than 14 um chick) by controlling the volume of
the droplet and absorbing the excess water with
a piece of filter paper. The sample was mounted
in a moist chamber tightly sealed with 0-ring
(Fig.l).

The moist chamber was set on a sample
holder and exposed to the 2.65 nm monochranatic
undulator radiation from BL-2B at the Photon
Factory in a vacuum (2xlO~^ Torr). A zone plate
monochromator (stopping mterial, gold;
thickness, 3 utn; inner-most diameter, 59.8 um;
outermost diameter, 946 um ) was installed.
Exposure time was 120 min.

Nuclei were removed with sodium
hypochlorite from the PMiA resist and the resist
was developed with a mixture of
methylisobutylketone and isopropanol.

Results and Discussion
The developed X-ray images of hydrated

nuclei as well as dried nuclei were observed
under differential interference microscope
(Fig.2 and 3).

Intact hydrated nucleus was observable with
X-ray contact microscopy in the moist chamber.
Further analysis is now on the way using
transmission electron microscope together with
the plasma plymerization replica method.

The present results suggest the strong
possibility to observe the in situ organization
of chromatin and chromosomes in the
physiological hydrated condition.
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Fig.l A moist chamber for exposure.

Fig.2 X-ray irmge of a dry nucleus.

Fig.3 X-ray image of a hydrated nucleus,
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Introduction

Previously we have studied the Auger enhance
ment of the yield of radiation products from
Br-dUMP irradiated with X-ravs, using high perfor
mance liquid chroraatography. From the result it
was observed that Auger electrons from K-shetl of
bromine atoms might play the main role for energy
dependent enhancement at induction of radiation
products from irradiated Br-dUMP. Here we report
the Nuclear Magnetic Resonance (NMR) study of the
Auger enhancement of Br-dUMP irradiated with
monochromatic X-rays at 13.49 keV and 13.43 keV,
just above and below the K-absorption edge of
bromine.

13.A9
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I

B1 B2

8 6
13.A3 keV
300kR

B1 B2 , ^

control

4 PPM
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Materials and Methods

5-Bromo-2'-0eoxyuridine-5'-Monophosphate (Br-dUMP)
and 2'-Deoxyuridine-5'-Monophosphate (dUMP) purchased
from Sigma Co. Ltd. were dissolved in D2O at concent
ration of 25 mg/ml. 50 ul of solution was irradiated in
a specially designed cell. Mono-energetic synchrotron
radiation at Photon Factory was used as a radiation
source. Two wavelengths, 0.919 A (13.49 keV) and 0.923 A
(13.43 keV) were selected for irradiation. FT-proton NMR
and FT-phosphorous NMR spectra were recorded at 2rc on
a Varian XL-300 spectrometer.

Results and Discussion

Proton NMR spectra of Br-dUMP irradiated in D20
solution with soft X-rays of 13.43 keV and 13.49 keV
at 300 kR were shown in Fig.l. Some new signals were
observed (peak A1,A2,B1 and B2 in Fig.l) in the spectra
of irradiated Br-dUMP solution. The peak A1 and A2 might
correspond to the proton signals of dUMP, therfore the
areas of the peaks might represent the amount of dUMP
as a radiation product from irradiated Br-dUMP. The
amount was larger at 13.49 keV X-rays irradiation than
at 13.43 keV, suggesting Auger enhancement caused of the
absorption of K-edge of bromine. However, Peaks of B1
and B2 were not clearly defined. These peaks were also
observed in spectrum of irradiated dUMP solution. (
Figure is not shown)

Phosphorous NMR specta of Br-dUMP irradiated in D20
solution with soft X-rays of 13.43 keV and 13.49 keV at
300 kR were shown in Fig.2. Only one signal for
phosphorous in Br-dUMP became to be doublet after the
irradiation of 13.43 keV and 13.49 keV X-rays. The reason
of duplication is not clear, but the duplication might
reflect the change of backbone structure of Br-dlBIP
caused by X-ray irradiation.

1) Report on annual meeting of Japan Radiation Research,
1988.

864PPM

Fig.l Proton NMR spectra of Br-dUMP
irradiated in D.O solution with X-rays
of 13.43 keV and 13.49 keV at 300 kR,
and control.

control 13.43keV , 13.49k^

600 800 600 800

Fig.2 Phosphorous NMR spectra of Br-dUMP
irradiated in D_0 solution with X-rays
of 13.43 keV and 13.49 keV, and
control.
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Introduction

Ingestion of toxic metallic elements causes
intoxication after accumulation at various

biological organs and tissues such as brain,
liver, kidney. For example, toxicology of alkyl
mercury is well known as Minamata disease. In
order to study metal intoxication, it is very
important to clarify distribution of metallic
elements in each biological tissues. It is
expected that the chemical imaging by SR-XRF is
an ideal analytical techinique for these samples,
because it allows nondestructive two-dimensional

multielemental analysis of trace elements. Thus,
we have applied the technique to study behavior
of toxic elements at ppm levels in biological
tissues. This paper reports results of two-
dimensional analysis of brains of rats and guinia
pigs, which are dosed with Hg and Se. The latter
element is known as antagonism in mercury
intoxication.

Experimental
The experimental animals consist of rats

and guinia pigs that received daily subcutaneous
injection of solution of methyl mercury chloride
and/or sodium selenious acid with ratio of 1:0,
1:0.5 and. 0:0.5 under the rate of 3mgHg/kg of
body weight. After the 7 days successive
subcutaneous injection, the animals were killed
by withdrawing an excess volume of blood from the
heart. The brains were quickly excised after
perfusion with cold saline, then fixed in 10%
formalin and were paraffined. The brains were
cut into slices of 5mm width from center of the

brains and subjected to the analysis.
The measurements were carried out at BL-4A

using the XRF-analysis facilities. Samples were
excited by monochromated X-ray at 16 keV using
Si(111) double crystal monochromator. The
analysis was made by energy dispersive mode using
a Si(Li) detector. Microbeam was obtained by a
set of vertical and horizontal slits. During the
two dimensional analysis the sample was placed on
a remote controlled X-Z stage with pulse motors
(ca. 2.5 u/pulse) and the analyzed point was
monitored with a TV camera. The intensity data
were stored in a PC9801 personal computer.

Results and Discussion

Figure 1 shows a photograph of a brain of
guinia pig dosed with Hg and Se. The
fluorescence intensity data were processed with
the personal computer into two dimensional image
on a color display. Figure 2 shows the chemical
imaging of the sample of Fig. 1. The intensity
was scaled with 8 densities. Figures 2 (a), (b),
(c), and (d)indicate Hg, Zn, Cu and Se
distribution in the brain. It is found that the

distribution of Hg corresponds to that of Zn and
Cu to Se. The rats and guinia pigs dosed with Se
only, Hg only and Hg + Se , and control samples
were analyzed. The results are summarized as
follows:

(1) The accumulation of both Hg and Se increased

with their simultaneous dose compared with single
dose of each element.

(2) There exists a correlation in concentration
between Hg and Zn, and between Cu and Se,
respectively .
(3) Concentrations of Hg in cerebellum and
medulla are lower than that in cerebral cortex.

(4.) The present technique does not require such
pre-treatment of sample as separation of each
tissues or dissolution before the analysis.
(5) The present technique enables us to carry out
multielemental analysis of ppm levels without
destroying the form of tissues. Consequently, we
can make one to one correspondence between
morphological information and chemical
information in biological tissues.

Medulla

Cerebral Cortex 1'.. . , Cerebellum

Fig. 1. Sliced brain of guinea pig
dosed with Hg and Se.

Fig. 2. Results of the chemical imaging of the
sample shown in Fig. 1.
(a) Hg distribution (b) Zn distribution
(c) Cu distribution (d) Se distribution
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Introduction

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
has been supposed to be closely related
to chromosome structural aberrations. In

the present study, induction of mutation and
chromosome aberrations were compared among X-
rays with different wavelengths in cultured
mammalian cells to examine the relationships
between the two biological endpoints.

Experlnental and Results

A near diploid cell line established from
mouse embryos (mSS/lM) was used^'. Density-
inhibited cells were dispersed by trypsin and
cell suspensions were irradiated with
monochromatic X-rays ranging 0.85A-2.6A.
After 15-day expression, cells were replated
onto selective media containing 6-thioguanine
(6TG) and cultured for further 21 days to
determine the mutation frequency. Small
aliquots were fixed 40 hours after irradiation
and C-banded for the analysis of chromosome
aberrations (dicentrics).

The results of a typical experiment were
shown in Table 1. X-rays of either wavelengths
induced mutations in a dose-dependent manner.
The effectiveness was higher in 1.8A than in
other wavelengths. 1.8A X-rays were the most
effective even when mutation frequencies were
plotted against dicentric yields (Fig. 1).

The results suggest that quantitative
relationships between mutation induction and

chromosome aberration formation are not

uniform among X-rays of different wavelengths.
Relatively higher rautagenicity of 1.8A X-rays
may be relevant to the transient RBE peak
around this LET region^'.
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1) M.S. Sasaki and S. Kodama: J. Cell.Physiol.,
131.114 (1987).
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Fig. 1. Mutation frequencies plotted
against dicentric yields in mSS cells
irradiated with monochromatic X-rays with
wavelengths of 0.85A(O), 1.8A(a) and 2.6A(*).

Table 1, Induction of Mutation and Chroaoaome Aberrations In House mSS/lM Cells
by Synchrotron-Produced Honochrooatic X-Rays

Mutation. Chroooaooe aberrations

Wave Dose* j,
length (R) I cells P.E. # 6TG1 Mutants/ f cells Dicentrics
(A) aasayed (Z) nutents 10* viable analyzed per cell

cells

0.85 520 9X10* 82.0 20 2.71 200 0.415
0.85 416 9X10* 87.5 17 2.16 36 0.278
0.85 312 10' 88.6 12 1.35 200 0.205
0.85 208 9.5X10* .75.8 6 0.83 200 0.140
0.85 104 10* 85.1 1 0.12 200 0.060

1.8 490 10' 79.3 103 12.99 200 0.405
1,8 392 10* 78.3 35 4.47 200 0.380
1.8 196 9.5X10* 81.3 19 2.46 200 0.120
1.8 98 10* 78.6 14 1.84 200 0.080

2.6 485 10* 76.7 12 1.56 200 0.585
2.6 291 10* 83.7 22 2.63 200 0.350
2.6 194 9.5X10* 85.9 17 2.08 200 0.180
2.6 97 10* 87.7 12 1.37 200 0.060

* Doses at the sanple surfaces



proposal No

DETECTION OF DAMAGED DNA IRRADIATED WITH MONO-X-RAT IN THE PRESENCE OF BrdU

Norio MIYOSHlS Masaru FUKUDA\ Sakon NORIKI^ loshiaki IMAMURAS Nobuo MATSUMOTO^
Katsumi KOBAYASHI^, Hiroshi MAEZAWA% Yoshiya FURUSAWA^ Kotaro HIEDA*^, Takashi ITO®.

^Dept. Pathol., Fukui Med. Sch.; ^Photon
Molecular Bid., Sch. Med., Tokai Univ.;
® Inst. Phys., College of Arts and Sci.,

INTRODUCTION

In previous works, there was a dencity gradient
by ultracentrifuging of sucrose solution for
quantitative detection of the single stranded
DNA. Recently, we has been studied the
detection of instability of nuclear DNA at acid
hydrolysis by fluorescent staining with acridine
orange (AO) 1,2). Then, we examined quantitative
detection of nuclear DNA damaged by mono-X-ray
irradiation in the presence of BrdU using acid
hydrolysis and AO fluorescent staining.

EXPERIMENTS

Healthy human lymphocytes (LYM) and chronic
myelocytic leukemia (CML) were treated with 100
Ug/ml BrdU 6hr before harvesting. The cells were
irradiated 0.5, 5» 10 and 20 krad by mono-X-ray
at 0.919 and 0.923 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*0. The fixed cells were washed
with Mcllvaine buffer solutions (pH=6.8) and were
treated with RNase (type I, Sigma) for 1 hr at 37

*C. These treated cells were hydrolysed with 2N-
HCl at 30'C for 10, 20, 30, 60 and 120 min,
respectively. The hydrolysed cells were stained
with 30 Aig/nl acridine orange (AO) for 20 min at
room temperature.

Fluorescence microphotograph and fluorescence
emission spectra of CML cells stained with AO
were obtained using a fluorescence microphoto-
meter (model IMT2-SRF, Olympus).

Fluorescence intensities of AO green and red
fluorescence were measured by fluorescence
cytophotometry (model QH-2, Olympus). The
hydrolysis curves were determined by the
fluorescence cytophotometry and were computer
fitted to the Bateman function y(t) = yo k1/(k2-
k1)*exp(-k2t)-exp(-k1t) (1) to determine the
kinetic parameters, the initial yield of apurinic
acid or single-stranded DNA (yo), and the rate
constant of depolymerization (k2). The values for
k2 (which reflects the degree of DNA instability)
and yo (which may indicate the degree of DNA
denaturation) was plotted against X-ray doses.

RESULTS AND DISCUSSION
Figure 1 shows AO fluorescence microphotograph

of AML cells treated with BrdU for 6 hr before

harvesting. Bright white cells (marked as o) in
this figure emitted green and yellow. Dark cells
(marked as *) emitted red colour. The marked
cells were estimated as G1 ( <>) and S (*) phases
from DNA histgram measuring, respectively.

The fluorescence emission spectra of these
labeling cells ( "and# ) were measured throughout
a pinhole that size was same as those of the
cells as showed in Fig. 2. The peak of spectrum
of G1 appeared at 530 nm (green colour). That of
spectrum of S was 63O nm (red colour) besides a
shoulder at 530nm. It was said that the green
fluorescence was estimated as intercalated

binding of AO molecule into the base pairs, and

Fact., Natl. Lab. High Energy Phys.; ®Dept.
"^Biophys. Lab., Dept. Phys., Rikkyo Univ.;
Univ. Tokyo.

that the red one was as aggregate of AO molecules
bound the single stranded DNA. Accordingly, S
phase cells incorporated BrdU in the late
replicate stage to be damaged selectively by
mono-X-ray (0.919 A, O.5 krad) irradiation.

Figure 3 shows the double dimension plotting of
the red (horizontal axis) and green (vertical
axis) fluorescence intensities of AO bound to
nucleas DNA irradiated by mono-X-ray at 0.919 A
(0.5 krad). The CML cells were hydrolysed wit 2N-
HGl for 10 min at 30'C, and they were stained
with AO. The slope of the double dimension
plotting in the absence of X-ray irradiation was
larger than that in the present of one. When the
cells were irradiated 0.5 krad, the green
fluorescent DNA histogram shifted to weak inten
sity and the red one to large intensity.
Accordingly, the fluorescence intensity of the
irradiated cells increased, especially, that of S
phase increased largely. It was considered that
the DNA damage increased by X-ray irradiation.

Figure 4 shows the double dimension plotting of
the red (horizontal axis) and green (vertical
axis) fluorescence intensities. When in the
presence of BrdU, the DNA damage increased
comparing with that in the absence of one. It was
suggested that BrdU enhanced the DNA damage
irradiated by mono-X-ray at 0.919 A.

Futhermore, the red fluorescence intensity at
G1 phase peak were plotted against the different
hydrolysis times as shown in Fig. 5. These values
were fitted by computer to Bateman function (1).
The peak of curve BrdU(+) appeared at short hyd
rolysis time, and the fluorescence intensity of
the peak was larger than that of curve BrdU(-).

By computer analysis, the parameters yo (in
itial yield of apurinic acid or single stranded
DNA) and k2 (rate constant of depolymerization)
were obtained as shown in Table 1. These values
of yo and k2 increased in the presence of BrdU
and X-ray irradiation (0.919 A). And these values
of CML cells were larger than those of LYM cells.
Accordingly, BrdU molecules enhanced the nuclear
DNA damage for the mono-X-ray irradiation at
0.919 A.

Furthermore, the values of yo and k2 increased
linearly against the different X-ray doses as
shown in Fig. 6. The slopes of these relationship
were listed as shown in Talbe 2. The slope of the
malignant CML cells was larger than that of the
normal LYM cells. In conclusion, the malignant
cells were sensitive for X-ray irradiation at
0.919 A in the presence of BrdU.

REFERENCES
1) M.Fukuda, N.Miyoshi, et al., Histochem., 84,

556-560 (1986).
2) N.Miyoshi, M.Fukuda, Histochem., 84, 561-565

(1986).
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INTRODUCTION Flg.1
In a previous work, risk of chromosomal disease ——

due to radiation had been estimated tentatively
from the study of radiation-induced traslocations
in human fibroblasts. On the other hand, we has
been studied the mechanisum of fluorescence

banding on chromosomes using fuluorescence dyes
and polynucleotides. Then, we examined the
detection of the damaged and fragile sites
irradiated with mono-X-ray on chromosome.

EXPERIMENTS

Healthy human lymphocytes were exposed with
lOOiig/ml BrdU 6hr before colucemide treatment.
The cells treated with 10ug/ml colucemide were
harvested and were irradiated 5krad by mono-X-ray
at O.919A. Almost immediately after the irradi
ation, mitoses were harvested and were stained
with 30ug/ml acridine orange (AO) for 30 min. Fig.2

RESULTS AND DISCUSSION

Figure 1 shows a fluorescence microphotograph of
human lymphocytes chromosomes (1 and Y) which
were irradiated and stained with AO. The RBA

bands of 1p36 and Yq12 were green and red,
respectively.
Figure 2 shows fluorescence spectra on the red

(Yq12)and green (1p36) bands measured with a
fluorescence microphotometer (model IMT2-SRF,
Olympus). The emission peak of Curve 1 was pre
sented at 530 nm. This peak was estimated that AO
molecule was intercalated into the DNA base

pairs. The shoulder of Curve Y at 630nm was
considered that AO aggregate was bound to the
single stranded DNA irradiated by mono-X-ray with
metachromatic-shift. These estimation was identi

fied by following Fig. 3.
Figure 3 shows ratio (F/Fo) of the green fluore

scence intensities in the presence (F) and absen
ce (Fo) of polynucleotides against the different
concentration of polynucleotides measured by a
fluorescence photometer (model 850, Hitachi).
Curves 1 and 1• are homo double A-T and G-C,
respectively. Ciirves 2 and 2' are hetero double
A-T and G-C, respectively. Curves 3 and 3' are
hetero single A,T and G,C bases, respectively.
The fluorescence intensity of AO was enhanced by
double polynucleotides, especially, by A-T base
pairs. But, when single A,T, the ratio value was
decreased to be 20 % of double A-T. Accordingly,
it was considered that green band (1p36) was
rich with double G-C and red band (Yql2) was rich
with single A,T bases.

Table 1 shows rate of photofading of AO green
fluorescence in various polynucleotide solutions

in the presence and absence of BrdU. The rate
values in the single A,T bases slutions was lar
ger than that in the double or single G,C bases
in the presence of BrdU. It was considered that
contrast of AO band was enhanced on the chromo

somes throughout a fluorescence micrometer.

Fig.3

Table 1
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Introduction

In the previous experiments (1), we have
found the increased lethality in the cells .
labeled with 5-bromodeoxyuridine (BUdR) irradi-
ated with x-rays at 0.9 A, just below the K-
absorption edge of bromine (0.92 A), compared H
with those Irradiated at 1.00 A. Although the g 0 1 - \
difference was small, the results suggested the -h * \\ \
killing enhancement in mammalian cells due to ^
the Induction of Auger effect. To elucidate the ^
mechanisms underlying the biological effects of \\ \
low energy x-rays through K-absorption followed c \ q
by Auger cascade, it is useful to study the > o 01 - \
effects of radioprotectors. For this purpose, ^ " \\ \
the previous method (1) where cells were grown ^ . A\ \
on a membrane filter disc is not suitable for \\ \
radioprotector experiments. In the present
study, we have developed the method for these W ^
experiments with the use of small tissue culture q 1 i i i i l.

0 200 400 600 800 1000

Materials and Methods Exposure (R)

HeLa cells were allowed to attach them- Fig. 1. Survival curves of HeLa cells irradiated
selves to the surface of the plastic culture with monochromatic synchrotron radiation,
flask (Costar, #3393), and grown in Eagle's (O)* 0.9 A, -BUdR. (A): 0.9 A, +BUdR.
minimum essential medium supplemented with 10% CD): 1.0 A, +BUdR,
fetal bovine serum in the presence or absence of
BUdR. The culture medium was discarded and the
fresh medium containing cysteamine was poured
into the flask. The irradiation was performed Table 1. Protective effects of cysteamine c
at the wavelength of 0.9 A and 1.0 A on the BUdR-labeled HeLa cells irradiatec
sample scanning stage installed at the BL—4A. 0.9 A monochromatic synchrotron
The irradiated cells were collected by radiation.
trypsinization, plated into 60 mm plastic Petri
dishes, and incubated for 10-12 days to develop

, . Exposure BUdR Cysteamine Survi\
colonies. ...

(R) (10 mM) fractj

Results and Discussion ^
_ 845 - - 0.002

Figure 1 shows the dose survival curves of _ + 0.302
HeLa cells irradiated at 0.9 A and 1.0 A in the
absence of radioprotector. These results ~ 0.00^
totally confirmed the previous results obtained + 4. 0.272
with the different irradiation system: The
small enhancement of the killing at 0.9 A was Wavelength: 0.9 A
observed compared with the killing at 1.0 A.
The preliminary results of the radioprotection
experiments are presented in Table 1. 10 mM Reference
cysteamine showed the large protection against
the cell killing at 0.9 A in the presence or 1) K. Shinohara, et al., J. Radiat. Res.,'2
absence of BUdR. (1985).

These results demonstrate that our new
irradiation system is extremely useful in the
experiments with radioprotectors. Quantitative
study is in progress.

Table 1. Protective effects of cysteamine on.
BUdR-labeled HeLa cells irradiated with

0.9 A monochromatic synchrotron
radiation.

Exposure BUdR Cysteamine
(R) (10 mM)

Wavelength: 0.9 A

Surviving
fraction

0.0032

0.0066

Reference

1) K. Shinohara, et al., J. Radiat. Res.,'_^, 334
(1985).
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One of the major questions in
biochemistry still awaiting clarification relates
to the detailed molecular mechanism of the
expression of genetic information in the
construction of proteins. Ribosomes are the
cell organelles where this process takes place
in every living cell.

The ribosomes themselves are complex
assemblies composed of several strands of
RNA and a large number of different proteins
arranged into two subunits of unequal size
which associate upon initiation of protein
synthesis. A typical bacterial ribosome
contains 32 different proteins and two RNA
chains in the large and 21 proteins and one
RNA chain in the small subunit. The
molecvdar weights of bacterial ribosomes are
2.3x10° for the assembled particleSu 1.45x10
for the large subunit, and 8.5x10° for the
small subunit. There is no internal symmetry
that could be utilized in structure
determination.

In a program aimed at the unraveling of
their three-dimensional structure we have
initiated crystallographic studies of ribosomal
particles. Despite their enormous size,
inherent flexibility, and tendency to
disintegrate, it has been possible to grow
several types of crystals of intact ribosomes,
their small and large subunits, as well as of
complexes of the latter with other components
involved in biosynthesis of proteins (e.g.
tRNA).

Some of these crystals are suitable for
crystallographic studies at reasonable
resolution. The best are the crystals of large
ribosomal subunits from Halobacteria
marismoriui which diffract to 4.5A

All types of crystals grown by us have
been obtained from functionally active
particles, and, despite the natural tendency of
isolated ribosomes to disintegrate, the
crystalline material has retained its integrity
and biological activity for long periods. Those
crystals which were found useful for
diffraction studies were grown under
conditions not very different from natural

The crystals are extremely fragile, and
have required development of special
techniques for initial manipulation, mounting
in different orientations for x-ray studies, and
soaking in heavy-atom solutions.

The diffracting power of crystalline
ribosome particles is so low that virtually all
diffraction studies have been carried out with
synchrotron radiation. At ambient
temperature the useful life-time of these
crystals under synchrotron irradiation is
limited to a few minutes. <thus, in an
attempt to obtain a complete data set, over
260 individual crystals had to be exposed on
an oscillation camera. In order to conserve
precious higher resolution reflections, no
alignment photos were taken. In spite of this,
only one data exposure could be obtained
from each crystal. However, upon cooling to
cryo temperature (around 85 K) there was
virtually no radiation damage observed even
after hours in the synchrotron X-ray beam.
In favorable cases a complete dataset could be
collected from one crystal.

Additional difficulties arise from the
generally wide mosaic spread (up to 3®) of
these crystals. With the long axis (58lA)
oriented nearly parallel to the x-ray beam, the
oscillation ranges must be kept small in order
to avoid overlap of reflections, and for many
exposures not a single reflection could be
recorded in full, rendering proper integration
of intensities virtually impossible. The
problems described here constitute nearly
insurmountable difficulties in data collection,
and significant sophistication is essential for
future progress of our studies.

Although the cryogenic treatment does not
appear to offer any improvement in resolution
or in mosaic spread, for crystals of ribosomal
particles it provides the only practical^ route
to data collection found so far. Considering
the wide variety in intensity distribution from
crystal to crystal, the ability to collect a
complete data set from one crystal becomes
the major advantage of this method-



There are 40000 reflections in a set of
data to 6A resolution which is collected from
the crystals of the large ribosomal subunits
from Halobacterium marismortui. Considering
the need for a few sets of data to be
collected from native as well as from heavy-
atom derivatized crystals, and the expected
problem concerning the evaluation of these
data, it is not desired to use conventional
films. Since the spatial resolution of most
diffractometers and commercially available
area detectors is not sufficient to resolve the
reflections (unit cell dimensions reach 720 A),
diffraction data cannot be collected on
conventional area detectors. Thus, recording
the data on imaging plates seems to be most
suitable.

Dr. N. Sakabe from KEK has developed
and constructed a camera (based on the
"Weisenberg" geometry) which enables
recording of thousands of reflections
simultaneously. The geometry of this camera
permits rotation angles which are larger than
the mosaic spread of our crystals. Hence a
large part of the diffraction data collected
using this camera is expected to contain fully
recorded reflections. Furthermore, Dr. Sakabe

proposal NO87.028

has constructed a special cassette of a size
suitable for the large unit cell dimer^ions of
our crystals. We felt that the using this
cassette with imaging plates will greatly
advanced our research, and may contribute
significantly to the improvement of the quality
of the diffraction data.

During our work at I^K we were able to
test the newly built cassette of Dr. Sakabe.
We showed that the recorded reflections could
be indexed and measured. We also could, for
the first time, observe and resolve some high
resolution terms (up to 4.5X).

Unfortunately, the original cassette was
designed and built before the method of cryo-
crystallography of biological macromolecules
has been developed. Therefore the original
cassette which was built for us did not allow
mounting crystals under a constant flow of
liquid nitrogen. Consequently we have used
part of our beam time as a test period and
designed a suitable cooling equipment. In
parallel, Dr. Sakabe has modified his cassette
to accommodate this equipment. We hope to
be able to use this facility in the near future.
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Lipoamide dehydrogenase (E3) is a component
enzyme of pyruvate dehydrogenase complex and
oC-ketoglutarate dehydrogenase complex, which
catalyze the oxidative decarboxylation of
pyruvate and o(-ketoglutarate to form acetyl-CoA
and succinyl-CoA, respectively. The amino
acid sequence of the active site of E3 from
baker's yeast is highly homologous with those
from the E. coli pyruvate and OC~ketoglutarate
dehydrogenase complexes. Recently, from a
comparison of the primary structure of E.
coli E3 with that for human erythrocyte
glutathione reductase (GR), it has been
proposed that the three-dimensional structure
of E3 should be very similar to the structure
of GR, which has been already been determined
by the X-ray method.

E3 from baker's yeast was crystallized by
desalting. Precession photographs indicated
an orthorhombic space group P2i2i2i with
unit-cell dimensions of a=98.6(2), b=162.0(2),
and c=69.4(2) A. The enzyme is a dimeric
protein of identical subunits with a molecular
weight of 56000. The assumption that there
is one dimer per asymmetric unit gave a
reasonable Vm of 2.62 A'/dalton. Assuming
a partial specific volume of 0.74 cm^/g, the
solvent content of the crystals is calculated
to be 53 % in volume.

A crystal with typical dimensions of
0.2x0.1x0.4 mm was chosen for data collection.

Diffractions of SR (Ap!l.38059A) were recorded
on imaging plates packed in the Sakabe's
screen-less Weissenberg camera at BL-6A2 of
the Photon Factory. The range of rotation
angle of ^ was 11.4' for each plate around
the c axis and the overlapping between the
two ranges was 0.4®. Each Weissenberg pattern
was degitallized by BA-100 reader, and
processed by the computer program "WEIS" to
assign the reflexion indices and to integrate
the intensities within a certain range around
the Bragg peak. The intensity data thus
obtained were then combined into the same

file and put on a common scale by the program
"COMBINE" and "SCALE". A total of 53633
reflexions was observed, the unique reflexions
of which were numbered 23846 (h=0-39, k=0-59,
1=0-24). The maximum resolution of the data
was 2.49 A in which 64.4 % reflexions were
obtained. The consistency index R(sym) for
each imagimg plate was 5.0-6.2 % and R(merg)
for all the observed reflexions was 6.4 %.

Atomic coordinates of the GR molecule were

obtained from the Protein Data Bank. The

reference molecule was constructed as a dimer

of polyalanines and put at the origin of an
orthogonal P2 cell with dimensions of
115x100x103 A. The structure factors were

calculated for the 5503 independent reflexions

within the 4.5 A resolution sphere. A
cross-rotation function between the E3 and
the reference crystals showed the maximum
peak at cX=155.0', p=42.5', and r=135.0',
corresponding to the peak found in the
self-rotation function. An R-factor map
procedure was applied to position the reference
molecule oriented correctly in the E3 unit
cell. The R factors calculated using data
within 7 A resolution in the range • of 0-^
lattice along the three crystallographic axes
indicated the lowest value at x=0.0823,
y=0.1524, and z=0.0238.

Phases calculated from the structure thus

obtained were refined with a procedure proposed
by Bricogne. The electron densities in the
protein region were averaged by employing
the local 2-fold symmetry, while those in
the solvent region were fixed at their averaged
values. The improved electron density map
was Fourier-transformed to give new amplitudes
and phases. These new Fes and phases were
combined with the initial or older ones by
using Sim's weighting, and again the Fourier
series thus resulted were applied to the
calculation of the electron density map for
the next refinement. This process was repeated
until the mean phase change was less than
10'. 2Fo-Fc maps were used to accelerate
the convergence. The phase determination
was then extended in steps from 7 A to 6 A,
to 5.5 A, and finally to 4.5 A by alternating
cycles of phase extemsion and refinement to
convergence. Phase extension consisted simply
of appending molecular replacement phases
at high resolution to previously refined phases
at lower resolution.

At the present, the phase extension from
4.5 A to the higher resolution is in progress.

A leucine biosynthetic enzyme,
3-isopropylmalate dehydrogenase from a
mesophile. Bacillus coagulance, the gene of
which has been cloned and expressed in E.
coli, was crystallized by the hanging-drop
vapor diffusion method in a phosphate buffer
solution (pH 6.5). Precession photographs
revealed the space group to be P2i2i2 with
unit-cell dimensions of a=134.6, b=240.8,
and c=121.6 A. The enzyme is composed, of
two identical subunits, each with a molecular
weight of 39808 (366 amino acid residues).
Assuming that there is one dimeric molecule
per asymmetric unit, Vm was estimated to be
3.07 A'/dalton, which is reasonably within
the range of 1.6 to 3.6 A*/dalton. The volume
occupied by the solvent was calculated to
be 60 % of the unit cell. In order to obtain
the different crystal forms, we are now
examining the crystallizing conditions.
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Introduction

The crystal structure of the complex of a
bacterial alltaline serine protease, subtilisin
BPN', with its proteinaceous inhibitor SSI
{Streptomj'ces subtilisin inhibitor) was solved-
at 2.6^ resolution^. Compared with other
similar complexes involving serine proteinases
of the trjTJsin family, the present structure is
unique in several respects. The inhibition of
subtilisin by SSI occurs when one subunit (I) of
SSI inhibits one molecule (E) of subtilisin
forming an £2^2 complex. To obtain the data set
at a higher resolution, the data collection for
the native crystal {space group 1222, a=77.2S,
b=185.9&, c=69.5S) was undertaken using the SR
sources and the macromolecule-oriented

Weissenberg camera devised by Saliabe '.

Experimental

The ex-periments were carried out using the
Sakabe's Weissenberg camera associated with
BL6A. The wavelength was set to 1.048. The
sample was cooled at about 15°C. Two separate
crystals were mounte<|, one with its b -axis and
the other with its c -axis, coinciding with the
rotation axis of the camera. Experimental
conditions of data collection are shown in Table

1. The diffraction image was recorded on 26
Imaging Plates and the intensities were

collected up to 1. sS resolution. T'li^e
reflections were processed using program WEIS .

Results

The scaling between Imaging Plates was
carried out using program SCALE. Rsym was
4.72%^and 4.7^% for the data sets talten around
the b - and c -axes resj^ectively. The merging. R
factor between the two data sets \-ias 5.56% for

28118 independent reflections. The Rsjan values
are shown in Table 2. The refinement is now

being carried out using this data set.
On the other hand the relative difference

(RF) between the 1.8S synchrotron and the 2.6)$
Rigaltu AFC-4 (45kV,24mA) data sets were 6.09%
for the b -axis data set and 7.11% for the c -

axis data set suid 6.02% for the two-axes-merged
data set(Fig.1).

We th^^r^l^ Prof. N. Sakabe for cooperating in
the experiment using the SaJvabe's Weissenberg
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Table 1. Experimental conditions of data collection
('film' below is actually Inaging Plate)

Crystal

Size of crystal (rail)
0.35(a)X
0.55(b) X
0.1(c)

b »
172-187

Rotation axis b *
Beam current (raA) 172-11
Colliniator aperture
Crystal-to-filffl distance
Oscillation angle co (deg) / film 8.0
ciJ-Rotation/film movenient (deg/nm) 4.0
Number of oscillations / film 5
ciJ-scan speed (deg/sec) 2.0
Number of films 13
Total exposure time (sec) 520

0.3mm X 0.3ran
430 mm

8.0 9.0
4.0 1.5

5 3
2.0 2.0
13 13
520 351

Table 2. The Rsym values of processed data sets

Resolution range(A) 15.0 7.5 5.0 3.8 3.0

The b '^-axis data set 2.6% 3.0 3.9 3.8 5.6 10.5

The c "^-axis data set 2.7 2.9 3.8 4.1 5.1 8.7

The two-axes-raerged 3.2 3.4 4.8 4.9 6.1 10.1
data set

Fig. 1. Plot of the relative difference (RF) between the
1.8 A synchrotron and the 2.6 A AFC-4 data sets
vs. resolution range.
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Introduction

A spherical plant virus, tobacco necrosis
virus (TNV), consists of a single-stranded RNA of
molecular weight about 1.3x10 and 180 copies
protein subunits, which are arranged in a T=3
icosahedral surface lattice (1). High-resolution
X-ray analyses of spherical viruses have shown
not only that every virus possesses a common
structural donain, but also that the variation of
the polypeptide folding in each virus is
important in the function of the viral shell (2-
4). We have been initiated crystal structural
studies of TNV to elucidate its structure-

function relationship. Propagation, purification
and crystallization of the virus have been
reported (5). TNV is crystallized into the space
group of P4^32 with the unit cell dimension a=
338 A.

Cytochrome o oxidase is the key enzyme
catalizing the reduction of di6xy.;gen to water in
the mitochondria(6). It is an integral protein of
the inner membrane, where it recieves electrons
from a reduced cytochrome c, converts ©2 to a
water on the inside surface, and pumps protons
from inside to outside (7). The heart protein
consisting more than six polypepdide subunits was
isolated from bovine heart muscle by using the
detergent (8). A detail understanding of enzyme
structure is required for adequate elucidation of
structure-function relationship. The enzyme was
crystallized in the shape of hexagonal bipyramid.
The crystals belong to the space groups or
P6. with cell dimensions, a=Z3=174.5A, c=282.2A,
a=B=90'', and y=120® (8). X-ray diffraction
experiment is described in the present paper.

Experimental

All the X-ray experiments were carried out
at the BL6A2 by using Weissenberg camera of which
radius is 430rom, Diffraction intensities were
recorded on the imaging plate of 40x20cm (Fuji
Film Co. Ltd.). The wave length of X-ray was
1.488A.

TNV A crystal was mounted in a capillary
to rotate about [111] axis and total of 31.5° was
collected by 21 serial Weissenberg photographs
with an oscillation range of 1.62°. Individual
plates were overlapped by 0.12°. Exposure period
for each shot was 65 sec. and the crystal was
translated after every seven exposure to avoid
deterioration of diffraction pattern. Intensities
were processed by a program of Higashi (9).
Total of 5,695 reflections, 85% of the data in
the range of 8A resolution, we^e obtained at the
accepting criteria, F >3a( F ) and whole
reflection.

Cytochrome ^ oxidase A crystal sealed in a
glass capillary was visually aligned under the
microscope to rotate about the o axis. The
crystal was exposed for 400 sec. and oscillated
through 4°.

Results and Discussions

TNV Fast rotation function (10) was
calculated to confirm orientation of the virus

in the unit cell. The unit cell contains two

virus particles, 120 icosahedral asymmetric units,
and the space group has 24 equivalent points.
Thus, all the crystallographic 2- and 3- fold axes
must coincide with the icosahedral 2- and 3-fold

axes, respectively. A stereographic projection of
the rotation function corresponding to is
given in Fig.l, where contours are drawn at an
equal interval of 2 begining at 5 in an arbitrary
scale.The rotation function elucidates the orien

tations of 5-fold axes, which consistent with
those expected from the packing of the icosahedral
particles in the unit cell.

Cytochrome oxidase A clear diffraction
pattern was observed as far as 8 S. resolution. It
is the highest resolution among crystals of
membrane proteins from eukaryotes.
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TNTROnUCTIQN

Hydrogenase is an enzyme which catalyzes re
versible dehydrogenation of molecular hydrogen.
All the hydrogenases so far isolated and charac
terized are iron-sulfur proteins, but flavin,
nickel, copper, and/or selenium have been
reported to be detected in some hydrogenases.
The hydrogenase (hydrogen : ferricytochrome C3
oxidoreductase, EC 1.12.2.1) from Desulfovibrio
vulgaris Miyazaki F (DvMF) solubilized by tryp-
sin digestion and purified has molecular weight
of 89000 (8ubunits:59000+28000) and is reported
to have two or three [4Fe-4S] type clusters as
unique cofactors. An anomalous dispersion of X-
ray by heavy atoms in protein molecules may give
useful information to locate these atoms, be
cause the anomalous scattering power depends on
the wavelength of X-ray used. X-ray from
synchrotron radiation (SR) is suitable for this
purpose, since any X-ray of desired wavelength
is easily obtained. Here we described the our
attempt to determine the active centers of
hydrogenase crystal from (DvMF) by multi-
wavelength diffraction study.

Experimental and Results

Membrane-bound hydrogenase was solubilized
by trypsin digestion from the wet cells of DvMF
bacterium. The protein was isolated^ and
purified^ as described before. Single crystals
(P2i2i2i a=102.1, 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, containing 0.05% NaN3 pH=7.5). X-ray
intensity data were collected at lO'C using a
Weissenberg camera designed for macroraolecular
crystallography by Sakabe et aP (r=430.5mm) in
stalled in BL-6A2. The wavelengths of x-ra'y
used were 1.74A (this is a wavelength near ab
sorption edge of Fe atom) and 1.20A (f =0)
from SR of National Laboratory for High Energy
Physics. The diffraction patterns were recorded
on Fuji Film 'Imaging Plate* (20 X 40cm), and
read out by a Fuji Film BA-100. The hydrogenase
crystal of 0.4X0.3X1.0mm was sealed in glass
tube, and mounted on goniometer head, being
crystal c-axis parallel to the spindle axis of
the camera. Two sets of intensity data using two
wavelengths of X-ray were collected from the
different position of the same crystal moving
the crystal by 0.5mm along the spindle axis.
The experimental conditions are listed in Table
I. The diffraction patterns on Imaging Plate
were processed by program WEIS developed by
Higashi et al.^ in order to obtain indexed in
tensity data. 22018 of Bijvoet pair data {h k 1
and b k -1) have been collected from 7 Weissen
berg photographs using x-ray of 1.74A. On the
other hand, 42094 of data have been obtained
from 10 photographs at 1.20A • In order to
reduce erroneous measurement of the reflections,

intensity data which have the relative dif
ference with (F-(F) )/< F> > 0.2 were rejected
during the merging process. R-factors of merg
ing (Rmerc), anomalous difference between data
from 1.74A and 1.20A (Rano), and Bijvoet dif
ference (Rbip) are shown in Table II. Patterson
map calculated at 6A with coefficient of
(F(1.74A)-F(l-20A))^ reveal six candidates of
the positions of the active centers, which
satisfy the consistency among three Barker sec
tions. Phasing process using these candidates of
the positions of Fe-S clusters is now in
progress.

Table I

Experimental Condition of Data Collection

Wavelength(A ) 1.74 1.20

Beam current(mA) 225-203 135-126

Crystal
rotation axis c* c*

Oscillation

angle (o) :deg) 16.05 10.80

Film moving
distance(d:mm) 10.7 7.2

Ratio of 0) and d 1.5 1.5

Repeat of
oscillation 30 5

Rotation speed
of (t) (deg/s) 2.0 2.0

Exposure time (s) 481.5 54

Number of film 7 10

Table II

Some R-factors for intensity data

Rmerg Rbip

1.20 A 6.61 4.15

1.74 A 6.54 4.27
Rano(1.74A-1.20A ) 6.46

Rbip =2 ! I( +)-I(-) | /2 < I) Bijvoet pairs
Rang =2 1 F(1.74A )-F(1.20A ) i /2 < F)
Rmerg=2 I I-< I) 1/2(1) merged data

We are indebted to Prof. Noriyoshi Sakabe, Mr.
Atsushi Nakagawa Dr. Kiwako Sakabe and Dr.
Tsuneyuki Higashi for their technical advice and
use of computer programs. We also thank Dr.
Keiichi Namba in Houtani Project, ERATO, for use
of a Fuji Film BA-100 system.
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Introduction

Cytochrome cssa is an electron transfer
protein in the metabolism of sulfate-reducing
bacteriurait Cytochrome C553 from Desulfovibrio
vulgai'is Miyazaki F contains one polypeptide
chain including 79 amino acid residues and
one c-type heme group.

The crystal system of this protein belongs
to tetragonal, a=b=42.7A, c=103.4A and its
space group is P43 2i2. It contains one
molecule per asymmetric unit^'. This crystal
diffracts higher than 1.5 A resolution using
SR-ray. But according to the condition of
crystallization, it had been very hard to get
good isomorphous derivatives.

In this experiment, we have tried to solve
the "PHASE PROBLEM" by multi-wavelength
anomalous dispersion method(MAD).

Experiment

All data sets for MAD phasing method
were collected at BL-6A2. The light source of
this beamline is a normal bending magnet.
And SR-ray is focused and monochromatized
by cylindrical-curved fused quartz mirror and
cylindrical-bended asymmetrical cut Si(lll)
raonochromator. All diffraction data were col

lected by the Weissenberg camera for Macro-
molecular Crystallography®! and Imaging Plate.,
Data reduction was performed using the
program system WEIS^!.

F-data sets of native crystals were col
lected at four different wave length X-rays.

1.Fp(Ai)
2.Fp(A2)
3.Fp(A3}
4.Fp (A4)

Ai=1.040A (Af'= 0.197,Af"=1.664)
A2=1.380A (Af'=-0.440,Af"=2.678)
A3=1.743A {Af'=-9.211,Af"=3.951)
A4=1.746A (Af'=-6.299,Af"=0.469)

Five crystals, including both a- and c-
axis rotation, were used to get F-data at
1.38A. Other three data sets were collected
using only one crystal at each wavelength,
rotating along a-axis. But for later cases,
rotation angle of each crystal was more than
four times rotation range of independent
region to reduce some statistical errors. To
reduce other systematic errors, absorption
and so on, each data set was corrected by
absorption correction described by Katayama
et.ai.®! or local scaling method.

Result and Discussion

Atomic parameters corresponding to A3 and
A4 data were refined by centric refinement
method, same as isomorphous replacement
technique. Assuming that Fp(Ai) was native
and Fp(A3}(or Fp{A4)) was derivative, and Af
term was treated just same as isomorphous
difference. As each measurement wavelength
was determined by using absorption of Au, Ni
and Fe foil, we tried to determine Af value
from centric refinement method. Atomic

parameters of Az data were refined using
large APp{±) reflections®!.

Calculation of phases by this experiment
was according to Blow and Crick's best phase
method''!. Average value of figure of merit
was 0.597 for 2.2A resolution data{4421 refln.).

The electron density map calculated by
this method has good quality to trace main
chain folding.
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INTRODUCTION

Bacteriorhodopain (bR) is a sole integral
membrane protein in purple membrane (PM) of
Halobacterium halobium. As well as other

membrane proteins, bR also solubilized with non-
ionic detergents in order to investigate several
properties and the experiments needs the
information about the aggregation state of bR
after solubilization. We studied the

aggregation state of solubilized bR{sol-bR) by
Small-Angle X-ray Scattering (SAXS) technique
with contrast vatiation method and the extended

one; combination method.of heavy atom labeling
and contrast variation '. Obtained structure

parameters strongly suggested that bR existed as
a trimeric form in the solubilized state, and
also that the trimer orientation was distorted

during the solubilization process .
To examine these results in heigher

resolution, we recorded the Moderate-Angle X-ray
Scattering (MAXS) from sol-bR.

EXPERIMENTAL

Sol-bR was prepared according to the
previous issue-^-'. The sample was concentrated
by ultra-filteration membrane up to 30 mg/ml to
record the MAXS with better S/N ratio.

X-ray scattering experiment was performed
with SAXES diffractometer at BL-10C. Sample-to-
detector distance was about 80 cm and exposxire
time was 900 sec. Detector was off-seted to

record the higher scattering angle region.

RESULTS

Fig. 1 shows a MAXS profile from sol-bR".
The characteristic two scattering paxima were
observed around S=0.025A~ and S=0.10A~''.

As is usually the case of oligomelic
proteins, scattering maxima in the region of
S<0.05A ^ .are caused by the interference between
subunits^O Thus, we thought the first maximum
as that caused by the hollow cylindrical
arrangement of protomer in bR trimer, according
to the results from SAXS experiments. However,
the peak position suggested swelling of bR trimer
in comparison with the native one.

In the region of 0.05<S<0.15A~'̂ , scattering
maxima originate from the interferences between
secondary structures; -helix and ;S-sheet. For
example, globin folding in myoglobin and
haemoglobin exhibits a characteristic scattering
maxima in this region^'^'.

BR monomer has 7 rod like sutructure

considered to be oC -helices and these rods

oriented in parallell with each other, so the
second scattering maximum is intepreted as a
interference of secondary structure in bR trimer.
If bR trimer in solubilized state is perfectly
the same as in PM, the scattering maximum should

have some 'xmdulation' around S=0.1A~' because of
3-fold symmetry in trimer. However, the
observed maximum was single one; the maximum
indicated the exsistence of monomer rather than

trimer in solubilized state. We think this

inconsistency about aggregation state as follows.
Srtucture parameters ( square of first moment of
electron density fluctuation and average
distribution of.bound iodine atoms in solubilized

iodinated bR ') suggests that hydrophobic
interactions between protomers are weakened and
their orientaion in bR trimer loses the 3-fold
symmetry with maintaining the hollow cylindrical
structure during the solubilization. Thus, the
orientation between secondary structures also
loses the character of trimer and the maximum do

not have any 'undulation'.
Through SAXS and MAXS experiments, we

concluded the bR trimer in solubilized state as a
distorted and swelled one.
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Fig. 1

Net Moderate-Angle X-ray Scattering profile of
solubilized bR.
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INTRODUCTION

Tryptophanase is an enzyme which catalyses

the decomposition of L-tryptophane, « ,/3-

elimination and -replacement reaction. The

enzyme requires a pyridoxal phosphate(PLP) and
monovalent cations such as K+, NH4''" for its
activity. It is composed of four identical
subunits with the molecular weight of 55,000.

In this report, the investigation was made on

the effect of temperature, potassium ion and

PLP on the quarternary structure of
tryptophanase by means of small-angle X-ray
scattering(SAXS).

EXPERIMENTAL

Tryptophanase was from Escherichia coli
B/lt7-A. The concentration of protein was
lOmg/ml and the pH of the solution was
adjusted to 7.8. 0.67mM PLP was added to the
holoenzyme samples. The concentrations of KCl
were 0, 30, 100 and 500mM and the temperature
was changed from 5°C to 20'C • The SAXS
measurements were performed with a SAXES

installed at the BL-IOC.

RESULTS AND DISCUSSION

When the concentration of KCI is below 30mM,

the radii of gyration(Rg) of tetramer are
evaluated as 38.0± l.OA from Guinier

approximation in either case with or without
PLP. The Rg value of the holoenzyme is almost
independent of the solution condition. On the
other hand, Guinier plots of the apoenzyme

exhibit that the system is polydisperse when
increased the KCI concentration at 5°C. (Fig.l

(a), (b))

These results suggest that high
concentration potassium ion make the
quarternary structure of the apoenzyme
instable and that the dimer and the aggregate

of the tetramer are formed. Therefore cation

works in two ways, i.e., activation and

instabilization of the enzyme. The structure

of holoenzyme is rarely affected from

potassium ion, suggesting that PLP binds to

the enzyme and stabilizes its structure.

A holo, KCI OmM

« o apo, KCI OmM

° holo, KCI 30mM
^

w O holo. KCI lOOnM
apo. KCI lOOmM

IC • *5,
— 10.0-

^0.0 0.1 0.2 0.4 0.S 0.6
5*5*100

(a) 20*0, KCI concentration below lOOmM.

10.4U

A holo, KCI lOOinM
O apo, KCI lOOnM
0 holo, KCI SOOiuM

^ Z apo, KCI SOOinM

c

— B.9 J I .

0.0 0.1 0.2 0.4 0.5 0.5

5*5*100
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Introduction

The conformation of poly(glutamic
acid), PGA, in a helix-to-coil transition
region is supposed to consist of a mixture
of helical rods and random coils, but the
detail has not yet been clarified. In this
study, the conformations in three
conformational regions are analyzed by small
angle X-ray scattering (SAXS), by comparing
observed scattering curves with theoretical
ones.

2. (1) The deg. of neutralization (i)
of PGA (Sample-A, -B and -C) for SAXS were
adjusted so that the sample may take
different conformations: helix form

(Sample-A), a mixture of helix and coil forms
(-B) and a random-coiled form (-C). The
helix content of Sample-B was estimated to
be 56 7. according to the analysis of the
potentiometric titration curve^, and the
polymer concentrations were 0.53 (g/dL).

Experimental

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 Phys. at Tsukuba.

Results and Discussion

The observed scattering behaviors of
PGA are the one characteristic of ordinary
polyelectrolytes solutions: a maximum
appears in a low angle region. Therefore,
the discussion is given to the data above
ca. 0.08 A""^ in h. After the observed
scattering intensities were corrected for
the croDS section of a polymer chain, they
are compared with corresponding theoretical
curves, which have been derived in the

reference 2. The observed scattering curve
of Sampl-A is compared with a theoretical
one for a freely hinged rod (Fig.l). The
rod number and the rod length can be

estimated to be 12 dnd ca. 45 A,
respectively. Here, an arrow indicates the
value of A, above which the normalized
function becomes insensitive to the molecular

weight. In a similar way, it is shown that
the conformation of Sample-B can be well
represented by a model of several rods joined
by flexible coils (Fig.2), whereas the
scattering curve of Sample-C is far from the
Debye function.

References

1)H.Nagasawa, A.Holtzer, JACS,^, 538( ' 64) .
2)Y.Muroga,Macromolecule6,in press,1988.
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Fig. ^ Comparison between the observed
Kratky plot of Sample-A and the nor
malized theoretical ones for freely
hinged rods of contour length, L. L inc
reases from 658 (A) to 5260 A (H) with
an increment of 658 A. The rod length,

Ao =45 A.
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Fig. 2 Comparison between the observed
Kratky plot of Sample-B and the nor
malized theoretical ones for broken
rods joined by flexible coils with con
tour length L. L increases from 658(A)
to 5260 A(H) with an increment of 658
A. The rod length, A=25 A, a=8 A.
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Introduction

We have started the structural study of
phytochrome, a photoreceptor chromoprotein in
green plant for a vareiety of photomorphogenic
responses, hy small angle X-ray scattering (SAXS)
and have reported a preliminary results in the
Previous Report as follows. 114-kilodalton (kDa)
pea phytochrome exists in a dimeric form with
the molecular mass of 228 kDa. The radius of
gyration (Rg) of the molecule was determined as
53.8 A by Guinier analysis, which is by far
greater than the value calculated from a sphere
with the molecular mass of 228 kDa. There are
three possible explanations for this big
discrepancy, (1) the molecular shape deviates
from sphere greately, (2) the average electron
density is lower than that of standared soluble
proteins, (3) the electron density is higher in
the shell than in the core. In the present
study, we examined these possibilities using the
contrast variation technique. Futhermore, we
have succeeded in figuring out the molecular
shape of the 114-kDa phytochrome dimer.

Experimental and Results

SAXS was measured with SAXES at BL-1OC. The

detailes of the experimental conditions were
described eleswhere (Biochim. Bhiophys. Acta 953
297-305, 1988). The contrast of the sample
solution was varied by chainging the
concentration of sucrose in its solvent. The
114-kDa pea phytochrome consists of a 59-kDa
chromophoric fragment domain and the remaining
55-kCB nonchromophoric fragment domain. The 59-
kEa chromophoric fragment domain was obtained as
a monomer fragment by tryptic digestion of the
114-kDa phytochrome dimer. The average electron
densities (Pav) of the 114-kDa pea phytochrome
and its 59-kDa chromophoric fragment were
obtained from the 1(0)^ vs. psol plot, where 1(0)
was scattering intensity at 0 angle and Psol was
the electron density of the solvent. Pav's were
determined as shown in Figure 1 and were
0.398±0.002 and 0.398±0.001 e/A^ for the
phytochrome and the chromophoric fragment,
respectively, indicating that they have similar
pav to those of standard soluble proteins.

To obtain the informations regarding the
spacial fluctuation of the electron density in
the molecules, the results were analysed by the
methods of Stuhrmam. Rg^ can be written as,

Rg2 = Rc^ + a/zp - BfiAp)^,
where ^p are the diffemce between Pav and Psol.
Rc, a and ^ are the radius of gyration of the
molecular shape, the second and the square of the
first moment, respectively. c('s were
caluculated as -5.1i0.5 and -12.7±0.5 e/A for the
phytochrome and the chromophoric fragment,
respectively. These negative values indicate that
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the core of the molecules has higher electron
density than the shell. Re's of the phytochrome
and the fragment were calculated as 53.7±0.2 and
38.1 ±0.3 A, respectively. Rc of the phytochrome
was almost the same with its Rg at water
contrast. These result showed that the molcular

shape of the 114-kCQ phytochrome dimer deviated
from a sphere greatly, and that the size of the
molecule is very large.

The molecular shapes of the 114-kDa
phytochrome dimer and the 59-kDa chromophoric
fragment were studied by; constructing a model
which gives the Rg of 54 A and the best fit set
of a ln(I(S)/I(0)) vs. S curve and a pair
correlation function with those of the observed
results, and also satisfies the requirements
fran the biochemical data. The molecular shap)e
of the 59-kDa chromophoric fragment was best
simulated by the cblate with the axial ratio of 1
; 5 (11A, 55A, 55A)among the ellipsoids of
revolution. Using this result and assuming the
2-fold axis in the dimer, the molecular shape of
the 114-kDa phytochrome dimer was well simulated
with two oblates (59-kDa chromophoric fragment
domain) and two discs with the diameter of 65A
and the hight of 20A (55-kDa nonchromophoric
fragment domain) shown in the Figure 2.

Figure 2
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In the past few years, several improvement have'been made on the ^mall-_angle )(-ray scattering

equipment for solution (SAXES) by the working group, mainly on the optics and the software of data

acquisition and treatment. In the following, we will describe such work and the result (performance)

in the present report.

Optics and beam transport

1. The monochromator (silicon crystal) on the upstream side has been attached with a cooling device,

keeping the temperature of the circulating water at about 18 C. This device resulted in the

thermal stability of the monochromator, i.e., the stability of the incident intensity flux upon

specimen and hence contributed to the reduction of time for starting measurement after opening

the BBS, to about one miniite from about 15 minutes without the device.

2. We have put a new slit system about 200 cm upstream of the specimen guard slit system, at about 28

m from the X-ray source. This contributed drastically in two respects. The first is that it has

reduced the level of the parasitic scattering from the guard silt in front of the specimen, to

about 1/5 in the very small-angle region. Such a reduction made the measurement in small-angle

region up to S (2sin9/X) of better than 0.001 A that was not yet reached by any other SAXS

equipment by SR over the world. In addition, this system resulted in very important aspect.

We have suffered from the change of the parasitic scattering level when the X-ray source changes

its position/direction in time. This change frequently made the data useless, sometimes up to

two thirds of the total. The new system eliminated such a trouble and the measurements are

presently proceeding efficiently than before.

3. The vacuum pipe system, between specimen and detector system, was replaced from the thick pipes

of stainless steel to very light and thin pipes of aluminum alloy. As a result, the SAXES offers

three settingA of specimen-detector distance of 1,900, 850 and 5(X) mm, which can be rearranged

easily by two persons with less time.

4. The extra beam line shutter has been installed in front of the specimen , outside the hutch.

This may contribute to the thermal stability of the monochromator system in the occasion the hutch

is opened without closing BBS. This is not presently controoled under the inter-lock system.

Specimen chamber

A temperature-jump specimen chamber was completed and has been used by the measurement of the

structure of TMV particle. The stopped-flow chamber, which was completed in the early stage of

SAXES development, has also been under service.

The data acquisition and treatment softwares

The data acquisition software, originally developed by one of the authors (M. K.), is now being

remodelled mairtly in the aim of easier use for the beginner. This will be used in the beam time

starting January, 1989. The data treatment software, by using graphic terminal (Tamaha YGT 100),

has also been developed, that provide the analysis of SAXS profiles in its first stage.
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INTRODUCTION

Stnall-angle X-ray scattering (SAXS) provides
structural information of an overall structure

of particle in solution and, in this sense, SAXS
is taken as one of physico-chemical techniques.
In higher scattering angles, the scattering is
much weaker, by a factor of 1/100 to 1/1000, as
xoropared with the weak SAXS intensity. However,
the scattering profile in this region has a very
characteristic feature, not monotonous as SAXS.
This scattering is pronounced for oligomeric
proteins, and has been proved to be related to
the arrangement of subunits in the particles, by
the comparison of scattering profiles from
myoglobin and hemoglobin (approximately taken as
a tetramer of myoglobin) (1). From the profile,
the spatial arrangement of subunits in particle
may be deduced, and hence this method is taken
as the structure analysis "in the level of
molecule, not atom."

The present report describes a quantitative
analysis of the method by using the scattering
frcxn monomer and tetramer of muscle aldolase.

THEORETICAL BACKGROUND

The electron density p(r) of a particle can be
written, if consists of single species, as

p(r) = Pg(r) * 6(r -
where p (r) is the electron density of subunit

and r^ the position of the i-th subunit.
The scattering intensity from the particle is

lCS)=[fgCS)l^JJ^ sin(2TrS|?.-r^ |)/(2TTS|r^-r^.|)
This expression is valid in the scattering range
where subunits are taken as spherically symmetric.
The first term in I(S) is the form factor of the
subunit and the second the interference function

that is related to the spatial arrangement of
subunits in the particle.

Thus, if._^by_^some way, we could extract the
values of jr^-r |̂, we may be able to reconstruct
the arrangement of subunits in the particle, in
Che case of simple oligomers.

This analysis may be very important in the
understanding of the structure-function relation
of biological macromolecules, in the sense of
movement of subunits in a particle if we carry
out a time-resolved scattering experiments.

To apply this method, we have to measure the
scattering profiles of whole particle, I(S), and
that of constituent subunit, the form factor.
An enzyme, aldolase from muscle, was taken as a
good example to testify such an analysis, since
it consists of four subunits that are almost

equal, and moreover, we can measure the profiles
from native enzyme and subunit, separately,
under different pH conditions.

EXPERIMENTS AND RESULTS

The aldolase, one of important enzymes in the.
course of sugar metabolism in muscle, exists as a
tetrameric form at pH higher than 5. It dissociates
into subunits below pH 3. Such a behavior of the
enzyme made the scattering experiments possible
to obtain scattering profiles separately, needed
for the analysis.

The X-ray scattering measurements were performed
by the SAXES installed on BL-IOC. The contrast
variation experiments were carried out to yield
the scattering of the "form" component from the
total scattering by eliminating "internal" term.
The scattering profiles from tetrameric and mono-
meric particles are' shown in the figure.
A preliminary analysis , as presented here, by
using the total scattering profile, gives an
approximate structure of aldolase in solution. It
consists of four subunits. locating at the appexes
of a deformed tetrahedron ; the inter-subunit

distances are 42 A and 58 A. This form suggests
that the subunits are not in equivalent inter
action in the molecule, as visualized by the
crystal structure analysis (2).

solid linetaldolase (pH 5.4) 0% sucrose,
dotted line: " (pH 5.4) 10% sucrose,
broken line: subunit(pH 2.4) 0% sucrose.

1. Ueki et al.(1986) J. Biochem., 99^, 1127.
2. Sygusch et al.(1987) PNAS, 84, 7846.
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INTRODUCTION

Troponin-C(Tn-C) is a calcium binding protein,
which has four calcium binding sites. Two of
these sites are high affinity sites, which also
bind magnesium ion competitively. The other
sites are calcium specific low affinity sites.
We have already reported the calcium-induced
structural change in the absence of magnesium ion
(1,2). In order to clarify the change in
physiological condition, we made SAXS experiments
in the presence of magnesium ion.

Since Tn-C is believed to diraerize with

increasing calcium concentration, we employed a
series of dilute protein concentrations(below 10
mg/ml) of Tn-C for SAXS experiments for the
purpose of minimizing the dimerization effect.

RESULTS AND DISCUSSION

Fig. 1 shows the concentration dependency on
forward scattering, I(0)/C, obtained by Guinier
approximation. Circle and square designates
data points for in the absence and presence of
calcium ion, respectively. In the presence of
calcium ion 1(0)/C increases with increasing
calcium ion, which suggests the existence of Tn-C
dimer, while no aggregation was observed in the
absence of calcium. In comparison to the
scattering from lysozyme, we estimated molecular
weight of 23,000(700) for Tn-C in the absence of
calcium ion, which is analogous to that of
22,000(700) for Tn-C in the absence of magnesium
ion.

Fig. 2 shows the concentration dependency on
radius of gyration, Rg, of Tn-C. Symbols are
used in same way as in Fig. 1. On extrapolation
to zero concentration, Rg for Tn-C in the absence
of calcium ion, was determined to be 24.3(0.2) A,
which is almost identical to Rg of 23.8(0.2) A
for Tn-C at pCa 6.5 in the absence of magnesium
ion.

These facts supports the idea that the
structure of Tn-C with two calcium ions does not

deviate from that of Tn-C with magnesium ions.

REFERENCES

1) T. Fujisawa, T. Ueki, Y. Inoko, & M. Kataoka
(1987) in Photon Factory Activity Report,
pp.263, KEK, Tsukuba.

2) T. Fujisawa, T. Ueki, S. lida (1988)
J. Biochem. to be submitted.
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Fig. 1 Concentration dependency on
forward scattering in the presence
of magnesium ion.
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Fig. 2 Concentration dependency on
radius of gyration of Tn-C.
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Introduction

We have been engaged in a project to
obtain the action spectra for inactivation
and mutagenesis of Bacillus subtilis spores
in the en-^i^e wavelength range of X and UV
radiation ' . One of the aim of the
project is to find out and focus upon
particular wavelength regions where unique
changes of the efficiency might occur.
One of such regions of interest is around
phosphorus K-shell absorption, since phosphorus
atoms in the sugar phosphate linkage constitute

the backbone of DNA strands. We therefore

asked if the absorption by phosphorus K-shell

electrons causes DNA damages which lead to
inactivation of bacterial spores.

Experimental

Experiments reported here were performed
on two occasions in 1988. The beam line

was equipped with a monochromator and a
sample chamber designed for in vacuo irradiation.
Suspension of three types of the spores, UVR

(wild-type repair capability), UVS (uvrA ssp),
and UVP (uvrA ssp polA).was spotted on membrane
filtgr in a circle of 2mm diameter carrying
5x10 spores per sample. The pieces of filter
were attached to a metal holder which can

carry up to 30 samples. The holder was moved
vertically to assure the uniformity of fluence
received by the samples. After irradiation,
the spores were resuspended in water and
colony-forming survival was determined as
described

Results and Discussion

Survivals of three types of the spores

were determined with monochromatic X radiation

at three wavelengths, one of the energy
corresponding to the peak resonance absorption
(0.5763nm), of the lower energy (0.5779nm) and
of the higher energy (0.5747nm). Survival
curve was obtained by plotting the survival
(N/Nq) in log versus the exposure in kR.
In all cases, exponential inactivation was
observed in a whole range of the exposure
(lOkR-lSOkR). The curves were extrapolated
to 1.2 at OkR. Thence, the inactivation
constants (k) were obtained from an equation
N/No= 1,2 exp(-kD) (D=exposure in kR, N and
No= c.f.u. of unirradiated and irradiated
spores) and they are listed in the table.

Table

Summary of inactivation constants (k)

Wavelength (nm)
0.5779

0.5763

0.5747

Spore type

UVS UVP UVR

0.0206 0.0214 0.0168

(1.00) (1.00) (1.00)

0.0400 0.0445 0.0328

(1.94) (2.08) (1.95)

0.0242 0.0279 0.0241

(1.17) (1.30) (1.43)

In the table, the ratio of the inactivation

constants are shown in the parenthesis to

indicate the relative efficiency (those for
0.5779nm irradiation are taken as 1.00).

For all three types of the spores, the efficien
cy of the radiation with the energy corre
sponding to the peak resonance sibsorption is
the highest and amounts to 2.0-2.1 times of
that of the radiation with the lower energy.
The radiation with the higher energy is the
next efficient and the efficiency amounts to
1.2-1.4 times of that of the lower energy.
Thus, these results clearly demonstrate that

resonance absorption by phosphorus K-shell
electron leads to the inactivation of the

spores. The differences among the three
types of the spores are modest, indicating
major parts of DNA damages produced by the
radiation in this energy range are not
subjected to repair mechanisms defined by the
genes, uvrA, ssp or polA.

Several experiments performed in the same
irradiation system indicate that this enhance
ment of sporocidal action at the peak energy
is smaller than the case of strand scissions

produced in dried plasmid DNA , but larger
than the gdses of the inactivation of
bacterial or yeast cells . This possibly
reflects the relative contribution of the

direct versus indirect DNA absorption in
producing the lethal DNA damages, which seems
to be the largest in the bacterial spores
among the cellular systems examined.
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To elucidate the specificity of mutage-
nesis induced by soft X-ray, a part of lacZ
gene on plasmid pUC19 was selected as a tar
get. In the preliminary experiment, we deter
mined the transformation efficiency of pUC19
following the 2.15 keV X-ray irradiation
using Beam Line BL-llB.

Ten ul of the DNA suspension (150 ug/ml)
spread on 3 X 10 mm filter (Millipore Type
HA), and this thin DNA film was exposed to
2.5keV X-ray at room temperature with the
dose rate, --4 kB/min. Following the expo
sure, each filter was placed in 200 ul of TE
(10 mM TrisHCl, ImM EDTA) to recover the DNA
from the filter. Competent cells of coli
JM105 (0.2 ml of —10 cells/ml) were mixed
with recovered DNA (o.lml, —40 ng), and this
mixture was kept on ice for 30 min, heated up
to 42C for 2 min, and finally supplemented
with 1 ml of 2 X TY medium. The number of

Amp transformants were determined on 2 X TY
(Amp 100 ug/ml) plate after one hour incuba
tion of the above mixture at 37C.

The rate of decrease in the transformation

efficiency (Fig. 1) was extremely small com
pared to the data obtained with Co 7-rays
irradiation of the sample in TE (Fig. 2).
Probably, the indirect effect of radiation
was reduced by the relatively dry condition
of thin DNA film during the X-ray exposure.
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Introduction

Ferredoxins are typical iron-sulfur proteins
containing clusters consisting of iron and
inorganic sulfur atoms. The iron-sulfur active
centers are linked to protein molecule by covalent
bonds between iron and S atoms of cysteinyl
residues. They are classified into several groups
according to their cluster structures such as
[2Fe-2S3 and [4Fe-4S]. A ferredoxin troTn Myoohac-
tevium smagmatis Takeo is composed of 106 amino
acid residues, where eight residues are cysteins
(Hase et at.^1919). The amino acid sequence of
the ferredoxin from M, stnegmatis is so similar
to a ferredoxin I of Azotobacter vineXandii that

both main chains are expected to fold in the same
manner. The crystal structural analysis of A,
vinalandii ferredoxin I showed us an unique struc
ture of [3Fe-4S] cluster together with [4Fe-4S]
cluster(Stout et aJ.jl988). We are currently
engaged in the crystal structural analysis of M.
smegmatis ferredoxin to confirm the unique [3Fe-
4S] structure found in the crystal structure of
A. vinerandii ferredoxin I. We, however, have not
successfully prepared a heavy atom derivative.
Since this protein contains at least seven iron
atoms as anomalous scatterers within the molecule,
the native anomalous dispersion method can be
applied to the phase determination.

The ferredoxin from M. smegmatis was crys
tallized into the space group of 6*222^, with
cell dimensions a=172,0, b=56,3 and c=102.4 A.
Seven data sets of intensity data for the native
crystal have been collected beforehand on a four-
circle diffractometer by using Ni-filtered Cu-Ka
radiation.

Experimental

Experiment has been performed at BL-14A.
Intensity data for (hkt) and (-hkt) up to 7A
resolution were collected at room temperature on

a four-circle diffractometer by using monochroma-
tized X-ray of which wave length was 1.7534 A.
Integrated intensities were collected by the U-
scan technique. Scanning range and speed in y
were 0.18® and 1.0° per minute, respectively.
Scanning was repeated to three times when the
signal to noise ratio of the structure amplitude
was less than 6.67. Measurements for four monitor
re-lections were repeated at every 100 reflections,
Total of 1726 reflections were obtained and
corrected for intensity change of incident beam
and for deterioration of the crystal. Absorption
correction was carried out by the method of North
et at.(1968).

#X-ray experiment was not carried out in 1987,
because of lack of crystal. Present paper is
essentially same as the previous reprt of 1986.

Results and Discussion

Observed structure an^jlitudes of the present
work are compared with the native data sets 1, 2
and 3 obtained previously by using Ni-filtered Cu-
Ka radiation. Correlation coefficients of AF, AF=
F(hkl)-F(-hkl)j were evaluated among these data
sets and listed in Table 1. The correlation of AF

are shown in Fig.l, tOO. The observed structure
amplitudes of the present work poorly correlate to
the other data sets. Although anomalous difference
Patterson map was composed for the data set of the
present work, the map did not successfully show up
vectors between iron-sulfur clusters in the

cirystals. The failure is probably due to deteriora
tion of the crystal.
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TABLE 1 CORRELATION COEFFICIENT OF tF

Native 1 Native 2 Nfttlve 3 Native 4

Native

1.000

1 ( 770)

0.364

( 739)

0.388

( 744)
0.106

( 559)

Native 2

1.000

( 891)

0.572

( 851)
0.145

( 575)

Native 3

1.000

(1994)
0.170

( 578)

Native i,

1.000

( 587)

Figures In parenclteses are numbers of reflections
Included in the calculations. Native 'i Is obtained
In the present work.

AF for Native 4

• •• .• •
' * •* *»« t <

AF for
—Nehtive 3

Fig.l. Difference of structure amplitude between
Bijvoet pair for Native 3 and Native 4 (present
work).
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467 (360 independent) reflections were used in the
sabsequent calculations.

The refinement was carried out with a modified

version of the full-matrix least-squares program
LINKT, which includes the extinction corrections
after Becker and Coppens^'V Least-squares calculati
ons assuming the type II extinction effects with the
Gaussian mosaic-spread distribution was adopted. The
site occupancies were refined on the assumption of

partial disorder of the cations. The final R and Rw

values reduced to 0.0236 and 0.0234, respectively.
The atomic parameters are compared in Table 1 with

those obtained with X-rays of different wavelength.

ResuIts

The positional parameters in the present study are
partic.ally identical with those obtained from the
data collected with other wavelength X-rays. The ob
tained chemical formura for the present crystal is as

(Fee,o7Ti0,03)(Ti0. gsFeo ,0700,01 )03.
Since X-rays with a short wavelength are used, the

isotropic extinction correction factor Y is close to

one(Ymin=0.930). The value of Y is plotted as a func
tion |F|^/|Fm8x|® in Fig. 1 compeared with those
obtained with the other wavelength X-rays. When a

spherical specimen is used, Y is given in the follow
ing form" : Y=Cl+Cx+{A(9)x^/(l+B(0)x)}]~"^, where
the functions A(0) and B(9), and the value C depend
on the crystal examined. The extinction parameter x

is expressed as x=C'A^*|F|2 in the type II extinc
tion effect. In Fig. 2, Y is plotted against
on some reflections for the respective measurements.

As seen in Fig. 2, the shorter wavelength X-rays

receive smaller extinction effects, and the stronger
reflections are. affected by larger extinctions.

Introduction

By recent studies of electron-density distributions
in inorganic crystals with the X-ray diffraction
method, qualitative knowledges have been much
accumulated. However, It is required to increase

accuracy of observed structure factors to obtain
quantitative information.

The present study was undertaken with the intention
to obtain diffraction data of ilmenite with reduced

extinction effects. The authors have already measured

diffraction intensities with shorter wavelength
X-rays, and also studied electron density distribu
tions in ilmenite by making use of the conventional
X-ray sources.

Experimental

The crystal used was synthesized with an infrared-
heating floating-zone furnace. A piece of crystal
shaped into a sphere of 0.145 mm diameter was used in

the present study as in the previous experiments.
The data collection was carried out on a four-

circle diffractometer at BL-J4A. The wavelength was

set to 0.4199(1)A using Si(422) double crystal ttionoc-
hromator. The correction for incident beam fluctuat

ion was performed by monitoring the intensity of

incident beam with an ion-chamber. The following

experimental conditions are adopted I collimator,
0.5 mm ; scan mode, oo-scan ; scan speed, SVmin; max
of 29, 50.0''; scan width, 0.5°. Scanning was repeated
five times, and 746 reflections were measured of
which 604 were I Fo| > Scrd Fol). By excludi ng the ref
lections unsatisfying this condition and those which
show large variations among the five measurements,

l.Ofccz:

* This work
A AgXa
o MoKa

.e 1 PositJoIlia 1 and t)iaTai(il paranatara (a').

Thift worV 4 -0.38A AOXa HOKa

a.3SS48<4l 0.3S840I31 0.38842(1) 0.39542(1!

0.00SU(t6l 0.00677(9) 0.00798(5) 0.00649(3)

0.00838(241 0.00614(12) 0.00808(6) 0.00626(4)

0. 14640(81 0.14648(3) 0.14640(1) 0.14641(1)

0.00400(161 0.00488(10) 0.00682(81 0.00802(31

0.00430(261 0.00812(13) 0.00690(6) 0.00814(4)

0.31742(38) 0.31720(24) 0.31723(13) 0.31718(6)

0.02382(34) 0.02326(24) 0.03371(13) 0.03380(9)

0.24497(10) 0.24483(7) 0.14499(41 0.24803(4)

0.0046(8) 0.0049(3) 0,0067(2) 0.0083(1)

0.0043(8) 0.0082(4) 0.0076(2) 0.0062(1)

0.0063(6) 0.0063(3) 0.0083(2) 0.007011)

0.0019(8) 0.0019(3) 0.0030(1) 0.0023(11

0.0001(8) 0.0007(3) 0.0002(1) 0.0003(1)

0.0012(8) 0.0017(31 0.0018(1) 0.001611)

0.0236 0.0206 0.0192 0.0180

0.930 0.989 0.914 0.871

0.85' ^
0.0 • ; *

X- 0.35 0.42 AgKa.. .2/. .2 X- 0.35 0.42 AgKo MoKo
11/^ BAx'

Pig.2 Th« valuB of * against x' for reflections.
Plg.l The value of T ploted as a

function |F|y|r„„l' . 1) P.J. SCoppens P.(]974) Acta Cryst., A2Q, 129,148.
2) Becker, P.J. S Coppens P.(1975) Acta Cryst., A31, 417.
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INTRODUCTION

bacteriorhodopsin{bR) is a typical membrane
protein and its trimer arranged in a two-
dimensional hexagonal lattice in purple membrane
(PM) of halobium. bR has a
spectroscopically well-defined photoreaction
cycle and translocates H during the cycle.
The most important photoreaction intermediate for
the function is M4.12, judgging from several
investigations. Some structiiral studies on M412
have been .performed but the results were not
consistent . We also started X-ray
diffraction experiment on M4.12 at low
temperatures where the life-time of the
intermediate was elongated.

At low temperature, any reproducible and
significant structural change was not observed.
Moreover, it was a positive nuisance for Fourier
analysis with phases from electron microscopic
study that the lattice constant became slightly
smaller below 0°C^^.

On the other hand, we found another
condition for life-time elongation of M412 where
the lattice constant was maintained. Here we

report the preliminary results of X-ray
diffraction experiment on M4.12 performed under
the new condition.

EXPERIMENTAL

Isolated PM was suspended in Arg-HCl
solution (0.75M pH 10) and dried. After this
preparation, M4.12 was sufficiently accumulated
under intense yellow light (wavelength>510 nm)
even at room temperatures and the decay of the
M4.12 was remarkably slow.

X-ray diffraction experiment was performed
at BL-15A with light irradiation chamber, which
was developed, specially for the MUSCpE
diffractometer-^^. X-ray wavelength was 1.50 A.
Sample-to-detecter distance was ca. 40 cm and the
exposure time was 900 sec. Sample temperature

was maintained at ca. 7°C with temperature
controlled N2 gas flow. Diffraction patterns
were recorded for trans state and M412 one after
the other.

RESULTS

Background-subtracted diffraction patterns
from M412 and trans state of PM are shown in Fig.
1. These patterns are addition of 5 data stes,
respectively. The Bragg reflections caused by
hexagonal packing of bR trimer were observed up
to 7 A resolution in the case of unirradiated PM.

Moreover, the lattice constant and the intensity
ratio of Bragg reflections of PM in Arg-HCl were
the same as native PM in water. These facts

indicates that Arg-HCl condition has no effect on
the structure of PM.

Although the S/N ratio of diffraction
pattern was still low due to high concentration
of Cl~ ion, the change in diffraction intensity
between M412 and trans is clear, and the lattice
constant was not changed in M412. Fig. 2 shows
the difference of diffraction intensities.

Especially, (11),(32) and (43) reflections were
decreased and (20),(21) and (41) refrections were
increased in M412. These facts suggest that
some structural changes would occur not in the
lattice arrangement but in bR trimer and/or
protomoer during the formation of M412. The
change is now under analysis with use of
difference Fourier method and R-factor research.

To obtain better S/N ratio data, we now
refine the condition and experimental procedure.
Final goal of this experiment is a trace of M412
decay on the basis of structure by time-resolved
measurement.
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3 I = 23in9/X) (A"' 1

Fig. 1 X-ray Diffraction Patterns from trans Fig. 2

S ( = 2sin0/XI (A"' )

Difference of diffraction intensity
state (solid line) and M412 (broken line). between trans state and M412. Data was obtained
Brackets indicate Miller indices of two-

dimensional hexagonal lattice.
by the subtraction of M412 data from trans state
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DISCUSSION

Our data have shown that X-rays used for
diffraction studies do cause a significant damage
to intact heart muscles. The fall of active

tension accompanied by an increase in the resting
tension suggests a deficiency of ATP. It is
probable that X-rays damage the ATP-regenerating
enzymes which constitute a part of the sarcomere
structure such as the M-line. Such a damage is
not expected to affect the skinned preparation
since ATP is supplied sufficiently from the
bathing medium.

Figure 1

INTRODUCTION

Low doses of ionizing radiation are known
to damage the organization of myofilaments in
skeletal muscle (1). The primary damage appears
to occur to high molecular-weight proteins
(titin or connectin) which contribute to the
passive tension as well as to the active tension
of skinned skeletal muscle. We have studied

whether a similar damage occurs to heart muscle
during X-ray diffraction experiments.

METHODS

Papillary muscles were isolated from the
right ventricle of the rat to make two types of
preparations. One is an intact preparation; the
isolated muscle was held at a constant length in
a specimen chamber which was continuously per
fused with an oxygenated Tyrode solution at 20
"C. The muscle was stimulated at 2-sec

intervals with an electrical pulse given
through a pair of parallel electrodes.

The second type of preparation was
a chemically skinned papillary muscle;
the muscle was soaked in a saponin

solution (250 yg/ml) for 1 hr to make
the membrane permeable to the solutes
of the bathing medium. This preparation
was held isometrically in the specimen
chamber and was activated by perfusing
the chamber with a solution containing
0.04 mM Ca^ , 10 mM ATP and an ATP re
generating system. T

These preparations were mounted on
the low-angle diffraction camera (2) at
the beam line 15A and were irradiated

with monochromatic X-rays ( X = 0.15
nm). The ring current was approximately
100 mA.

RESULTS

The twitch tension of the intact

preparation fell gradually during ex
posure to X-rays. At the end of a
5-min exposure, the active tension became almost
a half of that before the exposure (Figure 1).
The diastolic (resting) tension increased
gradually during the exposure, suggesting that
some fibres went into rigor. On the contrary,
in the skinned preparation a 5-min exposure
during a sustained contraction did not cause a
significant fall of the tension.

Twitch

tension

X-ray exposure

200 sec
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INTRODUCTION

BDM (2,3-butanedione-2-monoxime) inhibits contraction
of skeletal muscle. Freyer et al.'̂ ' that, in rat soleus muscle,
BDM inhibits contraction by reducing the sunount of calcium

release from sarcoplasmic reticulum. On the other hand,
Horiuti et al.'̂ ' found that, in frog skeletal muscles, BDM
suppresses the amount of calcium release only slightly.

We used X-ray diffraction technique to investigate the
effects of BDM on calcium release. It is known that the second

layer-line from the thin filament is sensitive to its structural
changes caused by calcium'̂ '. Therefore it is expected that if
calcium release is reduced, the intensity change of this layer-line
is also reduced.

METHODS

Semitendinosus muscles from bullfrogs (Rana catesbeiana)
were used at a sarcomere length of 4.0/im. At this length, there
is very little overlap between the thick and thin filaments and
only very small tension is developed. This helps to measure the
intensity of the second layer-line which may be changed if the
specimen moves during measurement. The muscles were stimu
lated isometrically by a 2-sec train of electrical pulses for 20

times at 2-min intervals. They were soaked either in a normal
Ringer solution (control experiments) or in a Ringer solution
containing 3mM BDM (test experiments) for 2 hr before the
second series of stimulations was started. All experiments were

made at 5-6°. X-ray experiments were done at the beam line

15A of Photon Factory, Tsukuba, using the camera and detec

tor described in Amemiya et al.'̂ l Ring currents were 100-
300raA.

RESULTS

The intensity of the second layer-line increases markedly
during electrical stimulation (Figure 1). In the control experi
ments (Figure la), the increase in the second series of stimula
tions was 43% of that in the first series. In the presence of

3mM BDM (Figure lb), the increase in the second series was
about 65% of that in the first series. This vrJue is not signifi

cantly different from the control value of 43%. The smaller
increase in the second series may be due to a radiation damage

by the strong X-rays from the synchrotron source rather than
fatigue of specimens because no fatigue was observed in similar
laboratory experiments using a rotating anode X-ray generator.
The radiation damage may also explain the large scatter of
data.

DISCUSSION

Muscle contraction is regulated by the cytoplasmic cal

cium concentration. In frog skeletal muscles, calcium binds to

the troponin molecule on the thin filament. Binding of calcium

leads to a structural change in the thin filament which enables

myosin heads to bind to actin and develop tension. The inten

sity of the second layer-line is affected by this structural change

in the thin filament. Thus the present finding that BDM does

not affect the intensity change of this layer-line during stimula

tion indicates that, in frog muscles, BDM does not have an

inhibitory effect on the calcium release mechanism or the regu

latory system of the thin filament.
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Tigure 1

Intensity of the second layer-line from the thin filament, (a)
Control experiments. The open circles represent intensities in the first
series of stimulations while the solid circles represent thoee in the
second series. The intensity during rest is taken as zero, and that
averaged during stimulations is takes as 1.0%. (b) Test experiments in
which the second series was done in the presence of 3mM BDM.
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Introduction

DMPC (Dimyristoylphosphatidylcholine) multi-
bilayer undergoes well defined thermal phase
transitions. In its P^' Phase which
appears between Lof phase (liquid-crystalline
phase) and L^- phase (gel phase), the
undulating bilayer structure (ripple) appears

1)

It is well known that cholesterol affects

the properties of the multibilayer for example
fluidity, phase transition temperature and so
on. It has been reported using freeze fracture
electron microscopy that the ripple repeat
structure is also affected by cholesterol^

In this report we study the temperature
dependence of the ripple repeat distance for the
DMPC multibilayer system and how cholesterol
changes the temperature dependence of the
ripple structure.

Experimental

The multilaraellars composed of DMPC and
cholesterol were prepared by the conventional
methods. Water content was about 60% in any
cases. The sample was set in the aluminium
cell. The temperature was controlled by the
circulating water supplied from a temperature
controlled water bath.

A small angle X-ray diffraction measurement
was performed at BL-15A station, in which the
sample to detector length was about 1300 mm.

Results and Discussion

Figure 1 shows the temperature dependence of
the ripple repeat distance for DMPC containing
various concentration of cholesterol measured in

the cooling process (temperature scanning rate
was about 0.2 °C/min). In pure DMPC multibilayer
system the ripple repeat distance becomes larger
from 120 A to 140 A at lower temperature.

The ripple repeat distance of DMPC-
cholesterol system is larger than that of pure
DMPC system at every temperatures. This fact is
basically consistent with that observed by
Copeland and McConnell using freeze fracture
electron microscopy 2) although they did not
observe the temperature dependence of the ripple
repeat distance.

In pure DMPC system the ripple peak was not
detected below 13 °C. This is consistent
with the fact that the pretransition appears at
this temperature. On the other hand the
ripple peak was observed even at 8 °C in DMPC-
cholesterol system indicating that the
cholesterol lowers the pretransition tempera
ture.

In the middle temperature range of the
ripple phase ( about 10 - 20 ° C), the slope of
the ripple repeat distance vs temperature curve

for cholesterol-DMPC system is almost similar to
that for the pure DMPC system. This fact sug
gests that the change of the ripple repeat
structure is caused by the same mechanism in
both systems.

Below 10 °C the ripple repeat distance
becomes significantly large. This result is in
good agreement with that obtained from freeze
fracture electron micrographs^^ .

Near 22 °C the ripple repeat distance
significantly increases only when cholesterol
is added. However this enlargement of the
ripple repeat distance was not detected by freeze
fracture electron microscopy . It is likely
that the relaxation time of the ripple structure
in these temperatures is faster than quenching
rate.
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Fig. 1 Temperature dependence of the ripple
repeat distance for DMPC-cholesterol multibilayer
system.
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INTRODUCTION

The movements of myosin heads in heart
muscle during contraction were previously studied
with a time resolution of 60 msec using a
rotating-anode X-ray generator (1). It revealed
that the radial movement of myosin heads from the
thick to the thin filaments roughly parallels the
isometric tension. However, to clarify whether
this molecular event preceeds the tension de
velopment as is the case in skeletal muscle, a
finer time resolution is needed. The use of

strong X-rays contained in synchrotron radiation
has enabled us to investigate this problem.

METHODS

A papillary muscle was isolated from the
right ventricle of the rat. The muscle was held
isometrically in a specimen chamber which was
perfused continuously with an oxygenated Tyrode
solution at 37 °C. The muscle was
stimulated at 2-sec intervals with an

electrical pulse given through a pair 100 •
of parallel electrodes. The muscle
length was adjusted to produce the
maximum isometric force.

The low-angle diffraction camera
(2) combined with the beam line 15A
was used at a specimen-to-detector LU
distance of 2 m. A linear position O
sensitive counter was used to record ^ 25 •
the equatorial diffraction patterns. X
The 2-sec cycle of contraction was CJ
divided into 10-msec periods and the ^ 0
diffraction data were accumulated for

each period over 200 contractions.
From the data the integrated in- -2S
tensities of the two main equatorial
reflections, I lo and I ii» were _^g
obtained for each period. ^

RESULTS

The open circles in Figure 1
shows the time course of the

intensity ratio, I i i /I i o » expressed as per
centages of the maximum change. The continuous
line represents the isometric force. The figure
suggests that, at the beginning of contraction,
the radial movement of myosin heads from the
thick to the thin filaments preceeds the.tension
development by 10-20 msec. After the peak
tension, the return of myosin heads to the thick
filaments appears to parallel the fall of tension.

DISCUSSION

Brady (3) has found, from mechanical exper
iments in which the contractile component of heart
muscle was controlled to keep a constant length,
that the intensity of the active state at the
beginning of contraction increases prior to the
force development. He interpreted this result as
indicating that the intensity of the active state
may represent the formation of cross-bridges
between the thick and the thin filaments. Our

observation that the change in the intensity ratio
preceeds the isometric tension development by
10-20 msec agrees with this view.

Figure 1

TIME (MSEC)
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INTRODUCTION

BDM (2,3-butanedione-2-monoxime) inhibits contraction
of skeletal muscle to a degree depending on its concentration.

We studied the equatorial intensity changes during contraction

of frog skeletal muscles at different tension levels using various
concentrations of BDM.

METHODS

Thin sartorius muscles from frog (Rana nigromacrata)
were used at a sarcomere length of 2Afim. First the muscles

were isometrically stimulated by a 2-sec train of electrical pulses

in a normal Ringer solution during which the equatorial pattern

was recorded. Then the solution was changed to the one con

taining 3-6mM BDM. Muscles were left for 1 hr to equilibrate

before the equatorial pattern was recorded again. All experi

ments were made at 5-6'. X-ray experiments were done at the

beam line 15A of Photon Factory, Tsukuba, using the camera

and detector described in Ameraiya et al.^ '̂. Ring currents were
100-300mA.

RESULTS

In a normal Ringer solution, the equatorial intensity ratio

(Ij jj/Ij was 2.2 during rest and decreased to 0.50 during con
traction (Figure 1, filled circles). In the presence of 3mM BDM,
the average tetanic tension was 41% of the control and the
intensity ratio was 2.6 during rest, 0.76 during contraction (Fig
ure 1, open circles).

At higher (4.5 - 6mM) concentrations of BDM (Figure 1,
hatched circles) the contractile tension was further reduced to
less than 20%. The equatorial intensity ratio during contrac
tion increased monotonically as the tension decreased, until the

tension became about 5% of control. When the tension was

smaller than this, the change in the intensity ratio upon stimu

lation was very small.

Tens I on(*}

DISCUSSION

There can be two mechanisms by which BDM reduces

contractile tension. One is inhibition of the binding of myosin

heads to actin and thus decrease the number of myosin heads

which are attached to actin. The other is inhibition of the ten

sion development of attached myosin heads. Using rapid cool

ing contracture, Yu et al.'̂ ' changed the contractile tension of
frog muscles. This is expected to lower the number of attached

myosin heads. They showed that, at the tension level of 40% of

the maximum, the intensity ratio was 1.1. The present value
(0.76) is much lower than this, suggesting that the number of
attached myosin heads is less affected than tension. Therefore

it seems likely that BDM does not inhibit tension development

by simply reducing the number of attached myosin heads :

BDM probably affects the tension generation of the attached

myosin heads.

The present X-ray diffraction results agree with those
from biochemical studies which showed that BDM inhibits ATP

hydrolysis by myosin. It seems likely that BDM reduces a rate
constant of a certain step (or steps) of actin-activated myosin
ATPase cycle after attachment of myosin heads to actin.

The relationship between tension and the equatorial inten
sity ratio shows rather abrupt deflection at a tension of about

5% of control. This may be because BDM affect calcium release
at higher concentratiop. Although we found that BDM does,

not affect calcium release at 3mM (see Proposal No.87-038 in
this report), there is a report suggesting it may affect it at high
concentration'̂ '.
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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 present study, 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. The result suggests that it will be
possible to investigate the structural response
of photoreceptors to the light stimulation.

Experimental

Living, active specimens of the squid,
Watasenia SQint-tllccns 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 experiments, 1-mm
thick slices of retina were kept in an
artificial seawater chamber with Mylar windows
at 4 °C. Schematic diagram of a slice of squid
retina was shown in Fig. 1.

X-ray experiments have been performed with
a mirror-monochromator optics (the Muscle
Diffractometer) at BL-15A1.1^ The wavelength of
the radiation was 1.50 X. The saraple-to-
detector distance was 2196 mm. X-ray scattering
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 5-10
minutes and each recording finished within 30
minutes after the decapitation.

Results

Figure 2 shows the x-ray diffraction
pattern from outer segments of live-.squid retina,
which was reproduced and photographed from the
stored image with the image writer. The low
angle x-ray diffraction spots are due to the
570-A hexagonal lattice of microvilli. The six
diffuse maxima centered around 1/40 may
originate from the bilayer structure of
raicrovillar membranes. The intensities are

different among equivalent Bragg reflections and
stronger near the vertical axis of the pattern.
This result suggests that rhabdomes are
variously oriented around the vertical axis of
retina in the sample as a whole.

' om • ^1

Figure 1. Schematic diagram of a vertical slice
of squid retina. The retina consists almost
entirely of photoreceptor cells, which, are
vertically separated into inner and outer
segments. The photoreceptive outer segments are
in the upper layer and consist of microvilli,
which are cylindrical extensions of the cell
membrane, packed hexagonally in the rhabdomes.
The microvilli are 600 1. in diameter and 1 ym
long.

Figure 2. The x-ray diffraction pattern from a
slice of live squid retina in artificial seawater,
The storage ring was operated at 2.5 GeV with a
beam current of 188 mA. The exposure time was 5
minutes.
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Introduction

It is known that the strong small-angle diffuse
scattering is observed in the central region of
the muscle X-ray pattern. The change of the
scatterings from the resting, isometrically con
tracting and rigor frog muscles was analysed. It
was found that the scattering changes during con
traction, suggesting a preferred orientation of
myosin heads along the actin filaments [1].

Methods and Results

The diffraction patterns of the resting, iso
metrically contracting and rigor muscles recorded
with an imaging plate from the same muscle [2]
were used for the analysis. In the intensity
tracings of the pattern at intervals of 10® be
tween the equator and the meridian, the diffuse
scatter under each diffraction peak was derived
by the standard fitting routine. After the re
moval of the peak, the whole background function
was determined using the background data by the
interporation procedure using the spline function
and/or by the Fourier-Bessel expansion method [3].

Figure 1 shows the perspective view of the re
sulting background function of the contracting
pattern. The scattering decayed around l/5nm~l.
Our analysis indicated that the strength of the
diffuse scattering was in order of the resting,
contracting and rigor state. Figure 2 shows the
comparison of tlic two-dimensional distributions

of the scattering between the resting and con
tracting muscles. During contraction the
scattering expanded in the meridional direction
and compressed in the equatorial direction. This
change was very different from that in the rigor
state, where it was much compressed in the meri
dional direction. The plots of In I vs 26^ in
the meridional and the 45® directions shows two

straight lines, respectively and their slopes
gave values similar to the radius of gyration of
the myosin head in solution [4], apart from
slight difference of the values in the different
directions and in the states of muscle. Figure 3
shows the pseudo-color image of the difference
pattern of the scatterings together with the
original difference pattern made between the con
tracting and resting states. The red-colored
region where the scattering increased during con
traction appears in an elliptic shape that is
longer in the meridional direction. Within this
region the most intense scattering existed in
about 30® direction from the meridian.

These results suggests that the myosin pro
jections are staggered and align more perpendicu
larly along the actin filaments during contraction.
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Fig. 1 The perspective view of the diffuse
scattering in the contracting muscle.
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Fig. 2 Comparison of the distribution of the
diffuse scatterings between the resting and con
tracting states.
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Fig. 3 Difference patterns between the resting
and contracting states.
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A quick stretch of a muscle applied
at the onset of a twitch results in an

instantaneous rise of force reaching its
full tetanic value (Hill,1949)Hill has
concluded from the results that the

contractile component is fully activated
immediately after stimulation but the
force rises slowly because the component
shortens at the expense of series elastic
element during normal contractions. Later
studies have shown that the series
elasticity of the muscle is much smaller
than expected, and Hill's observation may
be understood as the recruitment of force-

producing myosin crossbridges by the
stretch. The present study was undertaken
to obtain information about the structural

basis of the phenomenon.

A small fiber bundle was excised from

the ileofibralis muscle of the frog, Rana
japonica. This material showed better
fiber orientation than the semitendinosus
muscle^) . A ramp stretch (2% bundle
length, duration = 20 ms) was applied at
20 ms after a single pulse stimulation.
Sets of 10 contractions with and without

stretches were repeated alternately.
Diffraction measurements (X = 1.5 A,
camera length = 2.5 m) were done at a time
resolution of 5 ms.

Fig. la shows the time course of the
intensity changes of the equatorial
reflections together with the force. When
the bundle was stretched, much larger peak
force was attained and the relaxation was
delayed. The increase in the muscle
stiffness is greatly accelerated by
stretch^), indicating that the number of
force-producing crossbridges is increased.
On the other hand, the difference between
the. reflection intensities of the
stretched and isometric bundles was small,
although the drop of the 1,0 reflection
during activation tended to be faster in
stretched bundles. No marked change in the
1/1 reflection was observed either.
Provided the changes in the equatorial
reflections reflect the radial movements
of myosin heads towards actin filaments,
the results may be taken to show that the
stretch facilitates the conversion from

non-force-producing crossbridges (which
have already been in the vicinity of actin

filaments) to force-producing bridges, but
has little effect on the radial

distribution of the myosin heads. The
reciprocal lattice spacing of 1,1 plane
showed a change expected from the
constant-volume behavior (Fig. lb). There
was no marked change in the half width of
each reflection (Fig. Ic).

1) Hill, A.V. (1949) Proc. R. Soc. Lond.
B, 136; 399-420.

2) Iwamoto, H. et al. (1987) Photon
Factory Activity Report, 5/ 333.

3) Haugen, P. and Sten-Knudsen, 0. (1987)
J. Muscle Res. Cell Motility, 8/ 173-
187 .
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Fig. 1. a. Time course of the intensity
change of the•equatorial reflections and
the force during a twitch of the fiber
bundle of frog ileofibralis muscle.'Mean
of the data from 6 bundles. The reflection
intensities are normalized with respect to
the values immediately before stimulation.
The solid line shows data from stretched
bundle, and the broken line from isometric
bundle, b. Reciprocal lattice spacing of
1,1 plane. The data are expressed relative
to the value before stimulation, c. Half
widths of the equatorial reflections.
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The changes in the intensities of the

equatorial reflections during activation
of a skeletal muscle is generally believed
to reflect the radial movements of myosin
heads toward actin filaments. These
changes have been reported to occur ca. 50

ms ahead of rise in force^^ . However, the
rate of rise in force may be affected by
nonuniforro behavior of segments along the
muscle, which is observed under a fixed-

end condition^). Especially an internal
shortening has an effect to retard the
force development. In order to eliminate
the internal shortening, we introduced a
technique to hold the length of a segment
of the muscle constant during contraction
(segmental clamp).

Two film markers were attached to a
sartorius muscle of a bullfrog, Rana
catesbeiana. The distance between the two
markers was sensed by a photodiode array
(Reticon) and its signal was fed back into
the servo amplifier so as to control the
segmental length. The muscle was
stimulated by a train of three electrical
pulses to produce a brief tetanus. The
contractions were repeated every 30 s at
4°C. Diffraction measurements were made
using a PSPC with a time resolution of 5
ms .

Fig. 1 shows the changes in the
position of the length driver, segmental
length and force in a muscle during
ordinary fixed-end contractions (Fig. la)
and contractions under segmental clamp
(Fig. lb). During segmental clamp, the
internal shortening was virtually
eliminated and the rise in force was
somewhat faster. The intensity changes in
the equatorial reflections are shown in
Fig. 2 together with force. Although the
rise in force during segmental clamp was
about 20 ms faster, there was no
appreciable difference in the changes in
1,0 and 1,1 reflections. The results may
indicate that a part of the advance of the
reflection change over the rise in force
is accounted for by the presence of
internal shortening but the remaining part
represents the time required for the
myosin heads to develop force after moving
toward actin filaments.

1) Wakabayashi, K., Tanaka, H., Amemiya,
Y., Fujishima, A, Kobayashi, T.,
Hamanaka, T., Sugi, H. and Mitsui, T.
(1985) Biophys. J., 47; 847-850.

2) Kobayashi, T. and Sugi, H. (1982) Jpn.
J. Physiol., 32; 817.
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Fig. 1. Time courses of the position of
the length driver, segmental length and
force (from above) during brief tetani. a,
fixed-end condition, b, segmental clamp.
Traces of 10 contractions are superposed.
Muscle length = 52 mm, segmental length =
5 mm at rest.
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Fig. 2. a. Time courses of the intensity
change of the equatorial reflections and
the force during brief tetani. Mean of
the data from two muscles. The reflection

intensities are normalized with respect to
the values immediately before stimulation.
The solid line shows data from the muscles
under segmental clamp, and the broken line
from the muscles under fixed-end
condition, b, Reciprocal lattice spacing
of 1,1 plane. The data are expressed
relative to the value before stimulation.
Note the constancy of the spacing for the
segment-clamped muscles, c. Half widths of
the equatorial reflections.
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Introduction

We have studied the effect of sinusoidal length
changes on the X-ray diffraction pattern from
isometrically tetanized frog skeletal muscles by
varying frequencies (SHz, lOHz and 20Hz), ampli
tudes (1% and 3%) and temperatures (A^C and 17°C).

In this report we show the effect of slow
sinusoidal length change (2Hz) on the myosin
meridional reflections.

Experimental

Sartorius muscles of the bullfrog {Bana
catesbeiana) with the sarcomere length of 2.4ym
were isometrically stimulated with a train of 3
ms pulses at 20'"40Hz to produce a maximum
tetanic tension of 1.2s. When the tension

reached a steady maximum level, the sinusoidal
length changes of amplitude 1% and 3% at
frequency 2Hz were applied to the muscle. This
was repeated ten times for each muscle. Experi
ments were done at 4®C and 17''C. Intensities of

the 14.3nm and 7.2nm myosin meridional re
flections together with the tension were
measured with a time-resolution of 20ms. The

data from several muscles were added and aver

aged.

Results

The effects of 3% amplitude of the ;sinusbidal
length change on the intensities of the 14.3nm
and 7.2nm reflections are shown in Fig. 1, where
the comparison between 4°C and 17°C is made.
The intensity change of these reflections in the
3% amplitude oscillation was generally more
distinct than that in 1%. At 17®C there exist
two low and high peaks and troughs in 1^^^
within each cycle of the tension changes as was
observed in the other frequencies [1,2]. At 4®C
the small trough and peak became smaller,
resulting in a shoulder and the intensity drop in
the stretching phase became much bigger than at
17®C. I7_2nm similarly to Ii4.3nm.
the case of the 5Hz oscillation [2]. Although
the small shift of the positions of intensity
minima and maxima seemed to be observed, the
change of these reflections as a whole was very
similar to those occurred in 5Hz and lOHz oscil

lations. The 1,0 and 1,1 equatorial reflections
also responded similarly to the 5Hz oscillation,
but the change of It q seemed to be much
smaller than that of' i (not shown here).

The present result indicates that the molecular
motion of myosin heads follows properly to the
low frequency sinusoidal length change.
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Fig. 1 Changes in tensions (a) and intensities
of the 14.3nm and 7.2nm reflections during
sinusoidal length changes of frequency 2Hz and
3% amplitude at (b) and 17°C (c).
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Introduction

The puple membrane (PM) from Halobacteriim
hztobi-icn consists of a sole protein, bacterio-
rhodopsin (bR), and llpids. BR trimer with
lipids form a well-ordered two-dimensional
hexagonal arrays. Upon absorbing light, bR
undergoes a photochemical reaction cycle through
several spectroscopically distinct intermediates
(K, L, M, 0 etc.). During the photocycle, bR
transports protons across the membrane.

Under continuous light irradiation, bR
exists as a mixture of light-adapted form and
the photo-intermediates. In native PM at room
temperature, the intermediates have a very short
lifetime, so that their amounts are quite small
compared with that of the light-adapted form.
We have tried to lengthen the lifetime of M
intermediate by modifying PM as described below
and examined the effects of light upon the
structure of the modified PM by X-ray
diffraction methods.

In previous report 1), we have shown the
structural changes of bR in glutaraldehyde and
Triton X-100 treated PM due to light irradiation.
In this report, we show the further
characterization of above structural changes and
the experimental results about another modified
PM.

Materials and methods

Glutaraldehyde treated PM (G-PM),
glutaraldehyde and Triton X-100 treated PM (T-
G-PM), sodium deoxycholate (DOC) PM (D-PM) and
glutaraldehyde and DOC treated PM (D-G-PM) were
prepared as described 2,3). X-ray diffraction
studies were performed at BL15A. Experimental
procedures were the same as described in
previous report 1).

Results

Figure 1 shows the diffraction patterns
from T-G-PM suspension before and under
irradiation. Under light irradiation, the
lattice constant enlarged from 59.0 X to 60.0 X
and the crystalline order of bR became worse
and rather large intensity changes were observed
for each Bragg reflection. However, such
changes in diffraction due to irradiation were
not observed in G-PM, D-PM and D-G-PM suspension.
Since spectroscopic experiments showed that,
under the present experimental conditions, most
of bR in these modified PM were converted to M

state, any measured differences between the
diffraction patterns reflect the conformational
changes of bR during the photocycle. In T-G-PM
suspension, the interraction between bR and
Triton X-100 seems to enhance the mobility of bR

molecules within the membrane. This may cause
the conformational changes in bR during the
photocycle to alter the unit cell dimension and
lattice order.

Some of changes in diffraction patterns
from T-G-PM suspension due to light irradiation
remained for more than 20 min after stopping the
irradiation. This suggests that, while the
conformation in the vicinity of retinal reverted
to that of the light-adapted form, the major
altered conformation of bR molecules was rather

stable in T-G-PM.

In the dried or glucose-embeded samples of
T-G-PM, in contrast with suspension, significant
changes were not observed, indicating that
dehydration of the membrane protein restricts the
major conformational changes.
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Fig. 1 X-ray diffraction patterns from T-G-PM
suspension. The upper curve is for sample
before light irradiation and the lower curve is
for irradiated sample. Temperature, 5°C;
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Introduction

The anterior byssus retractor muscle of My-
tilus edulis (ABRM) shows a clear X-ray diffrac
tion pattern from the thin filaments consisting
of actin and tropomyosin. Many layer line re
flections from the thin filaments are observed

by small and medium angle diffractions. Small
angle diffraction studies of skeletal muscles
have indicated structural change of actin-con-
taining filaments during contraction, and model
presentation of the structure change have been
attempted.112) Similar structure change of the
thin filaments has been suggested by small angle
X-ray diffraction studies of the tonically con
tracting ABRM.3,^) In this work we attempted to
observe change in the medium angle diffraction
pattern induced by tonic contraction for the
purpose of studying the structure change of the
thin filaments at a higher resolution.

Experimental and Results

Tonic contraction was produced by stimula
tion with acetylchglT-oe by the same method as in
the previous work. , ' X-ray diffraction pat
terns were taken by point-focusing camera at
BL15A-1 with Fuji imaging plates. The muscles
were exposed to X-rays for 1 min in the tonical
ly contracted state after stimulation with ace-
tylcholine. The X-ray wave length was 1.540 A
and the camera length was 60 cm. The X-ray pat
terns were reconstructed on a display system
from the digital intensity data read out from
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Fig.1

the imaging plates, and photocopied on 35 mm roll
films.3)

Figure 1 shows layer lines from the thin
filaments observed in the relaxed state. The

axial periods of the layer lines range from 380 A
to 7 A. In the tonically contracted state all
the layer lines in the relaxed state and a new
layer line with an axial period of 190 A were ob
served. Figure 2 shows a medium angle part of a
diffraction pattern magnified on the display. A
strong arc at the lower part of the pattern is
from a polymer film at the window of the evacuated
path between the sample and the imaging plate.
The third layer line on the meridian with the 0th
Bessel order is very strong both in the relaxed
and in the tonically contracted state. Although
new layer lines did not appear in the medium angle
part, relative intensity changes among the layer
lines were observed. The 112th layer line became
weak, and off-meridional peak of the 69th layer
line moved away from the meridian. Estimation of
the integral intensities of the layer lines from
the digital intensity data are in progress for
comparison with the data in the relaxed state.
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E. coli ribosome (70S, Mw = 2.5 x
10 ), protein synthesis factory,
consists of two subunits; 50S and 30S.
Both of them are complexes of proteins
and rRNAs [1]. At physiological
condition, ribosome exists as 70S, and
it dissociates into subunits by removing
Mg'̂ '*". We observed dissociation and
association kinetics induced by Mg+
concentration jump with stopped-flow X-
ray scattering method.

Ribosome was prepared as 70S at
high Mg'̂ '̂ concentration by density
gradient ultracentrifugation. Purified
ribosome was dissociated into subunits
for association study just before the X-
ray measurement by taking Mg^"*" away with
EDTA. All X-ray measurements were
carried out at BL-15A1 of PF, using the
monochromater described elsewhere [2].

Radii of gyration and zero-angle
intensities for associated and
dissociated forms were estimated
respectively from the Guinier plots of
static small angle X-ray scattering
patterns (Table 1). Dissociated and
associated fractions ab certain Mg^"*"
concentration can be calculated with
them.

Dissociation kinetics of ^^hich rate
is dependent up^on final Mg^"*"
concentration was monitored at 5*C (Fig.
1). On the other hand, association rate
was too fast to be measured at 5'C. With
using the stopped-flow device newly
designed for the measurement at subzero
temperature [3], we could observe
association kinetics at -10'C in the
presence of antifreeze, owing to
slowdown of association at low
temperature (Fig.2). This fact
demonstrates the efficiency of the
stopped-flow X-ray scattering at subzero
temperature [3],

[1] Moore, P. B., Nature 331, 223 (1988)
[2] Amemiya, Y., Wakabayashi, T.,
Hamanaka, T., Wakabayashi, K.,
Matsushita, T. , and Hashizume, H.,
Nuclear Inst. Methods 208, 471-477
(1983)
[3] Tsuruta, H., Nagamura, T., Kimura,
K., Igarashi, Y., Kajita, A., Wang, Z.-
X., Wakabayasni, K., Amemiya, Y.,
and Kihara, H., submitted to Rev. Sci.
Instr.

Table 1. radii of gyration and zero
angle intensities of E.coli ribosome,

Mg2+/mM Rg/A 1(0)
0.5 . 83.71 3017
0.47 86.11 2804

5 86.61 3119
20 93.45 3406
20 97.89 3434

0.708% ribosome, 5*C.
*: at -10'C, in the presence of 30%
ethylene glycol.

1 .0S% ribosome

pH 7.6, I-0.1M

SmM - llmH EDTA

5-C

Figure 1. Dissociation kinetics of E.
coli ribosome.

0.77% ribosome

pH 7.6, I»0.11H, 30% ethylene glycol
O.SmM H 20mM Mg^*
-70-C

Figure 2. Association kinetics of E.
coli ribosome at subzero temperature.
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Introduction

The structural change of alpha-
macroglobulin upon complex formation
with chymotrypsin was studied by time
resolved X-ray small angle scattering
experiment. Alpha2- macroglobulin is a
serum proteinase inhibitor with a
surprizingly wide specificity and is
expected to function in the body
defence mechanism against microbial
invasions and in keeping the chemical
homeostatic balance by modulating the
activity of a large variety of vital
proteinases in the body. The protein
has been known to undergo a large
structural change upon interacting with
proteinases such as chymotrypsin and
this conformational change is
considered to be of fundamental
importance in its inhibitory action.
We decided to study the kinetics of
this reaction using time resolved X-ray
small angle scattering method and
determine the time constant for the
conformational change of macroglobulin.

Fatty acid synthetase is a large
multifunctional enzyme which is capable
of synthesizing long chain fatty acids
from acetyl- and malonyl CoA. It is a
good example of organized enzyme system
which serves as a model for the
understanding of organized metabolic
systems in the cell as well as for the
future development of molecular device
based on designed macromolecules.

Method

A stopped flow cell built for small
angle scattering was used and two
solutions, one containing macroglobulin
and the other containing chymotrypsin
were mixed within the dead time of the
apparatus. The X-ray scattering curve
from the mixed solution was recorded
every hundred milli-seconds after
mixing was completed.

Results

The scattering curve of alpha2-
macroglobulin had a definite shoulder
reflecting the internal structure of
its porous quaternary structure. The
reaction with chymotrypsin reduced the
intensity of the shoulder as has been
reported by Osterberg and his coworkers
(1). The decrease in intensity was
successfully followed by stopped flow
small angle scattering apparatus and we
found that the half-time of the

reaction was independent of the protein
concentration within the limit of our
experimental conditions. The result
indicated that the strucrual change was
slower than the association reaction

between macroglobulin and chymotrypsin
and we were able to obtain the time

constant for the large scale structural
change of macroglobulin for the first
time. When combined with the data from
the fluorescence stopped flow kinetics
, our result gave the value of
activation energy for this reaction,
too.

The scattring curve of fatty acid
synthetase was taken and the structure
of the enzyme was analyzed with the
help of electron micrographs of the
enzyme. The elecron micrograph showed
that the enzyme has a rectangular
structure with two large holes which
are very likely the active centers of
the enzyme. We simulated the scattering
curve by several multibody models with
reasonable success. The structure of

the enzyme is expected to change during
the enzymatic reaction and we are
trying to detect the change by small
angle scattering and follow the
reaction to determine the type of
structural change involved in the
organized multifunctional enzyme.

References

1. Branegard, B., Osterberg, R. and
Sjoberg, B. (1982) Eur. J. Biochem.,
122, 663-666
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Limulus polyphemus hemocyanin is an \
oxygen carrier protein of 3, 600kDa ] \
molecular weight. This hemocyanin | \ aimeBsured
consists of 48 subunits, v/hich are - \ bicaicuiaiad
assembled to build 8 submultiples
composed of 6 subunits each. The \
hemocyanin dissociates into 24mer (4 ~ \
submultiples) by taking Ca^"*" away at £
physiological pH. In addition, it * / \
dissociates into 12mer at pH 5.0 (1).

\ /b

Model analysis of the scattering pattern V
Static X-ray scattering patterns | , , ,

were measured for 48mer, 24mer, and °
12mer states. Figure la shows a hd/A)
scattering pattern o£ iSmer state,
giving a deep cleft at h=0.03(A" ). This

was observed 24mer

Tiie scattering pattern of 48mer was

calculated based on the model with an

assuaiption that eight spheres of 60A
diameter (as models of submultiples) are 1
arranged in two layers. Each layer has 4

submultiples, whose relative configu- \
rations are rotated at 45 degree (Fig.

pattern

agrees well witii tne experimental
-I i. Figure 2. Submultiple assembly in L.

* polyphemus hemocyanin.

b 1calculated

h (1/A)

Figure 1. X-ray scattering pattern of L.
polyphemus hemocyanin.

Stopped-flow X-ray scattering

We have observed dissociation

processes from 48mer to 24mer and to

12mer (depending on final pH) by
stopped-flow X-ray scattering (Fig. 3).
Prior to the dissociation, there

observed a time-lag which was
independent of final pH. Tentatively we
ascribe the lag phase to the Ca^"*"
release induced by EDTA. The dissoci
ation rate decreased with the increase

of pH.

[1] Brenowitz, m,, Bonaventura, C,, and
Bonaventura, J., Diocnemistry 233, 679-
88o (1984)

2.0* hemocyanin
pH 7.0, I.0.15M

lOmM Ca^* ^ 10mM EDTA
k.„„-0.0503.0.0060 s"^

Figure 3. Dissociation kinetics of L.
polyphemus hemocyanin.



proposal No 88-060

DISSOCIATION OF Eisenia foetida (EARTHWORM) HEMOGLOBIN

MONITORED BY STOPPED-FLOW X-RAY SCATTERING COMBINED

WITH TIME-RESOLVED IMAGING PLATE AS DETECTOR

Yoshihiko Igarashi^ ^, Kazumoto Kimura^', Akihiko Kajita"*^,
Hirotsugu Tsuruta^^, Yoshiyuki Araemiya^^, and Hiroshi Kihara^^

1) Department of Biochemistry, and 2) Division of Medical Electronics, Dokkyo
University School of Medicine, Mibu, Tochigi 321-02, Japan

3) Faculty of Science, Hiroshima University , Hiroshima 730, Japan
4) Photon Factory, National Laboratory for High Energy Physics, Tsukuba 305, Japan
5) Jichi Medical School, School of Nursing, Tochigi 329-04, Japan

Eisenia foetida (earthworm)
hemoglobin is a giant oxygen carrier
protein having a molecular weight of
3,800kDa (60S). It consists of 144
subunits, which is grouped into 12
submu1tipies. Six subraultiples are
assembled in a plane, and two planes are
superimposed to make a native hemoglobin
molucule. At alkaline pH, the hemoglobin
dissociates into 10S, 3.6S, and 2.3S,

depending on the final pH. It is
reported that these dissociation
processes finished within Is [1]. We
have combined a stopped-flow apparatus

for X-ray scattering (dead time, 10ms).
with a time-resolved imaging plate

system and applied it to the
dissociation study of E. foetida

hemoglobin.

Figure 1 shows a static X-ray
scattering pattern of the native
hemoglobin and that taken one hour after
changing pH to alkaline region. The
scattering pattern of native hemoglobin
shows a subpeak which suggests an
ordered structure in the molecule, while
the alkali-treated molucule does not.

The fact indicates that the whole

molecule may be dissociated into 10S,
5.6S, and 2.3S.

We have measured the pH-induced
dissociation process (from pH 7.4 to
9.3) by means of stopped-flow X-ray
scattering. We obtained a kinetic signal
at 25*C, of which amplitude was very

small . Judging from the static X-ray
scattering data, it is probable that the
reaction might be almost finished within
the dead time of the stopped-flow
apparatus. The signal amplitude became
larger when the reaction was measured at
5*C (Fig. 2). Stopped-flov; X-ray
scattering study below O'C will
contribute to elucidation of

dissociation mechanism of the earthworm

hemoglobin in more detail, which will be
tested at the next run,

[1] Chiancone, E., Veccini, P., Rossi
Fanelli, M.R., and Antonini, E., J. Mol.
Biol. 70, 73-84 (1972)

a: native

b: alkall*treated

Figure 1 . X-ray scattering pattern of
E. foetida hemoglobin measured with
imaging plate detection system.

1.0

Time (S)

1.5% hemoglobin

pK 7.4 - 9.3
a: 5*C

b: 25*0

Figure 2. Dissociation kinetics of E.
foetida hemoglobin as monitored by
stopped-flow X-ray scattering combined
with imaging plate.
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1ntroducti on

Cucumber green mottle mosaic virus (CGMMV)
is a rod-shaped virus and is morphologically

similar to tobacco mosaic virus (TMV). The
biophysical and biochemical properties of CGMMV
are also similar to those of TMV. The homology
of the ami no acid sequence of both proteins is

also very high.

It has been known from sedimention velocity
runs, standard light scattering and small-angle
X-ray solution scattering (SAXS) using synchro
tron radiation that the coat protein of TMV

self-associates to form several kinds of aggre
gates depending on pH, temperature, ionic

strength and protein concentrations'. The self-
association of CGMMV protein has also been made
by static SAXS^. We have continued the time-
resolved SAXS measurements of CGMMV protein
self-association process by temperature jump.

Resu!ts and Dlscussion

CGMMV coat protein was dialyzed against 5mM,
50mM and lOOmM phosphate buffer (PB) at pH 7,2.
Time-resolved SAXS experiments were performed
with the Enzyme Oiffractometer BL-IOC. Tempe

rature Jump from 5°C to 20''C or 25''C were per
formed with a sample cell whose pathlength is
1mm and its window Is composed of a pair of
quartz plates in thickness of 50//m. The dead
time is less than 0.1 sec.

The logarithm of scattered intensities 1(h)
was plotted against squares of the scattering
vector h. In the present case protein solutions

are mixtures of 4S( A-protein, around trimer
of subunits ), 8S, 20S disk ( 34 subunits )
and multilayer disks, although their existing
ratio varies by the condition of the solution.

In the most cases the above plots at each
reaction time could be approximated by two
components over the wide range of h which is
the same as in the static SAXS^. A radius of

gyration (Rg) of the particle and a scattered
intensity at h=0, 1(0), are calculated from
Simplex curve fitting method.

The time courses of CGMMV protein associ
ation are shown in Fig.l. Temperature Jump is

done from 5°C to 25'C where 20S disk predomi
nantly elongates to multilayer disks. The Rg

shows constant values at each time, whose
values are 7nm for multilayer disk and 2.8nffl

for A-protein. The 1(0) value for A-protein
obtained shows no appreciable change. However,
the 1(0) for multilayer disk increases gradu
ally with the reaction time. These data suggest
that the disk formation is completed within 10
sec, that the elongation process is very slow
and that the CGMMV protein elongates to a
triple- or quadruple-layered double disk by
Jumping from to 25°C.

00®00-0°0oo

H 200

0®0000000®00®®0®®°®°®0°°°000®'

E 4.6 -

CP
03 33 -

0 I 1 1 ; ^^
0 60 120 180 240 300

time(sec)

Fig.l. Time courses of the change of 1(0)
(upper) and Rg (nm) (lower) in SOmMPB at pH
7.2. Temperature jump is from 5" to 25'C.
Protein concentration is 13mg/ml. The time
interval is 10 sec.

1) V.Hiragi et al:J.Mol.Biol.in press.
2) y.Sano et allPhoton Factory Activity Report
5(1987)262.
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INTRODUCriON

Complex formation of amylose with iodiin' has been
known extensively. Althoiigh the structure of the com
plex has been investigated from various points of view, it
still remains some ambiguity, It has been suggested that
the complex is considered to be a cluster compound in
which polyiodide, a coloring matter of the complex, is oc
cluded in the helical cavity of the amylose a-lielix.
It was also speculated that the structure of amylose
changes with the complex formation. 2-5 in order to
clarify the dynamic process of the conformation change ac
companied with the complex formation, the authors started
investigation by the use of small-angle X-ray scattering
instrument using SOR at KEK. In this report, some
preliminary results derived from scattering data of the
iodine complex will be shown.

EXPERIMENTAL

Amylose-A and amylopectin were guaranteed grade and ex
tra pure reagent, respectively, and were purchased from
Nakarai Chemicals Ltd. Some of the amylose samples were
purified from potatoes according to Schoch's method.^
Partially formalized polyfvinyl alcohol) (PFV) was
prepared by acetallzatlon of poly(vinyl alcohol). Other
reagents were guaranteed grade purchased from Wako Chemi
cal Industries Ltd.

Small-angle X-ray scattering experiments were carried
out with small-angle scattering equipment SA)fES installed
at BLIOC line in the Photon Factory of KF.K. The
wavelength used was 1.49 X, and the sample-detector dis
tance 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 DISCUSSION

In Fig. I and 2, distance distribution curves were
shown on amylose and amylopectin with their iodine com
plexes, respectively. As shown in Figure 1, the center
of scattering density and maximum length of intramolecular
vector of amylose were changed dra.stically, compared with
the case of amylopectin in Figure 2. It means that
amylose changed its conformation from compact structure to
extended one in this coniplexation process. Conformation
change accompanied with the complexation was much bigger
in amylose than in amylopectin. As the effect of Ionic
strength did not seriously affect on tlie conformation of
amylose and amylopectin, the clianges shown in the figures
are attributed to the conformation change accompanied with
the complexation. In the case of amylose of high
molecularweight, the conformatioiial change was not ob
served as just like to the case of amylopectin. The
iodine complex of PFV did not show conformation change by
the complexation, either, being consistent with the
results of circular dichroism spectra on polyfvinyl
alcohol).

If the conformation change accompanied with the com
plexation reflects the conforraational change from warm-
like conformation to extended rod-like one as has been
suggested,8 t.he results shown in this report can be con

sidered to be a first evidence that directly elucidates
the conventional idea.

REFERENCES
1) J.Szejtii, M.Rlchler, and S. Augiistat, Biopolymers, 5.
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17-26(1967).
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(8), 2710-2722(1980).
4) M. Noltemeyer and W. Saenger, Nature, 252- 629-632
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5) T. Handa and 11. Vajima, Biopolymers, 20, 2051-2072
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6) T. J. Schoch, Adv. Carbohydr. Chem., 1_, 247-277
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Fig. 1 Comparison of the length distribution functions of
amylose ( ) and amylose-iodine-iodide complex ( ).
Molecular weight of amylose wa.s 2900. [amylose]=0. 2 unit-
mol/1, [12^=0.02 mol/1, [r]=2xl0'"^ mol/1, measured at
15'C.
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Fig. 2 Comparison of the length distribution functions of
amylopectin ( ) and amylopectin-iodine-iodide complex
(• - -). Molecular weight of amylopectin was >9000.
raraylopectin]=0.2 unit-mol/l, ri2]=0.02 mol/1, [r] =2x10"
^ mol/l, mpa.siired at 15*C.
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Introduction

X-ray measurement is an important method
to diagnose high temperature plasmas. in
general, spatial and spectral resolutions are
required together with temporal resolution for
plasma X-ray measurements. Therefore, two-
dimensional or position-sensitive detectors
become an important component of X-ray
diagnostic instruments. MicroChannel plates
(MCPs) have often been used in X-ray imaging
system^' or XUV spectrometer^'. We have
performed the calibration measurement by using

synchrotron radiation to investigate the
X-ray detection characteristics of MCPs for a
wide energy range and various angle of
incidence^' .

Experimental and Results

The specification of the MCP (Hamamatsu
F1943-22MX) is listed as follows: Its channel
diameter is 15 p. m, length to diameter ratio
40, open area ratio 57 %, and channel bias
angle 13" . The surface of MCP is coated with
normal electrode materials (Fe and Cr). The
MCPs are operated under the condition of the
unsaturated current detection mode. The

calibration measurements have been performed by
using synchrotron radiation from two beamlines.
The beamlines are the undurator radiation

beamline with an InSb(lll) double crystal
monochromator (1.8 to 8 keV) and the vertical

Photon Energy (keV)

Fig.l

Current response of
MCP for X-ray
energy range (a)
from 1.8 to 8 keV,
and (b) from 23.4
to 82.5 keV.

0 10 20 30 AO 50 GO 70 80 90
Photon Energy (keV)

wigglar branch beamline with a Si(553) double
crystal monochromator (23.4 to 82.5 keV). The
incident photon flux has been calibrated by
using a gold photodiode and a silicon surface
barrier (SSB) dedtector at the former beamline,
and by an ionization chamber with Kapton
windows at tlie latter beamline.

The current response obtained in this
experiment is shown in Fig.l. Some stractures
in the response are observed at the energies
corresponding to the absorption edges of the
MCP glass materials. Si and Pb. The current
response as a function of incident angle to the
channel axis, 6 , is also investigated for
different X-ray energies. The results are
shown in Flg.2 along with the previous data^'.
In the lower energy {Yiu <2-3 keV), the response
is proportional to cot6 , which agrees with the
photoelectric response of a single cylindrical
photocathode. On the other hand, in the higher
energy range (h ~7-20 keV), a waek dependence
on 6 is observed, and for very high energy
photons (hf >60 keV) the response becomes
proportional to seed. This is explained as
follows: High energy X-rays can penetrate
through the channel walls, then multiple
channels contribute to produce photoelectrons.
The number of channels increases as the angle
of incidence increases, which is proportional
to sec 6 .
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I QUANTUM EFFICIENCY OF GOLD
PHOTOCATHODES

Figure 1 shows the relative
values of QE(E) of gold as a
function of photon energy; this
efficiency is calculated from the
following process:
The experimental results of the
normalized detection currents of

Iau/Im and Is.sb/Im give the energy
response of Iau/Issb for the
normalized incident photon
intensity. Since QE(E) of gold is
proportional to the normalized
energy response of Iau by the
incident photon intensity, the
values of QE(E) is calculated from
Iau/Issu multiplied by the photon
energy response of IssbI this
response is obtained by its
parameters of the depletion layer,
the dead layer and the entrance
window thickness. In Fig. 1(a),
QE(E) is plotted along with the data
points from Henke et al. (• ) and Day
et al. (O ), where the relative
values of the data are normalized
at the points shown by lO and © .
It is noted that the jumps of QE(E)
are seen at the Miv edge (2. 29 keV)
and the Mv edge (2.21 keV). In
Fig. 1(b), its detailed structure
near the edges is presented in the
form of Iau/Issh- An oscillatory
structure (EXAFS) above the energy
of the Miv edge is found.

n SECONDARY ELECTRON CONVERSION
EFFICIENCY OF GOLD

The efficiency of converting
primary photon energy into
secondary electrons is described as

f (E) =QE(E)/( fi (E) X E).
Here, the values of /x (E) for gold
are summarized by Saloman, Hubbell
and Scofield. Two values of fx (E)
for each E are given by using
(I )a relativistic Hartree-Slater
model, and (II ) the semiempirical
values of Henke et al. Figures 2(a)
and (b) correspond to each value of
(I ) and (U ) described above,
respectively. The data obtained by.
Day et al. (O ) and Eliseenko et al.
(<C> ), are also plotted in Fig. 2(a),
along with the data fit by Day et
al. (dotted curve). The symbols of ®
and ^ are the normalized points of
their data to Fig. 2(a).

* T. Cho et al. , to be published in
Rev. Sci. Instrum. (Nov. 1988)
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Introduction

Nickel-base superalloys (so called single
crystal Ni-base superalloys) for gas turbine
blades have Y' precipitates, an ordered FCC
phase based on Ni^Al, in Y-niatrix having a
disordered FCC structure. The mechanical

property of the alloys depends on the fol
lowing factors : 1) the volume fraction and
size of Y' precipitate, 2) the composition of
the Y Y' phases, and 3) the coherency
strains due to the lattice misfit between both

phases.
The first factor can be easily analyzed by

electron microscopy combined with image
processing^. The second factor is to be deter
mined by electron probe X-ray micro-analysis .

On the third factor, the measured lattice
misfits in the alloys by powder X-ray diffrac-
tometry were not reliable, because the misfit

values are usually so small that most of the
main diffraction lines overlap in the patterns
obtained with a conventional X-ray tube focus
ing diffractometer(CTFXRD)^. In addition, the
super lattice lines were usually very week.
This report describes the outline of the
measurements of the diffraction patterns and
their numerical analysis for resolving the
overlapped peaks into individual peak

Experimental and Results

Single crystal alloys having various lat

tice misfit valuesC 6 =(aY'-aY)/aY.), from nega
tive to positive, were provided by means of an
alloy design system The single crystal
rod was prepared for each alloy by direc-
tionally solidification method. The rods
were heated to dissolve y' precipitates and
homogenize Y structure. These rods were then

aged to complete Y' precipitation. Powder
specimens, which were filed from the alloys
and completely annealed, were measured with

the Synchrotron radiation parallel beam X-ray
diffractometer(SRPXRD) on the AB-beam line.

Synchrotron powder data were analyzed by
applying a profile fitting method. The lat
tice misfits between y Y.* phases were
detected 0.06J by the fitting method.

The (311) reflection peak profiles ob
tained from both y* phases electrochemically
extracted from sample rod and the filings
specimens were significantly different as
shown in Fig. 1. However, it was difficult
to detect these small changes of the peak
position and shape by using CTFXRD.

Fig. 1 shows that the lattice parameter of
Y' phases extracted from the alloys and that
of in Y-Diatrix were completely different due
to the elastic coherency strains between both
phases. In the case of NASAIR-lOO alloy
having negative misfit, Y* phase was con
sidered to be tense by Y-matrix because the
lattice parameter of y' phase extracted from

the alloys was smaller than that of Y' phase
in Y-niatrix.

Conversely, it seems that Y* phase in TMS-
19 alloy having positive misfit was compressed
by Y-matrix since the lattice parameter of Y*
phase extracted was larger than that of y*
phase in Y -matrix as shown in Fig 1.

Fig. 1 Comparison of peak profile reflected
from extracted y' phases and from filing
specimens

SRPXRD was a powerful tool for understand
ing the relation between the lattice misfit of

Y-Y* phases and the composition, the volume
fraction, the morphology of y* phase and etc..
The calculation of in situ misfit values will

be made possible in the next step by taking
the interaction factor into account by using
Poisson's ratio and shear modules of y Y*
phases.
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Introduction

Tridymite, a silica poIymorph,is a
typical example of minerals,showing suc
cessive transitions as temperature
changes. One of the room temperature
forms of this mineral has a monoclinic

superstructure with twelve times of the
cell of the hexagonal prototype struc
ture. Since this mineral crystallizes at
high temperatures, the lower temperature
phases usually appear in complicated
twins,as the results of the transitions.

In this research project, we aim at
establishing the method of structural
study of superstructures by the analysis
of powder-diffraction profiles taken
with SR. The twinning must not affect
the powder diffraction, but the most
serious problem may arise,not only from
the superposition of peaks,but also from
poor intensities of superstructure ref
lections. In this regard. X-rays of SR
may have great advantages in the inten
sity and resolution.

The study is still in progress. We.
nevertheless, describe about the experi
mental conditions and the comparison
between the diffraction patterns obtain
ed from SR X-rays and from Cu Kc[ in our
laboratory.

Experimental
The experiment was performed at the

BL-4 station of the Photon Factory,using

the diffractometer PFPD^,which is equip
ped with a silicon monolithic double-
monochromator, an X-ray monitor, a col-
1imation-siit system and a scintillation
counter. The goniometer has the radius
of 300 mm and is scanned vertically. The
cell constants of the sample at room
temperature were previously determined
as a=25 . 86 , b=4 . 99 , c=18 . 50 % and 0 =117.7*.
The sample crystals grown up on the sur
face of silica brick,supp1ied by K.Sakai
of Asahi Glass Research Laboratory, were
ground in ethanol and only suspended
particles were gathered a few minutes
later. The wave length of X-rays were
determined as 1.5415(2)A by the least-
squares fitting of five reflections from
Si. The measurements of the diffraction

profiles were repeated several times in
different conditions for the 20 range
from 22 to 24*. A condition described
below was chosen as the best, and a full
scan from 20 to ICQ* in 20 was carried
out .

Results and discussion

Fig.l shows the diffraction profile
recorded under the conditions: slit sys
tem 0 . 5-0.3-0.2mm and 2* for the soller
slit, scanning step 0.02^,measuring time

15 seconds per step and maximum counting
rate 667 cps. Fig. 2 is the profile ob
tained from a goniometer, Rigaku 2171B,
with Ni-filtered Cu Ka radiation for the
same sample as used in the SR experi
ment. In this case, a very narrow slit
system,OS=SS=1/6 and RS=0.15mm,and slow
scanning speed as 0.25*/min.in 20 was
inevitable even in obtaining such a less
comparable profile. It is obvious that
the resolution of the peaks is highly
improved for the profile in the SR
experiment.

Even in the diffraction pattern
from the present SR experiment, many
superstructure reflections were too weak
to detect, or detectable only with low
certainty, and also some crowded reflec
tions appear as apparent single peaks.
It remains obscure, until the whole pat
tern fitting is completed, whether our
first measurement was successful or not.
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Introduction

Knowledge of the chemical states of elements in
a mineral is important to study its formation
condition or metamorphic process. Mossbauer
spectroscopy and optical absorption spectra have
been often used for this purpose. However, it
was difficult to obtain two dimensional data
through these methods. Recently, Sakurai et al.
have established a new technique which enables us
to carry out chemical state mapping by ,X-ray
fluorescence using absorption edge shifts. ' The
present study is the first application of their
method to practical problems in Earth Science.

Experimental

Sample used in the imaging was fayalite from
Hirukawaraura, Gifu, Japan (Fig. 1 (a) & (b)).

X-ray absorption measurement near Fe K-edge
was made at the XRF facilities at BL-4.A at PF.

Incident X-ray with beam size of 600x600 y. was
obtained by a set of vertical and horizontal
slit. The sample was placed on a XZ stage
perpendicular to the orbital plane of SR and
scanned by stepping motor. The intensity of the
fluorescent X-ray was measured by Si(Li)
detector. Details of data analysis is described
in the literature '.

Results and Discussion

Fe K-edge absorption spectra of
fayalite(Fe2'''̂ SiO^) and franklinite (ZnFej 0^)
are shown in Fig. 2, where the intensity of Fe K
fluorescence X-ray is plotted as a function of
the incident energy. Figure 2 shows that the
energy of the absorption edge of franklinite
(Fe^ } is higher than fayalite(Fe ).
Consequently, when sample is excited by X-ray of
V.llkeV, divalent iron is mainly excited but with
X-ray of 7.61 keV, both divalent and trivalent
irons are excited.

Figures 3 (a) and (b) show two dimensional
Fe images of the sample detected by Fe K
fluorescence X-ray: (a) and (b) are excited by X-
ray at 7.11 keV and 7.61 keV, respectively. Fip.
3 (b) indicates distribution of total i
(Fe^ +Fe- '̂̂ ), while Fig. 3(a) represents an arcn.
rich in divalent iron. The sample rock is mainly
composed of fayalite(Fa), greenalite(Gr),
quartz(Q2) and contains a small amount of
magnetite and grunerite. The white area in Figs.
3 (a) and (b) is lacking in iron and corresponds
to the part of quartz. A simple arithmetical
treatment of these data (see Ref. (1)) produces
independent images of divalent and trivalent iron
and the results are given in Figs. 3 (c) and (d).
It is found that dark part in Fig. 3(c)
correspond well with the distribution of fayalite
where iron is divalent, while dark part in Fig.
3(d) corresponds well with that of greenalite and
magnetite which contain trivalent iron.

The present study has demonstrated the
capability of chemical state imaging of rock

samples with complicated textures. This method
is truly nondestructive and it is therefore
possible to analyze precious rock samples without
any pre-treatment.

Reference

1) K. Sakurai, A. lida, M. Takahashi and Y.
Gohshi, Jpn. J. Appl. Phys., 11768(1988).

ayalite

'©reenalite:

Fig. 1.(a) photomicrograph of sample (transmitted
light) (b)analyzed area (reflected light).

Fig, 2. Near edge
absorption spectra.
Fig. 3. Fe Ka image
excited at (a) 7.11 keV
and (b) 7.61 keV.

Distribution of
(c) divalent Fe and
(d) trivalent Fe. 1



proposal No 87-056

APPLICATION OF SYNCHROTRON RADIATION TO ARCHAEOLOGICAL OBJECTS (III)

Izumi NAKAI, Akihiko MOCHIZUKI, Takuji KAWASHIMA, Yoichi GOSHI* and Atsuo IIDA**
Department of Chemistry, The University of Tsuloiba, Ibaraki 305

* Department of Industrial Chemistry, Faculty of Engineering, University of Tokyo, Hongo, Tokyo 113
** Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305

Introduction

We have demonstrated the potential advan
tages of SR-XRF in the analysis of archaeological
objects in our previous reports. Here, we des
cribe further application of this technique: Exp.
1 - two dimensional chemical imaging of artistic
pattern in ancient artifacts ; Exp. 2 - chemical
state analysis of colorant elements of archaeolo
gical objects by measuring chemical shift of X-
ray absorption edge by detection of XRF.

Experimental
Experiments 1 and 2 were carried out at BL-

APi using the energy dispersive XRF system with a
Si(Li) detector. Samples were excited by
monochromated X-ray using Si(111) double
crystals.
Exp. 1. Samples were placed on a remote
controlled X-Z stage perpendicular to the orbital
plane of SR. Fine parallel beam of desirable
size was obtained by a simple set of vertical and
horizontal slits. Two dimensional intensity data
were obtained by step scanning.
Exp. 2. Absorption spectra were measured by X-
ray fluorescence mode. Intensity of incident
beam was monitored by an ionization chamber
placed in front of the sample and that of the
fluorescent X-ray was measured by the Si(Li)
detector.

Results and Discussion
1. Chemical Imaging Figure 1(a) shows a
photograph of the sample, which is a fragment of
a broken core glass made in Egypt 18 dynasty (ca.
1500 B.C.). It was probably used for a perfumed
oil bottle. The analysis was made for the area
indicated by the frame in Fig. 1(a). The results
are given in Figs. 1 (b), (c), (d) indicating the
Ni, Cu, and Zn images of the sample. The Cu
distribution corresponds well with the sky blue
glass, hence the colorant of the glass is found
to be Cu. It was also found that zinc is
abundant at the striped pattern of light brown
color. The white striped pattern contains little
transition metal elements, while the cobalt glass
base is rich in the transition metals.

Figure 2(a) shows a photograph of the
mosaic glass in Ptolemies dynasty (305 - 30
B.C.). This sample was excavated at a site of
the Eastern Mediterranean area. Two dimensional
imaging was made for Mn, Cu, Pb and the results
are given in Figs. 2 (b), (c), and (d),
respectively. The frame in Fig. 2(a) indicates
the analyzed area. It is found that Mn is
responsible for the brown color of the glass. It
is noteworthy that the white glass also contains
significant amount of Mn. Mn is probably used as
achromatic reagent of coloration of iron , which
may be contained as an impurity in the raw
material. It is found from Pig. 2(c) that the
blue color of the glass is due to Cu. Figure
2(d) indicates that the base is lead glass and
lead is particularly abundant at the red glass.
Thus, coexistence of Cu and Pb is responsible
for the red coloration.
2. Chemical State Analysis Fig. 3 shows Cu K-
edge absorption spectra of several Cu containing
substances. The intensity of Cu K fluorescent X-
ray was plotted as a function of the energy of
the incident X-rays. The energy of the
absorption edge of CuO (divalent Cu) is higher
than that of CuoO (monovalent Cu). We can use
such a chemical shift to predict the oxidation
state of elements. Thus, it is found that the
red glass contains monovalent copper and sky blue
glass contains divalent one. Since this

measurement is truly nondestructive, we can apply
the technique to the analysis of precious
cultural assets such as potteries, glass ware,
etc. Knowledge of the oxidation state of
coloring elements in pigments, glaze etc. will
provide useful information on the technology of
the production of artifacts .

"i- • ^

Fig. 1. Sample (a) and its Ni Ka image (b) , Cu
Ka image (c), and Zn Ka image (d) .

Fig. 2. Sample (a) and its Mn Ka image (b) , Cu
Ka image (c), and Pb La image (d) .

ruui MUHiia

(X-ray Energy)

Fig. 3 Near edge
absoprtion spectra .
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Introduction

It is important to analyze the chemical
state of Cu in the Cu oxide sample from a fire
scene because the chemical state of Cu may
indicate the cause of the fire and the place
where the fire was occasioned in an electric

fire hazard. That is, in general when Cu oxide
is CuO, an oxidation of Cu is likely occurred
before the fire and when it is Cu2d, an
oxidation may be occurred after the fire. In
order to analyze amorphous samples non-
destructively, an x-ray fluorescence method is
usually used. But as for Cu oxide samples, there
is little difference in profiles of Cu Ka
spectra(see Fig.l). Therefore in actual cases,
it is not easy to distinguish the chemical state
of Cu by means of the x-ray fluorescence
spectroscopy. However when an absorption edge
shift exists between two different chemical

states of the same atom, there is a possibility
to distinguish a chemical state by a selective
excitation using an appropriate excitation
energy. The method utilizing the shift of the
absorption edge is expected to be useful to
clarify the chemical state of Cu atom in Cu
oxide compounds. We examined this method for the
analysis of Cu oxides chemical state.

Experimental and Results

A SR beam is monochromated with a Si single
crystal and is collimated to 50pm•50pm through a
slit. The collimated x-ray beam was irradiated
on a sample and a fluorescence emission was
detected with a solid state detector. The sample
on a x-y stage was moved in a 2-dimensional
space to measure x-ray fluorescence emission
from each point and to obtain the chemical state
mapping of Cu. At first, the Cu K absorption
spectra of Cu compounds were measured to select
an excitation energy for chemical state
analysis. In Fig.2, Cu K absorption spectra of
CuO and CU2O are shown. There is a significant
discrepancy between these two absorption
profiles. At an excitation energy pointed to A
in Fig.2, Cu Ka fluorescence emission was
measured.

In Fig.3, a mapping result for a test sample
consisting of CuO and CU2O is shown..In this
figure, an area with larger intensity includes a
larger concentration of CU2O. This figure
indicates that the x-ray fluorescence
spectroscopy using the absorption edge shift
makes it possible to perform a non-destructive
chemical state analysis for various actual
s amp1es.
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Fig.l Cu Ka emission spectra of CuO(dashed line)
and Cu20(8olid line).
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Fig.2 Cu K absorption spectra of CuO and CU2O,

Fig. 3 Cu Kj, fluorescence emission intensity
distribution of a test sample.
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Introduction

Focusing of SR has been expected to give
the new dimensions to the various kinds of X-ray
analyses both in the sense of the beam intensity
and the spatial resolution. We have developed
and characterized a SR X-ray micro
analyzer(SRXMA) with Wolter type 1 mirror
system*. In this report, the present
performance of the SRXMA is described.

Experimental

Experiments were performed on the BL-4.A. A
schematic beam line layout is shown in Fig. 1.
Two Pt coated Wolter type 1 mirrors(condenser
and focusing mirror) were used. X-rays up to 10
keV were reflected and focused. A newly
installed Si(111) double crystal monochromator
upstream the condenser mirror has enabled the
monochromatic micro beam analysis.

Samples were placed at F2 and scanned in
x,y,z directions with stepping motors. An energy
dispersive X-ray fluorescence(EDXRF) system was
used to analyze the sample.

Results and Discussion

Improvements in the mechanism for the
alignment have realized the reduction in the
beam size and the enhancement of the intensity.
With 8 keV.monochromatic X-rays, the photon flux
of 4 * 10 photons/sec: 100 mA was obtained at
the final focal point(F2).

To characterize the focusing mirro.r
exclusively, the pinhole of 16 pm at F1 was
illuminated with 8 keV X-rays without using the
condenser mirror system. To estimate the beam
size, a knife edge was scanned across the beam
spot and intensities of transmitted X-rays were
measured. The numerical derivatives of the edge
scan profiles represent the beam profiles, which
are shown in Fig. 2. The beam size of 1.6 ;im in
one direction was almost the same as the

designed value(1.2 jum). However, the beam size
perpendicular to the former direction was
blurred by scattered X-rays. These results show
that the present focusing mirror has high figure
accuracy but considerable surface roughness.

Sensitivities with the SRXMA for 100 sec

measurements were summarized in Table 1. Minimum

detection limits(MDL) were estimated by the
measurement of a reference sample. For Mn, the
MDL in relative concentration and in absolute

amount were 1 ppm and about 0.02 pg,
respectively with white beam excitation.

Most important feature of the present
system is its energy tunability with the fixed
focus position. With the monochromatic micro
beam, an absorption edge spectrum in a micro

region of a sample can be obtained. Our
preliminary experiments show that chemical
speciation in micro region can be realized using
the shift of the absorption edge-^.
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Fig. 1 a: A schematic beamline layout.

FWHM I.Sum FWHM

5 10 IS ?0
OlSPLACEMENHpm)

SO too 150 200 250

01SPLACEMENT (j/in}

Fig. 2 The beam profile(solid line) obtained
from the numerical derivative of the edge'scan
image(dotted line), vertical profile(left) and
horizontal one(right).

Table 1. ^roL obtained using a SRXMA for 100. sec
measurement. Irradiation area was 300 ;am

Excitation mode

White

Monochromatic

(7.5 keV)

MDL in

relative conc.

Mn Ca

1 ppm 3 ppm
8 ppm 29 ppm

MDL in

abs. amoxmt

Mn

0.02 pg
0.16 pg
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INTRODUCTION

X-ray fluorescence (XRF) imaging can be
made by the image reconstruction technique. ' A
line-shaped incident X-ray beam is used with
rotational and translational scanning of the
sample in this imaging technique. A two
dimensional elemental distribution of the sample
is then obtained by the numerical processing.
The advantages of using the image reconstruction
technique in XRF imaging are the high signal to
background ratio and the reduction of the
measurement time due to the increased

irradiation area at a step compared with the
point-shaped beam technique. The chemical
state imaging using the chemical shift of the
absorption edge has been demonstrated by this
technique.

In this^ report, we show that the XRF
imaging with the high spatial resolution can be
made with a sagittal focusing double crystal
monochromator in combination with an asymmetric
reflection,

EXPERIMENTAL

The experiment was carried out on the beam-
line 4A. a schematic arrangement is shown in
Fig.1 .

To achieve the high resolution XRF imaging,
it is necessary to obtain the narrow line-shaped
X-ray beam with the sufficient photon flux. We
use a sagittal focusing double crystal
monochromator and an asymmetric Si crystal for
the beam demagnifier. A triangular-shaped ribbed
crystal was used for the second crystal of the
double crystal monochromator . An intensity gain
of more than 10 was obtained by the sagittal
focusing.

An asymmetric factor (b) of the asymmetric
crystal is given by b=sin(0 - 0< )/sin(6 + ) ,
where 0 is the Bragg angle and C< 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 with the intensity loss of only a
factor of Vb" . We used the asymmetric crystal
of 1/70 asymmetric factor at 8.33 keV. The
height of the slit before the asymmetric crystal
was 160 )am. The distance between the slit and
the sample was 10 ram.

A sample was mounted on the translational
and rotational stage . The XRF from the sample
was detected by a Si(Li) detector under the
atmospheric condition.

RESULTS AND DISCUSSION

We examined the beam height by scanning a

Ni 2000 mesh per inch grid (12.5 pm period, 4..6
pm line width , 1 pm thick). We estimated the
beam height at about 4- lim , which agrees with
the designed one considering the broadening, due
to the angular divergence of X-rays. The
incident X-ray intensity was more than 1 x 10'
cps ( 4 pm (h) X 200 pm (w) beam size) at the
SR beam current of 200 mA.

The XRF imaging by the image reconstruction
technique was made with the same grid sample.
The measurement carried out under the following
conditions ; 90 rotational steps (2® /step),
80 translational steps (0.5 pm/step), and 2 sec
measurement time at a step. The highest counts
of Ni Kcx, intensity was more than 1 x 10^ cps .
Fig.2 shows the reconstructed Ni XRF image of
the Ni grid . It is clearly demonstrated that
the high resolution (less than 10 pm ) XRF
imaging was achieved.

REFERENCES
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Fig.1 Experimental arrangement for the XRF image
reconstruction .
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Fig.2 Ni Kc< Fluorescence reconstructed image of
a Ni 2000 mesh per inch grid.
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Introduction

Meteoritic minerals provide us with informa
tion on formation conditions and evolution of

meteo-ritic and planetary materials in the early
solar system. Major element abundances and
crystallographic data of coexisting minerals
have been employed for this purpose and trace
element analyses have been performed on the
separate samples by the INAA technique. It is
ideal, if we could analyse trace elements within
a localized area of the coexisting minerals.
Thus, a microfocus X-ray fluorescence (XRF)
spectrometer employing SOR is a powerful tool in
earth and planetary sciences. We performed
preliminary experiments on such unit constructed
by Dr. A. lida. Because we are interested in
metal-silicate relationship, we tried to analyse
some siderophile and lithophile elements in
synthetic standards, meteoritic minerals and
terrestrial mantle rocks. The purpose of these
experiments were to find a sample preparation
method to minimize contamination and to find

possible sets of elements which can be analysed
by this unit.

Experimentals and Results
Samples used for microfocus XRF experiments

include single crystal divines and pigeonites
about 1 mm in diameter coexisting in differen
tiated achondrites (PCA82506 and Y791538 ureil-
ites) coexisting chromites and orthopyroxenes in
terrestrial ultramafic rocks and achondrites

(Y74013 diogenite). The samples are placed on a
silicon wafer and fixed with Wevo Plastic (Tec-
nisco). Standard samples used are Ge metal, Pt
alloy with 10.06% Ir, and Li borate glass beads
doped by 5 REE (Yb, Ho, Eu, Nd, La) with three
concentrations of each REE on the level of ca.

ICQ, 20, 5 ppm, and those by Cu, Co, Cr, Y, Zr,
of ca. 40 ppm: Standard rock samples JB-1 and
JG-1 diluted with Li borate glass were also pre
pared as reference samples. The microfocus
XRF unit on BL-4A was used for the XRF intensity
measurements, irradiated in air by X-ray of
exciting energies of 10, 20, 23.0 KeV, respec
tively. The beam size was adjusted to 0.5 X 2
and 2X3 mm. The intensities were counted for

400 sec. Results obtained are summarized below

for each item of our proposal.
Trace elements in silicates-metal assemblages.

Prtiationing of Ga, Ge, Ir between coexist
ing olivine, pyroxene and NiFe alloy in ureilites
(San5)le PCA82506) are useful data to trace their
differentiation trends. We tried to determine

Ge, but the more intense X -ray of Zn {8.28 KeV,
601.7 cps) was detected and interferes with weak
Ge line. Because a single crystal was used,
diffraction effect of fluorescent X-ray was
detected, but avoided by rotating the crystal.
Ir was also not detcted because of inteference

with other lines. However, weak lines of Ru
(20.79 KeV, 350; 21.76 keV, 570 cps) were
deteded in the Ir-Pt standard, for an
excitation energy of 23.60 KeV, which
is the upper limit for BL-4A.
Ni in coexisting chromite and orthopyroxene.

Ni Ka and KB lines from orthopyroxenes and
chromites from terrestrial ultramafic rocks have

been well resloved by the XRF equipment. The
Ni concentration in chromites from Y74013

diogenite is below 42 ppm. A chromite from
Hidaka, Hokkaido, gives 0.44 wt. % Ni, which is
high. The detection limit for samples
containing Fe and Cr will be about 100 ppm.
The errors by a microprobe analyses are greater
than 0.1 wt. %. The XRF method mey be useful
for Ni.

REE detemination for the Standard Specimens.

L-series characteristic XRF lines have

been detected for the REE mixture samples. The
intensities decrease in the order of atomic

nvutiber from Yb, Ho, Eu, Nd to La. The intensity
ratios for Yb=l is 0.75 (Ho), 0.30 (Eu) and 0.10
(Nd). No La line has been detected for a 100 ppm
La sample. Yb and Ho lines have been detected
for 5 ppm samples.

X-ray intensities above the detection
limits have been recognized for Cu, Co, Cr in
the samples doped with Cu, Co, Cr, Y, and Zr.
Heavy metals and REE have not been detected in
JB-1 and JG-1, because of increase of background
influenced by strong peaks of Ca, Ti and Fe.
Weak peaks of Cu and Zn have been observed in
JB-1. The Cu contents is estimated to be 50

ppm employing the doped standard. This is
close to 56 ppm analysed by Japan Geol. Survey.

By increasing the beam size to 2 X 3 ram
and the exciting energy to 20 keV, we could de
tect Ka lines of Y and Zr for the above doped
standard. Approximately 40 ppm Sr and 158 ppm
Zr (reported value is 153 ppm by JGS) were
also detected in JB-1, but Y has not been de
tected (less than 25.5 ppm).

Discussion

By employing Si wafer and Wevo plastic, we
could minimize contamination of elements for

the microfocus XRF. However, because of the
interference of major elements in silicates,
chromites and FeNi metals, many geochemically
interesting elements such as Sc, Ge, Ga, Ir- and
REE could not be measured. Ni, Zn, Cu and Zr
can be analyzed. Since Ru K line was detected
for excitation energy of 23.0 keV, higher
energy X-ray will be useful for Ru, Rh, Pd cind
REE K lines measurements.

We thank Drs A. lida and K. Ohsumi at

KEK and I.Nakai at Tsukuba Univ. for help,
and Tanaka Precious Metal Co. for Pt-Ir.
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Introduction

A zone plate for soft X-ray region has been
successfully fabricated by lithographic tech
niques and applied to the X-ray microscopy using
synchrotron radiation^). Though the zone plate
for hard X-rays was expected to be promising for
the focusing element of microanalysis and other
applications of X-ray optics, it was difficult to
fabricate a usable structure. Since the mass ab

sorption coefficient becomes small for hard X-
rays, the thickness of the zone plate should be
more than a few tens of micron meters and aspect
ratio of the zones also should be an order of one

hundred. Resentry, the authors could succeed in
making the two-dimentional zone structure for X-
rays of the X region with a sputtering and slic
ing techniques. Bionta et al. reported liner zone
plate with the similar techniques^). In this
report, the fabrication process and some charac
teristics of the multilayer zone plate are
described.

Experimental

The zone plate was fabricated by using the
DC planer magnetron sputtering. WSiz and 0 were
coated alternatively around a gold wire substrate
of 18 /i m diameter. The wire was stretched verti
cally and rotated during the deposition. The
thickness of each layer was controlled automati
cally by the use of a quartz thickness monitor.
The zone plate had 20 zones and the diameter was
about 45 M The thickness of the outer layer
was about 0.3 m. After the deposition of all
layers, a Ag layer ( >100 /i m ) was coated around
the specimen. Then the specimen was sliced into
the plate perpendicularly to the wire axis, and
both surfaces of the plate were polished
mechanically down to 50 ;U m thick. The plate was
mounted to a holder.

The characterization of the zone plate was
carried out on BL-4A at the Photon Factory. The
synchrotron radiation of 8 keV was picked up
through a double-crystal monochromator and im
pinged on the zone plate. An interference pattern
of X-ray transmitted through the zone plate was
obtained with an emulsion plate(Ilford L4). The
intensity distribution of the X-ray pattern was
also obtained by scanning a 10 ^ m diameter pin-
hole which was inserted between the zone plate
and a scintillation counter.

Results and Discussion

A scanning electron micrograph of the fabri
cated zone plate is shown in Fig. 1. Transmitting
and obstructing layers appear to be black and
white respectively. At the boundary between the
transmitting and the obstructing layers, there
seems to be no appreciable interdiffusion, while
the roughness at the boundary increases with in
creasing radius.

10 m

20 zones

Fig. 1. Scanning
electron micrograph
of the zone plate
which has 20 zones.

Black and white

rings correspond to
carbon and WSiz

layers respectively.

Z-P dstance :

67 mm

Fig. 2. The interference pattern of X-rays
through the zone plate. The distance between the
zone plate and the pinhole was 67 mm.

According to the X-ray spot image taken by
the nuclear emulsion plate, the spot size is less
than 3 ^ m and 10 >u m in vertical and horizontal
directions respectively. The spot size is larger
than that by the calculation {0.3 /^m ). It is
considered that the spot size of focused X-rays
is essentially determined by the size of the
synchrotron X-ray- source and that the- difference
in the spot size in two directions is due to the
difference in the dimension of the synchrotron
radiation source. Figure 2 shows the obtained X-
ray interference pattern. It is clear that the 8
keV X-rays transmitted through the zone plate are
focused into a spot. The focal length was deter
mined by measuring the X-ray peak intensity and
the profile as a function of distance between the
zone plate and the pinhole, and was about 67 mm.
This value agrees with the theoretically es
timated one ( 65 mm ).
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INTRODUCTION

To represent the natural feature of trace
element in the marine environment particularly
for sea water, elemental analyses were carried
out using synchrotron radiation monochromatized
X-ray. However, the elemental distributions over
organs and tissues were also indispensable to
supply further detail characterization of trace
elements on the confirmation of physiological
behaviour.

Therefore, this paper discusses the
possibility of the synchrotron monochromatized
X-ray scanning microbeam newly developed at BL-4A
to analyse marine environmental samples, and
demonstrates its distributional results from the
radioecological points of view.

I. EXPERIMENTAL

1) Sea water Preparation, Bombardment and X-ray
Analysis; These can be referred to our previous
paper.

2) Target Preparation: A red snapper, Chrysophrys
malor was the sample for this scanning analysis.
The size was 36cm in total length and 730g in
weight. The scales were collected around the
lateral line of the fish(A: above the lateral
line, B: on the lateral line, C: below the
lateral line), then passed through EtOH, and
ultra pure water. After dryness, the scales were
fixed on a quartz plate, then the surface was
coated with carbon.

3) Beamline Layout, Scanning system and X-^wy
Measurement: The system Y. Gohshi et. al.
designed was the tool. The X-Z scanner was
controlled by the program XYSCAN, then data was
processed by the program XYDISP3B.

II. RESULTS AND DISCUSSION

Environmental sea water samples were
collected from Jan. 1987 to May 1988, at
Nakaminato(Ibaraki) and at 100m off Takeno-ura,
Onagawa(Miyagi). Target were prepared through the
procedure using Na-DBDTC, then exposured by
monochromatized X-ray for 2000 sec. with a
1.0x1.0mm beam under 10 torr. Quantitative
determination was made through the external
standard method,^As it was pointed out in the
previous report , respective elemental amounts
are higher in Nakaminato sea water.

Geographical characteristics were observed
for these three elements of Ni, Cu, Mo. They are
higher than the other sea water levels reported
before. In particular Mo was rich in Nakaminato
sea water, while Eg and Se were remarkable in the
Onagawa* one. Detailed discussion are still being
processed.

The fish gcale sinning was implemented by a
microbeam of 150 x 200mm. Between the three

Fig. 1 Ca Distribution on a Fish Scale

scales, no significant observation was obtained,
concerning the elemental distribution and the
quantity. Scale B is appropriate when discussing
the characterization of elements, because it is
on the lateral line, which acts as a sensor for
the outer stimulus.

Fig. 1 shows Ca distribution for the scale
B. Ca accumulated highly at the position of
focus, where radiated channels gather under the
front scales, and it is a border between body and
the environmental sea water.

Generally speaking, the sea water contacting
area was higher in Ca concentration. Also higher
Ca accumulation was observed along the edge of
the lateral line pore. These observations were
effective for elements of Zn, Mn, and Fe. Since
the lateral line pore is regarded to have
physiological sensitivity on pressure etc., the
higher elemental concentrations may role a part
in these activities.

Particular interest is given to Ca at the
radiated channel from the focus. Using this size
of microprobe, higher Ca line patterns emerged
intervally as rather narrow channels. Separate
analysis of SEM image indicated that this narrow
one correspond to the bottom(lower) between the
two radiated channels(higher). Finally, average
Sr:Ca observed ratio over the scale B was 4.66,
which is greater than the value of 0.2,
recognized as normal O.R.
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It was found that X-ray photoacoustic

spectra show fine structure like EXAFS, and the
Fourier analysis of the spectra reveals the

identical radial dispersion to that of
conventional absorption spectra.This method,

we call "Photoacoustic EXAFS" method, has unique
potential to be applied to depth profiling at
tens micron order with no sample pretreatment.

The spectra of Cu K-edge region of a Ni-plated
Cu (10 ;im thick) foil was analysed as a model to
investigate the potential to reveal the
structure of materials of sublayer.

Bxperinental Monochromatic X-rays were

obtained by silicon(lll) double crystal

monochro-mator installed at Beam Line 4A.

Current experimental setup for this

photoacoustic EXAFS study was detailed
previously^ \ Data taking system of this setup
was totally automized by microcomputer and

averaging after data accumulations of several
scanning was also possible. The photoacoustic

cell was detailed elsewhere.The ion chambers

were set close to both sides of the

photoacoustic cell, in order to compare the
photoacoustic and absorption spectra,

simultaneously.

Results and Discussion

Figure 1 is the PA-EXAFS spectrum of Ni-

plated Cu and its absorption spectrum at

chopping frequency of 8 Hz. Although the fine

structure at Ni K-edge region was not detected

due to its small quantity, the fine strucure at

Cu K-edge region was found even in the
photoacoustic spectrum which comes from the

sublayered Cu. Quite corresponding structure

between both photoacoustic and absorption

spectra shows that the information of atomic
structure of sublayer can be also obtained by

photoacoustic method. Figure 2 shows the first

spectrum of sublayered materials by the Fourier

transform of the X-ray photoacoustic data.

Analyzed area of the spectrum was narrowed to

preclude noisy area at high photon energy and
this treatment make the result to be broad
atomic radial dispersion. Main peak centered
close to the nearest neighbor atomic distance of
2.6 A is consistent with the data from the
absorption method. Second peak centered at
about 4.2 X should split two peaks. It is also
due to the narrow region of analyzed data. When
the target materials locates deeper, the less
signal can be obtained. Thus, the improvement
in sensitivity is most important to get well
defined data analysis. This success promises

the unique application of the PA-EXAFS method
and various samples are under study.
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Figure 1. Photoacoustic EXAFS spectrum and
absorption spectrum of Ni-plated Cu foil(10;im).
(Chopping Freq. 8 Hz)

Figure 2. Fourier transform of the PA-EXAFS in
Fig.l in Cu K-edge region.
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The heat generation by X-ray absorption was

found to be detected by photoacoustic method. It

was found that the spectra of heat generation

include the fine structure, EXAFS, in K-edge

absorption region^\ In previous study, metal
foils were extensively studied as model systems.

In this report, practical materials such as

inorganic and biological materials and thick

solids of optically opaque.

The experiments were performed at the Beam
Line 4A with installed monochrometor. The

apparatus of the photoacoustic EXAFS was
detailed elsewhere^^. As a sample of inorganic
materials, nickel sulfate powder was measured.

Prior to measurement, the sample was ground down
and dried at 130oC for about 10 hours. As a

sample of biological materials, chlorophyllin
was chosen. These powder samples were piled on
the sticky paper. Furthermore, as a thick solid
of optically opaque, the high temperature
superconductor was measured. This superconductor
was a compressed pellet. Modulation frequency
for X-ray chopping was 9Hz.

Result and Discussion

Figure 1 shows the photoacoustic EXAFS of
dried nickel sulfate powder and its Fourier
transform. The distance between the nearest

neighbor atoms were estimated to be about 1.7A
by the photoacoustic method. The distance was
estimated about 1.6A by the absorption method.
Figure 2 shows the photoacoustic EXAFS of
chlorophyllin and its Fourier transform of
chlorophyllin. Because of the low contents of
Cu, the spectrxim was very noisy and was hard to
analyze. Figure 3 is the photoacoustic ^AFS of
superconductor. In the absorption spectrum, fine
structure was hardly seen in Cu K-edge region.

On the other hand, the spectra of photoacoustic

signal amplitude and phase showed distinguished
changes in that region. Furthermore, EXAFS-like
fine structure is perceived in the spectrxim of
photoacoustic signal amplitude. These results

indicated that this method can be successfully
applied to the variety of optical opaque
materials without sample preparation. However,
for the practical application, it is necessary
to improve sensitivity of detector system more
than 10 times.
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Figure 1. PA-EXAFS and its Fourier transform of
dried NiSO^.

Figure 2. PA-EXAFS and its Fourier transform of
Chlorophyllin.

vL n* « ' ' '
XI Ml 1.1 1.1

Figure 3. X-ray photoacoustic spectrum of a
high temperature superconductor.



Proposal No 88-089

X-ray Photoacoustic Imaging by Computer Tomographic Method

n

Tsutomu Masulima, Hideaki Shivaku, Hisanobu Yoshida, Atsuo lida , Mamora Takahashi ,

Kenji Sakurai , Yoichi Gohshi , Chieko Nagoshi , Hiroshi lawata , Masami Ando

Inst. of Pharmaceutical Sci., Hiroshima Univ. school of Medicine, Kasumi, Hiroshima 734
*Photon Factory, National Laboratory for High Energy Physiscs, Oho-raachi, Tsukuba 305
♦♦Department of Industrial Chemistry, Faculty of Engineering, Univ. of Tokyo, Hongo, Tokyo 113

♦♦♦Inst. for Nuclear Study, Univ. of Tokyo, Tanashi, Tokyo 188

X-ray imaging analysis has been

developed in various field, especially by

the X-ray fluorescence study. Our new

method, X-ray photoacoustics, also has a

potential of imaging analysis and studied

using focused X-ray beam. As a different

approach for imaging, computer

tomographic(CT) method can be applied using

line-beam with 0-Z axis rotation and

translation scanning. lida et al. has

recently succeeded in this method to apply

X-ray fluorescence imaging^\ Using the
same system, X-ray photoacoustic CT imaging

was investigated.

Experimental

Monochromatic X-ray at the Beam Line 4A

was cut by 2 sets of slits to get a line

beam at dimension of 0.8mm x 12mm. A X-ray

photoacoustic cell was mounted on the 6-Z

stage which was insulated from the vibration

through base optical bench by use of

laminated rubbers. X-ray chopping frequency

was 9 Hz. The original experimental setup

and data analyzing system are detailed

elsewhere^^.

Results and Discussion

Figure 1 shows a primitive model sample

for the first trial of this experiment.

Metal foils which gave high signal in the X-

ray photoacoustic measurement was used.

Figures 2a) and b) show the photoacoustic

amplitude images at the X-ray wavelength

above Cu K-edge and that below the edge

respectively. The difference between these

two images is the highlight region in Fig

2a) where Cu foil locates. This result

shows that the analysis of atomic dispersion

is also possible by the X-ray photoacoustic

method. However, phase images was not

obtained due to insufficient S/N ratios.

Simultaneous imaging of the amplitude and

phase of photoacoustic signal will reveal

the three dimensional atomic dispersion.

Not only for this goal but also for the

improvement of resolution, the sensitivity

of this detection system should be improved

and X-ray source with much more flux should

be necessary.
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Figure 1 A scheme of the primitive model
sample.

• (b)

Figure 2 Reconstructed images of the sample
in Fig.l. Wavelength; a) above Cu K-edge,
b) below Cu K-edge.
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Recently, the heat generation by X-
ray absorption has been found to be de-
detected by photoacoustic method using

ron radiation in the case of Cu

It is the purpose of this Report
to present the results of photoacoustic
spectra by X-ray absorption applied to two values of XANES like fine structures of
samples,CuInSe- and phosphor bronze which CuInSe- show the same as those for Cu in
are Cu compound and alloy,respectively. the case of absorption spectrum. Also,
The ternary compound semiconductor CuInSe2 those of Cu in Figure 1 are identical with
has a chalcopyrite structure,and the elec- those of absorption spectrum within the

experimental accuracy.
Unified explanations of these experi-

use as soler cells.2) Phosphor bronze,Cu- mental results, especially the XANES like
(Sn),which contains 8 wt.%' Sn and small
amount of phosphor in Cu,is popular for
use as strength material in mechanical ap- absorption specta by ion chambers, are
plications.

Experiments Single crystals of CuInSe2
were prepared by melting the elements in
an evacuated quartz ampoule followed by
directional freezing.Then the crystals
were made into powder as samples for the
measurements. Phosphor bronze was mechan
ically polished to be 84^m thickness for
the measurements. The experiments were
carried on at the Beam Line 4A. The appa
ratus was the same as that explained in
Reference 1). In order to get the absorp
tion spectra simultaneously, the ion
chambers were set at the both sides of

photoacoustic cell. The photoacoustic sig
nal was normalized by the preset count
value of the first ionization chamber cur

rent. Chopping frequency was 9 Hz. The
photoacoustic spectrum of Cu foil(5^m)
were measured as a reference sample.

Results and Discussions

ynchr

shown in Figure 2. The 1st peak energy val
ue of Cu{Sn) in Figure 2 is approximately
6 eV smaller than that of Cu. The 2nd peak
energy value of Cu{Sn) is the same as that
of Cu, and the 3rd peak is observed only in
the case of Cu(Sn). However,the peak energy

trical and optical properties have been
studied actively becapse of the

fine structures and the difference between

the X-ray photoacoustic absorption and the

left to future experimental and theoretical
investigations. The XANES like fine struc
tures in X-ray photoacoustic spectra might
reflect the electronic structures of Culn-

Se2 and phosphor bronze. The detailed X-
ray photoacoustic measurements and the in
vestigation of heat production by micro
scopic theory are desirable for future
investigations. These information should
be useful for the use of X-ray photoacous
tic absorption spectroscopy as a new ex
perimental technique.
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Figures 1 and
2 show the X-ray photoacoustic spectra of
CuInSe- and phosphor bronze,respectively, 3
with that of Cu. Both cases show the fine ^
structures like XANES near Cu K-edge re-
gion. Figure 1 shows that the relative in-
crease of the X-ray photoacoustic signal 1
of CuInSe2 and the peaks of XANES like '
structures are different from those of Cu. }
The 1st peak energy value of CuInSe^ in
Figure 1 is approximately 11 eV smaller
than that of pure Cu, and we can observe
the 2nd peak in CuInSe^ which is not ob
served in the case

ergy value of CuInSe2 is the same as the
2nd one of Cu. Same tendency is observed
in the case of phosphor bronze,Cu(Sn),

Cu Cu

«/)

;u. The 3rd peak en-
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Introduction

An inorganic ion exchanger, a-hafnium
phosphate Hf(HPO,)2*H20 (hereafter abbreviated as
a-HPj, is regarded as a Hf analogue of a-zirconium
phosphate (a-ZP). However, ion exchange behavior
of.^a-HP is slightly different from that of a-
ZP Since the crystal structure of a-ZP is
known , it is expected that the structure
analysis of a-HP will help to understand the
difference in ion exchange behavior between the
two substances. Single crystal structure analysis
of a-HP could not be made because the sample was
synthesized as fine powder. Therefore, Rietveld
analysis using SR data was applied to the
structure determination.

Experimental
A powder sample of a-HP-vas prepared by the

direct precipitation method- '̂ and used in the
subsequent structure analysis. The measurement
was performed at BLjiB station by using powder
diffractometer, PFPD^^. The sample was loaded
into a quartz glass capillary of 0.3mm diameter
and was mounted on the diffractometer. The
capillary was kept rotating by spinner during the
data collection.

Intensity data were collected by using step-
scan method : step width = 0.02° in 20, measuring
time=10sec, D.S.=0.5mm, R.S.=0.3mm. The wave
length of the radiation was adjusted by Si(111)
monolithic monochromator with fixed exit beam
position and was determined as 1.54331(2)A by a
calibration using the NBS standard Si powder.
Absorption correction for a cylindrical crystal
was applied to the intensity data. Rietveld
analysis was made using Sn program RIETAN '̂'.
Atomic parameters of a-ZP ' were used as the
initial model of the refinement.

Intensity measurement using conventional X-
ray tube was also performed to compare with the SR
data. The conditions of the data collection are:
graphite monochromatized CuKa radiation, step-
scan, 0.02°/step, 40sec/step, D.S.=S.S.=0.5 >
R.S.= 0.15mm, quartz-plate sample holder.

Results and Discussion
Figure 1 shows a comparison of the Rietveld

analysis patterns for the SR data (a) with that
for the conventional X-ray data (b). The SR data
give sharp pattern with high resolution because
the SR beam is highly collimated and lacking in

the Ka2 component. For example, FWHM of the 200
peak (20^20^) is 0.084° for pattern (a) while it
is 0.120° for pattern (b). On the other hand,
Gaussian fraction of the profile function is
0.75(4) and 0.37(1) for patterns (a) and (b),
respectively. This indicates that the diffraction
profile of the SR data is close to a Gaussian
peak shape.

Since a-HP has a plate-like crystal form, 00/
reflections have remarkably high intensity
because of the preferred orientation effect when
plate-type sample-holder was used in the
measurement (see Fig.1(b)). On the other hand,
the effect of preferred orientation was negligible
in the SR data owing to the rotation of the
capillarv holder during the measurement
(Fig.l(aj). Further, as the effective area of X-
ray irradiation does not depend on the diffraction
angle in the case of capillary method, it is
another advantage of this method that low angle
intensity-data can be used in the analysis.

The crystal structure of a-HP obtained in
this study is given in Fig.2. It is found that a-
HP and a-ZP are basically isostructural, namely,
a-HP has a monoclinic unit cell with space group
P2^/n and has a layered structure composed of PO,
teirahedra and ZrO^ octahedra stacked parallel to
the ab-plane. The two adjacent layers are weakly
linked by the hydrogen bonds. The bond distances
between the metal atoms and oxygen in the
structure of a-HP are shorter and those between
phosphorus and oxygen are longer than the
corresponding distances in the structure of a-ZP.
Compared with the unit cell of a-ZP, that of a-HP
contracted in the a and b directions and expanded
in the c direction. However, the interlayer
distance is approximately the same between the
two substances. These structural features may
account for the differences in ion exchange
behavior between the two.

1)1. Tomita et al.. Anal. Sci., 3, 350987).
2)J. M. Troup et al., Inorg. Ghem., j_o,

3311(1977).
3)1. Tomita et al.. Bull. Chem. Soc. Jpn.,

57, 3281(1984).
4)in" Uno et al., PF Activity Report, No.5,

141(1987).
5)F. Izumi, J. Cryst. Soc. Jpn., 27, 23(1985).

/ d«9rft« i CilXa )

Fig.2. Crystal structure of a-HP
viewed along the b-axis.

Fig.1. Rietveld refinement patterns of a-HP obtained by using
(a) synchrotron radiation and (b) conventional X-ray tube.
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Introduction

It is still necessary for us to use
crystals of at least some tens micrometers in
diameter for determination of their crystal
structure, though recent progress in
instrumentation for X-ray diffraction is
remarkable. Therefore, structures of many
natural and synthetic substances whose
dimensions are around ten micrometers or less

have been left unknown or studied by Debye-
Scherrer method when amount of the samples was
enough for the measurement. Besides, Debye-
Scherrer method has an essential weak point,
because three dimensional information in
reciprocal space is reduced to one dimension,
and it has been desired to develop a new method
by which we can measure intensity of micrometer-
size single crystals.

In the field of materials science, many
compounds are synthesized by sintering by which
crystals grow up to ten micrometers. Alpha-
sialon having a wide solubility range of yttrium
is one of such compounds, and larger crystals
have not yet been synthesized to ascertain
actual content of yttrium in a sialon single
crystal. Present studies have consequently been
undertaken to establish a method of structural
studies on micrometer-size crystals and to
determine yttrium content of an alpha-sialon
single crystal.

Experimental

For the present purpose, an X-ray camera
was constructed as described below. Since
intensity of diffracted beam from a micrometer-
size crystal is very weak, special attention was
paid to reduce background level, that is, a fine
(50 110 micrometers) and long (about 3 meters)
collimation system and a carefully designed
shield were used to the camera. As the fine
collimation system was used, Laue method was
employed to avoid error in motion of the
specimen. The camera was also put in He
atmosphere during the experiment. Diffraction
was recorded on the Polaroid films, and high
speed and high contrast industrial X-ray films,
or on the Imaging Plates.

The crystals were mounted on glass fibers
of several micrometers in diameter by
electrostatic attraction. The size of crystals
used was 2.5 micrometers. The specimens of
alpha-sialon having a formula,

^0.6^^^9.3^^2.7^^°Q.9^15.1^' kindly
suijporte'd by Dr. K.isnizawa, Shinagawa
Refractories Co., Ltd.(Fig.1).

Results

A Laue photograph of alpha-sialon is shown in the
Fig.2. Most of all spots observed are elongated
on the photographs. The phenomena are now
examined whether they are caused by movement of
the crystal during exposure time, by optical
system or properties of the crystal itself. The
spot on Laue photographs were indexed by a new
developed computer program '. Development of a
data reduction program for Laue method is in
progress.

References

I) K.Ohsumi, K.Miyahara & M.Ohmasa, Acta Cryst.
Ai^, c-269, 1987.

Fig.l Alpha-sialon crystals

Fig.2 Laue photograph
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Introduction

Investigation of basic chracteristics of a
powder diffractometerl) built for the Photon Fac
tory in 1987 was almost completed. The character
istics show that the difractometer is highly
accurate in measurements of X-ray wavelength and
of intensity of diffracted beams.

Experimental and Results

(1) Accuracy obtained with the diffractometer
(a) Wavelength of X-rays
The wavelength of X-rays at the Cu K absorp

tion edge, which was determined as the center
of XANES spectrum, was measured by diffraction
angles of high angle lines from NBS standard
Si powder 640b. It was 1.380619±0.000012 A,
Since the reported value of the absorption edge
is 1.38059 A. the wavelength was accurate with
in ±0.00003 A.

(b) Monitoring
In order to examine the accuracy of monitoring

the 111 reflexion of the NBS Si was measured

for different widths of the incident slit with

a constant receiving slit of 0,2 mm at 1,38062
A, The integrated intensities obtained from
data normalized by smoothed monitor intensity
and those obtained from unnormalized data are

0 0.02 0.04 0.06 o.oe 0.10 0.12

aoa'tU hth + lt«k + 1*1

Fig. 1, Wavelength of X-rays at Cu K edge,

Table I. Ratios of Integrated Intensities noraalized and unnomalized by

the SDOothed aonltor intensity for each incident slit in a rsceivins slit

Incident slitlaa) Ratio of Inteerated intensity

unnonaelized nonaelized

0.1 0.243 1.015

0.2 1.000 1.000

0.3 1.515 1.002

O.S 2.454 1.020

1.0 2.251 0.963

shown in Table I. The normalized integrated in
tensities for 0.2 and 0.3 mm slits agreed within
±0,2 %.

(2) Profile of reflexions
Intensity measurements were carried out on reflex

ions from the NBS Si at 1,38062 To fit the ex

perimental data points, 8 profile functions were
tested; those are a Gaussian, a Lorentzian, the
Pearson 7th, 4th and 6th order rational functions,
pseudo-Voigt and sum of 2 or 3 Gaussians. The fit
ted profile functions of 3 Gaussians and of pseu-
do-Voigt function are shown in Fig.2. The Gaussian
Lorentzian ratio in pseudo-Voigt function was 0.84
at 25.42° and decreased to 0.37 at 130.38°.

Conclusions

The high accuracy of wavelength measurement is
very useful in applications of anomalous disper
sion. Since the accuracy of monitoring is compara
ble with the stability of an ordinary X-ray dif
fractometer, it is sufficient for the Rietveld
analysis.

Reference

1) R.Uno et al: Photon Factory Activity Report 5
(1987) 141

R.Uno et al: Australian J. Phys. 41(1988) 133

2B'.4

2 S (deg.)

10,6^ J . 1

26.4

2 8 (deg.)

Fig. 2. Profile of 111 reflexion from Si.
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An In situ observation of the polymorphic
transition of Ge02 under 30kb at 220, 315 and 380°C
has been performed using energy dispersive (ED)
spectra observed for every 15 min. A profile fit
ting based on the ED spectra elucidated the
transition rate from a-quartz form (P3221, z=3)
to rutile form (P42/mmm, z=2).

The smooth polychromatic x-ray of SR having a
great number of photons provides a high resolu
tion of peak profiles of ED spectra. Then a small
amount of sample In the diamond anvil can be
detected. The strong source intensity is also
capable of shortening the measuring period, which
Is advantage for the kinetic studies of phase
transition through the time-shared analysis.

A new X-ray powder diffractometer was
designed for multiple uses of SR source at BL-4B.
A diamond anvil pressure cell was set on the
spinner with 1/20 rad/sec, which was attached on
the goniometer. The spinner was simultaneously
oscillated within 5* around the o axis, which
was prepared for the a randomization of the
sample orientation and for reducing an effect of
the grain growth. A platinum ring heater around
the diamond anvil and another heater are in
stalled in the pressure apparatus. The latter was
prepared for a sub-h^eater because the pressure
cell is built of a good heat conductor.

A profile decomposition method of the ED
spectra can separately assign integrated inten
sities to the superposed diffraction peaks.
The energy positions E^ of the ED diffraction
peaks Hj can be determined from the energy con
version equation. Integrated intensity 1^ of the
reflection H can be derived by structure factor
Fh, when the SSD is set at 26 \

'H~'o*^EH)Pt(l+cos22 6 )/sin22 0 cos6 ] I F^^ I •

exp(-2B • Efi^sin^ 6 /h2c2)A(EH)

Diffraction intensity Yo(Ej) at each energy is
derived from the sum of integrated intensities of
hexagonal and tetragonal phases. When reflections
Hj of the former phase and hJ of the latter, the
intensity is expressed by the following formula;

YoCEj) = BCEj) + 2Y(2AEiH)lH + 2Y(2AEih)lh

where B(Ej) is a background, and Y(2AEj[j) is a
profile function.

A new FORTRAN 77 program EDSYSTEM introduced
the pseudo-Voigt profile function to ensure
higher accuracy. The function is expressed by the
sum of Gaussian function and Lorentzian function.
The program takes into account many intenity-
correction parameters of source intensity dis
tribution, background, escape efficiency, asym
metry peak, absorption in terms of energy. The
structure parameters were optimized by the least-
squares method using EDSYSTEM, on the basis of
the diffraction intensity Yo(Ej) of each energies
observed in 4096 ch of multichannel analyzer.

proposal No 87-062

Profile fitting after the intensity corrections
brought an ntensity ratio of the decomposed
spectra of the original and transformed phases.
The mass ratio x(t) as a function of heat-up time
(t) was derived from the scale parameters of the
profile fitting using the program EDSYSTEM. The
mass ratio x(t) of the tetragonal phase be repre
sented by

x(t) = 2c^0-t;p/ {3chej( + 2ctetr^

in consideration of F(000)tetr = 2/3 • F(000)hex*
A time-shared measurement of the mass ratio

can derive the transition rate. The transition
curve of Ge02 based on the massfraction indicates
a "S" shape, which is composed of three stages;
firstly a considerably long inductance period,
secondly an initiation period of the rapid growth
of the transformed phase and finally the conver
sion tail of the slow growth.

The transition rate from a-quartz type to
rutile type structure was confirmed by the
transition-curve fitting to several solid-solid
reaction models of Jander, Avrami-Erofeev and
Prout-Tompkins equation. The transition mechanism
was estimated from the fact that the Avrami-
Erofeev model was best fitted to the curve ex
cluding the inductance period (Fig. 1). The
growth rate rather than nucleation rate resulted
in the rate determinative of the transition.

TIKE<HOURS)

Rate determination of the transition was con
firmed to be a growth rate of non one-dimensional
propagation rather than the nucleation rate. An
apparent activation energy calculated by the
Arrhenius equation was 13.7 kcal/mol. The con
siderably good fitting of the core-shrinking
propagation supports the assumption that a large
volume difference of 32X less than a -quartz
type structure prefers an exfoliation mechanism
the core-shrinking propagation.

Zeto and Roy (1969) and Brar and Schlossin
(1981) took no account of the inductance period
and showed an apparent activation energy of 29
kcal/mole regardless of given pressures and 19.92
kcal/mole at 20GPa and 330*^ 530 °C , respec
tively. The present in situ measurement of the
mass fraction x(t) excluding those in the induc
tance period exhibited a considerably small ac
tivation energy. The transition based on drffu-
sion process has a considerably long inductance
period for a sort of the driving force reservoir.
The period is an inevitable state for the
premonitory phenomenon in the transition.

N.S. Brar and H. H. Schlossin, High temp. High
Press. 13, 313-320 (1981)

R. J. Zeto and R. Roy Proceeding of the
6th International Symposium on the Reactivity
of Solid, 803-813. (1969)
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Introduction

Chalcohalide glasses seem to have a great
potential for ultimate infrared transmitting
glass material with high water durability^»2).
shown in Table 1, there are several known glass-
forming chalcohalide systems, and Ge-S-I is one
of the chemically s^^nd thermally stable glass
systems among them." '̂ However, the structure of
Ge-S-I glasses has been controversial. From Raman
spectroscopy, Koudelka et al.^' concluded no
detectable Ge-I bonds have been formed, although
Heo et al. found the new peak formation by the
addition of I and it has been tentatively
assigned to Ge-I bonds. To clarify the structure,
radial distribution function (RDF) calculated
from X-ray diffraction and extended X-ray
absorption fine structure (EXAFS) have been
applied to 0627353X20 glass as a typical stable
Ge-S-I glass in this study, and applied to GeS2
glass as a standard.

Experimental Frocediire and Results

The raw materials, Ge powder, sulfer powder
and iodine chips of analytical grade were mixed
to obtain 0627353X20 and GeS2» and put into
silica ampoules. After evacuated and sealed, they
were melted in a electric furnace and quenched in
air. The detailed description can be found
elsewhere"* »2). The obtained glasses were ground
for the following measurement.

Our measurements were carried out at the
Photon Factory in National Laboratory for High
Energy Physics on 10-b and 4.-b line, and also at
Faculty of Engineering, Chiba University (Dr.
Igarashi).

Fig.1 (a) and (b) show the RDF estimated
from X-ray diffraction measurements for GeS2 and
0623857120 glass, respectively. In (a), the

peaks of the mean distance=2.25^ and 3.65.X are
ascribed to G^-S bond and Ge-S-Ge bond,
respectively. In (b), the peaks of the mean
distance=2.30A and 3«6oA are assignable to Ge-S
bond and Ge-S-Qe bond, respectively. From the
consideration of all possible bonds and their
distances, the peak of 2.71A can be ascribed to
Ge-I bonds, and that of 3.10A to S-Ge-I.

Fig.2 (a) and (b) show the Fourier transform
[F(r)] of the EXAFS oscillations for Ge K-edge of
GeS2 and Ge23S57l20» a function of R-a , where
R is the distance to the first neighbor and a is
the constant, depending on the kind of elements.
In (a), the first neighbor can be considered as S,
and the mean R-a between Ge and S is I.SSX. The
shoulder can be noticed in (b) in the peak of the
first neighbor. Dotted lines represent the
deconvoluted peaks. The mean R- a for the first
peak is 1.84.A, and those of the second and the
third are 2.55A and 3.25X, respectively. Each of
them can be assigned to Ge-I bonds (2.55^.) and Ge-
S-Ge (3.25.X), respectively.

The dependence of a on the elements next to
Ge has been evaluated in detail for alloys
containing Ge^), and thus one can confirm these
assignments using it. The a calculated from the
difference in the atomic distance between RDF and

EXAFS for S, Ge and I are nearly O.4A, O.3I and
0.I6A, respectively, and those well agree with the
data or extrapolated values in ref 4.)«
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INTRODUCTION

In radial distribuion function (RDF) analysis of
polyatomic non-crystalline solids, serious overla

pping of peaks occurs frequentry, which makes int

erpretation of the function ambiguous. The GeOg-
PgOs system is one of these materials;Ge-0 and P-0

nearest-neighbor pairs contribute to the same peak
in RDF. To obtain more detailed structural inform

ation on such a materials, the differential anoma

lous X-ray scattering techniq-ue has been develop
ed." The method requires to use the strong cont
inuous X-rays such as synchrotronin radiations. In
the present study, we have performed two set of X-

ray scattering measurement of GeOg-PsO^ glasses,
using two different energy X-rays just before the
Ge-K absorption edge.

EXPERIMENTAL AND RESULTS

Three kinds of GeOs-PgOs glasses were prepared
by quenching melts. The raw materials were mix
tures of reagent grade GeOa and NH4H2PQ4. A flat

plates were prepared from the obtained glasses for
X-ray scattering measurement. The chemical compo

sition of the obtained glasses are given in Table 1.
The intensity measurements were performed on a

powder diffractoraeter- installed on BL-4B in the

Photon Factory.^' With this diffractometer, a mon
ochromatic beam is selected out by utilizing an Si

(111) monochromator.. The energies of the X-rays
were determined from the diffraction angles of
high-angle diffraction Iines(331,422,53I,620) of
NBS standard Si powder. The energies of the used

X-rays are listed in Table 2 with the anomalous

scattering factors of Ge. A 0.5mm receiving slit

and divergence slit of the same size were employed
in the measurement.

Intensity data were collected by d-lB step
scan with 0.4" step width and 30 sec. fixed-time
counting in 16 range. The scanning was repeated

three times with X-rays of the same energy. To
eliminate fluorescence rays and higher order harm

onics, a flat counter monochromator (graphite) was
used. The sample room and the most of beam path
were held at high vacuum during data collection.
Intensity data after correction for absorption and
nomalizatlon is shown in Fig.l. The intensity of
Incident beam is monitored by the scattered and

fluorecent X-rays from an A1 foil placed in the

out-going beam path of the Si(lll)monochromator.
After corrections variation of incident beam by

the monitor counts, RDF was derived from the obs

erved data. An example of RDF is shown in Fig.2.
The first peak of RDF is not separated to Ge-0 and

P-0 pairs. The final goal of the study is to sepa-

rate these pairs by using the difference of anoma
lous scattering factors. Fig.I shows the energy
dependence of the modified intensity data-. Since
ener^ dependence is observed in normalized inten
sities given in Fig.l, the separation of the peaks
seems to be feasible.

iG.E4L i_

TT"r"10'2'2!T'^"

s ( 1 /A)

Fig. 1 Modified intencity data of GEPI sample.

1 ]. 044keV

r (A)
Fig. 2 RDF of GEPI sample at 11.044keV.

Table 1. The chemical compoaition of samples

sample GeQ2(molX) p205(mol?)

Table 2. X-ray enehgy and anomalous scattering
factors of Ge atom

ENERGY(keV)

11.044

10.307

-4.876

-2.236
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Introduction

It would be highly desirable if the structure
could be determined by the first principle by
using X-ray powder diffraction data. For this
purpose high angle-resolution and accurate
intensity data (no preferred orientation) are
required. In order to collect such data we
carried out preliminary experiments by using the
advantages of synchrotron radiation.

Experimental

The PFPD^^(Powder Diffractometer for the
Photon Factory) installed at BL-4.B was used for
the high resolution measurement. The samples used
were amino-carboxylic acids such as L-alanine, 6-
aminocaproic acid, 5-aminovaleric acid and 7-
aminoheptanoic acid, the structures of the latter
two being unknown. Intensity data were collected
by 0-20 step scan method with 0.02" (in 20) step
width for 5-'IO seconds using 0.5-0.2 mm slits.
During the data collection, the samples were kept
rotating by spinner. The wavelength of radiation
was set at 1.5406 A.

The other experiment was performed to check
the usefulness of Sakabe's camera at BL-6A for
the powder diffractometry. The powder sample in a
grass capillary was mounted on the camera. The
wavelength was set to I.O4O A. A powder pattern
of L-alanine was taken at a normal setting of the
cylindrical cassette with the radius of 28.65 cm.
The imaging plate with the dimensions of 40x20 cm
was mounted in the film cassette.

Results and Discussion

Fig. 1. shows the powder diffraction spectra
of L-alanine obtained by PFPD. The angle-
resolution was so high that the lattice
parameters for the amino-carboxylic acids could
be determined by Ito's method easily. However,
preferred orientation was observed in the data.

Fig. 2. shows the powder pattern of L-alanine
obtained by using Sakabe's camera. The recorded
signals on the imaging plates were digitized on a
scanner using a 100 ;im raster step size. Fig. 3
shows the powder spectra processed by averaging
the whole data of IP. The spectra thus obtained
agree well with that calculated from the single
crystal diffraction data. Accordingly, Sakabe's
camera is very useful even if the size of powder
sample is so large that the spotty diffraction
pattern is produced.

We thank Prof. N.Sakabe and Dr. A.Nakagawa,
PF KEK and Dr. A.Takenaka, Tokyo Institute of
Technology for their kind help and suggestions in
the data collection with the camera.
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Fig.1. Powder diffraction spectra obtained by
PFPD (X=1.5406 A).,
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Fig.2. Powder diffraction pattern obtained by
SAKABE's camera (X =1.040 A).
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Fig.3. Powder diffraction spectra processed by
using whole data of IP.
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Spatially modulated structures are quite
common In condensed matter. The periodicity may
vary sensitively with external parameters, such
as temperature, pressure, magnetic or electric
field. A resulting sequence of long-period phases
is often surprisingly complex. For example, the
phase diagram of CeSb consists of, at least,
fourteen commensurate phases^^ To describe such
experimental findings, simple statistical models

with competing interactions have been developed
and studied extensively2\ Despite of their
simplicity, complicated behaviors observed in
real systems are reproduced successfully to some
extent and, further, a particular study by
Aubry^^ led to novel concepts like the devil's
sta Ircase.

In our previous work^\ we observed a stair
case behavior of the modulation wave vector along
the c* direction as a function of pressure in

[N<CH3)4]2MnCl4, a member of the ferroelectric
A2BX4 family. It is rather surprising that many
features found in its P-T phase diagram can be
exhibited by a very simple model with competing
interactions <e. g. the ANNNl model). The purpose
of this study is to disclose hidden properties of
such a devilish system using a sophisticated high
resolution x-ray diffraction technique.

A single crystal was mounted in a beryllium
pressure cell so as to allow for scans in the
(hOl) plane. The cell was mounted on a four-
circle d1ffractometer installed at BL-4C. The

transverse resolution was measured to be

0.00018 A"1 (A CO— 10" ) in FVHH, corresponding
to 0.00023c*, at the 400 fundamental reflection
using both a Si(lll) double crystal, sagitally-
focusing monochromator and a 81(111) analyzer.

Figure 1 shows diffraction profiles of the
40q satellite reflection at the lock-in of the

110.B kPa

WAVEVECTOR (UNITS OF C1

Figure 1. X-ray diffraction profile of the 40q
satellite reflection, showing the lock-in transi

tion to q=0.4286 (3/7) for increasing pressure.

modulation wave number to a rational value of

q=0.428G(= 3/7). This lock-in transition is al
ways accompanied with a pressure-hysteresis of
the wave number and, thus, is of first order. The
symmetric satellite reflection at q=3/7 has a
resolution limited width (Fig. 2). In contrast,

the peak width observed In the incommensurate
phases is much broader. This fact together with
the asymmetric peak shape are taken as evidence
for the presence of disordered structure in the
incommensurate phases. One may also notice in
Fig. 2 that there is a tendency for the peak
width to narrow with increasing pressure and that
some data points of the width are scattered. The
latter result seems to be associated with the ex

istence of high-order commensurate phases in the
nominally incommensurate region. In fact, the
scattering of data, that is, the peak broadening
occur at the wave numbers that correspond to

those of long-period phases found above 21.0'C.
To account for comprehensively these results, it
is crucial to establish a microscopic picture of

the devilish system both theoretically and ex
perimental ly.
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Introduction

The recent discovery of a quasi-crystal with
icosahedral synmetry has created strong interest
in new class of solids. The icosahedral syame-
try can be explained in terms of a three dimen
sional quasi-periodic lattice which gives sharp
diffraction peaks.

A one-dimensional quasi-periodic lattice can
be also obtained by the technique of the molecu

lar beam epitaxy (MBE). We reported the dif
fraction patterns of the one-diiensional quasi-
periodic lattices, in which the species of atoms
are changed in each layer with the same spacing.

The golden mean of the width ratio of
alternating layers is not essential for the lat
tices. We called the lattices as "configura-
tional Fibonacci lattices".

Here we present the diffraction pattern of
the environmental Fibonacci lattice with a

hexagonal(h)-cubic(c) Fibonacci sequence; Si=h,
S2=hc, S3=hch, , Sr=Sr-1•Sr-2. The real
atomic sequence is

hchhchchhchhc

ABCBCACBCBABAC (1)
where the thickness is the same in each layer.

Experimental

Environmental Fibonacci lattices were grown
by Riber MBE 2300R&D on the (001) GaAs substrate
following the sequence given in eq.(1). The
layer species are A=AI0 . eGa-B. sAs, B=GaAs, C=AlAs.
The thickness of each layer is designed as 5a,
that is, five times of the lattice constant of
the zinc-blende structure. The length of the
Fibonacci sequence r is 14.

The x-ray measurements were carried out
using the beam line 4C. Radiation (X=l. 5400A)
was monochromatized by a pair of Si (111) and
focused by a sagittal focusing mechanism. A
four-circle diffractometer with horizontal 29-aj

axes was employed.
Figure 1 shows the diffraction pattern of

an environmental Fibonacci lattice. The inset

in the figure gives the diffraction pattern
around the (004) reflection, which is observed
by the conventional set-up with Cu Ka radiation
(50kVxlOOmA). Many fine peaks are observed in
the high resolution measurement using synchro
tron radiation.

Discussion

The diffraction pattern of the environmental
Fibonacci lattice shows many fine peaks but is
different from that of the configurational
Fibonacci lattice.'"®' The difference between
these two Fibonacci lattices is due to the cor

relation functions. The real atomic sequence in

the environmental Fibonacci lattice is not the

Fibonacc i sequence.
One notices that the environmental Fibonacci

sequence contains a lot of lOH local structure.®'
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Black phosphorus(black P) transforms an
orthorhombic structure to a rhombohedral one

and then further to a simple cubic one with in
creasing pressure at room temperature(l). The
P-T phase diagram of black P has already been
determined above room temperatvure by means of
X-ray study with synchrotron radiation(2). As
the phase diagram has not yet been studied below
room temperature, the structure of black P has
been investigated at liquid helium temperature
and high pressure using synchrotron radiation.

A new diamond-anvil cell was developed for
X-ray diffraction' measurement which makes pos
sible a continuous change of pressure at low
temperatures. The diffraction patterns of black P
and NaCl were recorded at 2 6 =*• 21°. The diffrac
tion lines of NaCl were used to determine bhe

pressure value according to Decker's scale.
The transition from the orthorhonbic form to

the rhombohedral one begins to occur at about
k.6 GPa at room temperature. Both phases coexist
in wide pressure range under quasi-hydrostatic
condition. X-ray diffraction profiles of black P
have alrady been studied at 77 K and high pres-
sures(3). Some diffraction lines of the rhombo
hedral structure at about 6 GPa are observed in
addition to lines of the orthorhombic one. Black

P transforms from the rhombohedral structure to

the simple cubic one at about 10 GPa under room
temperature and 77 K.

The pressure-induced phase transitions in
black P were studied at around liquid helium
temperature. The transition from the orthorhombic
phase to the rhombohedral one began to occur at
about 10 GPa under 11 K. The trEinsition pressure
rised from about 6 GPa at 77 K to 10 GPa at 11 K.
The reversible transformation from rhombohedral

to simple cubic form was observed at about l6
GPa under 11 K. The transition pressure increased
abruptly in the very low temperature region.

Figure 1 shows the P-T phase diagram of black
P below room temperature. Since the rate of at
tainment of equilibrium between orthorhombic and
rhombohedral phases is very sluggish, the two
phases coexist in wide pressure region under
quasi-hydrostatic condition. The phenomena are
more remarkable in the lower temperature range.
Thus, it is very diffcult that the boundary be
tween orthorhombic and rhombohedral phases de
termines exactly. The dashed line shows the pres
sure which is started the phase transition.

Black phosphorus-arsenic alloys with P.. As
(x: 0.05, 0.1, 0.2, 0.3, O.U, 0.5, 0.6) were pre
pared at high temperature and pressure. X-ray

Rhombo

Simple
Cubic

Pressure GPa

Fig. 1 P-T phase diagram of black P below
room temperature

diffraction profiles in the alloys were similar
to those of black P. The alloys are isostructural
with black,P. The orthorhombic form of alloys
underwent transformation to successively denser
rhombohedral and simple cubic forms at room tem
perature and high pressure(i4). The transition from
the orthorhombic form to the rhombohedral one for

^0 95'̂ ^0 05 occur at about 6 GPa. This
is about'l.5 GPa higher than that of black P. The
alloy transformed from the rhombohedral structure
to the simple cubic one at about lU GPa. This
transition pressure of P^ As^ increased with in
creasing X at room temperature.

1. J. C. Jamieson, Science, 139, 129 (1963).
2. T. Kikegawa et al., J. Appl. Cryst., 20, Uo6

(1987).
3. I. Shirotani et al.. Bull. Chem. Soc. Japan,

62, 211 (1988).
U. I. Shirotani et al.. Synthetic Metals, in

Press.
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There is a vast amount of research on new

materials going on today and the utmost impor
tance of the structure of such new materials at

a microscopic level has been well recognized.
The anomalous x-ray scattering (AXS) method for
determining the environmental structure around
a specific atom is also useful for crystalline
materials in the variety of states^ \ For this
reason, this proposal includes to characterize
the structural features of crystalline mate
rials by the AXS method.

Fig. 1 shows the energy dependence in inten
sity of a YBapCu20r7_j^ oxide superconductor as a
function of uhe wave vector estimated from

measurements at energies of 8.829 and 8.955keV,
which are -150 and -25eV away from the Cu K
absorption edge respectively. Here the differ
ence, AIq (q) is taken from l(at -150 eV)-l(at
-25eV) and the observed energy dependence is
attributed to the anomalous dispersion effect
of Cu. The sign of (+) and (-) in Fig.1 de
scribe the values estimated from the crystal-
lographic structure factor coupled with the
model structure of Izumi et al. The agree
ment in signs between calculation and experi
ment for the energy dependence arising from the
anomalous dispersion effect of Cu is sur
prisingly good. The environmental radial dis
tribution fxmction around Cu is given in Fig.2.
This result again implies that the model struc
ture •' is quite feasible for describing the
local atomic arrangement in a Y-Ba-Cu-0 super
conductor.

Copper selenide (a-CugSe) is known to behave
the solid fast ion conductors. The AXS method

is useful in order to obtain insights into
their structural features. Fig. 3 shows the
variation of the intensity for o-Cu2Se measured
at energies close to the K absorption edge of
Cu and Se, respectively. The significant energy
dependence of the intensity is detected at both

YSa.Cu.o

"'^0 10 20 30 40 50 60 TO
q/nm'

Fig. 1 The energy dependence of the intensity
AlQ^(q) for a YBa2Cu20r7_jj superconductor.

edges. These results are consistent with the
conclusion that the space group 0^j^-Fm3m with a
disordered arrangement of all copper ions is
plausible for describing the structure of a-
Cu2Se, although the detailed information is not
obtained at the present time.
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r /nm

The environmental radial distributionFig.2
function(RDF) around Cu in a YBa2Cu20.y_„
superconductor obtained from the measured
energy dependence in intensity of Fig.1.
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Fig.3 Differential intensity profiles of a-
Cu2Se obtained from intensity data sets at the
Se and Cu K absorption edge.
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Introduction

AuBe^-type cubic compounds TbCu^ and its
substitutions TbAgCu^ and TbAuCu are antiferro-
magnetic, and T are 16, 11.5 ana 8 K, respective
ly. The magnetic spinstructure of them is simi

lar: magnetic moments couple ferromagnetically in
the (111) plane and antiferromagnetically in the
adjacent (111) planes. However, the direction of
the moment is different: along the Ill-direction
in TbAgCu^, in the (111) plane in TbAuCu^, and in
the intermediate direction in TbCu^. 1,2,3)

The similar situation was observed in the

antiferromagnetic oxides of 3d-metals: FeO, MnO,
NiO and CoO. In these oxides, some spontaneous
distortion of lattice from the cubic structure

was observed in the antiferromagnetic state.4,5)

The purpose of the present experiment is to
detect the distortion of lattice from a cubic

structure in TbCu^, TbAgCu, and TbAuCu in the
3 4 4

antiferromagnetic state.

Experimental

A cryostat was prepared for the low tempe

rature X-ray diffraction. The cryostat was made
in a line: compact, easy to handle, simple in
construction and easy to operation. The powdered
specimen is glued on a copper plate, attached on
a copper block fixed to the bottom of the liquid
helium tank. The window for the X-ray beam is
covered with a mylar film 0.1 mm thick.

X-ray diffraction experiment was performed
in the beam line 6C-1. X-ray was collimated to 4

x4 mm then narrowed to 1 x 1 mm using crossed
slits. The characteristic X-rays: CuKa, CuKB,
AgKa, and AgK6 originated from the specimen itself
were used for markers in the energy scale.

Results

Measurements were carried out at temperatures
of liquid He, liquid N and room temperature.

Profile of some "diffraction peaks in TbAgCu
is shown in Pig. 1, at liq. N^ and at liq.He
temperature. Some splitting of (731) and (553)

lines is observed at liquid helium temperature.
However, the signal to noise ratio is not so high
and the precise conclusion will be deduced after

repetition of the experiment.

The authors would like to thank Mr. H.

Nakazawa for his help in the experiment.
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Pendellbsung fringe induced by the
variation of the real part of anomalous
scattering factor or X-ray resonant
scattering has been observed by our
group using an ordinary X-ray generator.
In that experiment, the X-ray diffracted
intensity was weak, so that the
statistical error was still large for

quantitative discussion.
The present paper describes

experimental results of Pendellbsung
fringe due to X-ray resonant scattering
just below the K absorption edge of the
constituent atom in a crystal using the
multi-purpose four-circle dlffractometer
with SSD at BL-6C1 (PF, KEK).

Two kinds of perfect crystals were
used, one was GaAs and another was Ge.
The former was GaAs single crystal which
contained about 0.04 In atoms in a unit

cell. The crystal perfection of the
In-doped GaAs was much better than that
of the undoped GaAs and the crystal was
almost free from lattice defects. In

the following, we denote the In-doped
crystal as Ga(In)As.

Fig. 1 shows the observed
intensities of the 200 reflection from
Ga(ln)As as a function of X-ray energy

and (a)-(c) correspond to intensity
profiles for sample thickness of 111 jjm,
155 ^m and 222 ;im, respectively. In
Fig. 1 (a), one peak is observed, (b)
has two peaks and (c) has three peaks.
Fig. 2 shows the calculated results of
the 200 integrated reflection

intensities in an energy dispersive mode
from GaAs perfect crystal. The
thickness of the crystal are 111 ;im (a),
155 ;im (b) and 222 ;im (c), respectively.
Comparision Fig. 1 with Fig. 2,
experimental results agree qualitatively
with the theoretical results.

Fig. 3 shows the observed and
calculated results of the integrated
intensity of 844 reflection from Ge
crystal just below the K absorption
edge. The experimental results were
shown clearly the intensity oscillation
due to Pendellbsung fringe induced by
X-ray resonant scattering.

We observed satisfactorily
Pendellbsung fringe by changing the
anomalous scattering factor just below
the K absorption edge using SR.
However, there still remain quantitative
disagreements of the amplitude and the
phase between theory and experiment.
Further study should be necessary both
in theory and experiment for
quantitative discussion.
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1 Heasured 200 reflection
Intensities for Ga(ln>As In the
Laue case across the Ga K
absorption edge.

Fig. 2 Calculated values of 200
Integrated reflection Intensities
by using a dynamical theory of X-
ray dlffraction.

Fig. 3 The Integrated reflection
Intensity of 844 from Ge near K
absorption edge. The solid line
Is calculated value for B " 0.63
A* Open circles are
expert men tal values.
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Introduction

Intermetallic compound TbCu has a cubic

AuBe^-type structure, and its substitution of
one copper with Au, Ag, or Pd also has a cubic

MgSnCu^-type structure. These compounds are
antiferromagnetic and spin structure has a
rhombohedral symmetry 1,2,3). In these compounds
a spontaneous magnetic distortion of the lattice

is expected to occur from cubic to rhombohedral

below the Neel temperature 4). The purpose of
the present experiment is to detect the spon
taneous distortion of the lattice in these

compounds and to make analysis of the magnetic
interaction.

Experimental

To assure the precise detection of a tiny

distortion, three specimens were fixed on one
specimen holder at the separate positions: for

instance, TbAgCu^ at the top, NaCl at the middle,
and TbAuCu^ at the bottom. The specimen to be
measured was selected by z-axis adjustment of

the goniometer, and three patterns were obtained
separately without any other change in the system.
The incident X-ray beam is fine enough to irra
diate one specimen at one setting position and
no contamination was observed in the pattern.
NaCl was used as a calibrant.

The diffraction patterns for TbAuCu, obtain-
ed at liquid nitrogen temperature and liquid He
are shown in Fig. 1. A slight change in the

w 0

H 2000'

peak shape is observed in the liquid helium patt
ern. _The MgSnCu^-type structure has a symmetry:
T 2-F4m, and atomic positions: (4Mg: 0, 0, 0;
4Sn: 1/4, 1/4, 1/4; 16Cu: 5/8, 5/8, 5/8). The
corresponding trigonal structure is C -R3, and
atomic positions: (3Mg; 0, 0, -1/8; 3sn: 0, 0,
1/8; 9Cu: 1/2, 0, 0; 3Cu; 0, 0, 1/2). According
to the preliminary analysis, the angle between
trigonal axes is greater than 60 in TbAgCu. and
smaller in TbAuCu.. The magnitude of difference

04
is less than 0.5 in two compounds.

The thermal expansion coefficient is deduced
by taking the cubic cell, the value is 18 x 10 /K
for TbAuCu^. The value is close to the proper
values in metallic compounds.
The precise analysis is now under way.

The authors would like to thank Messrs. H.

Nakazawa and T. Komatsu for their assistance.
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Introduction.

Graphite Intercalation Compounds (GIC) ex
hibit various kinds of phase transitions, i.e.
staging, in-plane (quasi-2D) melting, and stack
ing transitions. In the present study we have
focused on the kinetics of the first-order-
transition of the ID nature in stage 1 Rb-GIC
(CaRb). The compoxmd has the four-layer-stacking
ia 0 y S ) phase at a low temperature[T] and the
two-layer-stacking (a /? ) phase at a elevated T;
both the phases have the same in-plane (2x2)
lattice commensurate with the graphite. The two
phases are connected to each other by simple
relation; the a (3 phase can be obtained by a
small lateral shift of the layers y in the a
0 y S phase. Thus the stacking transition cor
responds to the ferromagnetic type structure (a
0 a 0 ) to the antiferromagnetic type structure
[a 0 y 6 ) vhich are ordered in the ID direction
along the c-axis. The present work is the first
investigation to study the kinetics in such a
unique ID-system.

The stacking transition can be controlled by
sample temperature[T] and vapor pressure of Rb
[Pfibj; the phase diagram have been determined by
our previous work^. In this work we have ob
serve the time dependence of the structure when
changing PHb across the critical pressure P'^Rb
from the a >9 y d - to the a 0 -side, and vice
versa. X-ray diffraction measurements were
carried out at PF-BL7C by using a vertical
goniometer on which a double-furnace and a
sample glass ampoule were placed, and a Si(lll)
monochromatized x-ray (A =0.82164 A, immediately
above the Rb K-absorption edge). The measure
ments were carried out from (100) to (101)
Bragg-point in order to observe the stacking
structure. It took 120 sec for a scan. SR x-rays
provide us high time and momentum resolution.

Results and Discussions

Fig. 1 shows the time dependence of the dif
fraction spectrum after a sudden increase of Pfib
(pBb=13.5 to 15.0 Pa) at t=0. The sharp Bragg-
peak (101) {a 0 y S ) grows and (100) (a 0 )
shrinks as the phase transition proceeds. The
spectrum shows no appreciable broadening of
linewidth nor Isirge diffuse scattering along c*-
axis. We conclude that this phase transition
proceeds with domain growing by moving kink-type
domain boundary within coexistance phase.

(1) The time dependence of the integrated
intensity[I] of the diffraction peak can be nor
malized by the characteristic time ti/2, which
is determined experimentally as the time for I
to grow to a half of the full intensity at the
ccmipletion of the transition (Fig. 2). For the
case of a large APRb, the observed time depen
dence is scaled by a unified function. The

results of phenomenologi-
j 1 .cal theory by Avrami ^ areJfloi) also displayed foracom

parison. The ID case
reproduces the experimen-

; tal function in a good ap-
\ proximation. However for a
l\ small A Psb, the ex-
rtV perimental points shift
,\V 22 from the theoretical pre-
\\^* diction, and appear to
Ahave a much longer

E — yn \\\^ kinetics; the critical in-
y/A\\ ,g dex may be much larger

zIj \\ than the case of a large

^ (2) The characteristic
y a V10 ti/2 has a steep

function of A P (Fig. 3).
feature indicates the

y///\uV ^ \_ .6 remarkable slowing-down
Jjj li\ /A ^ effect of the relaxation
// A —^ time around P«=Rb.—^f (3) The time dependence

^ I \_ 1=0 of the linewidth of (100)
0 0.2 O.i can be clearly observed.

The domain size grows frcmi
60 A in the nucleation to 400 A at the ctxiiple-
tion of the phase transition. However, (101)
Bragg-peak shows no chsinge in the linewidth.
This discrepancy can not be understood now.

In order to elucidate interesting features of
the kinetics in a low dimensional^ first-order-
transition, we have still the intensive studies
of the kinetics such as

(a) The time dependence of the domain size.
(b) The sample dependence of the phase transi
tion.

We wish to thank A. Koyama for his technical

advice.
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Recently, ternary Al-Ge-Ni alloys have been
found to produce an amorphous phase over a wide
range of composition by rapid quenching from
the melt. Some interesting features were re
ported for these alloys; for example, a split
first peak in the x-ray diffraction and the
modulated pattern is also observed in the
bright-image by transmission electron micro
scopy for AI^qGo^qNI^q alloy. In order to
clarify the structural features of this ternary
Al-Ge-Ni amorphous alloy, the AXS measure
ments ' have been done at the Ge and Ni K

absorption edges.

Figs. 1 and 2 show the differential intensi
ty profiles of amorphous Al/QGe^QNinQ alloy at
the Ge and Ni edge, respectively. Tne energies
used for the measurements were 10.804^7 and

11.0795 keV for the Ge edge and 8.0316 and
8.3067 keV for the Ni edge. These energies
correspond to energies 300 and 25 eV below each
absorption edge. The differential intensity
profile at the Ge edge in Fig.1 clearly indi
cates a non-crystalline pattern similar to the
original one, although the relative intensity
of the second peak decreases drastically in
comparison with that of the first peak. This
implies that most of the Ge atoms are contained
in the non-crystalline region. The structure of
this non-crystalline region can be estimated
from the environmental radial distribution

function (RDF) in Fig.3 together with the RDF
of pure amorphous germanium. The profile of the
environmental RDF around a Ge atom appears
similar to the RDF of pure Ge and the coordina
tion number was estimated to be 4«1 from the
area of the first peak. Thus, it is plausible"
that the atomic arrangements around a Ge atom
is similar to those in amorphous germanium.
Small spikes overlapping with the diffuse pro
file indicated in Figs.1 and 2 may be under
stood as due to Ge-Ni pairs strongly correlated
in the ordered phase.

amorphous N'lo

Ga K ab8ori>tlon edga

11.0795 ksV

10.8047 keV

0 20 40 60 80 I

Q / nm~'

Fig.1 Differential intensity profile of
Al/QGe^oNiio alloy obtained from intensity data
sets at the Ge K absorption edge.

On the other hand, it is imagined from the
differential intensity profile at the Ni edge
in Fig.2 that most of Ni atoms are in a
crystal-like region and form a highly ordered
structure, although a definite conclusion of
the structure of this crystal-like region
cannot be identified yet from the present re
sults alone. The modulated region observed in
the transmission electron microscope may be
interpreted by harmony between the non-crystal
line regions consisting of mainly Ge and A1 and
highly ordered crystal-like regions mainly re
lated to the Ni atom correlations.
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Introduction

The selective coronary angiography is the
final diagnostic modality for the ischemic
heart disease. But this modality is invasive
and costly. On the other hand, Rubenstein E.
revealed that using the iodine K-edge energy
subtraction angiography, coronary artery would
be demonstrated with transvenous injection of
the contrast material [1]. In Japan, two
dimensional image acquisition system is now
being constructed [2]. In this paper, the
results of the animal experiment which was
obtained by the high speed iodine K-edge
subtraction angiographic system, will be
described.

Methods and Materials

The high speed K-edge subtraction system
which was constructed at beam line of 80 of
Photon Factory in Tsukuba, consisted of movable
silicon (III) monocrystal, II-ITV and digital
memory system. For the digital processing,
X-ray TV images were digitized using a 8 bit AD
converter, into 256x256 pixel matrices with an
8 bit depth. The 68000-IP computer was used
for image processing and control of the system.

The slightly different energies of the beams
are produced by diffracting the synchrotron
radiation from rotating the silicon
monochromator crystal (33.164±250 eV).
Asymmetric reflection at ailicon planes
expanded the beam size 25 times, produces 50x60
mm^ monochromatic X-ray beam. Photon energy
between above and below iodine K-edge was
changed within 16.7 msec. During the experiment
the electron storage ring operated at 2.5 GeV
with a typical current of approximately 200 mA.
The incident monochromatized flux was about
7.4x10^ photons/second/mm2 [3].

The rats were anesthetized with
phenobarbital, and 24 G angiocatheter was
inserted into tail vein. The rabbits were
anesthetized with phenobarbital and 5F (0.8 mm)
catheter was inserted into the inferior vena
cava. 1.5 ml/Kg of contrast material (conraxin
H 80%) was injected by the injector at the rate
of 0.75 ml/Kg/sec [4,5,6]. Transvenous
angiograms were carried out in a 40 degree left
anterior oblique.

Results

The clear K-edge subtracted images are
obrained at thorax and abdomen of the rats.
The common carotid arteries, subclarian
arteries and both renal arteries can be seen.

The right coronary arteries and the main
trunk of the left coronary artery can be

revealed clearly and dynamically in the rabbits
(Fig.l). But the images of the coronary
arteries show blur slightly. The contraction
of the left ventricle and atrium is also

demonstrated well. The structure of the right
coronary artery can be demonstrated from
proximal portion to distal portion in the
systolic phase. But in the diastolic phase,
the distal portion of the coronary artery can
not be seen.

Fig.l The coronary artery of the rabbit.
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Introduction

Soon after the discovery of icosahedral
quasicrystals in Al-Mn alloys,D decagonal
quasicrystals^) were found in the same kinds of
alloy by the observation of electron diffraction
patterns. The decagonal phase is characterized
by the diffraction patterns showing tenfold axes
and one-dimensional periodicity along the axes.
Because a single crystal of the ^ (AlMn) phase
gives pseudo-tenfold axes in the X-ray
diffraction,3) we examine the relationship
between the <|) and decagonal phases.

Results and discussion

The samples used for the quasicrystal study were
synthesized by the rapid quenching method in the
single roller apparatus with brass roll in a
diameter of 300 mm. The nominal compositions
of the mother alloy were Al-9at%Mn-9at%Cr-
10at%Si and Al-8at%Mn-10at%Cr-9at%Si. The as-

quenched films were 50-100 pm in thickness for
the rotation speed of 1750 to 1000 rpm. The
grains with the dimension up to 50 \im were
extracted in ethanol with 3-5 vol% Br for 4-24

hours and used for X-ray studies. The
observation by EM and SEM confirmed the
existence of spherical grains of quasicrystals.

Although precession photographs were taken
for 50 or more quasicrystals with
monochromatized synchrotron X-rays (X = 0.7 A;
BL-lOA), we could not observe any diffraction
spots except those of the ^ phase. The minimum
crystal size to detect the peak intensity was about
1-2 p.m in this system.

In such studies on quasicrystals, we incidentally
found the pseudo-tenfold diffraction pattern of a
crystal which was identified as (}) (AlMn) later.
Figure 1 shows a series of X-ray diffraction
patterns from the ^ phase where there are a
pseudo-tenfold, sixfold and two fold axes with the
zone-axis angles of 90, 18 and 90®, respectively.
It suggests a high similarity to the selected-area
electron diffraction patterns reported for the
decagonal phase.2) We also have calculated
powder diffraction patterns based on the atomic
parameters obtained for the 0 phase (Fig. 2). It
should be noted that the powder diffraction

patterns of (]) phase cannot be distinguished from
those of the decagonal phase^) except one peak of
the 103 reflection at 26 = 37.1®. Thus, our results
imply that the local structure of cluster for the
decagonal quasicrystal resembles to the crystal
structure of the (|) phase.

1) Schechtman, D., Blech, I., Gratias, D. and Cahn,
J. W. (1984) Phys. Rev. Lett., 53, 1951.
2) Bendersky, L. (1985) Phys. Rev. Lett., 55, 1461.
3) Sasaki, S., Yamamoto, A., Nishitani, S. and
Shingu, H. (1988) in this Activity Report.
4) Takeuchi, S. and Kimura, K. (1987) J. Phys. Soc.
Jpn, 56, 982.

Fig.l, X-ray diffraction patterns of <Ji (AlMn).

ruo lOSCflSI;

Fig.2, Calculated powder patterns of ^ (AlMn). Cu Ka
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Introduction

Black diffraction lines ' which we call
excess lines were observed across the 220 thermal

diffuse scattering(TDS) spots on film photographs
of perfect crystals of germanium in the Laue
arrangement. Diffraction peaks corresponding to
the lines were observed als^ ^y diffractoraetries
using scintillation detector ' . We report a
recent progress of the study on this lines.

Experimental Method and Result

Experiment was performed with a vertical
type four-circle goniometer at BL-IOA. Parallel
plates of germanium single crystals with the
(111) surface of about 5x5 mm and the thickness

O.l-^O.IS mm were used as specimens. The rocking

curves of the 220 and 111 reflections in the Laue

and Bragg arrangements, respectively, had
profiles with FWHM close to the theoretical

values for the absorbing perfect crystal.
Synchrotron radiations of wavelengths 1.5405A and
1.15i monochromatized by the sillicon 111
symmetric reflection were incident on the
specimens in the Laue arrangement. The crystal
orientations were fixed at the angular deviations
Afd =&-fljin the range -O.^D.6^from the 220 Bragg
position during the intensity measurement. Imag
ing plate as well as cosmic ray film was used
to take diffraction photograph. Intensity

profiles were also obtained by the imaging plate
and diffractometry with a scintillation coijnter.
A high angular-resolution diffractometry was
performed to obtain rocking curve with FWHM of a

few arc second for the excess using a triple-
crystal diffractometry system ' at BL-15C-

Figure 1 shows a typical diffraction pattern
on an imaging plate for a crystal orientation at
the angular deviation ACD =0.4® from the 220 Bragg
position. Figure 2 shows a intensity profile of
diffuse scattering on the dotted line in Fig.l.
Long excess line EL and corresponding peak EL can
be seen in Fig.l and Fig.2, respectively.
Figure 3 shows a measured intensity profile of
diffuse scattering obtained by using the triple=

crystal diffractometer. The relative intensity
is plotted against SQ , which is the angular
deviation of the analyzer crystal from the in
tensity maximum position of the 220 Bragg peak
when the specimen is just on the Bragg position.
A diffraction peak corresponds to the excess line.
Actual count at the maximum of the diffraction

peak is about 800 per 20 seconds. Saturated
peak is due to the Bragg reflection tail of the
incident beam far from the 220 Bragg position.

The e:q5eriraental result was compared ^
calculation based on the dynamical theory '
Agreement between the experimental profile and
the calculation was obtained and gives an
evidence of the anomalous transmission of X-ray
TDS wave.
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Fig.1. Diffraction

pattern obtained by
imaging plate,
X =1.5405A,4ct)=+0.4'
thickness 0.18 mm,

EL;excess line,
LS;Laue spot.
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Fig.2. Intensity profile on dotted line in Fig.l

Fig.3. Intensity profile of the excess line
obtained by triple-crystal diffractometer,
X=1.5405 A, A(0 =-20", thickness 0.18mm.
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lotCQduCfiOD

Noble metal alloys containing 3d
transition metals show peculiar magnetic
behaviour, i.e. spin-glass and reentrant
spin-glass, at low temperatures when
their compositions are less than 20 at.Z.
It has been known that these properties
are strongly affected by the local atomic

1) & 2)
arrangements of 3d metals in alloys .

Several diffuse scattering studies
from Au-Fe alloy, which is one of the
most typical spin-glass alloys, have been
performed with the use of X-ray, electron
and neutron sources, but there are no
decisive conclusions on the local atomic

arrangements of Fe atoms in this alloy.
In the present study, we have performed
the three dimensional diffuse intensity
measurements in disordered Au-19.1 at.^

alloy using the synchrotron radiation in
order to determine the local structure
more c1 ear1y.

EiSBecimeDStl

A single crystal of Au-19.1 Fe
was grown by the Bridgeman technique.
Plate-like sample of about 10 mm in
diameter and 2 mm thick was cut from the
ingot. It was electrocally etched in a
mixed CaCl2~HCL0^-CuN02-H20 solution to

the disordered surface layer. The
was annealed for 2 days at 850°C,
at 700°C and quenched into ice

I—circle diffractometer was used
sure the diffuse scattering
ity from the sample at BL-lOA of
Factory. Incident beam of 1.1 A

lected with the use of Si 111
bent crystal.

remove

sample
5 days
water.

Fou
to mea

i ntens

Photon

was se

singly

Besults fiQd Aaali^sis

Intensity distribution on (hkO) rel.
plane was shown in Fig. 1 in Laue units.
The atomic size effect modulation causes
asymmetrical intensity distribution. The
component of local order diffuse
intensity was separated from the total
ones with the use of Borie-Sparks method.
It is shown in Fig. 2 where diffuse
streaks in <210> directions and diffuse

peaks at Cll/20> and (000) positions were
observed. By Fourier inversion of local
order diffuse scattering intensity, the
Uarren-Cowley parameters J, were

""1 mn

determined up to the 49th shel1. The sign

of the first neighbour parameter is

positive. This has an inclination to the
clustering of Fe atoms. A possible local
atomic arrangement was constructed on the
local order parameters by the simulation
progarm. Few [14203 thin platelets with
the size of about 2 unit cells exist on
the simulated structure. The relationship
between the local atomic order and
magnetic behaviour in this alloy is now
considering.
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Fig.l. Contour map of the x-ray diffuse
scattering distribution in the (hkO) rel
piane.

Fig.2. The component of local order
diffuse intensity in (hkO) rel. plane
in Laue units.
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Introduction

In order to study the process of reaction
in crystals, it is necessary to observe
decomposition 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 method 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 those scattering are extremely
weak though they are important to analyze the
process. Therefore use of synchrotron radiation
is desirable 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
product are similar to those of a single crystal
and anomaly of the diffraction can be easily
detected. We have consequently studied the
process of dehydration in alpha-AlOOH which
indicates topotaxy in the process of
dehydration.

Experimental

Single crystals from Shokozan, Hirosima,
Japan were selected for the investigation.
Since preliminary results obtained by
quenching method indicates that the intensity of
satellites is too weak to measure on a

conventional diffractoraeter and that the

satellites shift towards the main reflection
after longer heating, the process of dehydration

210min

730min

1350min

3.4 ae as 40 42 4.4 4b l

Fig.l Observed profiles

was observed at elevated temperatures by X-ray
diffraction with strong SR beam of Photon Factory
in KEK. The experiments have been done using
the vertical four-circle diffractometer on the
BL-IOA. A small furnace was attached on the
diffractometer to keep the specimen at a
definite temperature.

Results

We have already clarified that the occupancy
of A1 in the product is less than 100% •at early
stage of the dehydration and that the modulation
of the A1 occupancy occur along c of the product
(Ohmasa et al., 1984, 1987). By quenching method
and by in situ observation, it was found that the
satellites became diffuse and their maxima

approached to the main reflections as the
specimens were heated longer. Finally they
coincided with the main. Since the arrangement
of oxygen atoms in the product is hexagonal
closest packing, we may regard the structure as a
layer structure. The above observation can thus
be interpreted as a one-dimensional stacking
disorder. The intensity of the diffuse
scatterings were calculated, with the following
formula:

I=2:CN-|m|)trVFP^exp(-27iim?), .
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. The observed profiles of the satellites
and results of the calculations are illustrated

in Fig.l and Fig.2 respectively.
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Introduct ion

Au-47.5atXCd alloy shows an interesting
property called 'rubber like behavior'. It

appears in a stabilized state, i.e. after aging
at roon temperature for about one day in a
martensitlc phase. Birnbaum and Read showed
that it is related to twin boundary motion, and
they proposed a mechanism that is an Interaction
between order-faults and twinning dislocations.
Stress-straIn curve depending on time after
transformation was examined and physical
properties such as Young's modulus, internal
friction and yield stress were also examined and
reported to be changed. Lieberman et al.
proposed the mechanism for the rubber-like

behavior, i.e. twinning in a multiple lattice
structure cannot occur only by a twinning shear;
readjustments termed 'shuffles' in some atom
positions are required . They proposed the
model that the twinning shear occurs immediately
and shuffling occurs gradually. In this paper,
the model proposed by Lieberman et al. is
examined.

Experimental

An ingot of Au-47.5atXCd was prepared by
melting from 99.99XAu and 99.9999XCd in Ar

filled quartz tube. The ingot was remelted in a
cylindrical quartz tube with 4mm diameter. A
single crystal was made by the Bridgnan method
in a carbon mould in Ar filled quartz tube. The
sample was spark cut to a plate and electro-
polished. It was set in a specially constructed
equipment which gives tension to the sample on a
goniometer of four circle diffractometer (BL-
lOA). The dimension of the sample was 0.8x4x50
mm . The orientation of the sample was examined
preliminary in a wel1-stabi1ized state in order
to find reflections Immediately after the

trans format ion.

The sample was heated to a temperature
above Af ( 76'C ) and then cooled to room
temperature for producing martensitic phase.

i.e. fresh state. Measurements of Bragg
reflection profiles were started just after
producing martensite single crystal by applying
tension in the equipment. Wave length utilized
in the experiment was 0.7 A. Scan mode used was
-2 scan. Scan range was 2.0* and an interval

of the scan was 0.04' in Change of incident
beam intensity was monitored by dividing the
Incident beam. Counting time at each position
was 1 s. Measurements were repeated every five
minutes. Five reflections were measured in this

short cycle up to about 3 hours after producing
single crystal martensite. Ten reflections were
measured in long cycle up to about 30 hours,
i.e. reflections were measured about every one
hour.

Results and Discussion

Peak profiles measured in a fresh state
were compared with ones in a stabilized state
for every reflection. We could not find any
significant differences in the profile between
two states. If the shuffling of atomic
positions occurs gradually, i.e. there Is a
structural change depending on time, intensities
of Bragg reflection must be changed according to
movement of atoms. The integrated intensities

of measured reflections were obtained. They are
shown in Fig. 1 as a function of time after the
transformation. There is no change of the

Integrated intensity.
We are planning to measure peak profiles

after moving twinning boundary in a stabilized
state for futher precise experiment.
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Introduction

Recent discovery of icosahedral quasicrystalsO in Al-
Mn alloys has given great interest in studying the
intermediate phase between glass and crystal. This
phase was reported in rapidly cooled alloys and is
characterized by noncrystallographic symmetry
(fivefold axes). A single-crystal of ^ phase in Al-Mn
alloys was incidentally found in the X-ray diffraction
studies of the quasicrystals. It is noted that the
crystal shows the diffraction pattems similar to those
of the decagonal phase.

Experimental

The crystal was grown at rapid quenching in a brass
roller melt-quenching apparatus. The starting
materials were A1 with 7.8 at.% Mn, 10.3 at.% Cr and
9.1 at.% Si. Since the crystal used here is small (10 x
10 X 20 iim), all experiments including the precession
and four-circle diffractometer works were made with

synchrotron X-rays from a normal bending magnet at
BL-IOA. The storage ring was operated at 2.5 GeV
and 300-150 mA with a life time of about 12 hours

(Dec. 1986 - Feb. 1987). The X-rays were
monochromatized with a Si(lll) crystal (>, = 0.7 A).

The cell dimensions are a = 7.519(1), c = 7.827(1) A
and V =383.2 A^. The intensity distribution indicates
that the crystal is hexagonal and the Laue symmetry
is 61mmm. The systematic absences are; / = 2n on
hhl and / = 2n on 00/. The crystal structure analysis
suggests that the space group is most likely P6^lmmc
in the possible space groups. This crystal may be
referred to as (AlMn)2) or ^ (AlMnSi).^) Intensity
data were collected by the co-20 step-scan method up
to sin9/X = 0.71. The intensity decay of the primary
synchrotron beam could be reasonably well
compensated for by
referring to the
intensity of a standard " I
reflection. Of 500 t /
measured and 253 j \ /
independent reflections, I \ /
218 reflections having \ /
S 3<tf were used in the « \ /
crystal structure \ /
analysis. Integrated . \ /
intensities were \ /
corrected for Lorentz Ny
and polarization (p = 1)
factors and for

o

absorption (u = 51 cm-l) * • • • o.w' o.'w ' ' ' c
MunwibHrlktal

and anomalous ,
« j »

scattering effects. p. a Humbtt •< Mn p*r «<dl

Results and discussion

As the first step of structure analyses, the three-
dimensional Patterson function was calculated

directly from the corrected values. By a
comparison of the Fourier and Patterson syntheses, Si
and Mn/Cr atoms were placed on several of the
largest peaks. Then, using the difference-Fourier
method, the positions for A1 atoms were found. All
parameters were refined simultaneously using the
full-matrix least-squares program, RADY,"^) where the
residuals of the function rH'( 1Fobs I -1 Fcaic I)^ were
minimized. No extinction correction was applied
because the crystal is enough small.

Both Mn and Cr atoms were found to distribute in

the 6h sites together. After all parameters well
converged in refinement, the separation of these two
atoms was made by changing the fraction of atomic
scattering factors of Mn and Cr atoms. The residual
factors as a function of Mn/Cr ratio are schematically
shown in Fig. 1 where there is a minimum very close
to two Mn atoms per unit cell. The chemical formula
thus obtained are Al9SiMnCr2 in Z = 2.

The final positional and thermal parameters
obtained in refinements are listed in Table 1. The
refinement well converged to R = 0.024 and Rh- =
0.029. The atomic distances are: Si-Me = 2.5019(2) A,
Si-Al(l) = 2.6729(4), Si-Al(2) = 4.274(1), Me-Me =
2.7004(5), AI(1)-A1(1) = 2.808(1), 2.918(2), Al(l)-
Al(2) = 2.7929(9), 2.969(1), A1(2)-A1(2) = 2.809(1).
Although we used a small crystal of 10-20 p.m, the
maximum peak intensity was 5 x 10^ cps for the 301
reflection. Therefore, no extra procedure was needed
to determine the crystal structure.

1) Shechtman, D., Blech, I., Gratias, D. and Cahn, J.W.
(1984) Phys. Rev. Lett., 53. 1951-1953.

2) Taylor, M.A. (1960) Acta Metallur., 8, 256-262.
3) Robinson, K. (1952) Acta Cryst., 5, 397-403.
4) Sasaki, S. (1987) KEK Internal 87-3.

Table 1, Final atomic coordinates and thermal parameters.

Al(l) Al(2) Si Mn/Cr

X 0.2017(1) 034210) 0 -0.41972(8)
y = 2x = 2x 0 = 2x
z 0.0636(2) 1/4 0 1/4

Pll 0.0031(1) 0.0020(1) 0.0031(2) 0.00294(7)
022 0.0030(1) 0.0037(2) = 011 0.0025(1)
033 0.00172(6) 0.00302(9) 0.0012(1) 0.00104(5)
023 -0.00019(7)
B(equiv) 0.49(2) 034(3) 0.45(2) 0.40(2)

Restrictions:

y = 2x, 022= 2pl2.023 = 2013 for 12ksites; y = 2x. z = 1/4,022 = 2012.023 =
013= 0 for fihsilcs; x = y = z = 0,0n - 022= 2012,023= 013 = 0 for 2asites.
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Introduction

The trivalent chroaiua ion is known to have an
energy level froa which fluorescence and laser
action to ground level can occur. The t2g
orbitals are occupied by 3 electrons in both
levels, all of the same spin at ground level,
one of thea having opposite spin at the
netastable level.

Since this aetastable state has a long
lifetiae, in the order of Billiseconds, an
appreciable fraction of ions can be held
constantly at this level by irradiation by
sufficient flux of excitation energy. Detection
with X-ray diffraction methods of the effect on
crystallographic parameters brought on by the
occupation of the aetastable level is the final
objective of this study.

The single-crystal X-ray diffraction stations
at the Photon Factory facility are characterized
by their very sharp and intense incidental X-
rays which, in itself give results with high s/n
ratios. There is a report^'^ however, of an
inferiority in the stability of P.F. X-rays
coapared to conventional generators and
reaaining probleas in the correction of the
collected data for decay of the synchrotron
radiation.

Monitoring the temperature increase due to
irradiation is especially important when using
minute crystals onto which thermocouples cannot
be attached, or the net heat evolved is too
saall to measure with thea.

Experiments and Results

The crystal used in the experiment is natural
uvarovite (garnet); Caj (Cr,A1,Fe)2Si30|2> cubic
cell dimension I1.9365A. It was ground into a
sphere^2) „ith a diameter of approximately
0.3aa. Intensity aeasureaents were carried out
with the automated four-circle diffractoaeter at
beam line BL-10A of the P.F. A Si(1 1 I) crystal
was used to monochroaatize the X-ray to
A=0.5625A. Four reflexions with various 16
values were chosen for the inspection of the
reproducibi1ity of the 16 values. The data for
the 16 16 16 reflexion gave the best result, in
which the standard deviation of 10 succesively
measured 16 values gave corresponding d-spacing
deviation vs. d-spacing ratio Ad/d=6.78X 10"^.
Assuming the linear expansion constant with
temperature of this sample equal to that of
YAG(7XI0~^ /deg, , temperature change from
about a few tens of degrees can be monitored by
this method.

Reflection data were collected with the ld~Oi
step scan. Correction of data were made for
Lorentz-polarization and decay of beam by
interpolation of standard reflexion values. Only
about 30% of the anticipated number of
reflexions were measured. Preliminary results
will be reported here.

Standard reflexion 12 10 6 was measured before
every 24 reflexion data collected. The 16
position of the standard reflexion showed 3 wild
fluctuations of about 0.1* each during this
experiment. The full durature of these
fluctuations were about 10 to 20 reflexion data,
and returned to normal by the next standard
reflexion. No immeadiate cause could be pointed
out, nor the effect on the processed structure
data. The scan width was adjusted to accoaodate
the profiles of high angle reflexions should
these fluctuations occur.

The largest observed structure factor'of an
extinct reflexion was chosen as the oaaission
criterion for the preliminary analysis. 92
reflexions with 2^/A<0.64 were used for
refinement. The converged R=8.75Z,Rw=7.80%. The
difference Fourier map in the vicinity of the
Cr^* ion shows basically the same characteristic
as that of the conventional generator (rotating
anode MoKor , 2^/A<0.8, 384 used reflexions
(equivalent-averaged, independent), R=2.06%,
Rw=1.85%); the electron distribution around
the Cr^"*" ion is deficient in the direction of
the eg orbitals (Fig.l).

It IS possible to consider reproducibility of
reflexions measured in short time intervals
high, and in making a comparison of very fine
details between two structural data, those
reflexions should be collected in that manner.
If reflexions suspected to give significant
intensity change up-on irradiation could be
deduced from data collected with a conventional
generator, or from Fc's of reflexions with large
contribution from the Cr^* ion, a selected set
of reflexions could repeatedly be measured with
the synchrotron radiation.

References
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introdusiion

For noncrystal1ine materials EXAFS
(Extended X-ray Absorption Fine
Structure) is now widely used as an
established tool for the determination

of lical structure around a central

atom. An application of EXAFS to
elements with low atomic number is

limited, however, because their K
absorption edges lie in the soft x-ray
region where the experiment Is not
feasible in air and no adequate window
materials are available.

In order to evade this difficulty, a
use of the inelastic scattering has been
tried. Some preliminary results. „on
graphite has been reported already ' .
This report is an extention of the
previous effort to diamond, an allotrope
of graphite. It if confirmed for the
first time that the inelastic scattering
spectrum called x-ray Raman spectrum has
an identical structure as.the absorption
spectrum of the compound .

Experimental and Results

The experiment was carried out at BL-
lOC. X-rays of about 8 keV were
monochromatized by a double crystal
Si (111) monochromator and was focused by
a doubly focusing mirror. The scattered
x-rays from sample were dispersed by a
Johansson type Ge(333) crystal and
detected by a proportional counter. The
signal was accumulated in multichannel

analyzer for at least 24 hours, and
sometimes 3 days. To the lower energy
side of the Compton scattering, Raman
signal whose intensity is about one
tenth of Compton scattering is observed.
Fig.1(a) shows the Raman scattering
spectrum of diamond after removing
Compton contribution. It has very
similar features as x-ray absorption
spectra; a sharp edge followed by an
oscillatory fine structure. As usual in
the analysis of EXAFS, a smooth
background indicated in the Fig. is
assumed and subtracted. The extracted

oscillation is shown in Fig.2(b). Also
shown in Fig.2 (c) is the extracted
EXAFS oscillation in the soft x-ray
absorption spectrum fromx diamond
reported by Comelli et al . It will
immediately be clear that these two are
the same. Although not shown in
Fig.2(c), fine structures near the edge
also coincide exactly. Therefore, it is

DIAMOND

300 500 , ^ 700
ENERGY SHIFT(eV)

k(A-l)

Figure 1. X-ray Raman scattering
spectrum of diamond, extracted
oscillation from the spectrum. Also
shown is the extracted oscillation from
the soft x-ray absorption spectrum of
diamond reproduced from ref. 4.

experimentally confirmed for the first
time that the x-ray Raman scattering can
supply the same information as the soft
x-ray absorption spectrum, and can be a
subs t i tute.

It should be mentioned that resonant
effect ip x-ray Raman scattering is also
observed .

References
DK.Tohji and Y.Udagawa, FF Acti-vity

Reposrt,#5,266(1987).
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B.B.Pate, Phys.Rev. B37,4383(1988).
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In this report, we describe the results of a
solution X—ray scattering (SOXS) from calmodulin
to examine the calcium—induced conformational

change of this protein. The structural change
of a calmodulin upon calcium binding is also
studied in the presence of mastoparan which is
one of the model polypeptides as a target—enzyme
of calmodulin^.

Experimental

Calmodulin was purified from pig brain accord
ing to the methods previously reported^. The
SOXS profiles were recorded with synchrotron rad
iation from a storage ring at the Photon Factory
of the National Laboratory for High Energy Physics,
Tsukuba. The present analysis of the experimen
tal data has been made on the basis o^ a dumbell—
shaped model constituted with two Ca® —binding
domain (N— and C—domains) connected by a long
central or-helix.

Results and Discussion

decreases drastically and the hump which would be
characteristic of a dumbell—shaped model dis
appeared.

1) H.Yoshino et al, in Calcium Signal and Cell
Response.Ed. by K.Yagi and T.Miyazaki,
Gakkai—Syuppan Center, Tokyo 1988,
Y.Izumi et al, Rep.Prog.Polym.Phys.Jpn.
(1988) to be published.

2) M.Yazawa et al, J.Biochem.(Tokyo)87,1313(1980).
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Fig. 1 shows SOXS profiles from calgiodulin
solutions with different amount of Ca^ ions at
moderate scattering angles. The change in the
scattering profile can be_clearly seen in which
a hump at about 10^s=2.4A ^ and a broad peak at
about 10^s=5.^A ^ increase depending on the incr
easing of Ca" concentration. These tendencies
ar^_^almost complete upon the addition of 2.0 mol
Ca /mol of calmodulin.

The radii of gyration Rg of calmodulin estim
ated from the initial slope of the Guinier plot
of SOX^ profies are shown in Fig. 2 as a function
of Ca® concentration. The Rg value increases
as the Ca® concentration increases and i^ almost
complete upon the addition of 2.5 mol Ca® /mol of
calmodulin.

Fig. 3 shows the SOXS profiles from calmodulin
solutions in the presence of mastoparan. The
distinct change in the intensity profile can be
seen in the figure with increasing Ca® concentr
ation. From Fig. 3, it is noted that a hump at
about 10®s=^.8A ^ disappeares upon the addition of
2.0 mol Ca® /mol of calmodulin. These changes
upon calcium binding in the presence of mastoparan
are clearly different from those in the absence
of mastoparan. The radii of gyration Rg of
calmodulin in the presence of mastoparan estimated
from the Guinie^ plots are shown in Fig. 2 as a
function of Ca® concentration. The Rg value
drastically decreases as the Ca® concentration
increases and is almost complete upon the addit
ion of 4.0 mol Ca® /mol of calmodulin.

Taken together, these results obtained with
the presence of mastoparan suggest that the dis
tance between two domains of calmodulin becomes
to be so close by the binding of Ca® that Rg

SOXS profiles of calmodulin in the absence (Left,
Fig. 1) and presence (Right, Fig. 3) of mastoparan.

Fig. 2. Change in Rg of_j_calmodulin as a
function of Ca® concentration.
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Introduction

Polyethylene exhibits a thermoreversible gel
ation in a large number of solvents. The gela
tion occurs during the crystallization of polymer.
Although the characterization of thermoreversible
gelation in polyethylene solutions has been exam
ined, only few diffractive studies have been made.
The present work is concerned with the first ob
servation of the static behaviors of the gelation
and the melting of the gel of the system of a
branched polyethylene—toluene by SAXES in stalled
at Photon Factory of KEK.

Experimental

The branched polyethylene was supplied by
Polysciences Inc., and the viscosity is 0.8132 dl/g
in chloronaphtalene. The temperature of the
sample holder was controlled by circulating water
of constant temperature. The temperature fluct
uation of the sample was within 0.1 C throught
the experiments. The details of the instrument
ation and the procedure of SAXES are described
elsewhere^. Five concentrations of polyethylene
solution have been examined , i.e., 1(3^), 2{5%),
3(105J), 4(1A^), and 5(20^).

Results and Discussion

The obtained results were analyzed using the
invariant Q and the correlation length Ic defined
by

Q= /I(q)q^dq and lc= TT/I(q)qdq/Q,

where q is a scattering vector.
Fig. 1 shows the double logarithmic plots of

Q and Ic versus reduced temperatures under the
annealed condition, where e and e" are (Tm-T)/Tm
and (Tci—T)/Tcr, respectively, Tm is the melting
temperature of gel and Tcr la the crystallization
temperature. The results show that Q and Ic are
an universal function of the reduced temperatures,
respectively. The straight line in the plot of
Q versus reduced temperature has a slope of 1.0,
while that in the plot of Ic has a slope of about
—0.1. As Tcr and Tm almost correspond to the
temperatures of the appearance and the melting of
gel phase, respectively, these exponents values
may be directly related with the critical expo
nents of the gelation and the gel melting, i.e.,
8-1.0 and V=0,6.

Fig. 2 shows the corresponding plots of Q and
Ic of the melting of the gel prepared under the
quenched condition. From the slopes of the
straight lines, we obtained the critical exponents
of the gel melting, i.e., 8-1.0 and v-0.6.
It is noted that the exponents don't depend on
the dilution effect and on the sample conditions.
Furthermore, behaviors of (110) and (200) reflec
tions observed in the wide—angle X—ray measurement
correspond to those of the above results.

References

1. T.Ueki et al.. Photon Factory Activity Report,
VI-70(1982/83).

Fig. 1. Plot of Q and Ic versus reduced temperat
ures under the annealed condition.

Fig. 2. Plot of Q and Ic versus reduced temperat
ure under the quenched condition.
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Introduction

Recently, X-ray diffraction has been
applied to the structure analysis of crystal
surfaces using synchrotron radiation. Hitherto,
roost of the works have been made under grazing
incidence condition, and the surface structure
projected on a plane parallel to the surface has
been studied. In this work. X-ray intensity
versus energy curves are measured under nearly
normal Incidence condition in order to measure

the rod profiles, and the 3-dimensional surface
structures of S1(11l)/3x/3-Bi'^ and -Ag^^ are
Investigated.

In these systems, the atomic scattering
factor of adsorbed atoms is much greater than
that of Si. Therefore the contribution of the
reconstructed Si atoms to the diffracted

intensities is small compared with that of the
adsorbed atoms, and neglected in the first step
of the analysis. Then the atomic arrangements
of the adsorbed layer are easily determined from
the intensity analysis of the fractional-order
spots. Next, the adsorption sites of the
adsorbed atoms are analyzed from the Intensity
changes along the integral-order rods especially
near the Bragg points by utilizing the
Interference effect between the X-rays
diffracted from the adsorbed layer and the bulk
crystal. It is noted that the phase of the
diffracted waves by the bulk crystal changes IT
on both sides of the Bragg points. Finally, the
positions of the reconstructed surface SI atoms
are obtained from the more detailed analysis.

Experimental and Results

Experiments were made at the beam-line IOC
In the Photon Factory. Fi_gj _1_ shows the result
obtained for the Si (11 D/Bx/S-Bi surface. Bi

atoms forming a trimer are bonded with the first
layer Si atoms, and the center of the trimer Is
on the second layer Si atoms. The distance
between the Bi atoms Is about 3.1 A, and the
distance between the BI and first layer Si atoms
is about 2.7 A. These values are well explained
from the atomic radii of tl^e ^i and Si atoms.

In the case of the VSx/S-Ag surface, the
analysis shows that Ag atoms form honeycombly
chained triangles as shown in Fig. 2. The
distance between the nearest neighbor Ag atoms
is about 3.4 A, which corresponds to twice the
van der Waals radius of Ag atoms. Fig. 3 shows
the adsorption sites obtained from the Integral-
order rod profiles. The spacing between the Ag
layer and the Ideal first Si layer is about
2.9 A. Since the rod profiles are not so
sensitive to the reconstructed Si atoms near the

Ag layer, it seems that Si atoms which are not
shown exist near the surface blow the Ag layer.

Re fe rences
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Introduction

Correlation photoacoustic measurement gives
impulse response characteristics of heat
generation in the sample caused by X-ray
absorption without any use of pulsed X-ray
source'' . The impulse response is referred to
as the fi^ist kind of correlation
photoacoustics^'^S which gives information on
thermal and structural properties of the sample
material. Although conventional photoacoustic
method gives similar informations by the use of
phase delay or multi-frequency measurements,
impulse response curve represents more detailed
and visual information for understanding the
layered samples than the conventional method.

Experimental and Results

The experiments was made at the beam lines
BL10C (monochromated to 1.32-1.4-5A) and BL15A
(fixed at 1.504A.). The X-ray beam was modulated
by a mechanical random chopper (containing 2
series of M-sequence, n=31)• The photoacoustic
cell used was similar to that used in previous
works ' ^. But the cell windows were enlarged
(18.5inm diameter and 0.5mm thick) to avoid
absorption of scattered beam in the cell space.
The cell was placed on a pneumatic floating
table. The preamplified photoacoustic signal and
the reference signal from the chopper were
introduced into FFT analyzer(ADVANTEST, TR94.03) >
and the cross correlation between these signals
was obtained by integration up to 1024. times.

Dependence of correlation photoacoustic
spectra for copper foils (thickness 10, 50, 200,
lOOOum) on the X-ray wavelength were measured

"I ^
• •' • ^ A/ v/ 'H !

^ V \ /i
I?-'"

wavelength/A wavelength/A

Fig. 1.Dependence of correlation spectra versus
X-ray wavelength. ArT^, decay time, and
B:Imax, peak intensity of heat pulse.
•;10um, +:50um, *:200um, o:1000um.

at wavelengths between 1.32 and 1.4.5A. Although
penetration depth of X-ray beam in the copper
foil changed 4. to 28um when the wavelength
changed from 1.35 to 1.XOA across the point of
the absorption edge, Tq showed no chanp. Figure
1 shows the change of and Imax against X-ray
wavelength. Imax shows sharp drop at absorption
edge for each thickness, and T^. shows a rise at
absorption edge for the samples with thicknesses
of 50 and lOOura. These facts mean that 1)Tq
and Imax were influenced by the heat generated
near the surface, 2)T£- is influenced by depth of
heat generation.

Laminated samples of aluminum and lead
sheets were measured at 1.30 and 1.4-5A. one to
three sheets of aluminum foils (15um thick) were
adhered with polymer binder on both side of lead
foil (50um). Figure 2 shows correlation
photoacoustic spectra obtained for the laminated
sample with three aluminum layers. Two peaks
are observed at Tq=10 and 65ms. First and second
peaks are considered to be related to the heat
from the surface aluminum and that from the lead
layers, respectively. Tq for the first peak
shows no change with increase of number of
aluminum layer, but Tq for second peak increased
with number of aluminum layers (see Fig. 2 B).
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Fig.2. Photoacoustic spectra of laminated
sample. A:Impulse response for the sample
with 3 aluminum layers, B:dependence of
To on number the aluminum layers.
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INTRODUCTION

The crystallization of polymers was per

formed on heterogeneous nuclei not only to

produce fine grained particles for improved
optical and mechanical properties, but also
to investigate the early stage of crystalliza
tion. Such a crystallization process may be
traced with SAXS and also with electron micro

scope (EH).
In this report, the crystallization pro

cess of poIy(vinyl alcohol) PVA was examined
on poly(methyl methacrylate) PMMA particles of
fine size in water solution.

EXPERIMENTAL

PVA used was a commercial product of Uni-
tika (viscosity averaged molecular weight is
1700) provided through Prof. Kaji and PMMA
latex was prepared by Dr. Yamazaki". PVA was
dissolved in hot water (100 °C), in which PMMA
particles have been suspended, and after cool
ing down to 25°C was crystallized for 2 weeks.
SAXS experiment was performed BL-IOC at Photon
Factory.

RESULTS AND DISCUSSION

Figs.l-a and -b show the Guinier plots for
PHHA/H2 0 and PVA/PHHA/Hz 0 , respectively.

Rg was estimated for PMMA as 22.3±0.8 nm
from the Guinier plot for PMHA/Hz 0 , and then
the diameter of the PMMA particles was calcu
lated to be 57.4 nm, assuming homogeneous den
sity in PMMA spherical particles.

Fig.2-a shows an EM image of PMMA parti
cles negatively stained with uranyl acetate
and the mean diameter of the PMMA particles is
estimated to be 52.0nm, though the diameter
varies between 40 and 60 nm.

After the crystallization at 25 "C, SAXS
in Fig.l-b yields the Ro value of 27,7 ±1.0
nm, which corresponds to 71.4 nm of spherical
diameter. The value is larger than that of

PMMA particle itself, suggesting that PVA is
crystallized on PMMA particles.

Actually a shell structure was observed by
EH for negatively stained specimens after the
crystallization as shown in Fig.2-b, and the

shell thickness is about 4nm which corresponds

roughly to the lamella thickness of PVA cryst
al. It seems that PVA crystal is grown on the

PMMA particle.
Detailed mechanism of the formation of the

shell structure is still in question and fur
ther experiments are needed with SAXS and EH.

Fig.l~a.1(h) vs. h^ for PMHA/H2 0,
b.for PVA/PMMA/Hz 0.

Fig.2-a.EM image of PMMA particles,
b.of PVA crystallized on PMMA.

1) S.YamazakilKobunshi Ronbunshu, 36;t729(1979)
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The photoacoustic EXAFS method which was

established by our group at the Photon Factory

is an unique and new tool for analysis^\
However, in our application of this method to

actual samples, it was found that sensitivity of

our system should be improved. One of the way

to overcome this problem is use of a high flux

X-ray source. The Beam Line IOC is the station

with installed double focusing system with

tuneablility of wavelength. We developed a

system for X-ray energy scanning system to

perform the PA-EXAFS study at higher S/N ratio.

Experiments Since the double crystal

monochro-metor at BLIOC was not designed to have

a mechanical linkage between the two crystals,

control of the monochrometor was delicate. Thus

we adopted feed back control with computer. A

flow chart for the monochrometor control by our

microcomputer(NEC 9801 VM2) is shown in Fig.l.

Results and Discussion

Figure 2 shows the spectra for Cu foil at 1

urn thick. Very thin and thick Cu foil is known

to give small photoacoustic signal^^.
Corresponding fine structures were seen both in

the absorption spectrum and in the photoacoustic

spectrum even for this undesirable case.

However, in the photoacoustic EXAFS, sharp

decrease were also included at 9.1 and.9.15 keV.

These spikes in this normalized spectrum were

occured when the photon flux was changed fairly

drastic on the way of scanning. It seemed that

the accumulated photoacoustic background noises

were also depending on the pre-set accumulation

times. Because the number of times for

accumulation up to the preset value increases

when the incident X-ray flux at the first ion

chamber decreased. Thus, it was finally

considered that in order to get good quality of

photoacoustic EXAFS through.weak signal, the

smooth change in the photon flux on scanning of

the photon energy is quite important. In order

to maintain the flux at similar level, learning

system was also installed in the software.

More desired energy scanning system for Beam

Line IOC is under development.

References
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Figure 1. Control flow chart for the energy
scanning system of BLIOC with our microcomputer.
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Figure 2. X-ray absorption•spectra of Cu foil
(1 pm thick) by Photoacoustic and absorption
method.
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Introduction

In our preliminary reports,we have shown
that we succeeded to observe nuclear excitation

for ^°^Rh and ^®'0s by synchrotron radiation.
This process has been confirmed by ovserving x
rays accompanying internal conversion from
isomeric states, which are produced in course of
de-excitation of higher-excited levels. However,
due to narrow nuclear level widths the induced

avtivlty was so weak that the counting statistics
was poor and the background contributions were
important.

There have been performed extensive studies
on the natural background in the energy
region ( _> 100 keV), but to the authors' knowledge
no systematic study in the x-ray energy region
has been reported. This is because the x-ray
background strongly depends on the surroundings.
All materials around the detector can be a source

of fluorescent x rays when they are hit by natural
background radiations.

In order to estimate the contributions from

the background to our x-ray spectra, we have
attempted to measure the natural background for
our experimental conditions in the previous work.

Experimental

The natural background in the energy region
of rhodium K x rays and osmium L x rays were
measured with a Ge low-energy photon spectrometer
(LEPS). Two kinds of measurements were made with
and without target foils in front of the detector,
because the activity measurements were made with
targets. The same Rh and Os foils used in the
previous works^'^ were used. The energy calibra
tion of the detector system was performed by the
use of ®^Co and ^""^Am sources. The measuring
period was chosen to be about 5 x 10 sec.

Results and discussion

Figure 1 shows the background spectrum with
the Rh targets. Two low-energy peaks at 8.8 and
10.3 keV correspond to the Ka and K8 x rays of
Ge. The fluorescent Rh K-x-ray peaks can be seen
at 20.2 and 22.9 keV. Two high-energy peaks at
24.2 and 27.3 keV are K x rays from In.

The background spectrum without target is
shown in Fig. 2. To see the high-energy part,
the energy range is expanded. In the high-energy
region, the Ka-|̂ peaks of Pb (75.2 keV) and Bi
(77.2 keV) are found. They are considered due
to radioactive aerosols.

Figure 3 is the spectrum with the Os target.
In addition to the In K x rays, there are three
peaks corresponding to Re and Os K x rays. They
are not seen in the spectrum without target in
Fig. 4. The Os peaks come from the fluorescent
X rays. On the other hand, the existence of the
Re K-x-ray peak suggests that our Os target may
contain long-life Os radioisotopes or radioactive
impurities.

1 rT'"
—

E N E R C Y (KEV)

Fig. 1. Background with Rh foil.

In In

3 ENERGY (KEV)

Fig. 2. Background without Rh foil.

ENERGY (KEV)

Fig. 3. Background with Os foil.

.n
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Fig. 4. Background without Os foil.
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Abstract

Dynamical X-ray diffraction during total external
reflection has been studied by measuring rocking
curves and fluorescence yield curves from a per
fect germanium crystal under the grazing-incidence
condition. The rocking-curve profiles observed
from slightly asymmetric Bragg planes as a func
tion of glancing angle were found to be quite dif
ferent for both the diffracted and specular beams.
These profiles show unusual features arising from
the excitation or de-excitation of the wave fields

in shallow surface layers of the bulk crystal.
Furthermore, Ge K fluorescence signals measured
during the Bragg reflection showed characteristic
modulations, demonstrating the formation of X-ray
standing waves inside the crystal with intensity
modulations parallel to the surface. The work has
been reported in details in refs. 1-3.

Rocking curve measurements

Experiments were conducted on a germanium (111)
crystal with an optically flat surface. The
polished surface was found to be inclined to the
(111) plane by 3.3 mrad. The surface was etched
in HF solution to remove the oxide layer and
passivated by bromine. This specimen was horizon
tally mounted on a goniometer which allowed us to
control independently the grazing angle and
the deviation angle A 6 from exact Bragg inci
dence. For the specimen geometry, refer to our
previous report [4]. The incident beam (photon
energy 8.05 keV) obtained from the vertical-
wiggler source was collimated by an asymmetric
germanium 220 monochromator arranged in a non-
dispersive position for the specimen (220) plane.
The output beam had horizontal and vertical diver
gences approximating the plane-wave condition.

Figure 1 shows typical reflectivity curves
observed at fixed S positions. The indicated
A 6 values are determined by comparing the expe
rimental profiles with the theoretical ones. The
two specimen orientations rotated by 180® around
the surface normal gave surprisingly different
curve profiles for both the specular and dif
fracted beams. Double steps are clearly visible
in Rgi^Q) with one step at and the other
step at ^0 ^ ^c ' ^ c critical angle
of total external reflection for off-Bragg condi
tions, which is equal to 5.4 mrad. The double
steps are a direct consequence of wave dispersion
during the Bragg reflection, which produces two
wave fields in the crystal with different ref
ractive indices. The observed profiles are
largely in agreement with the calculations, indi
cating that the diffraction process is describable
by the existing dynamical diffraction theory [1-3].

Standing-wave behaviors

More direct information on the X-ray wave fields
has been gained by tuning the beamline optics now
to 17.4 keV and recording fluorescence spectra
from the specimen by a high-purity germanium
detector. Figure 2 plots Ge K fluorescence sig
nals, together with simultaneously measured
specular and diffracted intensities, and
observed by rocking the specimen through the Bragg

position at three different values of close
to the off-Bragg critical angle , which is now
equal to 2.5 mrad. Clearly, the signals con
firm the formation of an X-ray standing wave (XSW)
inside the crystal. This standing wave is inten
sity modulated along the h vector, which is
directed nearly parallel to the specimen surface.
For the Laue-case diffraction with which we are

concerned, we have two possible standing waves,
one with antinodes on the atomic planes and the
other with nodes on the atomic planes. Most ob
vious in Fig. 2 is the variation of l£(0) from a
peaked profile at 9^o c ^ dipped profile
at ^0 ^ ^c ^ peak-vaUey profile at •
This has been observed for the first time and

demonstrates the specific dependences of the
standing-wave amplitudes on . These results
show that new XSW experiments are feasible for the
determination of interface structures parallel to
the surface.
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Fig. 1. Observed (open circles) and calcu
lated (solid line) reflectivity curves at
fixed A d for two specimen orientations. The
insets show the directions of the h vector
with respect to the surface. : specular
beam, : diffracted beam. The calculated
curves include the incident-beam profile and
the effects of the non-flat specimen surface.
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Introduction

Charge densities in the molecules can be
studied by X-ray diffraction. In the previous
work,l) we measured the energy spectra of the
X-rays scattered by free water molecules and
reported that there are systematic differences
between the experimental and theoretical (SCF-
MO) total intensities at small s-values (s =
(Att/X) sin9). In the present study, the total
intensities, I^ot' small s-values have been
measured more precisely by using an angle-
dispersive type diffractometer at the BL~14B
experimental station.

Experimental

The horizontal type diffractometer and
the sample cell constructed by Mitsuhashi et
al.2) were used. The incident X-rays with the
wavelengths of 1.5A3/n 1 (n=l,3,4,5) were
obtained by using a silicon (111) monochromator.
The energy spectra of X-rays were observed by
using a pure-Ge SSD with the energy resolution
of 170 eV at scattering angles between 10.5" and
75.7". The temperature of the sample cell was
maintained to be about 141"C. A scintillation
counter was used for monitoring the fluctuations
of the scattered intensity at a fixed angle.
The signals from the SSD were stored in a
multichannel analyzer. The polarization factor
was determined by measuring the scattered
intensities by air with the scintillation
counter mounted on a circle.

Results

Experimental total intensities were
obtained from the observed energy spectra by the
following procedure: (1) absorption correction;
(2) background correction; (3) normalization by
using the monitor counts; (4) normalization
regarding the effective scattering volume; (5)
polarization correction. The limits of error
were estimated from the statistical fluctuation

of the counts of the SSD. The experimental
total intensities were compared with the
theoretical ones calculated from a CI

molecular wavefunction, which is based on the
[7s4p2d/5s2p] basis set and includes all singly
excited configurations and selected doubly
excited configurations.3) The experimental total
intensities were normalized to the theoretical

ones at s = 0.75 The experimental and
theoretical results were compared irv l^rms of the
difference intensity, Aa (s)=I^ t~^t t'
I^^ is the theoretical^tensity bas^d on the .
independent atom model. As shown in Fig. 1, the
theoretical values of AOeeCs) are in fair
agreement with the experimental data.
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Fig. 1. Experimental (5) and theoretical (-) difference
intensities, AOee> for H2O.
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Fig.l shows the experimental
arrangement set up on BL-14B at the
Photon Factory. The wavelength of the
beam is 0.905A. The first Si crystal
with the asymmetric 220 Bragg case
serves as a collimator. The second Si
crystal is a polarizer producing the
linearly polarized X-ray beam whose
electric vector is inclined by 45*"
with respect to the horizontal plane.
The polarization state of the beam
from the polarizer was observed as
shown in Fig.2. The third Si crystal
with the symmetric 220 Bragg case
serves as a phase plate. For the
analysis of the polarization state of
the forward-diffracted beam from the
phase plate, an analyzer crystal with
the symmetric 660-Bragg case was used
and the integrated intensities were
measured at each rotation angle of the
analyzer around the • incident beam
d i rect ion. c

^ S|(660)

C'COLL IMA TOR
-?-.POLARIZER
B-PMASE~PLA TE
h:-ANALYZER

Fig.l Experimental set up

In Fig.3, the experimental results
are shown as solid circles with
theoretical calculations(sol id lines).
The variation of the experimental
Integrated intensities coincides well
with the theoretical value. Thus it is
experimentally proved that a crystal
plate adjusted in the Bragg-case con
dition serves as a X-ray phase plate.
From the viewpoint of application the
circularly polarized X-ray is useful.
It is possible to obtain left-handed
or right-handed circularly polarized
X-ray from the linearly polarized
synchrotron radiation by the use of
this Bragg case phase plate.

Fig.2 The polarization state from P
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Fig.3 The polarization state from S
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third term should be considered. Figures 3(a),
(b) showed the third term of eq. (1). The
solid lines indicate the curves of least square
fitting. The broken lines mean the curves of Ga
and As, relatively moved about 4X from original
positions of Ga and As, respectively. Because of
the difference of lattice constant of Si and
GaAs about 4Z, the position of Ga, As and Si
would be different about 4Z. Furthermore if As
was positioned at the first layer and Ga was at
second layer of GaAs film, the position of Ga
and As should be different about 4Z. However,
the measured data was matched with original
position of Ga and As rather than the position
of Ga and As moved about 4Z from the original
position. The results indicate that the position
of Ga and As was equivalent in the film.
In this experiment, the Si(400) reflection was
selected but this reflection is equivalent with
respect to Ga and As. At the second step,
GaA8/Si(lll) sample will be tried because of the
different position of Ga and As with respect to
Si(lll) plane in near future.
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Introduction

The X-ray Standing Method was known as the
powerfull tool for structure analysis of
interfaces in semiconduntor crystals^ In this
report, this method was applied to the
GaA8/Si(100) interface for the first time.

Experimental

A GaA8/Si(100) sample was prepared by MOCVD
method. The thickness of GaAs film was about
20A. From the TEM image, the GaAs film was found
to grow as islands on Si(lOO).

The experiments were carried out at BL-14B.
Figure 1 shows the optical system of this
experiment. The angle dispersion of an
asymmetrically arranged monochromator was about
0.1 arcsec.

The wavelength was set about 0.85 A
(15keV). This value is about 5 keV higher than
Ga and As K-absorption edges and the
contamination of a Compton and Rayleigh
scattering into the 6a and As K-edge was
avoided. The Ga and As profile was measured by
solid state detector with rotating the sample
around Si(AOO) reflection.

Result and Discussion

The fluorescence due to the X-ray standing
wave method was expressed as follows;

If - 1+ |Eh/Eo| ^
+2f |Eh/Eoj-co8(27CD-o< ), (1)

where D ("d./dg,) is the relative position of Ga
and As to ffi. is the distance between Ga or
As atoms and the Si(400) net plane. dg£ is the
lattice constant of Si. Ej^ and E is the complex
amplitude of incident and rerlected X-ray,

is related to the complex dielectric
constant, which can be calculated analytically.
Since the first and second terms of eq. (1) are
independent of Ga and As position, only the

Si(400)

sum) "m

slit SU400)

sum)

Fig. 1 Experimental arrangement

d = 0.073 no f = 0.51

0

3 (arcsec)

Fig. 2(a) Least square fitting of Ga K

d = 0.076 no f = 0.49

•^-6 -3 0 3 6
8 (arcsec)

Fig. 2(b) Least square fitting of As K



proposal No 85-124

A STUDY OF SOLID-LIQUID PHASE TRANSITION FOR LITHIUM METAL
BY HIGH RESOLUTION COMPTON SCATTERING MEASUREMENTS

Funiitake ITCH, Tomoki SUGAWA, Kenji SUZUKI
Nobuhiro SHIOTANI*. Nobuhiko SAKAI* . Ou MAO*

Hiroshi KAWATA**, Yoshlyuki AMEMIYA** and Masami ANDO**

Institute for Materials Research. Tohoku University, Sendai 980, Japan
♦Institute of Physical and Chemical Research. Wako, Saitama 351-01, Japan ^

♦♦Photon Factory. National Laboratory for High Energy Physics. Oho. Tsukuba.Ibaraki 305, Japan

Introduction

A high resolution Compton spectrometer with
momentum resolution of 0.084 atomic units(a.u.)
has been successfully operated at BL14C of the
Photon Factory at KEK using 29.5 keV X-rays. In
this paper we report Compton profiles of lithium
metal above and below its melting point(180°C).

Experimental

The lithium sample with 5 mm thickness was
sandwiched between two sheets of thin stainless-
steel foil and was mounted In a vacuum chamber( 5
X 10"" Torr). Compton profile measurements were
done at 20 'C. 160 'C and 210*0. respectively.

Results and Discussion

The Compton profile J(p«) obtained are shown
in Fig.l. It should be noticed that a fairly
sharp cut-off is recognizable around pa!= 0.6 a.u.
in the Compton profile not only for the solid
phases but also even for the the liquid phase of
1i thi um.

In order to see clearly the change of the
electron momentum density upon melting, a dif
ference Compton profile is defined as follows,

AJ(Pas) - Jrr(Pa!) - J ao (p«). (1)

where T indicates a temperature at which the
measurement was done.

The results are shown in Fig.2 together with
a corresponding theoretical difference profile
based on the free electron model. The Compton
profile by the free electron model was calculated
with a Fermi momentum deduced from the mass den
sity at each temperature and one free electron per
lithium atom.

The experimental AJ(p«)"s have positive
sign around p® = 0 a.u. and negative around Pz =
0.5 a.u. , and then gradually approach to zero.
This characteristic feature is well reproduced by
the free electron model particularly for the dif
ference profile between 160'C and 20*0 (Fig.2 (b)).
However, the amplitudes of the experimental A
J(pz) between 210*C and 20 "C are greater than
the values predicted by the free electron
model (F i g. 2 (a)). This fact suggests that the
electron momentum distribution in liquid lithium
metal is further modified by the disorder in the
atomic arrangement due to melting.

210'c /

160'c -• •-

20 'c /

-50 -«.0 -3.0 -20 -10 00 10 20 3.0 AO 5.0

Pi(a.u.)

Fig.l. Compton profiles J(pz) for lithium metal in
the solid state(20*C and 160*C) and in the liquid
state( 210 'C).

0.00

-Free electron

Theory
Experiment

-aoa' ' ' ' '
-2.00 -1.00 0.00 100 2.00

Fig.2. Difference Compton profiles AJ(pz) be
tween (a)210*C and 20*C, and (b) 160*C and 20*0
(see text). The vertical bars indicate statisti
cal uncertainties. The solid lines represent cor
responding theoretical curves based on the free
electron model.
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1. Introduction

Since Al-Mn quasicrystal ( icosahedral

ftose ) was discovered by Shechtman et al. , the

formation of icosahedral phases (i-phase) has

been found in many other alloys. And atonic

structures of the i-phases have been studied ex

tensively ' . The i-phase of Al-Li-Cii system is

obtained in equilibrium and can be made into a

single i-phase. A single quasicrystal enables us

to study anisotropy of the electronic structure

of the i-phase.

In this report, we will present the elec

tron rrcmentum distribution in an Al-Li-Cu single

i-phase by high resoluticn Conpton scattering

measurements.

2. Experimental

A master alley of Al^g QLi22 0^9 2
prepared by argon arc-melting. The master alloy
was set in a boron-nitride crucible and was

sealed in a in a qusirtz tube with argon gas.

The single i-phase of Al-Li-Qi alloy was grcwn by

Bridgman method at a rate of O.Sirm per hour. The
size of the single quasicrystal phase was ISmm in

diameter and 3mm in thickness. The composition

measured by Inductively-Coupled-Plasma spectrcme-

try was Al^g 3^29 3*^11 4* point symmetry
was checked ty tu^smission Laue x-ray diffrac
tion. The angles between the five-, three- and

two-fold axes were consistent with the icosahe

dral synmetry.

Ccmptcn profiles were measured with an x-

ray spectroneter installed at BL14C . The raw

profiles were corrected for the background , the

energy-dependent Ocmpton scattering cross-section
and the detection efficiency of the analyzer and

the detector.

3. Results

Dots in Fig.1 shew the Cfcmpton profile

with P^ (atomic unit) along the five-fold symme
try axis. A solid line in Fig.2 is a calculated
Gdtpton profile based on the free electron ap

proximation. The number of free electrons is as

sumed to be three for Al, cxie for Li and Cu. The

contributions from the core electrchs were as

sumed to be given by the free atom Hartree-Fock

calculations by B.Menselsohn and J.B.Mann. The

calculated profile agrees with the experimental

results as seen in Fig.1. The experimental and

theoretical values of cutoff at the Fermi surface

are sumrmrized in Table I.

Table I. The Fermi cutoffs.of Cempton

profile and calculated one.

Pg ta.u.)
Experimental 0.825 ±0.025

Calculated 0.835
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Fig.1 (a) The Conpton profile J(P ) along the
five-fold symmetry axis, (b) The calculated
Conpton profile.
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1 ♦ Introduction

It is known that the icosahedral

phases (i-phase) with especially sharp
diffraction peaks are fabricated with
addition of Ru atom to Al-Mn-Si. Ru

atoms in these i-phases play a role as
good markers for the study of the
icosahedral structure. In this study,
the environmental atomic structures of

Ru atom in i-Al^^Mn^^Ru^Si, and i-
AlggMn^RugSi^ were investigated by X-
ray dirfraction measurements using the
variation of the dispersion factors of
Ru atom, and the validity of the model
proposed by our group is checked by
inquiring the location of Ru atoms in
our model.

2. Experimental Procedures

The icosahedral single phases of

fabricated by melt-spinning in a He at
mosphere. .The diffraction profiles,
from 0.4 A to 20.0 A , of the pow
dered samples were obtained at two inci
dent photon energies, 22.014keV and
21.722keV near the Ru K-absorption edge,
in reflection geometry.

3. Results and Discussion

Figure 1 shows the differential
profiles of scattering intensity at two
different incident energies. Figure 2
illustrates partial pair distribution
functions estimated by Fourier trans
forms of A I(q) in Figure 1. The dif
ferential intensity profiles and the
partial pair distribution functions are
quite different between two samples.
This fact indicates that the Ru atoms
locate at different sites in two
samples.

The actual structure model ( Ideal
model ) for icosahedral Al-Mn phase was
proposed by our group [1]. The struc
tural framework of the Ideal model is

three dimensional Penrose tiling (3DPT).
The actual atomic configuration is
obtained by decorating the 3DPT with the
Mackay Icosahedron (MI) located at 12-
fold vertices in 3DPT and the glue atoms

located between the Mis. The MI is

A1^2^^12 icosahedral cluster and made up
of two f inner and outer ) Al shells and
one Mn shell with icosahedral symmetry.
The experimental results are explained
quite well by the ideal model where Ru
atom occupies at the vertex of 3DPT in
i-Al^gMn^ ^Ru^Sig and the inner
icosanedral shell of Mackay icosahedron
(M.I.) in i-AlggMn2QRUgSi^.

Reference
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I.Yasui, Mater. Sci. Eng. 99(1988)427.
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Introduction

Chemical effects of X-ray intensity ratio
were studied in cases of nuclear decay and
particle induced X-ray emission (PIXE) in our
laboratory [1, 2], They can also be studied by
synchrotron orbital radiation (SR). We have
studied nuclear excitation by SR to apply it to
generate X-rays and then to make comparison of
their intensity ratios among various chemical
states.

Our first approach to the problem is nuclear
excitation of an isomer to its metastable state

by resonance absorption of photons of suitable
energy in SR beams. No positive results have
been obtained except the preliminary work [3] of
our research group. In this report nuclear
excitation of 103Rh to its metastable isomer
103mRh (halflife: 56m) is described and experi
mental and calculated integral cross sections
are compared.

Experimental

A disc of natural metallic rhodium (99.9%)
with diameter of 13mm and thickness of 1.18g/cm2
was irradiated with a white beam at the BL-14c

line (Wiggler line) of Photon Factory of the
National Laboratory for High Energy Physics
(KEK). The target was irradiated for 4h, and
then its induced radioactivity was measured with
a low-energy photon spectrometer (LEPS) equipped
with a pure germanium detector. The counting
efficiency of the detector was determined using
an 24lAm standard source.

Results and Discussion

Characteristic ,K X-ray spectra of the
irradiated rhodium target (a) and nonirradiated
one (b) are shown in Fig.l. Comparison of the
irradiated sample with nonirradiated one leads
us to the conclusion that formed by
irradiation of the SR beam. The integral cross
section of for metastable isomer produc

tion by resonance absorption of photons at 295
keV (Fig.2) was found to be (2.1±0.8)xl0~28cni2 •
eV. The value was compared with (5.3±2.7)k10~36
cm^.eV estimated from the previous experimental
value (2. 2±1.1) xl0~25cin2. gv at the 1277keV level
[4]. The lower value of the experimental inte
gral cross section compared with the calculated
one is probably ascribed to uncertainity of the
branching ratio of transition from the 295keV
level to the metastable level (40keV), which is
estimated using a single particle model.

References
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I. INTRODUCTION

In the new method, climb motion of
dislocations under supersaturation (or
undersaturation) of the defects are observed in-
situ by high speed X-ray topography. Since X-ray
topography allows the use of a thick bulk
specimen, a sufficient degree of supersaturation
(or undersaturation) is made only by cooling (or
heating) of the specimen at an elevated
temperature. Although the method was first
reported in our previous paper[l], advantage of
the synchrotron radiation topography (SRT) is
emphasized.

When a temperature of a perfect crystal
changes suddenly to a lower one, point defects
become supersaturated and move towards free
surfaces to attain a lower equilibrium
concentration of the defects. According to the
theory on dislocation climb, the position of the
dislocation L(t) can be expressed as

- L(t) = (Lj. - L^)exp( t/d") (1)

where D is the diffusion coefficient of the point
defects^in the direction normal to the surface, d
the specimen thickness, t the annealing time after
cooling ( or heating ) and L and are initial
and final position of the dislocation [1]. Eq.(])
is very useful expression for the measurement;
i.e., D can be determined only from a specimen
thickness and climb displacement data without any
quantities depending upon minute mechanism of the
dislocation climb. This is the most important
advatage of the present method.

II. EXPERIMENTAL RESULTS

The high speed X-ray topography systemlZ]
installed at Photon Factory was used for the
present experiments. A typical observation of the
dislocation motion carried out using an ice single
crystal is shown in Fig.l. The bottom topograph in
the figure which was made by subtraction of the
upper two topographs shows climb displacements
clearly.

In order to obtain a value of D according to
eq.ll), ln(b--L(t)) was plotted against time t in
Fig.2, All three plots show straight lines as
expected and their gradients are approximately the
same. The diffusion coefficient of the self-
interstitials in the direction of c^axis at -4.l''C
is determined as (1.66±0.05)xlO m /s. This value
was given by averaging the data on five different
dislocations and the error indicated is the mean
error of the mean.

III. DISCUSSION

In the present study, the SR topography was
proved to be the powerful tool for determining the
diffusion coefficients of point defects; i.e.,
rapid climb motion can be observed and the
displacement can be easily measured by the use of
TV system as shown in Fig.l. X-ray TV system is
available for 60kW generator also, but it is not
useful for the present method because of a long
accumulation time for obtainning a topograph image
and the poor image contrast. The advantage of
the SRT is due to its white spectrum also because
no readjustment of the TV camera position is
necessary during the heat treatment in. spite of a
change in Bragg condition.

Altough the present method was applied only
to ice crystals so far, the method is . available
for any other crystals. Difficulties in
application of the method must be in preparation
of a single crystal with an appropriate density of
dislocations. In addition, some preliminary
experiments on behavior of dislocations should be
made by various, heat treatment to find out a
suitable condition.
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Fig.l Climb motion of dislocations ;
Two topographs, A and B.were reproduced by
accumulation of 30 and 40 frames,respectively,from
the tape recorded during heat treatment. The
projection plane is a basal plane (0001) and the
dislocations X and Y have the Burgers vectors b =
[0001] normal to the plane while the dislocations
K and L have the vector lb = 1/3[1120] parallel to
the plane. The bottom photograph shows the
processed image subtracted A from B. It is clearly
shown that the dislocations X and Y moved a

distance d from a white line to a black one while

the dislocations K and L did not move at all.

TIME(s)
, 0 1000 2000 3000

• 0 20 40 6b
TIMe(mln)

Fig.2 ln(L^ - L) vs. time plot.
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area 3 where 8.5 pm PET film was glued on the Ni

foil shows delay at about 14 degree. The

thickness of PET layer can be estimated to be

10-16 pm for this delay, and is consistent with
the actual value under consideration of glue

layer.

The precise photoacoustic images of phase

and amplitude seems to disclose the three

dimensional distribution of materials. Self-

consistent data analysis is most important for

fruitful future of this method and is under

development.

Reference

1)T.Masujima,H.Imai, et al.. Photon Factory
Activity Report, 5,347(1987).

Introduction X-ray photoacoustic imaging was

proposed and studied with a model sample, i.e.

patched metal foils, at 0,5 mm resolution^\
Through this study, this method seemed to be

useful for a non-destructive 3-dimensional

atomic analysis. Phase delay due to the heat

diffusion from lower layer X-ray absorption

point to the surface will be observed in

photoacoustic signal. In order to analyze this

phase data and signal amplitude simultaneously

at each point of image, our software and

apparatus were improved for precise depth

profiling.

Experimental The focused beam at the Beam

Line 15 A was utilized. In our apparatus

for X-ray imaging, a X-Z stage and a vibration

insulating mount was converted to new rigid one
and to a laminated rubber sponge respectively

in order to get less scanning noise than before.

The phase data and the signal amplitude data at

desired area were accumulated on a computer

display with the accumulation request order
through the console key of our microcomputer.

Results and Discussion

Figure la) shows a scheme of model sample
which consists of a Ni foil(20 pm thick) base

and two covering poly-ethylene terephthalates

(PE) films (1.5-100 pra thick). The
photoacoustic image of signal phase was shown in

Fig. lb). The numbers, 1,2,3, attached in the
image are the area where the data were

accumulated and averaged, and the final averaged

values are shown in upper left. The difference ™
between area(2) and area(l) or (3) is the signal /

phase delay due to the covered PE films. A
calibration curve (phase vs. thickness) showed

linear relation below ICQ pm thickness. Above

this region, the phase values showed saturation.
Figures 2a,b) shows a scheme of the more
practical model sample and its phase image. The

KmI«; NiaerfE iSonaK IS m .ften: 0 tfat.
MM:9.7ia .va»el.7M _ _

ftmw.pfultw M 119.727 Mg. eCE

2;(h. of 9nat 96.SSSst.«s8 ^
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t —maaia "^1
FEI.Sua KSeua

Fig.l A scheme of a model sample for
calibration and its photoacoustic phase image.
Mod.freq. 13.5 Hz, 1.485 A X-ray

Fig.2 A scheme of a model sample for practice
and its photoacoustic phase image. Same
condition as in Fig.2.
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Phase analysis was adopted for depth

profiling in X-ray photoacoustic methods and

fruitful results were obtained in the
1 2 ^

photoacoustic EXAFS and imaging ' ^. On the

other hand, one more useful way is the pulse

method which analyze the response of

photoacoustic signal on a pulse-wise X-ray

irradiation onto samples. The synchrotron

radiation is essentially pulsewise at psec or

nsec order. However, it is so fast for the

photoacoustic response that the synchrotron

radiation X-ray was chopped pulse-wise by a

rotating blade at audio frequencies. Thus we

call this pulse hereafter as "semi-pulse".

Fundamental studies were performed using focused

beam at the Beam Line 15A and IOC.

Experimental An circle blade which has two

slits (12 " x2/360'') along its peripheral was

rotated at 9 and 49Hz. The response signal was

averaged by a digital storage oscilloscope. A

layer sample consists of a Ni foil (20 pm thick

as base materials) and a glued polyethylene

terephthalates(FET) film at various thickness on

the Ni foil. The experimental setup was similar

to that of imaging method^\

Results and Discussion

Figure 1 shows the signals at 9 Hz for base

materials, Ni foil(20 pm thick) and PET film(75

pm thick). The signal for the Ni foil shows

higher amplitude than that of PET, depending on

their absorption coefficients, and shows slower

decrease after the irradiation cut off. Since

X-ray absorption length is close to its

thickness, this slowness means the heat

diffusion from the sub-layer of the Ni foil. In

contrast, PET showed rapid decrease due to small

amount of generated heat and slow heat

conductivity in the sample. Figure 2 shows the

coupled model layer sample, i.e. PET(75 pm

thick) coated Ni(20 pm thick) foil. After a

sharp rise-up due to the surface PET, a broad
shoulder is seen overlapping on the signal.

This shoulder is due to the heat diffusion from

lower layer, Ni foil. By the subtraction of the
PET signal from this signal shape, 0.031 sec
delay was observed for Ni signal. This delay
due to the heat diffusion gives the estimation

of 97 pm thickness for the coated PET layer. It
is consistent with the value of 75 pm PET

thickness under consideration of thickness of

glue layer. This study shows that the heat
conductivity or depth of surface layer can be

analyzed by this method. Digitized data
handling of data, and theoretical approaches are
under development.

References
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Figure 1. X-ray semi-pulse photoacoustic signals
for a Ni foil (20 pm thick) (left), and for a
PET film (75^pm thick) (right). Frequency 9 Hz;
X-ray 1.485 A (above Ni K-edge).

Figure 2. X-ray semi-pulse photoacoustic signal
for PET(75 pm thick) coated Ni foil (20 pm
thick). Same conditions as in Fig.l.
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I Introduction

Curved Bragg-reflectors for focusing
Synchrotron Radiation (SR) are widely used
in X-ray lithography and X-ray and X-UV
analysis. Synthetic multilayered films are
superior to bent crystals owing to their
controllable structure parameters and wide
band-passes in hard and soft X-ray regions.
We report here the focusing of SR with a
multilayered tungsten-carbon film prepared
on a cylindrical surface.

The Bragg-reflector consists of 40 pairs of
16 A-thick tungsten and 24 A-thick carbon
layers deposited on a figured fused quartz
substrate surface by RF magnetron
sputtering. The substrate has an optically
smooth 50 X 50 mm^ surface with a 46 mm
radius in one direction. Examinations using a
surface profiler show that over the entire
surface the film thickness is uniform within ±

1 %. Measurements with CuKa X-rays showed
a first-order Bragg reflection from the
multilayer with a 30 %, in good agreement
with calculations including the affect of the
film surface roughness evaluated by the
surface profiler.

The focusing properties of the multilayered
film were examined at beamline 15B of the

Photon Factory. The experimental
configuration is shown in Fig.l. SR from a
normal bending magnet was reflected in the
vertical plane by a silicon (111)
monochromator to extract a beam of 1.5 A
from the source spectrum. The obtained
beam was limited in size to 54 mm wide and

6mm high, and directed onto the multilayer
Bragg-reflector located 38.7m from the light
source point. X-ray films placed at various
distances from the Bragg-reflector recorded
images of the diffracted beam. The photon

flux in the beam was also measured using a
scintillation counter.

Figure 2 shows an image of the focused
beam on a near-focal plane at 1.1 m from the
Bragg-reflector. The lower image shows a
diffracted beam, which is 4 mm wide and 8
mm high. This is slightly larger than the
preoliction of a ray-tracing calculation,
assuming a light-source size 10 mm wide and
1.36 mm high in 4a. The observed larger
focus and unusual asterisk shape are thought
to arise from the non-ideal surface figure of
the fabricated Bragg-reflector, which causes
focusing aberration. The focused beam
intensity was found to be six times higher
than the non-focused direct beam from the
silicon monochromator. Furthermore, the
observed variation of the beam size and
shape over various distances are in
qualitative agreement with the ray-tracing
calculations.

CYLIMDRICAL MULTILAYERED

BRAGG-REFLECTOR ^

Si MONOCHROMATOR

ATTENUATOR

Fig.l. Experimental configuration.

direct beam

^^^l^^focused beam
Fig.2. Observed images.
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Introduction

In the previous report, the features of
lattice mismatches in the InAlAs/InP system alloy
wafers prepared under various MSB growth condi
tions were investigated and discussed on the basis
of the preparation conditions such as practical
operating pressure of P(As4) and film composi
tions evaluated by a photoluminescence(PL) method
at 77K. X-ray measurement of the lattice spacing
was so effective that the film composition could
be evaluated on the basis of the Vegard's law for
the (1-x)InAs-xAlAs alloy system. This indicates
that the X-ray method is a powerful tool for char
acterization of films grown on substrates, al
though X-ray transmission topographic observation
was not successful for detection of misfit dislo

cations because of the use of thin film C0*4 ym)
and thick InP substrate (0.35mm). In the present
study the features of reflection profiles are
investigated indetailto characterize the lattice
mismatches in the InAlAs films on the InP sub

strates, and film structure is discussed from the
results obtained.

Experimental

InAlAs/InP specimens were the same as those
in the previous study. Reflection profiles from
both the substrate and the film were measured by
means of X-ray double-crystal diffractometer with
a nearly perfect InP monochroraator. The (+,-)
setting was usually used to measure X-ray reflec
tion profiles from the specimens. In order to
estimate the lattice distortion of films,the full
width at half-maximum (FWHM) of the peak was eva
luated from each rocking curve.

Experimental Results and Discussion

Figure 1 shows full widths at various peak
heights of the rocking curve profile diffracted
from the InP substrates for all the specimens.
The film of the specimen A, which was prepared
under a high As pressure, shows a small deviation
from the lattice spacing of the InP substrate,and
the InP substrate shows the widest FWHM of reflec

tion profile among the specimens examined. From
the previous study, it was found that this wide
FWHM was due to mainly the wafer bending caused
by a film epitaxially grown on the substrate. On
the other hand, the films on the specimens (B, C
and D) have smaller lattice spacings than thatof
the specimen A, and corresponding substrates show
smaller FWlW's of reflection profile.If a film is
grown epitaxially on the InP substrate without
discontinuity of film, the film/substrate will be
bent elastically to compensate a tensile stress
due to the difference in lattice spacing. In the
present case, the bendings of the specimens (B,C
and D) will be larger than that of the specimen A.
However, observed small FWHM's result in small
bendings of the film/substrate. The above dif

ference can be explained by a hypothesis that the
films on the specimens (B,C and D) are not contin
uous and are grown locally on the InP substrates.
Since epitaxially grown films having lattice mis
matches are attributed to wafer bending, in the
case of discontinuous film growth, a measurable
amount of bending and thus the FWHM of reflection
profile from the InP substrate are related with
parts where films are grown epitaxially on the InP
substrates. Observed small bending may be resulted
from such a discontinuous film growth. This is
consistent with the fact that the epitaxial films
grown on the InP substrates, when they have larger
lattice .mismatches than 4xlO"^[=Cas-af)/as], show
no smooth surface under an optical microscope. As
additional evidence, SR X-ray Laue topographic
images taken from the specimen D showed partly
discontinuous regions accompanied with some lattice
distortions, although the InP substrate also con
tained a lot of dislocations. Based on the above

results, we are now trying to improve growth con
ditions.

Table: X-ray Characteristics of InAlAs/InP wafers

specimen
spacing

d (400) (asraf)/as

A 0.5532 1.4595 18.5" 2.62x10-2

B 0.6037 1.4544 13.7" 4.30x10-3

C 0.6579 1.4490 15.5" 6.0 xlO-3

D 0.6926 1.4456 12.5" 8.0 xlO-3

InP 1.46718 11.5"

ii

1/2lo

Fig. 1 FWHM's at various heights of the peak.
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1. Introduction

The quality of the hetero-interfaces

performance of the hetero-structure
devices and the realization of good
interfaces and precise periodicity has
been one of the major targets for the
molecular beam epitaxy (MBE). In this
study, the precise X-ray diffraction
measurements were carried out for

GaAs/AlAs samples to investigate the
effects of 'Growth-Interruption' which actual superlattice structure of the
is reported by the photo luminescence present (Ga,Al)/As samples is pictured
study to improve the quality of the
superlattice structure.

2.Experimental
Two superlattice samples(denoted as A

and B )with the same (GaAsg/AlAs2) 120
structure were prepared by MBE in a
RIBER 2300 system under the monitor of
in-situ RHEED oscillation. The sample

' G r o w t h - I n t e r r up t i o n s ' at every
AlAs/GaAs and GaAs/AlAs hetero
interfaces with periods of 60 sec and 30
sec, respectively.

and -1st superlattice satellite peaks

direction

3.Results and Discussions

Fig. la and lb show the profiles of
the -1 st peak for both of samples A and

lO.ISkeV. There observed two effects of

the ' Growth-Interruption' ; 1 ) The
distance between the +1 st peak and the
-1st peak of samples A and B are 0.0430

respectively. From these
values, the periods of a superlattice
for samples A and B are estimted to be
8.22 and 8.65 layers, respectively. The
period of superlattice had been
apparently shortened by the 'Growth-
Interruption'. 2) The satellite peaks

and 0.0409A-1

sub-peaks, as shown in Fig.lb, whereas
those of sample A are not split.

superlattice period between samples A
and B is probably attributed to the re-
evaporation of Ga atoms during the
waiting time in the 'Growth
Interruption'[1]. Further investigation
is necessary for this problem.

The satellite profiles were Fig. 1 The -1 th satellite peaks along
calculated for the model with multiple the <001 > direction, (a) with and (b)

Monte Carlo simulation, and also for the
model with Ga and A1 atoms

198

inter-diffused at the hetero-interfaces.
From the results of calculations,

the model with inter-diffused Ga and A1

atoms were denied and the cause of the

attributed to the existence of irregular
distribution of superlattice periods[2].
The fluctuation of the period in a. small
domain was found to bring no splittings
as long as the average period in each

multiple domains with different periods
and the 'Growth Interruption' reduces

fluctuation of the period to improve the
periodicity as a total.
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Introduction

The dislocation image in X^-ray topography of
solid helium reported previously ' ' was very faint
and ambiguous. We repeated observations using a
slit in 0.017 mm width in order to improve the
image contrast of dislocations. The other parts of
equipment used in this experiment are the ^me
as that reported in a previous activity report \

Results and Discussions

Figure 1 shows the change in low magnifica
tion topographs of bee He during isothermal an
nealing. The topograph (b) was taken 1 minute
after (a). The nearly horizontal white band is a
small angle boundary. The misorientation at the
boundary is about 5 minutes and the boundary did
not move between (a) and (b). The oblique
stripes are shadows of scratches at the edges of
the slit. White or black narrow bands with
varying width are small angle boundaries with the
misorientation smaller than 1 minute or disloca

tion groups gathered to form small angle bound
aries. These small angle boundaries or dislocation
groups moved between {a) and (b). Irregular
white patterns without sharp edges change the
position and configuration considerably between (a)
and (b). These white patterns can move and
change the shape without change the surrounding
structure. Therefore, we conclude that these pat
terns indicates high density dislocation groups.

As mentioned in the previous activity report,
the image contrast of a dislocation in solid
helium can be discussed by kinematical diffraction
theory. Kinematical theory predicts white and
black contrast of the dislocation image. This
kind of contrast is observed in the vicinity of a
small angle boundary, and an example is shown in
Fig. 2. Vacancy concentration near a boundary is
nearly in thermal equilibrium and a dislocation
does not need to absorb or emit a large amount
of vacancies. Therefore around the grain bound
ary dislocations are rather straight and the dis
tance between neighboring dislocations is suffi
ciently large in comparison with the width of dis
location core, which scatters X-rays and does not
contribute to the diffraction intensity.
Meanwhile, dislocations in regions of whitish pat
terns are helical as mentioned previously, and dis
location cores are superposed to each others and
only white contrasts are observed.
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Fig. 1 Change of the topograph of bcc '̂ He
by 1 minute annealing.
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Fig. 2 Dislocation contrast of rather a straight
dislocations. Curves drawn in (b) shows
positions of dislocations.



proposal No 86-152

SECTION TOPOGRAPHY USING A HIGH-ORDER REFLECTION AND ITS APPLICATION

Yoshimitsu SUGITA, Satoshi IIDA, Hlroshi TAKENO, Yasuyoshi YAGOU, and Hiroshi KAWATA

Department of Physics, Toyama University, 3190 Gofuku, Toyama 930
*Photon Factory, National Laboratory for High Energy Physics, Tsukuba, Ibaraki 305

We have measured the static Debye-Waller factor
(DWF) of silicon crystals by analyzing the Pendel-
idsung fringes in a section topography.1)2)3) We
tried in this investigation the section topograph-
y with an extremely large scattering vector, such
as 18 18 0 or 24 0 0, using synchrotron radiation
from a vertical wiggler.

Experiments were carried out using 0.4 A x-ray
beam monochromated with a triangle-shaped silicon
bent monochromator in asymmetric 111 reflection.
Section topographs were taken in the 440 to 18 18
0 and 800 to 24 0 0 reflections and recorded on a

nuclear plate or imaging plate. (001) silicon
crystals with 3.2 mm in thickness were used. The
exposure times were varied from 0.5 min to 8 h
for nuclear plate and from 1 s to 15 min for imag
ing plate, depending upon the reflection used,
the width of the slit, and the degree of crystal
line perfection of the crystals. Various silicon
crystals were examined; as-grown FZ crystals, as-
grown MCZ crystals, MCZ crystals heat treated at
SSO^C for 500 h, and as-grown and heat treated FZ
crystals with D-defects which supposed to be vac
ancy agglomerates.

Fig.l shows the dependence of the static DWF on
the square of scattering vectors for samples, as-
grown FZ, as-grown MCZ and heat treated MCZ crys
tals. For MCZ crystal heat treated at 650*C for
500 h, linear relationship was observed up to 18
18 0 reflection. Assuming precipitates to be of
disc shape with 40 A thick, it was concluded that
precip^^ate^ with radius of 77 A and density of
2.5x10 /cm were formed. There was no substant

ial difference among as-grown FZ, as-grown MCZ
and MCZ heat treated at 450'C for 750 h. Fig.2
represents the ratio of the kinematical to dynami
cal scattering intensity as a function of the
square of the scattering vector.
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Fig.l Static Debye-Waller factors of various
silicon crystals

Fig.3 is a section topograph of the FZ crystal
having V-region (D-defects). We can recognize
the difference in the period of the Pendellosung
fringes between V-region containing vacancy agglo
merates and I-region (microprecipitates of oxygen
remaining as a trace impurity) or A- and B-swirl
regions. This finding indicates that V-region is
more strained with respect to other regions.
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Introduction

Thermal generation of vacancies in nearly
perfect metal crystals has been studied by X-ray
topography using a micro-focus X-ray apparatus,
and a new generation mechanism was proposed.
It is vacancy generation from interstitial type
dislocation loops which were formed in nearly
perfect lattice by a temperature rise. However,
the origin of the interstitial loop is not clear,
because it takes a long time to take a Lang
topograph using a conventional X-ray source.
Main purpose of this work is to make clear the
formation mechanism of these interstitial type
dislocation loops.

Experimental

Specimens used in the present work were
prepared from zone-refined aluminum (99.9999%)
by a strain-annealing method in vacum. The
dislocation density of these crystals was
decreased by a cyclic annealing between 270 and
IDO'G, and the final density was less than
LXlO'cm'̂ . These specimens were mounted in an
electric furnace settled on the goniometer head
of Lang camera. The temperature of specimen
was raised to 250^ by the heating rate of 500*C/h,
and was kept at the temperature for 30 hours.
During the heating procedure, the diffraction
image was observed continuously, and several
Lang topographs were taken at a suitable time
interval.

Results and Discussion

Topographs taken after the temperature
rise are shown in Fig.l, and the denoted time
below the picture is the time passed after the
temperature rise. Black dots are not observed
just after the temperature rise, and appeared
several ten minutes later, and the number
density arrives to the maximun value of 3XlO'cm^
1 or 2 hours latter as seen in Fig.2. It should
be emphasized that a fairly time is necessary
for the appearance of interstitial type dilocation
loops.

For the comparison a similar plots, which
was obtained using a conventional X-ray source
before, is shown in Fig.3. In this case,the
temperature was rised to 200t, and the number
density of black dots holds at 4-5X10^cm'
for several hundred hours. From these

experimental facts, the origin of interstitial
loops seems to be due to the heterogenious
nucleation mechanism.
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Introduction

It has been revealed that oxygen de
ficiency strongly affects not only the

superconducting transition temperature
of YBazCusOv-y but also the orthorhora-
bic to tetragonal phase transition. For
instance, the oxide with y=0.2 shows
the superconducting behavior below the
temperature of about 92 K having an
orthorhombic structure, though the
oxide with y=1.0 showing a tetragonal
structure exhibits antiferromagnetic
properties rather than superconduc
tivity. In air the orthorhombic to
tetragonal phase transition with y=0.2
occurs near 700 C due to the disorder

ing of oxygen atoms at the one-dimen
sional chains into the vacant sites

On the otherhand, the supercon
ducting transition temperature in
creases with increasing pressure. In

order to investigate the relation
between the superconductivity and the
structural phase transition, in situ
X-ray powder diffraction measuerments
as functions of temperature and
pressure have been done.

Experimental and Results

The experiment was carried out on AR
line using a cubic-anvil apparatus
(MAX80). A powder sample of YBazCUsOT-y
was wrapped in a Pt sheet of 0.02 mm
thick to avoid deoxidizing atmosphere.
Temperature-dependent, X-ray powder
diffraction data were collected using a
Ge SSD at various pressures. Figure 1
shows diffraction patterns for the
(033), (130) and (310), (303) lines at
the pressure of 30 kbar as the tempera
ture increases. Clearly a double peak
was observed becoming a single peak at
around 940 C with increasing tempera
ture where the orthorhombic to tetra

gonal phase transition takes places.
In Fig.2 the phase transition points
obtained from the preliminary data are
plotted tentatively as a function of
pressure. The transition temperature
increases with increasing pressure.
This result is consistent qualitatively

with that expected from the difference
in volume between the orthorhombic and

tetragonal structures. It seems,
however, that the phase transition is
caused primarily by the disordering of
oxygen atoms on the chain sites when

one considers the change of atomic dis
tances between the oxygen atoms under
high pressure. Further experimental
and analytical studies are in progress.
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Figure 1. Temper
ature-dependent ,
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Introduction

In order to extend the pressure range
generated by the MAS type multiple anvil
device and to conduct ^ situ X-ray
diffraction study at high temperature
and above 20 GPa, it is essential to
develope the multiple anvil device with
sintered diamond anvils. In this

project, we made reconnaissance work on
high pressure and temperature generation
by using sintered diamond anvil MAS/
MAX80 system.

Experiments

Sintered diamond cubes (4.S5 ram cube,
De Beers SYNDAX L555) were used for the
anvils. The truncated edge lengths (TEL)
of the anvils are 0.5 and 1.0 mm.

The configulation of the furnace is
shown in figure 1. The pre-formed
gaskets made of pyrophyllite were used
for some high temperature runs. The twin
plate heater and thermocouple were
placed in the center of the pressure
medium as shown in this figure. We
tested various heating materials, such
as graphite, nichrome metal, mixtures
of TiC and diamond, and WC and diamond.
Various materials were tested also for
electrical leads; such as copper,
molybdenum, stainless steel, and semi-
sintered TiC. The Pt-Ptl3%Rh and

W3%Re-W25%Re thrmocouples with a
diameter of 0.1 mm was used for

temperature measurements. The starting
materials used are a mixture of gold
and forsterite Mg2SiO^, and diopside
CaMgSi206•

Results

The pressure of 41 GPa was achieved
with by the device with 0.5 mm edge-
anvil; whereas pressures up to 2S GPa
were generated by that with 1.0 mm edge-
anvil in the press loads less than 100
tons. The high temperature generation
was conducted at around 20-25 GPa. The

temperature around 1000°C was achieved
in the present furnce system at these
pressures. Figure 2 shows the typical
temperatrue versus power relationships
in the present experiments.
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Figure 1. The furnace assembly
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Figure 2. Power-temperature curves
for heaters; A, Graphite heater; B,
Nichrome heater; C, TiC and diamond
mixture
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observed to be associated with large pressure-
hysteresis. In the latter transition, for in

stance, the hysteresis width was about 1 GPa at
500'C and about 2.5 GPa at 400*0. So far, on the
basis of very limited experimental results, the

Sm-type phase has been believed to extend to

higher temperature until meeting the bcc phase
which Is located just below the liquid phase.
The phase diagram shown in Fig. 2 differs from
the previously reported one in presence of the
triple-phase point. The present results indicate
that the effect of temperature, thus, the entropy
has to be evaluated properly in order to estab

lish the crystal structure sequence in rare-earth
elements.
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Figure 2. P-T phase diagram of Gd for
increasing pressure and temperature.

Figure 1. Calculated diffraction pat
terns of the hep, 8H, and Sm-type
structures(a) and observed patterns

for increasing pressure at 250'C<b).

Rare-earth elemental metals are known to

exhibit the crystal structure sequence hep—•Sm-
type —» dhcp —• fcc for increasing pressure and
decreasing atomic number. A similar but more
complicated sequence involving longer-period

structures can be found in the Mg-based Friauf-
Laves alloys^^ They show unusual 'staircase'
behavior of stacking sequence of close packed
layer as a function of the average electron con
centration. According to Bruinsna and
Zangwill2\ a key mechanism giving rise to the
'devil's staircase' in the Hg-based alloys is the
competition between the oscillatory Friedel
potential and the elastic energy for lattice dis
tortion induced by defects. They also pointed
out that, in the case of rare-earth elemental

metals, each of Fermi wave vectors for the d
electrons and for the s electrons favors a dif

ferent configuration of defects, and hence a dif
ferent crystal structure. The purpose of this
study is to seek previously undetected longer-
period structures of gadolinium metal in the nar
row pressure range between those with short
periods.

In situ, energy-dispersive, ,
powder x-ray diffraction measure- * Sm
ments at high pressures and at high
temperatures were carried out using I

MAX80 installed at the test beam " '
line at Accumulation Ring, KEK.

Ve have first made a careful

pressure scan up to 7 GPa at 250*C j | | | ,
under hydrostatic condition using -L-L-l J—
silicon oil as pressure medium.
Figure 1 shows the change in dif
fraction patterns with increasing . i I
pressure along with calculated pat-
terns for the hcp(2H), 8H, and Sm- ^ »3
typeOR) structures. The difference 5^1
in stacking sequence between these /u
structures can be represented more in s s

clearly by the use of the h-c nota- 1 I 1
tion Instead of the ABC notation. KAs/vI
Among various polytypes which may 1
appear in the range of c concentra- il
tion between hcp(h) and Sm- jV
typeChhc), the 8H<hhhc) stacking has i ( 1
the shortest period of the c layer, /v
and thus is expected the first to be ll/l. [I
stabilized. In Fig. 1, however, /\I'V J
there are no reflections which indi- '

cate the presence of the 8H nor I J
other long-period structures. All Ajvk.- —
peaks are assigned to the hep and HI IT
Sm-type structures except for the
reflections from a nickel metal

sample container. This fact leads
us to conclude that the hep phase :
transforms directly to the Sm-type 3 s

phase. 2 2
Figure 2 shows the P-T phase I

diagram for increasing pressure and [AJ"v - ^ Ai
temperature. Both the hcp-Sm-type
and Sm-type-dhcp transitions were

100
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The melting temperature of gallium decreases
with increasing pressure" . According to Clausius-
Clapeyron's equation, liquid gallium is denser
than Gal. To Interpret the negative slope of
melting curve, two species model^^ was proposed
where substance in liquid state consists of two
species, the normal form and another form similar
to the high pressure phases. In liquid selenium,
the continuous phase transition to high pressure
phase observed at lower pressure than the transi
tion pressure of crystalline selenium^' .

At atmospheric pressure, gallium crystallizes
to an orthorhomblc structure consisting of a
stacking of distorted hexagonal close packed
layers, with the bonds within the layers consider
ably weaker than the bonds between the layers. The
phase behavior of gallium at high pressure has
been a subject of some confusion, because of the
capricious appearance of metastable phases. The
crystal structures of Gall and Gain have been
reported by several workers'-®' . The body centered
tetragonal structure identical to the indium

structure has been proposed for Gall and Gaffl.

X-ray diffraction measurements under high
pressure and high temperature were performed using
a cubic-anvil apparatus (MAX80). The specimen of
gallium was put in a capsule of teflon. X-rays
from AR were diffracted by the specimen and
detected by a Ge SSD In the energy range of 40-120
keV. Structure factor S(Q) for liquid 6a was
obtained from the diffraction intensity by taking
into account the energy distribution of incident
white x-ray, the absorption by the specimen and
pressure-transmitting medium, the atomic scatter
ing factor, etc..

In Fig. 1, an example of diffraction patterns
of liquid gallium is shown. Obtained S(Q) for
liquid gallium at various pressures are shown in
Fig. 2. With increasing pressure, the peak posi
tions shifted towards higher Q, and the position
difference in Q of the principal peak and the
subpeak decreased. S(Q) for liquid gallium are
similar to the broadened diffraction pattern of
the body centered tetragonal structure which was
proposed for Gall or Gain. The c/a ratio of the
corresponding crystalline structure decreases with
increasing pressure and it approaches to that of a
face centered cubic structure.
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4) L. F. Vereshchagin, S. S. Kabalkina and Z. V.
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5) C. E. Weir, G. J. Piermarini and S. Block: j.
CTiem. Phys. 54 (4971 ) 2768.

6) L. Bosio: J. Chem. Phys. 68 (1978) 1221.
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At atmospheric pressure, bismuth crystallizes
to a rhombohedral structure Identical to that of

arsenic, which Is a distorted simple cubic struc
ture. Four high pressure phases of bismuth have
been known" : Bin has a roonocllnic structure. The
structures of 81 HI and BlIV have not been deter
mined, and BIV has a body centered cubic struc
ture. As the x-ray absorption coefficient of
bismuth is very large, it Is difficult to obtain a
diffraction pattern of good quality under high
pressure by using a conventional apparatus. With
high energy x-ray from SR, we have succeeded In
measuring the x-ray diffraction for liquid bismuth
under high pressure.

X-ray diffraction measurements under high pres
sure and high temperature were performed using a
cublc-anvll apparatus, MAX80. The specimen of bis
muth was put In a capsule of BN. X-rays from AR
were diffracted by the specimen and detected by a
Ge SSD in the energy range of 40-120 keV. Struc
ture factor S(Q) for liquid B1 was obtained from
the diffraction Intensity by taking Into account
the energy distribution of Incident x-ray, the
absorption by the specimen and pressure-transmit
ting medium, the atomic scattering factor, etc..

Results and Discussion

In Fig. 1, obtained diffraction patterns of
several phases of bismuth are shown. In the
patterns of Blin and BilV there appeared several
peaks which did not agree with the calculation
based on the models proposed by Fedotov et al.^^ .

An example of diffraction pattern of liquid
bismuth at 3.6 GFa Is shown In Fig. 2. Background
peaks from the sample container are slightly
observed only In the pattern taken at low diffrac
tion angle.

Obtained S(Q) for liquid bismuth at 3.8 GPa
and 300*C and S(Q) at atmospheric pressure and
293*C®' are shown In Fig. 3. The height of the
subpeak which appears at the hlgh-Q side of the
first peak of S(Q) Increases with pressure. It Is
Interesting that this Is similar to the change of
S(Q) at atmospheric pressure with decreasing tem
perature In the supercooled state^' . S(Q) of
liquid bismuth both at atmospheric pressure and
3.6 GPa are similar to the broadened diffraction
pattern of BlID or BlIV.
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Objectives
There are many indications of substantial non-

hydrostatic stresses In high pressure experiments.
Since the existence of non-hydrostatic stresses
can cause erroneous experimental results, It Is
Important to characterize the stress conditions of
the sample under high pressure. The goal of this
experiment was to determine the non-hydrostatic
stress condition by using synchrotron x-ray
diffraction and the MAX80 system.

Experimental Results
When a polycrystalllne sample Is compressed

under non-hydrostatic conditions, with a hydro
static pressure, p, and a unlaxlal stress, t, the
lattice spacing can be expressed as a function, F,
of the variables: p, t sind elastic constants. For
crystals with known elastic constants, we can
obtain p and t by least square fitting observed d-
spacings to function F.

Two sample configurations were chosen using
sintered diamond pistons Inside of the cubic boron
epoxy pressure medium (Fig. la, lb). It was
assumed that the unlaxlal stress is In the
direction of the motion of the diamond pistons.
Experiments were conducted on three samples: NaCl,
Cu and SrO.

The hydrostatic pressure, p, and the unlaxlal
stress, t, obtained from the least square
calculation for NaCl are plotted In Fig. 2 for
two configurations: NACL-4-5 for configuration (a)
and NACL-6 for configuration (b). These
experiments can be summarized as follows:

(1) In configuration (a): The unlaxlal stress Is
compresslonal, and Increases with the Increasing
pressure up to about 3 GPa, and then remains
constant above this pressure. In the pressure
decreasing process, the unlaxlal stress change
from compression to tension.

(2) In configuration (b): There Is initially
tensile stress at the beginning of the
pressurlzatlon, which changes to compression as
the pressure Is Increased. In the pressure
decreasing process, the unlaxlal stress changes
from compression to tension .

These results can be simply explained
considering two sample configurations. 'The
unlaxlal stress In Cu with configuration (a) also
showed similar behavior to that In NaCl with

configuration (a). The effects of non-
hydrostatic stress on the lattice plane
compression were seen least In SrO because It has
Isotropic elastic properties.

Future Plan

Our study demonstrated that the current MAX80
system can provide good determinations of the
unlaxlal stresses In the sample. The next step Is
to apply this technique to the determination of
the strength of materials at high pressure and
high temperature. This work will also have
important consequence for the accurate
determination of the equation of state of
materials under real high pressure conditions.

Incident X-Ray : Parallel to the X-Axis
Vertical Direction : Z-Axis

Diffracted X-Ray : On the X-Z Plane

B: Boron Epoxy Pressure Medium
D: Sintered Diamond Piston

P: Pyrophyllite
S: Sample

Z

X*Z Plane Cross Section

Fig. la.

B DSD B

Y-Z Plane Cross Section
Fig. lb.

O • Run NACL-4-5

A A Run NACL-6
t T
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Hydrostalic Pressure, p(kbar)

Fig. 2.
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An imaging plate(IP) has been proved to be a
powerful tool for powder X-ray diffraction study
under pressure using a diamond anvil cell^^^.

We further investigated the X-ray diffraction
system using a diamond anvil cell combined with
an imaging plate in the following way.

(1) check the linearllty and accuracy of the
reading apparatus

X-ray was impinged on IP through a O.lmra slit
by moving IP by 150mm from one edge of IP to
other edge in horizontal and vertical directions.
The movement was measured by a digital linear
scale with accuracy of 0.01mm. The absolute
value of i pixel was determined 101.1 + 0.1 mm in
vertical direction ( in lateral direction of the
drum of the reading apparatus) and 100.7 + 0.1 mm
in horizontal direction ( in circumference
direction ). These values are characteristic to
the reading apparatus at the PF.
Standard deviation of the reading is about 0.1
pixel ( = 10 micron).

(2) correction of the inclination of the IP
In order to treat the two dimensional data on

the plate correctly, it is highly desirable that
the plate should accurately be perpendicular to
the incident X-ray beam, The inclination of the
IP is illustrated in Fig. 1. By taking a powder
diffraction profile of a standard sample (a
mixture of micron size powder of Ag, Mo and Cu)
and plotting against x^, inclination angle and
the actual beam center can be estimated. In this
method, we can easily adjust the inclination of
IP within O.ldeg.

(3) evaluation of sample-to-film distance
Sample-to-film distance was measured by two

method; a standard sample method and a double
cassette method. In the former, the distance was
determined by measuring the position of the diff
raction peaks of a standard sample with well
determined lattice consteints. In the latter, the
distance is determined by the ratio of two diff
raction peak positions with same index recorded
on IP at two film positions.

The former method is suitable for the precise
compressibility measurement because the sample-to
film distance is strictly fixed, while the latter
has an advantage that we need not know the
lattice constant of the sample nor the x-ray
wavelength.

The sample-to-film distances obtained by two
methods are summarized in table 1. Agreement
between two methods is very good. Slight
deviation in these values are thought to be
caused by a warping of IP. We are now making an
IP cassette which reduce the warping less than 10
micron, which will give better accuracy in
determination of film-to-sample distance.
(l)O.Shimomura et al., PF Act. Rep.#5 pl61(1987)

6 = C^/L)-X^+ e\20 29
5=(x.-X.)/2 \/
X = (X. + X.)/2

Figure 1. Diffraction geometry in case of flat
film method. L denotes the film-to-sample
distance , </" the inclination of the film to
the perpendicular plane to incident X^ray beam
and 6 distance between an apparent and true
beam centers.

Table 1. Film-to-Sample distances derived by a
standard sample method and a double cassette
method. Lg and are estimated by the former
method at short and long film position,
respectively. The difference of two position
was measured as 75.027mm, and Lj is the values
after subtracting this distance from the
measured long film distances. Lr is calculated
by the latter method using the above distance
between two film position.

# desig. Lgimm) L^imm) LR(mm)

1 Ag Ill 120.61 120.56 120.64

2 Mo 110 120.63 120.58 120.67

3 Cu 110 120.64 120.61 120.65

4 Ag 200 120.58 120.51 120.65

5 Cu 200 120.66 120.62 120.70

6 Mo 200 120.65 120.56 120.75

7 Ag 220 120.67 120.61 120.73

mean 120.63 120.58 120.72

S.D. 0.03 0.03 0.04
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X-ray coiputed toaography (X-ray CT) is a
Method to observe internal structures of

objects, nondestructively. The iiages are ob
tained as two-di«ensional distributions of X-ray

linear absorption coefficients which depend on

the used X-ray energy. A high resolution,
tunably Bonochroiatic X-ray CT based on

synchrotron radiation have been developed and

applied to observe internal structures of an

tarctic neteorites.

The scheaatic diagraa of the developed CT
scanner is shown in Fig.l. It was installed to

BL-8C experiaental station in the KEK Photon
Factory 2.5 GeV electron storage ring. SR was

Bonochroaatlzed through Si(400) channel cut

Bonochroaator. The energy range is varied froa

10 KeV to 40 KeV.

X-ray Pickup Tube

Synchrotron
Radiation

Comero

Controll

Display U CPU Mp7o«ssor

Fig.l Scheaatic diagraa of the aonochrcaatic
X-ray CT based on synchrotron
radiation.

Fig.2(a) CT inage of antarctic aeteorite.

A high resolution X-ray pickup tube was
used as a detector. Two-diaensional X-ray

transaitted iaages of a saaple was observed and
a slice position was deterained. A series of

one-dinensional projection iaages corresponding
to the slice position were aeasured by rotating
the saaple. The reconstructed iaage was dis
played as a gray-scale iaage on a 512 x 512

pixel video display. The liaiting spatial
resolution was about 10 pa.

An exaaple of CT iaage of antarctic
Meteorite 769 is shown in Fig.2(a). X-ray
energy was 21 keV. The brightness corresponds
to the X-ray absorption coefficient. Brighter
region reflects stronger absorption region. The
slice thickness, which is deterained by the ac-
cuaulated line nunbers in the iaage by pickup
tube, about 20 pa. The radial line patterns are
artifacts froa the existence of the strong ab
sorption regions. In spite of these artifacts,
fine structures such as bright regions seeaed to
be aetal phases and soae cracks, can be
observed. For coaparison, CT iaage of
St. S^verin Meteorite was taken and shown in
Fig.2(b). Though the siailar aetal phases are
recognized, no cracks are observed and the den

sity seeas to be higher than.that of antarctic
aeteorite 769.

Quantitative evaluation of CT value is now

under way.

Fig.2(b) CT iaage of St. S^verin aeteorite.
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Since the discovery of high-Tc superconductors,
a number of studies were performed to understand
the nature of high-Tc superconductivity. Espe
cially the properties on the La2Cu04-y and its
family compounds are of interest as they seem to
include essentials for the appearance of high-Tc
superconductivity. It has been found that oxygen
deficiency and doped alkali earth metals (Sr, Ba
and Ca) affect the various properties of these
compounds '̂̂ X La2Cu04.y has an antiferromagnetic
ordering below about room temperature. Its Neel
temperature is sensitive to oxygen deficiency. We
will report here the studies on the influence of
oxygen deficiency on the structural behaviours of
La2Cu04-y and La2-xSrxCu04.

Large single crystals of both doped La2-xSrxCu04
and pure La2Cu04-y with differnt thermal treat
ments were studied- Originally, all of th^ were
grown with the flux method by NTT group^X One
sample of La2Cu04-y was annealed in Argon atmos
phere at 800°C for 10 hours (sample A), and the
other was annealed in oxygen atmosphere at 1050®C
for 5 hours (sample B). By these treatments, the
oxygen deficiency in the sample A became more than
that in the sample B.

Experiments were performed with 6-axis Huber
diffractometer, which was installed at BL-9C. The
fflonochromatized X-ray (1.5A) reflected from
Si(lll), was used in this experiment. The sample
was placed in an imaging furnace with a halogen
lamp. It is well known that the crystal structure
of La2Cu04 and La2-xSrCu04 with low Sr concentra
tion is tetragonal at high temperature and un
dergoes an orthorhofflbic distortion at lower tem
perature. Since there are two equivalent displace
ment wave vectors, these crystals have a super
position of a and c axes in the low temperature
phase. The space group of the orthorombic phase
was not identified clearly. There are three pos
sibilities for the space group, namely Cmmm, Cmca
and Pccn. Since we observed no reflections at 100,
GDI, 300 and 003 In the orthorhombic phase of
these three samples, we could omit Cmmm and later
we could reach the conclusion for Cmca®^

To study the influence of oxgen deficiency on the
structural properties of La2Cu04-y, the tempera
ture dependence of lattice constants was measured
with the sample A and B. The temperature depen
dence of lattice constants with the diffractions

at 200 and 002, was shown in Fig.l. The structural
phase transition temperatures of the sample A and
B were about 478K and 453K, respectively. Suppose
that the superconducting phase appears only in the
orthorhombic phase and that oxygen deficiency sup
presses superconductiVityl, the change in
structural phase transition temperature with the
oxygen deficiency seems to be curious.

There reported anomalies on the structural be
haviours of these compounds at low temperatures.
Another structural phase transition from
orthorhombic to monoclinic phase was reported for

Lai.85Sro.i5Cu04'̂ ). Also for Lai,85^^0.150004,
anomalous structural Instabilities at lower tem

perature were reported by Mck Paul^). Therefore,
in the present study the structural behaviour of
Lai.gSro. 1CUO4 investigated with a Cryogenic
refrigerator in the temperature ranging from 300K
to 15K. Fig.2 shows the temperature dependence
of lattice constants of a and c axes which were
obtained by 200, 002, 400 and 004 diffractions.
As can be seen, there was no anomaly in the tem
perature dependence of lattice constants in our

'-^1.85S''0.15^'J'^4 temperature range. Al
though the present data indicate that another
phase transition'^ does not exsist, more detailed
studies should be required for investigating the
structural properties at low temperature. Since
the sample studied in the present work does not
show superconductivity, superconducting single
crystals should be studied.
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Introduction

There are several mutually inconsistent
reports (1-3) on the composition and defect
dependence of the lattice parameter of
undoped LEC-grown GaAs crystals. The
variation in the lattice parameter is
supposed to be in the iAdI /d"^10~® order. We
hence carried out measurements using a
3-crystal diffractometer (4), which has a
monolithic monochromator. The achieved

resolution isiAdl/d -^2x10'®.

Experimental
The composition and defect dependence of

the lattice parameter were examined for LEC
(liquid encapsulated Czochralski)- and MLEC
(magnetic field applied LEC)-grown crystals.
Samples were 7.5x7.5 mm^chips diced from the
crystal wafers.

Results and Discussion

Figure 1 shows the EPD (etch pit density)
dependence of the lattice parameter. Each
point represents an averaged value over three
central samples obtained from an undoped MLEC
3 in. diam wafers. The latjtice parameter
variation is within lAdl ^2xlO"^A-wide band and
shows no appreciable dependence on EPD.

Figure 2 shows across-a-diameter
distribution of the lattice parameter and EPD
for the wafer which exhibited the largest
lattice parameter variation among the wafers
in Fig.l. The lattice parameter seemingly
varies with EPD. If this relation is genuine,
the lattice parameter shown in Fig.l should
also vary accordingly. Hence, another kind of
strain, residual strain. is suggested to
exist. In the previous report (4), we already
noticed that the magnetic field strength, one
of growth parameters, is more influential
than the composition. Then, we implied the
existence of the residual strain.

Figure 3 shows the composition dependence
of the lattice parameter. The crystals, 2 in.
in diam, were grown by the MLEC (#1) and LEC
(#2) method using one puller for each method.
The lattice parameter increases as the
As-fraction increases for #1 samples, while
the almost invariable relation sags somehow
at the stoichiometry for #2 samples. If this
variation in the lattice parameter is
principally due to the composition, the
lattice parameter should vary uniquely with
the composition. However, the lattice
parameter shows the inconsistent tendencies
among the two sets of crystals in Fig.3. It
is hence concluded that residual strain

varies the lattice parameter much more than
composition.

For revealing the real composition
dependence of the lattice parameter, a nearly
residual-strain-free crystals are required.
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Interesting crystal and layer structures are
formed in oxidized Hf/Fe multilayer films^). It
is not easy, however, to identify such
structures by using "conventional" x-ray
diffraction technique because many diffraction
peaks of various different crystal structures
appear in the patterns. By using anomalous
scattering method, it becomes possible to know
the partial contributions to each diffraction
peak from different elements. The purpose of
this study is to identify the oxide phases
coexisting in the oxidized Hf/Fe multilayer
films, which is an important step to clarify the
mechanism of oxidation in the films.

EXPERIMENTAL

The Hf(50 A)/Fe(50 A)(75 pairs of biJayers)
multilayer films were prepared by ion-beam
sputtering deposition!). The BL lOA was used
for the experiment. Two different wave
length, A^=1.29850 A and 2,^=1.30814 A
near(but longer than) the Hf Lm absorption
edge were chosen for 0-20 diffraction scan^).

RESULTS AND DISCUSSION

The diffraction patterns both by Xg and X^
from the films oxidized in different

environments were shown in Figs. l.(a) &(b).

If a peak consists of the contribution only from
Fe atoms, there should not be any difference
between the peak intensity by Xg and that by
Aj(for example. No. 5 peak in Fig. 1(a)), while if
a peak includes scattering from Hf, too, the
intensity by Xg should be smaller than that by

because of negative contribution from /'
(real part of anomalous scattering factor) to
the intensity. The results of the peak
identification were summarized in Table I.

Especially, the No. 6 peak could not have
been identified as (222) of p-Fe203^) if the
method had not been used, because the
reflection overlaps with (002) of orthorhombic
or tetragonal Hf02 almost completely.

CONCLUSION

The crystal structures of the mixed oxide
phases in the oxidized Hf/Fe multilayer films
were successfully identified by using
anomalous scattering method.
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Table I Peak identification in the oxidized

Hf/Fe multilayer films.
I (b)

0.2

t/4*(.tIn(ej/2) (a'*)

Michigan(a) & Califomia(b).

Nos. Compositions Structures Indices

1. Hf02 monoclinic (-111)
2. HfOz orthorhombic (111)
3. Hf02 monoclinic (200, 020)
4. Hf02 monoclinic (002)

of the 5. Fe(a) cubic(bcc) (110)
in air of 6. Hf02 monoclinic (111)

7. Fe203(P) cubic(bcc) (222)
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Introduction

In some polymers, mechanisms of phase separation
or crystallization are very important to control
their physical properties. The characteristic
length of these structural changes at the early
stage is about lO-lOOA. A Small Angle X-ray Scat
tering (SAXS) technique is a powerful tool for a
analysis of structures which have these order of
characteristic length. However, by using a con
ventional X-ray source, a time-resolved SAXS mea
surements cannot be carried out because of very
weak SAXS intensity. By using a strong synchro
tron radiation X-ray source, the time-resolved
SAXS measurements can be carried out. We have
developed a stepwise temperature control device
for time-resolved SAXS measurements of some poly
mers in order to know the phase transformation
mechanisms.

Devices

For the dynamical measurements of phase separa
tions or crystallizations of some polymers, the
rate of temperature changing is required more than
about lOOC per minute. In order to achieve this
rate, a blowing method of heated N2 gas was
adopted. The block diagram of this device is
shown in figure 1. And the features of this
device is shown in table 1.

Table 1. Features of this device

Temperature Region -20 - 500 C
Changing Rate +150 C/min

-150 C/min (T>150 C)
-50 C/min (T<150 C)

•CLECTItC

CMIECTIM

TEHPCIktVie

noaiTti

S'AnriE ciidiieii

IICGEt tECOIBEl

Fig.1

Application
The first application of this device was the time-
resolved SAXS measurements of the phase separating
process of a polymer blend of PMMA and SAN
(PMMA=poly(methylmethacrylate), SAN=styrene-
acrylonitirile copolymer). This polymer blend
shows a phase separation at T=185C. It shows a
uniform phase below this temperature. The tempe
rature of this specimen is kept at below the phase
boundary, then the temperature of the specimen is
changed suddenly to the temperature above the
phase boundary, we can observe the dynamical
process of the phase separation. The temperature
of this specimen was changed suddenly T=135C to
T=220C in this experiment. The history of the
temperature was shown in figure 2. The tempera
ture change was completed within about I5sec. The
profile of SAXS was changed as shown in figure 3.
The wave length of this measurement was 1.504A,
the camera length was 2250mm, SAXS profiles were
measured by PSPC(170mm) and the time resolution of
these profiles was 2sec. From this figure, it is
clear that the intensity of SAXS increased after
the temperature change completed and the slope of
the SAXS profile became steep with time. The time
dependence of the integrated intensity was plotted
in figure 4. In this figure, we can find out that
the integrated Intensity began to increase at
t=16sec, and to decrease after t=60sec. This
decreasing of the intensity was due to a direct
beam stopper because the SAXS profiles sharpened
and approached to the zero of the scattering
angle. We can guess following mechanism from
above experiments. The phase separation became
distinctly and the characteristic length of the
separating structure became larger according to
the time. From these facts, the phase separa
ting mechanism of this specimen is considered the
nucleation growth process.

Fig.3 1 a'
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Introduction

Using the time-resolved x-ray diffraction
method, we have studied lattice deformation in
silicon caused by YAG pulsed-laser irradia
tion.^'^ This report describes the time-
change behavior of nearly intrinsic rocking
curves of symmetric reflection and asymmetric
reflection measured in order to differentiate

between surface and bulk strains.

Experimental

The experimental arrangement was the same
as reported previously.^^ The samples used
were 10 mm-thick FZ silicon crystals with the
(111) orientation for the symmetric reflection
and (111)-12° off orientation for the asymmet
ric reflection (asymmetric factor 11.5). We
irradiated the sample surface with a Q-switched
Nd:YAG laser beam with a wavelength of 0.53 ym
and a pulse width of about 20 ns at a 10 Hz
repetition rate. The power of the laser beam
7 mm in diameter was about 90 mJ/pulse. Time-
resolved rocking curve measurements were car
ried out using the TAG technique described in
Ref.1.

Results

Figure 1 shows four time-resolved rocking
curve profiles of the symmetric 111 reflection
measured by changing the interval between the
laser irradiation onto the sample surface and
the gate pulse applied to the plastic scintil
lation counter. Each profile was normalized
with the Bragg peak intensity of the profile
observed 1 ms after the laser irradiation.

The rocking curves of the asymmetric reflection
were also measured in the same manner and are

shown in Fig.2.
The enhancement of x-ray intensity was

observed at the lower angle side of the rock
ing curve 100 ns after the laser irradiation
using the symmetric reflection, but was not ob
served using the asymmetric reflection. Con
sidering the difference in extinction distance
between the symmetric reflection ('>^20 ym) and
the asymmetric reflection ('̂ 10 ym),^^we suggest
there is a displacement of the strained area
accompanied by heat transfer. In addition,
we found a rapid increase in the background
intensity at the moment of the laser irradia
tion in the case of the asymmetric reflection,
indicating the formation of a near-surface

Fig.1 Fig.2

B': laser irradiation

C': after 100 ns
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Fig.1. Time-resolved rocking
curves measured with

the symmetric 111
reflection.

Fig.2. Time-resolved rocking
curves measured with

the asymmetric 111
reflection.
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Introduction

Recently, polymers, such as polycarbonates (PC)
which are transparent and heat-stable, have been
used as optical materials. Trace metals in these
materials are considered to affect their optical
properties even at the ppb levelConventional
methods to determine the contents of trace metals

in polymers, such as atomic absorption
spectrometry, generally require ashing and other
tedious sample preparations. In addition, the
sensitivity of these methods are often
insufficient to provide reliable data in the
sub-ppm range.
In this experiment, sub-ppm level of transition

metals(Cr,Mn,Fe,Co,Ni,Cu) in PC were analyzed by
the method of X-ray fluorescence (XRF) using
synchrotron radiation (SR), which is non
destructive and more sensitive.

Experimental

Two grams of PC was desolved in high pure
methylene chloride, and then 0-2pg (0-lppm) of
organic metal standards(Cr,Mn,Fe,Co,Ni,Cu) were
added for quantitative analysis by the method of
standard addition. Furthermore, 2pg (Ippm) of
vanadium were added as internal standard. The

solutions were poured into glass dishes and
evaporated at room temperature to polymer film
samples.

The film samples were excited by monochromated
X-rays at 9.8keV with a Si double crystal
monochromator. X-ray fluorescence were measured
by a Si(Li) detector for 300 seconds of counting
time.

Results and Discussion

Table 1. shows detection limits and results in

this measurements. Detection limit of each

element was determined from the intensity of X-
ray fluorescence and background of the samples
added 0 and Ippm of standards. The detection
limits in analysis of metals in PC were found to
be 0.15-0.67ppm. These values were higher than
those by XRF using SR reported previously '. This
result was dependent on the high background from
the polymer matrix.

Sub-ppm level of iron and nickel in PC were
able to be determined and the values obtained

were agree with those determined by instrumental
neutron activation analysis (INAA), as shown in
Table 1. Though the other elements were not
detectable because of low concentration below the

detection limit, this result was also comparable
to that of INAA.
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Table 1. Detection limits and results of

determination of trace metals in polycarbonates
by XRF using SR.

(ppm)
Element Detection limit Results

XRF using SR INAA

Cr 0.67 n.d. 0.052

Mn 0.58 n.d. 0.012

Fe 0.15 0.61 0.6

Co 0.21 n.d. 0.0013

Ni 0.18 0.24 0.12

Cu 0.20 n.d. <0.03

X-RAY ENERGY [keU]

Fig.l. XRF spectrum of polycarbonates sample
added Ippm of metal standards.
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Introduction

Recently, we have reported that Fe atoms in
Fe/MgO multilayered films prepared in the UHV
condition have a magnetization larger than that
of bulk Fe. ' According to the energy band cal
culation on bcc Fe, the magnetic moment increase
with the increase of the atomic volume. ' It is
speculated that the enhancement of magnentiza-
tion originates in the lattice expansion at the
Fe/MgO interface. In order to confirm this
volume effect, we performed X-ray diffraction
experiments at BL-AC.

Experimental Procedure

The samples were prepared by alternate
deposition in the UHV condition. The X-ray dif
fraction experiments were performed on BL-4C,
where a four-circle diffractometer (Huber 5020-
4) equipped with a graphite (00*2) crystal
analyzer was used. A wavelength of l.OOX was
selected by the double-crystal Si(lll)
monochromator with sagittal focusing. The dif
fraction profiles were measured by the 0-2 0
scanning method. The scattering vector is per
pendicular to the plane of the sample.

Results and Interpretation

An X-ray diffraction profile of
Fe/Mg0(30A/15A) multilayered film is presented
in Fig.l. As the rocking curves of the diffrac
tion lines have no peaks, it is concluded that
the films have no texture structure.

Figure 2 shows the diffraction profiles of
Fe/MgO(X/15X) films around Fe(llO) line posi
tion. The three profiles are asymmetric and

20 30 40 50

20 (deg.)

Fig.l X-ray diffraction profile of
Fe/Mg0(30X/15A) film. Solid lines indicate the
peak position of bulkc<-Fe.

seem to split into two peaks. If the splitting
of these lines were due to the tetragonal defor
mation of bcc Fe, both Fe(llO) and Fe(200) peak
should split into two peaks of the intensity
ratio of 2:1. In the present case, the inten
sity ratio of doublet Fe(llO) line is nearly
unity, and Fe(200) line seems to be unsplit.
Thus, we can not conclude that the splitting is
due to the tetragonal deformation. In order to
obtain the lattice parameter of Fe atoms, treat
ment of the signal originating from the'MgO
layers is a critical problem. For the film of
Fe 16A, the calculated intensity ratio of
Fe(llO) line and Mg0(200) line is not' so large,
which is 3:1, and'the overlap of these lines is
serious. Thus the lattice parameter of Fe atoms
is not obtained from the present data. The X-
ray diffraction experiment utilizing anomalous
dispersion is necessary to obtain the lattice
parameter of Fe atoms.
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Fig.2 X-ray diffraction profile around Fe(llO)
peak of Fe/MgO(X/15A). (a) x=10A; (b) x=16A;
(c) x=«30A. Solid and dashed lines indicate the
peak position of bulk oC-Fe(llO) and Mg0(200),
respectively.
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Introduction

Synchrotron radiation (SR) lithography is
the most promising technology for replacing
photolithography in future dimensions below 0.5
pm. The high intensity and good collimation
available with the SR appear to realize high
throughput and highest resolution. Recently,
the authors have developed an SR lithography
system in an atmospheric environment, using the
BL-9 beamline.

System structure

The recently built SR lithography system,
characterized by an atmospheric environmental
exposure, provides a highly reliable beamline,
an SR extracting chamber and a prototype SR
stepper.The authors are deeply concerned
with the exposure system in an atmospheric
environment, since the system presents practical
merits, such as lubricating material and vacuum
chuck availability, mechanism simplicity and
high throughput, due to eliminating the
necessity for vacuum evacuation, as well as
operation and maintenance ease.

Figure 1 shows the SR lithography system
structure in an atmospheric environment. SR
radiating from the Photon Factory storage ring
is introduced into 10"^ Torr ultrahigh-vacuum
beamline (BL-9A branch beamline) with an
oscillating mirror. In terms of system
reliability, a fail-safe mechanism notion has
been adopted, which is applicable to controlling
any unforeseen vacuum breakdown, possibly due to
a beryllium (Be) window rupture in the worst
case. A IlO ms closing-time fast closing valve
(FCV) and an acoustic delay Jfne (ADL) are
installed in the main beamline.3) In addition
to the FCV and ADL, the authors have set up a
<15 ms closing-time FCV and 40 ms delay-time ADL
in the branch beamline, thus organizing a double
vacuum protection system.

It is most essential that the SR extraction

mechanism for atmospheric environmental exposure

be investigated. The SR extracting chamber
consists of a Be window, a He chamber and an
extraction window, as shown in Fig. 1. The He
chamber is filled with flowing helium gas, whose
pressure is precisely,controlled within 1 atm ±
10 mm aqua, so as not to apply any extra
pressure to the Be window. The extraction
window, made of a 1 pm thick silicon nitride
film, has a 26 mm square area. Concerning a Be
window, a high purity (99.8^) circular Be foil,
vacuum-sealed by a Viton 0-ring, was held
mechanically onto a flange, using a stainless
steel plate. A feasibility test was carried out
in terms of pressure endurance.^ As a result,
a Be window, 50 pm in thickness and 35 mm in
diameter, was preliminarily adopted, and, up to
now, has operated successfully for the present
purpose.

For attaining higher accuracy and
throughput, .a prototype SR stepper has been
developed in an atmospheric environmental
exposure mode. The stepper, connected with the
beamline through the SR extracting chamber,
consists of precision mechanical stages using
piezoelectric actuators and DC servo motors, and
a newly developed alignment system which can
detect a 10 nm positioning error between a mask
and a wafer during SR exposure.
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INTRODUCTION

Synchrotron radiation lithography has a
high potential for the quarter micron level high
throughput lithography technique for ULSI
fabrication. Since the SR beam has a narrow

intensity distribution vertically, the SR beam
should be scanned over the wafer to obtain a

large exposure area.
The authors have adopted the oscillating

mirror method^to enlarge the exposure area.
Concerning the oscillating mirror system, the x-

ray mirror reflectivity changes as a function of
the glancing angle for the SR beam. Therefore,
the x-ray intensity on the wafer depends on the
beam height with reference to the light
reflected from the mirror onto the wafer. In

order to obtain high dose uniformity, a novel
oscillating mirror system has been investigated,
in which the SR beam scanning speed can be
controlled as a function of the SR beam glancing

angle with reference to the mirror.

EXPERIMENTAL

Diagrams of the lithography beamline(BL-9A)
and the oscillating mirror control system are
shown in Fig.1 and Fig.P.^ The driving force for
the mirror was a combination of a DC servomotor

and a cam. The DC servomotor was controlled by

a microcomputer. In this system, The scanning
speed of the reflected beam can be controlled as
a function of the glancing angle by using the
peculiarly-shaped cam and/or by controlling the
angle velocity for the cam. In this work, an
eccentric cam was employed and the DC servomotor
was controlled to realize various scanning

curves. The velocity data, prepared in the RAM
of the microcomputer in advance, was sent to the
motor according to the encoder count. The
exposure shutter, situated upstream of the

: : DISTANCE PROM
25,0252

i I LIOHT SOURCE
: I ' (ml

oscillating mirror, was controlled in connection
with the mirror motion. Shutter opening and

closing was carried out to pass and stop the
beam when the SR beam was overshooting the

exposure area. The oscillating mirror was
operated at a 1 scan per second rate.

The dose variation was obtained from the

remaining resist thickness. The negative
resist, MES-E, was coated about 1 pm thick on Si
wafers, and exposed without an x-ray mask in the
vertical stepper. The number of scans was
adjusted so as to obtain 70-80^5 remaining resist
thickness after development. The resist

thickness was measured by Nanospec/AFT along the
vertical center line of the exposure area, and
converted to x-ray dose, using the sensitivity
curve, which was prepared in advance.

RESULTS AND DISCUSSION

The experimental vertical dose variation,
in case of constant velocity scanning, is shown
in Fig 3{a). The dose difference between the
upper and lower edges in the exposure field is
approximately ±i%. Next, the scanning speed was
modified to improve the dose uniformity.
Measurements were made on several velocity data,
in which the scanning velocity at the vertically
lower part of the exposure area was decreased.
The best dose uniformity was obtained when the
velocity curve was parabola and the ratio of the
lower edge velocity to the upper edge velocity
was 0.8. As shown in Fig.3(b), excellent
vertical dose uniformity, better than ±3^ was
obtained.

1) R.F. Haelbich et. al., J. Vac. Sci. Technol.,
1262 (1983)'

2) M. Bieber et. al, ibid, BJ., 1271(1983)
3) K. Okada et. al. ibid, B6, 191(1988)
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Fig.l Lithography beailine optical systei. Fig.2 Oscillating lirror control systei. Fig.3 Vertical dose variation.
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lotroduction

Meta 1/semiCOnduct0r contact has been exten

sively studied due to both technological and
scientific interest for over thirty years- Above
all. the atomic structure at the interface and
the mechanism for Schottky barrier(SB) formation
are current topics. It was not until a couple of
years ago that the atomic structure at a buried
interface was d'irectly observed for
met a I/semi conduct or systems. It was significant
that the superstructure was found at the Al/GaAs
interface and likewise at a-S i/S i ^_xGejr inter
faces. This result indicated the possibility that
the relation between local electronic and struc

tural properties would be clarified, even for
conventional po1ycrysta 11ine-meta 1/GaAs inter
faces, similarly for an single crystaliine-
meta 1/semiconduct0r interface. Regarding Schot
tky barrier height (SBH), although it seems that
a few models, such as unified defect model (UDM)
and metal induced gap states (MiGS) model, can
explain quite a few of the experimental results,
new observations have appeared which are not ex
plicitly involved yet in these models. The
anomalous SBH changes were found for
metal/GaAs contacts by inserting a chalcogen in-
terlayer and a rare-earth metal interlayer- For
contacts involving transition metal, peculiar SBH
dependence on the physical properties, compared
to other contacts, were considered to be due to

rehybridization between transition metal d-band
and either Si or GaAs sp-band. These observa
tions indicated the importance of understanding
the stage at which SBH was definitely determined
during the interface evolution for various kinds
of interfaces. This paper shows the existence of
a superstructure at the Yb/GaAs interface ob

served by X-ray diffraction, using . synchrotron
radiation and the SBH difference for the in

terfaces with different atomic structures.

Expe r i men t a 1

The sample structure used in this study con
sists of a 90 A thick A1 cap layer, a very thin
Yb interlayer and a 0.7 m thick Si-doped
(1X10^^ cm~2) GaAs epitaxial layer. Two kinds of
samples were prepared for the present study: one
had a 3 A thick Yb interlayer (sample A), while
the other had a 20 A thick Yb interlayer (sample
B). Yb and then A1 were sequentialy deposited at
30 t in an MBE growth chamber, after a 4X6 sur
face superstructure was confirmed on the GaAs
epitaxial layer surface by RHEED. The interface
atomic structure was studied using a grazing in
cidence X-ray diffraction (GID) technique. The
experiment was carried out with synchrotron
radiation at BL-9C, installed at the Photon Fac
tory (PF) in Tsukuba. SBH's were carefully
determined from both I-V and C-V measurements-

Results and Discussi on

GID measurements revealed that the interface
between Yb and GaAs(001} has a 4X1 superstructure
and that the two diffraction patterns are ob
viously different from each other. Figures 1(a)
and (b) show the partial pair-corre 1ation func
tion ( partial Patterson function ) calcu
lated from the observed structure factors for
fracti0na 1-0rder reflections for sample A and B,

(a) sample A with 3 A thick

(b) sampl.e B with 20 A thick Yb

Fig. 1 .

respectively. The difference between the two
pair-correlation maps appears mainly in. the cen
ter peak of the 4X1 lattice In Fig. 1(b). Be cause
this peak intensity is very high, this pair-
correlation comes from the correlation between
the Yb atom ( with a large atomic structure fac
tor ) and any other atoms. Therefore, it can be
said that sampleB has a new kind of ordered Yb
structure which sample A does not have. Table I
summarizes the ^ ideality factor (n)
determined from I-V measurements and ^
carrier concentration ( Np ) determined from C-
V measurements. Since ^ b^~^ ^ b^~^ ®*• e
consistent with each other and since n values are
close to unity, these data are sufficiently
reliable. Note that the SBH value for sample B
becomes larger than that for sample A by about 80
meV. It is observed that SBH values differ be

tween Yb/GaAs interfaces with different inter-
facial superstructure caused by different Yb
thicknesses. This observation leads us to the im
portant conclusion that SBH is finally determined'
upon completion of metallization at a certain
specific thickness and that the po1ycrysta 1 1 i ne-
metal/semiconductor interface is sufficiently
homogeneous for SBH to reflect the"1nterfacia 1
structure difference.

TabIe I .

ideality SBH carrier
Sample Yb thicknes factor I-V C-V concentration

CAP n . M CeVj Np Ccm'̂ J

A 3 i.06 0.75 0.76 E-EAxio""

B 20 1.07 0.84 0.82 2.44x10'"^
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Introduction

The properties of III-V semiconductor
surfaces should be controlled more

precisely. We have developed a chemical
vapor deposition of AIN on GaAs and..InP,

aiming at the high-quality passivation. It
was found that the electrical properties of
AlN/GaAs and AlN/InP interfaces are improved
by the pretreatments which result-in less As

concentration at the GaAs surface and As-

stabilized InP surface. In this report, we
will show the structures of AlN/GaAs and

AlN/InP interfaces, which are important for
the understanding of the electrical
properties of the interfaces.

Experimental

60 A-thick.AlN films were deposited at
220°C on (100) GaAs and (100) InP
substrates. Triroethylaluminum and hydrazine
were used as precursors of AIN. The
pretreatment was performed during the cooling
after the epitaxial growth of GaAs with
trimethylgallium and AsH3 or the removing of
the native oxides of InP in PH3 ambient,
prior to the AIN deposition. For GaAs case,
AsH3 was supplied throughout the cooling
<G1>, or AsH3-introduction was stopped at
500 C and the GaAs was kept in pure H_ at
SOOoC for 10 min <G2>. For InP case, Pm3 was
supplied throughout the cooling <I1>, or the
PH3-introduction was stopped at 450°C and the
InP was thermally treated in AsH3 ambient at
450 C for 10 min <I2>. The interfacial

structures were characterized by the grazing
incidence X-ray diffraction (GID)
measurements. The details of the GID

measurements utilizing synchrotron radiation
were reported in the previous paper.

Results and Discussion

1x4 and 1x6 interfacial superstructures
were found for <G2>. A 2x1 superstructures
were found for <I2>. It has been shown that

n-type MIS diodes fabricated with <G2> and
<I2> treatments have less den|i|Y of
interface states, respectively. ' No
superstructures were found for <G1> and <I1>.
The diffraction pattern^, for the 1x4
superstructure of AlN/GaAs and the 2x1 of
AlN/InP are shown in Figs. 1 and 2,
respectively. These are the first observation
of superstructures for the samples fabricated
by CVD.

The present results suggest that the
electrical properties should depend strongly
on interfacial structure. The fact that the

AlN/GaAs sample <G1> has less interface
states than the sample <G2> seems to indicate
that the states are caused by excess As at
the interface. The AlN/InP interface

pretreated in AsH3 flow at 450 C, however,
showed 2x1 structure. The effect of the AsH3

treatment on the electrical properties is t^^
same as other As-related treatments,
suggesting that the InP surface was
terminated by As, which causes the 2x1
superstructures.

Fig.l The 1x4 diffraction pattern of AlN/GaAs
sample <G2>. In Figs.l and 2, areas of the
solid circles are proportional to
intensities. At the reciprocal lattice points
for the open circles, no diffraction peaks
were observed. The fundamental reciprocal
lattice points were Indicated by the star
marks.

Fig.2 The 2x1 diffraction pattern of AlN/InP
sample <I2>.

References

1)M.Mizuta,S.Fujieda,Y.Hatsumoto and
T.Kawamura:Jpn.J.Appl.Phys.25(1986)L945.

2)S.Fujieda,M.Hizuta and Y.Matsumoto
:Jpn.J.Appl.Phys.27(1988)L296.

3)K.Akimoto,J.Hizuki,T.Tatsumi,N.Ai zaki
and J.Matsui tSurf.Sci.183(1987)L297.

4)K.Akimoto,1.Hirosawa,J.Hi zuki,S.Fuj i eda,
Y.Matsumoto and J.Matsui

: Jpn.J.Appl.Phys.27(1988)L1401.
5)S.Fuj i eda,K.Akimoto,I.Hirosawa,J.Hi zuki,,

Y.Matsumoto and J.Matsui : submitted to

Jpn.J.Appl.Phys.
6)R.Blanchet,P.P.Viktorovitch,J.Chave and
C.Santinelli:Appl.Phys.Lett.46(1985)761.



proposal No 88r.yQQ4

MBE APPARATUS FOR IN SITU GRAZING INCIDENCE X-RAY DIFFRACTION

KoichI AKIMOTO, Jun'ichiro MIZUKI, Ichiro HIRDSAWA and Junji MATSUI

Fundamental Research Laboratories, NEC Corporation
1-1, Miyazaki 4-chonie, Miyamae-ku, Kawasaki, Kanagawa 213, Japan

In the field of fabrication process of semicon
ductor devices, it requires very sophisticated tech
niques to grow and control materials. A molecular
beam epitaxy (MBE) techniques, for example, has be
come one of the popular techniques to satisfy these
requirements. Recently, highly intense SR X-rays make
it possible to realize the grazing incidence X-ray
diffraction to study surfaces and also interfaces.

We constructed the MBE apparatus furnished with
two E-gun evaporators, two Knudsen cells and RHEED,
for in situ grazing incidence X-ray diffraction
studies. We will describe a design of our apparatus
and present its performance in the followings.

Description of the Apparatus

Figure 1 shows an overview of the apparatus. In
our work, a sample (5) is mounted horizontally, and
then the surface normal is nearly perpendicular to
the X-ray polarization direction, in this geometry, a
large active sample area is irradiated because of the
shape of the incident synchrotron X-rays at BL-9C.
This geometry also allows that the entire UHV chamber
( 318.5 mm in diameter and 300 kgw ) is rotated
simply with using a spring (26) of constant force (
200 kgw ) without compromising precision of the dif-
fractometer (10,12). The UHV chamber is placed on a
vertical two-axis goniometer (12). A two-theta arm
03) is used for moving the counter (9). The two-axis

Fig. 1 Overview of the apparatus

m
i

i
i

goniometer (12) is set on a horizontal one-axis
goniometer (10) for adjusting the grazing incidence
angle. These goniometers (10,12) and the UHV chamber
are installed on the Z-table (11), which can be moved
along a vertical direction. Two 200 ^m thick Be win
dows (4) are located on the chamber walls for the in
cident beam. The diffracted beam is collected by a
scintilation counter (9) through the Be window (7)
and the 0.17'Soller slits (8). By the combination of
three Be windows, two-theta angle can be changed from
O'to 126''without any blind angle. The sample, which
can be heated up to 1000 "C by a Ta heater (6), Is
mounted on the top of the rotating manupilator (17)
with a precisely tilting mechanism (14). The chamber
is equipped with the RHEED apparatus (24). For the
crystal growth or evaporation, two 2cc PBN Knudsen
cells (21) and two E-gun evaporation sources (22) are
prepared so as to make in situ X-ray diffraction
measurements without changing the sample position.
The sample is transferred by the magnetic transfer
rod (25) from a preparation chamber (20). The base
pressure in the MBE chamber Is 2 x 10~'® Torn.

Performance

A chemically precleaned (lll)Si wafer was heated
up at 850 t, on which we observed the 7x7 superstruc
ture by X-ray diffraction. Moreover, the intensity at
the (1/7 6/7) reciprocal lattice point was still ob
servable ( 1/10 of the Initial intensity ) even after
12 hour exposure to an air.
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Introduction

The omega phase occurs metastably in
certain b.c.c. alloys (e.g. Ti and Zr alloys)
upon quenching from high temperatures. The
diffuse scattering peaks appear near 2/3,2/3,2/3
type reciprocal positions. A variety of struc
tural models have been proposed for the diffuse
omega phase. There are co-operative displace
ments of atoms along the <111> directions in
this phase. However, the further detailed local
structure still remains unclear. All previous
models have been made on the basis of diffuse

intensity distributions on the only one (110)
b.c.c. reciprocal lattice plane. In order to
determine the local structure more definitely,
it is needed to measure diffuse intensities in a

volume in reciprocal space and to analyze them
in a conventional way. In the present study,
such an experiment was first carried out using
a single crystal of Ti-24 raass% V alloy quenched
from 1273 K.

Experimental

The diffuse X-ray scattering in a volume in
reciprocal space was obtained in absolute units
with monochromatic radiation (wavelength- 1.2 A).
The measurements were performed at the beam line
lOA. A total number of measured points was
about 13000. The direct beam intensity was
estimated to be 1.0 x 10 counts/sec at 175 mA,
2.5 GeV. The details on the measurements will

be seen in our previous paper 1.

Analysis

For the Ti-V alloy, contribution of the
chemical short range order to the total measured
intensities is negligibly small, because of the
very similarity in the X-ray atomic scattering
factor between Ti and V.

Then, the diffuse scattering is expressed
as, „

Id (e. TDS+Huang

where, Ij^ (e. u.) is the measured diffuse inten
sity in electron units per atom and f is the
average atomic scattering factor. Ig^, is the
size effect scattering and Irnnc ,u is- the sum
of the thermal diffuse scattering ana the Huang
scattering. Thus, the observed diffuse inten
sities arise mostly from static and dynamical
displacements of atoms from the ideal b.c.c.
lattice positions. Utilizing a least-square
method, the observed intensities can be sepa
rated into each components.

Results

Fig. 1 (a-d) are the contour maps of the
diffuse intensities in the (Oil) reciprocal
plane; (a) and (b) are^Igj, and lTps+Huang,^®®P'==-
tively, (c) IS the synthesized xntensity°(i.e.
the sum of Igg and ^xDS+Huan
measured intensity. Tnere^il good agreement
between (c) and (d).

I<^„ and I'T-nq.u exhibit large positive or
negative peaks near^lRI 2/3,2/3,2/3 reciprocal
positions.

The existence of large atomic displacements
was also confirmed from an experiment of the
conventional crystal structure analysis. The
measured atomic displacement coefficient,, B, was
as large as 1.92 A .

Local displacement parameters of atoms were
determined quantitatively from the analyses of
diffuse scattering. Based on these parameters,
a structural model of the diffuse omega phase
is now constructing.

Reference

1) K. Ohshima, J. Harada, M. Morinaga, P.
Georgopoulos and J. B. Cohen, J. Appl. Cryst.,
19, 188 (1986).

ko 0

Cv=" ^•l-' , r-A \2T1 \\\\ \ziz
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Fig.l Contour maps of the diffuse X-ray
intensity distribution in the (Oil) b.c.c.
reciprocal lattice plane; (a) I^p , (b)
^TDS+Huano' synthesized and fd) observedintensities. The label of the curve 1,2,3,4
corresponds to the value of -0.5, 1.0, 2.5,
4.0, respectively and the contour interval is
1.5 (electron units per atom/ f y).
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Introduction

Our group has been investigating
characteristics of an a-Si linear image sensor

(Fuji-Xerox, F1E-8B) for X-ray measurmentsCl].
We use a GdjOjS phosphor sheet as an X-ray -to-
light converter. This position-sensitive
detector has a dynamic range of more than three
decades and a spatial resolution of
0.5 mm(FWHM).

Following those results, we have developed
a 2D position-sensitive detector in which the a-
Si linear sensor is combined with an area-to-

line converter using plastic optical fibers.

Area-to-line conversion

As shown in Fig. 1, a 2D image obtained with
a GdxOaS phosphor sheet is converted into ID
patterns at the fiber outlets. The plastic fiber
used here is ESKA-CKIO ( Mitubishi Rayon Co.,
Ltd. ) 50 cm long and 250 ^m in diameter. The
a-Si linear sensor FIE-8B has 2048 elements
100 X 100 ;im* in each active area on 125 ;im
centers, so that a long active length of 256 mm
is usable. The 1024 fibers are aligned on the
surface. The detective area is 8.0 mm x 6.9 mm
(32 X 32 fibers). The optical fibers are aligned
with a pitch of 250 >im on the X-axis, while the
fiber layout on the Y-axis has a zig-zag
configuration as shown in Fig.l.

Performance

We reported in the previous paper that the
minimum rms noise caused by switching noise and
leakage currents in the sensor corresponds to
140 photons/s/element for 8 keV X-rays,
therefore, the minimum rms noise can be
estimated to be 270 photons/s/element.

Using collimated beam of 35 ^m diameter,
spatial resolution of 500 >im x 400 >i.m (FWHM) was
measured.

Gd,0,S PHOSPHOR

OPTICAL RBER

a-SI:H UNE SENSOR >senslriQ element

Fig.l Schematic drawing of the area-to-line
converter.

In order to apply the detector to synchrotron
radiation experiments, we made a preliminary
experiment for EXAFS measurements. The result

is shown in Fig. 2. Between the output current
from an ion chamber and output voltage of the a-
Si sensor, good agreement can be observed. This
result shows a possibility of EXAFS measurements
of a local area in a sample.

Discussion

There is no technical limit to constructing a
2D detector with a larger sensitive area by this
method. The biggest problem on the construction
of area detectors, in general, is the cost which
may be proportional to the number of channels.
In the case of a 256 x 256 ch area detector, 64
image sensors are required. However, the
estimated cost of the detector assembly seems to
match well its associated signal processor
including a large temporary memory.

We have also made another a-Si linear sensor

with sensing elements 500 ;im high x 100 ^m wide
for ID measurments. As sensing elements wth
arbitary shape can be fablicated, it is
possible to construct a better a-Si sensor
adapted well for 2D imaging.

The GdjOaS phosphor sheet used here is 130 urn
in thickness, which is suitable to use for a
much higher X-ray energy than 8keV because it is
mainly sold for medical use. Gas detectors was
very low sensitivity in such an X-ray energy
region, while our detector will become a
powerful tool at high energy synchrotron
radiation source facilities.

1) K. Mochiki, K. Hasegawa and S. Namatame,

to be published in Nucl. Instr. and Meth.

Ion chamber

relative ratio

(a-Sl output/lon chamber current)

a-SI sensor

Ion chamber

lOOmsec x 10

PHOTON ENERGYCoV)

Fig.2 Comparison between outputs of the a-Si
sensor and an ion chamber.
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K-edge Subtraction Imaging

An X-ray K-edge subtraction television system
for noninvasive angiography utilizing synchrotron
radiation is investigated.

The phantom, including contrast material
(iodine), is irradiated by monochromatized dual
energy X-ray flux, alternately, through a high
speed beam expanding monochromator. The
monochromator consists of a silicon crystal plate
vibrating at 30Hz so that the phantom is
irradiated by the X-ray flux of 150eV above and
below the K-edge photon energy of iodine, 30

times per second, synchronizing to the television
frame. As an X-ray detector, TV cameras

optically coupled to an X-ray image intensifier
(X.1.1.) are used and the video signal is
processed to display the subtraction image of
pairs of successive two images in real lime.

Of the several types of processing schemes

possible for the above mentioned system,'' the
two cameras system shows the best result.

Svs tern Implemen tat ion

The block diagram and the timing chart of
the system are shown in Figs.l and 2. The output
image of X.I.I is divided into the same two
images with the aid of a beam splitting prism of
a special make. The two images are televised by

the CCD cameras with electronic shutters on CCD

chips. The timing of the shutter pulses is
controlled so that the exposures for camera A and
camera B correspond to the two kinds of X-ray

PulSe 1 L__1__L
(Shutter

bJ I 1 1 L
Energy HXy y-x y-x
of X-ray LX^CT 'vZT '^3'' ^

Camera A ll HX, || HXe 11 HXa 11 HX4 f~

Came r a B LX. LXe LXa LX.

Output image J"-]!xJ"-(lx.
Fig.2 Timing Chirt

X— ray
Shutter

Mo nochrometic
X-ray Beam

CCD Came r a

Ph a n t om

irradiation. Each video signal is memorized in
memory A (MA) and B (MB) as image data of higher
photon energy (HX) and lower one (LX),
respectively, after sampling (512 256 pixels)
and quantizing (8 bits). The image data HX in MA
and LX in MB are read out at the same time and

fed to the digital caluclation circuits
simultaneously in order to obtain image
difference signal.

Experimental Results

Phantoms were examined with these imaging
systems. One of the moving phantoms prepared for
the experiments on fluoroscopy and the output
images are shown in Figs.3 and 4. Exposure and
interval times are 8ms (Fig.3) and 2ms (Fig.4),
respectively.
DAkio SUWA,et alrJJAP 27. No.10 (]988)(in press)

Fig.3 Output Image (8ms) Fig.4 Output Image (2ms)

Memo r y A

s i
Cr ys t a I X.U. 0 A/D 1=} LUT HMemo r y 8 ^ALU U LUT H D/A ^Ou t put

Control ler Shading Data )<— Mlcrocomputer

Fig.l Block Diagram
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INTRODUCTION

There are four phases, metal, wustite, magne
tite, and hematite, in the system Fe-Fe^O^.
Wustite Fe.yO is stable only at high temperatures
above 570 C[l], and is in equilibrium with metal
lic iron or with magnetite, depending upon the
oxygen fugacity. Although stoichiometric wustite
FeO in rock salt structure is not stable[2],
there is a controversy on the stability of stoi
chiometric wustite at high pressure. In-situ
characterizations of wustite are required in order
to know the detailed stability of wustite at high
temperature and high pressure.

We have carried out in-situ measurements of the

lattice constant of wustite coexisting with
metallic iron or with magnetite using the MAX-80
apparatus.

EXPERIMENTAL

The starting wustite and magnetite were prepar
ed from hematite under controlled oxygen fugacity
conditions at 1 atm with H--CO„ gas mixtures.
The lattice constants are 4.312 A and 8.395 A,
respectively. The wustite is mixed with metallic
iron consisting of spherical particles of micro
meter size, and with the magnetite. These two
mixtures were used as starting materials.

High pressure experiments were carried out with
MAX-80 using 6 mm anvils and sodium chrolide as
pressure calibrant. Temperature was measured
with chromel-alumel thermocouples, as shown in
Fig. 1, without correction of the pressure effect
on emf. The phase relations were investigated
initially at an isobaric condition(about 3.5 GPa).

RESULTS AND DISCUSSION

We collected data at several time intervals to

check reaction rate, but the reaction was so

Fig. 1. Schematic cross section of furnace
assembly used for the 6 mm anvil. 1. boron,
2. fired pyrophyllite, 3. gold tube, 4. molyb
denum disk, 5. NaCl+10%boron, 6. graphite
heater, 7. NaCl(orh-BN), 8. sample, 9. thermo
couple, 10. alumina tube, 11. stainless steel
tube, and 12. h-BN sleeve.

quick to observe the change of the wustite lattice
constant in case of the mixture of wustite and

metallic iron. However, in case of the mixture of
wustite and magnetite, the reaction appears to be
slow in the present high pressure cell. The cell
keeps a lower oxygen fugacity, but the reaction in
the mixture occurs at relatively high oxygen
fugacity conditions. These competitive reactions
were inevitable, and the observed lattice constant
was not considered to be reasonable, as shown with
a cross mark in Fig. 2. It is necessary to check
the data also at relatively high oxygen fugacity
conditions. Figure 2 gives a relationship between
X of Fe^^O and temperature for wustite quenched at
various pressures. Our data for the wustite co
existing with metallic iron are consistent with
that by Simons and Seifert[4]. The range of
wustite in equilibrium with metallic iron extends
towards the stoichiometric composition with
increasing pressure.

There is another problem of the quenching effect
of wustite from high temperature[6]. We could not
collect data during quenching. It may be required
to see the structure change during a slow cooling,
especially for wustite coexisting with magnetite.

at 3.5
present result

1 atm[l]

at 9 GP^~"

400 ' 600 800 1000. 1200 1400 1600
TEMPERATURE,"C

Fig. 2. Relationship between run temperature and
X of wustite determined from the lattice

constant. A cross means one experimental point
where wustite coexists with magnetite(see text
for details).
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Introduction

Alkali halides are excellent candidates to study
the formation of insulator-semicondutor inter
faces dependent on the lattice mismatch between
the overlayer and the substrate.
In the first period of our beamtime at BL-IA of
the Photon Factory we measured photoelectron
core level spectra of the alkali halides: NaF
and KF on the As-rich GaAsdOO) and (111)
surfaces and investigated adsorption and desorp-
tion behaviour by various annealing temperatures
and different depositions.

Experimental

Angle-integrated photoemission spectra were
taken at a photon energy of 108.4 eV. Addition
ally X-ray photoelectron spectra were observed
using a separate XPS source. The GaAsdOO) and
the As-terminated GaAsdll) were cleaned by Ar"
sputtering and annealing. NaF and KF powders
were evaporated from a tungsten basket.

Results and Discussion

For initial monolayer deposition (about 0.5 ML)
of NaF on GaAsdOO) the F2p peak is shown in
Fig. lA. Heating up the sample to 460° C
fluorine completely desorbs and only sodium
remains on the surface (Fig. IB). The fluorine
desorption is combined with a decrease in the
Ga3d/As3d peak intensity, but shows no signifi
cant shift of the substrate peak positions.

2 4 6 8 10 12

BINDING ENERGYieV]

Fig. 1. Photoelectron
spectra from the F2p
core level of NaF on

GaAsdOO). A: monolayer
deposition, B: after an
nealing the initial mo
nolayer deposition up to
415° C, just below the
fluorine desorption tem
perature, C: multilayer
deposition, and D: after
annealing the initial
multilayer up to 610° C,
the NaF amount is re
duced to monolayer.

For multilayer deposition (about 8 ML) of NaF,
substrate and overlayer core level peaks are
shifted to higher bindung energies (Fig.lC),
which are caused by a strong charging up of the
uniform NaF film and in the case of the
substrate peaks additionally by a band bending
effect.

Reducing the amount of NaF to a monolayer, it is
necessary to heat up the sample to 610° C
(Fig.ID), which is much higher than the fluorine
desorption temperature in the initial monolayer
case and no preferential desorption has oc
curred. There is also more fluorine deposited
on the surface than for the initial thin

adiayer. We explain this result as a separate
deposition of Na and F at the initial monolayer
coverage and the formation of a stable two-di
mensional ionic NaF lattice from the monolayer
obtained after annealing the initial multilayer.
These behaviour is the same for the GaAsdll)
surface.

For KF on GaAsdOO) (Fig. 2) neither a prefer
ential desorption of fluorine in the initial
monolayer case nor a charging up effect in the
multilayer case could be observed.
The reason for the fundamental difference of KF

and NaF might originate in the different lattice
constants. Contrarily to NaF, the KF lattice
nearly matches the one of the substrate. We
assume that KF islands are epitaxially grown on
the surface.

2 4 6 8 10 12
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Fig. 2. Photoelectron
spectra from the F2p
core level of KF on

GaAsdOO). A: monolayer
deposition, B: after an
nealing the initial mo
nolayer deposition up to
400° C, C: multilayer
deposition, and D: after
annealing the initial
multilayer deposition up
to 500° C.
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INTRODUCTION

Soft x-ray microscopes have been in operation or
under construction in many synchrotron radiation
facilities. The applications of the microscopes
for biological specimens have been demonstrated
with spaliat resolution of better than 100 nm[lj.

We developed a soft x-ray microscope using
Fresnei zone plates as optical elements and the
undulator radiation as a soft x-ray source at
station DL-2B [2]. In this report are described
the imaging performance of the microscope and its
some applications.

EXPERIMENT

Fig.l shows the experimental arrangement of
the soft x-ray microscope. The beamline diaphragm
of 1 mm diameter limits the angular acceptance to
the intrinsic divergence of the undulator
radiation. The plane deflection mirror eliminates
unwanted hard x rays. The main optical system
which consists of a CZP, a plnhole., an OZP and a
screen is designed so that the spatial resolution
of 0.3 ;jm and the magnification of around 200 can
be achieved. A spatial filter is used in order to
enhance the contrast of the image. An alminum

foil of 1.5 ;jm thickness Is used in order to
protect the condenser zone plate from the high
power of the undulator radiation.

The modulation transfer function (MTF) of

the microscope was measured by making use of
various pitch transmission gratings. Fig.2 shows
the magnified image of 0.6, 0.4 and 0.3 ;jm pitch
gratings. Fig.3 shows the MTF, which was obtained
from the contrast of the images of various pitch
gratings. It was comfirmed that the experimental
performance was almost consistent with the
theory.

As applications of the microscope, some
biological specimens were observed. Fig.4 shows a
magnified image of a red blood cell in its dry
stale. In this figure, the smoothed flattened
shape of the cell can be recognized.

/ lO.i -2

E F G H I J

Fig.l Experimental Arrangement of The Soft X-ray
Microscope. AiUnduIator, B:Beam Line Diaphragm
(Imm^), C:Deflection Mirror, DiSpatlal Filler,
E:A1 Foil(1.5;jm), F:CZP, G:Plnhole(10 or 20um^),
H:ObJect, IrOZP, J:Screen.

CQNCUiS I.Qbl

Modulation transfer function of the soft x-

ray microscope was measured. It was comfirmed
that performance of the microscope was almost
consistent with the theory. Futhermore, the
feasibility for .practical observation of
biological specimens was comfirmed.

Rq f.er en C5.S

1)X-Ray Microscopy-InsIrumontation and Diologlcal
Applications, edited by P.C.Cheng and G.J.Jan
(Springer, Berlin, 1987').
2)Y.Kagoshima "el al., to be published in
proceedings of X-Ray Microscopy '87 (Springer,
Deri in)

2iJm

Fig.2 Magnified Image of 0.6, 0.4 and 0.3 ;im
Fitch Transmission Gratings.

SPATIAL FREQUENCY S

Fig.3 Modulation Transfer Function (MTF) of The
Soft X-ray Microscope. S=0.50;jm/pi tch(jum).

Fig.4 Magnified Image of Red Blood Cell
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The Transition probability (W) of p-A scatter

ing increases as the scattered wavelength becomes

longer. The theoretically estimated value W is about

10'̂ ^ (/sr atom sec-photon) under the two conditions
of ko-a < 1 and 10 I ^ bvQ - I, where ko and hVQ are

the wavenumber and the energy of the incident X-

rays, and a and I are the radius and the ionization

energy of inner-shell electron.The scattered

photons might be detected if using intense radiation

from an undulator.^^

The experimental arrangement is shown in

Fig-1. The soft X-ray generated by an undulator and

monochromatized with a granzing incidence

monochromator was guided onto a polycrystalline

beryllium plate of 0,5 mm thick. The scattered radi

ation was detected at 90® from the polarization

direction of incident rays, and was measured in the

visible to infrared region by photomultiplier.

Energy of the incident X-rays was 407 eV (30.5 A)
1 0

and flux was estimated as 10 (photons/sec-200 mA)

with a resolution of 0.04 A for 50 fim slits. Solid
angle of observation was 15.8 (msr). The photo
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Experimental arrangement

peakw-l[nm] trf [®/g] band w[eV] trw[%] senp[%]

350 54 0.112 70 85
400 3 9 0.072 8 0 85
4 6 9 4 2' 0.044 7 5 8 0
564 60 0.035 92 90
750 79 0.076 92 100

Table-1

cathode was cooled down to -45 °C with a cooling

device for decreasing thermal noises.

Five interference filters were used as band

pass filters. The peak wavelength, transmitivity,

bandwidth of the filters and sensitivity of the

photomultiplier were summarized in Table 1, as well

as transmitivity of viewing-port. These numerical

values were used for the raw data corrections.

Measurement time was 300 sec for each data. The

relative cross section thus obtained is shown in

Fig -2.

The corrected data disagreed with the theoreti

cal prediction for the present, probably due in part

to some noises not avoided yet. Thermal noise of the

detector was much decreased than that in the last

experiment, but background noise mostly due to the

y-rays still exists. Further reduction of electronic

and y-T&y background noises is necessary.

1) Y. Ohmura and T. Suzuki : J. Phys. Soc. Japan 53

(1984) 2801-2817

2) Y. Ohmura and T. Suzuki : J. Phys. Soc. Japan 55

(1986) 699-700

3) PF Activity Report, 1987 #5, pl22

O

O 1000
UJ
(0

O)
(0

o
cc

" 500
UJ

>

Fig-2

300 400 500 600 700 800

WAVE LENGTH { nm )



proposal No

Photon Energy Dependence of Desorbed Ions from H20/Si(100) in the
Valence Excitation Region

Hidetoshi NAMBA, Kousuke Ueyama , Mituo KOIZUMI and Haruo KURODA

Research Centre for Spectrochemistry and Department of Chemistry,
Faculty of Science, the University of Tokyo, Kongo, Bunkyo-ku, Tokyo
il3

Kuroda Solid Surface Project, Research Development Corporation of
Japan, Tohkohdai, Tsukuba, Ibaragi 300-26

Introduction

It can be considered that a fundamental

research of photochemical reactions on well
defined solid surfaces is a key feature for
understanding surface chemical dynamics and for
developing a new technique of surface material
design. Detecting photo-reacted species by
combining photon stimulated desorption(PSD) and
surface analysis as a function of photon energy
is an useful method to clarify an elemental
process of surface photochemistry. It has been
believed in PSI(=ion)D due to a core
excitation that a formation of repulsive
potential between a photon absorbed atom or ion
and surrounding ones through an inter-atomic
Auger transjt^on has induced ion desorption(KF
mechanism). ' It implies that ion desorption
is determined by only an internal state of the
chemisorbed system. In this case a chemical
shift due to chemisorption is only a selective
parameter in photoexcitation. On the other
hand, in a valence excitation region, more
state selectivity or controlability in the
photoexcitation can be expected. However a
clear experimental evidence on surfaces
suggesting the later mechanism has not yet been
reported.

We briefly report results of PSD of H2O
adsorbed on Si(lOO) in the photon energy range
from 4 to 60 eV. The experiments were
performed at BL-7B in PF-KEK.

Experimental

Samples of Si(lOO) were cleaned by heating
under UHV. Water admitted on a clean surface

showing a 2x1 LEED pattern at room temperature.
Water molecule dissociatively chemisorbed with
the same periodicity of the substrate.
Detection of ion and neutral species by a
quadrapole mass spectrometer were performed
with measurements of UPS and AES.

Figure 1 and ,2 shows the intensity
distributions of H and OH as ^ function of
photon energy above 16 eV. The H distribution

has a threshold at about 22 eV and shows a
broad peak extending to the photon energy above
50 eV. The OH peak begins from about 30 eV
and also extends to 50 eV. The fact of the

different fragmentation found in this energy
range suggests that _|_two kinds of
photoexcitation cause each_^H desorption. Two
different behaviours of H desorption must be
resolved as shown by the dotted line in Fig.l.

In this energy range the substrate has no

Results and Discussion

intensity

absorption edge. UPS results indicate that
thresholds corresponding to occupied energy
levels of Si-OH, SiO-H and 0 2s are located
about 4,9 and 22 eV below the Fermi level,
respectively. The smaller threshold energy
shown in Fig.l corresponds to the energy
difference between 0 2s and the Fermi level.
The larger one is almost equal to the sum of
the energies between 0 2s and the Fermi level
and between SiO-H and the Fermi level. The
results suggest that the photoexcitations from
0 2s to energy levels located near the Fermi
level without and ' with a shake-up type
excitation cause the different fragmentation
under the present sensitivity of the detection.
We measured a polarization dependence of H
intensity as a function of the angle of
incidence to the sample. The polarization
dependence is quite similar in the energy range
above 16 eV. The result fits with the
explanation mentioned above that the same
principal excitation is commonly included in
both excitations. A shake up is generally
polarization independent because that is due to
an unipolar process.

In summary, we found the clear experimental
evidence of PSID . that does not fit with KF
mechanism.
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In a previous Activity Report #5, we reported our
analysis of the mean charge.of Xe ions produced by
4.1 - 8.0 keV X-ray impact^. We observed that
the mean charge of ions shows significant jumps at
the L2 and Lo edges of Xe which are found to
be reproduced well through Monte Carlo simulation
technique. This feature can be uderstood to be due
to innershell vacancy cascade in photoionization.
In this report we describe further analysis on the
observed charge distribution of Xe ions produced
through photoionization of X-rays in the energy
range of 4 - 8 keV, based upon Monte Carlo tech
nique. In Fig. 1 are shown some of examples of the
charge distributions of Xe ions produced with 4.5,
5.45 and 6.8 keV photons. The present results
indicate that the charge distributions show a peak
around 8+ in the whole energy range Investigated
and relative abundances of ions with high charge
increases with increasing photon energy, whereas
that with low charge decreases with increasing the
photon energy. It is also noticed that another peak
shows up at the charge of 4+ for photons with the
energy lower than the L3-subshell edge. This peak
can be understood to be originated from the initial
vacancies produced in the M^- and Mg-subshells.
Generally speaking, the agreement between calcula
tion and experiment seems to be good. However, more
careful comparison suggests that the present Monte
Carlo calculation tends to overestimate the inten

sities of ions with the charge lower as well as
higher than the average or mean charges, compared
with those obtained experimentally. These varia
tions may be due to the assumptions in both calcu
lation and experiment. In the present calculation,
the atomic transition probabilities for multiply
charged ions, as they are not available except for
only a few cases, are assumed to be equivalent to
those for singly charged ions. This assumed that
vacancies in the outer shells, which are produced
simultaneously are always filled up before vacancy
cascades proceed from the Innershells. Indeed it
is not clearly known which vacancies are filled
first. In the present calculation, we also neglect
the increased binding energies of electrons due to
multiple lonlzation during vacancy cascade. The use
of the correct binding energies tends to decrease
fractions of ions in higher charge because some
Auger channels are energetically forbidden.
On the other hand, experimentally, the detection
efficiencies for lower charge ions might be lower
than those for higher charge ions because the
number of electrons emitted during collsions is
smaller for lower charge ions than for higher

charge ions and, thus, probabilities of detecting
these electrons, which are used as stop signal in
our TOF spectrometer in the present experiment,
may change. Another is the fact that, as these ions
are less intense, their statistics obtainednis not
so good. Full detailed discussion of these results
is given in our recent publication .
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Figure 1 Charge distributions of Xe ions produced
in photoionization. (a) 4.50 keV, (b) 5.10 keV,
(c) 5.30 keV and (d) 8.00 keV. The open Qolumns
show the experimental data, whereas the solid
columns the calculated values.
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Introduction

Threshold electrons, having zero kinetic
energies, can be ejected from atoms when the
photon energy of irradiation is of the same
level as the ionization energy of a shell of the
atom. In inner-shell excitation, however,
emission of threshold electrons has been

observed by Heimann et al.^) in resonance states
below the ionization limits. They proposed that
resonance states decay primarily through shake-
off in which the excited electron is ejected
through Auger processes following the 4d hole.
To investigate the decay processes on the
resonance states in detail, it is desirable to
observe not only the threshold electrons but
also the accompanying ions. In this article we
report the measurement of multiply charged ions
in coincidence with threshold electrons near the

4d ionization limits of Xe.

Experiment

Experiments were carried out using a 2m
grasshopper monochromator at BL-llA. The
monochromator was equipped with a 600 lines/mm
frating. The spectral resolution was about 0.85

(0.3 eV at 65 eV) with lOGym'slit widths. The
mass spectrometer used was of time-of-flight
type accompained with a threshold-electron
energy analyzer^). The resolution of the
electron energy analyzer is roughly estimated to
be about 0.03 eV on the basis of the FWHM

measured at the Kr 4p ionization limits.

Results and Discussion

2+Figure 1 shows the yield spectra of Xe
and Xe^^ ions in coincidence with threshold
electrons in the 64-72 eV photon energy region.
In the coincidence method, no Xe"^ ions were
detected throughout the photon energy region.

Two dominant peaks which appear somewhat
above the 4d ionization limits are due to the 4d
photoelectron. It becomes evident that Xe2+ and
Xe3+ ions are produced through normal and double
Auger processes following the 4d hole. The
profiles show the effect of post-collision
interaction, namely, shifts of peak positions
and asymmetric shapes^^.

Many structures below the 4d ionization
limits correspond to the Rydberg states, 4d np.
It signifies that threshold electrons are
ejected through decay on these resonance states
even below the ionization limits. The same

facts also have been observed near the Ar 2p and
Kr 3d ionization limits.It is conceivable

that shake-off^^ and two-step autoionization^^
take part in the decay process.

2 0
o 100

64 65 66 67 68 69 70 71 72

PHOTON ENERGY CeV)

2+ 3+
Figure 1. Yield spectra for Xe and Xe ions

obtained in coincidence with threshold

electrons as a function of photon energy.
The photon energy scale was calibrated on the
Xe 4d*"^6p peak at 65.11 eV^^ .
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Tr^roduction

We have started systematic investigations

on ionic fragmentation following the photo-
ionization of the organometallic molecules in

the soft X-ray region. We are mainly interested

in investigating how fragmentation correlates

with core-hole relaxation processes following
the photoionization. We report here ionic

photofragmentation studies on Sn(CH3)4 (INT) in
the photon energy range 60-100 eV using time-of-

flight (TOF) mass spectrometry.

Experimental

The experiments were carried out on BLllA
at the Photon Factory. The monochromatized
photon beam was focused onto the center of the
ionization section of a TOF mass spectrometer.
Sample gas (IMT) was introduced to the
ionization section as an effusive beam through a
nozzle of diameter 0.8 mm so that the molecular

beam crossed the photon beam at right angles.

Results and discussion

Figs. 1 and 2 give examples of photo-
electron-photoion coincidence (PEPICX)) and
photoion-photoion coincidence (PIPKX)) spectra,
(a) Sn:4d photoionization

It is known that the atomic 4d-subshell

photoionizaition cross section of Sn increases
from the threshold {34 eV) to its maximum peak
at about 70 eV and then decreases to the Cooper
minimum at about 150 eV.^'2 The valence-shell
photoionization cross section of TMT, on the
other hand, decreases monotinically and is much
smaller than the 4d-core cross section above 60
eV.2 Thus, main fragment ions CHs"'', SmDHjjj"*", and
Sn"*" seen in the PEPKX) spectrum at 60eV would be
produced by the Sn:4d photoionization. These
ions are also seen in the PIPICX) spectrum at 60

SnCjH;

C|̂ 4ir<V4

TIME gF FUOHT Fig. 1

eV, suggesting the ion-pair production such that

Sn(CH3)4 '̂̂ —> Snd^"*^ {or Sn"*") + CHs"*" + neutrals.

The doubly-charged ion would be produced by
autoionization of the 4d-core hole state,

(b) Sn:4p photoionization
The photoionization cross section, of the

4p-subshell of atomic Sn is considerably smaller
than that of 4d-subshell near the 4p threshold
(80eV). effect of the Sn:4p-core photo-
ioinization of IMT is, however, clearly seen in
the PIPICO spectra in Fig. 2: the ion-pair
productions involving H"*", such as H'*'-CH '̂*' (m'=0-
3) and H^-Sn"^, is enhanced significantly by the
4p-core photoinization above 80 eV.

The 4p-core . photoionization would, be
predominantly followed by the Coster-Kronig
transition which fills the 4p-core hole with
one of the 4d electrons. and ejects another
electron. The IMT with two 4d-core holes would
eject one more electron by autoionization. The
observed PIPICO spectrum suggests the
dissociation pathway of the triply-charged TW-:

Sn(CH3)4^ Sn"*" + CHjjjj'*' + H"*" + neutrals.
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Introduction

We have extended the preceding study^ on
ionic photofragmentation of 80(013)4 to higher
photon energy region between 260 and 600 eV, in
which binding energies of C:ls (290 eV) and
Sn:3d (500 eV) lie.^ Our interest stems from
how fragmentation pattern changes through the
site-specific excitation of the C- or Sn-core.
The experimental approach is the same as the
preceding report.

Results and discussion

(a) C:ls photoionization
Figs. 1 and 2 show examples of the

photoelectron-photoion coincidence (PEPICO)
spectra • and photoion-photoion coincidence
(PIPICX)) spectra, respectively. In general,
decomposition of 80(0113)4 Proceeds and small
fragment ions such as H"*", C^, and 8n'*' increase,
as the excitation energy increases. Close

inspection, however, reveals that relatively
large ions CH3''", C2H3'̂ , and SnCI '̂'" increase from
260 eV to 300 eV, as seen in Fig. 1. This
retardation of the fragmentation is due to the
C:ls ionization starting from about 290 eV. The

C:ls ionization is followed by the KW Auger:
the core-electrons originally belonging to 8n do
not take part in the electronic relaxation of

C:ls hole. The parent ion thus produced is
doubly-charged. According the PIPICO spectra in
Fig. 2, typical fragmentation patterns of the
doubly-charged ion 8n(CH3)42''' produced via C:ls
ionization would be

Sn{CH3)4 '̂̂ —> SnCHjjj"^ + CH3''" + neutrals
and

Sn(CM3)4 '̂'' —4 SnCHjjj"*" + 02113'̂ +neutrals.

TIME OF FLIGHT

SnCH;

rSnCjK;
rSr>c,k

Fig. 1

(b) 8n:3d photoioinization

Fig. 3 gives lion/^photon each ionic
fragment near the Sn:3d edge. Itot-ion/Iphoton
in fig. 3 increases above 500 eV owing to the

O

Sn:3d ionization.^ Ionic fragments whose

production is effectively enhanced by the Sn:3d

ionization are 80"*", H"^, and Examing the
PIPICO spectra of fig. 2, we find that .each of

IpiPICo/^tot-ion H^-Sn+ and with
m'=0, 1, and 2 is enhanced by the Sn:3d
ionization whereas that for H'̂ -CH3'̂ is not.

The Sn:3d subshell in TWT is relatively

deep and the 8n:4s, 4p, and 4d sub-shells exist
as higher core-levels in IWT. Thus, the

vacancy relaxation following the 3d ionization

would occur to produce the multiply-charged TMT:
the degree of the charge achieved would be 3-5.

The observed features of the ionic fragmentation

strongly suggest the dissociation pathway of the
multiply charged TMT such as

Sn(CH3)4^ 8n'̂ + jCHjjjj"^ + kH"*" + neutrals

1 i=3-5, j+k+l=i, and m'=0-2.
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Introduction

We have studied ionic photofragmentation of
Ga{CH3)3 in the photon energy region between 90
and 260 eV, in which binding energies Ga:3p (110
eV) and Ga:3s (160 eV) lie. We are especially

interested in the fragmentation in which H"*" is
produced via the the site-specific excitation of
the Ga-core far from H atoms. The experimental

approach is the same as the preceding reports.^

Results and Discussion

Fig. 1 gives lion/Iphoton
fragment. The Itot-ion/^photon 1
increases above 110 eV owing to the Ga:3p

ionization,^ Most of the ionic fragments are
enhanced by the Ga:3p ionization whereas

Ga(0313)2'̂ is not. The H"*" yield increases above
160 eV again, owing to the Ga:3s photo-

ionization. The effect of Ga:3s photoionization

cannot be seen in the other ions, because the 3s

photoionization cross section is very small.

The H"*" intensity normalized by the total-ion
intensity, given in Fig. l(d}, clearly indicates

the enhancement of the H"*" production by the

Ga(CH,),

H /tot-ion

80 120 160 200 240 280

PHOTON ENERGY laVI

Fig. 1

Ga:3p and 3s photoionization. The PIPICX)
efficiency curves in Fig. 2 indicate that the
H'̂ '-Ga"'' pair production is enhanced by the Ga;3p
or 3s ionization whereas the CHjjj»'''-Ga(CH3)2'''
pair production is.not.

Let us consider how H"*" is produced via
relaxtation processes followed by the photo
ionization of the Ga:core-electron located far
from H atoms. The Ga:3p photoionization will be
followed by the Super-Coster-Kronig transition,
which replaces the 3p hole with one of the 3d
electrons and ejects another 3d electron. The
parent ion with two-3d-hole will autoionize to
become the triply-charged ion. The Ga:3s photo
ionization would produce the quartly-charged ion
via similar vacancy cascade processes. The

valence electrons participating the C-H bonds
will not tsike part in these electronic

relaixation processes of the Ga;core-hoie. The

effective production of H"*" would be reasonably
understood by the two-step dissociation pathway:

Ga(CH3) i+ V /-'r.+ j. nu 2+Ga"*" + CHj + + neutrals

followed by

4 + (l-l)H

with i=3 or 4 and k+,?=i.
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Introduction 5 i ^
Au E = 100eV

Soft X-ray multilayer mirrors have lately
attracted considerable attention for their novel ^
optical properties. In order to realize useful ^ ^ «
multilayer mirrors, it is required to have QOO' ^ a® o ^
accurate optical constants of various materials «
for soft X-rays, especially in the form of a '
superthin film (< 100 A thick). Such data are, ^
however, not available at present. Therefore, it Fig. 1. <? = 1-n {o:
is not clear how the optical constants of materi- , » * rCi ' IBS,#: EB) and k (
als in a thin film form depend on the film thick- » a:IBS,a: EB) of
ness and structure. We studied the dependence of superthin Au films
the optical constants of superthin gold films on ^ vs film thickness
the film thickness and deposition method in the measured at E = 100
soft X-ray region. I •—•...•.....i.mi .— .iJo sV.

30 100 300 <w
Film tMcVness (A)

Reflectance Measurements and Analysis
films prepared by our deposition system und

Superthin Au films of 39, 49, 55, 68, 94, structural change from islands to a cont
125, 145, 201, and 270 A thick were prepared by film structure at d ~ 60 A. For a sample
ion-beam sputtering (IBS), and 89 and 211-A thick an island structure, the incident soft X-ra
Au films were made by electron-beam evaporation reflected not only from gold but also fr<
(EB). All the samples were deposited on bowl- uncovered part of the BK7 substrate, whose
feed polished BK7 substrates. A WYKO profile- k were estimated, in the present study,
meter was used to measure the thickness and smaller than those of Au (their values are
surface roughness of the deposited films (rms at d ~ 0 A in the figure). Considerati
surface roughness ~ 5 A) as well as the surface these facts provides a qualitative expla
roughness of substrates (~ 5 A). for the initial rise in the d-d and k-d cur

The reflectance measurements were carried As is noticed in Fig. 1, 6 and k sho
out on BL-llA using a high-precision reflecto- variations in a range 60 d 5 150 A. As
meter. Reflectance vs incidence angle (R-d) behavior is observed also for other p
curves were measured at 10 to 26 photon energies energies with a speculation that these vari
between 60 and 900 eV by varying 6 stepwise 15 to might be due to a phase change in the ci
30 times from 89® to an angle at which the structure. To clarify this point we examin
reflectance became immeasurable (~ 10"^). At crystal structure of the samples by means
every angle of incidence, the intensity of ray and electron diffractions. However, we
reflected light was accurately determined from a not observe any sign of phase change i
series of intensity measurements done by rotating diffraction patterns for the sake of their
the detector at intervals of 0.01° through the guity.
reflection angle. The incident light intensity It is also seen in Fig. 1 that d est
was constantly monitored by measuring the photo- for the 201-A thick IBS film is lower by at
current from a gold mesh placed in the path of than that for the 211-A thick EB film. Acc
the incident beam. to the free electron theory a large d value

The R-d curves derived in this way were a high electron density, and this leads
analyzed in terms of the plane parallel slab conclusion that the EB film is more ti
model, in which the Fresnel reflection coeffi- packed than the IBS film in the state of cc
cients were corrected with a Debye-Waller factor ous film. The crystal structure may have
for the surface roughness. The optical constants thing to do with this matter. Therefoi
of the sample films was determined by fitting the measured X-ray diffractions from the.EB a
calculated reflectance to the measured R-d curves films of about 1000 A thick, and found th
by means of the least squares method. FWHM of the diffraction peaks of the IBS f

wider by three times than that of the EB
Results and Discussion This result shows that the IBS film has c

grains of small size. The IBS film maj
Figure 1 shows plots of the optical con- porosities owing to the small grain. Bi

stants, d = 1-n and k, vs film thickness d for E precise observations for thin films using
= 100 eV. The open (solid) circles and open ray or electron-beam diffractometer, measur
(solid) triangles show d sind k of the IBS (EB) of mass density using a microbalance, for
samples, respectively. For comparison the data pie, are now necessary to clarify this poir
of Henke et al.^^ are also shown in the figure at
d = CO. Reference

As is seen, d and k of the IBS films show
their dependence on the film thickness. The 1) B. L. Henke, P. Lee, T. J. Tanaka,
behavior of d and k for d ^ 60 A can be explained Shimabukuro, and B. K. Fujikawa: At,
by taking into account the fact that the IBS Nucl. Data Tables 27 (1982) 1.

30 100 300 eo
Film tMcVness (A)

films prepared by our deposition system undergo a
structural change from islands to a continuous
film structure at d ~ 60 A. For a sample having
an island structure, the incident soft X-rays are
reflected not only from gold but also from the
uncovered part of the BK7 substrate, whose d and
k were estimated, in the present study, to be
smaller than those of Au (their values are shown
at d ~ 0 A in the figure). Consideration of
these facts provides a qualitative explanation
for the initial rise in the d-d and k-d curves.

As is noticed in Fig. 1, d and k show some
variations in a range 60 d 5 150 A. A similar
behavior is observed also for other photon
energies with a speculation that these variations
might be due to a phase change in the crystal
structure. To clarify this point we examined the
crystal structure of the samples by means of X-
ray and electron diffractions. However, we could
not observe any sign of phase change in the
diffraction patterns for the sake of their ambi
guity.

It is also seen in Fig. 1 that d estimated
for the 201-A thick IBS film is lower by about 7%
than that for the 211-A thick EB film. According
to the free electron theory a large d value means
a high electron density, and this leads to a
conclusion that the EB film is more tightly
packed than the IBS film in the state of continu
ous fi Im. The crystal structure may have some-
thing to do with this matter. Therefore, we
measured X-ray diffractions from the.EB and IBS
films of about 1000 A thick, and found that the
FWHM of the diffraction peaks of the IBS film is
wider by three times than that of the EB film.
This result shows that the IBS film has crystal
grains of small size. The IBS film may have
porosities owing to the small grain. Besides
precise observations for thin films using an X-
ray or electron-beam diffractometer, measurements
of mass density using a microbalance, for exam
ple, are now necessary to clarify this point.
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Introduction

Soft x-ray multilayer mirrors of Mo/Si and
Rh/Si have been designed and fabricated^' for
dispersive elements to be installed as a
reflection filter in the beamline 12C, PF-KEK,
developed for experiments on Photo-assisted
Chemical Vapor Deposition{Photo-CVD)^K The
present study is on an evaluation part to bring
information to further improvement of the
fabrication of multilayer mirrors.

Reflectance before Irradiation of SR

Soft x-ray reflectances of multilayer
mirrors were measured with a precision
reflectometer^' installed at the beamline llA,
PF-ICEK equipped with a grasshopper monochromator.
For the Mo/Si multilayer, a pealt reflectance of
42.5% was obtained for light of 100 eV at -MO"
angle of incidence with a resolving power of
13. For the Rh/Si multilayer, the highest
reflectance comparable to Mo/Si multilayer was
obtained by only 21 layers, thus the
multilayer filters fabricated were found to be
quite efficient as the dispersive element for
photo-CVD experiments'^^.

SR Irradiation at Beamline 12C

After the reflectance measurement, the
multilayers were installed in the beamline 12C
and were evaluated in respect to the rsidiatlon
dijrability to the strong undispersed SR under
the irrfiidiation at 45° angle of incidence for 26
hours with an average ring current of 175 mA.
The spot size on the filter was x 5 mm^.
The temperature of the filter was measured by
a thermocouple pasted on the surface of the
filter, and was found to be about 100°C after
reaching an equilibrium. No cooling system was
employed. The intensity of the light
reflected from the filter was estimated to be

10^^-10^'' photons/s from a measurement of
photoelectrons emitted by a gold mesh placed
in the reflected beam by assuming the
photoelectron yield of gold to be 0.1.^' Visual
examination of the Mo/Si filter after extended
irradiation of SR showed a slight surface shade,
which is quite liltely to be caused by C layer
deposition by decomposition of residual gas
elements of hydro-carbon.

Re-Examination of Soft X-Ray Reflectance

In the present experiment, the soft x-ray
reflectance of the multilayer mirrors after the
irradiation test is re-examined to study the
irradiation damage. The same experimental system,
the reflectometer at beamline llA, was used to
measure the reflectance. Reflectance spectra at
various angles of incidence were measured at the
center of the irradiated part and at the non-
irradiated part. Figure 1 shows examples of the
measured spectra at photon-energies of 65eV-110eV
with a Be-filter for rejection of higher order

70 BO 90 100 110
Photon Energy (eV)

Fig. 1 Soft x-ray reflectance spectra of the
Mo/Si multilayer filter. Angle of incidence ^^as
fixed to 40degs from normal. The solid line -
before irradiation. The dotted line - irradiated

part. The dash-dott line - non-irradiated part.

components from . the grasshopper monochromator.
Tlie solid line shows, in reference, the original
spectrum measured before the SR irradiation. At
the non-irradiated part, reflectance was reduced
slightly but no shift in peak position was
observed. At the irradiated part, a certain
amount of peak shift was evident as well as the
30% reduction in pealc reflectance.

At 49degs angle of incidence at the non-
irradiated part, the peak reflectance of 40% was
observed, which was comparable to the original
value. This showed that the multilayer filter
withstood the temperature increase to 100°C by SR
irradiation.

It was also found by inspection of the
reflectance spectra around the K absorption edge
of C in and out of the surface shade that a
carbon layer exist at the surface of the shade.
This suggest that the 30% attenuation in measured
reflectance should be explained in some part by
the surface contamination of C deposition. No
deterioration was observed in surface roughness
term by measurements of the WYKO profiler.
Quantitative analysis is now in progress.
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In the course of experimental study
for multiple photoionization of metal I ' ' 7"" ' ' —'
atoms, we present here the results for 3/2 B
the rare-earth atoms; Sm, Eu and Yb. -1 ki

The details of experimental apparatus 5/2kA
and procedure have been described k ] Sm
previously '. The synchrotron radiation I I
emitted from 2.5 GeV strage ring in the g I Sm'*"
Photon Factory was dispersed with a 2 I X*.
meter Grasshopper monochromator, and 8 \ \
crossed with a beam of target atoms from Av\
a furnace. The resultant photoions were -2 ifr \
mass-selected by a time-of-flight 3, ^ Vi.
spectrometer. The relative intensities Jj
for the different charge state of the l/y
ion were measured as a function of JfJ -
photon energy in the region around 4d- . _ ""
ionization threshold of each target. • i , i ....i .,,i

r,. . « , « , , . . , , ino 110 120 la 14 13 to 170 iKj la an
Figures 1,2 and 3 show the ion yield ^

i-j.' ^ T- 1-iri Photon tn«rqy («V)spectra obtained for Sm, Eu and Yb '
respectively. For Sm and Eu, a r " ' •k • ' ' '
pronounced peak which was attributed to
the 4d-4f,£f giant resonance was seen in 4d~^ h
each ion yield spectrum at the position I
of 4d-ionization threshold of relevant \ _
atoms. On the other hand, no such \
structure was found for Yb whose 4f § , \
subshell was fullly filled. As can be 3 \
seen, the production of the singly- J! \ \
charged ion was dominant in this photon « A \
energy range,in contrast with the ^ l\ \
results for atoms just preceding the • i \ \v
rare-earth atoms in the Periodic Table § \V
of which main products were doubly- and 5 I ./i Eu^ xNvEu^"*" ^
triply-charged ions ' . Though ,
experimental results on rare-earth atoms '•Jx i* -*-•
are scarce, the determination of la i4 m^
photoelectron partial cross sections PSoton En.rgy («v)
have been reported for Sm ' and Eu '. In
both cases, 4f partial cross section is ' '— ' ' i > 1 1 1
apparent to be dominant in the vicinity k
of the 4d-4f resonance, which indicate ^d' K
that singly-charged ion is exclusively c «;/7b
produced via 4d^4f"6s'̂ -> 4d^*^4f""^6s1 ^
autoionization. The interference between J "
the discrete excitation plus » +
autoionization and the direct ionization 2 ^
causes the asymmetry in the Fano type "
profile of the singly-charged ion yield j 2+
spectrum. -S "

Detailed analysis of the results is
still in progress. ^
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XANES spectra are associated with electronic

transitions from inner shell to vacant levels and

give information on the electronic structures.

Especially, measurements of oriented samples with

polarized synchrotron radiation yield detailed

information via the polarization dependence of

various transitions.

We performed XANES measurements using monochroma-

tized SR for the C and F K-edges of

(Delongated polyethylene(PE) film

(2)elongated poly(vinylidene fluoride)(PVDF) film

(3)poly(tetrafluoroethylene)(PTFB) film

(4)oriented evaporated film of CHs(CHg)34CH3 as a

model compound of PE

(5)oriented evaporated film of CF3(CFa)1aCFa as a

model compound of FIFE.

Experiments were performed at the soft X-ray beam

line BL llA at the Photon Factory.

Absorption spectra for (1) and (2) were taken with

the transmission mode, and for(3)-(5) with total

electron yield mode.

(Q) ?

E

E

Obtained spectra are shown in Figs.1-3. Distinct

polarization dependence is observed, especially

for model compounds(4) and (5).
From the polarization dependence of PE and its

model compound(Fig'.l), peak a is attributed to the

transition to (C-H)", while peak b is to (7{C-C)'.

In the case of PTFE and its model compound(Fig.2)
peaks a, b and c are assigned to the transitions

to (7 {C-F}', cr (C-C)' and (7"(C-F)" excited states,

respectively. Similar polarization dependence was

observed for the F K-XANES.

The spectrum of PVDF shows little polarization

dependence due to the poor orientation. It can be

analyzed by the superposition of the spectra of

PTFE and PE, as shown in Fig.3. Above results in
dicate that the XANES spectra reflect a local ele

ctronic structure around the excited atom.

Further analysis of these spectra is now in prog-

E 2

M (5

280 290 300 310 320 280 290 300 310 320, 280 290 300 310 320
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Fig.l C K-XANES spectra of PE{a) Fig.2 C K-XANES spectra of PTFE(a) Fig.3 C K-XANES spectra of PVDF{a)
and CH3(CH2)34CH3(b) and CF3(CFs) 18CF3(b) PE(b) and CF3(CFg)tsCFs(c)
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Degradation in the efficiency of optical ele
ments due to carbon contamination has been an in

evitable problem which has hindered spectroscopic
studies since the initial stages of SR utilization. On
the basis of our recent studies of dc oxygen-
discharge cleaning,^ we have performed in situ
cleaning of optical elements in a Seya-Namioka beam
line for gas-phase experiments (BL-12A) and a

A

grasshopper beam line (BL-IIA).
The basic idea to achieve a high cleaning rate

was to make a part of the vacuum chamber be an
oxygen-plasma source by incorporating dc discharge
electrodes (made of aluminum) in the mirror box or
monochromator. To avoid any harmful effects from
the discharge, we carefully chose an electrode and
optical surface configuration which can prevent (or
minimize) sputter deposition from both the electrode

and the chamber wall onto the optical surfaces? A
pressure level acceptable for throughput measure
ments was attained without a bakeout within 5*-10

hours after cleaning.
All of the optical elements were given clean

ing procedures for the Seya-Namioka line in three
steps: post-focusing mirrors (M2, M3 and M4), a
grating (G) and pre-mirrors (Mq and M^). Figure 1
shows transmitted intensity curves over an energy
range from 4 to 40 eV, taken before and after three
cleanings. The detector was a photomultiplier coated
with sodium salicylate. An increase in the intensity
as much as factors of 10 - 50 was attained after
cleaning all of the elements (3rd cleaning), except in
the region between ~ 15 and -20 eV. A series of
treatments resulted in a progressive appearance of
peaks at -II, -15, -22 and -32 eV; Au and Pt have

Before cleanlnj A

After 1st cleaning / \
(M2,M3,M4) / \
After 2nd cleaning t \
(M2~e,G) I \
After 3fd cleaning \
(M2-4 , GI Mo , Ml) ! \

//w
•'/ \ «
// \\
'I \ \ ' \n \ V y *'/ ^ \ / \

A l/X V" \
/ A V' \ \ \

X A-

5 10 15 20 25 30 35 40

Photon Energy (eV)

Fig. 1 Throughput curves of the Seya-Namioka
beam line before and after cleaning. The first clean
ing was made for three refocusing mirrors for 50
min, the second for a grating for 30 min, and the
third for a first premirror for 90 min and for a sec
ond premirror for 20 min.

common features at these energies. Since the blazed
energy of the grating nearly coincides with that of
the main peak (-22 eV), the throughput improve
ment after the second cleaning can be attributed to a

recovery of the grating blaze effect^ as well as of the
reflectance of a coating material (Au). A relatively
low enhancement rate between -15 and -20 eV can
be reasonably explained by the high reflectance of
carbon, as compared with those of Au and Pt at near-

normal incidence in this region.^
In the grasshopper line, cleaning was made

for a second mirror (Mj), a Codling mirror (M2) and a
grating (G) in two steps. Figure 2 shows the
throughput curves around the carbon K edge before
and after each cleaning. An NBS AI2O3/AI photodibde
detector and a 250-nm thick Ag filter were used. The
spectrum before cleaning showed a large loss in in
tensity at the carbon K edge, with a main dip at -28 8
eV and a satellite dip at. -282 eV. The feature at -288
eV is attributed to a graphitic contaminant. The first
cleaning resulted in a significant increase in flux at
the K edge, although two dips still remained. The
second cleaning was found to attain a dramatic im
provement in the throughput at the K edge; a small
dip only remained at -288 eV. This achievement
could be mainly ascribed to the removal of contami
nants from the Codling mirror. The low energy dip
(-282 eV) exhibited no change in depth after the two
cleaning procedures. This suggests the presence of
carbide species, possibly PtC^, on the Pt-coated first
mirror Mq which was not given a cleaning.

1) T. Koide et al., Nucl. Instr. and Meth. A246, 215
(1986); Phys. Scr. 35, 313 (1987); Appl. Opt. 26,
3884 (1987); Appl. Opt. 27, 4305 (1988).

2) T. Koide et al.. Rev. Sci. Instrum. (to be published).
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Fig. 2 Throughput curves of the grasshopper beam
line around the carbon K edge before and after
cleaning. The first cleaning was made for a second
premirror for 210 min, and the second for the
Codling mirror and a grating for 150 min.
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Introduction

Various diacetylene compounds are known^ to
polymerize under UV irradiation to form extended

Tl-electron system as shown
RCSC-C CR' P- ^RC-C=C-CR'̂ ^

where R and R' are substituent groups. These
reactions attracted much attention since

(1) In some cases, this reaction can proceed
to change monomer single crystal to polymer
single crystal.

(2) The formed Tl-electron systems have large
non-linear optical coefficients,

(3) The reaction can also proceed in Langmuir-
Blodgett (LB) films or evaporated films of
long-chain compounds, where R = CHo(CHp)n and R'
= (CHoj^COOH.

The study of the change of theTt-electronic
structure shown above has been tried by many
workers. However, most of them used compounds
with 711 systems in R and R', and the overwhelming
contribution from them covered the information
on the system in the main chain. Recently, we
succeeded in observing the change of the
occupied state with UV photo-electron
spectroscopy for the long-chain compound with n
= 9 and m = 8 (tricosa-10,12-diynoic acid), in
which side groups do not contribute to the
spectrum in the low ionization energy region.

On the other hand. X-ray absorption near-
edge structure (XANES) is a useful technique for
studying the unoccupied electronic states. In
this study, we applied it to the examination of
the change of electronic structure on the UV
polymerization of the evaporated and LB films of
the above-mentioned long-chain compound.

Experimental

The experiments were performed at the soft
X-ray beamline BLllA at the Photon Factory, The
spectra were measured as the total electron
yield, detected with an channeltron, for two
angles of incidence of synchrotron radiation CX =
0® and 75°. The samples were prepared on NESA
glasses. In both the evaporated and LB films,
the alkyl side groups are oriented roughly
vertical to the substrate. Some samples were
polymerized before measurements to various
degrees of po1y1merization, and in-situ
polymerization by UV irradiation in the
measurement chamber was also performed using a
D2 lamp as the light source. No enhancement of
polymerization by synchrotron radiation was
observed.

Results and Discussion

K-edge XANES spectra of an evaporated film of
th^ monomer on in-situ polymerization for =
75 , The peaks at the low-energy region
correspond to the excitation from the C Is
orbitals to the unoccupied orbitals. We see a
clear change on polymerization.

The peak A at 285.5 eV in the monomer
spectrum corresponds to the transition to the Tt
state of the monomer. At the early stage of
polymerization (so called blue form), two new
peaks B and C appear at 284,6 eV and 286.0 eV.
They continue to grow at further irradiation
leading to the so called red form, and the
original peak A disappears. This change should
correspond to either (i) the local change of
geometry from two conjugated triple bonds to
conjugated double and triple bonds, or (ii) the
evolution of the density-o^-states of extended
1-dimensional unoccuppied K band.

Further studies including the polarization
dependence of these transitions and the
dependence on the way of sample preparation are
under progress.
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Fig. 1 Change of the C Is XANES spectra of
CH2(CH2)gC5C-CsC(CH2)gC00H evaporated film with

In Fig, 1, we show the change of the carbon UV irradiation.
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1. Introduction SU method.

Ue present the results obtained by

combining the surface EXAFS and the soft Reference

X-ray standing-wave (SUl methods for 1/3 1) W.Erley et al., Surface Sci. 66(1977)371
monolayer chlorine adsorbed on a Ni(lll) 2) N.D.Spencer et al., J.Vac.Sci.Technol., A, 1,
single crystal. 1983, 1554.

2. Experiments and Results

(f3xf3)R30° Cl/Ni(lll) was prepared by

dosing clean, (Ixl)-ordered NKlll) with C1
produced by the electrolysis of sintered

silver chloride'*^.
Absorption spectra were taken at BLUB at

ambient temperature with a UHV chamber. C1

K-edge surface EXAFS measurements were

conducted by monitoring Cl-K fluorescence

yield. Polarization dependence of the

effective coordination numbers for the first

nearest neighbor Ni atoms allows to determine

the adsorption site. The results are given in

table 1 and this indicates that the 3-fold

hollow site is most preferred. The Cl-Ni

distance is determined to be 2.4010.04 A and
accordingly the Cl-Ni interlayer spacing is
1.92 A.

The normal-incident SW profile correspond

ing to the (111) Bragg-reflection was observed

in the vicinity of 3.05 keV, and the other

profile was found when the incident angle of

X-ray was about 70 degree to the surface

normal and the X-ray energy was nearly the

same as the (111) one. The latter is associated

with the (TTl) normal reflection. These two SW
profiles, shown in Fig. 1, result that the

displacement of the chlorine atoms is 1.94 A
relative to the (111) plane and is negligibly

small relative to the (TTl) plane.

3. Conclusion

Fig. 2 shows the proposed surface

structure viewed along the [1101 axis. Two

kinds of 3-fold hollow sites for Cl atoms are

possible; the one is given as "site 1" in fig.2,

which corresponds to the hep site, while the
fee site is shown as "site 2". From the present

SW analysis the adsorption site is exclusively

determined to be "site 2". It should be noticed

that the resultant value of the Cl-Ni

interlayer spacing determined by the surface

EXAFS is nearly equal to the one given by the

g Result Calculated N*
R(A) N* On-top Bridge 3-fold

90* 2.A1 1.85 0 0.87 1.73

^5* 2.^2 3.99 1.5 2.57 3.6A

15* 2.38 5.25 2.8 A.OA 5.29

Table 1 Results of SEXAFS

./ci (2)

Energy (eV)

FIg.l X-ray Standl_ng Wave profiles of
(l)(lll) and (21(111) Bragg reflection

Sitel Sile^

Fig.2 Top view (1) and side
view (2) of the model structure
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Introduction

The determination of a surface structure is

one of the most fundamental and important
subjects to understand the properties of a solid
surface. Especially, when the rearrangement of
the substrate surface is induced by the
adsorption of foreign atoms(surface relaxation or
surface reconstruction occurs), it may be more
interesting.

To the best of our knowledge, though the
adsorbate structures of C1 atoms on Ni(lll) and
Ni(llO) have been investigated preliminarily[l ],
no structural study on C1/Ni(100) has been
published so far. In this study we demonstrate
the structure of Cl/Ni(100) by use of the surface
EXAFS and the soft X-ray standing wave (SW)
techniques. We also compare the structure of this
system with that of c(2x2)S/Ni(100), and discuss
the similarities and dissimilarities.

Experimental

The experiment was carried out at the soft
X-ray double crystal monochromator station (BL
UB). Single crystal Ni(lOO) was cleaned by the
argon ion bombardment and annealing. The clean
surface was dosed with CI2 produced by the
electrolysis of sintered silver chloride. A very
sharp c(2x2) LEED pattern was observed without
further treatment. The Cl-K edge EXAFS spectra
were taken for three polar angles, 9=90°(normal
incidence), 9=45? and 6=15°(glancing incidence).
The SW profiles associated with a normal
incidence Ni(200) Bragg reflection were measured
with the energy-scanning mode. Both of the EXAFS
and SW absorption spectra were recorded by
monitoring Cl-K fluorescence with a newly
developed proportional counter[2].

Results and Discussion

The EXAFS spectra of three polar angles were
analyzed by use of the EXAFS data of NiClg as a
standard. From all the spectra, the nearest
neighbor Cl-Ni bond length is estimated to be
2.43A which is equal to the bulk value.

In order to determine the adsorption site,
the polarization dependence of the experimental
effective coordination number was compared with
the calculated ones for three types of adsorption
geometries. As exemplified in Table 1, the
four fold hollow site is most probable.

The analysis of the SW absorption profiles
was performed with the similar method to the hard
X-ray SW analysis. After the background signal
from clean Ni(lOO) is subtracted, the profiles
were curve-fitted. The result indicates that the
01 atoms are located 1.75A upward from the bulk

Ni(200) lattice plane. Combining the EXAFS result
with the SW one, it is concluded that the spacing
between the 1st and 2nd Ni layers is expanded by
4.5% of the Ni(200) bulk lattice spacing.

The surface structure of Cl/Ni(100) is
compared with that of S/Ni(100)[3] ( Table 2).
In both systems, the adsorbate atoms are located
on four fold hollow site, and the surface layer
spacings are expanded. However, the degree of
expansion in Cl/Ni(100) is only one third of that
in the S/Ni(100) case. This indicates that the
relaxation of the surface layer depends
considerably on the species of the adsorbate
atoms.
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[IjW.Erley et al. Surf. Sci., 371 (1977).
W.Erley, ibid, m, 47 (1982).

[2]M.Funabashi et al, submitted to RSI.
[3]T.Yokoyama et al, in this issue.

Table 1. Experimental versus calculated coordi

nation numbers N* for c(2x2)Cl on Ni(lOO).
Expt. Caluclated

hollow bridge ate

N*(90°) 2.60 3.15 0.79 0
N*(45°) 4.27 4.42 2.61 l.E
N*(15°) 4.01 5.52 4.18 2.£
N*(90°)/N*(15°) 0.65 0.57 0.19 0
N*(45°)/N*(15°) 1.06 0.80 0.62 O.E

Table 2. Bond lengths pacings

c(2x2)Cl/Ni(100) and c(2x2)S/Ni(100). All values

ar*e expressed in angstroms.

adsorbate atoms

C1 S

R 2.43 2.23

*^01 1.67 1.37

^12 1.84 1.97

^23 1.76 1.76

di2-d23 0.08 0.21
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Introduction

Sulfur-deposited Ni(ni) systems are quite
attractive since they provide various types of
LEED patterns, some of which cannot be understood
without taking surface reconstruction into
account. Our previous surface EXAFS and XANES
studies on (5/3x2)S/Ni(111)[1] suggested that the
surface nickel layer loses its original 3-fold
symmetry and is drastically reconstructed into a
pseudo Ni(lOO) surface by the adsorption of
sulfur atoms.

We have investigated the soft X-ray standing-
wave (SW) absorption spectroscopy and proposed
its usefulness for determining the surface local
structure of adsorbates deposited on single
crystal surface[2]. In the present study, we have
measured and analyzed the SW absorption profile
of (5/3x2)S/Ni(lll) to reconfirm the
reconstruction proposed previously.

Experimental

A clean and ordered Mi(lll) single crystal,
which was prepared by repeated cycles of
annealing and ion-bombardment in an ultra-high
vacuum envirionment, was dosed with hydrogen
sulphide and was subsequently pyrolysed at about
600K. This treatment leads to clear (5/3x2)
complex LEED pattern which retains its sharpness
for several days under UHV atmosphere.

Soft X-ray SW absorption profiles were
measured with the normal-incident energy-scanning
mode at the soft X-ray double crystal
monochrornator station beam line 11B[3].
Fluorescence-yield detection, which is necessary
to improve signal-to-background ratio, was
adopted by use of a newly-developed gas-flow
proportional counter[4].

Results and Discussion

Fig.l shows the SW absorption profiles
associated with S-K and fli-L fluorescence yields.
Curve-fitting analysis feveals that the sulfur
atoms are located 1.17 A upward from the bulk
nickel lattice plane. This value might be too
small to describe the surface structure within
the non-reconstructed surface model. Even if we
introduce the significant contraction between the
top and the second nickel layers, the resultant
layer spacing should be unacceptably small.

On the other hand, the full reconstruction
model proposed previously is consistent with the
present 511 observation. In this model, whose top
view is given in fig.2, the first layer nickel is
rearranged to pseudo Ni(lOO) surface which has
nearly 4-fold axis, and sulfur adsorbs on the
resultant hollow site and forms chemical bonds
with four equivalent nickel atoms. The spacing

between the sulfur and the nickel layer is 1.27 A
given by the surface EXAFS result[l]. Combinig
the SW result with the surface EXAFS one, we can
estimate that the spacing between the first and
the second is 1.93 A, which implies occurrence of
small contraction of the surface layer spacing.
Fig,3 gives the side view of the determined model
structure.

Through the present investigation, we can
claim that the full reconstruction model is
confirmed without any doubt and the more detailed
structure is successfully deduced.

[1] Y.Kitajima et al. submitted to PRL.
[2] T.Ohta et al. JJAP 24 1475 (1985);

T.Yokoyama et al. to be published in PRL.
[3] T.Ohta et al. NIM A246 373 (1986).
[4] M.Funabashi et al. submitted to RSI.
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Fig.l. Soft X-ray SW
absorption profil-es of
(5/3x2)S/Ni(lll) mea
sured with S-K and Ni-L
fluorescence yields.

Fig.2. Model structure of (5/3x2)S/Ni(111
(top view).
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Fig.3. Model structure of (5/3x2)S/Ni(111
(side view).
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Introduction

Recently we demonstrated that the soft X-ray
standing-wave (SW) method combined with the
incident photon energy scanning technique is a
promising tool to determine the surface local
structure of adsorbates on single-crystal
substrates[1]. This technique is quite useful
since it is available in the same experimental
condition as surface EXAFS spectroscopy and
provides complementary information. Here we
report the results of the SW absorption profiles
for p(2x2)S/Ni(111) and discuss the detailed
model structure for this system with the help of
the surface EXAFS result.

Experimental

Commercially-available single crystal Ni(lll)
was cleaned in an ultra-high vacuum environment
according to the well-established procedure.
Surface cleanliness and order were checked by AES
and LEED, respectively. Sulfur was deposited on
the clean Ni(lll) by dosing with hydrogen
sulphide. Clear p(2x2) LEED pattern was observed
without further treatment.

Nearly normal-incident soft X-ray SW
absorption profiles were measured with the
energy-scanning mode at the soft X-ray double
crystal monochromator station beam line nB[2].
The energy resolution of the present
monochromator (a pair of Ge(ni) crystals) and
the divergence of the incident X-ray beam are
excellent enough to record SW spectra. It turned
out necessary to adopt the fluorescence yield
mode instead of the electron yield modes because
the background signal (Mi LMH Auger electrons)
dominates the SW profile quite significantly. We
have developed a UHV-compatible soft X-ray
detector for these purposes. This is a gas-flow
type of proportional counter[3], and was
successfully used for the present experiment.

Fig.1 shows the SW absorption profiles
associated with S-K and Mi-L fluorescence yields
for p(2x2)S/Ni(111). Distinct difference can be
seen between the two spectra, indicating that the
S-K profile may purely originate from adsorbate
sulfur associated with little background
contribution.

Results and Discussion

Details of the analysis procedure will be
described elsewhere[4]. The pure SW profile of S
adsorbed atoms v/as extracted by subtracting
weakly contributing background signal appearing
in clean Ni(lll) data (not shown) from the raw
data (Fig.l). The resultant profiles are then
curve-fitted according to the well-known
formula[5] including Lorentzian convolution to

account for the effective energy resolution. The
final result reveals that sulfur atoms are
located 1.38 A upward from the bulk Ni(l1l)
lattice plane.

On the other hand, according to the surface
EXAFS result, the interatomic distance between
the sulfur and the first nickel layer is 2.20 A,
and hence, if we assume that sulfur is located at
the three-fold hollow site which is the most

probable site in such systems, the layer spacing
between sulfur and nickel is estimated to be 1.66
A. This value is quite different from the one
determined by the SW analysis (1.38 A),
indicating that a significant lattice relaxation
occurs due to sulfur adsorption. Fig.2 shows the
side view of the detailed surface model
structure, and the distance between the 1st and
the 2nd nickel layers are contracted by as much
as 15% compared with that of the bulk.

It should be emphasized that such detailed
structure cannot be obtained until we use these
two methods, which provide complementary
information to each other.

[1] T.Ohta et al. JJAP 24 1475 (1985).
[2] T.Ohta et al. NIM A246 373 (1986).
[3] {'1, Funabashi et al. to be published in RSI.
[4] T.Yokoyama et al. to be published.
[5] D.P.Woodruff et al. SS 195 237 (1988).
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Introduction

The soft X-ray standing-wave (SW) technique
could be a powerful method to analyse the
structures of surfaces and interfaces[l]. This
method, however, has to be improved since there
remain some ambiguities in the procedure of data
analysis.

The first purpose of the present investigation
is to confirm how one can evaluate the SW
absorption correctly, especially how to estimate
the imaginary parts of structure factors. The
c(2x2)S/Ni(100) system may be suitable for this
purpose because the surface structure of this
system was already lcnown[2] except for its
surface relaxation. The second purpose is to
elucidate whether this relaxation actually

Experimental

Normal-incident soft X-ray SW absorption
profiles were measured with the energy-scanning
mode at the soft X-ray double crystal
monochromator station beam line 11B[3]. As the
detection systems, the Auger electron yield (AEY)
mode and the fluorescence yield (FY) mode were
employed for comparison. In both measurements
total electron yield (TEY) spectra v/ere recorded
simultaneously for energy calibration. In order
to extract the pure profile from sulfur we have
to measure a background spectrum which should be
subtracted from raw data of adsorbate sulfur. In
the FY mode the data of clean Ni(lOO) was adopted
while in the AEY mode the spectrum v/hich was
measured on condition that the energy of
collected electrons was shifted SOeV above the S-
LVV signal was regarded as background. Fig.1(a)-
(c) show the SW absorption profiles associated
with S-K FY, S-LVV AEY and TEY, respectively.

Results and Discussion

The pure SW profile of adsorbed sulfur atoms
was extracted by subtracting background signals
(not shown) from the raw data (Fig.1(a)-(b)). The
resultant profiles are then curve-fit,ted
according to the well-known formula[4] including
Lorent2ian convolution to account for the
effective energy resolution. The FWHM used in the
present analysis is 3eV. There remains, however,
ambiguity for estimating the imaginary parts of
X-ray structure factors denoted by Im[F(hkl)].
Here we have tried to deduce this value from the
TEY spectrum which corresponds to the bulk nickel
profile. If it is assumed that all the nickel
atoms are located on the (200) lattice planes and
that the value of Im[F(200)], which is difficult
to estimate theoretically, is equal to
Im[F(000)i, then it is determined to be 14.5.

This is in fairly good agreement with the value
of 9.5 which is simply evaluated from the linear
absorption coefficient, and hence our estimation
may be reasonable taking the present difficulties
into account.

According to the analysis of the FY spectrum,
the diplacement of sulfur atoms relative to the
(200) lattice plane is determined to be 1.58 A,
while the surface EXAFS results indicated that
sulfur is located 1.37 A upward from the surface
nickel layer[2]. These facts reveals that the
spacing between the first and the second nickel
layers is expanded by 0.21 A (12%) compared with
the bulk spacing. The lattice expansion observed
in the c(2x2)S/Ni(110) system[5] is about 10%
which agrees quite well with the present result.

:To the contrary, in p(2x2)S/Ni(111) significant
contraction (15%) occurs as shown in the other
report of the present issue, and these
observations will be an interesting topic in the
surface theory.

On the other hand, the AEY spectrum leads to
conclusion that the displacement of sulfur is
1.73 A, \'/hich is equivalent to -0.03 A. The large
devation between the FY result (1,58 A) and the
AEY one implies that in the AEY spectrum the
background contribution which dominates the raw
data cannot be subtracted in the computational
data analysis. It can bo concluded that the
fluorescence detection method is indispensable in
the measureraents of SW absorption profiles.

[1] T.Ohta et al. JJAP 24 1475 (1985).
[2] S.Brennan et al. PR 824 4871 (1901).
[3] T.Ohta et al. NIM A246 373 (1986).
[4] D.P.Woodruff et al. SS 195 237 (1988).
[5] T.Ohta et al. J.Physique 47 C8-503 (1986).

Fig.l Soft X-ray SW
spectra measured with
S-K fluorescence yield
mode (a), S-LVV Auger
electron yield mode (b),
and total electron yield
mode (c).
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Introduction

Sulfide catalysts are being widely used for
hydrotreating petroleum. However, the structure
of active sites for each reaction has not yet
been clarified. In these catalysts, sulfur atoms
seem to be essential for the formation of active
sites. Accordingly, surface X-ray absorption
spectroscopy (XAS) was applied to the
investigation of the local environment around S
in the catalysts.

Experimental

Two types of iron catalysts supported on HY
zeolite and active carbon were prepared by
impregnation with a solution of ferricnitrate.
The catalysts were presulfided in a stream of 5
vol% of H2S/H2 at 400'C for Ih.

The apparatus shown in Fig.l was designed
and developed for the measurements of both XAS
and XPS spectra.This new apparatus was applied
to measurements of S K-absorption XAS and XPS at
the BL-llB of the Photon Factory. XAS can be
measured by monitoring sample current, Auger
electrons yield, total electrons yield,
fluorescent X-ray, and transmitted X-ray using
the apparatus. In this report, sample current
method was used to obtain XAS spectra.

Results and Discussion

Figure 2 shows the S K-edge XANES spectra
for FeS, Al2(S04)3, and the two catalysts. The
XANES spectra of FeS/HY zeolite and FeS/active
carbon catalysts are quite different from that of
AI2(804)3. This result indicates that the
chemical state of sulfur is not sulfate on these
catalysts. Although these spectra resemble that
of FeS rather than that of Al2(S04)3, they are
not very similar. These results indicate that
FeS particles are highly dispersed on HY zeolite
and active carbon supports. Therefor the state
of sulfur on the catalysts seems to be quite
different from that of FeS. A little difference
was found between XANES spectra obtained from the
FeS/HY zeolite and FeS/active carbon catalysts.
This result seems to show different interaction

between FeS and two kinds of supports. More
detailed studies including XPS are now
progressing.

The authors would like to thank Dr. Ken-

ichro Tanaka, Dr. Masaharu Nomura, and Dr.
Yoshinori Kitajima of the National Laboratory for
High Energy Physics for their help and suggestion
on measurements at BLUB in Photon Factory.
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Fig.l Schematic diagram of the apparatus used
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Fig.2 S K-edge XANES spectra obtained by
monitoring sample currents.
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Introduction

X-ray p^otoelectron diffraction (XPED) has
been shown to be a promising method for s\^face
structural and chemical state analysis. In
order to obtain two-dimensionaJ, XPED pattern in
a short time, Mizuno et al. ' constructed a
direct observation system of photoelectrons
using a retarding field type electron energy
analyzer, microchannel plates (MCP), a video
camera, and a real-time image processor. This
system was combined with synchrotron radiation
X-ray source.^ In this report, acquisition
method and obtained data of two-dimensional
XPED patterns are presented.

Experimental

Details of the XPED direct observation

system are described elsewhere. ' The retard
ing field type analyzer consists of four
concentric grid meshes, at the center of which
a sample is placed. Electrons with kinetic
energy higher than the high-pass filter poten
tial are allowed to pass the analyzer, multi
plied by MCPs, and visualized by a phosphor-
coated anode set behind the MCPs. The light
spots are detected by a video camera, and the
signals are accumulated in a real-time image
processor controlled by PDP-11/23 minicomputer.
An image of finite energy range can be got by
subtraction of two images obtained at slightly
different filter potentials. All the experi
ments were performed at BL-11B of Photon
Factory in the National Laboratory for High
Energy Physics. X-ray was monochromatized to
1 764 eV by the InSb(111) double crystal mono-
chromator. The beam was cut by slits and
irradiated a 1 mm x 1 mm area of a GaAs(OOI)
crystal.

I
i

I

Results and Discussion

Figure 1 shows the image of Ga3d photo-
electrons from GaAs(OOI) obtained with this
system. In this raw image, clear XPED pattern
was not observed, for most of the contrast was
caused by Moire pattern of 4-grid meshes. In
order to obtain net XPED contrast, pixel-by-
pixel divisions were performed between images
acquired from crystal GaAs and those from
amorphous one set at quite the same position.
Where, the two states of GaAs were obtained
from the same sample before and after annealing
without changing its position. Each image was
accumulated for 45 minutes. The resultant

image of Ga3d photoelectrons is shown in Fig.2.
This pattern agrees well with calculated XPED
pattern shown in Fig.3. It took about 10 hours
to acquire the XPED pattern over the same solid
angle range by a conventional point-by-point
collection type analyzer.

Conclusions

Ga3d and As3d XPED patterns were obtained
from GaAs(OOI) rapidly with the XPED direct
observation system. Through the experiments,
it has been indicated that the XPED direct

observation system is valid for rapid XPED
measurements.
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Fig.1 Raw image of Ga3d pho
toelectrons from GaAs(001)

Fig.2 Extracted XPED pattern
of (^3d photoelectrons from
GaAs{001)

Fig.3 Calculated XPED pat
tern of Ga3d j^otoelectrons
frcm GaAs (001)
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As a continuation to the report 1 j j t-Ai—]—r—i—i—i—[—i—i—i—i—|—r-
in 1987 [I], we present in Fig. I the i.
reflectivity spectra of JX-AI.O- A2 3 30J3- At.
single crystals at 299 K in the spec- ^ rt-Al203 CxE 2991"
tral regions further extended from AO ^ "•

eV to IIO eV for <c>l E, E being the uj i
electric field vector of incident ^ ll 1 \
light. The measurements were perfor- ^nn 11 1
med at BL-IIC (6 eV --^40 eV) and ' 111 nc —
BL-IIC (30 eV IIO eV). In addition I i H ~ \
to the usual LiF filter for ESII.85 _ jU | '
eV as before, an In filter was j i J. '
employed for II.6 eV ;$ E 17.0 eV to j 1
minimize the disturbances due to the 10.0 —/ \ ~ ,
2nd order diffraction light. This y 1 45 60 75
induced changes In relative magnltn- 1
des of the reflectivity in comparison \
to the preceding result [I].in the
region cited above. | [ | ] ^— ' i .i i i

The exciton peak lies at 9.05 10 20 30 40 50 60 70 80 90 100
eV Aasnming the onset of the Inter-
band transitions around E ~9.60 eV, '

^ . . ^2-- 6 , Fig. I. The reflectivity spectra c
the transitions from 0 2p valence °

. .u . . .J 1 1 ^ ai2+ Ic o 6 , 299 K for <c>XE.bands to the ionization level of AI

expected to lie around E ~ (9.60 + 28.44) eV = \ ^ \ > > i ' ' ' • • i ' ' '
38.04 eV, 28.44 eV = E(IP) being the ionization

2+6 -potential of AI 2p 3s. The monotonously decrea- j
sing part of the spectrum beyond E ~ 40 eV is 02 — 1
thus conceived to be due mainly to the free elec- - j
tron absorptions with which the structures of _ j
sharp AI L2 3 exciton doublet followed by the |
broad bands are superposed up to E ^ 106 eV. _ I

Figure 2 shows the £2"®?®^^^^^ of AI L2 3
region obtained by the Kramers-Kronig analysis of
the spectrum R(E) of Fig. I. One may notice a
clear splitting of the 13 and L^ components
(78,31 eV and 78.73 eV) and the succeeding broad _ j
band structures. This is the first to report the , , | , , | , ,
doublet structure to our knowledge, though seve- qq qq
ral workers have measured this part of the spec- nunrnM cvicnr'\j
trum [e. g., 2, 3]. The intensity ratio 1'2/L3 is PHOTON ENcRGi
found to be 1.43 or 1.79 according as the Gaussi- Fig. 2,. The spectrum of d„ in the
an or Lorentzian lineshape assumed for the analy- L2 3. Dots stand for the t
sis, indicating a strong exchange interaction [4] curve.traces
between the constituent electron and hole of doublet structur.
exciton in a small orbit of the L shell. As

regards the succeeding broad bands spectrum,
excellent agreement is found between the present
work and [2].
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Introduction

Photo-CVD (Chemical Vapor Deposition) is a
promising technique for epitaxial crystal growth
at low temperatures and is a key technology for
fabrication of future VLSI devices. Photo-
stimulated desorption (PSD) is considered to be
one of the important processing steps in this
photo-CVD, Ebcploring the mechanism of PSD,
therefore, is of great importance for device
fabrication. It should also be emphasized that
PSD is an effective spectroscopic tool for
surface analysis since it is extremely surface-
sensitive.

In this report, we present a preliminary
result of an analysis of oxidized Si(lll)
surfaces by P^D technique. We observed the
desorption of H ions in the photon energy region
above 20 eV. This work is a part of a series of
studies on surface photo-chemical reactions on
silicon surfaces.

Experimental

Samples used in the present experiment were
a Si(lll) wafer. The surface was cleaned in
situ by annealing up to 1000 C, after which it
was confirmed to have (7x7) structure using RHEED
analysis. The base_ygessure of the experimental
chamber was < 5 x 10 Torr.
oxidized by exposure to pure '
Oxygen gas was introduced into

•variable leak valve with the

switched on during admission,
given in Langmuir units (IL = 10

The surfaces were

0, gas (99.9%).
the chamber via a

ionization gauge
All exposures are
I Torr s).

Measurements were carried out at beam-line

lie with a Im Seya-Namioka monochromator of the
vertical dispersion type^ The photon beam had
an incident angle of AS to the surface normal.
A commercial quadrupole mass spectrometer was
used to measure PSD ion yields. A filament in
the ionization cell of the spectrometer was
switched off to reduce ion signals due to the
background gas. A bias voltage of 50 V was
applied between the sample and the entrance slit
of the spectrometer to extract ions from the
surface. Ion signals were detected in the
pulse-counting mode. PSD spectra were measured
in the photon energy range from 10 to 40 eV,
All measurements were made at room temperature.

Results

Only an extremely weak ion signal was
detected from the Si(lll)-(7x7) clean surface.
A strong H signal was observed after oxidation.
Desorption of other ion species, e.g. 0 , was
hardly discernible in the present photon ^nergy
region. Figure 1 shows PSD spectra of H ions
from surfaces after some different oxidation
procedures. The spectrum of the surface
oxidized at room temperature (R.T.) displays a

rising edge at 20 eV and a peak at 35 eV. On
the other hand, the surfacgs oxidized at a
substrate temperature of 700 C, show a common
spectral feature irrespective of the extent of
oxygen-exposure; the H yield is peaked at 23 eV.
It is interesting to notice that the surface
treated with oxidation at R.T. followed by
annealing at 700 C shows almost the same spectral
profile as those oxidized at 700 C,

The present results show that the oxidation
seems to play an important role for the H ion
desorption. It is well known that the Si02-Si
interface has a large density of unsaturated Si
bonds which can capture hydrogen ^toms. One
possible explanation for the H desorption,
therefore, is that during oxygen exposure
hydrogen atoms from the ambient gas were co-
adsorbed on the unsaturated-bonding sites at the
SiO^-Si interface. H atoms chemisorbed on
Si(Ill)-(7x7) surface are known te-vbe completely
desorbed by annealing at 700 C. The peak
observed at 23 .eV remained after annealing at
700 C. This suggests that the peak is due to
the desorption of H-atoms captured on the
unsaturated-bonding sites characteristic of the
Si02-Si interface. However, the origin of the
observed peaks is still not entirely understood.
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Piezoreflectivity spectra of NaCI and NaF
were measured in the photon energy region from
32 to 36 eV at room temperature, measurements
were made at BL-llC by using Seya-Namioka type
monochromator installed with an Au-coated 1200

grooves/mm grating of 38 nm blazing wavelength.
The band pass was approximately 0.08 eV.
Piezoreflectivity spectra were measured with
a modulation method, the details of which were
reported in previous papers."

Figure 1 shows the piezoreflectivity spectra
of sodium chloride under the [001] stress.

In figure 1, the solid line and dotted line
represent the piezoreflectivity spectra, (AR/R)i

and (AR/R)//, respectively. The subscript 1 or
// denotes the polarization of light either
perpendicular or parallel to the stress.
The reflectivity spectrum, R, without the stress
is also shown for comparision. The reflectivity
spectrum shows a distinct peak at 33.5 eV. We
can also find a weak shoulder at low energy side
(33.15 eV). These structure can be ascribed to
the doublet structure of excitons associated
with the transition from Na*2p states to Na'^3s
states.^' Na'^Zp states are split into two states

because of the spin-orbit interaction.
The piezoreflectivity spectrum under the

cubic strain, (AR/R)r.ub, is obtained as a linier
combination of piezoreflectivity spectra under

the [001] stress. The (AR/R)cub spectrum is
shown by the solid line in figure 2. This
spectrum is normalized to the unit cubic strain.

The logarithmic energy derivative of the
reflectivity spectrum, (l/R)(dR/dE), is also
shown the dotted line for comparision.

Generally, the line shape of piezoreflectivity
is a superposition of two parts; one is
proportional to the (l/R)(dR/dE) spectrum caused
by energy shift or level splitting and the other

to the R spectrum induced by the level mixings.
In a usual case, the (AR/R)cub spectrum was

shown to be the (l/R)(dR/dE) type spectrum
because state was not split by the cubic strain.

Previously we reported that (AR/R)oub spectrum
of almost alkali halide is proportional to
(l/R)(dR/dE) at fundamental absorption region."

In the case of NaCl core exciton, the (AR/R)oub
spectrum can not be described by only the

(l/R)(dR/dE) term as is shown in figure 2;
in the (l/R)(dR/dE) spectrum there is a sharp
positive peak at 33.4 eV, whereas the
coresponding peak can not be seen in the
(AR/R)oub spectrum; the energy of the minimum of
the (AR/R)<-,ub spectrum (33.7 eV) does not

coincide with that of the (l/R)(dR/dE) spectrum
(figure 1). That means that intensity decrease
caused by volume expansion contribute to the
spectrum as well as the structure shfts to low
energy side.

These features of piezoreflectivity of core
exciton in sodium chloride is different from

those of excitons in fundamental absorption
region in many alkali halides.

Analysis of the piezoreflectivity data of
sodium fluoride are being made but it seem that

the change of intensity is nothing or a little
compared to that of sodium chloride.

'••I ! [001] stress

reflectivity

32.0 33.0 34.0 35.0 36.0

PHOTON ENERGY (eV)

Fig.1

32.0 33.0 34.0 35.0
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In order to understand an adsorption mechanism

clearly, it is necessary to study both the electronic

states and the geometrical structure of the surface.

Concerning to the p(2xl) oxygen overlayer formed on
the W(llO) surface, there have been few investigations

of the electronic states, while many structural

studies^'' such as Low Energy Electron Diffraction
(LEED) have been performed. Angle-Resolved Photo-
electron Spectroscopy(ARPES) is one of the best tech-
niqes to obtain the electronic properties of surface-

adsorbate complex as the 0/W(110) system. Here, we
report the electronic structure of the W(110)p(2xl)-0
surface using ARPES.

Measurements were performed at BL-llD using an ap

paratus for ARPES discribed elsewhere. The angular

acceptance of the analyzer was ±1* and total energy
resolution was varied between 0. 2 and 0. 4eV depending

on the incident photon energy. The working pressure

was less than 2x10"'® Torr during the measurements.
The clean W(llO) surface was prepared by heating to
~1700K in oxygen atmosphere of ~lxlO"''Torr and by
annealing in vacuum at ~2000K for a short period of

time. The p(2xl)-0 structure was prepared by oxygen
exposure of 6L at room temperature and verified by

LEED.

Figure 1 shows the off-normal emission spectra for
the p(2xl)-0 surface measured along [iTO] azimuth at
a photon energy of hy=40eV with incidence angle of
^i=25'(mainly s-polarized light). The normal-emission
spectrum measured at ^i=60'(p-polarized light) is also
shown at the bottom of the figure(solid line). The
binding energyCEa) is referred to the Fermi energy(Ep)

of the clean f(llO) surface. Two 02p-derived peaks,
which are marked by A and B. are observed in fig. 1.
From the angular dependence of these 02p-derived peaks

we obtained the dispersion curves along [iIoICTN)
azimuth as shown in fig. 2. In the figure, the sur

face Brillouin zones of the clean W(110)(solid line)

and W(110)p(2xl)-0 (dotted line) are also shown. The
upper band corresponding to the peak A disperses up

ward by ~leV along T* R direction, and the dispersion
is symmetric about N. The lowe^band corresponding
to the peak B appears only near N and does not exhib
it clear dispersion along the FN direction.

As shown in fig. 1, the intensity of the peak A

measured with p-polarized light is higher than that

with s-polarized light. Therefore, we assign the up

per band to the emission from 02p2-level. This as

signment is supported by the fact that the upward dis

persion of the upper band can be explained by a simple

tight-binding theory for an isolated oxygen monolayer.

On the lower band, theJ.ntensity and position of the
peak B measured along FR direction are not so dif
ferent from those measured along F H direction. This

is derived from a simple tight-binding theory, which

indicate that two 02p-levels parallel to the surface

for the p(2xl) structure mix each other along both
directions. Therefore, we suppose that the lower
band is ascribed to the 02p-levels parallel- to the

surface. It is interesting that the results and con

clusion are similar to those for Cr(110)p(4x2)-0*®'.

W(110)p(2x1)-O T'300K
A hfsAOeV

B \ A.'A.

Fig. 1

9 8 7 6 5 4

BINDING ENERGY (eV)
ARPES spectra for the *(110)p(2xl)-0 surface

Fig. 2

r- N

2.0 _ 1.0 0
k„//[110D (A"^)

Energy-dispersion curves of the 02p-derived
bands for the *(110)p(2xl)-0 surface

REFERENCES

M. Lu et al. .Surf. Sci.. 92.133(1980).

J. Dinardo et al.. Surf. Sci. .140. L229( 1984).

Komeda et al. .Phys. Rev., 338. 7345 (1988).



proposal No 86-150

Angle-resolved photoemission study of hydrogen-adsorbed Cr(llO)

Tadahiro KOMEDA, Yasuo SAKISAKA, Masaru ONCHI, Hiroo KATO+, Shoji SUZUKI++,
Kazuyuki EDAMOTO+++, and Yoshihiro AIURA++++
Department of Chemistry, Faculty of Science, Kyoto University, Kyoto 606, Japan
+Photon Factory, National Laboratory for High Energy Physics, Tsukuba-shi,

Ibaragi 305, Japan
++Department of Physics, Faculty of Science, Tohoku University, Sendai 980,

J apan
+++Departraent of Chemistry, Faculty of Science, Tokyo Institute of Technology,

Ookayama, Tokyo 152, Japan
++++Institute of Physics, University of Tsukuba, Tsukuba-shi, Ibaragi 305, Japan

Introduction

We made LEED and angle-resolved
photoemission studies of hydrogen-
adsorbed Cr(llO) surfaces. For this
system there has been quite a few
investigations with modern analytical
techniques, partly because of the
difficulties of the sample preparation.

Experiment

The experiments were made on BL-llD
with a spherical analyzer. The clean
Cr(llO) surface, showing the p(lxl) LEED
pattern, was prepared by repeated Ar+
sputtering and annealing cycles. With
liquid N2 cooling, the crystal could be
cooled to 80 K.

Results and discussion

A p(2x2) LEED pattern was observed at
the hydrogen exposure of 1-5 L. As the
hydrogen exposure was increased to 7 L,
streaks between the integral-order spots
along [110] azimuth started to be
observed and the streaked (1x1) LEED
pattern was completed at ---10 L.

Figures 1 and 2 show off-normal
spectra at h v =25 eV along the [001]
direction ("pri azimuth) for the p(2x2)-H
and streaked (Ixl)-H surfaces,
respectively. The H-induced features are
indicated by solid circles. The results
are summarized as follows: (1) The
feature at the binding energy of --2.5
eV is observed only for small emission
angles Bq for both surfaces. This
feature can be considered to be the

H-induced surface state. (2) For the
p(2x2)-H surface, a feature at the
constant binding energy of --5.5 eV is
observed for various d q. This level
lies over the projected Cr bulk bands
for smaller 0e. The intencity of this
peak increases for larger 9q, The
variation of this peak intencity can be
explained by a broadening effect due to
the hybidization of H-derived level with
the substrate band. (3) For the streaked
p(lxl)-H surface, a Hls-derived state,
which is split off from the Cr bulk
bands, exists at the binding energy of
7.8 eV at P and shows considerable
dispersion of --2.8 eV in the [001]
azimuth having the same periodicity of
the substrate structure. (4) The upward
shift of the H-derived state for smaller
coverage is partly due to the removal of

dispersion in the H level. (5) The Cr-H
bonding state is raanily d-like at around P
and and mainly s-like near the zone
boundary.

CrdlO) p(2x2)-H
hv = 2 5 ev
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Binding Energy (eV)
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Introduction

The interaction of oxygen with a Cr(llO)
surface has been studied by angle-
resolved photoemission spectroscopy
(ARUPS).

The ARUPS measurement were made on

BL-llD with a spherical analyzer.

Results and discussion

LEED studies showed that Cr(110)p(4x2)-O
surface was obtained after —1.5 L
exposure at 80 K and subsequent
annealing at 300 K, and the well known
facetted Cr(110)-O surface, showing
streaked LEED pattern along [llO]
azimuth, was prepared by 10-20 I. oxygen
exposure at 80 K and subsequent heating
—770 K

Figure 1 shows normal emission
spectra of Cr(llO) at hv=30 eV for
various oxygen exposures at 80 K. The
results are summarized as follows;
(1) dissociative chemisorption for
oxygen exposure less than 2L
(2) oxidation above 4L.
We note that 7.5 eV feature(shaded
region) can be ascribed to the tt g
orbital of chemisorbed molecular oxygen.

Figure 2 shows off-normal emission
spectra of the p(4x2)-0 surface measured
at hv=30 eV and 0 2. =25*'(dots) and 60°
(line). Two 02n derived feature are
observed at —6.2 and —7.4 eV which is
ascribed to the emission from Opg and
Opx levels, respectively. The upper
level at —6 eV disperses upward by —
0.3 eV along TX and the dispersion is
symmetric about X.

Figure 3 shows off-normal emission
spectra of the facetted Cr(110)-0
surface along the [001] azimuth measured
at hv=30 eV and 0i =6O°(dots) and
25°(line). If the ^©=0° spectrum is
shifted uniformly by —0.8 eV towards
higher binding energies (Eg), energies
of oxygen-induced features at lower Eg
are in agreement with the values in the
oxide spectrum obtained after 20-50 L
oxygen exposure at 80 K. Two 02p-derived
features at —5.3 eV and —6.6 eV can be
assigned to the p^ and Pz emissions,
respectively. The energy dispersion
E(k j) of the 0 2p derived bands along

the [001] azimuth (perpendicular to the
streaks) are shown in Fig. 4. Note that
the dispersion of the bands is symmetric
about k II =1.09 A'̂ which is 27t times the
inverse streaking spacing, (i.e., 7t/a,
where a is the lattice constant of 2.884

I).
• •,9in «A C'(IIO) lOX

I"..], itii

Figure I Figure '2

I •cried CrCllO)-0
[Uo]
htf.JOfV
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Introduction

NbC possesses many interesting
physical properties, which are known to
be closely related to this electronic
structure. In this report, the
electronic structure of NbC(IOO) is
investigated by the use of angle-resolved
photoemission study.

Experimental

The measurements were conducted on

BL-11D with a spherical-sector-type
analyzer. The clean NbC(lOO) surface was
prepared by flashing at 1500®C.

Results and discussion

Fig. 1 shows normal emission spectra
for the NbC(IOO) surface taken at various
photon energies (hp— 25-50 eV). The
incidence angle of the light is 25°(a)
and 60°(b). The resonance emission
observed at just below Ep (hP > 35 eV) is
attributed to a Fano type resonance
corresponding with the 4p —> Ad
excitation. Besides the resonance

emission, six peaks labelled A-F are
observed. According to the symmetry
selection rules, the polarization
dependencies shown in Fig. 1 indicate
that peaks A and B originate from the
initial states of Zic symmetry and peaks
G, D, E and F originate from those of
symmetry. In Fig. 2 are plottea
experimental points together with the
calculatad band structure along P-X
direction. The dispersions of peaks B, E
and F are well reproduced by the
theoretically calculated bulk bands.
Together with considering the symmetric
properties, these peaks are attributed to
the direct transitions from the bulk
bands. The sample used in this work
possesses ~10 % carbon vacant sites,
which are expected to have considerable
influence on the electronic structure of
NbC.' Theoretically, a vacancy induced
state of NbC is expected to exist at 2.6
eV below Ep and to be totally symmetric
(A-1 like). The non-dispersive peak 0,
which is observed at 2.3 eV and like,
is thus attributed to the vacancy induced
state. It is known that the surface state

is important for the chemical properties
of the surface. In order to resolve the
surface state, Oo adsorption study has
been performed (Fig. 3). It is clearly
shown that the peak A, which is non-
dispersive, is very sensitive to the O2
adsorption, indicating that this is due

to the surface state. Considering the
symmetric property (A5 like) and energy
position, this is explained as a Tamm
state which is pulled off from the bulk
A5 band.
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Introduction

The surface properties of the
transition metal carbides are of interest

because of their use as catalysis,
coating materials, etc. We report here
the angle-resolved photoemission study on
the adosorbed state of O2 on the NbC(IOO)
surface at 110 K.

Experimental

The measurements were conducted on

BL-11D with a spherical-sector-type
analyzer. The clean NbC(IOO) surface was
prepared by flashing at 1500°C.

Results and discussion

Fig. 1 shows the change in the
normal-emission spectra of the NbC(lOO)-
Op surface. An incidence angle of the
light is 60° and a photon energy is 30
eV. As the NbC(IOO) at 110 K is exposed

incidence

light is 60° and a photon

variedthe spectrum
that shown in Fig. lb which corresponds
to the chemisorbed phase. As the same
surface is further exposed to Op (30 L),
the different adsorbed phase is formed
(Fig. 1c). By heating this surface at 200
K, the surface is recovered by
chemisorbed phase (Fig. Id). Above
results suggest that, for 30 L exposure,
the condensed layer is formed on the
chemisorbed phase, and by heating at 200
K, the condensed layer is reversibly
removed and underlying chemisorbed phase
reappears. The adsorbed state of Op in
the condensed layer is investigated by
polarization dependent measurements. Fig.
2 shows the normal-emission spectra of
the condensed layer taken at 0^ = 25^
(dominantly s-polarized) and 60°
(dominantly p-polarized). The
correspondence between the peaks and the
vertical ionization .entials
molecule in the gas phase is also shown.
It is clearly shown that the ITC^-derived
peak is enhanced as the p-polarized light
is used. Considering the symmetry
selection rules, this result indicates
that the molecule lies with the 0-0 axis
parallel to the surface. Details- of the
chemisorbed phase are also investigated
by the temperature dependent and
polarization dependent measurements
together with the theoretical study using
DV-X(< method. Some of the important
results are as follows: (I) The
chemisorbed phase is composed of
chemisorbed atomic oxygen and molecularly
chemisorbed species. (2) The atomic

oxygen is located on an atop site of the
surface carbon atom. (3) The molecularly
chemisorbed oxygen is the peroxide-like
species.

References

^ M. S. Banna and D. A. Shirley, J.
Electron Spectrosc. Related Phenora. 8

.(1976) 255.
^ M. Orita, I. Kojima and E. Miyazaki, J.

Chera. Phys. 87 (1987) 4162.

NbCdOO )-02 110 K
hp = 30 eV

9j =60*. NORMAL EMISSION

125

I 8.4 "-f

•^(d)200K

13-0 •••>1 --(0)301
^ - I 8-4 •' \
J;; -vx-'v 3.4-1
lA \ •—(b)lOL
Z S. /
UJ

—(a) OLE

15 10 5
BINDING ENERGY (eV)

Fig. 1

NbC(100)-02
hi' : 30eV
NORMAL EMISSION

V 5-1
I I

12-0 \

3<g 3#g l*u l«8 25*

IS 10 5 0<Ep)

BINDING ENERGY (eV)

Fig. 2



proposal No 87-184

PHOTOEMISSION FROM SmRh3B2

Hldenao SUGAWARA, Hiromu ARAI^ , Tsutorau MITSUISHI^^ Tsuneaki MIYAHARA^•
Tomohiro KITAZUME, Hiroo KATO^\ Yuko ABE^^ and Mltsuo KASAYA '̂

Faculty of Education, Gunma University, Maebashi 371
alDepartment of Physics, Faculty of Science, Tohoku University, Sendai 980
b)Faculty of Engineering, Utsunomiya University, Utsunomiya 321
c)Photon Factory, National Laboratory for High Energy Physics, Tsukuba 305

Recently, interesting magnetic properties
have been reported for a series of rare earth
ternary borides RRh3B2 (R = rare earth
Above all, CeRh3B2 has anomalous magnetic proper
ties; e.g. its saturated magnetic moment at low
temperature is very small, and its magnetic
ordering temperature is unusually high {Tc= 115K).
For this material, photoelectron spectra have
been reported^^and it has been found that the
Fermi level is situated at the energy position
where the density of states in the Rh 4d band is
very low, contradicting the itinerant magnetism
picture for CeRh3B2.

In the present study, photoemission measure
ments have been made on SmRh3B2 in order to
understand its electronic structure. The magnetic
behavior of SmRh3B2 is similar to that of CeRh3B2^1
The magnetic ordering temperature has been reported
to be 100 K. Our measurements consist of two

parts; the first is measurements of photoelectron
spectra for the valence band region in the photon
energy range from 30 eV to 140 eV, the second
those for the Sm 3d core electrons at a photon
energy of 1.9 keV with use of a double-crystal
monochromator.

Figure 1 shows energy distribution curves of
SmRh3B2 up to 13 eV for the binding energy in the
photon energy range from 30 eV to 140 eV. These
spectra were normalized in such a way that all
spectra have the same height at the binding energy
of 1.8 eV, where spectra excited with low-energy
photons show maximum intensities for the Rh 4d
band appearing in the region from the Fermi level
to 5 eV. The shape of the Rh 4d band is essen
tially identical with that of CeRh3B2. When
photon energy is increased over 90 eV, photo
electron intensity at binding energies above 4 eV
increases remarkably. It is due to 4f-'eIectron
emission from trivalent Sm. 4d-4f resonant photo-
emission is observed for photon energies above
130 eV. In the figure, the position of the Fermi
level was determined by measuring that of gold.
Spectra excited with photons of energies less
than 120 eV display a clear step at the Fermi
level, the intensity of which amounts to one third
of maximum intensity of the Rh 4d band in spectra
excited with low-energy photons, indicating the
existence of the Fermi level in the Rh 4d band for

this material. This suggests that the itinerant
electron magnetism in the Rh 4d band occurs for
SmRh3B2.

Any indication of 4f-electron emission from
divalent Sm cannot be seen in the figure. However,
measurements of the constant-initial-state spectra
with initial state energies fixed on and just
above the Fermi level showed resonant behavior

above the Sm 4d-4f threshold, although intensities
were very small. On the other hand, Sm-3d core
spectrum revealed no discernible intensity from
Sra2+. These inconsistent observations may be
ascribed to difference in surface sensitivity
between excitation with low energy photons for
the valence-band photoemission and excitation with

a high energy photon of 1.9 keV for the Sm 3d
photoemission.
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Fig. 1. Photoelectron spectra of SmRh3B2.
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Introduction

Photoionization quantum yield, which is the
absolute probability of the photoionization on a
single photoabsorbtion event, is the quantity of
considerable importance to evaluate photoabsorption
process above the ionization potential of a
molecule in the VUV region, i.e., competition of
direct photoionization and excitation to the super-
excited states opening to autoionization, fluores
cence emission, and predissociation. Although
several efforts have been devoted to the study",
serious conflictions exist even for the simplest
molecules. The problems were originated from lack
of intense light sources and suitable window
materials in the VUV region. By using a multiple-
stage photoionization chamber and sj^chrotron
radiation, the photoionization quantum yields for
C3H6, C4H8, C6Hi2,C2H60, and CaHaO isomers^^ have
recently been shown for the first time in the
region of wavelength from LiF cut-off (lOSnm) down
to their respective ionizataion potentials.

We report the photoinization quantum yield of
dimethylether (DHE) in the region of wavelei^th of
54-92nm together with the fluorescence excitation
spectra for the VUV emission.

Experimental

Experimental details are similar to our
previous works^'; in the present work, metal foil
filters are employed as the window materials for
incoming SR beam, which prevent sample gas effusion
into the optical path and eliminate the higher
order radiation from the VUV monochromator. In 52-80
nra and 74-94nm regions, Sn and In foils of about
lOOOA thichness giving about 1% transmission are,
respectively, used. The detection efficiency of the
microchannel plate and the cutoff wavelength of
MgFa or BaFz window determine the fluorescence band
pass. Absolute photon flux is obtained by measuring
photoionization current of Kr and Xe ('7=1).

Results and Discussion

Figure 1 presents the photoionization quantum
yield v for DHE in 54-92nm. First, very strikingly,
the present result clearly shows that the'? value
does not reach unity even at more than lOeV above
its ionization threshold. Second, the 5? value
increases with the increase in the photon energy.
Third, two (or three) characteristic minima are
observed. Finally, the value of 57 converges to
unity at around 54nm. The minima should correspond
to the ro-vibronic bands of the Rydberg series
converging to the excited ionic states from such as
nc.Ha and a CO orbitals or the MO corresponding to
C-2s.

Excitation spectra of DHE are presented in
fig.2 for fluorescence of 115-200nm (A) and 134-
200nni (B).Characteristic structures in the spectrum
(A) around 60, 65, and 77nm coincide with those
seen in fig. 1, which are also observed in the

spectrum (B); the relative intensities are not
identical, thou^. These excitation spectra clearly
show dissociation channels of the superexcited
states followed by fluorescence emission of frag
ments. In the spectrum (B), fluorescence from only
molecular fragments can be detected; meanwhile,
Lyman-a emission of hydrogen atom is accesible in
the spectrum (A). Since the most probable pathway
for dissociation is H atom emission, the noticeable
difference between the two spectra is to be attri
buted to Lyman-a emission. The structures centered
at the same excitation wavelength show the super-
excited states predicted in fig.1 acting as the
precursor for both fluorescent fragments. The
envelop of the spectrum (B) shows excellent struc
tural similarity with (l-'7)ai, non-ionizing
portion contributing to the total photoabsorption
cross section.

1) A. W. Gallagher, C.E. Brion,J. A.R. Samson, &P.W.
Langhoff, J.Phys.Chem. Ref. Data,17,9(1988).
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Introduction

It is of great importance to show the role of
the superexcited (autoionizing) states in the
photoionization of polyatomic molecules in the
energy range from VUV up to soft X-ray by
evaluating quantitatively the initial photoabsorp-
tion product, i.e., absolute measurements of the
total photoabsorption cross sections and the ioni-
zation quantum yields. These quantities are quite
fundamental to understand not only the photoioni
zation process itself, but also the radiation
effects and the other ionized gas phenomena.
Although several efforts have been devoted to the
measurements of the photoionization quantum yields,
very few reports are available even for the
simplest molecules^'. Furthremore, serious conflic-
tions exist in some cases.

Absolute measurements of the photoionization
quantum yields are in progress for some simple, but
chemically very important, molecules in the VUV
region shortward of 105nm (LiF cutoff).

Fig.l lonization Chamber.

i Fig.2 r] for CH4, c-CeHiz, CzHsO, and CsHsO.

SOOlun

S*LiaLAT£

Experimental

Photoionization quantum yields are obtained at
BL-12A using a multiple-staged photoionization
chamber" (fig.l). In the present work, metal foil
filters are employed as the window materials for
incoming SR beam. In 52-80nm and 74-94nm regions,
Sn and In foils of about lOOOA thickness with about
13! transmittance are respectively, used. Measuring
photo-currents, ii and iz, the photoionization
quantum yields? is obtained as follows;

_ ii/e
loexpC^ o TNLi){l-exp(- <TtNL)}

Indi/iz)

where Ot and N are the total photoabsorption cross
section and gas density. Absolute photon flux lo is
obtained by measuring photo-current of Kr and Xe
('?=!).

Results and Discussion

Figure 2 shows the obtained ionization quantum
yields together with those in thepreveous measure
ments". A large discrepancy from unity in the s?
values is observed, which diminishes with the
increase in the photon energy. A considerable
portion of the superexcited states existing in this
region is shown to undergo dissociation, fluores
cence dec^, and other non-ionizing channels, which
is detemined by the rate of autoionization in
competition with dissociation and the density of
superexcited states. Further analysis and interpre
tation are in progress.

1) H.Koizumi et al.,Radiat.Phys.Chem.,32. 111(1988).
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Introduction

In recent years, time-resolving
multichannel spectrometers capable of
observing many impurity radiation lines have
become widely used for tokamak plasma
spectroscopy Absolute intensity
calibration of the spectrometer is needed for
measurements of impurity density, radiative
losses, and impurity transports. And the
calibration is interesting in optics, because
the theory of the diffraction effeciency with
concaved gratings has not been established.

In this report, we describe the sensitivity
calibration of a flat-field spectrometer in
the wavelength region 275-1200A .

Multichannel Spectrometer

The spectrometer has been designed to
have a flat field by means of a holographic
grating, and a multichannel intensified
photodiode array is placed in its focal plane,
A 300-groove/mra grating coated with platinum
is used, and the angle of incidence is 85 " .

Experimental

The experimental arrangement of the
calibration is shown in Fig.l. The synchrotron
radiation was dispersed with a 1-m
Seya-Namioka monochromator at beam line 12A.
All of the light which passed through the
entrance slit of the spectrometer was
dispersed with the holographic grating and
detected with the multichannel detector. The
absolute intensity of the light was monitored
with a windowless car UV photodiode which had
been calibrated at the National Bureau of
Standards in USA . First- and higher-order
contributions to the signal were estimated by
using filters (tellurium, tin, and LiF). Since
the synchrotron radiation is highly polarized
in the plane of the electron orbit and the

nulil-chamd deiecw

enlronce
derecior pre'SlIt

[NBS phoM-ffiodel , ,

I son

IIri Str '̂NomUa
mmctninilori

frallnq eOOg/mm

Fig. 1 Arrangement of the experiment.

grating acts as a partial polarizer, the
spectrometer was calibrated in two positions;
with the grating grooves perpendicular and
parallel to the electron orbit.

Result

The result of the calibration is shown in
Fig.2. The sensitivity refers the output
voltage of the detector per photon flux. The
response at the each position of the'grating
is not constant, and it is estimated that this
effect causes an error of 20^. The error of
the sensitivity of the NBS photodiode had been
estimated typically as As a result, the
total error in the sensitivity of this
spectrometer is estimated to be about 302.
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INTRODUCTION

Threshold elejtron-ion coincidence
measurements of CO2 were performed by Prey et al.
They determined the vlbrational frequencies and
the amount of spin oybit splitting of the X,A,
B and C states of C0„ . ThfY also studied
the decay of the C state of CO-.using the mass
analysis. Eland and Berkowitz •' '•+'"'•5'='̂analysis. Eland and Berkowitz •' studied
the formation and predissociation of the C state
of CO .

We reexamined their investigation by the
use of the coincidence with ions which was

better than only threshold electron spectroscopy
in the point of the removal of the noise.

ISS lll.S lit Ifl.i t>} lt).S Itl ItM III ill.s 111
IlKLtltTH III

Fig, 1, Threshold jlectron spectrum of
the X state of CO2

.-u.J m.i -vi It: «"»

Fig, 2, Threshold electron spectrum
in the region of 800 A

RESULTS AND DISCUSSION

Threshold electrons of CO- were measured
from the ionization threshold to 400 A. The
vibrational |requencies of the X, A, B and C
states of CO^ were determined in agreement with
the previous investigations, The spectrum of
the X, A, B and C states of CO2 are shown Fig.l,
2, and 4, In the Franck-Condon gap between
the X and A states the resonant autoionization

was observed as shown in Fig, 2,
It is fjund that tlje C state completely

decays_^to CO + g and C +C0 and that the ratios
of CO + 0 to C + CO were varing with the
vibrational levels. In the region of 450 A,
the broad peak was obs|rved which was found
in coincidence with CO ,
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Introduction

Although the photoionization of C2H2 in the
VUV region has been studied very extensively, quan
titative investigations have been limited only for
the recent few studies^'Especially, the photo
ionization quartum yield, i.e., the absolute photo
ionization probability on a single photoabsorption
event, has been remained only in the preliminary
fashion^'. This result showed a large deviation of
the quantum yield from unity, in which a strong
competition between autoionization and the nonioni-
zing processes is expected. Ibuki et al. have
obtained very recently the photoionization quantum
yield and the optical oscillator strength distribu
tion in the VUV-EUV region by means of the dipole

2e) coincidence method"^.
In the present work, formation and destruction

of the superexcited C2H2 molecule have been studied
by way of the measurements of a photoionization
quantum yield and fluorescence excitation spectra
in the extreme-UV region.

Experimental

A VUV excitation source was obtained from a Im
Seya-type monochromator. Two kinds of experiments
have been carried out. Using a multiple-plated
photoionization chamber^' with an In or a Sn foil
window at the entrance, photoionization quantum
yields have been measured in the excitation region
of 54-92nra. In another experiment, fluorescence
excitation spectra have been recorded using a VUV
detector (a microchannel plate coupled with a MgF2
filter) and an UV-visible detector (a visible
photomultiplier with a band pass or a low pass fil
ter) set perpendicular to the exciting photon beam.

Results and Discussions

Figure 1 presents the photoionization quantum
yield of C2H2 in 52-92nm. The structure with double
minima®' in the absolute scale at around 73 and
86nm is well reproduced, but the absolute value at
the 73nm minimum is somewhat different from the
recent dipole (e,2e) measurement^'. The minima are
due to the Rydberg band converging to 3a«"'(acc)
and 2 a u"^(C2s).

Figure 2 shows excitation spectra of the fluo-
rescece at UV-visible (280-800nm) and VUV (120-
180nm) region. The UV-visible excitation spectrum
shows a good agreement with the result by Metzger &
Cook®' in the excitation region of 60-100nin, but
the VUV excitation spectrum is not identical. The
spectra for other fluorescece regions (not shown)
are somewhat different from both spectra. It
suggests that the above described structure in
fig. 1 is originated by superposition of separate
non-ionizing processes coupled with distinct frag
mentation.

In the UV-visible excitation spectrum, an indi
vidual Rydberg structure is observed below the
ioniazation threshold. A remarkable VUV fluores
cence recorded in the seune excitation region is not

ascribed to the emission from dissociation frag
ments judging from the thermodynamic balance. It is
due to direct fluorescence from the initial excited
molecule, which has been regarded unlikely to be
detected because of the extremely long fluorescence
lifetime®'®' (^s) of the highly excited C2H2 mole
cules in comparison with that for predissociation.

1) C.Y.R.Wu & D.L.Judge, J.Chem.Phys.,^,4495(1985)
2) M.Suto & L.C.Lee, J.Chem.Phys.,^,4824(1984).
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6) H.Okabe, J.Chem.Phys.,^, 2782(1975).

52 62
Fig.K? vs X)

UV-Visible

n
WAVELENGTH/nm

40 60 80 100 120 140
HAVELENGTH/nm

Fig.2 Fluorescence excitation spectra of C2H2.
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Introduction

Among possible decay channels of the molecular
superexcited states, dissociation into excited
fragments is of significant imporntce to evaluate
the non-ionizing portion as well as to identify
energy or electronic states. Recently, we have
successfully demonstrated the neutral dissociation
of the doubly excited hydrogen molecule by Lyman-a
detection''^'. Fluorescence measurements not only
from neutral fragments but also from the excited
moleculjir ions, or from the ionic fragments after
autoionization will also supply a wealth of infor
mation about the decay dynamics of the superexcited
molecules. Furthermore, fluorescence detection is
quite advantageous to investigate time dependent
behavior of the states^'. These remarks keeping in
mind, we have developed a new instrument for fluo
rescence measurements to study the decay dynamics
of superexcited states in the extreme-UV region. In
this report, we show the atomic VUV fluorescence
excitation spectra of Nz and O2.

Experimental

Figure 1 presents the schematic diagram of the
present system. Briefly, monochromatized synchro
tron radiation beam enters the gas cell through a
tiny orifice, and the fluorescence photons are
detected by a MCP (microchannel plate) or a visible
photomultiplier (PMT-1). By combining with an
appropriate optical filter (low pass, high pass,
and narrow band pass), one can obtain monochro
matic fluorescence proper for the decay channel of
interest in the region from the VUV to the visible.
PHT-2 is used for photon flux measurement together
with the Au mesh at the upstream of the gas cell.

Results and Discussion

Figure 2 shows the fluorescence excitation
spectrum of O2 for visible emission (420-650nm) in
the excitation wavelength of 40- 90nm. The spectral
resolution is 0.2nm band pass. The structure short-
ward of 68nm is due to 02"^(b''2,"->a''nu) emission
and the small structure at the red side of the 68nm
onset is 02'*^(A^n„-»X^n,) emission. By further
choosing fluorescence band width, we can obtain
individual excitation spectrum, i.e., the partial
photoionization cross sections for the Oz^CA or b)
states.

Figures 3 and 4 present the VUV (115-200nm)
fluorescence excitation spectra for O2 and Nz,
respectively. Since VUV fluorescence is not avail
able from ionic species for O2 and only a weak band
is possible for N2, these structures are attributed
due to atomic VUV radiation such as 0(®S^^P) and
(^('ip_»4g). ^ relatively good agreement is obtained
with a previous measurement"'^. Some distinct struc
tures are seen in the present both spectra.
Detailed analysis will be reported elsewhere.

One of the authors (MU) thanks the JSPS fellow
ship for post-doctoral Japanese Junior Scientists.
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Introduction

Near the 4p Pi/2,3/2 of Ca, two
Rydberg series 4p( ^Pi/2)"s[1/2]^° and 4p(^Pi/2)
nd[3/2]|°, in the Jl coupling notation, converge
to the limit cm~^ and three
Rydberg series 4p(^P3/2)ns[3/2]2°, 4p(^P3/2)
nd[l/2];)^°, and 4p(2p3/2)nd[3/2]2° converge to
the limit 13/2=74719.23 cm~^. These five
Rydberg series may interact mutually and also
autoionize to several continuum states

9 passociated with the 4s Sj^/2 ^3/2,5/2
states of Ca"^. We report observations of the

p
absorption spectrum of Ca near .the 4p Pi/2,3/2
edges by use of the high-resolution facility

evOPE^ on BL-12B at the Photon Factory. The
high-resolution spectrum is expected to provide

p
new information about the channel coupling.'^

Calcium vapor was generated in a heat-pipe
oven, specially designed^ for metal-vapor
experiments usng SR and installed on BL-12B, at
the oven t«nperature about 950* C. The
absorption spectrum of Ca was registered on 2 x
10" Kodak SWR plates in the wavelength region of
1330-1410 A using the 4th spectral order of a

6.65-m, 1200-grooves/mm, 5500-A blaze, Os-coated

grating. Exposure time was typically 60 min. at
the ring current about 200 mA for the positron
storage.

Results and Discussion

Figure 1 shows a portion of the absorption

IIIIIIIIIIIIIIH

spectrum of Ca near the

Between 1^/2 ^3/2' autoionizing Rydberg
series ® and © can be seen in Fig. 1 and are
tentatively assinged to 4p{^P3/2)ris[3/2]and
4p(^P3y2)r^[l/2,3/2]respectively, on the
basis of the assingments by Connerade et . elI.'̂
for low-n monbers above 1350 A: the two nd

series are considered degenerate. The quantum

defects for the two series ns[3/2]j° and
nd[l/2,3/2]j^° are about 2.7 and 1.2,
respectively, at the absorption peaks. Just
below I|/2' series conversing to I3/2
interact with the series ® conversing to Ii/2'
showing the complicated absorption intensity
modulation. The series conversing to 1^/2 is
tentatively assinged to 4p(^Pj/2)"®ti/2]j^°. The
quantum defect is about 2.5. The

4p(^p2^/2)^*it3/2]2° series cannot be identified.
Multi-channel quantum-defect analysis^ is in
progress.
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INTRODUCTION

The absorption spectra of rare gases in
their photoionization threshold regions show
typical Beutler-Fano profiles caused by
autoionization. A high-resolution absorption
cross section measurement is needed in order to

compare with theoretical calculations of the

cross sections/1/.
In this report is presented the

photoabsorption cross section of krypton gas
between the ^P?/2 and ^P^/z ionization limits by
using the high-resolution 6V0PE facility at BL-
12B of the Photon Factory.

EXPERIMENTAL

The 6.65 m, 1200 grooves/mm grating of the
6V0PE facility was used in the 6th spectral
order. The resolution in its focal plane scanning
mode was -1.5 * 10® at - 88 nm with the entrance
and exit slit widths of 10 pm. The main
spectrometer tank containing krypton gas was used

as an absorption cell. The sample gas pressure in
the cell was 2 x 10"" - 7 x 10"" Torr, and the
effective optical path length, a , was 12.6 m.
The uncertainty in the column density was
estimated to be 2 %. The wavelength scanning
has been done at a rate of 0.006 - 0.024 nm/min
with the sampling time of 1 sec.

The photoabsorption cross section, a, at
wavelength, X, can be calculated by using the
following equation/2/:

I/Io = (l-A)exp(-oN£) + A{(1-B)exp(-OsNjl)+B },

where I or lo is the light intensity measured
with or without an absorbing gas, N the number of
density of a sample gas, A the focused stray
level, B the fraction of A that does not suffer

from absorption, Os "the effective absorption
cross section of Kr gas for the stray light.

These three parameters, A, B and cfs» were

determined experimentally from I/Io vs. NJ curve
measured at 88.08 nm, which corresponds to the
very diffuse 6d'(3/2)'i peak.

RESULTS

The photoabsorption cross section of krypton
atom is shown in Fig.l for the wavelength region

of 84.45 - 88.60 nm. The uncertainty of the cross
section in the present measurement is estimated

to be less than 10 9^. The wavelength in Fig.l
was calibrated with the results in photographic
method/3/.

CArter and Hudson have also measured the

photoabsorption cross section of Kr in this
spectral region with a lower resolution (0.04
nm)/4/. Their cross sections are in agreement
with ours except for the cross sections of the
sharp ns'(1/2)9 peaks and those in the shorter
wavelength region. For example, the present cross
section for the 8s'(1/2)° peak is nearby twice of
the result by Carter and Hudson.

An enlarged spectrum in the wavelength
region of 84.5 - 84.8 nm is shown in Fig.2. As
can be seen in Fig.2, the nd'(3/2)9 series is
resolved up to n=58. With respect to this, region.
Carter et al. did not report the evidential cross

section data because of the lower instrumental

resolution.

A detailed analysis of spectrum and a
comparison with theoretical calculation are under

way. We are planning to extend the
photoabsorption measurement in the focal plane
scanning mode to other rare gases.
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INTRODUCTION

The high brilliance of undulator radiation
has paved the way for achieving compatibility
of high resolution and high output flux in the
grazing incidence optics of a synchrotron
radiation monochromator^^. A VUV/soft X-ray

9 o \

monochromator ' for utilizing undulator

radiation from a 26-period multipole

wiggler/undulator'^^ has been developed at the
Photon Factory. The aim of this monochromator is

to achieve high resolution and high output

flux. It is characterized by an optical system

comprising an entrance slitless quasi-Rowland
circle mounting. The monochromator was installed

in a branch beamline of BL-16, and operated to

measure undulator radiation spectra in order to

evaluate its preliminary performance. This

paper describes the result of these spectral

measurements and the valuation of the

preliminary performance.

PRELIMINARY PERFORMANCE OF IHE MONOCHROMATOR

During spectral measurements, positron
beams with a beam current of about 250 mA were

stored in the Photon Factory storage ring, and
the magnetic gap of the 26-period multipole

wiggler/undulator was set to about 70 mm. A
piece of gold mesh mounted after the exit slit

was used as a photocathode. A conventional

replica grating with a groove density of 1200

I-mm ^ was mounted on the monochromator for this
preliminary test operation.

Figure 1 shows the measured spectral
response of the monochromator over the photon
energy range from 40 eV to 300 eV. Harmonics up
to the fourth order were observed, the first

being detected at 60 eV. This indicated that

the entrance slitless quasi-Rowland circle

mounting adopted for the monochromator had a

possibility of achieving both high resolution

and high output flux.

Scattering which was caused by radiation

damage on the grating surface by the high power

density of undulator radiation was observed in

the higher photon energy region. Figure 2 shows
SEM (Scanning Electron Microscopy) images of the
irradiated and non-irradiated grating surfaces.
This shows clearly that the scattering was
caused by the broken grooves and rough surface
in the irradiated area. Thus, it is confirmed
that conventional replica gratings cannot

withstand the high power density of undulator

radiation. Therefore, thermally resistant

gratings such as roaster gratings made of SiC

should be developed to make full use of this

undulator monochromator. Development of
thermally resistant optical elements for
undulator radiation is now in progress.
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Fig. 1. Spectral response of the monochromator
over the photon energy range from 40 eV to 300
eV. Areplicated 1200 I'mm"^ grating and a 50/im
slit were used.
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Fig. 2. SEM images of the grating surface.

(A):irradiated area, (B):non-irradiated area.
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Introduction
The electronic structure of the 90-K YBCO

(YBa 2 CU3O7-X ) superconductor is an interesting
topic of research .Whether or not the band picture is
valid in this oxide is a vital key factor concerned
with the essence of the superconducting mechanism
responsible for such a high Tc . Several angle-
integrated photoemission studies on sintered pellets
of this oxide concluded the breakdown of the band
picture. However, the quality of their samples was
poor and angle integration smears fine structures
near the Fermi energy (E f ) • Thus, accurate and
precise angle-resolved photoemission spectroscopy
(ARUPS) study on carefully characterized specimens
is highly desired for the correct electronic
structure to be clarified. We present an ARUPS study
of high-quality epitaxial YBCO(OOl) films at 300 K
to elucidate the normal-state electronic structures.
Our results favor a one-electron band picture.

Experimental
The ARUPS experiments were made on BL-llD. The

single-crystal YBCO (001) thin films (10 mra^ x 1000
A thick) were prepared epitaxially on SrTi03(100)
[see Ref. 1]. In the ARUPS chamber,the samples were
annealed at -^600 °C for ~20 rain in •~100 Torr O2
and then cooled very slowly. The cleanness of the
surface was confirmed by AES and their crystalline
order by LEED [sharp (1x1) LEED patterns were
observed]. After all the measurements, the super
conducting transition was checked [T c (R=0)=88K,
AT(10-90 ^)=1.5 K, R(290 K)=200 ixQ. cm].

Results and discussion

Fig. 1 shows off-normal spectra of YBCO(OOl)
along FM (hv=45 eV and 0i=6O° ).The 5- and
7-eV features stay at almost fixed locations, while
the 3-eV feature at k=0 ( F) disperses to lower
binding energy with increasing k from F to M (~2
eV at H). We found that along F—M—F and X—M
— X the dispersion of the 3-eV feature is periodic
about the M point. Fig. 2 shows the off-normal
spectra along F —X—M—F in the Ef region (hv
=40 eV and 0 1=25° ). The important result is the
observation of a clear Fermi edge in spectra (b),
(f), (J), and (r). Furthermore, the fine structures
disperses with k and some of them cross the Fermi
level. We found that our results are in consistent
with the band calculations of Ref. 2.
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Introduction

For X-rays in the energy region of a few keV,
there is no material which acts as an refractive

lens. Therefore 1 to 1 proximity printing
technique has been studied in X-ray lithography.
In this report we propose a new method of pattern
demagnification in submicron scale using an
asymmetric Bragg reflection of monochromatic
X-rays' and show some experimental results.

Experimental

Our method needs highly parallel, bright and
monochromatic X-rays. We used X-rays from the
undulator. X-ray beam emitted from the undulator

was monochromatized by a double crystal
monochromator of Si(lll). The wavelength
dispersion obtained by this monochromator was
AA/A<10"'. A mask was set in the incident beam.
The reduction mirror and the second crystal of
the monochromator were set in the ( + ,+ )
arrangement to restrict the range of wavelength
and the beam divergence.

We have chosen wavelength A=3.5A, the offset
angle a =22' and 111 reflection (5 =34') • Then
the reduction ratio n is 0.25. The distance

from the resist film to the mask along the path
oftheX-ray beam wasabout5mm.

A mask pattern used is a set of line and

space whose width are 5wm, 4;im, 3;im and 2//m
parallel to X and Y directions. A focused ion
beam system and lift off technique was applied
to prepare such mask patterns. The absorber was
Au of 8300A thick supported on SiN membrane and
the expected contrast was 13 for A=3.5A.

Resist films used in this experiment were
positive type EBR-9(T0RAY). Sensitivity ofEBR-9

Fig. 1 The mask pattern(3/(m L/s)

Fig. 2 The replicated image.

is about 10 times higher than that of PMMA in
X-ray region for the same developing condition.
The thickness of the resist film was 2500A.

Results and Discussion

The pattern was reduced only in one direction.
Fig.2 shows optical photograph of the replicated
image. A pattern size was reduced to 1/4 of
original size only in vertical direction.

Exposure was about 100--130mA 'hours. A scanning
electron micrograph of the replicated image is
shown in Fig.3. Line and space patterns whose
width are 5, 4, 3, 2 ym were reduced to 1.25, 1,

0.75, 0.5 tfm respectively. The first three
replicated patterns were successfully resolved,
but the resolution for a half micron pattern was
not high enough In this experiment due to Fresnel

diffraction from the mask and beam divergence.
There are some fringes at the end of the

replicated lines, but there are no fringes
parallel to replicated lines. Some X-rays
diverge in various direction after passing
through the mask pattern. But the Bragg
condition of a perfect crystal is very strict,
and the crystal accepts X-rays only within a
very narrow angular range. The component which
deviated in vertical direction can not be

reflected by mirror. This phenomenon was
confirmed by the similar experiment for n=l (offset
angle = 0' ) and the calculation of Fresnel
diffraction®.

If this procedure is repeated successively in
two directions, two dimensional reduction will
be realized.

This work was performed as a joint work
between KEK-PF and SANYO Electric Co.Ltd.
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Introduction

We determined optical constants for Ti, V

and Ni thin films in the 2-i».5nm wavelength
region, from the use of reflectance measurements.

Sample preparation in this region requires

us to overlay the sample material with a stable

protective film to prevent surface oxidization.

The 5-nin thickness of the protective carbon

was found to be suitable to determine the optical

constants of test materials and not to cause

signigicant errors in those derived optical
constants.

In this report, we present the obtained

optical constants.

Experiments and Results

Thin film materials of Ti, V and Ni were

deposited onto 3-mm thick optically-polished
glass (BK7) using an rf-sputtering apparatus.
The protective carbon of 5-nm thick was deposited

just after the 400nm deposition of the test
material.

Reflectance measurements were done at beam

line llA with S-polarized 2-i|.5nm radiation,
filtered with Cu, Ag and C to reduce the higher-
ordered diffraction for 2-3nm, 3-^nm and ^.5nm,
respectively. Reflection data were taken at more
than 30 angles of incident X-rays for each
wavelength until the reflectance decreased to
10 which corresponds to the S/N limit of a
detector.

Our theoretical optical coating model
includes Debye-Waller factors in the Presnel
coefficients of each interface to account for

reflectance loss dye to coherent surface
roughness scattering. To estimate the model
parameters corresponding to our experiment, we

employed the least-squares method with 8
parameters.

The derived values of parameters are

presented with the optical constants (solid line
for real part, broken line for imaginary part
respectively) calculated using the data of Henke
et al. and bulk densities in Fig (a)-(c). In
the figures the symbols O and O denote S (=l-n)
and k for the test materials, and the symbols

• and ♦ denote 5" (=l-n) and k for the protective
carbon, respectively.
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Introduction

The photochemical etching by synchrotron
radiation (SR) is expected to be one of the most
promising technique, because gases used in such
etching process have large absorption cross
sections in the vacuum UV(VUV) region. The gases
excited by the VUV are immediately decomposed or
ionized and begin to react with the substrate.

Experimental

Experiments were carried out in the beam line
BL-12A at the photon factory. The wave length
region used in the experiment was longer than
105nm, because a lithium fluoride (LiF) window was
set into the entrance of the reaction chamber.
The LiF window was used to protect the high vacuum

of the beam line from the gases in the reaction
chamber. The base pressure of the reaction
chamber was ~1.0><10"^ Torr. Two kinds of gases
were used in the experiment. One was lOX CI2
reactive gas diluted with Ar, the other was pure
Ar gas which was used for the protection of the
LiF window. The total pressure in the reaction
chamber was controlled at 0.6 Torr by a needle
valve in the gas inlet lines. In that condition,
the partial pressure of CU was kept at 0.1 Torr.
The temperature of Si-doped GaAs substrate was
kept at -50"C by controlling the flow rate of the
liquid nitrogen. The substrate was set
perpendicularly to the radiation beam.

Results and Discussion

It has been shown in the previous experiment
that the etching occured on both the irradiated
and the non-irradiated regions when the
temperature of the substrate was above room
temperature''. It has been considered that CI2
gas excited in gas-phase caused spontaneously
the reaction everywhere on the substrate. In
this experiment, we tried to ^et the substrate
temperature to -50"C. It is expected that the
etching reaction on the non-irradiated region is
greatly reduced by cooling the substrate, because
in general this reaction has some activation
energy and the reaction probability decreases with
lowering the temperture of the substrate. The
surface profiles of GaAs etched at -50*0 with CI2
(0.1 Torr) are shown in Fig. 1. SR dose (etching
timexstorage ring current) under this condition
was -40,000 minxmA. The surface profile of the
non-irradiated region is shown in Fig. 1 (a) and
that of the irradiated region is shownin Fig. 1
(b). It was found from Fig. 1 (a) that etching
reaction by the excitation in gas-phase was

scarcely observed on the non-irradiated region.

On the contrary, as shown in Fig. 1 (b). the
etching reaction of the irradiated region was

remarkable. This result indicates that the

etching reaction is enhanced on the irradiated
surface even at the low substrate temperature.
The irradiated region shows rough surface (Fig. 1
(b)) probably due to the fact that the GaAs
substrate was covered partially by oxide layer or
something other deposited film. The boundary
region between the irradiated and the
non-irradiated regions shows diffused profile
(Fig. 2) possibly due to diffraction effect at the
photo mask or excitation in the gas-phase. As
the irradiated region can be selectively etched,
cooling of the substrate will become a most
important candidate for a resist- less method.
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Introduction

Synchrotron radiation is a promising
light source for deposition and etching
of semiconductor material.^ Vacuum
ultra-violet(VUV) light involved in the
synchrotron radiation can effectively
excite the inner core energy level of
source gas and decompose the source gas
to produce radicals and ions that can
not be obtained by using conventional
light source such as Hg lamp.

In this paper, we will report the
synchrotron radiation excited
deposition of silicon films on the Si02
substrate by using SiH^ gas and a
result of a direct pattern transfer
experiment.

Results and discussion

We used the beam-line BL-12C, which
has a multilayer mirror with 21 layers
of Rh-Si films as a VUV monochromator

and a differential pumping system.
First of all, we measured the

spectra from the multilayer mirror.
Energies of photo-electron from Ne gas
were investigated by cylindrical mirror
analyzer. By varying the incident angle
from 39® to 47®, VUV light with peak
energy of 83-97eV and HWPM value of
lOeV is obtained.

The differential pumping system
enables us to obtain more than 1 Torr

at reaction chamber without any window
material.

Silicon film deposition experiment
under VUV light irradiation was
performed at the condition of SiH^ gas
(5% diluted in He) of 1 Torr and
substrate temperature of 500®C.
Irradiation time was 1 hour. Incident

angle of multilayer mirror was fixed at
47®. By using this incident angle,
center photon energy of 97eV is
available. A Ni mesh with 80x80 micron

open area (100 micron pitch) was set
about 1 mm above the substrate in order

to monitor the effect of VUV light
irradiation and to realize the

selective film deposition on the
substrate.

Figure 1 shows the micro-scopic
photograph of the substrate surface.
The mesh pattern is clearly transferred
to the substrate surface. But the

thickness difference between irradiated

area(open area of mesh) and non-

irradiated area(shadow area of mesh)
was too small to measure by stylus
thickness measurement.

We have analyzed the top surface of
the sample by Auger electron
spectroscopy. The results show that
much more metallic silicon signal is
observed at the non-irradiated area
than at the irradiated area. This means
that the deposition of silicon film
occurs mainly at the non-irradiated
area. Direct irradiation of synchrotron
radiation to the substrate surface
seems to prevent photo-dissociated
species(radicals and ions) from
adsorbing on the substrate surface.
Radicals and ions generated in the
vapor phase drift towards the non-
irradiated area and causes film
deposition.

These reactions are not observed by
the conventional photo-excited
processes and are probably due to the
activation of the surface reaction by
the irradiation of high energy photon
beam. Use of such a reaction to
semiconductor micro-fabrication process
can be expected as a new approach
because control of the surface
reactions is becoming important.

1)T.Urisu and H.Kyuragi,J.Vac.Sci.Tech.,
B(5), p.1436, 1987.

100|jm
Fig.1 Micro-scbpic photograph of
substrate surface.
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Introduction contain hydrogen bonds and no change in the
atomic composition was caused by irradiation. A

X-ray lithography using synchrotron radiation cross-sectional TEM photograph showed that any
defects and voids, of which sizes were several 10
A, were not induced in the film by irradiation.

ESR analysis demonstrated that the dangling
bond concentration increased about 3 times by

__

was 2.5xl09dyne/cm2 and a g-value was 2.004,
which was attributed to the Si-N dangling bond.

microfabrication of VLSI with less than 0.25 ^ra
feature sizes.1) The X-ray lithography mask is a
key compornent in insuring the success of this ... .
technology. The recent investigation2) revealed irradiation for the film of which tensile stress
that radiation damage effects in a BN:H mask,
such as a geometrical distortion, were due to
a modification in bonding configurations of the 'These facts indicate that the Si-N bonded
hydrogen. The purpose of this study was structure was broken by irradiation. It is well
to evaluate the extent of radiation damage known that the tensile stress varies with the
effects in silicon nitride (SiN) mask membranes atomic ratio of Si/N.3) In this study, the Si/N
prepared by a low pressure chemical vapor
deposition (LPCVD).

Experimental

The SiN films were deposited on Si substrates
in a conventional LPCVD reactor using SiH2Cl2 and

ratio was not changed by irradiation. Therefore,
the breaking of Si-N bonded structure caused a
slight displacement of atomic position, which
corresponded to the change in tensile stress for
the irradiated films.
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Mosk Membrane
Results and discussion ^ [20^20 mr?)

The irradiated area of the SiN membrane was
colored slightly in brown. Optical transmission
decreased a few % for the irradiated area

compared to an unirradiated one. In order to
clarify the cause of coloration, ESCA analysis
was performed on the irradiated and unirradiated
area of the same film. The atomic ratios of O/N
and Si/N were 1.4 and 1.3, respectively, and
these values were not changed by irradiation.
However, the C/N ratio increased from 0.78 to 4.3
by irradiation. These facts imply that a carbon
film was formed on the irradiated area. The film

thickness was too thin to be measured by a styrus.
method.

The geometrical distortions of the membrane were
evaluated by measureing the pattern displacement
of a regular array of crosses patterned onto a
20x20 mm® field before and after irradiation
using an XY interferometric measuring system
(Nikon 21). The pattern diplacements along Y-
direction are shown in Fig.l. There was a
relaxation in the membrane area corresponding to
the irradated area and this caused pattern
displacement of 0.1 /im. According to a one-
dimentional spring model, this value correspnded
to a change in stress of 7x10^ dyne/cra2.

FTIR analysis showed that the SiN film did not

Irrodioterd Area

(5*15 mm® )

X (mm)

(a) Configuration of cross
marks on SiN mask.

-0.1

x«l6mm -0-0-
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(b) Pattern displacements
along y direction.

Fig.l. Geometrical distortions of SiN membrane.
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Introduction

Real time surface sensitive analysis
with synchrotron radiation photoemission
spectroscopy ( SRPES ) is for the first time
attempted to analyze the initial growth stage
of thin films. Since solid surface are

sensitive, it is difficult to keep the clean
solid surface in the vacuum chamber with the

heating system. Although real time SRPES was
applied to the gas phase analysis, it has not
been used for the solid surface analysis
because of the reason mentioned above. In

this work, real time SRPES analysis was done
by using a K-cell cooling system.

Experimental

The experiments were carried out at the
Photon Factory BL-IA beam line. To obtain the
good depth resolution ( 0.5 nm ), radiation
was tuned to a photon energy of about 130 eV.
An ultrahigh vacuum system containing a
sample, a photoelectron detector, and a K-
cell was used as shown in Fig. 1. The samples
were CaF2/GaA8(100) system. Photoelectrons
were detected at the same time when CaF2 was
grown with the MBE method. The pressure in
the chamber was maintained 10" torr even

during the CaF2 growth by using a K-cell
cooling system. Each SRPES spectra were
measured with in 0.5 min.

Results and Discussion

Real time photoemission spectra were
measured for Ga3d, AsSd, Ca3p, and F28. The
changes in photoelectron spectra from Ga3d
and A83d core levels are shown in Figs. 2 and
3. Both Ca3p and F28 core levels in SRPES
were not clearly detected because of samll
quantity of CaF2 and small ionization cross
sections. In Figs. 2 and 3, the both peak
positions shift toward lower binding energy.
These shifts are considered to be due to the

evaporation of Ga oxide and elemental As from
the GaAs substrate surfaces with CaF2 growth.
Ga oxide comes from GaAs oxidation during
substrate heating procedure. When substrates
were heated, the pressure once up to 10"
Torr.

In the present work, when the GaAs
substrates were used, it was found that As
evaporation from GaAs substrates was very
serious. However, we could check the
possibility of real time SRPES analysis for
the first time. We believe this method can

give the important information about the
initial growth stage of thin films by
selecting suitable substrates and films.

Sample

SR beam
Pholoelectron
\ analyzer

Fig. 1. Experimental apparatus for real
time SRPES analysis.

Time(CoF2)=

18 19 20 21

Binding Energy /eV

Fig. 2. The change of photoelectron spectra
from 6a3d core level with CaF2 growth time.

elemental As

Time(CaF2)=

Binding Energy /eV

Fig. 3. The change of photoelectron spectra
from AsSd core level with CaF2 growth time.
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Introduction

CaF2 is a good insulator. Its cubic
fluorite structure makes it good candidate
for epitaxy on zincblend GaAs substrates. To
determine the dependence of bonding
properties on substrate temperature, surface
sensitive analysis with synchrotron radiation
photoemission spectroscopy ( SRPES ) la
performed for MBE-grown CaF2 films on
GaAsCOOl) substrates. MBE-grown samples were
used for the first time for SRPES analysis,
because interfacial bonding properties are
sensitive to surface structure and surface

preparation methods. We measured RHEED
pattern changes during CaF2 growth, then the
differences in the bonding properties studied
by SRPES were related to the RHEED pattern.

Experimental

The experiments were carried out at the
Photon Factory BL-IA beam line. To obtain the
good depth resolution ( 0.5 nm ), radiation
was tuned to a photon energy of about 130 eV.
The samples were grown by MBE. At first, GaAs
was homoepitaxially grown on GaA8(001)
substrates, then CaF2 films were grown on
(2x4) As-stabilized GaAB{001) substrates.
Substrate temperature were 580°C ( high ) and
420®C ( low ).

Results and Discussion

Figure 1 shows RHEED pattern obtained
from the CaF2/GaAs(001) sample with high and
low substrate temperatures. At the high
substrate temperature, the RHEED pattern
changes from (a)-staee to (b)-8tage by
further CaF^ growth^^. The differences
between Ca3p photoemission spectra from (a)
and (b) stages are shown in Fig. 2. There are
three binding states. Considering the values
of chemical shifts, Ca atoms in Ca-1 state
can be regarded as the Ca atoms which bonds
to As atoms on GaAs substrate. The Ca-2 state

corresponds to the Ca atoms which exit at
the CaF2/GaA8 interface, and Ca-3 state
corresponds to the Ca atoms in CaF2. In the
high substrate temperature case, the main
state is Ca-1, indicating that there are Ca
atoms with almost no-neighboring F atoms at
the CaF2/GaAs interface as a result of the
CaF2 dissociation reaction. Since the RHEED
pattern in (a)-8tage is obtained only in the
high substrate temperature case, these Ca
atoms with almost no-neighboring F atoms can
be related to this reconstructed pattern. In
the low substrate temperature case, the main
state was Ca-3. Therefore CaF, does not
dissociate and CaF2 grows directly on
GaAs(001) substrates without the intermediate

layer.

Fig. 1. RHEED patterns in the initial stage
of CaF2 heteroepitaxy at 580®C (a) and 420®C
(b) on OaAs(OOl) substrate. Incident electron
energy is 13 keV in the [lIO] direction.

Co-1 Ca-2

/XI
•highTsuf'
•low

23 24 25 26 27 28

Binding Energy / eV

Fig. 2. Differences between photoelectron
spectra from Ca3p core level with substtate
temperature at the CaF2/GaAs(001) interface.

1)Y. YAMADA, M. OSHIMA, T. WAHO, and T.
KAWAMURA: to be published in Jpn. J. Appl.
Phys.
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Introduction

Calusium fluoride is an insulator which

is lattice matched with GaAs to a high
degree. These properties make CaF2 a
technologically important material since it
can be grown on GaAs as an epitaxial
insulator. In this study, this system was
studied using photoemission spectroscopy with
synchrotron radiation to understand the
bonding properties at the CaF2/GaA8(111)
interface.

Experimental

The experiments were carried out at the
Photon Factory BL-IA beam line. To obtain the
good depth resolution ( 0.5 nm ), radiation
was tuned to a photon energy of about 114 eV.
N-type GaA8(lll)B substrates were used. The
in situ cleaning method of 3 keV Ar ion
bombardment followed by 500 0 annealing was
adopted. The CaF^ was grown with the MBE
method at a typical substrate temperature of
500 0. After samples were prepared in the MBE
growth chamber, they were transferred in situ
to the analysis chamber, where photoemission
experiments were performed.

Results and Discussion

Photoemission spectra were measured for
Ga3d, As3d, Ca3p, F28, and valence band
levels. The changes in photoelectron spectra
from Ca3p with F2s core levels are shown in
Fig. 1. In Ca3p, two binding states are
found, Ca-1 and Ca-2. The Ca-1 binding state
dominates the initial growth stage, and the
Ca-2 binding state becomes dominant as the
CaF2 thickness increases. From the time
dependence of Ca-1 peak and Ca-2 peak
appearance, and comparison with Ca3p peak
position of standard CaF2 sample, the Ca-2
binding state is considered the Ca state of
CaF2, and Ca-1 binding state is regarded as
an interfacial state. F28 also shows two

binding states, F-1 and F-2. For the same
reason as the Ca3p case, the F-2 binding
state is considered the F state in CaF2, and
the F-1 binding state is concluded to be an
interfacial state.

From the peak synthesis results^, an
interfacial model is proposed in Fig. 2.
Although component ratio Ca/F is 1/1, the
interface is abrupt and CaF2 grows in layer
growth mode.

1)Y. YAMADA, M. OSHIMA, T. WAHO, T.KAWAMURA,
S. MAEYAMA, and T. MIYAHARA: Jpn. J. Appl.
Phys. 27(1988)L1196.

Binding Enorgy/eV

Fig. 1. The change of photoelectron spectra
from Ca3p and F28 core levels with CaF2
thickness at the CaF2/6aAs(lll) interface.

Fig. 2. Structural model for the
CaF2/GaAs(111) interface.
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1. Introduction

Various efforts" have been devoted by the use of
intense laser, plasma and electron irradiation to
enhance secondary ion emission yield for more
sensitive and more accurate compositional analysis
with SIMS. In this study, synchrotron radiation has
been successfully used for the first time for that

purpose.

2. Experimental
Experiments were carried out at BL-IA of the

Photon Factory by using the Multi-technique surface
analysis system. In situ ion eching was performed
using a differentially-pumped Ar* ion gun with 4.5 keV
energy and 0.045 ;"A ion current. The beam size was
3mm0 . The zeroth order SR light from a Au-coated
grating with a of 83° was irradiated on the sample
surface. Samples were GaAs, ZeSe, SiC, AUO3, Ga, Si
and Al. Secondary ions were detected with a
quadrupole mass spectraneter with M/ AM of 300.

3. Results and discussion

When the SR was irradiated just onto the Ar-ion
sputtered area of the GaAs sample, Ga" and As*
secondary ion intensities decreased. The same tendency
was observed in cases of other samples.

So, we moved the sample back and forth in order
not to shine the SR directly onto the sputtered area.
When the experiment set-up was like in Fig.l, a sharp
increase was obtained for the GaAs sample. Figure 2
shows the Ga * mass spectra with and without SR. The
mass spectra were measured in both cases of the lowest

ring current just before electron injection and the
highest ring current just after injection. A very
clear SR irradiation effect on Ga * ion increase

which depends on the photon flux was observed. Upto
about 80% increase of secondary ions can be attributed
to the photoionization of sputtered neutrals, that is
the post-ionization effect by SR irradiation just
above the sample surface. This enhancement effect was
also seen in cases of Al, Ga, and Si. However, when
the SR was irradiated onto the insulating AI2O3
surface, no secondary ions were detected, which is
probably because of the positive charging of the
insulator surface.

The dependence of the secondary ion intensity on

the geometry between the SR irradiated area and the
sputtered area was measured by changing the sample
position in Y-axis. As shown in Fig.3, a sharp
increase in the ratio of l(SR)/l(no SR) was obtained
only when the SR went through just above the surface.
On the contrary, when the SR shined the sputtered
area, the ratio decreased drastically.

In conclusion, we observed the post-ionization
phenomena of sputtered neutrals by SR irradiation
which also implies a possibility of application to ion
beam deposition processes.

References

1) W.Reuter, Secondary Ion Mass Spectrometry
SIMS V ed. A.Benninghoven et al. (Spring-
Verlag, Berlin 1986) PP.94-102.
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Fig.2 Post-ionization effect by SR
irradiation on the GaAs sample for the
highest and lowest ring current cases. SR
shined just above the surface, not on the
surface.
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Fig.3 Dependence of SR post-ionization
effect on the SR to sputtered area
configuration.The sample was an Al metal.
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1.Introduction

Interface characteristics between junction

materials and oxide superconductors were analyzed
with synchrotron radiation photoemission
spectroscopy. This study can provide fundamental
insights concerning the Josephson junction formation
process with amorphous Si as well as the initial
growth process of YBazCuaOy thin films on Si
substrates.

2.Experimental

Experiments were carried out at BL-IA of the
Photon Factory. Samples were YBazCusO y
ceramics(Tc=90K). Surfaces were cleaned by scraping

with a special file in UHV. Si was deposited on
clean surfaces at room temperature at a deposition
rate of about 0.3A/sec measured by a quartz
thickness monitor.

3.Results and discussion
The resonance photoemission with the incident

photon energy of 76 eV was found to be useful to
evaluate whether or not the uppermost surface region
is in the Cu ** state. If not, the superconducting
state is possibly broken in the surface region.

The Josephson junction formation process was
investigated using "amorphous Si deposition on a
clean YBazCusO y surface". The resonance peak
practically disappeared, when only about 1 monolayer
of Si was deposited, as shown in Fig.l. At the
first stage of Si deposition, a shoulder peak
emerged at about 1.2 eV higher binding energy than
the Cu3d-02p hybrid band. This peak can be
attributed to Si-0 bonding. The drastic change in
the resonance peak at the interface was also
observed on Si-deposited CuO surfaces. Thus, Si

t » o •

' ^ »o.®<'•'iHsj

adatoms play a role of withdrawing the oxygen from
the Cu-0 bondings to form the more energetically
favorable Si-0 bonds. An analogous phenomenon was
observed by Hill et al'^ in the case of Fe/LaSrCuO.

Figure 2 shows Si2p spectra from Si-deposited
YBazCusO y surfaces. Si was in the SiO state at the
interface even in the first stage of Si deposition.
At the second stage, a small Si peak in the
metallic state also appeared in addition to the S^O
peak. Then the metallic peak became domonant. The
XFS Cu2p peak was found to change from the CuO
state to the metallic state. Thus strong interfacial

reactions take place even in the surface region
detected by XPS. In other words, amorphous Si is
not a good candidate for the junction material,
because the XPS-detecting region which is deeper

than the coherence length is not in the
superconductiong state, or even in the Cu ** state.

Judging from the XPS signal intensity change
with Si deposition, the oxidation reaction of Si
takes place only at the interface, and does not
propagate into the whole Si layer. This is probably
because the initially formed SiO layer might act as
a protective layer against further reaction. These
results imply that an appropriate thin oxide film is
useful for junction formation, and that YBazCuaOy
film can be grown on Si substrates with the thin
oxide film.

Based on these results, we constructed an
interface formation model on rough YBazCusOy
surfaces, as shown in Fig.3. A very strong reaction
occured even at the initial stage of Si deposition.
Si was in the SiO state, and in the YBazCuzOy
surface region under SiO, Cu was reduced to the
metallic state.

Reference

1) D.M.Hill, H.M.Meyerl, J.H.Weaver,
B.Flandermeyer and D.W.Capone H,

Phys. Rev..B36 (1987)3979.
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Fig 1 Valence band spectra of Si-covered Fig.2 Si2p spectra from Si-covered Fig.3 Si/ YBazCuaOy interface
YBazCuaOy surfaces. h»'=76eV. YBazCuzOy surfaces. h»'=125 eV. model.
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Introduction

Superconductivity has been reported for Bi-
Sr-Ca-Cu-0 system^). This system has some
different natures from the other high-Tc
superconductor oxides ,YBa2Cu20y and La2_
jjSr„CuO^_j^. For example, this material shows a
marked cleavage and can easily be separated into
layers. So, this system would be expected to
have different valence band structure. This
report is the study for the valence band
structure by the photoelectron spectroscopy with
synchrotron radiation.

Experimental

Photoelectron measurements have been
carried out at BL-IA of the Photon Factory. The
samples were Bi^{Cag.37,SrQ^g3)3CU20„ single
crystals with almost' single' phase of low-Tc
phase (Tc=80K). The clean surface was obtained
by cleaving with an adhesive tape in UHV. The
energy resolution of the spectrometer was 0.2eV-
0.4eV depending on the photon energies of 35eV-
120eV.

Result and Discussion

Figure 1 shows photoelectron spectra of
single crystal Bi2{Sr,Ca)7CU70j. in the binding
energies from OeV to 2007 witn various photon
energies. Bands A and B are valence band and B
has three structures. In this system, the
valence band is consist of Cu-3d, 0-2p and Bi-6p
at least. B2 becomes larger with increasing
photon energy than the other valence band
structures. The photoionization cross section of
Cu-3d is comparablely larger than Bi-6p and 0-
2p. Therefore Bo was assigned Cu-3d band. The
origin of the other structure is not clear now.
The structure C is extrinsic because this
structure depends on the sample. We didn't find
this structure on the other samples. Owing to
the difference of the photoionization cross
section, the structure E was assigned Sr-4p and
the structure F was assigned Ca-3p.

As to the structure D, we assigned this
structure to be valence band satellite due to
the two d-hole bound state^'. We paid much
attention to the photon energy 76eV, a little
above Cu-3p core threshold. There occurs
resonance photoemission in copper. Utilizing
this state and Cu-3d main band, we can obtain
intra-atomic Coulomb energy between d
electrons(Udd) . The state 0 is located at 12eV
(this is little smaller than YBa2Cu30x) and 83
is located 3.6eV. So, Udd is about 5eV, which is
almost the same as that in YBCO. But it's not
clear this value is enough large or small
valence band widths.

Figure 2 shows the photoelectron spectra
around the Fermi level. There is a clear
structure. A, at the Fermi level. Especially ,in
case of the photon energy 40eV and 76eV, Fermi
edge was observed. But in the photon energy 95eV
and 117eV the structure on the Fermi level does
not indicate cut-off feature. This indicate that
the band across the Fermi level appeared the
photoelectron spectra has relatively small cross
section in high photon energy. Therefore we
suggest this band is not due to Cu-3d. But the
orign is not clear now.
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Pig.l The photoelectron spectra of
Bi2(Sr,Ca)3CU20x with the photon energy from 40
to 117eV.
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Fig.2 The photoelectron spectra of
Bi2(Sr,Ca)3CU20jj hear Fermi level measured at
the photon energy of 40, 76, 95, and 117eV.
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Introduction

To fabricate devices using recently developed
high Tc superconducting materials, interface

characteristics between contact metals and

superconductors should be clearly understood. In
this study, synchrotron radiation photoemission
spectroscopy was used to evaluate superconductor

surfaces and interfaces. Furthermore, a new surface

processing technique to realize very low contact

resistance was developed based on these SRPES

experiments.

Experimental

Experiments were carried out at BL-IA of the

Photon Factory. Samples were YBazCuaO y bulk

materials(Tc=90K) and YbBazCusOy thin filmsCTc=76K)
. Surfaces were cleaned by scraping with a special
file in UHVQO Torr). Au was deposited on clean
surfaces at room temperature.

Results and discussion

When the incident photon energy was tuned to
about 76 eV, a peak which appeared only on Cu {3d
^ configuration) materials came up at a binding
energy of about 12 eV on the clean YBazCuaO y
surface. This peak is regarded as a Cu3p-3d
resonance photoemission. When the clean surface was

Ar-sputtered, this peak disappeared completely and

Cu** was reduced to the metallic state.

On the other hand, 0-sputtering was found to

effectively clean the surface while maintaining the
resonance peak as shown in Fig.l. Although XPS 01s,
Y3d and Cu2p peak remained unchanged after 0-
sputtering, only Ba4d peak showed a significant
change as shown in Fig.2.

Next, Au/ YBazCujO y interfaces were analyzed
using this resonance photoemission technique for
contact formation. Even though up to 30 A of Au was
deposited, the resonance peak was almost unchanged,
as shown in Fig.3. This means that no interfacial
reaction took place. Thus good contact properties

may be obtained by this "O-sputtering and in situ
Au deposition" process. In fact, contact resistance
of 5.5xl0*''r2cm® at 77K was obtained'^with the
YbBazCuzOy film. This is the lowest ever reported.

However, the I-V characteristics suggested that a
semiconductor region still remains at the Au/YbBCO
interface. This may be correlated to the change of
the Ba4d chemical state.

In conclusion, a practical dry cleaning
procedure was developed to obtain very low contact

resistance by using the resonance photoemission
technique.

References
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Introduction

In recent years, several unique
characteristics have appeared in SR excited
semiconductor processes. In particular, unique
etching selectivity between Si and SiOp etching
was found.^' We have investigated 'detailed
reaction mechanisms with SR-stimulated etching
of Si02.2^

Results and Discussions

The apparatus was set in the beam line BL~
IC. The incident beam was focused by a Ft
coated toroidal mirror and wavelength was
selected ty varying incident angles for a pair
of Pt coated plane mirrors. Reaction gas was
100% SF^,.

The etching reaction was observed only in
the SR irradiated area, as shown in Fig.1,
indicating that a surface excitation mechanism
is dominant.

The etching rate increased with increasing
SF^ pressure and gradually saturated at higher
pressures, suggesting that the Langmuir-type
adsorption process plays an important role in
the reaction. '

The dependence of the etching rates on the
substrate temperature (Fig.2) indicates that
the effective activation energy of the reaction
is negative, as opposed to plasma etching
cases, indicating that the etching reaction is
induced hy photoexcitations, and not ty thermal
effects.

The dependence of the reaction on exciting
wavelength was studied ty varying the incident
angles for the plane mirrors. The results
indicate that photons in 20 - 200 A range are
effective for the etching reaction, suggesting
core or valence electron excitation of

substrate Si atoms.

Referring to the fact that SiF; is a stable
product in plasma etching, it is assumed that
the etching proceeds through the SiF;
desorption induced by the reaction between
substrate Si and adsorbed F atoms.

\
• \ // SlOa

Fig.1 Beam profile and Si02 etching profile.

Based on these experimental results and
considerations, we estimate the main reaction
mechanism for the present etching as foUows:^^

SFA(g) + lu* SFc + F (radical or ion) [1 ]
F(g) -> F(i) .[2]
Si(s) + 4J'(a) + hi^ ^ SiF^(g) [3]

Here, (g), (a), and (s) indicate gas phase
molecules, adsorbed atoms, and substrate atoms,
respectively. By using a mass spectroscopic
study reaction [1 ] was confirmed to be a main
process in SR photolysis of SF^. Reaction [3]
is a main etching process, that is, surface
reaction between photoexcited Si atoms and
adsorbed F atoms resulting in SiF^ desorption.
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Introduction

An understanding of the properties of the
SiOj/Si interface is very important for device
technology. Thus, the oxidation of a Si(100)
surface has been extensively studied to further
understand its properties. High resolution (aE
<0.3 eV) photoemission spectroscopy and XANES
with synchrotron radiation were used.

Experimental

The experiments were carried out with soft
X-ray monochromatized by a grazing incidence
monochromator at the BL-8A at the Photon Facto

ry.A double-pass-type CMA (cylindrical mirror
analyzer ) was used for analyzing photoelec-
trons. The total energy resolution of the pho
toemission analysis system, including the elec
tron analyzer and the monochromator, was evalu
ated from the Fermi edge of gold to be higher
than 0.3 eV (see Fig. 1). The oxidation of a
Si(lOO) surface was studied in-situ using this
analysis system. Sample cleaning and oxygen
exposure were performed in the spectrometer
chamber with the base pressure less than 5 x
10~® Pa. A clean surface was obtained by re
peated Ar ion sputtering and annealing.

Results and Discussion

Si 2p photoelectron spectra for the Si
(100) surface exposed to an oxygen pressure of
1 X 10~* Pa at different temperatures are shown
in Fig. 2. The spectra were measured at hjj=130
eV. The oxidation of the clean surface was
carried out by sucessive oxygen exposures, as
indicated in Fig. 2.

Three intermediary components are formed
at the initial oxidation stage (20-10^ L oxygen
exposures at room temperature). Those Si 2p
3/2 peak energy shifts from the bulk component
are 0.9, 1.8, and 2.7 eV, respectively. These
are attributed to Si atoms bonded to 1, 2, and
3 oxygen atoms (Si'+.Si^"*", and Si^+), as sug
gested by Hollinger and Himpsel

Surface oxidation proceeds much faster
when the surface is heated to 300-400®C during
oxygen exposure. In this case, the intensity
of the Si02 peak increases with the increase
in the intensities of intermediary oxidation
states. A Si02 thin layer is formed by further
oxidation (10^ L oxygen exposure) at 700 "C.

The spectra in Fig. 2 were decomposed to
estimate the intensities of different interme

diary components. The results exhibit that the
proportion of Si^"*" state at the Si02/Si inter
face increases with the formation of the 0-1 nm
thick Si02 layer. However, in the oxidation
phase where a Si02 layer is formed over 1 nm,
the three intermediary states at the interface
are distributed with ratios of Si^''":Si^''":Si'''"=
7:2.5:1.

Oxygen K-XANES spectra for the Si(100)
surface exposed to oxygen are shown in Fig. 3.

The intensity of peak B increases with the sur
face oxidation. In addition, the peak energy
becomes higher. These results indicate that,
as the oxidation at the surface proceeds, the
effective coordination number of Si atoms
around an oxygen atom increases and/or the Si-0
bond becomes stronger.
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The electronic structure of palladium has
been an interesting subject in experimental and
theoretical point of views, because of its cata
lytic reactivity. In this work, we have made
the polarization-dependent angle-resolved photo-
emission study of the Pd(llO) clean surface.
Especially, the normal emission study has been
made in the photon energy range of 23^-88 eV.
Most of the features in the spectra can be under
stood in the bulk direct transition model. The

energy band dispersion along the T-K-X direction
in the B.Z. has been determined, by assuming the
possible free-electron final state with the
adjusted inner potential.

The data were taken with the CDM monochro-

mator and 150° spherical analyzer at BL-llD
station. The Pd(llO) surface was cleaned in situ
by several cycles of Ar -sputtering and annealing
(%600°C). The cleanliness of surface was judged
by AES and LEED. The normal emission spectra
were easily degraded in about an hour even in
the low 10"^° Torr range, presumably because of
the adsorption of hydrogen contained in the
ambient vacuum. Therefore, the sample was clean
ed by mild annealings ('\'250°C) every one hour
during measurements. The plane of polarization
was chosen to the either parallel to the (001)
or_the (110) mirror plane, i.e., A// along the
<110> or the <001> direction, respectively.

Pd(llO) NORMAL EMISSION
6i=25- _ C|
All along <110)

•••• i '.
I /<''•

L- I• .

-7 -6 -5 -A -3 -2 -1 Ep
BINDING ENERGY (eV)

Figure 1 shows the change of normal emission
spectra of the Pd(llO) clean surface as a function
of photon energy with kn along the <ll0> direc
tion. Four dispersive bands (labelled I'^A) and
four structures with no dispersion (labelled A'\'D)
are observed in the spectra. Since the spin-orbit
interaction in palladium is weak ('^0.3 eV), the
hybridization of bands will be small except for
the band-crossing region. So, we can expect the
single-group character of the observed bands.
By using the ordinary dipole selection rule, we
assign the bands 1, 2, 3 and 4 in fig.l to the
Si, Zi, Z3 and Si, bands, respectively. In order
to convert the spectra in fig.l, as well as the
ones in other experimental geometries (not shown)
into E{> vs ki relation, we assiime a free-electron
final band with an adjusted inner potential.
The resulted dispersions are compared in fig.2
with the RAPW calculation by Christensen. In
general, the agreement between experiment and
theory is good for the bands except for the
zone boundary, in which the assumed free-electron
final state is incorrect. As for the structures

A'V'D, there are no counterparts in the theory.
We tentatively assign the weak structures A and
B to the Umklapp structures which originate from
the El bands at the T point. A constant initial
energy spectrxm for the structure C shows two
maxima at hv=24 and 32 eV. We ascribe the first

maximum to the direct transition from the X2
critical point to the s-like Si final band, and
the second one to the direct transition from

the X2 point to the flat f-like Si band. A coupl
ing to the evanescent final state may also occur
because the adsorption of oxygen and hydrogen
on the Pd(llO) surface caused the drastic reduc
tion in intensity of the structure C. There
is no explanation to the structure D at present.

In conclusion, we have measured the normal

photoeraission spectra of the Pd(llO) clean sur
face and analyzed within the framework of the
one-electron band picture. Good agreement
between experiment and theory has been obtained
as for the Ei, E3 and E,, bands although some
features in the spectra remain unsolved.
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