
VI. EXPERIMENTAL PROGRAMS

During the period from April 1982 to March

1983, most of the beam times have been assigned
to members of working groups, which are de
scribed in §V.l, for commissioning and testing

optics of beam lines, experimental apparatuses,
and for doing preliminary experiments. From
June 1983, 9 X-ray stations and 3 VUV stations
have been made open for general users.

Following reports are submitted by the
representative of each experimental proposal as
progress reports. These reports are presented

without any editorial work and reviewing by
referees.

These reports are arranged according to the

number of beam lines at which the experiment has

been performed. A report describing a summary

of activities of a working group is indicated by

letters 'WG' in the column of proposal number.
The letters 'WGP' in the column of the proposal
number shows that the work is performed using a

,priority beam time of the working group members.

The reports given a sign CT are contributed by

users allotted with charged beam-time.
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Introduction

The angular distribution of photoelectrons
ejected from target atoms and molecules by a
linear-polarized light impact is given by, in
the dipole approximation.

a(e) 6(e) t
+^r~ Ocos-^e - D)

where e is the kinetic energy of the photo

electrons, o(e ) is the partial photoionization
cross section, 6 is the angle between the

electric vector of the incident radiation and

the direction of the photoelectron, and 8(e) is
the asymmetric parameter that characterizes the
angular distribution.

We have measured the 6(e) for the 3d elec

trons of Kr and Xe, the 3p of Kr, and the Is of

N2 and ©2 in photon energies from 400 to 900 eV.

Experiment

The quasi-monochpomatic radiation from the

undulator, which was installed PF storage ring,

was employed as a light source without mono-

chromator. The number of period in the un

dulator is 60. The length of each period is

6 cm. The maximum K value is 1.7. The energy

of the first harmonic of the undulator radiation

is continuously varied from 400 to 900 eV by
changing the K value.

The polarization of the radiation has been
checked through measurement of the angular
distribution of He Is photoelectrons. The
degree of polarization was found to be 99.9 ±
0.01%, and B^gCE) of He was 1.995 ± 0.007 at hv
= 400 eV. The instrument is schematically shown

in Fig. 1. The energy of electron is measured
by an electrostatic hemispherical analyzer (mean
radius 50 mm) that in mounted on the rotatable

table perpendicular to the photon beam axis.

Results

The measured values of 83d(^) Xe are
shown in Fig. 2 where the solid line is the
theoretical value given by Kennedy and MansonJ
The present data agree with the theoretical
value except the deviation near the threshold.

The measured values of 8j^g(e) for N2 are
shown in Fig. 3. For diatomic molecule, Dehmer
and coworkes^ have predicted the f-type shape
resonance for Nj^g photoionization, and also cal
culated the values of 8 parameter in the reso-

nance region. According to their calculation,

near the threshold the Sj^g(e) of core Is-elec-
tron shows the oscillation and its minima at

about 10 eV above threshold, and in the high
energy region 8(e) approaches the constant value
6 = 2 which corresponds to the value of 8 for

Is-shell of the free atom. The calculated

6]^g(e) is shown in Fig. 4 by the solid line.
Our data agree with Dehmer's theory, but ap
preciable deviation from the theoretical 6(e )

still remains.
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X-RAY FLUORESCENCE ANALYSIS BY SYNCHROTRON RADIATION

Y. Gohshi, A. lida, T. Matsushita

and

Ultra Trace Element Analysis Working Group

Introduction

X-ray fluorescence trace and micro analysis
using a synchrotron radiation (SR) source are of
value in both research and technology. The out
standing properties of X-ray spectrochemical
analysis are : tunabilitiy of the energy spectrum,
high brightness, and polarization for reduced
background scattering.'^ In this report the
preliminary results of our energy dispersive X-ray
fluorescence analysis (XFA) are presented. The
minimum detection limits (MDL) obtainable with SR

excitation are studied in detail, including both
white and monochromatic excitation. Taking ad
vantage of the continuous spectrum of SR, various
monochromatization methods are examined.

Results

BL-15A2 (Jun. '82), BL-15C (Feb. '83) and BL-
4A (Jun. '83) were used for energy dispersive XFA
measurements. A preliminary experiment at BL-15A2
was done using conventional instruments. The
results to be reported here were obtained from
the experiments at BL-15C and BL-4A using a
specially designed spectrometer (see Instrumen
tation section). The samples measured were
Standard Reference Material, metal adsorbed
chelate resins, semiconductors, and several kinds
of environmental and biomedical samples.

We first examined the difference between the

white and the monochromatic excitation modes.

With direct white excitation, the fluorescence
radiation was very strong but the signal to noise
ratio was low due to the strong background, which
may have originated from the vertical polarization
component of the SR and the finite detector solid
angle. When the excitation beam was monochro-
matized by a crystal monochromator, the continuous

background was reduced drastically and a high
signal to noise ratio was attained.

Reduction in background scattering due to
polarization, and effects of the excitaion energy

Fig.i Pine needles (SRM)

_ 2.5 GeV 122.0 mR LIVE TIME 200 Sec.
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on quantitative analysis were both demonstrated
experimentally. The spectrum obtained from the

pine needles (Standard Refernce Material) is shown
in Fig.l. A Si monochromator was used. The 3 x
10"^ g/g copper peak and 3.5 x 10'^ g/g nickel
peak were clearly observed. In a series of
measurements using metal adsorbed chelate resins
with different concentrations, which is used trace

element analysis in solution, the MDL was at the
0.1 ppm level, which is 10'' lower than the MDL
of the conventional method. Due to the high
brightness and collimation of SR, the absolute
detectability was 10""^ 10"'® g, which is lower
by a factor of 10'' -v lO''^ than that of the
conventional method.

Furthermore, the energy tunability of SR was
effectively used to remove overlapping peaks.
To cite one example, if the excitation energy was
higher than both the As K and Pb L edges, the As
K and Pb L peaks overlapped completely due to
the poor resolution of SSD (Fig.2(a)). When the
excitation energy was set between the As K and Pb
L edges, the Pb L peak was completely suppressed
(Fig.2(b)). Thus we can separate the As K peak
from the Pb L contribution experimentally. This
example clearly shows the advantage of the energ/
tunability of SR to remove overlapping peaks and
to avoid interference effects.

During the monochromatic excitation experi-

Rbovfi 9. Phi Rrlnp.

0.5

0.0!

0.5

0.0

As Kx

Pb Lk
Fig.2(a)

Incident

Fig.2(b
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merits, we observed considerable contribution from

second order reflection by the graphite mono-
chromator, but the effect of the higher harmonics
was negligible with the Si monochromator, which
does not have second order reflection. Since the

energy spectrum from the storage ring extends up
to 25 keV or more, we must pay careful attention
to the higher harmonics effects. These higher
harmonics were effectively rejected by the use of
a mirror in combination with the crystal mono
chromator .

Various other samples, including semi
conductors, environmental and biomedical samples
were measured, the results of which will be
reported elsewhere.

In energy dispersive XFA, one of the diffi
culties which limit the improvement of the MDL
is the saturation o^he SSD at a high counting
rate. The ratio of the scattered to the fluo

rescence radiation depends strongly on the type
of sample and the excitation mode. In order to
get a wide variety of excitation parameters (i.e.
energy band width and flux), a monochromator
system alternative to the crystal monochromator

(which has rather narrow band width) was desired.
For that purpose, we tested the combination of a
total reflection mirror and an absorber, which

has attained an energy band width of more than
10 % Fig .3 shows the spectrum of a metal
adsorbed chelate resins containing 20 ppm Zn and
Mn obtained by this method. This result shows
that the wide band pass monochromator is very
effective both in the detection of light elements
and in the adjustments of the excitation intensity.
We are also planning to develop the wide band
pass monochromator consisting of transmission
plus reflection mirrors.

Conclusions

The preliminary results reported here are
quite promising. Minimum detection limits were
improved remarkably, especially in respect to the
absolute amount detectable. When line interference

was absent, the minimum detection limits obtained
was about 0.1 ppm and 10 ~ 10 g.

Chelate resin (20 ppm)
2.5 GeV 130 mfl LIVE TIME 200 Sec.

0.5

0.0

2 4 6 8 10 12
ENERGY CkeV]

To facilitate the future use of the wavelength
dispersive crystal spectrometer and the appli
cation to various types of samples, we are
developing monochromator systems which can
attain desirable energy band pass and intensities.

The authors gratefully acknowledge the
support given by the PF staff and members of
Ultra Trace Element Analysis Working Group.
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DEVELOPMENT OF A DISPERSIVE X-RAY ABSORPTION SPECTROMETER
FOR TIME-RESOLVED EXAFS EXPERIMENT

* **

T. Matsushita, H. Oyanagi and U. Kamlnaga

Photon Factory, National Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun, Ibaraki 305

* Electrotechnical Laboratory, Umezono, Sakura-mura, Niihari-gun, Ibaraki 305
** Rigaku Corp. Matsubara-cho, Akishima, Tokyo 196

A dispersive X-ray absorption spectrometer,
schematically shown in Fig. I, was constructed
in order to obtain EXAFS/XANES spectrum in 1.0 -
0.01 sec. The spectrometer is in principle of
the same design as the one reported earlier} ^
A bent triangular-shaped crystal (silicon 111 or
400) is used to disperse and focus the syn
chrotron X-ray beam. X-ray beams of different
energies as a function of the converging angle
is focused at F which is located inside of the
Rowland circle. The sample is placed at F. A
flat plutinum-coated fused quartz mirror is
placed between the sample and a detector. By
aligning the glancing angle of the beam to the
mirror surface, the harmonics from the crystal
are rejected.

As a detector, a photodiode array sensor
(RETICON RL1024SF) with a fiber optic face plate
is used. On the surface of the face plate, a
fine-powder phosphor (GdO^SrTb) screen is formed
with a thickness of '̂ •50 pm. The diode array
consists of 1024 diodes separated by 25.4 pm to
each other. The signal from each diode is
successively digitized by a 12-bit A/D converter
and store into a memory. With a system schemat
ically shown in Fig. 2, a minimum exposure time
of 5 msec has been attained. Data for 16 suc

cessive exposures with a time interval of 5 msec
- 999 sec can be stored with this system and
later transferred to a computer.

Figure 3 shows results of Fourier transform
of EXAFS spectrum from a copper metal foil. The
upper curve is obtained from the data taken in a
conventional point-by-point mode at BL-lOB sta
tion of the Photon Factory. The lower curve is
for the dispersive method. The EXAFS spectrum
was taken in 50 msec with the dispersive spec
trometer when the storage ring operates at 2.5
GeV and 100 mA. The agreement in peak positions
between two curves in Fig. 3 is fairly good.
The difference in peak height is probably due to
the non-linearity of the photodiode array
detector. A further improvement of the system
is under way.

The authors would like to thank Dr. S.

Suzuki for providing them fine-powder GdO^StTb
phosphor and for advices for preparing a thin
phosphor layer on the detector.
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MACROMOLECULAR CRYSTALLOGRAPHY WITH SR

Preliminary experiments using a Weissenberg
Camera with multi- layer -line screens for

macromolecular crystallography

Research group 33 : N. Sakabe, N. Kamiya
Department of Chemistry, Faculty of Science

Nagoya University, Chikusa, Nagoya 464

Introduction

Synchrotron X-radiation sources are having
a considerable impact on protein crystallog
raphy, giving intense tunable collimated X-ray
beams for single crystal diffraction exper
iments. A Weissenberg camera with multi-layer-
line screens was constructed for the collection

of many reflections up to high resolution with
high signal-to-background ratio from a crystal
with large unit-cell dimensions without losing
any diffracted beams by screens (1). We will
give a brief description of the selection of
X-rays with definite wavelength and the
alignment of the instrument, and discuss the
comparison between SR and rotating anode
sources.

Experimental and results

Beam line 4A was used for 23 hours on July
22» 1983. A flat type Si (111) monochromator
was provided by PP. The beam of the wavelength
1.542 A was selected by referring absorption
edge of Ni foil (1.488 A).

It is a time consuming step to adjust the
orientation of such a heavy camera to the SR
beam pass directly because we cannot enter the
hutch while beam shutter is open. To solve this
problem the SR beam pass was visualized using
laser beam as shown in Fig. I.

Fig. 1 Schematic representation of the align
ment of the camera.

A, B & C: stainless steel plates whose size are
50x50, 20*20 and 100*100 mm^ respectively. The
plate is covered with fluorescent paint, and
has a hole of r = 0.5 mm at the centre.
D: collimator.

E: a hole of r = 0.2 mm for the alignment.
G: laser source.

H & I: magnifying glasses.

The procedure of alignment is as follows;
1. Set the A and C plates so that Che SR beam

passes through the pin holes of A and C.
2. Set laser source (G) so that the laser beam

passes through the two pin holes of C and A.
3. Set Che Weissenberg camera (F) without col

limator (D) so that the laser beam passes
through Che two pin holes of B and E.

A Weissenberg photograph (Fig. 2) was taken
with monochromatized SR beam. According to the
comparison of photographs, brilliance on this
condition may be 3-4 times higher than that of
CuKai radiation generated by a Rigaku 200H
rotating-anode tube with a doubly bent LiF mono
chromator (0.1 mm focusing casp, run at 50 kV
and 24 mA, divergence of the beam - 2 mrad).
The most prominent feature of this photograph is
that the Bragg spots are very sharp.

In order to get more brilliant source, an
asymmetric cut curved Si (I'll) monochromator is
going to be constructed and will be used at the
next beam time.

' -H i 1' i ^ i: 1* * r * 'r.' i

i I : *' ^ a.
•i i-ti

4.5 mm

i • I

Fig. 2 Weissenberg photograph of the multi
layer-line screen of a crystal (G-actin DNase I
complex, space group P2l2l2l, a = 42.0, b =
224.8, c = 77.3 A, with a-axis rotation and
c-axis along SR beam, rotation angle = 9® and
exposure time = 9 h).
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STUDY OF PHASE TRANSITIONS IN POTASSIUM-GRAPHITE INTERCALATION COMPOUNDS
BY SYNCHROTRON RADIATION X-RAY.
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Institute of Materials Science, University of Tsukuba, Sakura, Ibaraki 305,

*Faculty of Engineering Science, Osaka University, Toyonaka, Osaka 560.
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The graphite intercalation compounds(GIC}
have a unique crystal structure so-called as
"stage structure", which is characterized by the
alternation of n graphite(G) layers and one inter-
calant(I) layer. The stage n can be controlled by
vapor pressure of I. Inserted I-atoms between G-
layers are loosely boundto G-lattice, so that in
high stage potassium(K)-GICs K-atoms behave as a
two dimensional (2D), liquid even at low temperature
below room temperature. The liquid structure de
pends on the inplane density of I, which can be
also controlled by K pressure p|̂ .

In the present study we have investigated
the insitu observation of inplane liquid structure
in the stage transition region and of the liquid-
solid transition in 1st stage.K-GIC.

X-ray diffraction measurements were carried
out by using synchrotron radiation white X-ray
source(BL-4-B) at KEK-PF, and the energy dispersive
detection system. The graphite sample was sealed
in a glass ampoule and was held at T(;=390''C, while
Pf( in the ampoule was accurately controlled, The
correction of X-ray source profile, absorption of
the ampoule and others were made by comparing the
diffuse scattering of air and the diffraction in
tensity of Snl4 powder in a similar ampoule.

The (hkO) spectra for 2hd and 1st stagesare
shown in Fig.l. At pk=<0.18 Tor we can see liquid
haloes of K and also the Bragg reflection(lOO) of
G, in which the compound is 2nd stage. With in
creasing P|. the halo peak po increases gradually,
which implies that the inplane density is depend
ent on pK(Fig.2). At the critical compound
changes to 1st stage and qg increases simultaneous-
ly(i.e. a dense liquid phase). In the 1st stage

KOOO)
Tr,= 390 °C

GdOO)

pK^Tor)
IS SOLID)

1S(S/L

1.0 Z.U J.U

Fig.l X-ray (hkO) diffraction spectra in K-GIC
as a fuction of K pressure pk.
IS: 1st stage, 2S: 2nd stage, Srsolid,
Liliquid, e: escape peak, K(IOO): Bragg ref
lection of K-superlattice 2x2.

region we can see a similar pK-dependence of Pg
to 2nd stage. These results are the first evident
observation of non-stoichiometry of inplane com
position; it has been believed so far that they
are stoichiometric compounds such as C8K(n=l) or
C]2K(n=2). The non-stoichiometry may give some
crucial effects on the inplane structure such as
the discommensuration modulation especially in 2nd
stage, which is one of the most up-to-date contro
versy.

The next important result is the liquid-solid
transition in 1st stage. For a low px i.e. a low
inplane concentration^qg < 1.42 A"^ K-atoms are
in liquid phase. However with increasing pj( conse
quently inplane K density, K-atoms becometo cor
relate to each other in either direction of the
a- and also c-axes; the liquid halo qo shifts to
a larger value along pg and at the same time the
line width Apa becomes narrower, while the correla
tion in the c-axis stacking also grows up. Finally
the solidification begins when pg reaches the val
ue of the K-superlattice 2x2(relative to G unit
cell). These results show that the "melting" of
K-layer is nearly of the 2nd order phase transit
ion, although it is in practice of the 1st order.
Thus we can see first that the 1st stage K-GIC
is a very unique system in which the precursor
effect of solidification can be observed in liquid
phase at a f^ly lower JJi (chemical potential)
than the critical

The present authors gratefully acknowledge
stimulating discussions of Prof.Y.Yamada and ex
perimental assistancesof Messrs. Mukaida and
Onishi.
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Fig.2 K-pressure PK-dependence of inplane liquid
halo peak pg.
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MONOCHROMATIZED X-RAY EXPERIMENTS BY THE DIFFRACTOMETER FOR LIQUID AND MELT

The Test-Run Group for Liquid and Melt Diffraction*

Introduction

Synchrotron radiation offers strong and
parallel X-rays for diffraction experiments. It
is useful for planning of synchrotron experiments
to know the intensities of monochromatized X-ray
beams. However, there are no reports concerning
the quantitative comparison of the intensities
for monochromatized synchrotron radiation with
those for characteristic X-rays from conventional
generators. For this purpose, measurements of
diffraction intensities were carried out at the

experimental station No. 4B, utilizing the dif-
fractometer for liquids and melts.

The diffractometer for liquids and melts has
an attached analyzer to obtain a better resolu
tion in comparison with a pure-Ge SSD. Tests of
the analyzer were also carried out, utilizing the
diffractometer in the monochromatized X-ray mode.

Measurements of Intensities

To obtain characteristic X-rays, a rotating
Cu anode tube generator(Rigaku RU200) with 50 ym
focus was used. The X-rays passed through a di
vergence slit of 3° were monochromatized to Cu Ka
radiation(X=1.54 A) by a curved LiF(220) crystal
with r=320 mm, and then, focussed on a receiving
slit of 200 ym. Intensity of the beam passed
through the receiving slit was measured with an
ionic chamber with Ar gas. To obtain monochro
matized synchrotron X-rays with 1=1.54 A, a
Si(111) plate was mounted on the sample holder of
the diffractometer. The white synchrotron radia
tions passed through an incident slit of 2 mm
were monochromatized by the Si plate, and then
received with a slit of 1 ram to be measured the

intensity of the monochromatized X-rays by the
ionic chamber on the detector arm. The EXAFS of

copper was also measured to estimate a resolution
of the Si(lll) monochromator used.

Tests for the analyzer which was mounted on
the detector arm in place of the SSD were carried
out by using the characteristic Cu Ka radiations.
The analyzer consists of a Ge(220) crystal ana
lyzer, a scintillation counter, a pre-analyzer
slit of 1 mm and a post-analyzer slit of 150 ym.
The white synchrotron radiation beams were mono
chromatized to X=0.9 A by a Si(111) plate and
passed through an incident slit of 1 mm to irra
diate copper foil at the sample holder. The fluo
rescent X-rays generated were analyzed by a sym
metrical scanning of the analyzer and the detec
tor.

Results

Intensities of the monochromatized X-rays

from synchrotron radiation were compared with
those of the characteristic X-rays in Table 1. It
was concluded that even if the simplest set-up
the monochromatized synchrotron X-rays were sev
eral times stronger than the characteristic
X-rays from conventional generators. An absorp
tion spectrum obtained by this set-up was shown
in Fig. 1 and the resolution(FWHM) of the Si(111)
monochromator was estimated to be about 10 eV.

The Cu Ka spectrum obtained by the analyzer

S5c2 r23C 7^02) 7^G0 7o33 20020

£n£«GY (eU)

Fig. 1 EXAFS data for copper foil.

7rS0 7=60 6000 eeze eeoe eess sase

ENESGT (fO)

Fig. 2 Cu Ka spectrum obtained by a Ge(220)
analyzer.

Table 1 Intensities of monochromatized synchro
tron X-rays(X=1.54 A) and Cu Ka radia
tions by a conventional X-ray source.

Total number Number of photon^
Condition of photons per unit area(mm )

of monochromator

Conventional Source

20 kV 10 mA 1.5 xlO„ cps 4.5 xlO- cps
20 kV 100 niA 1.5 xio" 4.5 xlO^
30 kV 100 mA 4.4 xio" 1.3 xlO^
40 kV 100 mA 7.6 xlO 2.3 xlO

Synchrotron Source -
2.5GeV 52 mA 1.8 xlO cps 4.3 xlO cps

was shown in Fig. 2, and the resolution of the
analyzer was estimated to be about 40 eV and
insufficient to anomalous dispersion and Compton
profile measurements which required at least a
resolution of about 10 eV. However, the pre-ana
lyzer slit can be replaced by the smaller open
ing one, since the monochromatized synchrotron
radiation beams are strong enough to reduce the
scttering area, and improvement of resolution
may be easily attainable.

* F.Marumo, K.Tohji, K.Suzui, Y.Udagawa, M.Ando,
S.Sasaki, M.Yoshizawa, T.Yamanaka, K.Arakawa,
N.Nakagawa and M.Miyake
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AN ENERGY DISPERSIVE-EXPERIMENTS OF X-RAY DIFFRACTION BY GLASSES: SILICA GLASS

The Test-Run Group for Liquid and Melt Diffraction*

Introduction

The energy-dispersive method of X-ray dif
fraction was successfully applied to the struc
tural study of molecular liquids by Nishikawa and
Murata. One of the advantages of this method in
comparison with the angular dispersive method
lies at the point that the obtainable data cover
a wide range of S|47Tsin9/A. The angular dispersive
method with Mo Ka and Rh Kct radiations gave
diffraction data up to 16.0 and 20.0 in S, respec
tively in their experiments. However, intensity
curves of glasses in the region of the larger S-
values than 20.0 show still some structures, due^.
to the existence of correlations in atomic pairs.
This fact causes the truncation effects on the

Fourier integrals in the calculations of radial
distribution functions which are used for the

structural analyses of amorphous materials.
The present work aims to show chat energy-

dispersive experiments on glasses with synchrotron
radiation can give data of high quality comparable
to those of angular dispersive experiments, and
also to clarify the maximum S-value of Che dif
fraction data available with the diffractometer

constructed. Silica glass was chosen for the test
sample, since it had ^e^n^most extensively studied
so far among glasses. ' '

Measurements of diffraction intensities were

carried out at the experimental station No. 15A2,
using the diffractometer for liquids and melts in
the white-radiation mode.

Experimental

A silica glass was polished to a plate of
0.27 mm in thickness. The plate was fixed to the
sample holder for powder specimens and attached
on Che 9-axis of the goniometer. Intensity mea
surements were carried out in the transmission

geometry with the symmetrical 6-26 setting. An
Al-foil of 0.3 mm in thickness was placed at the
first slit of the diffractometer to cut off the

low energy photons.
Scattered X-rays were detected by a pure Ge

SSD backed up by a multi-channel analyzer. The
region of the photon energy of 0-35 keV was

2 i 6

Fig. 1. Intensity curves for silica glass.

divided into 1024 channels. The scattering angles
20 were selected at 7, 12, 20, 35, 50, 70 and
100®. Beyond Che scattering angle of 90°, liquid
nitrogen begins to pour out of Che dewar of the
SSD. Scattered photons were accumulated for 1500-
4000 seconds at the respective scattering angles.
An incident beam spectrum was experimentally de
termined by using the diffraction data of gaseous
SF, at the scattering angle of 26=55®.

o

Results

The observed energy-spectra of scattered X-
rays were analyzed according to the method de
scribed in Ref. 1. The reduced intensity curve
was plotted in Fig. 1 in comparison with that
obtained with the.angular dispersive method with
Mo Ka radiations. The result of the present
work is in a good agreement with that of the con
ventional experiments. The use of the synchrotron
radiation should be very effective in shortening
the running time, for the angular dispersive mea
surements need several days to comlete data col
lection on one sample. Moreover, the synchrotron
radiation can afford intensity data with S-values
in a wide range, which can not be obtained by the
angular dispersive experiments. Experimental con
ditions were summarized in Table 1.

Table 1. Diffraction data for silica glass

Scattering Accumulated Data Data
angle(20) time(sec.) recorded(S) available(S)

0.8- 2.7

1.3- 4.7

2.1- 7.9

3.6-13.7

5.0-19.2

6.8-26.1

9.1-34.9

1.1- 2.0

1.9- 3.5

3.3- 5.9

5.7-10.3

8.1-14.4

10.9-19.6

14.6-26.2
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AN ENERGY-DISPERSIVE EXPERIMENT OF X-RAY DIFFRACTION BY LIQUIDS. CARBON TETRACHLORIDE.

The Test-Run Group for Liquid and Melt Diffraction*

Introduction

The energy-dispersive method of X-ray dif
fraction was first applied to the study of the
structure of molecular liquids by Murata and
Nishikawa. '̂ ^ Among several advantages of this
method discussed by them is that changes of the
incident beam lead to no serious error in the

measurement of relative intensities. Thus this

method is suitable for experiments with the use
of synchrotron radiation, in which the intensity
of the incident beam changes rather rapidly.

The purpose of the present work is to show
that energy-dispersive experiments of synchrotron
X-ray diffraction can produce data of high quali
ty comparable to that of laboratory-scale experi
ments. Carbon tetrachloride was chosen as the

sample, for it had been most extensively studied
so far.^'^^

Measurements of diffraction intensities,
i.e., the energy-spectra of diffracted photons,
were performed at the experimental station No.
15A2, utilizing the diffractometer for liquids
and melts in the white-radiation mode.

Measurements of CCl/,

A sample holder for liquids was available
as an attachment to the diffractometer. It is a

combination of stainless steel rings. A liquid
sample poured in by the use of a hypodermic
syringe is held between two Myler films of 25 pm
thickness as a thin layer. The thickness of the
sample was 0.75 mm in the present experiment.

The sample holder is fixed on the 9-axis of
the goniometer, and measurements were made in the
transmission geometry with the 9-20 arrangement.

Scattered X-rays were detected by a pure Ge
SSD backed up by a multi-channel pulse-height
analyzer system. The region of the photon energy
of 0 — 35 keV was divided into 1024 channels.

The scattering angles 26 were selected at 6, 12
and 20®. Scattered photons were accumulated for
1000 sec for each scattering angle.

The energy-spectrum of the incident radia
tion was determined from the scattering intensi
ties of gaseous SF5 at a high scattering angle.

2 A 6 8 10 12

Fig. 1 Total intensity for liquid CCI4.

Results

The observed energy-spectra of scattered X-
rays were analyzed according to the method de
scribed in Ref. 1, with revision and improvement
developed recently. The derived total coherent
intensity is plotted in Fig. 1 in comparison with
the best result of the laboratory-scale experi
ments shown by Che solid curve. Also shown in
Fig. 2 are the weighted structure functions si(s)
which are reduced from the total coherent inten

sities of Fig. 1 by subtraction of the atomic
background intensity and multiplication of s. In
both Fig. 1 and 2 the results of the present work
are in good agreement with the best results of
Che laboratory-scale experiments.

The increase of count rates, or the shorten

ing of the running time, by the use of synchrotron
radiation is not astounding for such a heavy
molecule as CCI4, because the count rates were
largely determined by the time constants of detec
tor electronics. However, for lighter molecules
which need hours of accumulation time in labora

tory-scale experiments, use of synchrotron radia
tion should be very effective in shortening the
running time.

If'q. CClj,

1 5 Vsr?

Fig. 2 Weighted structure function si(s) for
liquid CCl^.
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AN ENERGY-DISPERSIVE EXPERIMENT OF X-RAY DIFFRACTION BY GASES. SULFUR HEXAFLUORIDE.

The Test-Run Group for Liquid, Melt and Gas Diffraction

Introduction

An energy-dispersive experiment of synchro
tron X-ray diffraction by gaseous SF^ was per
formed at the experimental station No. 15A2 by
the use of the diffractometer for liquids and
melts. The white radiation was used as the inci

dent beam. Scattered X-rays were detected by an
SSD backed up by a multi-channel pulse-height
analyzer system.

The energy-dispersive method makes the best
use of the continuous energy-distribution of
synchrotron radiation and especially useful for
samples with weak scattering power as gases.
Moreover changes of the intensity of the incident
beam lead to no serious error in the energy-
dispersive method. Thus it is suitable for the
experiments of synchrotron radiation in which the
beam intensity varies rather rapidly.

The Energy-Spectrum of the Incident Beam

The energy-spectrum of the synchrotron radi
ation is greatly modified inevitably by the ab
sorption by air in the hutch and windows, and
intentionally by the absorber inserted by experi
menters. Figure 1 shows such modification of the
energy-spectrum. Curve A is the theoretical

I—] prediction for the
j radiation from the

3r L ring at 2.5 GeV
1 electron energy and
1 with 8.33 m orbital

; ^ 21- 1 radius,2) in a
j . 1 g constant-energy

bandwidth. B is

; A \ ^ the result of ab-' to , i\ \
' / \ \/' \(^ sorption by a Be

/ \ /\ window (0.4 mm). He
/ beam line

^—— (1 atm, 25 m) and
u '̂̂ /i ^7 i'l the hutchphoton energy/keV ^ .

r.. 1 T7 » £ (1 stm, 2ra) . C ISFig. 1 Energy-spectrum of ' . .
. ^ j • the result of fur-

synchrotron radiation. . . . .
ther absorption by
Al-foil (1.6 mm)

placed at the first slit of the diffractometer.
The broken curve shows further modification due

to the detection efficiency of the pure-Ge SSD.
In the present work the incident spectrum

was determined experimentally by the scattering
intensities from the sample at large s-values
(s=47rEsin6/hc, E: photon energy, 26: scattering

angle) .
y The deter-

/ mined spec-
> / \ trum is
-v. ' •, shown in

i ; \ 2.
.• **.. Agreement of

£ fV ••••... Fig. 2 with
the broken

curve in

15 20 25 30 35 Fig. i is
photon energy/keV only quali-

Fig. 2 Incident beam spectrum tative.
determined experimentally.

Measurements of Scattering Intensities

A cylindrical sample cell with an inner dia
meter of 100 mm was filled with gaseous SF5 at 3
atm. Thin Myler film (0.1 mm thick) were used

for windows of the cell. Scattered photons were
accumulated for 1000 — 2000 sec at Che scattering
angles 12, 20, 35, and 55°. The data set at 26=
55° was used for determining the incident spectrum
by an assumption Chat the observed intensities are
in agreement with Che theoretical predictions
based on the Hartree-Fock independent atom model,
in the region of large s-values.

In order to confirm the reproducibility of
the incident spectrum before and after an injec
tion, the energy-spectra of scattered photons
were observed at the same scattering angle before
and after every injection. The reproducibility
was found satisfactory.

Analysis and Results

The observed energy-spectra were analyzed by
a routine procedure of the energy-dispersive
method, which includes normalization by the inci
dent spectrum, the absorption correction, and
other corrections.^^

The obtained total intensities (coherent

3 atm

Fig. 3 Total
» ' ' 1 • 1 1- t ' intensity for
2 6 10 gaseous SFg-.

s/A~^
plus incoherent) were plotted in Fig. 3 in compa
rison with the theoretical values shown by the
solid curve. The theoretical values were computed
by the use of Hartree-Fock atomic scattering
factors, the structure parameters determined by
gas electron diffraction, and the spectroscopic
values of mean amplitudes of vibration. The
agreement between theory and expeiment is satis
factory .
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Introduction

The working group has been
preparing a set of apparatuses for x-
ray diffraction at low temperature.
The system is composed of a goniometer,
a computer, a cryostat, and an
electromagnet. The first two have
already been completed by the end of
August, 1983 although only the design
has been finished of the remaining
apparatuses. Several preliminary
experiments were done during the
process of the preparation. Results of
them are independently reported on
other pages of this volume. Present
report is mainly concerned with the
preparation of the goniometer and the
computer system.

Goniometer system

It is needless to say that low
temperature measurements play important
roles in structural studies. Many
niatsrials undergo structural changes at
low temperature. However, conventional
goniometers are usually inadequate to
low temperature x-ray diffraction..
When the temperature range to be
realized is lower than -100 X, som^

icind of cryostat must be used and,
therefore, a special design is required
for the goniometer. Large and heavy
metal-dawars are needed when

experiments are to be done belov; -4 K.
The goniometer should have a capacity
of load as large as 20-50 kg.

Furthermore, structural changes
taking place at very low temperatures
where real phonons are already frozen
are usually driven by the electronic
degree of freedom, the spin degree of
freedom etc. Therefore perturbations
like high magnetic field, high electric
field, laser radiation etc. may play
important roles in order to clarify
properties of those structural changes.
Also frorri this point of view a
goniometer designed specially is
useful, which has a large capacity of
load and a wide flexibility for various
types of experiments.

The working group has designed a
gonioiTieter v/hich satisfy the
requirement n.entioned above. Its
capacity of load is 50 kg for the
standard combination and reaches 500 kg
-.7hen some parts are replaced \7ith
ot.inrs although the diffraction angle

is limited to a narrov; range in this
case. The goniometer is essentially a
horizontal, two-axis one. However, the
detector stage can slide along the
vertical X~atc. This makes it possible
to use this goniometer liice a four-axis
one. Figure 1 shows the schematic view
C'f the goniometer thus prepared.
Details of the specification of the
goniometer are described on other pages
of this volume.

AXIS CO, g" AXES
COLLIMATDR [ I

J SAMPLE I
\ I STAGE ; /

DETECTOR

STAGE

DETECTOR

ARM

Fig. I Schematic view of the
•goniometer for lov; temperature x-ray
diffraction.

The goniometer for lov; temperature
measurements has no permanent location
in PF. It can be set at any
experimental station.

The working group has done several
test v/oricingc of the goniometer system.
A few minor defects hava already been
removed: (1) The receiving slit v.-as
i 111 proved in order to reject the
scattering from air. (2) The height
adjusting mechanism of the sample stage
v/as more adjusted. Its motion was
initially not smooth.

Computer system

Until June of 1S83, our group had
no computer system. Test runs v;ere
done by using com">uters prepared by



working groups for x-ray measurements
of liquid and for precision x-ray
diffraction. The computer system for
lo*./ temperature measurements was
introduced in June. Figure 2 shows its
block diagraiii. The- computer can
automatically control all driving
motors of the goniometer except the dc-
motors for the height adjustment of the
basal plane- Also MCA, and SCA/SCALER
are directly connected to the computer.

GONIOMETER

RIGAKU

2D FDDx2

CRT DISPLAY

SANYO

CRX-1100

SCA/SCALER

AIDACS 3000

FDPS 30A

PRINTER

BROTHER

Ma3

XY PLOTTER

IV.'ATSU

SR-6602

Fig. 2 Block diagram of the computer
system for low temperature x-ray
diffraction.

Experimental data to be brought
back to users' institution are either

stored in floppy disks or copied on
outputs from the printer or the
plotter. When the direct connection
becomes possible between our computer
and the main computer of PF, standard
magnetic tapes can be used to store the
data.

Preliminary experiments

We have tried to do several

experiments. One of them is x-ray
diffraction measurements at low

temperature under high pressure.
Pressure induced phase transition of Cs
was studied by using a diamond anvil
attached in a metal dewar. A white x-
ray beam and a solid-state detector
were used. Definite results were not

obtained because of some troubles

related to pressure control system.
Concernig x-ray measurements
themselves, however, hopeful results
\;ere obtained; the integrated intensity
of main Bragg reflection was higher
than 10000 counts/1000 sec when a

collimator with 0.1 nim dia. was used.

This is a result much better than usual

for this kind of mesurements.

Also the compressibility of c-Sij^_
^Gej^ was measured at room temperatue.
Experir,.ental results give a conclusion
that this material has a randomly niixed
structure having a fluctuation in the
interatomic distance.

Another experiment was the diffuse
scattering study of metallic alloys.
This work was done in collaboration
with the working group for diffuse
scattering measurements in order to
check the computer system which
controls both the goniometer and the
MCA. It was verified that the whole

measuring system works as expected.

Remaining works to be done

During the preliminary experiments
described above, several points were
found to be more refined. (1) Various
types of collimators and receiving
slits must be prepared. (2) Softwares
must be completed for, at least, a few
standard experiments. The most
important problem remaining is the
preparation of a cryostat system for
general purposes. Two types of
cryostats have already been equipped; a
metal dewar which produces very low
temperature by using ^He, and a small
type cryostat which is cooled down by a
continuous flow of liquid helium or
liquid nitrogen. In addition, the
working group has a plan of introducing
another type of cryostat. It is a
small-type cryostat whose principle of
operation is based on a thermodynamic
closed-cycle of He gas. The lowest
temperature to be reached is about 15K.
The cryostat can be operated by an
electric switch only.

The authors are grateful to Dr. T.
Ishikawa of KEK for advice and help in
preparation of the software for the
computer.
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Introduction

Diamond anvil cell is a most convenient and

useful apparatus for high pressure research.
It, however, needs a large cryostat and a long
measuring time to perform the x-ray diffraction
measurements under low temperature and high pres
sure. X-rays from synchrotron radiation are
suitable for high pressure experiments because
of high brightness and continuous spectrum in
energy. We have measured the x-ray diffraction
under low temperature and high pressure by using
a diamond anvil cell driven by heliiim gas, a
large cryostat and a goniometer for low temper-
ture experiments.

Diamond anvil cell for measurements

under low temperature and high pressure

Fig. 1 illvistrates a cross sectional view of
the diamond anvil cell which has been used in the

present study under low temperature and high
pressure^'2. All parts of the cell are machined
from Be-Cu alloy except for the diamond mounting
plates, which are of SKD-11 steel. The injected
helium gas extends the bellows driving the
piston. The double-walled doughnut type bellows
have an effective area of 6.3 cm^ and a maximum
gas pressure of 80 barl The cell is attached to
a cryostat. Stainless-steel pipe with an outer
diameter of 1 mm and an inner diameter of 0.5 mm
is used for helium gas feed. The gas pressure
in the bellows chamber can be continuously
changed and is leasured with a precision Bourdon
tube gauge with an accuracy of 0.1 bar.

Fig. 1

The window of cryostat for x-ray is made of
Be sheet with a thickness of 0.5 mm. Beryllium
is cemented to the flange by epoxy resin.

After the sample is pressurized by rotating
the screw, helium gas is introduced to the
bellows chamber. The relation between the pres
sure at sample and the gas pressure is shown in
Fig. 2. After the force of bellows to push the
piston is greater than the initial pressing
force, the pressure at sample increases with gas
pressure. With decreasing gas pressure, the
pressure at sample decreases showing a slight
hysteresis.

X-ray diffraction measurements under
low temperature and high pressure

X-ray diffraction was measured by energy
dispersive method. Incident x-rays impinge on
the sample in the diamond anvil cell through
incident slit of 0.1 mm diameter. Diffracted x-

rays are detected by a handy type Ge SSD through
recieving slit. Energy calibration of SSD system
is performed by measuring the fluorescence x-rays
from Cu and Mo foils. When the temperature is
lowered, the sample position moves due to the
thermal contraction of the cryostat. X-tay
diffraction from Cu powder attached on the face
of diamond is used for detecting the movement of
the sample position. A typical total counts of
diffraction peak is more than 10,000 counts for
1,000 seconds measurements.

To measure the temperature dependence of
volume change of Cs on the pressure-induced
phase transition, x-ray diffraction has been
measured as functions of tefoperature and pres
sure. When the pressure increased, the diffrac
tion pattern from cesiiim oxide appeared. Fig. 3
shows the relative volume change of cesium oxide
as a function of gas pressure at 90 K and 290 K.
With decreasing gas pressure at 90 K, the volume
change is small and it shows a large hysteresis.
With elevating temperature, the volume increases.
At 290 K the relative volume change is almost
proportional to the gas pressure. The large
hysteresis at 90 K may be due to the frozen
silicone oil, which is used as pressure-transmit

ting medium. The detailed analysis of the
results is in progress.

Ih '
/295K,

- /i—oocf'
/

10 20 30 to

GAS PRESSURE/bor

Fig. 2

//290K

^ //\* y ^ /90K
•» «'

10 20 30 to
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Fig. 3

References

1) N.Sakai, T.Kajiwara, K.Tsuji and S.Minomura:
Rev. Sci. Instrum. 5^ (1982) 499.

2) N.Sakai, T.Takemura and K.Tsuji: J. Phys. Soc,
Jpn. (1982) 1811.

VI- 13



Proposal No, 31 WGP

A TEMPEE^TURE FACTOR MEASUREMENT OF AMORPHOJS CUgpTi^Q

M. Sakata '̂, S. Hashiba '̂, J. Harada^ \ K. Tsuji^^,
•5 \ 4 \ 4)

S. Kagoshima , T. Ishikawa and T. Nakajima

1) Dept. of Applied Physics, Univ. of Nagoya, Chikusa-ku, Nagoya, Japan
2) Institute for Solid State Physics, Univ. of Tokyo, Roppongi, Minato-ku, Tokyo, Japan
3) Dept. of General Education, Univ. of Tokyo, Kccnata, Me^o-ku, Tokyo, Japan
4) KEK, National latoratory for High Energy Physics, Oho-rcachi, TsuJcuta-gun, Ibaraki, Japan

Introduction

Temperature factor of the crystalline rtate-
rials for which three dimensional atomic confi
guration is known is normally determined so as to
interprete the decrease of integrated Bragg inte
nsities ( coherent scattering ) with the magnitude
of scattering vector Q. This method can not be
applied to the amorphous materials. For this
reason, there have been very few studies about
thermal vibrations of the amorpnous materials.

In this study we have tried to obtain average
t^perature factor of amorphous CUgQTi^Q alloy, B,
from the measurement of temperature dependence of
coherent scattering. B is given

G(r)={2/-;t}jQ(SQ(Q)-1 )exp(-B(sin 6/l)^)sin(Qr)dQ
where Sq{Q) is the interference function without
thermal vibrations and other notations are ordi

nary meanings.
It is one of the purpose of this study to

investigate how accurately incident X-ray photons
can be monitored in white X-ray experiment when
incident beam decrease continuously after injec
tion of electrons to SOR ring.

EXPERIMENT

The measurenents of the total scattering of
amorphous CUg^Ti^- alloy were done by the energy
dispersive X-ray aiffraction at 5 different tem
peratures, i.e. 98.5, 143.5, 182.5, 217.0, 250.0
and 296.2 K, using LTG{ Low Tenperature Group) 3
axis goniometer. The goniometer was set up at
BL-4C when this experiment was carried out. Tne
descrption of the goniometer is given elsewhere
in this issues.

The thin Co filter (0.012 mm) was used in

CUAnT [

20.0
ENERGY(keVl

Fig. 1 The observed pattern at 29=25'

order to reduce extremely intense CuK fluorescence
to the conparable order with the first peak int
ensity of the specimen. After this treatment, int
ensity of CuKcc was used to monitor the incident
beam. The observed pattern at 98.5 K is given in
Fig. 1. Because of high coimting statistics, flu
ctuation of the line is small.

Some background measurements were performed
with the counter collimation about 0.7°. It was

found out that air scattering is still fairly
strong with this collimation and it is necessary
to evacuate around the specimen to have virtiaally
zero background. It would be interesting to men
tion that air scattering is practically zero with
this counter collimation at HIX( High Intensity
X-ray ) Laboratory, University of Nagoya.

Analysis and Results

The observed patterns were normalized using
CuKo- fluorescence. The^normalized intensities (pf
first maximum(0=2.96 A" ) and minimum(Q=4.11 A~ )
are shown in Fig. 2. It is noticable that they
oscillate in the same manner showing strong cor
relation between than, while their ratio is more
or less constant. This strong correlation is seen
in some other experiments done at the same period.
Nothing certain can not be said at the monent what
is the cause of this but the present method of
monitoring incident profile should be re-examined.

Ignoring this oscillation, the temperature
factor 3 vra.s obtained after converting the normal
ized first peak intensity to interference function
S(Q). As a preliminary result, B at rocm tOTipera-
ture is obtained as 0.85 A^.

CudoTi40

Intensity vs Temperature
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High Pressure X-ray Group (HPX) carried out
experiments to check the abilities of high
pressure X-ray measurement system named MAX80
(fluiti-^nvil type /(-ray system designed in 1980)
during the assigned beam time of three weeks (7/4
through 7/23) at BL-4C.

MAX80 was designed in order to perform
following themes under high pressure and high
temperature utilizing the characteristics of
Synchrotron Radiation(SR).

1. Use of high brightness and small divergence
a) Precise determination of lattice constant
b) Dynamical observation of phase transition
c) Measurement in extended pressure and

temperature region
2. Use of continuous spectrum distribution

a) EXAFS, XANES
b) Anomolous diffraction

At present, because we are not in a position
to use a monochrometer, we selected themes corre
sponding to 1. a), b) and c). They are a) Precise
measurement of compressibility of Au at room and
high temperature, b) Time resolved measurement
of B1-B2 transition of BjaS and c) In situ observ
ation of transformation to diamond from graphite.
Details of MAX80 and each experiments are de
scribed separately.

Figure 1 shows a comparison of diffraction
profiles of Au and NaCl at high pressure and high
temperature using conventional X-ray source and
SR. The brightness of SR is so high that a slit
system with smaller divergence can be used. Then
Che half widths of diffraction peaks are quite
sharper compared to Chose with conventional
source and are almost the same as those of the
characteristic X-rays. By use of small divergence
slit system, we can eliminate the diffracted X-
rays from the pressure transmitting medium which
surrounds the sample, so that the backgound level
becomes lower. Therefore, the quality of data
under pressure is comparable to Chat at normal
pressure, and the accuracy in determination of
lattice constant becomes better by 3 to 10 times.
It was found that the accuracy does not change
when the measuring time was shortend to 30 sec.

The incident beam profiles of conventional
source and SR after the absorption correction due
to pressure transmitting medium are illustrated
in Fig. 1 by generous solid curves with operating
conditions. In high pressure X-ray measurments,
it is usual to use tansmitting geometry. So, the
diffracted intensity is proportinal to transmit-
tance, exp(- t), where is absorption coeffi
cient and t is thickness of sample. Dashed curve
in Fig. 1 shows the transmittance of Au and NaCl
with t = 1 mm.Intensity of X-ray from bending
magnet with 2.5 GeV operation shows maximum at
about 12 keV and decreases monotonically with
energy, then becomes negligible at around 25 keV.

On the other hand, the transmittance increases
gradually above 15 keV. Therefore, the character
istic of high brightness is not fully utilized
for high pressure X-ray experiments with 2.5 GeV
operation. The situation becomes better with
3,0 GeV operation, and becomes excellent with a
wiggler.

We added a function of TSS terminal to the

microcomputer which is originally used for data
aquisition so that the obtained data are immedi
ately transfered to PF main computer and analyzed
then the results are returned back to the micro

computer. The average time for the analysis is
about 1 min, so tat the obtained results are
effectively used to determine the next experi
mental parameters, and overall feature of the
experiments is easily understood in real time.
More than 700 patterns were taken during three
weeks, and most of data were analyzed by means of
TSS before the end of machine time.

Rotating Anode

2 - (55keV. ISOmA)

;2.5 GeV. 80mA

6.1 GPa , 900"C

28=15.5', 4QD0 sec

7.2 GPa, 800*0

20= 15.G*, BOOsec

Energy ( keV )

Figure 1. Comparison of diffraction profiles of
Au and NaCl at high pressure and high
temperature using conventional X-ray source
and SR. See the text for generous solid
curves and dashed curve.
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In t roduc t ion

Diamond synthesis is one of symbolic
themes in high pressure research. The
'in situ' observation of the conversion

reaction from graphite to diamond at very
high temperature and pressure is quite an
exciting problem and has long been a
dream for high pressure researchers. By
using MAX80, we could performed prelimi
nary experiments on this problem.

Experimental

In the present experiment, direct
heating method was adopted for diamond
synthesis because its sample configula-
tion is simple. In the center of the
pressure transmitting medium of boron-
epoxy resin for 4 mm size anvil, rods of
graphite and solvent metal (nickel and
iron were used) with the diameter of 0,6mm
were stacked, through which direct elec
tric current was conducted for heating
themselves at high pressure.

X-ray experiments were done by ener
gy dispersive method with the diffraction
angle of 15° or 20°. First, press load
was increased to 54 tons (which corres
ponds to about 6 GPa in this system) and
then temperature increased to about 1600°
C. X-ray diffraction patterns were taken
on increasing pressure and temperature,
and on and after the conversion reaction

from time to time. The measuring time
was 60 to 300 seconds.

Result

Fig.l shows a typical example of the
X-ray diffraction patterns taken during
heating at high pressure. Diamond peaks
appeared by replacing graphite ones at
about 140 watts of heating power (which
corresponds to about 1400°C). Additional
peaks also appeared, which possibly cor
respond to the metal carbides.

In some runs, however, no diamond
peaks appeared although graphite peaks
disappeared and those of metal carbides
appeared. This is because of the large
crystal size of the grown diamond, which
was found to be 20 to 30 pm in Fe and 60
to 80 pm in Ni solvent by SEM photograph
taken after the run as shown in Fig.2.
This shows that large diamond crystals
were grown being covered with metal
carbides.

Because metal carbides always co

exist with the converted diamond crystals,
and X-ray absorption coefficient differs
largely in carbon and metal, we could
directly see the conversion area from
graphite to diamond by taking photographs
of the transmitted X-rays from a sample.
Fig.3(B) and (C) show ones before and
after diamond formation, and (A) shows
the X-ray beam position in the present
X-ray run, which can be changed at will.

En»rgv ( k«V)

Fig.l Change of diffraction patterns from
graphite to diamond (Fe solvent metal.)

Diamond grown
the run

solvent) x80

-3 -
-2-4

•

©

B A

1

Fig,3 Transmitted X-
ray photograph
through the sample
before (B) and after
(C) diamond formation

1:graphite.2:metal,
3:diamond+carb ides
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Introduction

Gold is often used as an internal pressure
marker In x-ray diffraction experimental under high
pressure(1). Its equations of state (P-V-T
relations) are, however, not well established
yet. The purpose of the present study is to
determine the isothermal compression curves of
gold very accurately at room temperature and at
600°C using NaCl as an internal pressure standard.

Experimental

A mixture of Au and NaCl was placed between two
disk-shaped graphite heater and then imbedded in
cube shaped pressure transmitting medium which is
made of a mixture of amorphous boron and exopy
resin. Pressure was applied by squeezing the cube
by six tungsten carbide anvils. X-ray
measurements were made throu^ gaps between
anvils. The incident beam was 0.3 mmx gap width
(~0.5nira) and the exposure time was 600 sec.
Temperature was measured by a thermocouple placed
at the center of the specimen and pressure was
calculated from the lattice parameter of NaCl
using its equations of state(2).

Results

An example of the diffraction pattern of Au
and NaCl obtained at elevated pressure and
temperature is shown inFig.l together with the
data obtained by conventional x-ray tube. It is
clear that the use of SR greatly contributed not
only to shorten the exposure time but also to make
the diffraction peaks much sharper. At room
temperature the lattice parameter calculated from
different diffraction lines coinsides well within
the presicion of 0.01% which is about 10 times
more precise than conventional x-ray measurements
under pressure. At high temperature, however,
grain growth of the specimen has reduced the
precision to 0.03%.

Resultant compression curves are shown in
Fig.2. Reliable equations of state for gold can
be deduced using these data.
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Fig.l. Diffraction profiles of Au+NaCl obtained
by conventional source (above) and by SR (below)
under high pressure and temperature.

Pressure iGPa)

Fig.2. Isothermal compression curves of gold.
Solid circles are from present study and solid
lines are calculated curves deduced from shock
compression data(l).
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Barium sulflde is known to undergo the B1-B2
phase transition at =7 GPa and room temperaturei
The primary purpose of this work is to determine
the phase equilibrium relation between the two
phases from kinetic behavior of the transition at
high pressure and high temperature. Also we aim at
checking Che ability of the present system, SR x-
ray and the high-pressure apparatus MAX80, to in
vestigate the kinetics by a time-resolved x-ray

diffraction method.

1—[ Parts shown in Fig. 1. were
J £.R. assembled and put into a hole of

2 mm diameter which was drilledtjDfuie through acubic pressure-trans-
^ mitting medium(6x6x6 mm^) made

of boron and epoxy resin.
,i • Graphite disks (heaters), a lower

and an upper anvil were connec-
ted electrically by thin gold
ribbons. Powdered specimen BaS

Fig. Ir-— of 0.3 mm thickness and the in

ternal pressure calibrant NaCl were placed sepa
rately above and below a thermocouple, respec
tively, in order to avoid overlapping of diffrac
tion peaks. We adopted an energy-dispersive x-
ray diffraction method using SSD. Details of the
system is described in other report.

Kinetic behavior of the transition was ob

served in such a way that a series of several
measurements, one of which consists of 100 sec-
exposure to x-ray and 2 sec-data-out, was started
as soon as the pressure was set at a value by a
quick increase or decrease of oil pressure at a
constant temperature. After finishing a series
of measurements, the press was raised to make x-
ray beam.hit NaCl. Then the press was moved down
again, and following a pressure jump a next se
ries was carried out at a new pressure value.

A typical series of profiles of BaS in Fig.l

I BaS|j I P=6.3-6.8 GPS

I, L I,

Fig. 2.
20 30

energy, keV

illustrates a process of the transition from the
B1 to the B2 structure at 6.8 GPa and SOO^C. We
notice in this figure that the resolution of peak
width and the S/N ratio are greatly improved in
the present system in comparison with ordinary
systems equipped with convensional x-ray sources.
Indeed, the angular dispersion due to collimators
and slits was reduced by less than tenth of SSD's
instrumental resolution even at a small scattering
angle of 13.9®.

We intended to study evolution of intensities
of diffraction peaks quantitatively as a function
of time at first. Data so far analyzed show that
the transition begins to proceed very slowly after
a few measurements and does not complete within
several hours. This fact seems to be unusual,
suggesting that the pressure was not kept constant
throughout measurements. We infer that a large
volume change associated with the transition seri
ously affects the internal pressure in a small
sample chamber. It is necessary to detect pres
sure continuously and to compensate for change of
it quickly.

Despite th above difficulty, we were able to
determine the P-T phase diagram. Since a trans
formation rate was very small in BaS, we saw a
metastable coexisting state of the two phases for
several hours. It was not difficult to know which

phase was stable in a certain P-T condition. Var

ying the pressure stepwise, we observed changes in
intensities of diffraction peaks in a few measure
ments and compared them with those taken before
the pressure jump. Thus determined phase diagram
is presented in Fig. 3. Open and solid circles
denote conditions at which the B1 and the B2 phase
is respectively stable. Conditions where no change
was detected within 700 sec are denoted by half-
solid circles. An estimated phase boundary (solid
line) has a negative slope as found in some alkali
halides such as KBr, KI?

Data so far analyzed proved high performance
' ' ' ^ • ' ' I of the SR x-ray

600- g, ",'62 and MAX80 system.
1 To investigate

" 1 Che kinetics quan-
4 titatively, we

^ 1 need to improve
I ' experimental meth-
tf ° ® 1 * ' od and, maybe, a
ii" V part of pressure

o .L ... • control system.

4 6

FTCSSUfiE . GP«
Fig. 3.

References

1) S. Yamaoka, 0. Shimomura, H. Nakazawa and 0.
Fukunaga; Solid State Commun. 33(1980)87.

2) A, J, Darnell and W. McCollum: J. Phys. Chem.
Solids 31(1970)805.



Proposal No, 35 WG

FOUR-CIRCLE DIFFRACTOMRTER OF VERTICAL TYPE ON BL-lOA

T.Tagai^, M.Tokonami^, T.Sakamaki^, Y.Sato^, K.Ohsumil, H.Nakazawa^, Y.Abel, T-Hirai^ M.Ohmasa^,
S.SuenoS, N.Hagal, Y.Kudohl, F.Nishil, K.Tsukimura', Y.Kanazawa', N.Yamada^, S.Saito®, K.Kakefuda^,
M-Watanabe"^, A-Nukui*^, I.Kawada^, F.Okamura^, I.Nakai®, M.Kimata9, K.Sugiyamal, K.Ogatal, K.Naka-
nishil, S.Sasaki^ and Y.Takeuchil

(Members of "MINERALS AND INORGANIC MATERIALS GROUP")
L :Mineralogical Institute, University of Tokyo,
2 :Institute for Solid State Physics, University of Tokyo
3 :National Laboratory for High Energy Physics
\ :National Institute for Researches in Inorganic Materials
5 :Institute of Geoscience, Tsukuba University
5 :Institute of Material Science, Tsukuba University
7 :Geological Survey of Japan
3 :Institute of Chemistry, Tsukuba University

The vertical type four circle diffractometer,
which is set on the beam line BL-lOA, is designed
specially for the structure analysis of very
small crystal (ex. 10 micron) using strong X-ray
from synchrotron and also for the anomalous sca
ttering studies with monochromatic X-ray whose
wave length is tunable over wide range.

The diffractometer system mainly consists of
monochromator, guide path, adjustment carriage
four circle diffractometer of vertical type,
control system, detector system and mini-computer
(see Figures).

In the optical system, the single type mono
chromator and guide path are adopted so as to
minimize the loss of X-ray intensity.
The monochromator crystals which are specially
designed to have an adequate mosaic spread are
introduced, because the "integrated intensity"
of the Bragg reflections are necessary in the
case of the structure 'analysis (ex. Si(lll) with
mosaic spread of 2.5 mrad). Two crystals are
simultaneously set on the water-cooled gonio
meter of the monchromator. The one is perfect
Si(lll) crystal and the other is a mosaic one.

SCINTILLATION COUNTER
sr.TNTTLLATIQN COUNTER

I PEN RECORDER I*

n fiiv
PRE AMPL 2-CH linear AMP

'pre AMpf RATE METER
RATE METER

- A-CH DISCRmiNATOR

STEPPING MOTOR I

CONTROLLER

GPIB CRATE CONTROLLER
QUAD SCALER
DAC

2-CH TIMER SCALER

<CAMAC CRATE)

Then users can determine the orientation of the
crystal by the perfect crystal and measure inten
sities with the mosaic one.

The distance between the monochromator and the
diffractometer is about 2.5 m and Che mechanism

to align rapidly the diffractometer to the mono-
chromatized X-ray beam is equipped.

Using this diffractometer, the diffraction data
of the following samples are collected ;
GaAs, MgAl204 (spinel), Ca3Ge209, Pb3Bi2S6(lilli-
anite), (Ni,Fe)9S8 (pentlandite), Cu-As-Se, Cu-
Al-Ni alloy, Zn4Si207(OH)2H2O (hemimorphite),
(Ni,Fe) (tetrataenite) and NaGe04 (amorphous).

Using this optical system', two other works have
been carried out. The one is film method by pre
cession/oscillation camera and the other is the
radiation damage experiment by "RADIATION BIO
LOGY GROUP" (align optical system by the members
of our group).

With camera, the following experiments were
carried out :

Taka-amylase, ZnS (sphalerite), diffuse scatter
ing of p-Mn02, Satellite reflections of plagio-
clase, diffuse scattering and transiton of PbF2
(high temperature), topograph of cube diamond,
diaspor (high temperature), FeS (high pressure),
diffraction experiment from very small region,
test of X-ray guide tube and mirror.

HELCOM 70/30 I
I (192 KBYTE)!

FLOPPY DISK

{type writer

The construction of the controller- and
detector-system
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The four circle diffractometer of
vertical type
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Introduction

Fluorites show intrinsic superionic conduc
tivity above the temperature of a higher order
phase transition accompanied with broad anomaly of
specific heat. Of them, 0-PbF2 has the lowest
transition temperature ('^700 K) and highest ionic
conductivity. Diffusion mechanism of mobile ions
in Che lattice, based on Che structure investiga
tion by the Bragg reflections under from room tem
perature to just below the melting point has been
studied on 8-PbF2 by neutrons(1,2) and X-rays(3,4).

In the results of the structure analysis by
single crystal X-ray diffraction method, fluorine
ions show strong anharmonicity of electron density
distribution below the transition temperature, and
above it, they are statistically distributed at
four sites, xxx, displaced from the normal tetra-
hedral site, 0.25,0.25,0.25.(Fig.1)(3,4)

The deviation from the averaged structure
determined based on Che Bragg reflections, is one
of the origins of diffuse scattering. The study
of X-ray and neutron diffuse scattering from fast
ion conductors such as fluorites, provide informa
tion about short range order of mobile ions and
thermal motion. Coherent quasielastic diffuse
scattering from fluorites has been observed by
neutrons, which has been interpreted by cluster of
mobile ions and vacancies.(5)

In this work, the X-ray diffuse scattering
from B-PbF2 has been observed at various tempera
ture below and above the transition temperature to
elucidate the deviations from the long range struc
ture or the averaged structure, and behavior of
mobile ions in Che diffusion process.

Experimental

X-ray experiment was executed with precession
camera furnished with oscillation mechanism on

Beam Line 10-B at the KEK, Synchrotron Radiation

2QK \

Fig.l. Statistical dis
tribution of fluorine ion

in the Pb tetrahedron, is
displaced along the<lll>
direction.

810K

Fig.2. Diffuse scattering from B-PbF2 at the tem
perature of 420 and 810 K. Arrows indicate the

<111> direction.

Laboratory. Monochromacized radiation,X= 0.64 X,
by Si monochromecer crystal was used. Single
crystal of B-PbF2 with 0.1x0.1x0.1 ram^ in size,
was sealed in quartz capillary tubes with nitrogen
gas CO prevent from oxidation. The beam current

usually decreased from 150 mA to 50 mA in 3 hours.
Observation of diffuse scattering was concentrated
on around 111 and 200 Bragg reflections. To save
the exposing time, the oscillation was set to the
above two Bragg reflections within 5°. To investi
gate Che dependence of the features of diffuse scat
tering on temperature in B-PbF2, X-ray photographs
were taken at 295, 420, 580, 670, 720 and 810 K
with 30-40 rain, exposure time for each run.

Results

Figure 2 shows the spike-like diffuse scat
tering observed along Che <111> direction around
the Bragg reflection 111 in 0-?bF2- The features
of the diffuse scattering around the reflection
remains almost unchanged from room temperature to
just below the transition temperature, 670 K. The
intensity becomes weak in the region of the transi
tion temperature, 720 K. Above the transition tem
perature, the diffuse scattering could not be
observed around the 111 reflection. The observa

tions of the diffuse scattering from B-PbF2 may be
attributed to strong anharmonic thermal motions in
B-PbF2 or to short range order of fluorine ions
which can be suggested by statistically distributed
fluorine ions.

Further quantitative investigation will be
desired for the characteristics of features on

Che diffuse scattering. Chat is, the temperature
dependence of Che profile and intensity by counter
method rather than photographic method.
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Introduction

For the crystalline phase, which was
synthesized with starting chemical composition
of CuAsSe2, a chemical formula Cu^AsgSeis
was previously assumed^ based on a bulk chemical
analysis and the crystallographic data (a =

14.025 A, c = 9.61 A, R3, Z = 3). The structure
was found to have a 13-fold superstructure based
on the sphalerite type^.

Election microprobe analyses of the crystal
which were later performed, however, revealed
that the chemical composition was in fact
close to Cu^g As^^Se^]_3, total number of the
cations for 13 Se atoms being the same as that
for the above formula. Such a confusion was

arisen basically from the difficulty in
distinguishing between Cu and As in this
particular structure by diffraction method.
We have thus undertaken re-investigation
of the crystal structure with the use of
the anomalous dispersion effects of the Cu atoms.
This report covers the result obtained from
our experiment performed in February 1983.

Preliminary analysis

A piece of crystal was ground to the shape
of an ellipsoide with the dimensions of 0.1 x
O.lxO.OSiiim and used fpr the present study. As
a preliminary study, we collected a set of
2152 graphite-monochromatized MoKa diffraction
intensities. Least-squares refinement of
the reported structure with LINUS^ converged
to give an R = 8.9%, when an average of the form
factors of As and Cu was used for these atoms.

The reported structure has thus been confirmed
to be essentially correct so far its atomic
positions are concerned.

Use of the anomalous dispersion

effects

Nothing that Xk = 1.380 A for Cu, we used

I n /••• "7"i

graphite monochromatized synchrotron radiation
having the wave length of 1.40 A; under this
condition,!' for the Cu atom has the value of
-4.49. Then the diffraction intensities of

a total of 266 superstructure reflections
were measured with the four-circle diffractometer

at the BL-lOA beam line.

Based on the atomic parameters obtained by
the preliminary analysis, structure factors
were calculated using an average of the form
factors for Cu and As for these atoms.

The z = 0 section of the difference Fourier map
then calculated is given in Fig. 1 (a).
Note that the positive peaks in the map should
correspond to the As-rich atomic sites and
the negative peaks to Cu-rich sites. The map
has thus successfully brought out the locations
of the As atoms without ambiguity.

Least-squares refinement including the
occupancy parameters converged to give an
R = 5.1% for 248 reflections used. The Se

positions on the threefold axes are found to be
vacant by 34(2)%, giving the cell contents of

3 ^ Cu8.66^34.00Sei2.66
From this result, we may deduce a statistical
model in which the As atoms have threefold

pyramidal coordination. The structure now
essentially satisfies the valence rule for
tetrahedral structures^.

Further refinement is in progress based on
a set of about 400 diffraction Intensities

collected during the July machine time.
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Introduction

The absolute orientation of crystal struct
ures that are noncentric and polar has been
studied for sphalerite ZnS^, zincite ZnO^, and
buergerite (Fe3+ tourmaline)3. In the first
two cases, the anomalous dispersion effects of
the Zn atoms were used under AuLa radiation,

and in the buergerite under CuK^.
With the use of synchrotron radiation at the

Photon Factory, we may now select any desired
wave length at will in the range of wave lengths
covered by the now available optical system for
the four-circle diffractometer at the BL- lOA

station. It Is anticipated that the above sort
of studies can be readily carried out for
crystals having complex structures with results
of high reliability. We have threfore under
taken the determination of the absolute orien

tation of the heroimorphite structure^ (H2Zn2Si05,
a = 8.38, b = 10.70, c_ = 5.11 A, ImraZ, Z = 4) .
The structure of heroimorphite, which exhibits a
well known polar habit, is built up of a frame
work consisting of Si207 groups and tetrahedra
formed by the oxygen atoms about the Zn atoms.
All tetrahedra point in nearly the same c_
direction, each having a face nearly parallel
to (001). Hydrogen bonding in the structure has
been studied by Takeuchi et al^.

Experimental

A crystal specimen from Santa Eulalia,
Mexico was kindly supplied by Dr. R. V. Gaines
for the present study. It is a group of large
single crystals, about 20mm long along £.
Morphological examination revealed that all
crystals occur singly terminated at the analo
gous pole. The orthorhombic cell has dimensions
a = 8.366(1), b = 10.714(1), c = 5.113(1) A
(Takeuchi £t al^). One of the crystals was
ground to a thin plate, parallel to (010), with
approximate dimensions 4.8 ^ 3.7 x 0.1 mm.

Table 1

The direction of the analogous pole was
recorded on it.

Preliminary measurements with MoK^c of
the intensities of reflexions transmitted

through the crystal plate showed that the
effect on intensities of a possible differ
ence in path length was negligible for the
reflexion pairs, hkl and hkl.

Synchrotron radiation was then monochroma-
tized with a Si plate parallel to (111) to
provide |n X-ray beam having the wave length
of 1.27 A. As the value of Xr for Zn is
1.283 A, we have X^/X = 1.0087 for the above
wave length. Taking the analogous pole as the
positive end of the £ axis, the intensities
of a set of 40 reflexion pairs were measured
in the a>-29 scan mode.

Result

The sense of the inequalities for the
observed intensity pairs was found to be
opposite to that for calculated pairs of F
values (Sakamaki et al^); in these calcu
lations (X = 1.26 A), the direction in which
the tetrahedra point was taken as minus c_.
Lt-has thus been established that the

tetrahedra point toward the analogous pole.
Some of the structure-factor pairs are listed
in Table 1.

References

1) S. Nishikawa and K. Matsukawa: Proc. Imp.
Acad. Japan 4 (1928) 96.

2) J. C. Monier and R. Kern: Bull. Soc. franc.
Miner, Crist. LXXIX (1936) 495.

3) R. Barton and G. Donnay: Acta Cryst. B25
(1967) 1524

4) T. Ito and J. West: Z. Krist. 83 (1932) 1.
5) Y. Takeuchi, S Sasaki, W. Joswig and H.

Fuess. Proc. Japan Acad. 54 (1978) 577.
6) T. Sakamaki, S. Hosoya and T. Fukamachi:

Acta Cryst. A36 (1980) 183.

F (hkl)
0

F (hkl)
0

19.01 < 59.70

196.86 > 167.26

202.09 > 178.76

135.51 > 83.26

225.04 > 183.31

73.28 < 97.50

196.58 > 189.46

128.53 < 162.79

87.02 < 109.10

125.00 > 104.97

128.81 < 146.21

86.77 > 68.03

176.08 < 211.76

hkl F
0

-4 11 1

-3 2 1 19

-7 -3 2 20

-10 3 13

5 0 3 22

-5-43 7

-2 3 1 19

-4 3 1 12

-112 8

-3 12 12

-2 2 2 12

-4 2 2 8

-332 17

* After Sakamaki et al.^
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F^(hkl) F (hkl)
c

6.33 > 2.55

22.88 < 27.72

22.33 < 25.46

11.37 < 16.38

24.68 < 31.97

12.24 > 9.87

44.83 < 51.23

24.14 > 20.57

15.13 > 12.90

12.72 < 15.46

22.99 > 20.04

8.05 < 11.08

37.65 > 33.09
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Introduction

The lillianite structure is well known to be

composed of polysynthetic cell twinning, across
(311) of the galena structure, of galena slab.'
The chemical composition of the material is well
represented as 3PbS'Bi-S„. The lattice constants
are: a= 13.535+0.003, b= 20.451±0.005, c= 4.104+
O.OOIA. The space group is Bbmm. The unit cell
contains four formula units.^

According to the structure already determined
by means of equi-inclination Weissenberg method
with Moka radiation, there are three kinds of
metal sites named M(l), M(2) and M(3) as shown in
Fig.l. M(l) and M(2) sites are located in inner
part of galena slab and occupied by Pb and Bi
atoms at random, while M(3) site is just on the
mirror plane and occupied by only Pb atom. As
is the usual case, the determination of the sice
occupancy was performed on account of the geome
try around metal site, since the characteristic
X-ray generated by usual target materials like
Mo, Cu, Fe etc. cannot distinguish between Pb and
Bi atom. In consequence, the accurate occupancy
in each metal site has been left unknown.

Among the pseudo-binary system of PbS and

Bi^S^, twelve mineral species have been reported
before^ and all the structures already determined
are composed of galena structure as a structure
unit. The detailed structure, especially as for
the site occupancy, should be revealed for the
well understanding of the structural relation

ship among already known structures.
In order to attain the purpose mentioned above,

making use of synchrotron radiation is now possi
ble with four-circle diffractometer set up at the
BL-lOA station of Photon Factory.

Experimental

For the present study, the same crystal speci
men as used for the previous structure determina
tion was employed and mounted on the four-circle
diffractometer at the BL-lOA of Photon Factory.

The chemical composition of the specimen contains
a small amount of Ag by electron microprove analy
sis. The specimen is almost cubic in form with
dimension of approximately 0.09mm in edge.

Synchrotron radiation was monochromated by
pyrolytic graphite(002) to provide X-ray beam

courtesy of Dr.J.Takagi

with the wave length of 0.96A. The value of wave
length was selected just longer than both L-ab-
sorptiop edges of Pb (A-l=0 .95029A) and Bi(AL=
0.92336A) atoms. It results in the fact that a
linear absorption coefficient can be made into
small value of 339cm~^(cf. 866cm~l for Moka).
Under the condition, the anomalous dispersion
terms of both Pb and Bi atoms were estimated as

Af'p-^=-14.5 and Af'gi=-12.3 respectively, but
imaginary terms(Af") were neglected at this stage
of analysis compared with large values of real
term(f°+Af'). The difference between scattering
factor of Pb and Bi atom at sin9/X=0.0 is enlarged
to 3.2.

A set of 237 intensity data (including 37 stand
ard reflections) of (.hkO) was collected with the
aj-20 step scan mode. After correction of dead
time of detector system, Lorentz factor and ab
sorption, all the intensities were normalized by
those of standard reflections measured every ten
reflections during data collection. It took about
twelve hours for the data collection including
three times of electron injection into the storage
ring.

Result

Several cycles of least-square refinement using
the program LINUS'* gave R-factor 0.06 under the
condition of referring to the already determined
structure as the starting model and employing the
same scattering factors for metal atoms. The dif
ference among weights of metal sites in d-Fourier
map(Fig.2) seems to reveal features on the site
occupancy of each metal site. A more quantitative
study of the site occupancy is now in progress
using three dimensional intensity data gathered
under the same condition at BL-lOA.
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PRELIMINARY EXPERIMENT TO USE THE X-RAY GUIDE TUBE

AS A "LOW-PASS" FILTER OF POLYCHROMATIC X-RAYS
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Introduction

A laboratory glass-tube has recently been
utilized as an X-ray guide tube (XGT) for trans
mitting X-rays in the distance (Nakazawa, 1983).
The X-ray total external reflection (XTER) at the
inside wall of the glass-tube was the principle
of its use. Because the critical angle of XTER is
a function of X-ray wavelength, it may also be

probable that the XGT of a glass tube can be used
as a "low-pass" filter of polychromatic X-rays,
i.e. a filter to eliminate preferably X-rays of
higher energy, when the tube is slightly bent or
inclined from the direction of incidence.

Such a filter is demanded for the diffrac

tion experiments by the film method using "mono-

chromatized" synchrotron radiations (SR). Because
of the polychromaticity of SR, the X-rays "mono-
chromatized" by a conventional monochrometer in
volve considerably components of those of higher
harmonics. Hence a recorded diffraction pattern
on a film is complicated by the presence of ad

ditional spots (or lines) due to such higher
harmonics.

This report describes some preliminary

results on the utilization of XGT as a low-pass
filter of X-rays.

Experimental

A pyrex-giass tube of 1.0 mm inside and 6.0
mm outside diameters was tested as an XGT. The

experimental setup is schematically shown in Fig.
1. The start of the tube (A, Fig.l) was fixed by
a tool, and the other end of the tube (B, Fig.l)
was pushed horizontally by a micrometer-head for
the control of the inclination of the tube.

Ivicident X-rays were "monochromatized ones by a
graphite monochromator placed in a housing at a
distance of about 5 m from the start of the XGT.

A wafer of Si(lll) was used as a sample. With an
appropriate screen, the 111 reflections ofAi=1.5

and Xi =0.75 A were only recorded on a photo
graphic film for an oscillation angle of ±10 deg.

The intensity distribution in the incident beam

was also recorded simultaneously by using suitable
absorbers of metal foils.

X-rays

Monochro

matized

by P.G.

Sidli:
0. 2mm

6= +10*

Fig. 1. Schematic illustration of the present
setup.

Results and Discussion

A series of seven oscillation photographs is
sftown in Fig.l, where a set of three spots, which
are the 111 reflection of Xi (top), that of X^
(middle) and the direct beam (bottom), is a part
of an oscillation photograph. The series from
left to right corresponds to step-wise increases
of the inclination of the XGT beeing controlled by
pushing the tube-end (B, Fig.l) at every 0.25 mm
(7.6 x 10"rad.).

The first set was recorded at the original
straight setting of the XGT for incident X-rays.
It may be seen that the intensity of the 111 ref

lection of Xi and that of Xa. are comparable.
When the tube is inclined, the intensity

ratio of these two spots is decreased (2, 3,and
4, Fig.2). Assuming that the tube is ideally
straight, the transmitted X-rays through the XGT
are entirely reflected ones when the tube-end is

pushed more than 1.0mm away from the original
straight setting. The inclination angle of this
case, 3.0x10 ^ rad., satisfies the requirement
that the X-rays of Xi pass through the XGT and
those of Xi do not. The inclined XGT may act as
the low-pass filter for X-rays. The 5-th set in
Fig.2 is the resultant oscillation photograph of
this case. The spot of Xi almost vanishes suc
cessfully.

There are, however, some disadvantages for
its use: (1) The profile of the spots is compli
cated by the inhomogeneous distribution of X-rays
which are reflected at the inside wall of the tube.

(2)The intensity of Xi is also decreased when the
inclination of the XGT is larger than the inside
diameter of the tube (5, 6, and 7, Fig.2). Hence
the alignment of the XGT at an optimum position
is quite delicate.

The former disadvantage is essential for
using the glass-tube of the cylindrical form. A
simple flat mirror may be an easy solution for
this difficulty, if an appropriate box-type colli-
mator would be designed. The second point is a
technical and not unsolvable difficulty.

At present, it is concluded that the XGT of
a glass tube is realy utilizable as a low-pass
filter for a limited X-ray diffraction experiment
which is not concerned about the profile of the
diffraction spot, although more general use is not
established for the reasons described above.

• • • >
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EXAMINATION OF SINGLE CRYSTAL DIFFRACTION DATA COLLECTION FROM MICRO-SIZE SPECIMENS
USING FOUR-CIRCLE DIFFRACTOMETER
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INTRODUCTION

There are many academically and/or
industrially important inorganic materials of
which crystal structures have never be refined
or even unsolved by means of modern crystallo-
graphical techniques because of the difficulty
for obtaining a single crystal whose optimum
size is about 100 um cubic for the conventional

X-ray. One of the important characters of SOR
beam is its strong beam intensity on hard X-ray
region (0.3-2.0 X, wave length) and this may be
useful for collecting the X-ray diffraction data
of micro-size single crystal specimens. We have
examined the possibility of the data collection
for several micro crystals using the four-circle
diffractometer on BLIO beam line of Photon

Factory, KEK.

SPECIMENS

Two orthoferrosi1ite single crystals

(FeSiO^) of 0.018 x 0.019 x 0.035 mm, and 0.01 x
0.012 X 0.03 mm in size were selected for the

testing specimens. The reasons why ortho-
ferrosilite has be chosen for this study are as
follows:

(1) The diffraction intensity data measured on
a conventional X-ray system for the same sample
are available from Sueno and Kimata.

(2) Orthorhombic system is easy to find the
crystal axes on a polarizing microscope, which
simplifies the specimen selection and axis
alignment.

(3) Many prismatic euhedral crystals with suit
able sizes were available for this sample.

The specimens were mounted parallel to c
axis on very fine glass fibers (10 um in dia
meter). The crystals were then aligned on X-ray
goniometer-heads by precession camera method
using 50kV, 150taA Mokot radiation. The exposure
time of an orientation photograph for the
smaller specimen was about five hours.

TESTING PROCEDURES

The larger crystal was first tested on the
four-circle diffractometer. The X-ray used was
monochromatized by Si(lll) platy crystal, 0.964
A in wave length. Two sets of slit combinations
for the incident and the diffracted X-ray were
tested, which are (//4 & //3) and (#3 & //3). The
orientation matrix was obtained by means of
manual peak search and then the diffraction

peaks of fifteen selected reflections were
examined for each set of slit combination.

Figure la is a peak plotting of 12 0 0 reflec
tion (Fc=88.44) measured using (tf3 & #3) slit
combination, and Figures lb and Ic are those of
600 (Fc=10.69) which were measured using the
(#4 & tf3) and {03 & ff3) slit combinations
respectively. It is clear that the slit combina
tion (03 & 03) shows better results although it
gives weaker diffraction. -However, on the test
for the smaller crystal, we could not detect any
diffraction peak even on the trial of longer
measurement time.

DISCUSSION

On this examination, we used a platy sili
con monochrometer, but the energy distribution
of the resulted X-ray was so narrow as to make
the peak search difficult, and the incident beam
intensity was not strong enough for the micro-
crystal data collection. Therefore, it may be
necessary to develope both a new monochrometer
system with the combination of a focusing mono
chrometer system and a new optical system for
insident beam including an X-ray guide tube. On
the conventional X-ray system, the optimum size
of specimen for the single crystal data collec
tion is around 100 um cubic, but on the SOR
beam, it may still be possible to collect the
available data from a micro-size specimen (1/100
in volume ratio) even on the present setup.

600 reflection
Slit; 14 and |3.

12-00 reflection
Slit: 13 and 13.

MJ M. Ml Ml H* »e
2e

600 reflection
Slit; 13 and 13.

(a) (b) (c)
Figure 1. (a) The diffraction peak of 12 0 0 reflection (Fc =88.44). (b) The 6 0 0 diffraction peak

(Fc=I0.69) measured with (i?4 & 03) slits, (c) The 6 0 0 diffraction peak measured with
(03 & 03) slit combination.
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Introduction

The primary objectives of this experiment
are (1) to observe the fine texture of a natural
diamond beeing in cubic habit which is rare in
the occurence by using an easy method, and from . ^
more technical point of view, (2) to open another Diffractometer ^
use of the four-circle diffractometer constructed housing ^
for synchrotron radiation, of which the first Monochrometer ^
principle of designing is the "tunability" of Si(lll) Diamond , ^
X-ray wavelength for a limited purpose such as Slit . ^ •
the structure analysis employing the X-ray anoma-
rous dispersion effect. ^

As seen in the report by MI working group ' | _ V
(Tagai et al.) in the same issue, the system of / /
the four-circle diffractometer has been con- Rotation 20-45 Film
structed in such a way that the whole housing of r
the diffractometer moves and rotates to adjust to (SR)
the incident X-rays which are reflected by a flat
monochromator placed about 5 m apart from the Fig. 1.
diffractometer.

When a camera, or simply a photographic reflection are shown in the end of this report,
plate, is once placed in the housing normal to They are a part of a series of six photographs
the direction of the incident beam, the oscilla- ®"ele =0.05 around
tion photographs can easily be taken conveniently rotation axis of 0, while the X-ray wavelengti
by using many diffraction spots, when the X-ray fixed at 0.9651 A.
wavelengths are chosen to satisfy the Bragg con- Interesting seen in these photographs is thai
dition of given reflections at the fixed angle of having a sector texture is covered
45 deg. in 20. The "tunability" for X-ray wave- hy the outer part of highly mosaic crystal. The
length, which is the most obvious advantage of orientation mismatch of two adjuscent sectors is
this optical system may afford a rapid and easy about 0.03 <^eg* around the cube axis which is the
method of observing the fine texture in the rotation axis in the present setting. The angular
"slice" of a crystal. range of the orientations of mosaic crystallites

Experimental suggesting that the part is
The overall scheme of the optical system rather composed of the oriented crystallites than

used is described in other report of this issue some inperfect crystals.
(Tagai et al.>. The X-ray topographic tech- Similar internal texture has previously been
nique employed was similar to that applied in reported by, e.g., Moor and Lang (1972), Lang (197
some recently reported studies (e.g. Moor & Lang, Orlov et al. (1982). The present photo-
1972). A slit made by two micrometer-heads equi- graphs are much informative to understand the
pped moribdenum edges (2 mm in thickness) was angular relations between sectors and also crys-
placed in the diffractometer housing before a allites. One of the reason of this is the rapid
sample crystal to make an incident ribbon-beam easy method of present experiment, e.g., the
of X-rays (Fig. l), A photographic plate was exposure time is only two minutes for one section
placed behind the sample normal to the incident topograph, and hence a series of photographs can
beam. The sample crystal was oriented with a taken for successive change in crystal orien-
cube axis vertical. When X-rays of the wavelength tation, even if the angular difference is small
of X =0.9651 A was used for the 220 reflection. degree,
the reflection angle, 20, was 45 deg., and hence
the pattern recorded on the photographic plate
was an undistorted map of the fine texture of * , ' ^ . v *
the crystal "sliced" by the incident ribbon-beam. •• "' ; ML T;*^
When the reflection was wanted to be changed, e.g., '
from 220 to 400, the diffractometer housing in- v
volving the entire setup for X-ray topography was S''"-
moved to the position where the wavelength of the ,
incident X-rays was changed from A =0.9651 to •,
0.6824 A to keep the reflection angle as 45 deg. .. *

Fig. 1.

reflection are shown in the end of this report.
They are a part of a series of six photographs
which were taken at every angle =0.05 around
the rotation axis of ©, while the X-ray wavelength
was fixed at 0.9651 A.

Interesting seen in these photographs is that
the inner part having a sector texture is covered
by the outer part of highly mosaic crystal. The
orientation mismatch of two adjuscent sectors is
about 0.03 deg. around the cube axis which is the
rotation axis in the present setting. The angular
range of the orientations of mosaic crystallites
is about 0.3 deg. suggesting that the part is
rather composed of the oriented crystallites than
some inperfect crystals.

Similar internal texture has previously been
reported by, e.g., Moor and Lang (1972), Lang (197
4) and Orlov et al. (1982). The present photo
graphs are much informative to understand the
angular relations between sectors and also crys-
allites. One of the reason of this is the rapid
and easy method of present experiment, e.g., the
exposure time is only two minutes for one section
topograph, and hence a series of photographs can
be taken for successive change in crystal orien
tation, even if the angular difference is small
as 0.01 degree.

r- tr-y
Results and Discussion

The cube-shaped diamond examined was color

less and was about 7 mm in edge length. Its sur
face was deeply pitted.

Two typical section topographs using 220
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ON THE SITES OF OFF-STOICHIOMETRIC Ni AND A1 ATOMS IN Cu-Al-Ni ALLOY

Y.Abe,K.Ohsuini,T,Tagai and M.Tokomami
Mineralogical Institute,Faculty of Science,University of Tokyo

Kongo,Tokyo 113(Japan)

and

K.Qtsuka

Institute of Materials Science,University of Tsukuba
Sakura,Ibaraki 305(Japan)

Introduction

Cu-Al-Ni alloy system is well known for its
pseudoelastisity and shape memory effect[l].
These two characteristics due to raartensitic

transformation are explained minutely in the
review[2].The single crystal used in the present
study was synthesized by one of the authors
(K.Qtsuka) using modified Bridgeman technique[3].
The structure of the alloy is a DO3 type ordered
structure called 61 matrix phase,where D
represents Bi atom and 0 F respectively. The
alloy shows multistage stress-induced martensitic
transformation and the structure in each stage
has already been made clear(4],[5],[6]. The
purpose of the present study is to determine the
sites of off-stoichiometric A1 and Ni atoms.

Taking account of the difference in atomic number
between Cu(Z=29) and Ni(28),the wave length of
X-ray have to be selected just close to Ni and
Cu k-absorption edges in order to utilize an
anomalous dispersion effect.Therefore,it has long
been looked forward to the time when an arbitrary
wave length can be used for the four-circle
dlffractometer set up at BL-IOA.

The crystal data,composition and structure
concerning to Cu-14.2A1-4.0Ni(wtfO used in the
present study are shown in Tables 1,2 and Figure 1.

Experimental
The nature of synchrotron radiation is quite

different from that of conventional X-ray in
following points especially in view of crystal
structure analysis;parallelness,occational spacial
fluctuation,declining with time and polarization.
These differences seem disadvantage in measuring
the integrated intensities of Bragg reflections.
Serious attention should be paid to the optical
system using SR so as to simulate the usual case.
In general,a pyrolytic graphite is used as a
monochrometer,since it has the character that
monochromated X-ray has large dispersion in angle
and width of the wave length.On the other hand,
if a dispersion in wave length becomes smaller,
the wave length just close to the absorption edge
can be available.Accordingly,Si(lll) plane was
employed as a monochrometer in the present study.
In cource,almost perfect parallelness of incident
beam from Si(lll) decreases a number of mosaic
domains contributing to a Bragg reflection. For
compensating it,the aperture with big size in
diameter was selected as the slit just before
the detector.In order to correct the decline of
intensities of incident X-ray,standard reflections
were measured at an interval of 6 or 12 reflections.

Data collection was carried out with two wave
lengths using the four-circle diffractometer at
BL-lOA station with w-20 step scan mode(Aw=0.02°,
scan range^l.O+O.Btane").The step scan mode was
employed for the careful examination of the
profiles of reflections in early stage of
experiment at BL-IOA.Attenuators made of glass
were automatically inserted not to exceed the

counts over 50,000 cps.Under the condition
mentioned above,64 reflections were obtained with
a wave length of 1.4 A and 1.5 A(\k(Cu)=1.380 A,
Xk(Ni)=I.488 A.) .The procedure of data reduction
for the present case is as follows .First,the
profiles of all reflections were illustrated and
examined in their shapes.Second,the integrated
intensities,I,was obtained by summing up the
count at each step followed by subtracting that
of back ground.Third,the squared absolute value
of observed structure factor was derived from

the following equation;

|FoI^=ks*sin29*kn.ka-I

where ks is the scale factor,sin26 the reciprocal
of Lorentz factor,kn the normalization factor
derived from the intensities of standard

reflections and ka the attenuator factor.

The data gathered with 1.4 A were found to be
reliable,since a cycle of least-square refinement
(LINUS) with aparameter of scale factor gave
R-factor 0.09 without introducing an anomalous
dispersion effect.
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ideal formula

space group

Table 1

Crystal data

CU3AI

Fm3m

5.839i

4

7.31

site composition

1 A1

2 Cu.88lAl.H9
3 Cu.927Ni.073

Table 2

Composition of each
site in case of related
phase

Fig.l DOstype structure

O site 1

O site 2
# site 3
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RDF STUDY EMPLYING ANOMALOUS DISPERSION EFFECT
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Utilization of the Diffractometer Constructed

for SR

Almost all Radial Distribution Function (RDF)
analyses of amorphous states have, hitherto, been
carried out by a single scattering experiment.
A few experiments have taken consideration of
anomalous dispersion effects, from the combi
nation of data obtained using three different
radiations (X-ray, neutron and electron) or
that from isotope.

While the Syncrotron Radiation (SR) give us
the great strong sorce of the range from ultra
violet to hard X-rays (lOOO-O.lA) with excel
lent parallel and clean beam natures.
Furthermore, a system of a four-circle dif
fractometer has been constructed in such a way
that a whole housing of the machine moves to

obtain a aimed incident X-rays, coworking with
a monochrometer. Thus to apply this diffracto
meter for the study on RDF employing the anoma
lous dispersion effect is powerful and availa
ble.

Ge-Se Glass System

The Ge-Se glasses are, at first, chosen for
this study, because of (l) an important semicon
ductor nature, of (2) an interesting vitreous
state and of (3) having apprepreate wavelengths
of absorption edges. RDF studies of amorphous
Ge-Se materials have recently been done by

Fawcett at al. (1972), Molnar et al. (1973) and
Uemura et al. (1975). They observed one or a
few film samples in the system. Those are

x=0.29, 0.33, 0.56 and 0.73 in Ge^Se^^ They
could obtain average coordinations and atomic
distances, because of the single scattering
experiment.

While it is possible to separate a partial
structure factor, X, when the anomalous dis
persion effect is employed. In the Ge-Se system,
for instance, there are three pairs of Ge-Ge,
Ge-Se and Se-Se. The observed diffraction

intensity of this system is expressed by an
expansion of the general formula (Krogh-moe, 1966)
as follow;

^GeSe= t "^GeGe^ =' KeSe

From the formula, the seperation of the partial
structure factors, X^ „ , X^ „ and X_ _ are

' GeGe GeSe SeSe

done by using the intensity data at three differ
ent wavelengths: one is far from and the other
two are at each absorption edge.

Experimental and Results

Chemical compositions of glasses used are

x=0.05, 0.10, 0.15, 0.20 and 0.25 in Ge Se3__ .
The glasses are prepared by quenching the melt.

Sample was measured in the 29 range from

3.0 to 100° at every 0.5°. The measurements of
all samples were planed to use X-rays of three
different wavelengths; X,=1.30, (Ge
absorption edge) and X =0.9897A (Se absorption
edge). Unfortunately the data were collected
at two wavelengths for Ge.^Seo^ glass, because of

20 oO
a limited time.

Fig. 1 X-ray diffraction intensity of SiO glass
by using X^=1.30A. ^

Figure 1 shows the typical X-ray diffraction
intensity of SiO^ glass which was taken to check
the reliability of the entire optical system.
In the figure the intensity does not decrease at
higher angle. This indicates that the intensity
may be contaminated by some unreasonable scatter-'
ing. Thus some improvements of the optical
system are required.

Further Study

Only from the present preriminal study, it is
not enough to discuss about the structures of the
Ge-Se glasses and about a possibility of applying
this method to the multi-component amorphous
materials. This experiment is, however, the
beginning of the RDF study with the anomalous
dispersion effect using the diffractometer de
signed to SR. This type of study will be con
tinued .
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Introduction

Six polymorphs (a-, B-, y-> e-forms and rams-
dellite) have so far been described as Mn di
oxides. However, structural relations among them
are still not clear, because many of them crys
tallize not well and only bad single crystals or
powder specimens are available for structural
studies. 6-form of these polymorphs is the most
stable phase and fairly good single crystals are
obtainable for single crystal works.

Recently we have studied S-MnO^ by electron
diffraction and X-ray diffraction techniques and
found that most natural single crystals(pyrolus-
ite) give faint diffuse streaks scattered by sub-
microscopic segregations in their diffraction
patterns . Intensity of 'these streaks is varia
ble according to samples, but the strongest one
is nevertheless too weak to measure using a con
ventional X-ray generator. Consequently we ap
plied the strong SOR beam of Photon Factory in
KEK for measurements of the diffuse streaks of B-

Experiments

Measurements were made by a photographic
method at the station of the vertical four-circle

diffractometer on BLIOA. An oscillation camera

with flat film holders was used. The distance

between the sample and the film was adjusted to
55mm. Industrial X-ray films(Fuji, 1x150) were
used for intensity measurements. A Si flat crys
tal, parallel to (111), was used to monochromat-i
ze incident beam. Two wave lengths, 1.14 and
0.65A, were selected for the experiment. Since
the K-absorption edge of Mn is 1.896A, longer
wavelength than this is suitable for intensity
measurements. But the longest wavelength was
instrumentally limited to about 1.7A. Then 1.14A
was selected for the incident beam which is not

strongly affected by absorption effects and is
still strong. Diffraction by harmonics of 1.14A
observed in the photographs as discussed in the
following chapter. We took photographs also with
0.65A and could avoid the effects of harmonics.
The exposures were 2.5 and 6 hours for the both
wavelengths.

The ring was operated at 2.5GeV and the beam
current changed from 150[nA(after injections) to
5C)mA(before injections) during the experiment.
The intensity of the incident beam was monitored
by a scintillation countor. The change of the
intensity monitored was less than 30Z.

Results and Discussions

An oscillation photographs taken with 0.65A
beam is illustrated in Fig.l. The optical densi
ty of the films is roughly comparable to that of
the films exposed for more tlian ten days by a con
ventional X-ray generator(Zr filtered Mo radiation
operated at 40kV, 20diA). In the latter case, the
background level was very high and streaks of
white radiation was remarkable, hence it was im
possible to get accurate intensity by photometry.

Effects of harmonics were not observed on

the films taken with the 0.65A, while many spots
by harmonics(l/3 and 1/4X) were observed on the
films taken with the 1.14A.

In Fig.l, Two sets of diffraction patterns
are recorded. One of them is the pattern from B-
form and another is that from segregations. 6-
MnO„, being tetragonal, has rutile type structure
with dimensions ag=4.400 and Cg=2.871A. The seg
regation has orthorhombic symmetry, a =4.5, c =
2.87A and b the direction of the diffuse streaks.
The mutual orientation is as follows: a //&„> ^
b (=a ) and c//Cg. ® ®

Fig.2 shows a result of photometry of the
streak indicated by an arrow in Fig.l. These
streaks have maxima with an approximate interval
of 9.3A. These characteristics suggest that the

segregation of S-^felO„should cor
responds to tj studied by
DeWolff(1959) ' using powder dif-
raction method. Quantitative
analysis of the streak is now in
progress.

1) N.Yamada, M.Ohmasa and S.
Horiuchi: Abstract Cryst. Soc.
Japan (1982) 5p-7.

2) P.M.DeWolff: Acta Cryst.^,
(1959), 341.

Fig.l. Oscillation photograph. Fig.2. Result of photometry
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RADIATION BIOLOGY STUDIES WITH MONOCHROMATIC X-RAYS

Takashl Ito

Radiation Biology Working Group
Institute of Physics, College of Arts and Sciences
University of Tokyo, Meguroku, Komaba, Tokyo 153

The working group of radiation
biology in the Photon Factory (PF) was
established in 1978 to mission for

planning necessary facilities for
radiation biology studies, and assists in
undertaking their constructions, thereby
supports the PF. Our basic concept of
using synchrotron radiation (SR) in the
PF is to have the beam line, BL28,
suitable for VUV- and X- regions in the
adjacent experimental hall (see related
report for details) where radioisotope-
labeled biological materials including
mammalian cells could be handled. The

working group wished first to obtain
information on the radiobiological use
of X-ray region before designing the
complete beam line for radiation effect
studies. Although 'soon realized that
X-ray monochromators at the existing
stations are not suitable because of the

totally different design concept -- they
only could provide a beam with extremely
narrow size for irradiation purpose for
which as much as 4 cm^ of target size is
desirable, the working group has conducted
trial irradiation with various biological
materials using part of the diffractometer
installed at BLIOA during the machine
time allotted from June 1982 to June 1983.

Below follow the experiences
important for the irradiation experiments
with' SR, some results worth mentioning at
this stage, and a concept of beam line
for radiation biology to be installed in
BL28, recently worked out, basing on the

accumulated experiences, by the collabo
ration with the in-house staffs.

1. Dosimetry (K. Hieda, K. Kobayashi, and
H. Maezawa)

Dosimetry is the essential
prerequisite o.f radiation effects.
Biological effect must ultimately be
related to the absolute dose expressed

Wavelength <A)

Flg.l. X-ray spectrum with Si-
monochromator at BLIOA.

in the units either R or rad. The
relative dose can only be used under a
limited situation. The calibration of
soft X-ray intensity to the rate of
absolute dose is a serious problem.
A free-air ionization chamber designed
with the technical help by Dr. N. Oda
was used along with TLD for the
monitoring purpose (see Instrumentation).
One example of intensity measurements of
SR (Si monochromator) in R per unit time
per unit stored current is shown in Fig.
1. Two additional points were noted
during the course of measurements: (1)
The intensity is not necessarily
proportional directly to the stored
current; and (2) Special distribution of
intensity is not homogeneous. These
results indicate that the irradiation

system now planed should be equipped with
a simultaneous intensity monitor between
the monochromator and the irradiation

c hamb er.

2. Irradiation of Bacteria and Yeast

(a) Experiments with Bromine-Incorporated
E. coli Cells (H. Maezawa, Y.
Furusawa, M. Morimyo and K. Suzuki)

A thymine-requiring mutant of
E. coll strain B (B^^j^) cells were
filtered onto a sample area of a
Millipore membrane filter (pore size,
0.45 /tm, diameter, 25 mm) . The thickness
of the layer of loaded cells was
estimated as 5 ^m. The irradiation was
performed with a sample-scanning stage
(see Instrumentation). A single crystal

100?^

>
u

5 0-1

Dose (mA.min)
120

0.9A, -BU

\ nN# +BU
\ As\
* . VA

-BU

Fig. 2. The effect of irradiation on the survival
curves of E.coli grown in the presence or absence

of BU.

monochromator (graphite 002) designed as
part of 4-circle diffractometer was used.
The beam size was 6 x 15 mm. The dose

rate (intensity) was egtimated as
112 rad/mA,min at 0.9 A (13.8 KeV) and
286 rad/mA.min at 1.0 A (12.4 KeV).
These two wavelengths were chosen just
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above and below the K edge for Br (13.473
KeV). As shown in Fig. 2, cells grown
with bromouracil (BU) were generally
sensitized by the presence of BU.
However, to be noted is that the ratio
-BU/+BU of Dio (the dose required to
decrease cell survival to 10%) values
was 1.5 at 1 A and 2.4 at 0.9 1. Thus,
the increased effect in Br-incorporated
cells at 0.9 A could possibly reflect
the consequences of the induced Auger
processes in the cell.

(b) Experiments with Yeast Cells (K.
Kobayashi and A. Ito)

A diploid strain of yeast
Sacchromyces cerevislae D7M was used.
Stationary phase cells were placed on a
Millipore filter in a square of 5 x 5 mm
for irradiation. Since the beam size

was smaller than the sample area (Jan.
27, 1983, Feb. 10, 1983), the sample
holder was scanned. After irradiation,

sample cells were assayed for survivors
and for convertants at tryptophan 5

Table 1. Induction rate of gene conversion by
rnonochroinatic X-ray irradiation.

Wavelength Frequency Calibration Frequency
(A) (niA~l min"^) factor (R

(R mA"^ min •*•)

1,14 2.59 X 10"'»

0.90 i.54 X J.0-6

0.78 X 10

1.18 X 10-'

the induction rate of gene conversion
depends on the wavelength of radiation.

3. Irradiation of Mammalian Cells (K.
Shinohara, H. Ohara, H. Majima and

T. Yamada)
Two cell lines, CHO (derived from

Chinese hamster ovary) and HeLa (derived
from human cervical carcinoma) were used
in the test irradiation. The irradiation

experiments are highly motivated, however,
since for the first time we could examine

with highly monochromatic X-rays of Che
possibility on the inner-shell ionization
of certain elements in mammalian cells.

In these cases Br (in the form of BUdR)
was incorporated. Although confirmation
awaits further experiments, an enhancement
of biological effects possibly ascribable
to the Auger processes seems measurable
(see detail accounts under a separate
heading).

4. Basic Concept of Beam Line, BL28
A basic concept of beam line to be

installed at BL28 for the radiation effect
studies has been worked out recently in
collaborating with in-house staffs.
Plane view of the proposed beam line is
shown in Fig. 3. Available horizontal
aperture in this beam line is limited to
10 mrad by a quadrapole magnet just
downstream of the bending magnet. In the
proposed design, 10 mrad is devided into
two branch lines, one is for soft X-ray
experiments (2 mrad) and the other for
VUV or X-ray experiments (5 mrad). The
former is deflected 6° by a mirror (Mj_)
located 11 m downstream of the source.
A mirror (M2) located at 12.6 m deflects
the beam upwards for VUV. The mirror is
positioned out of the optical path when
X-ray experiments are intended. Appropri
ate monochromators for respective branch
lines to cover 0.8 up to 1900 A except 4
to 12 A have been designed. Details will
be published elsewhere in the near
f utur e.

locus (gene conversion)by plating on the
complete and the minimal synthetic
(deprived tryptophan) media, respectively.
In all experiments gene conversion
frequency increased Linearly with the
dose as in the case of irradiation.
Typical results for the induction rate of
gene conversion are shown in Table 1.
The calibration factor R (roentgen) per
mA-min dose was obtained by using free-air
ionization chamber. Dividing the frequency
by this value gives the frequency per R.
The results (last column) would imply that

20 mrad

5 mrad 2 mrad

;VUM,S..tX-ray)

Mj \ M2
6'

LTyirv.J

Soft X-roy

3 Layout of proposed beam line and monochromators at BL28. S, SR source
point- Q, quadrapole magnet; mirror for soft X-rays; M2, mirror for VUV.
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CHROMOSOME ABERRATIONS INDUCED IN CHINESE HAMSTER
OVARY (CHO) CELLS BY SYNCHROTRON RADIATION

H. Ohara', T. Yamada', H. MajimaS K. Shinohara\ K. Kobayashi \
K. Hieda', H. Maesawa® and Synchrotron Radiation Biology Group'

Introduction

Absorption of soft X-rays in biological
materials leads to a deposition of energy along
electron tracks that may be short compared with
cellular or subcellular dimensions. The soft

X-rays within the synchrotron radiation can be
used, therefore, as a fine probe of the biologi
cally sensitive structure within cells, and to
study the size of events in a cell involved in
radiobiological processes. In addition, each
absorption of mono-energetic X-rays of energy
near the characteristic absorption edges of compo
nent element of a biomolecule leads to the

inner-shell ionization, followed by the Auger
effect. This inevitably initiates highly destruc
tive events which are capable of enhancing
damage.

In the present study aimed at characterizing
biological effects of synchrotron radiation on
mammalian cells, we selected.the chromosome aber
rations as the observation endpoint, since they
might directly reflect the damage in DNA mole
cules. Furthermore, an attempt was made to
examine a sensitizing effect of Br incorporated
into DNA, possibly resulting from the inner-shell
ionization of Br.

Materials and Methods

An established line of Chinese hamster ovary
(CHO) cells was used throughout the experiment.
The cell culture techniques required for the
preparation of irradiation maserials of cells and
incorporation of BrdU into the cell were followed
by the method of Shinohara (1982). About 5 x 10"
cells in a log phase of growth were irradiated
with 0.9 or 1.0 A wave length synchrotron radia
tion in the irradiation chamber attached to

Beam line IDA. The irradiated cells were incubat
ed with a mitotic inhibitor, Colcemid, for 5 hr.
During the incubation, mitot-c cells were arrest
ed by the action of Colcemid at metaphase stage
of mitosis. Then, the cells were harvested to
prepare the chromosomal specimen for analysis.

Results and Discussion

The chromosome aberrations were classified
into two main types, the chromatid and the
chromosome types. The former involved the chroma
tid gaps, breaks and the three different types of
inter-chromosome exchanges, while the latter in
volved the dicentrics, rings, the isochromatid
gaps and breaks. A whole set of the chromosomes
in an unirradiated control CHO cells was shown in
Fig. 1 and several examples of the chromatid type
of aberrations induced by synchrotron radiation
were in Fig, 2. In Table 1, the summary of the
data about the frequencies of chromosome aberra
tions observed in the BudR-incorporated cells was
listed. There is no significant difference in
the total aberration frequencies between the two
different radiations, although a possible differ-

ence was noted in those of chromosome type
aberrations.

From these results, the chromosome aberra
tions could be recognized as one of the useful
observation end-points for characterizing biolog
ical effects of synchrotron radiation on mammali
an cells. However, the present data are not
sufficient to draw any definite conclusion on the
differential effect of two radiations. The accu

rate determination of the absorbed dose of the
radiations and the irradiation system specially
devised for providing us a sufficcient amount of
the irradiated cell materials are required for
more detailed studies.

Table 1. Frequencies of chromosome aberrations in
BudR-incorporated CHO cells by Synchrotron Radia
tion.

Radiat. No. cells Chromosome Chromatid Total

observed type aberr. type abber.

Fig. 1. Metaphasic chromosomes in unirradiated
CHO cells. . , . .

i

Fig. 2. Exan,ples of chromatid type-chromosome
aberrations induced by synchrotron radiation.

1) Nat!. Inst. Radiol. Sci. (Chiba):
Tokyo (Tokyo); 3) Kobe Univ. (Kobe!
Univ. (Tsukuba); 5) Rikkyou Univ.
Tokai Univ. (Hatano!
of Tokyo (Tokyo)

2) Univ. of
4) Tsukuba

(Tokyo); 6)
7) Chairman: T.Ito, Univ.
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The possibility of a new method of radia
tion therapy of cancer, photon activation
therapy, has been proposed recently (1,2). The
method is based on the idea that Auger effect
enhances the killing effect of the radiation
on mammalian cells. To induce this enhancement,

the cancer cells should be labeled with sig
nificant amount of the compound (e.g., 5-iodo-
deoxyuridine) carrying the special element
(iodine in the case of 5-iododeoxyuridine)
and irradiated with monochromatic x-rays at

the wavelength slightly shorter than the K
absorption edge of the element. As the first
step to examine this idea, cultured mammalian
cells were labeled with 5-bromodeoxyuridine
(BUdR) and irradiated with synchrotron radia
tion at the wavelength of 0.09 and 0.1 nm. The
K absorption edge of bromine is 13.47A keV
(0.0920 nm).

We have tried two cell lines, CHO (derived
from Chinese hamster ovary) and HeLa (derived
from human cervical carcinoma). Cells were
allowed to attach themselves to a membrane
filter disc (3), grown in the presence or
absence of BUdR, and irradiated with synchrotron
radiation at 0.09 or 0.1 nm. Irradiation was

performed on the sample-scanning stage (see
Instrumentation) using a diffractometer
installed at the BL-IOA. The wavelength resolu
tion was less than 0.005. Irradiated
cells were collected from the membrane filter

by trypsinization, plated into 60 mm plastic
Petri dishes and incubated for 10-12 days to
develop colonies. We wish to report preliminary
results with HeLa cells.

Fig. 1

V
o.

+BUdR \ -BUdR

O- \

Exposure (mA«sec)

Figure 1 shows the dose survival curve of
HeLa cells irradiated with synchrotron radiation
at 0.1 nm. In the ordinate, survival was plotted
in log scale. In the abscissa, exposure is
expressed in the stored current (tnA) x irradia
tion time (sec). Cell survival was smaller in

the presence of BUdR than in the absence of BUdR.
Similar curves were obtained with HeLa cells

irradiated with 0.09 nm radiation which is

shorter than K absorption edge of bromine at
which the induction of Auger electrons are
expected. Two sets of survival curves obtained
at each wavelength were compared (Table 1) by
taking a ratio of Dq with respect to the

Table 1

, , ( mA-sec )
wavelength 0

( nm ) +BUdR -BUdR

DQ(-BUdR)

Dq(+BUdR)

@ The conversion factor to R is dependent
on the wavelength.

presence and absence of BUdR (D^: the dose
required to reduce the survival of the linear
portion of the response by 63%).

BUdR is a well known radiosensitizer. This

effect as sensitizer was observed in both cells

irradiated at each wavelength. However, in
addition to this effect, there remained addition

al decrease in survival of the cells irradiated

at 0.09 nm. Since Che wavelength of 0.09 nm is
shorter than the K absorption edge of bromine
and 0.1 nm is longer than that, this additional
decrease in the survival may be due to the
induction of Auger electrons by the radiation at
0.09 nm. The present results suggest a hope for
the development of photon activation therapy.
Further experiments intended to confirm these
results are in progress.

References

1) R.G.Fairchild and V.P.Bond: Proc. Tokyo Med.
Soc.: Meeting of Neutron Capture Therapy.
Tokyo, Japan (1981).

2) A.Haipern: Uses of Synchrotron Radiation in
Biology (Academic Press, New York and London,
1982) Chap. 10.

3) K. Shinohara et al.: Radiat. Res., in press.
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Y. Iwasawa
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For Rhg (CO) 2_g/Al203 catalyst, Smith et al.
proposed a reversible change of the state of the
Rh cluster as shown in Table 1, according to
their IR study of this system. There are some
disagreements in regard to the actual state of
the chemical species 1^'^. The purpose of the
present study is to clarify the behavior of
this catalyst system by use of XAS technique.

Table 1. Treatments of the sample

Step 1. Rh6(CQ)i6 impregnated on AI2O3 in
absence of air

I O2/H2O
Step 2. Chemical species 1

Step 3.

CO/H2O

Chemical species 2 (IR spectra similar
to Rh5(CO)3_5)

The Rh K spectra were measured for the three
steps given in Table 1. XAS measurements were
done by use of the EXAFS apparatus at BL 10-B as
a test experiment of the apparatus.

The Fourier transform for Rh6(CO)]_5
dispersed on Y-AI2O3 shows two prominent peaks,
the peak at shorter distance being attributable
to Rh-C and/or Rh-0 while the other peak at
longer distance to Rh-Rh. The Fourier transform
for the chemical species 1 has only a small peak
at the position corresponding to Rh-Rh, indicat
ing the destruction of Rhg skelton. The analysis
suggests the structure illustrated in Fig.2. The
Fourier transform for the speceis 2 resembles
that of the starting catalyst (step 1), showing
the peak corresponding to Rh-Rh. The curve-
fitting analysis gave 2.78 ±0.03 A for Rh-Rh
distance, which is the same to the Rh-Rh in
Rh5(CO)]_5. These facts prove that the Rh
cluster once destroyed in the step 2 is
regenerated in the step 3.

Rhg(CO)^g

J

' j ''

\^ on AI2O3

Species 1 !

I ' V ' Species 2'
:

oTo l.Q 2.0 3.0 4.0 5.0
, Distance / S

Fig.l

0 0

0 0

1) A. K. Smith, F. Hugues, A. Theolier,
J. M. Basset, R. Ugo, G. M. Zanderighi,
J. L. Bilhou, V. Bilhou-Bougnol and
W. F. Graydon: Inorg. Chem. (1979) 3104.

2) G. C. Smith, T. P. Chojnacki, S. R- Dasgupta,
K. Iwatate, K. L. Watters: Inorg. Chem.
(1975) 1421.
K. L. Watters, R. F. Howe, T. P. Chojnacki,
C. M. Fu, R. L. Schneider and N. B. Wong:
J. Catal. 66 (1980) 424.
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EXAFS AND XANES OF FeCl3 AQQEGUS SOLUTIONS

H. Kuroda, N. Kosugi, K. Asakura, H. Ishii and M. Nomura*
DepartmenC of Chemistry and Research Center for Spectrochemistry, Faculty of Science, The University
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The structure of the aquo-complexes in the / \
aqueous solution of FeCl3 has been Investigated I \
hitherto by use of X-ray diffraction- There i C- q- n.
are some disagreements concerning the conclusions /
given by Wertz et al.^ and those fay Magini et I// E'
sl-^ in regard to the dominant chemical species //j/X. \ ^ C^ E
existing in the solutions. In order to give j \ V ^B
some insight into the actual structure of Che /ll \ \ / NEt -FeCt
aquo-complexes, we have studied the Fe K f~K\ (Fea*) *
spectra of aqueous solutions of FeCl3. II I \\ = I \^\ '

The XAS spectra were measured by use of the
EXAFS apparatus at BL 10-B as a part of the test
experiments of the apparatus. The compositions
of Che studied solutions are given in Table 1
together with the abbreviations of the samnle

The XANES spectra of the FeCl3 aqueous
solutions are shown in Fig.l, and those of the
powders of the reference compounds are shown in
Fig.2. The XANES spectra of the solutions, O.IN
and 0.7N, resemble the spectrum of Fe(N03)3•9H2O
indicating Chat the local chemical structure is
Fe(H20)6^^. On the other hand, the spectrum of
DP corresponds to FeCl^", and the spectra of Che
solutions of high FeCl3 concentration show an
indication for the existjence of FeCl4~.

The Fourier transforms of the EXAFS

oscillations k^-X(k) are shown in Fig.3. The
main peak in these curves in Che region of 1.6-
1.8 A is due Co the overlap of Fe-Cl and Fe-0
peaks. In Fig.4 we plotted the amplitude of
this peak against its position. The points fall
into two groups. In the GROUP 1(0.IN, 0.7N,
0.5A1 and 1A2), the peak is located at about
1.6 A which is a little longer than the peak
position for Fe(H20) indicating that main
chemical species be FeCl (H2O) 5^"^ and/or
Fe(H20) In Che GROUP I, Che peak is in the
region between 1.75'ul.85 1, indicating
presence of the species like FeCl2(H20)4'*' and
FeCl4-.

In Che Fourier transform for DP shown in

Fig.3, we can not find any peak corresponding to
Fe-Fe. This means that the dimeric species
Fe2Cl6 can not be the dominant species in DP.
The XAS data can be interpreted by considering
Che coexistence of FeCl2(H20)4'̂ and FeCl4".

1) D. L. Wertz et al: Inorg. Chem.^(1980) 1652,
^(1981) 3118; J. Phys. Chem.^(1981) 3542.

2) M. Magini et al: J. Chem. Phys .21.(1979) 4255,
76(1982)1111; Inorg. Chem.22(1983)1001.

Fig 1 Energy/eV

(FeCt2(H20)4)

(FeCHjQ)^*)

7120 7140
Photon Energy / eV

^ 0.5A1
o •

««0.1N
n »3Cii

3A1

• 4N
o*

FeC/^(H 0)^*

0.0 1.0 2.0 3.0 4.0 S.O

Pjgj Distance / I

1.6 1.7

Fig.4 Distance / &

Table 1

[Fe3+] [HNO3] [HC£]

mot/Z [Fe^^] (Fe-^"^]

4N 4.3

0.7N 0.74

O.IN 0.14

3A1 3.0 1.0

0.5A1 0.50 1.0

U2 1.2 2.3

3C£l 3.0
D-O 1.0 2.0 3.0 4,0 5.0

1,0 P'O-5 Distance / 3
DP deliquescent product
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*Photon Factory, National Laboratory for High-Energy Physics, Oho-machi, Tsukuba-gun, Ibaraki 305
(JAPAN)

Wertz et al.^ invesigated the structure of
the solute in the methanol solution of FeCl3 by
means of X-ray diffraction, and proposed that
the solute exists in the state of the dimer

Fe2Cl5 although they could not find any direct
evidence in the radial distribution curve

obtained from the analysis of X-ray diffraction
data.

We have measured the Fe K spectra of FeCl3
in the state dissolved in several organic solvents.
The solutions studied in the present experiment
are 2.7 and 0.45 M in CH3OH, I.l and 0.43 M in
CH3CN, and 0.63 and 0.16 M in CH3NO2.

The XAS data were obtained by use of the
EXAFS apparatus at BL 10-B at a test experiment
of the apparatus.

Figure 1 shows the Fe K XANES spectra of the
powder and the nitromethane solution of N(C2H5)4'
FeCl4. The spectrum of the nitromethane solution
very well resembles that of Che powder exhibiting
a sharp peak A below the absorption edge and the
three peaks B, C and D above the absorption edge.
This fact indicates that anions existing in the
nitromethane solution are FeCl4".

in nitromethane

Fig. 1 M crystal

XANES of FeCl,

[NEt^J-CFeCl^]

7100 7120 7140
Photon Energy / eV

The Fe K XANES spectra of the solutions of
FeCl3 are given in Fig.2. The concentration
dependence of XANES spectra could not be observed.
Note Chat Che structures A, B, C and D,
characteristic of FeCl4", can be found also in
these spectra, although Che relative intensities
more or less vary dependind on Che solvent. This
fact seems to indicate that a considerable amount

of the solute is in the state of FeCl4~ also in
these solutions.

Fig. 2 S

XANES of FeCl_ .2
J u

in methanol

in acetomtrile

in nitromethane

7100 7120 7140

Photon Energy / eV

The Fourier transforms of the Fe K EXAFS

oscillations observed for the solutions of FeCl3
are shown in Fig.3. No peak corresponding to
Fe-Fe can be found in Fig.3. Thus it is quite
unlikely Chat a large part of the solute is in
the dimer Pe2Cl5 state.

acetomtrile

nitromethane

FeClj + FeClj

FeCl^ >FeCljCsolv.) J

FeCl^ +FeCljCsolv.)^
^ FeCl^ +reCl(solv.)^^

FeClj 4- FeCl(so1v.)5

FeCl^ Fe{solv.)g''

0.0 1.0 2.0 3.0 4.0 5.0 C- A C 1 V •- Fig.4 Solvation mechanism
Pig.3 Olstance/A

The Curve-fitting analyses of all the EXAFS
data gave 2.22±0.02A, which agrees with the Fe-Cl
distance of FeCl4~, and about 3 for the coordina
tion numbers, which is appreciably smaller than
expected for FeCl4~. This can be understood if
we assume that some solvated species FeClj^-
(solv.)6-x ( x=0,l,2) are formed besides the main
species FeCl4", presumably as shown in Fig.4.

1) D.L.Wertz and R.F.Kruh: J.Chera.Phys.50(1969)4013.
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The shoulder structure on the absorption
edge is known to be typical in Cu (H) complexes.
Recently Bair and Goddard^ have ascribed, from
the model calculation, this shoulder to a group
of dipole-allowed transitions involving ls-^4p
simulaneous with ligand-Co-metal charge transfer
(LMCT). This newly proposed phenomenon 'shake
down' is widely received to be a new candidate
for the shoulders, which were previously assigned
as ls^4s or unexplained. In order to confirm
the shakedown phenomenon, we intended to measure
polarized XANES spectra of a square planar CuCl^^"
complex, creatininium tetrachlorocuprate, in
molecular orientations (out-of-plane and in-plane)
different from the previously measured orientation
(only in-plane) by Hahn el al.^

The crystal was prepared according to the
literature method. The x-ray absorption
measurements were carried out at BL 10-B mainly
as a test experiment of the EXAFS apparatus.
Polarized spectra were obtained with the CuCl4^~
plane perpendicular (//z, out-of-plane, it ) and
parallel ( /Vy, in-plane, a ) to the polarization
direction. For comparison, spectra of Its powder
sample and other two powder samples, CuCl^*
2H2O and {NEt^]2[CuCl^], were also measured.

Figure 1 gives the XANES spectra of the
three powder samples. The shoulder in problem
is the structure B. Figure 2 gives the polarized
XANES for the single crystal together with the
powder spectrum. Polarization dependence of B
clearly reveals that B should be attributed not
to ls-^4s but to ls-»'p7r.

We have carried out ab initio SCF-CI

calculations on D^^ CuCl^^". The results shown
in Table indicate that the shoulder B should

be ascribed to ls-»'4p'n" simultaneous with LMCT.
This transition is regarded as the shakedown
double excitation. The shakedown phenomenon
is expected for Is->• pCT excitation processes as
well as Is-f-pTT, and makes the powder spectrum
complicated.

The LMCT accompanying Is-to-valence one-
electron excitation is presumed to take place
generally for d^ complexes ( n 10 ); thus,
the shoulder structure typical in Cu (H)
complexes can be assigned to the shakedown
transition.

1) R. A. Bair and W. A. Goddard M: Phys. Rev. B
22 (1980) 2767.

2) J. E. Hahn, R. A. Scott, K. 0. Hodgson,
S. Doniach, S. R. Desjardins and E. I. Solomon:
Chem. Phys. Letters ^ (1982) 595. ♦relative energy **oscillator strength
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INTRODUCTION

X-ray RDF studies of amorphous Ge chalcogenides
GeX (X=S, Se, Te) have reported the average coor-
dvnation of three and shorter nearest neighbor
distance than that of crystalline counterparts by
0.2-0.3 A^ whereas the coordination of a crystal
line phase with a distorted NaCl structure is
nearly six-fold. Recent spectroscopic studies^
and x-ray absorption fine structure (EXAFS) ex
periments^ suggested the chemical order and 3-3
coordination in a-GeS and a-GeSe. However, early
EXAFS** and differential distribution function (DDF)
studies^ favored a A-2 coordination in a-GeSe.

This project is intended to establish the
short range order in amorphous Ge chalcogenides.
We present the EXAFS results of a-GeTfe on the Ge K
edge and demonstrate the existence of the chemical
order around Ge atoms from the profile analysis of
the EXAFS oscillation.

EXPERIMENTAL AND RESULTS

A-GeTe film samples were prepared by a sub
limation of a crystalline phase in a vacuum of 10
Torr onto the aluminum-coated Mylar substrates at
room temperature. A slow deposition rate (lOOA/
sec) was used to achieve the stoicheometry in a-
GeTe samples. X-ray absorption experiments were
performed with the EXAFS apparatus at BL lOB as
part of the instrumentation project during the
June-July run of 1982. Details of this apparatus
are described elsewhere^ The energy resolution
of the instrument was 1.6 eV at 11.1 keV with the

photon flux of lO^-lO' photons/sec. Several lay
ers of a-GeTe sample with a thickness of 2-3 ym
were mounted on a sample holder of a cryostat and

measured at low temparature.
Ge K edge EXAFS oscillations of a-GeTe (a) and

c-GeTe (b) are presented in Fig. 1 after removing
the pre-edge region and background absorption.
Fig. 2 shows the Fourier transform results of kx(k)
multiplied by a window function over a k range
between 5 and 16 A"^. In Fig. 2, (a) and (b)indicate
the results for a-GeTe and c-GeTe, respectively.
The positions of the peaks in radial distance
are displaced from the real positions due to the
phase shift. The two peaks observed in (b) are
near neighbor Te atoms located at 2.86 A and 3.17
A. The most striking result is that the promi
nent peak observed in a-GeTe (a) is shifted toward
smaller r by 0.26 A and a shoulder peak is absent.

Secondly, the species of the nearest neighbor
atoms were examined by comparing the k-dependence
of the EXAFS oscillation with the back-scattering
amplitude of Ge and Te atom. A brief inspection
of Fig. 1 suggests that the scatterer atom is a
heavy element in two phases from the profile of
the envelope. The back-scattering amplitude of
heavy elements show a large magnitude of oscil
lation at 3-A A"^ and the minimum at 6 A"' in k.
Thus the k-dependence of the EXAFS oscillation
in a-GeTe is interpreted as a result of the
scattering due to Te atom.

More quantitative analysis has been performed
by the least-squares fit of the experimental ^(k)
of a-GeXe by a hypothetical sum of the Ge-Ge and
Ge-Te correlations with various fractions. The

introduction of a fractional Ge-Ge correlation

degraded the R factor of a fit. These results
strongly indicate that the chemical order exists
in a-GeTe and the random bonding model is there
fore not an appropriate description of the near
neighbor environments around Ge atoms in a-GeTe.

Fig. 1 I ^ 1 ^ 1 1 . r-i
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INTRODUCTION

The room-temperature conductivity of poly-
acetylene is known to increase by many orders of
magnitude on doping with electron acceptor such
as iodine and bromine. In the case of iodine

doping, the conductivity keeps increasing as the
dopant concentration increases up to the satura
tion composition. In the case of the doping with
more reactive bromine, the conductivity initially
increases with the increase of dopant content,
then its increase saturates at around 10-20% of

bromine concentration, and a further doping up
to 50-60% of bromine concentration leads to a

gradual decrease in electrical donductivity. A
more heavy doping results in an abrupt decrease
in conductivity, leading to an insulator. This
decrease in conductivity on heavy doping has been
regarded as an evidence for substitution and/or
addition reaction of bromine with polyacetylene.
It has been a general understanding chat these
reactions are not effective at low doping level,
say, less than 10% of bromine concentration.^
Here we report the EXAFS study of the state of
bromine in polyacetylene, with an unexpected
result that the substitution and/or addition
reactions are taking place even at low bromine
concentration.^

RESULTS

Figure 1(a) shows the Br K spectrum of a
sample taken at room temperature. The inset.
Fig. Kb), shows the EXAFS oscillations xCx) as
a function of photoelectron momentum <. Figure
2(b) shows the magnitude of the Fourier trans
form of the x(k) curve from 1.8 to 14.0 A in
Fig. 1(b). Similar results for CBr4 and other
samples are also included in the figure. The
two prominent peaks A and B in Fig. 2(a) are
associated with Br-C and Br-Br distances in
CBr4, respectively. The Fourier transforms of
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the EXAFS data of all three (CHBry)x samples
shown in Fig. 2(b) - (d), are characterized by
the prominent peak A along with the shoulder
peak B'. The peak A corresponds to the bond
distance of about 1.95 A. after the phase shift
correction and can be assigned to Br-C bond.
This assignment is consistent with the rapid
decrease of Che EXAFS oscillation with K as

shown in Fig. 1(b). The fact that Che observed
Br-C bond distance lies close to the Br-C dis

tance in CBr4 indicates that some of the bromine
atoms are forming direct chemical bond with
polyacetylene chain either by substitution or
addition reaction. We assign peak B' to the
Br-Br bond since its position is close to the
Br-Br distance of Br3~anion in brominated (SN)^'

Important results are that (i) Br-C bond is
clearly observed at Br concentration as low as
5%, (ii) the ratio between Br-C and Br-Br bonds
seems to be nearly constant over the wide Br
concentration ranging from 60% down Co 5%.
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INTRODUCTION

The extended x-ray absorption fine structure
(EXAFS) studies of brorainated polyacetylene^ have
shown that 8r-C bonds exist in a wide range of
dopant concentration (5-55%) indicating that the
substitution and/or addition reactions take place
even at the low doping level. These studies also
observed Br-Br bonds which are attributed to bro

mine polyions. However, detailed information on
the structure of bromine polyion or its geometri
cal arrangement were not available. This project
aims at the determination of the form of bromine

polyions and its geometrical arrangement utilizing
Che polarized EXAFS technique for oriented samples.

We present an evidence for the existence of
highly oriented bromine polyions along the axis
of polyacetylene chain.

EXPERIMENTAL AND RESULTS

The cis-rich polyacetylene films were pre
pared as previously described^ and oriented by
uniaxial drawing. Oriented samples were then
doped with bromine at room temperature. Samples
with different bromine conc'entration were ob

tained by controling the vapor pressure of bro
mine and Che length of time during which samples
are exposed to bromine vapor. Special care was
taken not to expose the doped samples to air in
the course of experiments. Polarized EXAFS meas
urements were performed with the EXAFS apparatus
at BL lOB. Details of the spectrometer are de
scribed elsewhere? With a silicon (311) channel-
cut monochromator, an energy resolution of 2.8 eV
at Br K edge (13.47 keV) with Che photon flux of
10®-10^ photons/sec was achieved.

The polarization dependence of x-ray absorp
tion spectra were measured using two oriented
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samples with the x-ray polarization axis parallel
and perpendicular to Che axis of orientation.
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Fig. 1 presents the polarized EXAFS oscilla
tions of brominated polyacetylene on the Br K
edge measured at 80 K. In this figure, (a) and
(b) indicate the x(^) of perpendicularly and
parallelly oriented sample, respectively. The
bromine content y in (CHBry)x determined from the
weight uptake is 0.145. A large anisotropy ob
served between (a) and (b) is interpreted as Che
evidence fan the stvuctural ordering of bromine
polyions. This anisotropy indicates Chat the
main scatterer atoms are carbon and bromine atoms

in (a) and (b), respectively. The scattering
amplitude of bromine peaks at a wavenumber k of
6 to 7 A ^ and extends to higher k of 16 A ^while
the amplitude of low z element like carbon dumps
sharply with increasing k.

Fig. 2 shows the results of Fourier transform
of kx(k) for perpendicularly oriented (a) and
parallelly oriented (b) samples. The prominent
peak located at 2.2 A which is due to the Br-Br
bond is observed in a parallelly oriented sample,
whereas this peak is not seen in the perpendicu
larly oriented sample. Further, the existence
of Che second nearest peak indicated by an arrow
at 4.8 A suggests that the predominant species is
Br3 or a larger Br2n-l-i chain. A weaker polari
zation dependence for Br-C bonds at 1.8 A and
the structure at 3-3.5 A are analyzed and details
of the geometrical arrangements of bromine poly
ions as well as bromine atoms bonded to carbon

were obtained.
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INTRODUCTION

Earlier EXAFS studies of brominated poly-
acetylene^ have shown that the substitution and/
or addition reaction takes place during the
doping over a wide range of bromine concentra
tion. The existence of Br-Br bonds indicated

that bromines form polyions as well as Br-C bonds.
Recently, the polarized EXAFS studies on

oriented polyacetylene films which are doped with
bromine have established the structure of poly-
ion and its geometrical arrangements?
This project is part of x-ray absorption studies
to obtain the information on the structure and

electron states of doped polyacetylene in order
to understand the mechanism of doping. In this
report, we present the results of polarization
dependent near edge experiments for oriented poly
acetylene films doped with bromine and iodine
intended to study the an-Lsotrovy in the bonding
state of incorporated bromine and iodine.

EXPERIMENTAL AND RESULTS

Sample preparation and doping with bromine
was described previously? Doping the oriented
samples with iodine was performed in the same
manner. Absorption experiments were performed
with the EXAFS facility at BL lOB utilizing a
silicon (111) double crystal monochromator for
iodine L edge measurements whereas a silicon
(311) channel-cut crystal was used for Br K edge
experiments. Details of the EXAFS apparatus
have been described elsewhere. Special care was
taken to minimize the high harmonics in iodine L
edge experiments. Spectral purity was ensured
by a detuning of the parallel setting of two
crystals. Samples with the direction of ori
entation parallel an^ perpendicular to the elec
trical field vector E were successively measured
at 80 K.
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Fig. 1 presents the near edge structure of
brominated polyacetylene on Br K edge with the
x-ray polarization vector parallel and perpen
dicular to the axis of orientation. For com

parison, the near edge structure of bromine gas
is included. The most prominent peak observed
at 13.462 keV in the near edge structure of bro
mine gas is due to the ls-4p bound state transi
tion. The most striking feature in the near
edge structure of parallelly oriented sample is
a sharp spike which originates from the same tran
sition with that of bromine gas. These results
clearly indicate the presence of Br-Br bonds in
the direction of orientation, which is consistent
with the polarized EXAFS results?

Fig. 2
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The near edge structure of perpendicularly
oriented sample resembles that of brominated car
bon compounds and therefore indicates the presenoe
of Br-C bond perpendicular to the direction of
orientation. Fig. 2 presents the near edge
structures of iodinated polyacetylene on I Lj edge
measured at 80 K. Spectra taken with the photon
polarization axis parallel and perpendicular to
the axis of orientation are indicated. In the

near edge structure of a paralelly oriented sample,
a sharp resonance due to 2s-5p transition has been
observed. Again, the near edge structure of a
perpendicularly oriented sample shows the similar-
feature with that of brominated polyacetylene.

These results demonstrate the anisotroou of

bonding state which is interpreted as an evidence
for structural ordering of bromine and iodine poly
ions.
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INTRODUCTION IVI b
Fluorescence EXAFS technique has been sue- r

cessfully applied to functional studies of hemo- ll
proteins! More recently, the x-ray absorption I ^
near edge structure (XANES) attracts attention as \f
a new structural tool which provides more elabor- . r — 5-^
ate infornation of near neighbor environments? \

This project aims at the structural studies ^ \\\]
of thermal spin equilibrium between high spin and ( \
low spin states in some hemoproteins utilizing i \r
both EXAFS and XANES by fluorescence detection. , ^
We present here the preliminary results of the
first attempt to observe the thermal spin equi-
librium in alkali-met myoglobin.

EXPERIMENTAL AND RESULTS

The beam time was allocated during the Oct.- ,««« 7onn 7 / no nann
Dec. run of 1982 followed by the Feb.-Mar. run ^^
of 1983. Experiments were performed at BL lOB energy e
using the EXAFS facility with some modifications.
The spectrometer is described elsewhere^ in detail. Fig* 1
A pure Ge solid state detector was used as a flu- detector system, this condition is attained
orescence detector. Sample solution filled in a typical run taking more than 100 hours,
an aluminum cell with Kapton windows is mounted is a serious problem from the viewpoints of
on a copper holder of a cryostat and placed 45 ation damage. The area of a solid state de
degrees from the incident beam. The detector is tor is 100 mm^ and subtends only 1.3 %of 4t
located perpendicular to the beam axis. A single radian in solid angle. Thus it is necessai
channel analyzer was used to discriminate the build a large area detector system which co\
fluorescence signal from the background radiation more solid angle to improve the counting eff
caused by elastic and inelastic scattering of the ciency. The total count rate improves v;
incident beam. a large area detector system and a focused t

The photon flux of the incident beam is 10®- by 10 -10®. Based on the results of this p
10® photons/sec with a typical resolution of 1 eV a new multi-detector system was designed anc
at Fe K edge (7.1 keV). Temperature dependence built. Details and performance of this app
of Fe K edge absorption spectrum of 20 mM alkali- ratus will be described elsewhere,
met myoglobin was measured between 80 K and room r,r*T*r.r,T'x,^r-^.
temperature. Fig. 1 presents Fe K edge spectra

of alkali-met myoglobin at (a) 80 K, (b) 200 K, 1) B. Chance, R. Fischetti, and L. Powers,
and (c) 300 K, respectively. These data were Biochemistry, 2^ (1983) 3820,
obtained by averaging 2-3 runs with 1 second 2) P. Durham, S. S. Hasnain, A. Bianconi, L.
integration per data point? The signal-to- Incoccia, S. Morante, and J. B. Pendry,
background ratio was roughly 10 above the edge. Daresbury Laboratory, SERC DL/SCI/p363T (
Summarizing the results, the features extending 3) H. Oyanagi, T. Matsushita, M. Ito, H. Kui
50-100 eV above the edge have most changed with and K. Kohra, in preparation,
temperature. The feature 17 eV above threshold 4) Radiation damage was checked by spectrosc
increases its intensity and grows into a shoul- after the experiment which took typically
der with decreasing temperature. hours. No indication of reduction has b

More detailed discussions are difficult due observed,

to a poor signal-to-noise ratio of the spectrum
which amounts to a few % in worst cases. Above

the Fe K edge, the total fluorescent x-rays were
10® counts/sec. With a one second integration,
this photon flux gives the photon statistics of
several % which is the same order of the EXAFS

oscillation in the high k region. Since the
scattering amplitude of light atom such as carbon
and nitrogen decreases rapidly with the increase
of k and hence the modulation in the absorption
cross section is on the order of a few %, the
photon statistics better than 0.1 % is essential.
However, using the unfocused beam and the current

detector system, this condition is attained by
a typical run taking more than 100 hours. This
is a serious problem from the viewpoints of radi
ation damage. The area of a solid state detec
tor is 100 mm^ and subtends only 1.3 Z of 4Tr ste-
radian in solid angle. Thus it is necessary to
build a large area detector system which covers
more solid angle to improve the counting effi
ciency. The total count rate improves with
a large area detector system and a focused beam
by 10 -10®. Based on the results of this project
a new multi-detector system was designed and
built. Details and performance of this appa
ratus will be described elsewhere.
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hours. No indication of reduction has been
observed.
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INTRODUCTION

The solid electrolyte with the highest room-
temperature conductivity (0.4Q*'cm'^) has been
reported for the quarternary system CuCl-RbCl-Cul\
In this system with the chemical formula of
Rb,,Cui6 Cli3 I7 which has a similar structure with
that of RbAgijIs, the charge carriers are Cu ions.

Superionic conductors have been extensively
studied by the extended x-ray absorption fine
structure (EXAFS/ as well as x-ray and neutron dif
fraction techniques. Recently, a model structure
has been proposed to explain the pair correlation
functions obtained from EXAFS experiments^.

We present the results of EXAFS and near
edge experiments of Rb(.Cui6 CI13 I7 on Cu and Rb K
edges to illucidate the average structure and
study the conduction mechanism in this novel
superionic conductor.

EXPERIMENTAL AND RESULTS

Rbi^Cuie CI13 I7 samples were prepared as pre
viously described' in an inert atmosphere start
ing from purified CuCl, Cul, and Rbl. Samples
and reference compounds such as Cul, CuCl, and
Rbl were ground into a fine powder in a glove
box and sandwiched between Scotch tapes. Care

was taken not to expose these materials to air
during the sample preparation and mounting them
on a sample holder of a cryostat. The experi
ments were performed with Che EXAFS apparatus at
BL lOB using a silicon (311) channel-cut mono-
chromator. The details of the spectrometer are
described elsewhere^. The energy resolution of
1 eV and the photon flux of 10® photons/sec were
achieved at Cu K edge (9 keV). The beam time
was allocated as part of the instrumentation
project during the June-July run of 1982.

Temperature dependence of the absorption
spectra for Rb^CuigCI13I? as well as reference
compounds on the Cu and Rb K edges were measured
between 8.5 K and room temperature. The temper
ature dependence of the absorption near edge
structure for Rbt,Cui6 CI13 T? che Cu K edge is
presented in Fig. 1.

The lowest energy feature near threshold

Fig. 1

Cu K EDGES

Fig. 2

0 1 2 3 i 5 5

DISTANCE (A)

indicated by an arrow decreases its intensity with
increasing temperature due to a wider distribution
of mobile Cu ions at higher temperature.

Fig. 2 summarizes the Fourier transform results
of kx(k) for RbuCuieClis I7 in the k range from
3.5 A'' tolZ.OA"'. The structures observed at 1.5-
2.8 A in radial distance are due to the three pair
correlations,Cu-Cl, Cu-I, and Cu-Cu. The most promi
nent peak at 1.8 A and Che second peak at2.4 A are
Cu-Cl and Cu-I correlations, respectively. The most
striking result is that these peaks are shifted to
the smaller r with a broader distribution as temper
ature increases. This apparent peak shift between
8.5 K and room temperature is roughly 0.1 A.

The third broad feature at 2.9 A is interpreted
as the Cu-Cu correlation, which is much larger than
the average distance between the nearest Cu sites
determined by x-ray works. A small anharmonicity in
the effective potential felt by mobile Cu ions is
predicted from the magnitude of the temperature
dependence of the amplitude of the EXAFS oscilla
tion, which is consistent with the weak diffuse
background in the x-ray diffraction pattern even
at room temperature"*.
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INTRODUCTION

Recent interests in the x-ray absorption near
edge structure (XANES) which probes into the un
occupied electron states and geometry of the near-
neighbor atoms around an excited atom have initi
ated extensive studies on a number of materialsJ

This project is two-fold. Firstly, we
intend to analyze XANES of some tetrahedrally
bonded covalent materials, Ge, Ge02, GaAs, and
ZnSe based on the multiple scattering theory^ and
band calculation approach. This study has its
goal in understanding the origins of near edge
structure based on two different theoretical ap
proaches- Secondly, we attempt to obtain the
information on details of unfilled band structure

and geometrical arrangements of near neighbor
atoms. The latter information is used to analyze
the medium range order in glasses and biological
systems.

EXPERIMENTAL AND RESULTS

X-ray absorption experiments were performed
at BL lOB, Photon Factory, using the EXAFS facili
ty as part of the instrumentation project during
June-July run of 1982. Details of the spectro
meter are described elsewhere! A silicon (311)
channel-cut monochromator was used and a resolu

tion with the photon flux of 10® photons/sec was
achieved at 9 keV. The samples were polycrysta-
lline powders sandwiched between Scotch tapes.
For Ge02, two polymorphs with hexagonal and tetra
gonal structure were measured. Ge atoms in a
hexagonal structure are coordinated with four
oxygen atoms whereas Ge atoms in a tetragonal
structure are coordinated with six oxygen atoms.

Ge K edge XANES of Ge and Ge02 were measured
at room temperature and 80 K. Both cation and
anion K edge data of GaAs and ZnSe were measured
at room temperature. Fig. 1 presents the near
edge structures of tetragonal (a) and hexagonal
(b) Ge02. Overall features were similar with the
previous work? However, this work has first re
solved the fine structures near threshold as

indicated by an arrow. This structure is now
analyzed by a multiple scattering theory.

Fig. 2 presents the near edge structures of
ZnSe on Zn K and Se K edges. The derivatives
of raw spectra are indicated in dotted line.
The most striking difference between the two
spectra is that a small bump 10 eV above the Zn
(cation) edge is absent in the Se (anion) edge.
This near edge feature is interpreted in terms of
the partial density of states in the lowest con
duction band since the- near neighbor environments
are the same for anion and cation species in a
zincblende structure. A band calculation based
on a pseudopotential method is in progress.

1 GeO

Fig.2
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Introduction

The absence of preraelting in crystalline gal
lium has been reported in spite of anomarous
metal, gallium which increases its density about

3% on melting^^. On the other hand, EXAFS
spectroscopy and density measurement by using the
laboratory facilities confirmed the existence of
premeling, not partial melting, phenomenon which
has been considered as formation of interstitial

ur Frenkel-type defects besides vacancies^^.
Here we report the results of the EXAFS and
XANES studies on the local structure of crystal
line, premelted and melted gallium with use of a
sample through our whole experiment.

Experiments

X-ray absorption measurements near Ga-K edge
was made at 25.87®,29.70® and 32.00°C— corre
sponding to crystal(CR-),premelted(PM-) and melt
ed gallium(ML-Ga), respectively-- with synchro
tron radiation by use of the EXAFS facilities
installed at the beam line 10-B in Photon Factory.
The surveying region of X-ray absorption spectra
was 10.025 to 11.473 keV. In XANES region(10.325
to 10.474 keV), small step scanning of Si mono-
chromators was carried out in the practce of
0.0011 keV.

High purity(6N} gallium was filed, suitably
stacked in thickness on Scotch tape and held to
gether with aluminium foils in the sample hoder
made of copper. The holder has a small rectan
gular hole through which X-rays are passed and a
water circulating system for controlling the
sample temperature. The temperature control for
the sample was fixed at a maximum fluctuation of
0.03®C by a precise temperature regulator.

In obtaining the EXAFS function x(^).
background level for higher shell and the absorp
tion coefficient for isolated atoms are subtrac
ted from ttie observed absorption coefficient by
using a Victoreen fit and by cubic spline tech-
...... 4)

Results and Discussion

The Fourier transforms of obtained are
shown in Fig.l . The first and second peaks
marked by arrows in Fig.l seem to be identified
as Che first shell(one atom contained) and the
second shell(six atoms contained) of RSF. The
peak positions of gallium atoms in the above
three states are summarized in Table 1.

The premlting state is charactalized with a
remarkable proximity of the nearest neighbor
atomic shell.

Fig.2 shows the results of XANES obtained
from the above absorption coefficient of gallium
in the three states. The first peak positions

of crystalline and premelted gallium are almost
same. The XANES of the crystalline gallium has a
substructure being diffrent from that of gallium
in other two states. The peak hight which means
the density state of electrons is maximum for the
premelted gallium .
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Introduction

It has been knovm that ultra fine particles of
metal are chemically active less 50 A in particle
size and has no mechanical strain observed by

using X-ray diffraction method^^. From this facts
it is expected that some kinds of remarkable lat
tice relaxation on the surface of ultra fine par
ticles unlike usual bulk metal. However it is
very difficult to prepare clean surface ulta fine
particles as a sample of EXAFS and also difficult
to reveal the relaxation effects on the RSFCradial
structure function)obtained from EXAFS data. As
the first step of lattice relaxation study, here
we report the effects of contamination, cold
working and heat treatment on the RSF of some
kinds of nickel and oxide(Nio) materials.

Experiments and Results

Seven samples used in this study are listed in
Table 1 . X-ray absoption measurements near Ni-K

sample

UFP-Ni

CMP-Ni

VAP-Ni

Table 1

description

ultra fine nickel particles, esti
mated to be about 100 A in size,
are made by vaporization in 80 Torr
He atmosphere and the paraffin is
evaporated in vacuum to prevent
the contamination of nickel parti
cles as vaporized.

ready made nickel particles on
commercial base, about 300A.

prepared from CMP-Ni evacuated at
450° C and kept in vacuum during
EXAFS measurement.

FIP-Ni filed nickel particles, not an
nealed, less 38 urn.

ANF-Ni nickel foil annealed in vacuum,
10 urn in thickness.
used as a reference sample of Ni .

PYP-NiO reference sample of NiO particles
made by pyrolizing Ni(0H)2 , about
28 um in size.

VAC-NiO prepared from PYP-NiO evacuated at
450° C and the same procedure as
for VAC-Ni was employed on measur
ing EXAFS.

edge were made at room temperature with synchro
tron radiation by use of the EXAFS port 10-B.

Same data processing and analysis in obtaining
the RSF's are applied to X-ray absorption coeffi
cient of nickel(fcc, a=3.52 A) and nickel oxide(
rhombohedral, a=2.95 A, a=60°.4', close to rock
salt lattice a=4.17 A). Fig. 1 shows the RSF's
of the seven samples. Some- remarkable character
istics derived from Fig. 1 are summerized as
follow :

ANF-Ni

UFP-Ni

CMP-Ni

VAP-NI

PIP- Nl

At f/i

I I

VAC-NiO

1.0 2.0 3.0 4.0 5.0 6.0

R(A)
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1) Our sample of ultra fine particles, UFP-Ni is
as clean as the annealed nickel foil sample, ANF-
Ni is.

2) The RSF of UFP-Ni(with no lattice strain ex-

pected^^) resembles to that of the filed nickel
sample, FIP-NiCwith lattice strain) in their pro
files. However the former profile seems to be
derived chiefly from its atomistic surface rough
ness .

3) All peak position of RSF for UFP-Ni is in good
agreement with that of annealed nickel foil sample
ANF-Ni. But both the peak hight and width of UFP-
Ni are appreciately lower and wider than those of
ANF-Ni, respectively.
4) The commercial based fine nickel particles sam
ple,CMP-Ni is very durty, and its all peak posit
ion of RSF with exception of the first peak is
considerably differe from those of annealed nickel
sample, ANF-Ni. The durty particles sample has
some sharp peaks, and some of them are fairly con
sistent with the peaks of nickel oxide sample,PYP-
NiO.

5) There are atoms with short bond length about
1 A in the commercial based sample of CMP-Ni, and
nearly half atoms(estimated from the change of the
hight of peak in the RSF) are reduced by evacuat
ion at 450" C . It is assumed that those short
bond atoms are related to water molecules adsorp-
ted. The evacuated sample, VAP-Ni has still same
magnitude peaks corresponding to the peaks of
oxygen and nickel in oxcide on the particle,CMP-Ni

We are planning to verify the surface struc
ture of clean ultra fine particle(30-100 A) by
the electronic and the detail atomistic informa
tion obtained from analysing the XANES and apply
ing the curve fitting method to the EXAFS data,
respectively.
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Introduction

It is well known that heavy halogen ions sub
stitute easily in alkali halide crystals and even
form dimers and trimers with increasing concentra
tion, and finally gather into clusters. This ef
fect has mainly been investigated by the observa
tion of Che change in the shape of Che absorption
bands which appears in the tail of the host
crystal in the ultraviolet range. This has been
interpreted as a localized exciton. The forma
tion of clusters has been confirmed by the analy
sis of emission spectra excited with th^^photons
at the localized exciton energy region.

The optical measurements imply a displacement
of the first neighbour ions around the solute ion.
EXAFS is the only adequate technique to probe the
local environment around a dilute foreign ion and
to measure the magnitude of the relaxation.

KCl, Br solid solution system was chosen to

observe the above effect by measuring the EXAFS
spectrum above the K-edge of Br~-ion. The results
of the same system were previously reported in
the case of lower concentration range (x<0.10).
The purpose of the present experiment is to ex
tend the concentration range up to x=0.50, and to
confirm the effect of the local lattice relaxation

which was observed in the previous work.

Experimental

X-ray absorption measurements above the K-edge
of Br~ (13.475keV) were made at the EXAFS experi
ment station installed in the BL-IOB. Samples
were prepared as follows: The powder gound finely
from the ingot of the mixture was put into ace
tone, and was stirred well. The suspended sample
in the acetone was filtered with a membrane fil

ter. After Che evaporation of the acetone, a
homogeneous layer with an appropriate thichness
could be obtained. Measurements were made at

room and low temperatures (about.60K). Data were
analysed with a standard method . Fast Fourier
transform (FT) with 2048 points was performed.
In Fig. 1 is shown the result of the magnitude of
kx(k) of KBr at 60K.

Fig. 1

Discussion

The previous work revealed a large value of
the first shell radius around a foreign Br- ion
in the host KCl compared to the average interion-
ic distances in the ionic solutions. In Table I
are shown the peak positions of the magnitude of
FT in various samples at 60K. The results clear
ly show the similarity of the interionic distance
with the value in pure KBr.

Table I. Peak Positions of the Magnitude of FT.

X (concentration of o
Peak Positions in A

Br in KCl)

1.00 (Pure KBr) 2.695
0.08 2.67

0.10 2.65

0.12 2.65

Recently Mikkelsen and Boyce reported similar
effect in a semiconductor alloy system of Ga^ ^
In As. The system is well known to obey the
Vegard's law in the whole concentration range as
in the present system, that is , the interatomic
distances change linearly with the concentration.
This fact has been interpreted with the assump
tion of the virtual crystal approximation. The
analysis of the EXAFS data reveled a very small
change of the nearest neighbour distances around
Ga and In ions as x varies from 0.01 to 0.99.

They concluded that the virtual crystal model does
not hold at the atomic level, but holds at least
beyond the second neighbour sublattice.

The present results seem to be similar and co
herent with the above discussion. The positions
of the peak of FT magnitude in the mixtures are
not very different from the value of KBr, contra
ry to a linear change in the lattice sonstants
between the value of pure KCl and KBr

Detailed analysis of the curve fitting of the
back Fourier transform is in progress.
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The Pourier transform method of the

EKAPS spectra is one of the powerful
techniques for investigating the atom-
specific local structure of materials.
Here we report the result of the EX.AP3
study,on the local structure near the
martensitic phase transition of .^uCuln^.

AuCuZn^ alloy undergoes a martens
itic phase transition at about 280K
from bcc-based Heusler structure to fcc-
based structure with the long period
stacking order characterized by 3R.
Towards the transition temperature the
crystal becomes soft against the shear

2)
stress. A new premartensitic
metastable phase of AuCuln^ was found at

3)
room temperature. Here we discuss the
local atomic arrangement of the
premartensitic phase.

X-ray absorption measurements near
the .lu-L^, 3u-K anq Zn-K edges were made
at room temperature with synchrotron
radiation by use of the EXA.FS facilities
installed at the beam line 10-3. In
obtaining the EXAPS function X(k}, the
background level is subtracted from the
observed absorption coefficient by using
a Victoreen fit and the absorption
coefficient for an isolated atom is
obtained by the cubic spline technique.

The Fourier transform of X(k)
obtained near the Au-L^ edge is given
in Pig. 1j where the magnitude and
imaginary part are shown. There are

Fig. 1

three peaks in the range from 1.8A to
3.OA. The atomic distances from Au atom
are summarized in Table I. The actual
distances are given by assuming the
phase shift for a En atom (0.20A). The
calculated Au-Zn distances are also
given in the table where the displace
ment of the .'•.u atom along the [11OZ
direction is estimated to be O.5OA,
Almost same results are obtained from

Table 1, Atomic distances from Au

atoms R ^calc.^^^

the Fourier transforms of X(k) near the
Gu and Zn edges. There is a fairly
good agreement betxveen the actual and
calculated dist.ances. This implies
that the local atomic displacements of
the premartensitic phase are related to
the 3R structure and also the tempera
ture dependent soft phonon mode
observed by inelastic neutron scatter-

3)ing. The detailed analysis of the
temperature dependent EXAPS spectra and
the least squared parameter fitting are
in progress.

The authors vjish to express their
thanks to N. Nakanishi and Y. Yaraada for
supplying good specimens and fruitful
discussions.

References
1) Y. Murakami, N. Nakanishi and 3.

Kachi: Jpn, J. .-ppl, Phys. 11 (1972)
1591 ~

2}.N. Nakanishi, Y. Murakami and S.
Kachi: 3cripta Metal. 5 (1971) 433

3) M. Mori, Y. Yamada and G. Shirane:
Solid State Commun. 17 (1975) 127

4) H. Haeda, H. Terauchi, K. Tanabe,
N. K^miijo, M. Hida find H. Kawaraura:
Jpn. J. Appl. Phys. 21_ (1982) 1342

VI-49



Proposal No. 6

XANES STUDY ON THE LOCAL STRUCTURE OP A QUASI-1D MIXED VALENCE CRYSTAL

WOLPFRAM'S RED SALT

H. Terauchi, S. lida, K..Tanabe, K. Kikukawa, Y. Nishihata, H. Maeda*, Hida**,
N. Kamijo***, T. Murata****

Dept. of Phys., Kwansei-Gakuin Univ., Nishinoraiya 662, Dept. of Chem., Okayama Univ,
Okayama 700*, Sch. of Eng., Okayama Univ., Okayama TOO**, Gov. Ind. Res. Inst.,
Ikeda 536***, Dept. of Phys., Kyoto Univ. Education, Kyoto 6l2****

A number of insulating chain
crystals have been investigated exten
sively because of interest in the fasci
nating phenomena due to a strong
electron-phonon coupling. Here we
report the result of the x-ray absorp
tion near edge structure (XANES) study
on a quasi-one-dimension (1D) crystal
called Wolffrara's red salt (IVRS),

[Pt'̂ "^(C2H^NH2)^Cl2]t: Pt^"^ (G2H^NH2 )^]
•C1^4H20, in order to clarify the
nature of the local electronic state.

V/RS is considered to be a mixed
valence crystal consisting of linear
chains of

Cl"-Pt''""^-Cl~ Pt^"^ Gl"-Pt^"^-Cl—
where each Pt'̂ "'" or Pt^"^ ion is coordi
nated by four ethylamines. The crystal
structuire is body-centered-tetragonal
containing chains parallel to the c-

axis.^^ There is no long-range order
in the chain structure because of

occasional slips in the racking of the
, . 2)

chains.

X-ray absorption measurements were
made with synchrotron radiation by use
of the EXAPS facilities installed at the
beam line 10-B, The XANES spectra near

the Pt-L^ edge of VJRS, K2PtClg(Pt'̂ ''") and
K^PtCl^CPt^"*") were carefully observed.
The results are given in Pig. 1. The

near edge structure of Pt'̂ "'" is fairly
different from that of Pt^"*". There is
fairly good agreement between the
spectram of '/vR3 and the convolution of

the spectra of Pt''""^ and Pt^"*". We have
directly found that there are

Pt^"^ ions and Pt^"*" ions in the ground
state of WRS.

The charge transfer excitation from

the chain -Pt^^-Gl--Pt^'^-Cl' to the

chain of -Pt^'^-Gl -Pt^'^-Cl~- is
expected in V/RS. The optically excited
state was studied by measuring optical

WRS. Li absorplion
derivative

KjPtGe

; K2PICU

-30-20-10 0 10 20 30
Photon energy (TtLj-Eo) (eV)

Pig. 1

absorption, resonance Raman and
3)luminescence.-^' The .LANES study on the

lattice relaxation due to the charge
transfer excitation in WRS is in
progress.

The authors wish to express their
thanks to H. Tanino and K. Kobayashi for
their fruitful discussions.
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In recent years, a lot of experimental and
theoritical work has been done on the amorphous
state in order to understand their electronic

and structural properties(1). From these works,
it has become apparent that the nearest neighbour
distance in the amorphous materials are 0.2 to
0.3 A less, and the coordination numbers are sig
nificantly lower than those in the corresponding
crystals.

The average energy gap of the amorphous Se-
Ge alloy vs. atomic content of germanium was ob
tained from measuring the optical dielectric con-
stant(2) . From this experiment, it can be seen
that the average gap has a maximum at 33% of ger
manium content and a minimum at 50% of germanium
content. This result suggests Chat the structure
of the amorphous GeSe was contained the consider
able distortion than crystalline GeSe.

As discussed previously(3) , the near neigh
bour arrangement in amorphous GeSe showa a strik
ing change from crystalline GeSe. In order to elu
cidate whether or no this specific structure in
amorphous state is maintained in the liqviid state,
we present structural data for amorphous and liq
uid Gei_3;Sea;, containing x=0.33 and 0.50 germa
nium, obtained with the EXAFS techniqu.

The measurement of the EXAFS spectra were
done in transmission at KEK Synchrotron Radiation
Laboratory using EXAFS beam line 10-B with a Si
(311) channel-cut monochromator. A detailed
description of the X-Ray absorption apparatus is
given elsewhere(4). Absorption data were taken
at 298K for amorphous and crystalline GeSe and
at discrete temperature in the range 298Kto 823K
of GeSej. The EXAFS interference function x(^)
was determined by numerical procedures in detail
in ref. (3) .

The Fourier transforms of are given

Fig. 1. Magnitude of Fourier transform of
k^Xik) data (a) for crystalline GeSe and (b)
for amorphous GeSe.

05

Fig. 2. Magnitude of Fourier transform of k^xiX)
data (a) for crystalline GeSe2 at 298 K and (b)
for amorphous GeSe2 at 298 K, (c) at 748 K, (d)
at 848 K.

in Fig. land Fig. 2 for the K edge of Ge in GeSe
at 298K, and in GeSe^ at 298K (amorphous), 723K
(58K above the glass transition temperature) and
823K (17K above the crystallization Temperature),
respectrively, where only the magnitude function
are shown.

A comparison of Fig. 1 (a) and (b) indicates
that the first peak at 2.12 A is considerably
shorter than crystalline distance, 2.29 A. This
has been explained by allowing changes in the
bond characters of relevant atoms. In the case of

GeSea on the other hand, structural rearrangements
do not occur in the nearest neighbour shell between
crystalline form and amorphous form. Further, the
peak shift does not arise from glass transition.
The height of the peak above the glass transition
point is less than amorphous state.

The detail analysis of the temperature
dependent EXAFS spextra and EXAFS measurement on
liquid GeSe are in progress.

The authors thank prof. H. Kawamura for
supplying good specimens.
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One of the unsolved subjects in the Invar
problem is to elucidate unusual properties of
Fe-Pt Invar alloys at low temperatures. The FCC
Fe-Pt Invar alloys show no deviation of the mag
netic moment from the Slater-Pauling curve, if
the magnetic moment is determined from magneti
zation values at low temperatures^^, while Fe-Ni
Invar alloys show an evident deviation of the

spontaneous mametization at 0 K from the Slater-
Pauling curve^*. The Fe-Pt Invar alloys have a
small forced volume magnetostriction at low tem
perature^^ and their bulk modulus increases with
decreasing .temperature: the alloys behave as nor
mal metal alloys rather than Invar alloys at low
temperatures in contrast with Fe-Pt Invar alloys.
In order to explain these peculiarities of Fe-Pt
Invar alloys at low temperatures, a model of
strong itinerant electron ferromagnets has been
proposed^^. Although this model gives a reason
able explanation for the characteristics that the
magnetization decreases almost linearly with in
creasing Pt concentration without showing any

0. 00

2. 00

deviation from the Slater-Pauling curve, the cor
relation between the strong ferromagnet character
observed at low temperatures and the weak ferro
magnet character observed at room temperature is
still far from clear understanding. j..

According to our neutron experiments for a
disordered single crystal of 28.3 at%PC-Fe Invar
alloy, an integrated neutron intensity of the
(400) reflection, contained both magnetic and
neuclear contributions, shows a hysteresis against
temperature, which suggests the existence of a
sort of transformation, being maybe called a pre-
martensitic transformation.

In order to investigate how Fe or Pt atoms
begin to move in the step of the preraartensitic
transformation in Fe-Pt Invar alloys, we have car
ried out EXAFS experiments at the KEK Synchrotron
Radiation Laboratory. Powder samples of ordered
and disordered Fe-Pt alloys were prepared and an
nealed at 600°C during one hour.

The EXAFS spectra of the Fe and Pt edges for
these samples were obtained at 293 and 10 K. In
obtaining the EXAFS function x(k)> ^he background
level is substracCed from the observed absorption
coefficient by using a Victoreen fit and the ab
sorption coefficient for an isolated atom is ob
tained by the cubic spline technique . The
Fourier transformations of the EXAFS spectra of
Fe edge in a 26.0 at^Pt-Fe ordered alloy are shown
in Fig.l for 293 K and in Fig.2 for 10 K. Although
this alloy shows clearly premartensitic characters
in magnetic properties at low temperatures, the
results of Fig.l and Fig.2 indicate chat the dif
ferences of EXAFS spectra between at 293 K (Fig.l)
and at 10 K (Fig.2) are not so much: Fe-Fe distance
changes from 2.41 to 2.42 A, whereas Fe-Pt distance
from 2.06 to 2.04 A, when the temperature of the
sample decreases from 293 to 10 K. Also we can
hardly find any essential difference for Che XANES
spectra between at 293 and 10 K. These obtained
results are rather unexpected. Probably the EXAFS
spectra at 10 K might not yet be those in the pre
martensitic state. This would be caused by the
powder form of the samples, which could suppress
the martensitic transformation. Farther dtailed

analyses are now proceeding.
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Introduction

Melting of metals is usually classified as
a first order phase transition, solid-liquid, with
out critical phenomena. Nevertheless experi
mental investigations on specific heats and elec
trical conductivity of Na and K indicated the
possibility of the existence of a critical opint,
which would be correlated with premonitory ef
fects, at temperatures close to the melting
points.In search for experimental evidence
of premelting effects several investigations have
been performed on gallium. Recent experiments
have shown the absence of premelting in crystal
gallium from results of the Debys-Waller factor
and iatice parameter measurements using anomalous
diffraction of X-rays and thermal expansion co
efficient measurement.^'^'

However, a certain premelting phenomenon in
gallium was recently found by using EXAFS spectro-
scopy anddensity measurements ' The structure
of crystal gallium consists of elementary cells

with the pairs of Ga-atoms arranged in a face
centered orthorhombic structure. Even though a

premelting phenomenon is found in such a complex
metal, it could not be decided hastily to exist
in other structure metals.

Therefore, the purpose of the present in
vestigation is to study whether a premelting
phenomenon can be found or not in crystal rubdium
having simple bcc structure.

Analysis are still continuing; we report
the results obtained so far.

Experiments and Results

To make the suitable shape of sample was

very difficult as rubidium is a very high active

metal. In order to obtain samples, at first,
rubidium film was evaporated on a polymer plate
and protected with an overcoat of evaporated

paraffin. But the sample was immediately burn
out when it was exposed to the air. Therefore,
the following technique was used: a high purity
rubidium(99.95%) contained in an ampule was
melted in kerosene heated about 50°C and the

molten metal was sucked up into a thin cell
(0.12mmx5mmxl5ram) made of polymer film by using,
an injector(the thickness of 0.12mm was calcu

lated from yd=2.5). According to this method,
however, oxidation on the surface of the sample
metal could not be completely prevented. The
rubidium foil enclosed in a polymer cell was
used as the experimental sample. The tempera
ture of specimen held in the sample holder was
controlled at given temperature with a maximum
fluctuation of ±0.03°C by a precise temperature
regulator.

The EXAFS spectra were obtained on the
crystalline (25.73''C) , premelted (38. 05®C) and
melted(43.gS^C) state of rubidium(hereafter ab
breviated as CR-Rb, PM-Rb and ML-Rb, respective
ly) . Data processing and analysis applied to
these EXAFS spectra were the same as described
in the previous papers.

Figure 1 shows parts of the Fourier trans
formation for the EXAFS spectra. The first and
second peaks of the radial structure function of
CR-Rb were identified as that the nearest neigh
bour shell contains eight atoms at 4.94A and the
second neighbour at 5.7oA, respectively. The
peaks corresponding to the shell radii at each

state of rubidium were listed in Table 1.

The result suggests that the premelted state
of rubidium may exist at temperature about 1°C
below the melting point. However, there remains
some uncertainty as to the conclusion because of
the existence of noise in the Fourier trans
formation spectra. Further investigation is
necessary.

Table 1. The structure parameters obtained from
the fourier transformation

Sample Rj+a(A)

(4.94)

(5.70)
4.97

5.61

5.03

5.66

The radial structure

function of CR-Rb,
PM-Rb and ML-Rb.
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One of the present authors has developed the
method to prepare Mo2/Si02 catalyst by the
chemical reaction of Mo2(•'t-CsHS)^ with OH groups
on the surface of silica, and has shown that the
catalyst thus obtained has very unique catalytic
activities A This catalyst system seems to
provide a way to understand the relation between
the surface structure and the catalytic activity.
Thus we studied the surface structure and its

changes with the treatment of this catalyst by
means of X-ray absorption spectroscopy.

The catalyst was prepared by the method
described elsewhere.^ XAS measurements were
carried out by use of the EXAFS apparatus
installed at BL 10-B.

Since the reduced form of the catalyst is
unstable in air, all the oxidation and reduction
treatments of the catalyst were carried out in
si-tu by use of a specially constructed sample
chamber.

The models of Che surface structure for

several different oxidation stages of the
catalyst, which have been proposed, are
illustrated in Fig.l, together with the
conditions of treatments.

, , u 7?31' " ^ H
(a) "z fb) "2

0 0 0 0 0 0 0 0

(c) Mo Ho
0^ ^0 O*"^ ^

'2 _(d) Mo "Ho

The Mo K XANES spectra obtained for the four
stages are shown in Fig.2. The spectrum for the
stage (a) resembles to the Mo K XANES of K2M0O4,
indicating that the valency state and the
chemical environment of Mo is in the state very
much like M0O42- ion. On going from this stage
to the stages (b), (c) and (d) the sharp peak
before the absorption edge decreases its
intensity, indicating the disappearance of Mo=0
bonds and the loss of Td symmetry.

The Fourier transforms of the EXAFS

oscillations are shown in Fig.3. The prominent
peak in. the Fourier transform for Che stage (a)
corresponds to Mo-0 bonds, and no peak
corresponding to Mo-Mo bond can be found. The
result is similar for the stage (b), except a
slight decrease of the peak height of Mo-0 bonds.
On going to Che stages (c) and (d), a new peak
corresponding to Mo-Mo bond appears at about
2.5 X and the peak due to Mo-0 bond shifts to
longer distance. The interatomic distances
obtained from curve-fitting analysis are given in
Table 1.

rig.2 Mo K-£dge XANES Soectra

Table 1

Curve^ittig Results

Mo-0 Mo-Mo

(a) 1.71 X - S

(b) 1.74 - ~

(c) 2.04 2.53

(d) 2.05 2.53

0.0 1.0 2.0 P. / i
Fig.3 Fourier Transforms of (a)-(d)

The present results provide a direct
evidence for the presence of M02 group on the
surface of the catalyst. It is interesting to
see that Mo-Mo peak does appear only in the
highly reduced stages where Che formation of
chemical bond between Mo atoms is expected. The
present results also indicate that, in the stage
(d), oxygen molecule is only loosely bound to the
M02 site without causing a significant change in
the geometrical and electronic structure surround
ing Mo atoms.

The results described above provide very
important information for understanding the
catalytic activity of this unique catalyst.

1) Y. Iwasawa, H. Kubo, M. Yamagishi and
S. Ogasawara: Chera. Lett.(1980) 1165;
Y. Iwasawa, M. Yamagishi and S. Ogasawara: J.
Chem.Soc.Chem.Commun.(1980) 871;
Y. Iwasawa and M. Yamagishi: J. Catal. ^
(1983) 373.
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XANES OF METAL CARBONYL MOLECULES

I. GAS- AND LIQUID-PHASE Fe(C0)5
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of Tokyo, Hongo, Bunkyo-ku, Tokyo 113 (JAPAN)

Understanding of XANES spectra of transition
metal compounds is still qualitative. If the |
compound is in a solid state, precise investiga
tion for its XANES spectrum is difficult due to
solid-state and many other effects. In order to ^
investigate XANES phenomena in detail both A.
experimentally and theoretically, it is better / \
to analyze XANES spectra for gas-phase compounds. I \ (a) 0

In the present experiment, we measured I \ / \.
XANES spectra of gas- and liquid-phase Fe(C0)5 • r \ / D
at room temperature by use of the EXAFS apparatus g 1 A \ / /" \
at BL 10-B. " / /\ \ / / \ \

The measured spectra are shown in Fig.l.
The spectra reveal some fine structures with low
intensity in the pre-edge region. The electronic
structure of the ground state of D3jj Fe(C0)5 is a
closed-shell system with eight d electrons, where
the orbital is unoccupied. Based on the
simple one-electron model, we have proposed a
tentative assignment to the fine structures A, B
and C indicated in Fig.l as follows:

A Fe Is -V Fe 36^^
B Fe Is ^ CO 2-n* ( +Fe 4p7T)
C Fe Is ^ Fe 4p

Both A and B are in rather low intensity, because
A corresponds to a dipole-forbidden and
quadrupole-allowed tra'nsition and B has charge-
transfer character from metal to ligand.

On the higher energy side of the structure C,
there are transitions from Fe Is to the

continuum states. Below the ionization threshold,
transitions to the Rydberg-type orbitals could
not be observed in the present gas-phase spectrum.

The edge-energy difference between the two
spectra is not observed. This suggests that the
molecular interaction in the liquid phase be not
so large to shift the edge energy. However,
there is a distinct difference in the structure B.

This is probably because the CO 2tt* orbitals are
in the exterior region of the molecule and are
liable to suffer interaction with the surrounding
molecules in the liquid.

We are planning to analyze the XANES
spectrum of gas-phase Fe(CO)^ theoretically by
means of the ab initio SCF-CI method.

VI- 55
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Recently, Pron et al.^ reported that FeCl3
can be doped into a polyacetylene film to give
metallic conductivity. They studied 57pe
Mossbauer spectra of FeCl3-doped polyacetylenes
[CH(FeCl3)y]^ and concluded that the dopant
exists in the state of some Fe(I[) compound. We
investigated Fe-K absorption spectra of FeCl3-
doped polyacetylenes for the purpose to obtain
information concerning the structure and chemical
state of the dopant.

Polyacetylene films were prepared by the
polymerization over a Ziegler-Natta catalyst.^
The doping with FeCl3 was carried out by
immersing polyacetylene films into a nitromethane
solution of FeCl3.

X-ray absorption spectra were measured by
use of the EXAFS apparatus installed at the beam
line EL 10-B, partly as a test experiment of the
apparatus.

Fe K spectra were measured on three doped
films of different dopant contents. The values
of Che apparent dopant contents and the
electrical conductivities of the samples are
given in Table 1.

Table 1. Samples of [CH(FeCl3)y]x

Sample

Sample 1
Sample 2
Sample 3

Dopant conc. Conductivity

(S/cm)

10-80

700-850

^-200

The Fourier transform of the EXAFS

oscillation k3«x(k) for Sample 3 is shown in
Fig.l. Only one prominent peak was found at the
same distance for all the three samples. The
peak in the Fourier transform can be attributed

to the 01 atoms surrounding Fe atom.

2.0 J.O

Distance / 3

The distance and coordination number

obtained by the curve-fitting analysis are given
in Table 2. The observed Fe-Cl distance

corresponds to that of FeCl^".

Table 2. Results of analysis of EXAFS data by
use of empirical parameters*^

- , Bond length CoordinationS^ple R(%)

Sample 1 2.193 O 13.4
Sample 2 2.182 3.6 7.4
Sample 3 2.180 3.8 3.7

*The model compound used was [N(C2H5)4][FeCl^]
with Fe-Cl distance 2.18, coordination number 4,

The XANES region of the Fe K spectrum of
FeCl3-doped polyacetylene is compared with the
corresponding spectra of the chloride ions of Fe
in Fig.2. It shows clearly that the former
corresponds to the XANES of FeCl4~ ion.

(a)

(doped PA)

(b) Fe'^Ct,

(c) Fe"a/-

(d)

Fe K-edqe XANES

0 20 40

E - Ed (eV)

All the results described above prove that
the dopant is in the state of FeClz," ion, not in
a state of Fe(II) compound.

1) A. Pron, I. Kulszenwicz, D. Billaud and
J. Pryluski: J. Chem. Soc. Chem. Commun.
(1981) 783.

2) H. Shirakawa and S. Ikeda: Poly. J. 4 (1971)
460.



Proposal No. 17

EXAFS AND XANES STUDIES OF METAL-HALIDE-DOPED POLYACETYLENES

H. M0CI5- AND WC16-D0PED POLYACETYLENES

H. Kuroda, I. Ikerooto, N. Kosugi, K. Asakura, H. Ishii, T. Yokoyama, H. Shirakawa*, T. Kobayashi*,
H. Oyanagi**, M. Nomura*** and T. Matushita***

Department of Chemistry and Research Center for Spectrochemistry, Faculty of Science, The University
of Tokyo, Hongo, Bunkyo-ku, Tokyo 113 (JAPAN)

*Institute of Material Science, University of Tsukuba, Sakura-mura, Niihari-gun, Ibaraki 305 (JAPAN)
**Electrotechnical Laboratory, Uraezono, Sakura-mura, Niihari-gun, Ibaraki 305 (JAPAN)

***Photon Factory, National Laboratory for High Energy Physics, Oho-machi, Tsukuba-gun, Ibaraki 305
(JAPAN)

Various metal halides can be doped into
polyacetylene to give metallic high conductivity.
We have previously elucidated the chemical state
and geometrical structure of the dopant in the
FeCl3-doped polyacetylene from the analyses of
the XANES and EXAFS. In the present study we
have investigated M0CI5- and WCI^-doped
polyacetylenes.

The doping of metal halide was carried out
by immersing a polyacetylene film into anisole
solution of the dopant. The XAS measurements
were performed by use of the EXAFS apparatus at
BL lO-B. The samples were kept at 100 K during
the measurements.

The Fourier transform of the Mo K EXAFS

oscillation of MoCl5-doped polyacetylene and
that of the W Ljjj EXAFS oscillation of WClg-
doped polyacetylene are shown in Figs.l and 2,
respectively, together with those of the
reference compounds.

HoClj-doped
polyacetylene

Sa^v

4.0 5.0 0.0 1.0

Distance / S

WClg-doped
polyacetylene

V

3.0 4.0 5.0

Distance / A

As compared with the Fourier transform
obtained for K2MoClg, the height of the main
peak at about 2 A is lower and there appears a
new peak at the shorter distance in the Fourier
transform of MoClj-doped polyacetylene, which
resembles very much the Fourier transform
obtained for (NEt^)2MoCl50 where the main peak
can be attributed to Mo-Cl and the short-distance

peak can be attributed to Mo-0.
In the case of WCl^-doped polyacetylene,

the Fourier transform shows again two peaks, the
stronger one being attributed to W-Cl and the
weaker one probably being attributable to W-0.

The Mo K XANES spectra are shown in Fig.3.
Note that the spectrum of MoCl5-doped poly
acetylene resembles the spectrum of (NEt4)2MoCl50
and is appreciably different from the spectrum of
K2M0CI6.

Mo K-edge «;

XAHES
C

Spectra —

KoClg-doped
-polyacetylene

The curve-fitting analyses were successfully
carried out on the EXAFS oscillations observed

for M0CI5- and WC]^-doped polyacetylenes by
assuming the presence of 0 atom besides C1 atoms.
The results are given in Table.1

Table 1. Curve-fitting results

doping
Weight ratio

of dopant
to (CH)5(

distance/^
Coord.

^ / . •> 1 Mo-Cl 2.37± 0.03 4.9 ±0.5McCls/anisole 1.41 1.66 ±0.04 1.2 ±0.2

(NEt4)2MoCl50

WClg/anisole 1.47

Mo-Cl 2.38+0.03

Mo-0 1.67 ±0.03

W-Cl 2.35 ±0.03

W-0 1.74 ±0.03

*standard **under investigation

All the present results indicate that the
chemical species in the MoCls-doped polyacetylene
is not MoClg^- but MoCl50^~. At present we do
not know the origin of the oxygen atom.
Presumably the oxygen atoms of the dopants came
from the oxygen and/or water contained in the
solutions used in the doping processes.

VI- 57



Proposal No. 18
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I. (TMTSF)2X and RELATED MATERIALS
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The charge transfer salts of tetramethyl-
tetraselenafulvalene (TMTSF)2X are known to I
exhibit the behaviors characteristic to the

quasl-one-diraensional metal. Some of them have
been found to show superconduction at low - /""N. ^
temperature. It is known that their behaviors i
concerned with the electrical conduction as well Y / , ——— --SK
as those concerned with the metal-insulator (M-I) ^
transition vary rather widely depending on the .= // \ °
anlon. For example, (TMTSF)2PF5 shows the M-I . j j lO.SX
transition at 12 K, below which the lattice - I / / ' •
shows SOW distortion, wiiile (TMTSF)2Re04 shows r ! /
the M-I transition at much higher temperature ? —— /
180 K which seems to be associated with Che < j
anion ordering. We have previously investigated /
the XPS spectra of (TMTSF)2X salts.1 In I
connection with this study, we have examined the I i !
Se K XANES spectra.

(TMTSF)2PF5 and CTMTSF)2Re04 were prepared
by Che electrochemical method.^ The Se K XANES
spectra were measured by use of the EXAFS
apparatus at EL 10-B.

In the present experiment, all measure
ments were done on the powder samples at 10.8
and 295 K. The Se K XANES spectra of
(TMTSF)2PF5 and (TMTSF)2Re04 are shown in Figs.l
and 2, respectively. There seems to be little
change in the spectrum of (TMTSF)2PF6 between
10.8 and 295 K. However, in the case of
(TMTSF)2Re04, a shoulder appeared in the lower-
energy side of Che first peak A, and the
position of the first peak was shifted to higher
energy on going from 295 K Co 10.8 K. This must
be associated either with Che splitting of Se K
level or with a change in the band structure.

The present experiments are just
preliminary ones. We are planning to measure the
XANES spectra on single crystals of (TMTSF)2X
salts varying the polarization direction of
X-rays in respect to the crystal axis, as Che
experiments in the next machine time.

1) I. Ikemoto, K. Kikuchi, K. Yakushi, H. Kuroda,
and K. Kobayashi: Solid State Comtnun. 42 (1982)
257.

2) K. Bechgaard, K. Carneiro, F. B. Ramussin,
M. Olsen, G. Rindorf, C. S. Jacobsen,
H. J. Pedersen and J. C. Scott: J. Amer. Chem.
Soc. 103(1981) 2440.
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Fig.l The spectra of Se-K XANES
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Fig.2 The spectra of Se-K XANES
of (TMTSF)2Re04



Proposal No. 19

SURFACE STRUCTURE OF SMSI CATALYST

I. Rh/Ti02 CATALYST

H. Kuroda, N. Kosugi, K. Asakura, H. Ishii and T. Yokoyama
Department of Chemistry and Research Center for Spectrochemistry, Faculty of Science, The University
of Tokyo, Hongo, Bunkyo-ku, Tokyo 113 (JAPAN)

Y. Iwasawa

Department of Applied Chemistry, Faculty of Engineering, Yokohama National University, Tokiwadai,
Hodogaya-ku, Yokohama 240 (JAPAN)

Tauster et al.^ first found a very peculiar
behavior for the catalysts, noble metals
supported on metal oxides, that such catalyst
systems when reduced at high temperature in H2
lost the H2 (or CO) adsorbing ability although
the supported metal still remained in a highly-
dispersed state. This peculiar phenomenon is
called SMSI (strong metal support interaction),
and has been presumed to be associated with a
bond formation between the supported metal atom
and the metal atom of the support. However
no direct experimental evidence is known for the
formation of such metal-metal bond. We have

tried to see if SMSI phenomenon is actually
associated with the above-mentioned mechanism by
studying the surface structures of SMSI systems

.using X-ray absorption spectroscopy.

A highly-dispersed Rh/Ti02 catalyst was
prepared by the reaction of Rh(C3H5)4 with fine
powder of Ti02. After the necessary treatments,
the catalyst was transferred to the sample cell
for XAS measurements without exposing to air.
All XAS measurements were done at room

temperature by use of EXAFS apparatus at BL 10-B.

Figures 1-3 show the EXAFS oscillations
k'X(k) obtained for the SMSI and normal states

of Rh/Ti02 catalyst and that for Rh metal. The
Fourier transform curves corresponding to these
EXAFS oscillations are shown in Figs.4-6,
respectively. In all cases, the Fourier
transform exhibits one prominent peak at about
2.5 A. The fact that the observed EXAFS
oscillation shows the largest amplitude at about
k=8 indicates that the peak of the Fourier
transform is not due to 0 or Ti atoms, but due
to heavy atoms possibly Rh atoms. This
interpretation is supported from the curve
fitting analysis, the results of which are
summarized in Table 1. According to the results
of the present EXAFS study of Rh/Ti02 catalyst,
Rh atoms are forming clusters with a structure
similar to the Rh metal.

In the present experiment, we were not able
to find any definite indication for the formation
ofadirect chemical bond between Rh and Ti.

However, we found that the Rh K absorption edge
is shifted to lower energy as large as 0.9 eV on
going from the normal state to the SMSI state.
This fact seems to indicate that a significant
electron transfer from the substrate to the
supported Rh atoms are taking place in the SMSI
state. Thus the SMSI phenomenon is likely to be
associated not with the direct Rh-Ti bond, but

by the charge density increase in the supported
Rh metal particle. But we are investigating
further other SMSI systems in order to get more
information concerning the surface structure of
the SMSI state.

1) S. J. Tauster. S. C. Fung, R. T. K. Baker and
J. A. Horsiey: Science 211 (1981) 1121.
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Table 1. Theoretical Curve-Fitting Results

sample name Rh-Rh distance/S Coord.No.

Rh/Ti02 (SMSI) 2.64± 0.03 8.5 ±1.0

Rh/Ti02 (normal) 2.65± 0.03 9.3 ±1

Rh metal (standard) 2.67 + 0.03 (12)

2.65 ± 0.03 9.3 + 1.0

(crystallography) (2.69)

Table 2. Energy Shifts of Rh K-Edge

Sample

Rh metal

Rh/Ti02 (SMSI)

Rh/Ti02 (normal)

Relative Energy (eV)

3.1 ± 0.5

4.0 ± 0.5
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Palladium metal is a good catalyst

for the formation of methanol from CO-H2
reaction under high pressures, although

it produces only methane under atmospheric

pressure. Recently we have found that by

adding alkali metal cations like lithium

or sodium to the supported palladium

catalysts, methanol formation was enhanced

drastically even under atmospheric CO-H2
pressures. From the investigations of

infrared spectroscopy during the reaction

and isotope labelled experiments, it was

considered that there exists some surface

oxygen at the visinity of the palladium

metal particle and the support, which can

stabilize the reaction intermediate for

methanol formation as a surface formate

ion. And alkali metal cations may act as

a stabilizer for surface oxygen. To prove

above mentioned structure of active sites,

EXAFS study was carried out for these

catalysts.

To form uniformly dispersed active

sites, following method was employed for

the preparation of sample catalysts.

First of all, a certain amount of Na was

impregnated on a silica support, which was

evacuated at 823 K to control the amount

of surface OH group. Then pentane solu

tion of Pd(CjH^)2 was added on this
support at 230 K to produce Si-O-PdCC^Hg)
group on the surface. After removing
pentane, the catalyst was reduced by
hydrogen at 473 K over night (Pd-Na/S).
For the reference, the sample without Na

on the surface was also prepared by the

same procedure (Pd/S). Pd black from

Nippon Engerhard Co. Ltd. was also used
without further treatment.

The results of EXAFS measurements

are shown in the figure. It is interesting

to note that the bond distance of the

Pd-Pd metal of the supported palladium

catalysts is apparently larger than that

of palladium black. It is also concluded

that supported palladium metal is more

negatively charged than unsupported

palladium black. But unfortunately, no

difference of EXAFS between sodium doped

and non-doped supported palladium cata

lysts was observed so far. Further

investigation should be needed to inter

pret these phenemena.

EXAFS of various palladium catalysts

f Pd black

Pd-Na/S

2- 3

DISTANCE / A
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Introduction

Photocatalytic decomposition of
water into H2 and O2 is interesting
subject in view of utilization of solar
energy. To use a semiconductors as a
mediator for enegy transfer from photon
to water seems to be one of the Intense

approaches to accomplish the reaction.
Strontium titanate (SrTiO^) is a
semiconductor with a band gap of 3.2
eV.Some of authors have found that

SrTiO^ powder supported with NiO can
decompose water efficiently to H2 and O2
under band gap irradiation. The
catalyst, NiO(2wt%)-SrTiO., is prepared
by impregnation method. SrTiO- powder
is impregnated with Ni(N0-)2aq. and
calcined at 400°C in air. After the
calcination, Ni(N0-)2 on the SrTiO-
decomposes into NiO. However, the
activity of the catalyst is very small
as it is. When the catalyst is reduced
by H- and reoxidiyed by 0-, the activity
of tne catalyst for photoaecomposition
of water increases lay Ca. 1000 times.
It is not known clearly what is happen
on the catalyst by this pretreatment.
To study the difference of the catalysts
before and after the pretreatment is
necessary for the improvement of the
activity. The XPS has been applied to
investigate the catalysts. The
oxidation state of Ni was determined as
+2 before and after the pretreatment.
It seams that the form of NiO on SrTiO^
changes by the activation process.
EXAFS study may be one of the effective
methods to study this catalyst.

Experimental and Results

Three different samples were
prepared; (1) NiTiO. as reference, (2)
NiO(2wt%)-SrTiO. before pretreatment,
(3) NiO(2wt%)-SrTiO- after pretreatment.
The measurements of the EXAFS and XANES

were done using the EXAFS apparatus
installed at the BLIO-B. The adjustment
of the thickness of the sample to obtain
the EXAFS of Ni was difficult because of

the intense absorption of Ti near the Ni
absorption. So, the experimental time
was not enough to measure the EXAFS of
sample (2) and (3). The results of

preliminary experiment, measurements of
XANES, are shown in the figure. The
coincidence of main peak positions of
all samples suggests that the valences
of Ni in these catalys are +2. Although

the line shapes of (2) and (3) are
almost same, there may be some
difference between the shapes at the
edges of X-ray absorption. Further
extended study of EXAFS will be expected
to give some information on these
catalysts.

ENERGY (KeV)

XANES of Ni

(1) NiTiO.,
(2) NiO(2wt%)-SrTiO. before pretreatment
(3) NiO(2wt%)-SrTiO^ after pretreatment
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Introduction

The authors have reported the preparation and
characterization of triiodide salts of mixed-val-
ence biferrocene—type compounds. The compounds /
are classified roughly into two types: one is the j f
trapped-valence type which contains ferrocene—like / /
bivalent and ferrocenium-like tervalentiron atoms? ^ j \
the other is the averaged-valence type which con- / j /S.
tains equivalent iron atoms. Recently, it was re- ^ i /« / J \
ported that 1',1'''-diethyl and 1',1'''-dipropyl- ^ / \
biferroceniura+13'' salts give rise to a transition ^ / / \Jc)
from the averaged-valence state of iron atoms to the I J
trapped-valence state as temperature is lowered.2) J/

Although MOssbauer spectroscopy can distin- /
guish whether or not the rate of the thermal elec- « , /
tron transfer between two iron atoms in these salts v
is higher than ca. lo's"\ the X-ray-absorption j I I
near edge structure (XANES) spectroscopy involves 7.092 7.108 7.124 7.140
a different time scale of ca. lO^^s"'. We show the sn e r g y ( Kev )
XANES spectra of ferrocene, ferrocenium"*"l3~, 1',
1'''-diiodobiferrocene, biferrocenium''"l3~ and I',

ji-.. u +* - Fiq. 2. The XANES spectra of (a) l,l'''-dibi1'"-dibromobiferrocenium7^l3 . r xy. x. ^ ,
biferrocenium+Is", (b) biferrocenium^l3 and

Results and Discussion 1,1'''-diiodobiferrocene.

For simplicity we first compare ferrocene and weak ls->- 3d transition in ferrocene c
ferrocenium'''l3~ where the iron atoms are in the site sists of a single peak. The splitting of 2eV
of D5h symmetry. Figure 1 shows that iron atoms the ls-»- 3d transition of ferrocenium''' was obs(
have a very weak absorption peak at the threshold, ^2 explained by crystal field splitting o)
followed by a shoulder on a rising absorption curve ground state. The electronic ground states o3
which culminates in a strong peak. We identify ferrocene and ferrocenium ion are the orbital!
this strong peak as the allowed transition Is-*- 4p, degenerate ^A]_g and 2E2g states made from the
the lower energy shoulder as the forbidden transi- e2g'̂ and aig2 e2g^ configurations, respective!
tion Is-*- 4s, and the small peak at the threshold as 3^3 transition of ferrocene is assignee
the forbidden transition Is-^-Sd. Although these the transition from the Is to the eig state,
assignments are based on the previous results, this possibilities of the Is-*- 3d transition of fer:
conclusion will be confirmed by comparing the mea- cenium+ are the transitions from the Is state
sured transition intensities and energies with the the e]_g or e2g states. This agrees with the i
quantitative theoretical calculations based on tal field splitting of ferrocenium"*" observed i
atomic states. No change in the intense ls-*-4p electronic absorption data assigned to the d-
transitions was observed in these compounds. The transition which corresponds to about 2eV.
transitions confirm that upon oxidation of ferrocene Figure 2 shows the XANES spectra of binu<
the iron atom's electronic structure barely changes, ferrocenes. The neutral species, diiodobiferj
The previous analysis of Mfissbauer isomer shifts gives ferrocene-like parameters. In the mono-
also suggested that the iron atom did not change dized biferrocene and dibromobiferrocene, the !
its charge upon oxidation. transition consists of the asymmetric doublet

Fig. 2. The XANES spectra of (a) 1,1'"-dibromo-
biferrocenium+Is", (b) biferrocenium''"l3~ and (c)
1,1'''-diiodobiferrocene.

The weak Is-*- 3d transition in ferrocene con

sists of a single peak. The splitting of 2eV in
the Is-*- 3d transition of ferrocenium"'' was observed
and is explained by crystal field splitting of the
ground state. The electronic ground states of the
ferrocene and ferrocenium ion are the orbitally

degenerate ^A]_g and 2E2g states made from the aig^
e2g'̂ and aig2 e2g^ configurations, respectively.
The Is-*- 3d transition of ferrocene is assigned to
the transition from the Is to the eig state. Two
possibilities of the Is-*- 3d transition of ferro
cenium"'" are the transitions from the Is state to

the e]_g or e2g states. This agrees with the crys
tal field splitting of ferrocenium"*" observed in the
electronic absorption data assigned to the d-d
transition which corresponds to about 2eV.

Figure 2 shows the XANES spectra of binuclear
ferrocenes. The neutral species, diiodobiferrocene,
gives ferrocene-like parameters. In the mono-oxi
dized biferrocene and dibromobiferrocene, the Is^ 3d

transition consists of the asymmetric doublet char
acterized by overlapping of ferrocene- and ferro
cenium-like spectra. Although Mdssbauer spectra
of dibromobiferrocenium"'" show the averaged-valence
state, the XANES spectrum exhibits the trapped-val
ence state. This fact indicates that the rate of

the thermal electron transfer between two iron atoms

in dibromobiferrocenium"'" is higher than ca. lo's~\
but lower than ca. 10^®s"^.

References

1) I. Motoyama, K. Suto, M. Katada and H. Sano,
Chem. Lett., 1215 (1983).

2) S. lijima, R. Saida, I. Motoyama and H. Sano,
Bull. Chem. Soc. Jpn., 1375 (1981).

3) R. G. Shulman, Y. Yafet, P. Eisenberger and
W. E, Blumberg, Proc. Natl. Acad. Sci. USA,
73, 1384 (1976).

7.108 7.124
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Fig. 1. The XANES spectra of (a) ferrocene and
(b) biferrocenium+lB". The incomplete dashed and
solid curve is the absorption under magnification.
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The catalyst, Rh4(C0)]_2 supported on silica,
is known to give methanol and other oxygen-
containing compounds when used for the CO-H2
reaction, whereas Co4(C0)]_2/Si02 catalyst gives
Cj_ ~ C4 hydrocarbons. When Rh and Co are used
together as carbonyl metals, the catalysts

RhxCo4_x(C0)12/^^02 give the oxygen-
containing - C4 compounds; these catalysts
have catalytic properties intermidiate between

Rh4(CO)i^2''Si'^2 Co4(C0) ]_2/Si02 catalysts.
The catalysts derived from RhxCo4_x(CO)12 are
considered to be in a state of highly dispersed
cluster with the RhxCo4-x skelton kept. However
no direct evidence has been known so far for the

existence of such clusters. It is the purpose
of this study to examine the existence of the
RhjjCo4_^ cluster on the surface of the Rh-Co
bimetallic carbonyl-derived catalysts by means
of x-ray absorption spectroscopy ( XAS ).

There are several experimental difficulties
in the XAS study of this kind of catalysts:
first, the supported metal carbonyl should be
kept in low concentration in order to obtain a
good catalyst, and secondly the intensity of the
radiation available from the PF storage ring
significantly decreases in the photon-energy
region around 23 keV. Thus, in the present
experiment, we aimed to examine the possibility
of obtaining reliable XAS spectra and the
necessary experimental conditions by using a

Rh/Si02 catalyst of 2 wt %Rh as a test sample
for RhxCo4_x(CO)i2/Sin2.

The observed XAS spectrum is shown in Fig.l.
The S/N ratio is rather low as was expected.
Figure 2 shows the Fourier transform of the
observed EXAFS oscillation. The prominent peak
at about 2.5 X can be attributed to Rh-Rh
distance. The result of curve-fitting analysis
by use of theoretical parameters is given in
Table 1 together with that obtained for Rh
metal.

We were able to confirm that EXAFS data

sufficient at least for the information about

Che first shell are obtainable for Rh/Si02
catalysts of considerably low Rh concentration.

In the next machine time, we are planning
to measure the XAS spectra of Rh^Co4_x(CO)]_2/
Si02 catalysts (x=0,1,2,4) treated under
different conditions.

Photon Energy / keV

Fig.l X-Ray Absorption Spectrum of Rh/SiO^

0.0 1.0 2.0 3.0 1.0 5.0

R/S
Fig,2 Fourier Transform of Rh/S10,

Table 1. Results of the curve-fitting analysis
with theoretical parameters

Rh / SiO.

Rh metal

Rh-Rh distance / X Coord. No.

2.66 ± 0.03

2.67 ± 0.03

(2.69)**

9.5 ± 1.0

(12)*

(12)**

*scandard **crystallographic data
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Introduction

2- 3-When a mixture solution of MoO^ and AsO^
is acidified, a series of heteropolyanions con
taining As and Mo is formed. Potentiometric
Citrations have revealed the existence of

heteropolyanions of the composition,
/-u+N Cr^ V.1 - I'fl cr TA(MoOi '̂")p(H''") (HASO42 ) where (p,q,r) =(8,5,2),

(10,6,2), (11,6,2) and (12,6,2)^' in solution.
The present study concerns with the struc

ture of this (12,6,2) species. From a solution
of pH 2, containing As and Mo in a ratio of 1:3,
colorless crystals have been separated. The
crystals of [(CH^)^N]2^32[H2As2Mo^025]*8H2O have
been studied by the single crystal X-ray diffrac
tion technique and it has been found that they
contain polyanion of the structure shown inontain p

•is. 1.2)

Fig. 1 Fig. 2

Fig. 1. Structure of [(CH^As)2^0^02^]^
• denotes OH group.

Fig. 2. Proposed structure of the ion (12,6,2)
• denotes OH. [(C^HjAs)2Mog024(H20)]^~
has same structure, but in this case,
• represents a carbon atom of the phenyl
groups. -*• points OH2 •

At the beginning, it was believed that this
structure is stable also in solution.^) But
this model failed to explain the data obtained
by the large-angle X-ray scattering of a solu
tion having the upper mentioned composition.^)
This disagreement suggests that the structure of
the polyanion in solution state is considerably
different from that found in crystals (Fig. 1).

Figure 2 shows the model of the (12,6,2)
species in solution proposed alternatively by
Che present authors which gave a better agree
ment between the solution X-ray diffraction data
and theoretical calculations using models.'*)
The composition of Che ion having this structure
is different from that of Fig. 1 only by one
extra water molecule contained. This difference

can not be detected by the poCentiometry because
the two forms have Che same charge of 4-. We
expected that use of EXAFS may throw some more
light on the structure difference of this anion
in solution and in solid phase.

Crystals of hexamolybdodiarsenate (12,6,2)
salt having Che structure proposed (Fig. 2) have
never been prepared. But an organoarsonate

derivative of the same structure (C^H^As)2Mog024-
(H20)^~ has been prepared as guanidinium salt.5)

Our research plan is Co compare EXAFS of
the solution with those of these crystals, to
see coordination around Che Mo atoms are similar

in both cases, that is the skeleton of Che
(12,6,2) complex in solution is similar to the
structure in Fig. 2.

Experimental

Solution sample containing 0.6 MMo04^~,
0.2 MHAs042~ and HCl which adjusts the pH to
2.2, was used for measurements. In this solu
tion, more than 90% of the total Mo is present
in the state of (12,6,2) species. The liquid
cell was constructed by an acryl frame and
polyester (Mylar) film (<4 micron). The thick
ness of the liquid was 3 mm. The other sample
was powdered crystals of (CN3Hg)4[(C^HjAs)2MogC^4-
(H20)*4H20. The spectra were registered at
EXAFS apparatus BL-IOB.

Results

Fig. 3. Fourier transform of solution sample
EXAFS.

Fig. 4. Fourier transform of EXAFS of
(CN3Hg)^[(CgH^As)2^0602^(H2O))•4H2O.
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Figures 3 and 4 show Che Fourier transforms
of the EXAFS registered (without the correction
for phase shifts) of the liquid and crystal
samples. They appear similar, but we need more
detailed analyese to draw a clear condlution on
the similarities of Che structures of two

samples.
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Introduction"

It is well known that six coordinate Cu^"^
complexes have the distorted octahedral structures

in solid. This effect, known as a Jahn-Teller
effect, has also been reported in the solution by
X-ray diffraction technique^^, Although a number
of Jahn-Teller Cu^"'" complexes have been studied
with EXAFS^^, the axial bonds have not been clear
ly observed on the radial distribution function
(RDF) obtained by Foulier transform (FT). We have
measured EXAFS spectra of various Cu complexes
in solution by Synchrotron Radiation (SR) at Pho
ton Factory in order to clarify the applicability
of the EXAFS method for the structure study of Che
Jahn-Teller effect-

Experimental

Samples below were prepared for measurments:
0.2M Cu(N03)2/5.4M en (ethylene diamine), 0.2M
Cu(N03)2/13.5M NHjaq, IM Cu(N03)2/xM LiCl+(5-x)M
LiN03, IM Cu(N03)2/7M LiCl+O.OlM HNO3, IM CUCI2/
12M HClaq.

The solution samples were put into the poly
ethylene pouch sandwiched between the two stain
less steel holders. All of the EXAFS spectra of
Cu K-edge were obtained with the monochromator
having a channel cut Si(3,l,l) crystal and the
collection time was fixed at 1 sec and total mea

surement time was about thirty minutes for a sin
gle scan. The SR ring was operated at 2.5 GeV and
the beam current was between 50 - 150 mA.

Results and discussion

The EXAFS spectra obtained are now under
investigation and so far, the analysis of EXAFS
data for IM copper nitrate solution gave a peak at
2 S from central copper atom corresponding to
nearest neighbor Cu-0 bond distance. But the peak
corresponding to Cu-0 bond which should lie around
2.4 X due to the Jahn-Teller effect could not be
clearly observed. If the shoulder peak around
2.35 X is the one, this is too weak to be distin
guished from the ripple peaks which appear by the
termination error on FT. The further analysis is
now carried out by maximum entropy method in order

—14M

5M

3M

. 2M

"— IM

— 0.5M

• 0.25M

OM

^ R/A ^
Fig. 1. The RDFs of Cu^"*" in the solutions

of various concentration of C1

Table 1. Result of FT analysis for Cu
C1 solution

0.2M Cu(N03)2/5.4M en
0.2M Cu(N03)2/13.5M NH3

2.28 0.20 1.0

2.32 0.21 1.1

2.36 0.21 1.1

2.32 0.27 l.A

2.30 0.30 1.6

2.30 0.36 1.9

2.30 0.47 2.5

2.28 0.66 3.4

N

2.06 0.91 3.9

2.08 0.98 4.2

to get higher resolution than by FT.
Some of the RDFs by FT with k ranges of 3.6 -

16.85 obtained from the EXAFS spectra for cop
per chloride complexes were shown in Fig. 1. The
RDFs were corrected for phase shift and back-scat
tering amplitude by using the parameters for Cu-0
bond given by Teo and Lee . The result in Fig. 1
indicates that the higher the concentration of Cl,
the smaller the peak of o^gen of ^3^ at 2 A and
the higher the peak of Cl at 2.3 A. The peak po
sition R and the peak hight h and hR^ as the value
proportional to the coordination number were de
termined and are given in Table 1. These values
were obtained by correcting for back-scattering
amplitude and phase shift of the atoms not only of
0, but also Cl~ and N. Although the low peaks are
possibly influenced by ripple peaks and it is nec
essary to deconvolute to separate two peaks, the
result indicates that Cl~ substitutes for equato
rial H2O at the first stage and that even in the
case of CUCI2 in concentrated HCl solution four
equatorial H2O are not substituted completely and•
axial Cl is not found.

Moreover, detailed analysis using curve fit
ting method should be applied to the EXAFS spectra
to obtain the coordination number of Cu^^ which
should give the important imformation about the
formation of copper chloride complex in aqueous
solution.

It should be noticed that whereas the peak
around 2.3 X corresponding to Cu-Cl could be ob
served on RDF, the peak corresponding to Cu-0 bond
which should lie around 2.4 X owing to the Jahn-
Teller effect could be clearly observed.

We wish to thank Drs. T.Matsushita, H.Oyanagi
and M.Nomura for the help for measurement.
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Many compounds with calcium fluoride type
structure show an anomaly in the specific heat

at an elevated temperature, a few hundred degree
below their melting temperature. This anomaly is
associated with an order-disorder phase tran
sition which is accompanied by arise in ionic
conductivity, 8-F0F2 has the lowest transition
temperature (705 K) and high ionic conductivity
among these compounds.

Single crystal X-ray and powder neutron dif
fraction studies of this compound at various tem
peratures have been published^which were
carried out to investigate the diffusion mecha
nism of mobile ions at elevated temperature. In
these investigations it was found that the occu
pation probability of fluorine ion at normal
site decreases and the anharmonic thermal vi

bration is pronounced with increasing tempera
ture: fluorine ion does not occupy the center of
Pb tetrahedron but is displaced into four split
positions with an occupation probability of l/^i-
for each position.^) Here we present the way of
disorder of fluorine ion about this compound at
80 K and 293 K using the EXAFS spectroscopy which
is one of the powerful'techniques for determining
the local atomic arrangement.

The X-ray absorption measurements were
carried out at the KEK Synchrotron Radiation La
boratory on beam line 10-B (EXAFS). The EXAFS
spectra of the Pb-L3 edge of the crystalline 6-
PbF2 (80 K and 293 K) were obtained. In ob
taining the EXAFS function'X(k), the background
level is subtracted from the observed absorption
coefficient by using a Victoreen fit and the

absorption coefficient for an isolated atom is
obtained by the cubic spline technique.5)

Fig, 1 shows the Fourier transformations of
the EXAFS spectra (k= 3,0'N'16,9 A-1) multiplied
by k3, (a) at 80 K and (b) at 293 K.

3, 70

R£ A )

3, 50

R( A ]

The magnitude (ABS in Fig. l) of each trans
formation provides the radial structural function
(RSF), where no phase shift correction being

made. Arrows indicated by solid and dotted lines
in each RSF show the position of normal fluorine
and lead ion sites respectively in ideal fluorite
structure at room temperature. In Fig, 1 it is
found that the broad first peak in (a) indicated
by (1) splits into sharp double peaks as shown
(2) and (3) in (b),

There are many peaks within the Fb-^b
distance, k.20 A in each RSF. From these RSF
features it is found that fluorine ion does not

occupy the center of the normal sites but is
displaced into several separate sites along the
body diagonals in the direction of the Pb tetra-
hedral faces even in 80 K and this tendency
remarkably increase as temperature increased.
These interstitial anions will play a key role in
ion conduction process indicating the hopping
model being a probable one, «

For the first and second peaks in (a) and
(b) in Fig, 1 indicated by arrows, curve-fitting
method is applied using Fourier filtering method
(reference sample: o-PtF-). The atomic distances
between Pb and F ions and coordination numbers

around Pb ion thus obtained are shown in Table 1,

The data analysis of the high temperature
EXAFS measurement of 6-PbF2 and that of SrFj are
now in progress.

Table 1. Atomic distances (R) and
coordination numbers (N)

Pb-F (1)

Pb-F (2)

R(A) N

2.53 3,2

293 K

R(A) N

2.53 2.k

2.63 3.2 2.66 2,it
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Introduction

Measurement of X-ray diffuse scattering is
the most direct method available for deriving an

information on the short-range ordered structure
of metallic solid solutions and a number of data

have been accumulated on a variety of binary al
loy systems. In recent years much attention has
been focused on ternary alloys which often ex
hibit physical properties different from those
of binary alloys and are becoming important ma
terials for industrial use. These properties
are known to be sensitive to the state of order

present in the alloys, but no investigation has
hitherto been made to reveal their short-range
ordered structure. The reason is found in that

there are three kinds of parameters, in contrast
to one for binary alloys, to describe the state
of order but it is not possible to determine
these parameters with recourse to an ordinary
method of intensity measurement. Denoting these

AB BC CAparameters by , a,^ and , the diffuse scat
tering intensity from short-range ordered terna
ry alloys is written as

(q) =N{r

V(q)),

where a {q)=^C.j^ exp (2TTiq.R2^) ,
etc., N is the total number of

atoms, q a vector in recipro
cal space, R^ an interatomic
vector, m. the fraction of the

jth kind of atom and f, its

scattering factor. Eq.(l) in
dicates that what one can mea

sure is a superposition of the
partial intensities carrying
an iniormation on the spatial
correlation of the respective

pairs of atoms.
It is possible, however,

AB BC CA
to obtain a„ , and

separately if one makes inten
sity measurements with chang
ing scattering power of atoms,

solves three sets of intensity
equations of the form (1) con
taining three unknowns and

performs Fourier transformation. The most effec
tive way of doing this type of measurements is to
utillize the anomalous scattering phenomena of X-

rays by atoms, i.e., to perform the measurements
using X-rays of the three kinds of wavelength

lying near the absorption edges of the constituent
atoms.

We present here a preliminary report of the
investigation done at the photon factory of KEK.

Experimental Procedures

Cu-20at%Ni-24at%Zn alloy single crystal was
chosen as the sample which had been quenched from
a temperature of 600°C. It has an fee structure
with the lattice parameter a=3.633 X. A slab (6
mm in diameter and 4mm in thickness) was cut from

the ingot so that the surface was parallel to a

(210) plane.
The sample crystal was mounted on a single

crystal orienter capable of doing 4)- and x~^otion,
which was fixed on the 9-20 goniometer developed
originally for the crystallographic study at low
temperatures, the details of which are given in
this issue. This composite diffractometer was in
stalled at the beam line 10-C, where X-rays mono-
chromated by a pair of silicon single crystals
and focused at sample position by a curved mirror
were available. The wavelength spread AX/\ is 4

i . -J*

X-ray diffuse scattering measurement system
installed at the beam line 10-C.
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X 10 at X^l.5 A. Scattered radiation from the
sample was detected by a versatile solid state-
detector (pure Ge). Any variation of the inci
dent beam intensity was monitored using an ion
chamber placed behind the divergence slit system.
The beam divergences of the present X-ray opti
cal system gave a parallelpiped of the sizes of

(0.02)^ in reciprocal lattice unit. Figure 1
shows a photograph of the whole experimental set
up. All procedures of adjustments and measure

ments were controlled by a micro-computer (not
shown in Fig. 1).

X-rays of the following three kinds of wave
length selected from the band of continuous
spectrum were used; 1.32, 1.41 and 1.59 A, which
are respectively slightly longer than the wave
length of the absorption edges of zinc, copper
and nickel. The gate width of the pulse-height
analyser was set so that it accepted scattered
radiation of the same wavelength as that of the
incident radiation but rejected fluorescent Ka
and KB radiation emmited from the sample. The
measurements were performed throughout the reci
procal space volume commonly adopted in the
study of short-range order in the fee alloys.
Intensity data were collected at points separated
by 0.02 reciprocal lattice unit along the cubic
axis, except for the region containing no diffuse
intensity peaks in which measurements were made
at larger intervals. Measmred intensities were
put into an absolute scale by making comparison

with the intensity scattered from amorphous poly
styrene kept under the identical experimental
condition. Correction was made for the Compton
scattering effect by calculating its intensity
using the International Tables III.

Experimental Results

Figure 2 shows the intensity contour maps,
expressed in electron unit, of Cu-20at%Ni-24at%Zn
alloy obtained using X-rays of the three kinds
of wavelengths. A peak located at the 110 posi

tion is undoutedly due to the short-range order

X=1-32A A=1-4I A

present in the alloy, which, because of the

small difference in atomic number between the

three elements here concerned, would be very wecik
in intensity if measured using the characteristic
radiation usually available. The enhancement of

intensity particularly notable for the radiation
of the wavelengths 1.32 and 1.41 A is due to the
anomalous scattering effect. The intensity ob
served around the 111 position consists of two
parts; one with a distribution like that of tem
perature diffuse scattering and the other with a
long tail along the <111> direction.

The three sets of the observed intensity
now allow us to obtain the partial inten-
CuNi, , NiZn, , ^ ZnCu, , , .

sities a (q), a (q) and a (q). In this
procedure the anomalous scattering factors given

by Cromer and Lieberman^^ were used. Owing to
insufficient counting statistics, there remains
some fluctuation in the resulting partial inten
sity contour maps, but it is certain that the 110
diffuse peak is due to an ordering type correla
tion of Cu-Ni and 2n-Cu atomic pairs, while
there is a clustering type correlation, though
not much remarkable, for the Ni-Zn pair. Ihe
ordering tendency found for the Cu-Ni pair is of
particular interest, since the existence of clus
tering of aotms was revealed for the binary Cu-Ni

alloy system^^. The results of the present in
vestigation suggest that the nature of interac
tion between atoms in ternary alloys is not
necessarily the same as that observed in binary
alloys.

We thank Dr. Kashiwara of Nagoya University
and Mr. Nishihata of Kwansei Gakuin University
for their help in this experiment.
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Introduction

A "tunable" small-angle X-ray scattering
apparatus for "enzyme" (SAXES - _Small-Angle X-ray
Equipment for Solutions) was designed and
constructed in Photon Factory, KEK, mainly for
use of the experiments on non-crystalline
materials such as aqueous solutions of biological
polymers, synthetic polymers, metals and alloys
that give continuous scattering in small-angle
region.

This is an activity report of SAXES working
group in evaluating the performance of apparatus.
A number of preliminary experiments were carried
out on various specimens of biological materials
and synthetic polymers, during the machine time
of 14-th to 24-th of June, 1983. Since the
specimen chambers for the time-resolved problems
are not finished yet, experiments were limited
to the static at present. Gut of experiments,
we report typical results of scattering from
collagen and polystyrene latexes that have large
dimensions.

Experimental

Experiments were performed with the storage
ring operated at the energy of 2.5 GeV with the
beam current of 50 130 mA. The X-ray used
was the wavelength of 1.4881 ^ which corresponds
to the absorption edge of nickel foil. The
specimen to detector distances were either
2,010 mm for film recording or 2,180 mm with the
one-dimensional PSPC. The PSPC was operated
with a mixture of argon 90 % + CH4 10 % at the
gauge pressure of 1 atm. The high voltage
applied to PSPC was 2,000 volts. Since the
scattering from specimen, in addition to the
parasitic, was too intense to handle with the
present PSPC, attenuators of alluminum plates
with various thickness were used, depending on
the counting rate. With film recording, no
attenuators were used.

Results

The meridional X-ray diffraction pattern
from collagen, soaked in Locke's solution, is
shown in Fig. 1. The diffraction photograph
was recorded in 5 min with Fuji film at the beam
current of 105 mA. Collagen has a long repeat
distance of 670 A, along its fibre axis and is
a specimen frequently used to test the small-
angle resolution. As seen in the figure, the
first order reflection can be clearly resolved

apart from the beam stop and reflections up to

the twelveth can easily be recognized in the
photograph. The slightly assymetric feature of
reflections is attributed to the shape of the
direct beam since the back focal plane was
somewhat displaced from its ideal position.
The same collagen specimen was used in the
experiments with PSPC. The intensity profile

C
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Figure 1. The diffraction photograph and the
Intensity profile measured with PSPC
from collagen soaked in Locke's
solution.

The profile with channel numbers
higher than 156 (right three quarters
of the profile) is 40-fold. The
first order reflection of period,
670 A, is seen at about 120 channel
in the left quarter. The arrow shows
the 20-th order reflection.



of the diffraction pattern is also shown in Fig.
1. The counting time was 100 sec at the beam
current of 100 mA. An attenuator of alluminura

plate with a thickness of 0.22 nm was inserted
in front of the specimen. The attenuation
factor of this alluminum plate is about 1/12,
and hence the effective counting time is about 8
sec without attenuator. In the left quarter of
the figure, the first order reflection can be
clearly visible at the channel number of 120,
whereas, in the right hand side, reflections up
to the 25-th order of 670 1 repeating structure
can be seen ( the arrow in the figure shows the
20-th order reflection).

Polystyrene letexes, dried on mica, gave a
scattering intensity with the counting rate of
55,000 cps at the beam current of 91 mA.
Without attenuator, the counting rate is
estimated to be more than 6 x 10^ cps/chamber.
Figure 2 shows the intensity profile, log(I), of
scattering. It consists of five broad
scattering rings with its innermost ring at the
Bragg spacing of 550 A. From this raw data,
the size of the latex was estimated although it
stays as the approximate since the data were not
corrected for background scattering and so on.
The dashed line in the figure is the scattering
intensity calculated for sphere with a radius of
475 A. The peak positions of the scattering
from the sphere coincide very well with
scattering rings observed. This radius of
sphere is consistent with the result of electron
microscopy, 500 A.

Discussions

The SAXES constructed in PF was proved to
have the performance as designed, for instance
the small-angle resolution of 1,500 A with the
wavelength at 1.5 A. The intensity at the
specimen was found to be more than IQH photons/
sec although the full width of the incident beam
was not utilized with the specimen yet because
of the thickness of the specimens. The spatial
resolution is less than 1 mrad since the direct

beam size in vertical direction is about 1.5 mm,
and is slightly better than the value designed.
However, the angular resolution was found not to
be satisfactory to record the fine details of
the scattering from polystyrene latexes, as seen
in Fig. 2.

The time-resolved experiments, as stopped-
flow and temperature jump technique, are planned
to be performed in the machine time in fall, and
the results will follow in the next report. The
manuscript of SAXES is in preparation and will
appear elsewhere.

Figure 2.
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The intensity profile, log(I), of the
scattering from polystyrene latexes,
dried on mica. Five broad maxima

are visible in the figure with the
innermost at 550 A. The dashed line

is the calculated intensity profile
from sphere with radius of 475 A.
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A multi-detector system for fluorescence

EXAFS experiment has been designed and con- i g
structed under a cooperative program between the
Electrotechnical Laboratory and the Photon

Factory. It has nine Nal detectors arranged i-?

almost perpendicularly to the incident beam
direction subtending 18% of 47r steradian in ^
solid angle. Each detector is equipped with a ^
2-dimensional soller slit in order to reduce C

fluorescent X-ray intensity from a metal foil a i.a

which filters out the elastically scattered

X-rays. More details of this system is reported
in § V.3.1 in this report.

During the June-July run of 1983, this
detector system was first tested on the focused
beam line, IOC. The optics of this line con
sisted of a double crystal monochromator (up
stream) and a bent cylindrical mirror. An

intensity of the order of 10^® photons/sec is
obtained at the focus (approximately 6 nim(H) x
1.5 mm(V)) with an energy resolution of better
than 2 eV at 9 keV. As the beam height of the
focused beam does not change by scanning the
X-ray energy with the monochromator on this beam
line, the height of the detector system is kept
constant during the measurement of fluorescence
EXAFS spectra.

Figure 1 shows a spectrum near the Mn K-
absorption edge for 10 mM K2MnO^ solution. A
sharp spike indicated by an arrow in this figure
is observed with a high resolution. This
indicate that a high resolution study in the
near edge region is possible in a fluorescence
detection mode with a combination of the optics

of BL-IOC and this multi-detector system.

Figure 2 shows a Ni-K edge EXAFS spectrum
for a 300 A thick nickel film deposited on a
single crystal of silicon. A typical accu
mulated photon number is more than 2 million
counts per data point of this spectrum for an
integration time of 6 seconds. It took about an
hour to take the spectrum shown in Fig. 2.
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The 3d transition-metals and their compounds
have various interesting characters in their mag
netic and electrical properties which are related
to the unoccupied 3d states. Therefore, it is
worthwhile to investigate the L2 3 absorption
spectra of the transition from the 2p core levels
to the unoccupied 3d states. Fine structure of
the L2 3 edges of 3d transition-metals and their
compounds have been previously measured by sever
al authors.A crystal monochrometor has
been usually used in the wavelength region 10-30
A, where the L2 3 edges of the 3d transition
metals lie. However, the x-ray radiation caused
sometimes damage the analyzing crystal, then it
has been difficult to obtain a high resolution
spectrum. The use of synchrotron radiation com
bine with a grating monochrometor allows us to
collect well-resolved data at soft x-ray region.
As is now, the PF light source has become to
available to use, then in this study, we tried to
measure the TiL2 3 absorption spectra of Ti, TiS
and TiS2.

The absorption measurements were performed
at the BLll-A line at 2.5 GeV electron strage
ring (KEK-PF) by use of a grazing incidence mono
chrometor "Grasshopper". The monochromatized x-
raylQ was monitored by a ceratron and the trans
mitted x-ray intensity I was detected by a HTV
R595 Cul photoelectron multiplier. A TN-4000
microcomputer stored and displayed the spectrum.
The absorption film of Ti metal was prepared by
electron-beam evaporation onto a thin collodion
film, while the absorption specimens of TiS and

TiS2 were prepared in form of powders and spread-
ed them mixing with ethanol onto a thin collodion
film. The vaccum in the sample chamber was about
10-8 Torn.

Figure 1 shows the TiL2 3 absorption spectra
of Ti, TiS and TiS2 recorded with a resolution of
< 1 eV. The spectrum of Ti metal is composed of
two peaks "white lines" arise through transitions
from the 2p core levels to the narrow unoccupied
3d states. The lower energy peak is the tran
sition from the 2p3/2 level (L3) and the higher
one is the level (L2) • The L2-L2 spin-orbit
splitting is estimated as 5.5 eV in Ti metal
which agrees closely with the XPS binding energy
data (6.1 eV). The intensity ratio of L2 to L3
is estimated roughly as 1 : 2.5 incontrast to the
ratio of 2 : 1 as expected theoretically. Our
data is differ from a previous Fisher's one in
spectral profile which was performed using self-
absorption technique, while consistent with the
electron energy loss spectrum (EELS) by Leapman
et al.^) In the case of TiS and TiS2 spectra,
each of the L3 and L2 peaks is split into two
components separated by 1.5 eV. Similar
structure was also observed in the EELS data of

Ti02 and interpreted in terms of the crystal
field which splitted Che degenerate unoccupied 3d
states into a lower energy 2C2g molecular orbital

Ti metal

420 430 440 450 460 470 480 490

PHOTON ENERGY ( eV )

Fig. 1

(MO) level and a higher energy 3gg level. In our
observed spectra of TiS and TiS2, the Ti atom is
also octahedrally coordinated, therefore lower
peak of L3 is attributed to 2t2g and higher one
to 3eg MO levels, respectively. The SK ab
sorption spectrum of TiS2 obtained by Ohno et
al.8) also showed that the t2g-eg peak splitting
was 2.0 eV. In addition, in the case of the
spectrum of TiS2, an additional shoulder
structure is located at the 1.7 eV lower energy
side of the 2t2g peak. This structure has no MO
interpretation, then may be attributed to a core
exciton absorption. Recently, Grunes^^ has
measured a corresponding structure in the TiK ab
sorption edge of Ti02 and also interpreted as a
core exciton.

Now, we intend to take further refined
spectra of these materials at coming beam time.
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The nd-f (n=3,4) transitions of the
elements around Z=5A plav a special role in the
study of atomic spectra^'. A notable coexis
tence of dicrete and continuum features appears
in the absorption spectra near the M4 5 and N4 5
thresholds in the range 2^55^^. Centrifugal
potential barriers have major influence on these

spectra to form the so-called 'giant resonances'.
We have measured a series of the M4 3 giant

resonance absorption spectra of elements Z=49-57
in solid thin films, except Xe gas, by means of
a 'Grasshopper' raonochromator connected to the
BL llA beam line in the photon energy range 440
to 890eV to explore Z dependence of the giant
resonance of atomic nature and to find solid

state effects.

Fig.l shows optical density curves of In,
Sn, Sb, Te, Csl, KI, Nal, Xe, CsCl, BaF2, LaF3
and a photoelectric yield curve of La203. The
abscissae of the graphs are photon energies
measured from the onset of the M5 absorption
cross-section. Two main peaks observed for Z^52
correspond to M4 and M5 giant resonances,
photon energy difference between the onset and
the peak of the M5 giant resonance becomes
smaller as Z increases. Shape of the resonance
becomes sharper as Z increases, and this tenden
cy is abrupt for Z>55. Decrease of the absorp
tion continuum is also observed as Z increases.

The gross structures of the spectra do not
depend on the other component of the compound in
I M4 3 spectra of Csl, KI and NaT, Cs M4 3
spectra of Csl and CsCl, and La M4 5 spectra of
LaF3 and La203 showing themselves to have an
atomic origin. The M4 and M5 spectra are well
separated and appear relatively simpler than
N4 3 spectra because the 3d spin-orbit interac
tion is dominant and the exchange interaction
between the 3d shell and the 4f shell is small.

This circumstance makes us easy to see the
abrupt changeover of f-wave functions from
collapsed state to uncollapsed state through the
Z dependence of the shape of ^ giant reso
nances around Z=54. The FlfflM or the M5 reso
nance decreases from 4.3eV for Ba(BaF2) to 2.2eV
for La(La203), in which 4f state almost com
pletely collapses. This fact coincides with the
one observed in atomic vapour^^. The abrupt
change of the spectra corresponds closely with
the abrupt change of potential barrier calcu
lated by the use of HS potential^\ This fact
is also supported by HF calculation^^

Weak but clear structures present below
the M5 ginat resonances showing edges at the
thresholds for Z=49 to 54. These resonances

would lead to the 3d-cp continua because the f
continue are expected to be very small at the
thresholds. We consider the fine structures

observed for solid samples near the thresholds
to be the solid state effects due to the density
of p-like states.
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Introduction

In the ground state of Xe, Cs and Ba the
f-symmetric wave functions are localized in the
outer valley of the double valley effective
potential. Going from Ba to La the 4f wave-
function collapses into the inner potential
well. This sudden transfer of the wave-function

from the outer to the inner well critically de
pends on Che width and the depth of the inner
well and the height of the potential barrier and
thus can be influenced by excitation or ioniza-
tion.

Experiment

The synchrotron radiation emitted by the
2.5 GeV electron storage ring of the Photon
Factory was monochromatized by a Grasshopper
monochromator. The spectral bandwidth was 2 eV
for Xe and Cs and 1 eV for Ba. The atoms were

contained in a heat pipe (length of the vapour
column < 60 cm) mounted behind the exit slit of
the monochromator. Thin film A1 windows and a

differential pumping stage separated the heat
pipe from the ultrahigh-vacuum of the monochro
mator. The temperatures ranged from 900''C to
1000®C for Ba and from ZOCC to 250°C for Cs.

This corresponds to vapour pressures between 0.1
and 1 mbar. A Ne buffer gas retarded the escape
of the metal atoms from the hot zone of the fur

nace. The energy scale was calibrated by means
of the Ne K absorption (uncertainty of the
energy scale ±1 eV). The efficiency of the open
photomultiplier was greatly enhanced by using a
Cul cathode.

Results

The experimental 3d-absorption spectra of
atomic Xe, Cs and Ba are presented in Fig. 1.
Since the number of the metal and Ne atoms in

the vapour column has not been determined only
Che relative spectral dependence of the cross
sections is given. The figure nicely displays
Che dramatic change of the broad and overlapping
Xe absorption bands into the sharp and well
separated Ba absorption lines. Our results for
Xe are in agreement with those reported by
Deslattes (1968). The weak structure centered
at 673 eV is ascribed to 4d •* 6p transitions.
The broad bands above the corresponding ioniza-
tion limits are due to transitions of 4d elec
trons to f-symmetric continuum states.

For Ba the low energy absorption line lies
well below the ionization threshold and the
high energy well below the M^^ threshold. In LS
coupling the line centered at 783.8 ± 1 eV is
ascribed to 3d^'' 38^41 ^Di transitions the
line centered at 798.4 ± 1 eV to 3d^->•

3d^4f 1 transitions. 38^^^ ^Sq 3d ^4f % i
excitations are responsible for the weak
shoulder at 780.2 ± 1 eV. The intensity ratio
^P] / 1 = 1.3 ± 0.2 agrees neither with the
value for pure LS coupling nor the statistical
ratio 2/3 for pure jj coupling. The importance
of both, Che spin orbit splitting of Che 3d
level and the inteaccion of the excited electron
with the open 3d shell corroborates the local
ization of the final state wave-function. The

asymmetry of the ^P^ line is mostly due to the
3d^3/24f ^ aucoionization channel.

The 3d spectrum of atomic Cs represents an
interesting intermediate case. The centers of
the two absorption lines (733.7 ± 1 eV; 747,6 ±
1 eV) lie above the corresponding 385/2. 383/2
ionization limits. On the other hand, the
spectral dependence of Che cross section is
close to that of Ba than chat of Xe. The inten
sity ratio of Che low energy peak to Che high
energy peak, determined in various sensible
ways, always comes out smaller than the statis
tical ratio.
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I • . • • I . • I , I , , , . I ,
190 >40 >60 )(0 ,v

I ' ' • ' I ' ' . • I • > . • I . ^ . I .
160 190 >00 110 ,v

Photon Energy

Fig.l 3d-absorption spectra of atomic Xe, Cs
and Ba.

* On Leave from the University of Hamburg,
Hamburg, Germany

References Deslattes, R.D,, 1968, Phys. Rev.
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The soft X-ray absorption spectra of
an X-ray resist film and its spectral
sensitivity are studied using synchrotron
radiation.

The X-ray resist studied here was.
poly-2-methylpentene-l-sulfone(PMPS).
The beam line used in the experiment was
BL llA and the electron acceleration

energy was 2.5 GeV, For monochromatizing
the synchrotron radiation, a tv/o degree
grazing incident monochrometer(Grasshopper)
v/as employed. The optical resolution was
about 0.03 A a.tX= 30 A,

The absorption spectra of PMPS film
is shown in Fig.l, Some fine structures
can be observed near the absorption edges
of carbon and sulfur. The doublet peaks
at about 285 ©V can be assigned to
Rydberg transition, that is, from C|5
orbital to unoccupied orbitals lower than
continuum states. Splitting is brought
about by the effect of chemical shift in
the molecular structure. This is the
first observation of chemical shift of
carbon atoms in a polymer film.
The sharp band at I70 eV among the three
peaks around the ionization threshold of
Sap orbital at about 175 eV is due to a
Rydberg transition. The other tv/o broad
bands at the higher energy side are con
sidered to be part of XANES(X-ray Ab- Pj
sorption Near Edge Structure). ^

The sensitivity of this resist to
monochromatized radiation v/as measured.
The change in sensitivity brought about
by incident photon energy can be seen to
be in correspondence with the absorption
coefficient. If the degradation efficien--
cy of the resist per unit absorbed energy
changes marginally at different photon
energies, the resist sensitivity should
vary proportional to the absorption coef
ficient. However, as shown in Fig.2,
this is not the case and drastic sensi

tivity enhancement is observed at higher
absorption coefficients.

Following these results, it is con
sidered that the degradation efficiency
of Pl'iPS depends upon incident photon
wavelength. A specific excitation such
as the Rydberg transition from Cjs or Sap
is effective for the scission of the main
chains in PMPS.
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Introduction

There has been increased interest in

high-sensitivity soft x-ray detectbrs in
various studies such as experiments using
synchrotron radiation, plasma diagnostics and
satellite astronomy. Although a photomul-
tiplier is a useful detector not only for
visible light but also for soft x-rays, the
photoefficiency profile in the soft x-ray
region is not well known.In this.study the
photoefficiency curves were evaluated for many
kinds of materials as candidates for the

photocathode in the energy range of 0.1 - 1
keV by using synchrotron radiation.

Experimental procedures

The experiment was carried out at the
beam line BL-llA, where monochromatic soft
x-rays from a,Baker grasshopper monochromator
in the energy range of 0.1 - 1 keV are
available. A gold mesh was used as a monitor
for an input soft x-ray intensity.The photo-
electrons emitted from it are led to a channel

electron multiplier (CEM) and detected by a
pulse counting system. The samples were
attached as photocathodes to a diode-type
holder. This holder was designed to hold ten
photocathode samples so that ten kinds of
samples could be measured without venting the
vacuum chamber. The monochromator was scanned

by a microcomputer control, and the synchro
nized data from the CEM and the sample were
analyzed and stored by a Tracor Northern TN4000
system. The following photocathode samples
were prepared mainly by evaporation on the
stainless steel substrates : Csl, RbBr, Cul,
Rbl, RbCl, Rbl , Til, BiTe, CdTe, PbTe, Au,
and BeO. The photoefficiency calibration of
the samples was carried out by using an NBS
AlaOa standard photodiode in the wavelength
region longer than 50 A and an Au photocathode
in the region shorter than 50 A on the basis
of the photoefficiency value of Au as given by
Henke.'^

Results

The photoefficiency curves measured for
Csl, RbBr, Cul, BeO, and Au are shown in
Fig.l. Alkali-halides such as Csl and RbBr
make high-sensitivity photocathodes. RbBr has
no steep structures in its photoefficiency
curve in the energy range of O.I - 1 keV.
Although it is rather hygroscopic, it is a
useful material as photocathode if handled
carefully.
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Fig.2 : Relative sensitivity curves for MCP
with and without Csl photocathodes

Figure 2 shows the relative sensitivity curves
for MCP's with and without a Csl photcathode.
The MCP overcoated with Csl shows 5 to 10

times higher output than the bare MCP, which
is due to increases in both photoefficiency
and electron multiplication by the Csl. It
should be noted that the sensitivity curve of
the Csl coated MCP differs from that of Csl

itself in Fig.l. This is due to the grazing
incidence of the soft x-rays onto the channel
walls and then their multiple reflections in
the channels.

1) B.L. Henke ; Nucl. Instr. & Meth. 177
( 1980 ) 161
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For the purpose of obtaining the optical

constants of mirror materials in VUV region, we

measured the reflectivity spectra of quartz,

silicon carbide, and gold at glancing angles at

BL-llA (grasshopper monochromator)^^ using the
2)

reflectometer designed by the authors.

The data is now under analysis.

The measurement was carried out in the

following manner. The VUV beam is focused on

the 0.2-mm wide slit of a detector by a refocus-

3)ing mirror. In order to collimate the incident

beam, an entrance diaphragm of 0.1-mm wide is

employed at 120 mm before the sample.

The gold was evaporated on a glass substrate

with relatively low speed. The mirrors are about

45 mm in length.

The sample holder is tilted a few degrees

from the rotational axis by a linear feedthrough

to pass the incident beam. The reflectivities

were obtained by normalizing the reflection

intensity with the incident light intensity and

the stored electron current in the ring.
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We obtained contamination-free K L. _ ab

sorption spectra of KCl, KBr, and Kl'filrfis at
room temperature using synchrotron radiation from
the 2.5-GeV PF storage ring as a source
and the grasshopper monochromator at BL-llA.

The samples were prepared by vacuum evapo
ration on collodion substrates supported by

nickel mesh- Thier thickness was about 3000 A.

They were mounted on a turret, and then put into
a sample ghamber. The pressure of the chamber
was 2x10 Torr realized by a turbomolecular
pump. The time dependence of the incident light
intensity was monitored with a gold mesh before
the sample. The VUV transmissions through a

reference collodion film and the samples were
detected with an electron multiplier R595 (Hama-
matsu) and picoammeter (Takeda). The optical
densities were obtained from these with the

correction of incident light intensity. The

optical band pass was about 0.15 eV with the
slits of 15-15^m.

Figure 1 shows the absorption spectra of
the K L, levels between 290 and 330 eV.

photon ehergy was calibrated by the argon ^
absorption. The spectra in Fig.l are displaded
vertically. The three spectra can be divided
into two energy regions, I and II as indicated
in Fig.l. In the region I two peaks A and B are
predominantly seen at 295.2 and 299.0 eV (+0.1
eV) accompanying smaller peaks A'and B'in each
lower energy sides. The position of these peaks
are almost independent on the halide ions. The
energy difference between A and B is 2.8 eV,
which is in good agreement wit^.the spin-orbit
splitting of the K L _ levels. These facts
suggest strongly that'the two peaks A and B are
due to. the localized transition from the 2p to

3d-like levels at the potassium ion K .
On the other hand, the splitting of the

peaks A' and B' from A and B (/vO.S eV) can not
be explained only by atomic transitions, indica
ting the existence of the solid state effect as
the iigand field in the crystal.

The peak intensity ratio of A and B is
likely to be discrepant from the statistical
value of 2:1. The deconvolution analyses are

now continued.
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Fig.l The K L„ ^ absorption spectra of
Kl(upper), KBrtAiddle), and KCl(lower)
evaporated films at room temperature.
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X-ray contact microscopy has been made
considerable improvements by the technique of
x-ray lithography and the development of the
synchrotron radiation source^^. It can be
applicable in many fields of biology, medicine,
and chemistry. Soft x-rays are especially use
ful for imaging biological specimens which con
sist of low-Z elements. It is possible to make
use of the wavelength variation of the absorp
tivity to produce several images revealing

different structures of the specimen. The basic
bandwidth requirement for x-ray microscopy is
quite modest: \/\L z 10 is typically adequate.
Although the transmission grating is a low
dispersive element, it is very convenient to
obtain a broad wavelength band in a simple
geometrical condition.

Coupling the transmission grating with the
condensing mirror an effective optics for x-ray
microscopy can be build. The present note shows
that x-ray micrographs obtained with different
wavelengths reveal different structures in the
object.

Experiments were made at BLllB Station in
PH Tsukuba. The synchrotron radiation from the
electron storage ring has a broad continuum of
radiation and the intensity peak lies at a wave
length of about 3.1 A in the present case.
Schematic diagram of the experimental arrange
ment is shown in Fig. 1. Synchrotron radiation
was focussed by a platinum coated bent cylindri
cal mirror and dispersed vertically by the
transmission grating. The mechanically bent
mirror had a long radius of curvature of 1000 m.
As the grazing angle was 17 mrad x-rays shorter
than 2.2 A were cut off. The commercially
available gold transmission grating (Option Co.)
has a grating period of 1.0 pm and the bar-slit
ratio is 1. In this case, even orders of spec
tra are calculated to be omitted^^. The dif
fraction efficiency is 6 % in both first orders
in the range of 10 A up to 600 A. The first
order dispersion in the resist plane is 0.2
mm/A; the spectral resolution, however, is
limited by the beam width of 0.5 mm (FWHM) and
amounts to 2.5 A in the first order. No filters

were used to eliminate higher order spectra
because these intensities were lower than 10 %

of the first order. A 0.8 pm thick PMMA (poly-
methyl methacrylate) film spun on a silicon
wafer was used as the x-ray resist. The sensi-
tivity of the resist is 1.2 J/cm- at \ = 5.4 A
(MoLa).

The specimen was brought in contact with
x-ray resist, and the resulting x-ray copy of
the absorption profile in resist was subsequent
ly viewed with a scanning electron microscope.
As a specimen we used a lycopodium clavatum, a
kind of a spore, whose diameter was about 30 pm.
Figure 2(a) shows an x-ray microgaph of a

lycopodium obtained with the zeroth order spec
trum which consists of a spectral range from 2.2
A to visible. However, a large contribution to
the exposure came from soft x-rays shorter than
10 A. An exposure time was 40 min under the
operating condition of average electron current
of 50 niA at 2.5 GeV. Figure 2(b) is a scanning
electron micrograph of the specimen. X-ray
micrograph taken with different wavelength is ^
also shown in Fig. 2(c). X-rays longer than 20 A
were absorbed in the central part of the objects.
Different fine structures of the outer part of
the image can be seen. A resolution better than
1000 A is easily obtained. All our micrographs
were obtained with the specimen in a vacuum.
Some modifications of our exposure station are
necessary to allow exposure in air, so that wet
speciment may be observed.

We would like to thank Dr. T. Kitayama and
Dr. K. Harada of Musashino Electrical Communica

tion Laboratory, NTT, for the preparation of the
x-ray resist.
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Fig. 1

The experimental arrangement. The condensing
mirror is 60 cm long and 10 cm wide. The width
of the entrance slit 1 and slit 2 are 1 mm and
2mra, respectively.
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Fig. 2

X-ray micrographs of lycopodium clavatum (a and
c) in the^x-ray resist. (a) Zero order beam
(X = 2.2 A 'v 100 A). (b) Scanning electron
micrograph of the object. (c) X ; 20 A.
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Introduction

The X-ray emission spectrum originated from
the electronic transition between the valence

band and the inner shell level has been studied

very extensively, because it gives much
information about the valence state^ . It is the

purpose f the present work to report of the
results of construction f the simple soft X-ray
grating incidence spectrometer for secondary
excitation using S.R., and the X-ray spectra
obtained by the use of this spectrometer.

Experiment

The incident soft X-rays are obtained from
the storage ring operated at 2.5 GeV at Photon
Factory of National Laboratory for High Energy
Physics in Japan. The incident X-rays by S.R.
are limited from visible and violet rays with a
thin carbon film supported on polyvinyl-formal
film and from higher energy components with a
mirror. The incident X-rays are focused by a
pyrex mirror 2 coated with Pt whose curvature
radius is 12m. The mirror can be controlled from

outside in order to select the optimum region of
the specimen.

The mirror chamber, sample chamber and
spectrometer were evacuated by Turbo Molecular
pumps. The concave grating spectrometer v/ith
1/1200 mm of 3m radius was Used at the incident

angle of 85.70®. In order to reduce the impurity
lines of high order and the electric noise
signal, a gas flow propotional counter was used
as a detecter. The counting gas is Propane gas
at 60 ramHg pressure and sealed in the counter
with the polyvinyl-formal film. The ceratron is
used as a monitor counter and monitors Oth order

of the reflection f spectrum. The spectra were
recorded automatically by means of step-scanning
method at the fixed count of intensity for
monitor.

Results and Discussion

S=L2,3 emision spectrum of NazSOi.
An example of such a high-resolution

spectrum obtained in the present spectrometer the
S-L2,3 spectrum of NazSOu is shown in Fig.l. The
vertical slit width and the horizontal slit width
were chosen to be 200-200u m and Bmm,

Fig. 1.

mu
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respectively, and the energy resolution of l.OeV
was achieved. Using a small laboratory
computer-plotter system with a simple iterative
procedure, we have decomposed the S-L2,3 spectra
of Na2S0u into the seven allowed components. The
relative by higher intensity peaks D, E, F and G
show the contribution of spin orbital splitting
of the inner core level, and are originated from
Che electron transition from valence molecular

orbital 4ai and 3t2, respectively. The peak C
can not be assigned with the electron transition.
It should be noted that the peak A is
considerably small compared with Che case of the
spectra measured with the crystal analyzer^. It
seems reasonable chat the peak A, due to
overlapping with 2nd order reflection of C-Kct,
and C-Ka components is negligible small in the
case of the present grating spectrometer.

S-L2,3 emission spectra of metallic sulfide
compounds.

Figure 2 shows the comparision between the

S-L2,3 emission spectra of TiS, FeS, CoS and CuS.
There are two main components (A and B) and small
structures between A and B, L2,3 emission
spectra result from the transitions -from valence
orbital levels to the 2p level iri the second row
elements. This fact means that by measuring
these spectra, we can investigate the 3s and 3d
character in the valence band. The main peak A
should be ascribed to Che electron transition

from 3s character and , , , . ,
the peak B Chat from '
3d charactor in i

valence band. The > ••

structures between A j
and B are originated
from the electron ^ ^ ^
transition from the •- TiS / • ; \
3? level with small « : • \ A
contributions of 3s =

or 3d character to

Che inner 2p level. = FeS / •'* '
The typical change ^
is appeared at the ^ ; •
peak B by the - : •
chemical condition < • . :
of the surrounding - CoS /' I
atom. The extent of "
3d orbital ;

participation in the
chemical bonding is
very important in the ^ .' •.
discussion of
electronic structure '

of valence band.

This is a subject for
future study in our photon energy
work. Eig. 2.
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The optical absorption spectra of K-Na
alloys were measured in the photon energy region
from 10 to 40 eV. One purpose of this measure
ment is to study the edge shape problem which is
still controvertial because recently D. Gibbs
et. al performed the optical measurements using
Cs-Na alloys and observed Cs 5p linear absorpt
ion edges in alloys with dilute Cs. They cla
imed the edge singularity comes from a local
effect associated with the bonding between the
same alkali atoms.

The other purpose is to examine the charac
ter of the broad absorption structure which in
the previous report seemed to persist in solid
solutions. In the present case, however, K-
Na alloys do not form solid solutions. There
fore some change is expected in the spectral
shape of the broad absorption band.
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Fig. 1
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Fig. 2

The absorption spectra of pure K and pure
Na were measured by S.Sato et. al in photon
energy region from 10 to 38 eV. The result
was confirmed in this work and is shown in Fig.
1. As the present result the absorption spectra
of an alloy with dilute Na is shown in Fig. 2
where a new broad structure are around 30eV.

Apparently this structure is due to Na, but it
does not have any sharp edge expected from the
many-body theory (MND theory).

Fig. 3 shows the result for 36 at. %
K-Na alloy. It is seen that the small structure
A and B appearing in Fig. 1 are much weakened in
the result.

D. Gibbs et. al considered the condition

under which a linear absorption profile occurs
in alkali metal alloys. According to their
theory Na edges in K-Na alloys should not show

20 30

Photon EnergyleVl

Fig. 3

a linear profile. Contrary to their theory, a
broad profile is found for the Na absorption
threshold. A tentative explanation of this
braod structure is that the broad edge comes
from a superposition of absorption edges with
different threshold energies. In moderately
dilute alloys there are some probability that a
Na atom is isolated from other Na atoms, and
probability chat a Na atom meets another Na
atom, and probability that a Na atom meets two
other Na atoms, and so on. In each case the
absorption threshold energy is different from
others due to chemical shifts. The amount of
the chemical shifts is supposed to be large be
cause the Fermi level as well as the lattice
constant of K largely differ from those of Na.
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In the previous experiment, however, the
concentrations were such that the probability
that each alkali atom meets another same kind of

alkali atom should be close to unity. The
similar situation might happen in a extremely
dilute case, where almost all of the minority
atoms are supposed to be isolated. In both
cases the threshold should show a sharp edge
because the chemical environment is nearly

uniform.

Unfortunately the experiment for extremely
dilute cases has not been done yet as far as the
authors know. If this kind of experiments is
carried out, the result would be a good check
for the present interpretation.

Next the reduction of the structure A and B

in the 36% Na-K alloy is considered. In the
alloy the hexagonal Na2K structure is predominant
according to the phase diagram, where K-K spacing
is roughly 3 times larger than Na-Na spacing.
In addition K atoms are distributed two-dimen-

sionally in this hexagonal structure. Thus the
local density of states around K atoms should
be different from those of K atoms in solid
solutions such as K-Rb alloys. This may cause
the change in the structure A and B.
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The absorption spectra of the light rare
earths in the extreme ultraviolet region have
been measured by our group^), In those measurem
ents the contribution of the 4f electrons to the

optical absorption spectra has not been confirmed
in the photon energy region from 6 eV to 40 eV.
Moreover the 5p threshold of the light rare earth
metals did not show sharp edges due to the Fermi
level. This study has been performed in order to
confirm systematically these optical properties
on the series of the lanthanides.

As a light source the storage ring at Photon
Factory,National Laboratory for High Energy
Physics. Light is monochromatized by 1 m Seya-
Namioka type raonochromator. The energy range is
7 eV to 40 eV. The resolution is about 7n/aA o;
2000.The pressure of the chamber was kept at
4x10"^^ Torr. During the evaporation the pressure
of the chamber was rised up to about 2x10"® Torr.
Evaporation of the sample was performed from E-
gun. The pressure of the monochromator was 2xl0~®
Torr. The thickness of the evaporated films, which
were produced on the polycarbonate film supported
by Ni meshes, were controlled by quartz oscillator
. The samples were cooled at liquid nitrogen
temperature. The absorption spectra were measured
by using a filter to eliminate the higher order
radiation from the grating. The filters are In
and LiF films with the thickness of about 1000 A.

Such filters were used in different photon energy
range; In film from 10.2 eV to 17.8 eV, and LiF
from 7 eV to 12.4 eV.

Figure 1 shows the absorption spectra of the
rare earth and barium metals. Overall profiles

20 30

PHOTON ENERGY (eV)

Fig.l

are similar to each other. The 5p threshold of
cesium was shown in order to compare the shape
of those thresholdsas a function of the atomic

number. Barium metal situates just at the right-
hand of cesium in the periodic table. Comparision
of Cs and Ba leads to the interesting results. The
rising of the threshold of Ba was far slow respec
tive to that of Cs. For all elements,which have
been measured until lately, the widths of the edge
were measured. The widths were estimated by the
energy position from 10 to 90 % of the height of
the rising portion at the threshold. The widths

.were plotted as a function of the atomic number as
shown in Fig.2. For all the elements of the lantha
nides the measurements have not been performed,
and the broken lines indicate the values expected
to measure.The widths of the 5p edges have minimum

i •• \
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values for the lightest and heaviest elements; La
has no 4f electrons and Yb is completely filled.
For Eu and Gd the widths are comparable to those
of La and Yb. Eu and Gd are half-filled. Dependency
of the widths on the elements shows the double-
peaked shape with the minimum at La.Eu and Gd, and
Yb.The unpaired 4f electrons produce the raultiplet
structure near the 5p threshold. The energy position
and the shape of the structure can not been known
,but the existence of the unpaired 4f electrons
can be considered as one of the origins of the edge
broadening. 'For light rare earth the trace of the
4f electron could not .been confirmed and the 4f .tra
nsition would be delayed far above the binding energy,
For the heavy elements the similar results were ob
tained.

IjT.Miyahara et al: J.Phys .Soc. Jpn 51(1982)1834.
2)T.Ishii et al : J.Phys .Soc. Jpn 42(1977)876.
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Electron correlations play an important
role in photoionization or photoexcitation of
atoms and molecules. One of the explicit ways
to reveal the effects of the electron correlat

ion is to investigate multiple ionization induced
by photoabsorption. The single-electron model
cannot account for the simultaneous ejection
of two or more electrons at the incidence of

one photon. The multiple ionization has been
studied rather extensively for rare-gas atoms.
Only fragmentary data, however, are available
for other atoms. The effects of electron

correlation should be dependent on the number
of electrons and the shell structure of atoms.

For further understanding of the electron
correlation we have started to measure

multiple-ionization cross sections of alkali
and alkaline-earth elements. This is the first

report of the work and concerned with the
double ionization of Ca atoms.

The present study has been performed by
means of time-of-flight (TOF) mass spectrometer
coupled with a source of monochromatized
synchrotron radiation'and an atomic Ca beam.
The synchrotron radiation from the KEK 2.5 GeV
storage ring was dispersed vertically by a 1 m
Seya-Namioka monochromator equipped with a 1200
lines/mm grating blazed at 500 A. A spectral
bandwidth of 2 A was ^sed in the wave length
region of 350 to 450 A. The monochromatized
radiation was focused onto a differentially
pumped interaction region where the photon
beam crossed at right angles with a collimated
beam of Ca atoms effused from an oven operated

at a temperature of about 700 "C. The oven
orifice was located at 4 cm apart from the
interaction region. An electrostatic deflector
and a collimating aperture were placed between
the oven orifice and the interaction region.
The deflector was used to prevent thermal
ions produced by the oven from entering the
interaction region. The drift tube of the
TOF mass spectrometer was placed at right
angles to both the photon and atomic beams.

The photoelectrons and photoions were
accelerated in the apposite directions each
other by a static electric field applied in
the interaction region. The TOF spectra
of photoions were obtained by a method of
delayed coincidence between the photoions
and photoelectrons. The photoelectrons were
detected by a channel electron multiplier
on one end of the TOF spectrometer, while the
photoions were detected by a microchannel plate
on the other end after traversing the drift
tube of a length of 45 cm. The signals of
the photoelectrons and the photoions were
fed into the start and stop inputs, respectively,
of a time-to-amplitude converter coupled

with a multichannel pulse height analyzer.
Thus the differently charged ions are dispersed
at different delay times corresponding to
the individual flight times.

In t^e present wave length region
(350-450 A or the photon energies of 35.4-
27.6 eV)^ only th| singly and doubly charged
ions (Ca and Ca ) were observed in the
TOF spectra. The relative dependence of
the ion yield, n(Ca'̂ '*'), on the photon wave
length was obtained both for the Ca and Ca
by using two sets of delaye^ coincidence units,
each being gated for the Ca and Ca ions.
Though the detection efficiencies of the
differently charged ions are yet to be
calibrated relatively, t^e apparent ratio of
the yields, n(Ca )/n(Ca ) ,' increased remarkably
at about 31 eV and 35 eV of the photon energies.
At t^ose two phj^on energies, both the ^jelds,
n(Ca ) and n(Ca ), increased, but n(Ca ) was
enhanced much more than n(Ca ). This enhance
ment may be partly due^|o the higher efficiency
of the detection of Ca . The Auger process
following the innershell excitation or
ionization may also_^^ccount_|_for those
enhancement of n(Ca )/n(Ca ). More detailed
experiment and analysis of this process are
in progress.

* On leave from University of Hamburg.
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Introduction
Most molecules ionize and dissociate

with irradiation of the light in the V.U.
V. region. The study of these processes
provides information on the interaction
between V.U.V radiation from the sun and

molecules in the upper-atmosphere.
In February and June 1983, we

measured the photoionization and photo-
dissociation of O2, N2, H2, D2> H2O and
D2O at the BL-12A beam line in Photon
Factory. By using the time of flight
method, in February the relative partial
photoionization cross sections were
measured, and in June the threshold
photoelectron-photoion coincidence
spectra were taken.

Experimental

A schematic of the experimental
apparatus are shown in Fig.l. The light
from the BL-12A beam port were monochro-
matized by Im-Seya-Namioka-monochromator
with the grating of 2400 lines/mm and
collimated at the collision region by
three mirrors (one is troidal). The
target molecules are effused through a
single capillary tube to the collision
region. The time of flight analyser
consists of a photoelectron detector, a
photoion detector and a signal analysing
system. The ejected electrons and ions
are pulled by the electric field to the
opposite directions and detected by the
multi-channel-plates(MCP's). In analysing
system, Che interval time between Che
electron and the ion arrival times is

translated to the pulse height and
analysed by a pulse height analyser.

ELECTRON
DETECTOR,

^MOMO^

ION
DETECTOR

FIG. 1

Schematic

of the

apparatus

PF: Synchrotron ring. M: Mirrors

TPA; Threshold photoelectron analyser
(only in June). PM: Photoraultiplier.
D: Drift tube. MCP: Multi-channel-

plate .

In June, to analyse the threshold
photoelectron, we used the honey-comb
structured electron analyser which had
—^ 1 1 1 1— many holes of 1 mm

in diameter and 16

2 . mm in length. The
• threshold photo-

electron spectrum of
Ar observed to test

this analyser is
shown in Fig.2. The

3A5mev-> A.r 2P3/2 peak has
2_ 34.5 meV FWHM.

: •
C Results and

Discus sion

770 780 . 72] Many data were
FIG.2 Threshold taken in Che present

EpecC?uS''of°Ar experiment. Here we
show some of these

data. The relative partial photo-
ionization cross sections of O2 are
shown in Fig.3. In both the O"*" and 0^
spectra in Fig.3, we can see the auto-

ionizdngpeaks due to the transitions to
Rydberg states converging to the
state of 0^. Fig.4 shows the threshold
photoelectron and photoion coincidence
spectrum of O"*" at 558.5 The kinetic

c^2^(02^)-«-feq(02)

500 510 520 SO
PHOTON WAVELENGTHCa )

FIG.3 Relative partralj
cross section of 02 q"*"

energies of ions are
separated in this
spectrum (0.07 eV and
0.72 eV). It suggests
the exsistence of two'

dissociative potential
curves of 0^ which
dissociate to the

limits (0(3p) + o+(2d)
and 0(1d) + 0+(^S°)).

Q.07eV

0.72 eV ,

FIG. 4
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Introduction

There exists in the vacuum ultraviolet
region the most important part of optical
oscillator strength distribution of atoms and
molecules..The measurements of optical oscillator
strength or absorption cross section ((T'),
ionization cross section ((H), and therefore
ionization efficiency,?^ = in this region
are of great importance to understand interaction
of photon with atoms and molecules, and their
reaction dynamics. For various atoms and
molecules, however, these basic quantities are
still unknown because of the absence of suitable
light source. A synchrotron radiation has been
considered as the most suitable light source to
measure these quantities. We have constructed
an ionization chamber with four ion-collector
plates and measured these quantities using
the synchrotron radiation of PF which is
dispersed through a Im Gas Seya-Namioka (GSN)
monochromator at the BL-12A station.

Experimental

Figure 1 shows the ionization chamber used
in this experiment which is-.made of stainless
steel and teflon, and has a light trap on a rear
side. This was put in k large vacuum chamber as
shown im figure 2. A beam intensity of
synchrotron radiation from GSN was monitored by
a piece of gold mesh. This was electrically
insulated and positive charges produced on it by
photoionization were measured. The ion current
in the sample gas and the current of the
intensity monitor were measured by a pico-
ammeter and counted by a counter and a MCA
through a VF-converter. These detection systems
and the monochromator were controlled by a
computer (NEC PC-8001).

An absorption coeffcient ,yi, can be obtained
from the ion current, i^, i^, i^* and i^ using
the following equation:

= (T^K = ln(ij/i2)/L = lnCi2/i3)/L
= ln(i2/i^)/L (1)

Equation (l) gives the three/^ values,
which is an advantage of this method. This makes
it possible to check some errors caused by a
gradient of the sample gas pressure, etc.

The value of IJ|,> where 1^ is the incident
light intensity, is also obtained using the
•following equation.

^oi~ exp(-yU.L^(l - exp(-^L))
If Iq is determined for:.a particular gas sample
whose is known, the ionization efficiency can
be measured . The absorption cross section for
Ar, Xe, and CH,, the ionization efficiency of'
CH, at the'wavelength region of lOOOA - 350A
were measured as the above procedure (figure 3),
and systematic measurements of these quantities

for other molecules are now in progress.

i-SR iA

{Computer I

SR

from GSN

Fig. 2

L -s-*- L Fig. 1

IConverterl ommeter

VF Pico-
Converter^ ammeter

Beom Monitor
(Au Mesh) ^

Ionization ChomUsr

Voltage
Supply

Fig. 3
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Introduction

The design and construction of the small-
angle X-ray diffractometer built at Beam

1-2)
Line 15A was reported earlier . Since July
1982, the.working group has made a series of
experiments to evaluate the performances of the
focusing optics together with progressive
improvements. The optics is now in a final
stage of construction to achieve a high
resolution. A linear detector system for time-
resolved data collection has been installed and

preliminary experiments have been made on
contracting muscle.

Optics

The double focusing optics uses a tandem of
seven bent silica mirrors, each 20 cm-long, placed
horizontally at 13 m from the light point. The
mirror assembly accepts the whole vertical diver
gence of 0.36 mrad of synchrotron radiation at

1.5 A wavelength. The horizontal focusing is
achieved by a bent triangular silicon crystal,
7.8°-cut to the 111 plane, placed 4.5 m downstream
of the mirror. This optics has been designed to
give a demagnified image of the source with a
focus size of 1.0(V) x 2.6 mm (H) (4®' value) at

1-2)
the focal plane 22 m from the light point

Focusinq vroverty of the mirror

In the first operation in July 1982, seven
15 mm-thick silica mirrors were used and pressed
against the bottom surface of the bending H-beam
by two aluminum clamping pieces per mirror. It
.was found that the global surface figure of the
mirrors were already curved to a short radius by
the self weights of the mirrors and the bending
mechanism. Coil springs were then implemented
to cancel the weight of the force-applying arms.
It was also found that indivisual mirrors were

bent to a radius shorter than the bottom surface
of the elastically bent H-beam. The number of
clamping pieces per mirror was then increased to
six and finally to ten. This progressively im
proved the focusing property of the mirrors.

Fig. 1 shows the beam images observed at the
focal plane. Images a - c have been recorded by
illuminating only the upstream, central and down
stream one-thirds of the total length of the
mirror assembly, while image d is produced from
the whole mirror.- The densitometer tracings of

image d show a beam size of 1.27 (v) x 2.6 •mm (H)
in 45" values, which is only slightly larger than
the design value. To examine the reflections
from indivisual mirrors, the incidence slit was
closed to 0.3 ram aperture and translated in the
vertical direction in steps of 0.25 mm. Some
mirrors were found to produce reflected beams at
slightly different vertical heights at the focal
plane. Furthermore, reflections from some mirrors
are not uniform in intensity distribution. So
there still remain some problems in the clamping
of the mirrors. In fact, a greatest care is
needed in positioning and clamping seven mirrors
on the bottom surface of the H-beam. Securing
screw bolts is critical in producing a uniform
curvature of indivisual mirrors. Once well.aligned
the mirror produces a good focus, but the beam
size undergoes a gradual increase in a week, which
can not be corrected by changing the bending couple
applied to the H-beam. It seems that some thermal
or elastic relaxation occurs in aluminum clamping
pieces. We plan to test 7 mm-thick mirrors in
the next run.

—— -. B

1.27 mm

Fig. 1 Images of the focused beam. Images
a, b and c are recorded from the upstream, central
and downstream one-thirds of the total mirror

length, respectively. Lower curves are densito-^
meter trancings of image d. A: traced in the
vertical direction, B: traced in the horizontal
direction.



Parasitic scattering

In early runs, strong parasitic scatterings
were observed around the focused beam even when

the incidence slit was closed to a very small
aperture. We then inserted three lead plates
with 20 X 15 mm aperture in the vacuum pipe after
the bent-crystal monochromator. The flat edge
blades of the guard slit, placed at the specimen
position, were replaced by tapered blades. These,
however, did not dramatically change the para
sitic scatterings. Finally the origin of the
strong scattering was identified with the 0.3
mm-thick bellirium window, positioned just up
stream of the specimen. When this window was
replaced by a 0.02 mm-thick Kapton window, the
scattering was reduced to a level acceptable in
muscle works.

Resolutions

The optics is designed to give small-angle
o 0 o

resolution of about 1000 A and 80 A at 1.5 A
wavelength with angular resolutions of 0.8 and
0.6 mrad in the vertical and horizontal direc

tions respectively, at a specimen-to-detector

^ o •'-2)distance of 2.6 m

Fig. 2 reproduces meridional diffraction
diagrams recorded from a dried chicken collagen.
These diagrams were recorded.with the fiber axis
vertical in 5 min on a Fuji Ix-150 X-ray film
and in 10 sec with the linear proportional counter,
when the PF storage ring ran at at an energy of
2.5 GeV and a current of 90 mA. Collagen has
a columnar structure vith a long repeat distance

C H fi H H E L

Fig. 2 Diffraction patterns of a dried chicken
collagen. Upper; a photographic recording, lower:
recorded with the linear proportional detector.

of about 670 A (in native state) along the fiber
axis. In Fig. 2 the first-order reflection of

653 A (corresponding to the repeat of the dried
chicken collagen used) is clearly resolved from
the direct beam as well as from the parasitic
scattering around the beam stop. Higher-order
reflections up to the 11th are recorded with a
good order-to-order resolution. This shows that
the optics gives a small-angle resolution better

than 1000 A with an angular resolution of 2.3
mrad in the vertical direction at a specimen-
to-detector distance of 2.3 m. The angular reso
lution in the horizontal direction has been exa
mined by recording diffraction diagrams from crab
muscle in the relaxed state. The intensity dis

tribution on the 145 A meridional layer line was
not deformed appreciably.

Beam intensity

The intensity of the focused beam was mea
sured with a scintillation counter by attenu
ating the beam with copper foils. When the PF
storage ring ran at an electron energy of 2.5
GeV and & current of 13.4 mA, an intensity of

2.5 X 10^*^ photons/sec was observed at 1.5 A
wavelength. This can be increased by a factor
of 20 when a maximum current of 250 mA is

accumulated in the storage ring.

Position sensitive detector and data-taking
system

A linear position sensitive proportional
detector system has been installed and tested.
The detector, 20 cm in sensitive length, uses
an internal delay line of a 400 ns delay time
for position encoding. Several anode wires are
used to minimize the reduction of gas multi
plication factor at high counting rates. The
detector outputs are processed by ORTEC's NIM
modules and fed to a LeCroy 4202 encoding digi
tizer followed by a LeCroy 3588 histogramming
memory. Computer programs for a LSI 11/23 have
been completed to setup the CAMAC modules for
collecting data in time-resolved modes. The
data collected in the histogramming memory is
read by the 11/23 to be displayed on the graphic
screen.

At low counting rates, the detector has
given a spatial resolution of 0.35 mm, and the
response is uniform within ±3 % over the whole
sensitive length. At average counting rates
exceeding some 20,000 cps the encoding digitizer
inhibits data taking and the router operates
in an unexpected way. In spite of our frequent
contacts with the dealer and the manufacturer,
this problem remain unsolved at present.
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Preliminary time-resolved experiments on contrac-
cing muscle

Preliminary observations of time-resolved
diffraction diagrams from contracting muscle
were done in July 1982. Fig.- 3 reproduces a
series of equatorial reflection diagrams recorded
from frog sartorius muscle slowly stretched during
isometric tetanus. The muscle, placed with its
fiber axis horizontal, was stimulated with 3
sec trains of 3 msec pulses at 33 Hz and was
stretched by about 5 % of its initial length
with a velocity of 10 ram/sec by actuating the
vibrator 1 sec after the intiation of the stimu
lation. Equatorial reflection diagrams were
detected by a 5 cm-long linear proportional
counter hollowed from Prof. H. Sugi and recorded
with a time resolution of 500 msec. The data

were accumulated from two cycles of stimulation
and stretch. The 1,0 and 1,1 reflections are
clearly resolved and show intensity changes.

Z-5GeV.30-8mA

Frog muscie. IflAnus

500ms X 2

100 ISO
CIIRNKEL

Fig. 3 Time-resolved diffraction diagrams
of frog sartorius muscle slowly stretched during
isometric tetanus.
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Introduction

Muscle contraction is believed to result

from the alternate formation and breaking of
cross-links between the projections on the
thick filaments, i.e. the cross-bridges, and
the sices on the thin filaments. It still

remains, however, to be a matter of debate

and speculation how the cross-bridges produce
force and motion in muscle. Because of the

hexagonal lattice formed by the thick and thin
filaments, skeletal muscle exhibits clear eq
uatorial and meridional X-ray diffraction pat
terns. When a muscle is stimulated to develop
isometric force, the intensity of equatorial
1,0 reflection decreases while that of 1,1
reflection increases.

The present experiments were undertaken
to study the dyanmic properties of the cross-
bridges (1) when a muscle is stretched during
tetanus to result in a production of larger
force at the stretched length despite the de
crease in the amount of overlap between the
filaments, and (2) when a muscle is stimulated
with two successive brief pulses so that sum
mation of isometric t^^itches cakes place.

Materials and Methods

The sartorius muscle isolated from the

bullfrog (Rana catesbelana) was mounted bet
ween the length and force transducers. Time-
resolved X-ray diffraction methods with syn
chrotron radiation have been described else

where . The experimental procedures were as
follows: (1) the muscle was tetanized with
repetitive 2 msec pulses at 30 Hz, and when
the isometric force reached a maximum, the
muscle was stretched by 5% in 1 sec and kept
at the stretched length for 2 sec. The re
sulting changes in the equatorial reflec
tions were examined with a time resolution

of 0.5 sec; (2) the muscle was stimulated
with two 2 msec pulses given at an interval
of 80 msec, and the resulting changes in
the equatorial reflections during summation
of isometric twitches were examined with a
time resolution of 5 msec. All experiments
were made at S-IS^C.

Results and Discussion

The changes in the equatorial reflections
when a tetanized muscle is stretched are shown

in Fig.l. Despite a distinct force increment
in response to applied stretch, no appreciable
change in the intensity ratio between the 1,0
and 1,1 reflections were observed, suggesting
that the force increase by stretch results
from a mechanism other than the increase in
the number of the cross-bridges attached to

the thin filaments.

The changes in the equatorial reflections
during summation of two isometric twitches are
shown in Fig.2. It was found chat, during the
first twitch, the changes in the equatorial re
flections showed maximal changes prior to the
peak twitch force, while during the second
twitch the corresponding maximal changes of
Che equatorial reflections took place in par
allel with the twitch force. This indicates

chat the behaviour of the cross-bridges during
the first twitch is different from chat during
the second twitch.

Froqmu»Clr. IFIanvF

100 ISO

CHANHCL

Tltne(msec)

1. Amemiya et al. (1983) Nucl. Instrm.Methods,
208, 471.
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X-RAY DIFFRACTION STUDIES OF STRUCTURAL CHANGE OF MUSCLE
FILAMENTS IN CONNECTION WITH MUSCLE CONTRACTION

K. Wakabayashi, T. Hayashi, A. Fujishiraa, T. Hamanaka
Department of Biophysical Engineering, Faculty of
Engineering Science, Osaka University, Toyonaka,
Osaka 560 (JAPAN)

M. Konishi, S. Kurihara, Y. Umazume
Department of Physiology, The Jikei University School
of Medicine, Nishi-Shinjuku, Minato-ku 105 (JAPAN)

Y. Amemiya

Photon Factory Instrumentation Group, KEK, National
Laboratory for High Energy Physics, Oho-raachi,
Tsukuba-gun, Ibaraki 305 (JAPAN)

Synchrotron X-ray diffraction studies of
structural change of muscle filaments in connection
with the muscle contraction have been done using
the muscle diffractoraeter installed at BL I5A.

A study of structural change of muscle filaments
at low ionic strengths

X-ray diffraction using rotating anode sources
indicated that the binding of myosin heads to the
thin filaments in glycerinated crab (and rabbit
psoas) muscle fibres took place with lowering ionic
strengths at low temperature (<6''C) in the presence
of ATP without Ca ions. This work was extended to
obtain the structural data at high temperature (~
20''C) during the force generation using synchrotron
radiation. Prior to studies, we recorded two-
dimensional diffraction patterns from crab muscles
in the rigor and relaxed states to compare the
speed of recording with films and quality of the
patterns with those obtained using rotating anode
sources. Fig. 1 shows a diffraction pattern from
a rigor crab muscle obtained with synchrotron
radiation. The pattern by synchrotron radiation
was recorded in AO min with similar quality to the
pattern recorded in 25 hrs by a laboratory source.
In an example of Fig. 1, the high diffuse scatter
ing has appeared in the small-angle region. This
scattering could be suppressed by using Mylar for
the window materials and the diffraction pattern
should be recorded with much higher S/N ratio.

A study of the muscle contraction induced by
caffeine

In order to study the structural changes of
muscle filaments during contraction in the presence
of caffeine by rapid cooling method. X-ray dif
fraction has been done using frog toe muscles.
Fig. 2 shows Che preliminary results of changes of
equatorial diffraction patterns, in which (a) de
notes the pattern from the muscle in the absence
of caffeine at room temperature, (b) in the presence
of caffeine at room temperature and (c) in rapid
cooling from room temperature to A^C in the pre
sence of caffeine. When the muscle was cooled

rapidly to A°C in the presence of caffeine, it_was
found that the intensity ratio of I(lOlO)/I(1120)
decreased and small changes in lattice spacing
occurred in connection with the force generation.

Z-

12^. L_

Fig. 1 X-ray diffraction pattern from crab muscle
fibres in rigor

Fibre axis, vertical. Specimen-to-film distance,
92cm. Exposure time, AO min (2.5Gev, 55mA).

0 t2M.

r

, E
9. 123 . 256. 512 644. 7S3. SM. 192+.

Channel

Fig. 2 Changes of equatorial diffraction patterns
from frog toe muscle fibres in the presence
of caffeine of 1.2mM

Intensity data were recorded by a 20cm long-PSPC.
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TEST OF INTEGRAL TYPE POSITION-SENSITIVE DETECTOR AND
ITS APPLICATION TO SMALL ANGLE SCATTERING EXPERIMENTS

Ken-ichi Hasegawa and Koh-ichi Mochiki
Faculty of Engineering, University of Tokyo
7-3-1, Hongo, Bunkyo-ku, Tokyo 113 ( JAPAN )

Introduction

Synchrotron radiation sources delivering
intense X-ray beams have placed new demands on the
quality of instrumentation. The main requirement
in using intense X-ray beams, especially in time-
resolved X-ray diffraction experiments is to
reduce the necessary recording times sufficiently
to obtain statistically meaningful information in
the time scale of interest. The integral type^ has
no counting loss, and the applied voltage and the
accumulation time are appropriately adjustable to
the intensity of incident X-ray flux, thus the
attainable maximum count rate of the integral type
is higher than that of any other type, such as the
delay line type and the wire/scaler type^*? The
minimum rate of this system depends on the leakage
current and the noise of associated electronics

and the gas gain. When the gas gain is about
10 , this limit is about iS> counts/sec/channel.

Detectors

The integral type position-sensitive propor
tional chambers are divided into two groups, the
single anode - multistrip cathode type and the
multianode type. The cathode type can be used in
lower intensity than the,anode type. In the early
stage of this development, we made large
detectors; a cathode type ( 2.5i mm pitch, 128
ch ) and an anode type ( 1 mm pitch, 128 ch ) and
measured basic characteristics of these detectors

because the experimental requirements were not
confirmed and such large detectors were convenient
to test the performance.

Application

Figs. 1 and 2 show the diffraction patterns
recorded from frog muscle at resting state and
during contraction, respectively with a cathode
type detector with 1 mm pitch. The data shown in
Fig. 2 were obtained in only 100 msec with the X-
ray intensity about 10^ counts/sec over the whole
detector and about 6 x 10^ counts/sec at the peak
channel. In the case of Fig.3, data were summed
from 10 twitches, each time slot being of 10 msec
duration, that is, corresponding to 100 msec total
exposure. The X-ray intensity is about 6 x 10**
counts/sec over the whole detector and about 5 x
10^ counts/sec at the peak channel. These data
show the availability of this type of detector to
high intensity experiments and synchrotron
radiation sources can be used effectively.

Future Developement

Now we are constructing a cathode type
detector with 0.5 mm pitch and it will be tested
in the next machine time.

h-
D 300

O

O
Q
< 200

CHANNEL NUMBER

Fig. 1. 100 msec resting pattern from frog muscle.

CHANNEL NUMBER

Fig. 2. Time-resolved diffraction diagrams. Data
are summed from 10 twitches, each time slot being
of 10 msec duration.
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Supplement

POSITION-SENSITIVE lONIZATION CHAMBER

AS A BEAM MONITOR DEVICE

Koh-ichi Mochiki, Atushi Ogata
and Ken-ichi Hasegawa; * KEK

We expect that the position-sensitive
detector with integral type readout electronics is
useful also as a beam monitor device It can be

used in the circumstances where any other
detectors are saturated or damaged. One will be
equipped in the TRISTAIJ accumulation ring, where
radius of critical X-ray beam of the synchrotron
radiation vfill be about 2.5 mm for electrons at

the detector position. Bearing the application in
mind, we have tested a prototype detector with
high space resolution at the PF beam channel.

The prototype detector consists of uniformly-
spaced anode wires and a uniform conducting
cathode block; 50 gold-plated tungsten wires with
20 urn diameter are streched at intervals of lOOum
as the anode. Spacing between cathode and anode
is 1.6 mm, where 200 V voltage was applied. The
detector was operated as a position-sensitive
ionization chamber either in flowing argon gas or
in open air. Structure of the detector is shown
in Fig. 1. Among 50 anode wires, 11 were found to
be of no use; they are short-circuited or broken.
Therefore the center part with successive sound 19
wires was employed to test the detector
performance. Figure 2 shows the response of the
anodes to a uniform beam. The lack of the outputs
expresses the broken channels and the large output
channels are short-circuited. A uniformity of 7.7
percent was obtained in the center part.

Data of successive 19 channels covered 2 mm

in horizontal direction of the PF X-ray beam. The
whole detector was shifted 1 mm after each

measurement. Such a procedure was repeated 5
times. Five data sets were thus obtained which

covers 6 mm as a whole. They were used to
estimate the intensity distribution of the X-ray.
The result is shown in Fig. 3.

V/e conclude that this position-sensitive
detector has no problem as a beam monitor device
in principle. Besides the advantages previously
mentioned, the fact that it is operatable in open
air is also notable, because beam monitoring
favors a maintenance-free device. Another

prototype with more robust structure is under
construction.

We are grateful to Prof. T. Kongo and Mr. K.
Sato of KEK Workshop who have constructed the
anode of the detector.
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Fig. 1 Structure of the prototype detector.
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Fig. 3 X-ray intensity distribution of the BL-
15A1 beam channel.
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TIME-RESOLVED X-RAY DIFFRACTION STUDIES OF TMV AND THEIR PROTEIN ASSEMBLIES.
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1. Department of Physics, Faculty of Science, Nagoya University, Nagoya 464 (Japan)
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Introduction

Tobacco mosaic virus (TMV) is a complex of
a single ribonucleic acid (RNA) molecule and
identical protein subunits. We have foimd that
three strains of TMV (TMV-OM, TMV-T and TMV-B)
differ from one another, is their physico-chemical
and electric protertiesi~3. in order to
understand the molecular developement of TMV,
it is necessary to know their detailed structures
and dynamic properties. Comparative study of
TMV strains has been done suing small angle
X-ray diffraction apparatus'^.

Experimental results and discussions

Three strains of TMV were used in the

experiment; the ordinary strain (TMV-OM) from the
virusMnfected tobacco leaves (Niootiana tdbacion,
L. var Bright Yellow), trhe tomato strain (TMV-T)
from infected tomato leaves (.Lycopersioum
esculentim,Mi.ll) and the cruciferous strain
(TMV-C) from infected cruciferous leaves
(Brassiaa campestris L.). The viruses were
extracted and purified by several cycles of lew
speed and high speed centrifugation, and sus
pended in a 10 mM phosphate buffer of pH 7.0 and
0.4 mM NaN3. Oriented specimens were prepared
essentially according to the method of Gregory &
Holmes.^ Three sets of X-ray diffraction photo
graphs from oriented fibers of TMV-OM., TMV-T
and TMV-C have been collected on precession camera
(at static position) at station 15 A at the
Photon Factory Synchrotron Radiation Source.
Each photograph was recorded with an exposure
time of 15 mins for a beam of 80-100 mA and 2.5

GeV. and analyzed by microdensitometer. The main
features of TMV-T and TMV-C aje closely similar
to that of TMV-OM; the 3rd(23A"l) and 6th layer
lines show strong near-meridional reflections and
the first order layer line(69A~l) corresponds
the axial repeat period of three turns of the
helix (See Fig,l) Clear differences in the near-
meridional reflections between TMV-OM and TMV-T

appear in the second and 4th layer lines. (See
arrow in Fig.l). (These reflections are observed
in TMV-T, but not in TMV-OM). Significant
differences between the X-ray diagrams of TMV-C
and TMV-OM have also been detected In the

laboratory.
In the near future we plan to use the

synchrotron source to study the dynamic structure
of TMV molecules obtained from'yariOSs Stralro.

Fig.l X-ray diffraction pattern of oriened
TMV-T gel compared with that of oriented
TMV-OM gel.
Arrow in photograph indicates the second
and 4th layer lines. TMV-OM(lefc) and
TMV-T(right)
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LOCALIZATION OF PHYSIOLOGICALLY ACTIVE TYROSINES IN PURPLE MEMBRANE

AND THEIR LOCALIZATION CHANGE ON ABSORPTION OF LIGHT

F. Tokunaga, M. Kataoka, N. Sato, K. Takeda, 0. Hisatomi, M. Hirai
and

Y. Amemiya*

Faculty of Science, Tohoku University, Sendai, Miyagi 980
PF Instrument, KEK, National Laboratory for High Energy Physics, Ibaragi 305*

INTRODUCTION

Purple membrane (PM) of Halobacterium halo-
bium is composed of only one species of protein,
bacteriorhodopsin (bR). BR molecules in PM form
a two-dimensional hexagonal lattice (p3) with
63A.^ Physiologically, bR acts as a light-driven
proton pump.' It is clarified spectroscopically
that some of tyrosine residues play an important
role in the photoreaction of bR.^"^ In order to
understand the molecular mechanism of bR's photo-
reaction, it is essential to identify the physio
logically active tyrosines and their sites in bR.
Tyrosine can be labelled with iodine. lodinated
PM regards as a heavy atom derivative of PM.

Purpose of present experiment is application
of heavy atom replacement to bioraembrane, PM, to
define the active tyrosines. We report prelimi
nary results of X-ray diffraction experiment on
PM and iodinated PM which was performed at Muscle
Diffractoraeter, BL-15Ai.®'*

EXPERIMENTAL

PM was isolated from H. halobium with ordi

nary method.' PM was iodinated with lactoperoxi-
dase.^ Centrifugal pellet sealed into glass ca
pillary and dried specimen were used for X-ray
diffraction experiment (X=i.5A). Diffraction
patterns were recorded on Fuji Industrial 400 X-
ray films or with PSPC. Sample to detector dis
tance was 890 ram.

X-ray diffraction patterns from native PM
(pellet), native PM (dried) and iodinated PM
(dried) are shown in Fig. 1. Bragg reflections
up to (21) reflection were clearly observed.
These photographs were recorded in 1 hr exposure.
With ordinary X-ray source, it requires more than
20 hrs. Judging from diffraction pattern, iodi-
nation causes slight distortion of crystalline
structure of PM. Because of high level of back
ground scattering, exact diffraction profiles
could not be obtained.

We note here two points of remarkable find
ings. One is two reflection lines existing in
the small angle region whose spacings correspond
to 180A and 130A (designated A in Fig. 1). The
other is new reflection lied outside of (10)
reflection, clearly seen in the case of dried
native PM (designated B in Fig. 1). The latter
reflection was stronger than ordinary (10) re
flection in the case of iodinated PM. Native

PM (pellet) did not show the latter reflection.
Some deterioration may occur in the process of
drying or iodination. So far, it is believed
that drying procedure does not affect the struc
ture of PM, because such a reflection has not
been observed. The former reflection is not

observed for iodinated PM. For dried PM, the
former is not clear in the film but can be ob-,
served with PSPC. One of possible interpretation

of the former reflection is that PM possesses

superlattice structure- This is the first de
scription of both reflections. Origins and other
characteristics are yet unknown. Both reflections
cannot be observed with ordinary laboratory appa
ratus. We hope to continue the project in order
of detailed analysis. We are grateful to members
of Muscle Diffractoraeter WG.
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Fig. 1. X-ray diffraction photographs of a)
native PM (pellet), b) native PM (dried) and c)
iodinated PM (dried). Bragg indices according to
p3 with £=63A are indicated.
A: newly found small angle reflections (clearly
seen in the original film).
B: newly found reflection outside of (10) reflec
tion, corresponding spacing is 51A.
Intense scattering near beam stop is due to scat
tering from Be window.
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FOTOGRAPHIG INVESTIGATION OF A HUMAN TOOTH (15 B 1, Dec. 1982;

by Peter Spieker

Using one axis of the "3—axes diffractometer

at station 15 B 1 a 50/im thick slice of a hu
man tooth has been investigated in two ways:

a) absorption contrast and

b) phase contrast.

The sample has been provided by Prof. Suga from

Nihon Shiga Daigaku / Tokyo. A human tooth was

imbedded in a plastic material and than a 50^ m

thic slice was cut out of this bloc. The aim

of the investigation is the process of minera

lisation at the border between the living

tissue of the tooth and the mineralized part.

Using a special channel cut monochromator (see

section 2.4 of this report), absorption con

trast pictures are taken over a wavelengh range

from 1 A to 3.4 A (see figure 1).

absorption

contrast

fig: 1

Sketch of the set up for absorption contrast

Special attention is payed to the neigbourhood
O

of the K-absorption edge of Calcium at 3.07 A.

b)

Using a LLL x-ray interferometer (see section

2.4 of this report) phase contrast pictures of

the same sample are taken. The set up is shown

in figure 2. The phase contrast fotos contain

a much more detailed structure as the ones-with

absorption contrast, but they are also more

difficult to understand. Inhomogenities caused

by the slicing procedure produce unwanted in
terference patterns.

At 2.5 GeV and about 40 mA the exposure times

are around 1 minute.

phase

contrast

fig: 2

Sketch of the set up for phase contrast

o

For the longer wavelenghs (above 2 A) the whole

set up was covered with a helium tent to reduce

absorption in the air. The background is also

lowered by this measure.

fig: 3
o

Fotograph with absorption contrast at 1.7 A

Figure 3 shows one example of the pictures.

Bringing the sample in contact with the film,

will enhance the sharpness in the case of ab

sorption- and a better slicing will reduce the

disturbing superposition in the case of phase-

contrast in further experiments.
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TEST OF AN X-RAY INTERFEROMETER (15 B 1, Jun. 1982)

by Peter Spieker

Using only one axis of the "Three Axis
Diffractorneter" at station 15 B 1 the

performance of a LLL x-ray interferome

ter has been checked. The device itself

is described in section 2.4 of this re

port.

When an interferometer is used in an

experiment the interference pattern in
the output is recorded on film, with TV
or by a counter. This pattern is a su

perposition of the one produced by the

phaseshift caused by the sample (wanted
pattern) and a "built in" pattern (un
wanted) originating from the imperfec
tions of the crystal material and the
manufacturing process of the interfero
meter .

A check is necessary to prove that
there is no or only a simple, reprodu-
cable "built in" pattern in the outgo
ing beams of the empty interferometer.
In the test the crystal is placed in the
primary beam from the storage ring and
the resulting 0- and H-beam are foto-
graphed. A separate monochromator is
not necessary, because the interferome
ter acts already in this way. In our
case the empty interferometer caused
no structure.

This can be interpreted as:

a) the interferometer is nearly
perfect and

b) the "built in" fringe system has
a spacing that can not be resolved.

Case b) would mean a useless interfe

rometer, because the insertion of a
sample would usually result in an even
finer structured interference pattern.

To distinguish these two cases, a wedge
(aoryl) is placed in one of the inter
nal beams.

f ig: 1

Shown is a schematic drawing of an

LLL x-ray interferometer. It is cut
in such a way, that 220-ref1ections
are used.The wedge inserted in one
of the internal beams produces a

phase shift proportional to the ma
terial thickness. This is the rea

son, that parallel, equidistant
fringes are formed in the output.

In case a) an equally spaced system of

parallel fringes is produced, because
no complicated "built in" pattern is
superimposed. In case b) nothing visi
ble is changed.
fig. 1 shows the setup and fig.2 the
result.

fig: 2

Picture taken with the set up of fig
1. The inclination of the fringes

comes from an unsymmetrically fabri
cated wedge. The unstructured regi
ons on both sides of the fringed
part occur^because not the whole in
ternal beam passes through the wedge.

The exposed areas left and right

have no structure, because the beams

which reach here travelled only over

one path through the interferometer.

The descibed experiment tests only a
small part of the mirror area. To cover
more, interferometer and film are moved
like in a Lang-camera. This scanning
produces fringes covering nearly the

whole width of a mirror.

Together with the first result (fig.2)
this tells, that the device is suitable

for further experiments.

f ig : 3

This picture shows the interesting
result obtained after slightly hea
ting the third lamella of the inter

ferometer. Because of thermal ex
pansion this "dilatation moire"

is produced.
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TEST OF A "MONOLITHIC FIXED EXIT BEAM MONOCHROMATOR" (15 B 1, Jun./Jul.1983)

by Peter Spieker

Using the "3-axes diffractometer" at station

15 B 1 the alignement procedure and perfor

mance of a "Monolithic fixed exit beam mono-

chromator" for x-rays (described in section

2.4 of this report) has been checked. Because

of the not-flat reflecting surface the follow

ing had to be done.

The geometrical condition for a proper working

demands, that the axis of rotation for selec

tion of the wavelengh runs through the center

of symmetry of the crystal and that all beams

pass over this center (see figure 1).

fig: 1

Sketch of the monochromator

All beams must pass over the center of the

crystal.

Only when this is fullfilled, the asymmetry

effects in both reflection points cancel each

other and no intensity is lost due to a mis

match in angular reflection ranges. Because no

mark made by the manufacturer (CANON) indica

tes the center^, it has to be determined by ta

king the geometrical dimensions of the crystal.

To position the device with respect to the

primary beam, a 0.5 mm thick copper wire is

placed above the center. When the crystal is

shifted sidewise, the intensity of an 0.5 mm

wide x-ray beam passing through the monochro

mator is cut, when the proper position is

reached. Because of uncertainties in the loca

tion of the symmetry center this position can

only be reached with an accuracy of a few

hundred microns.

Because the crystal is large (220 mm) it is not

trivial, that the perfectness necessary for

two successive reflections is geven over the

whole lengh. This is simply checked by scanning

the wavelengh over the spectrum of a bending

magnet and by taking an EXAFS spectrum One

comparesthe results with those obtained with

other methods.

i 11 I'

fig: 2

upper part: EXAFS spectrum taken with this

monochromator at the Ni—K edge in a scanning

mode.

lower part: EXAFS spectrum of the Ni-K edge

taken point by point at another experimental

station.

Both experiments show a good coincidence.
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HIGH SPEED X-RAY TOPOGRAPHY

Working Group of High Speed X-Ray Topography

Introduction

X-ray topography is now" widely used for
characterization of single crystals and observa
tion of secondary structures in crystals such as
magnetic and/or ferroelectric domains. Today,
dynamic observation of defects and magnetic do
main walls is possible using an x-ray sensing
television camera and high power x-ray generator
with a rotating target. However, the resolution
of this type of observation is limited to low
resolution (20 to 30 ^m). Synchrotron radiation
provides 10'^100 times higher diffracted inten
sities than such a high power x-ray generator
and, in principle make it possible to observe
rapid structural changes with a higher resolution
and better signal-to-noise ratio. If this is
materialized, we can expect significant deve
lopment in modern crystallography as well as
industrial applications. For this end, a working
group of "High Speed X-Ray Topography" has been
organized from 1978 and has worked on design and
construction of the entire system for synchrotron
radiation topography (SRT).

Observation Systea
The system was designed along the following

guide lines:
(1) A high resolution TV system should be

developed for SRT.
(2) Merits due to white radiation from

synchrotron should be fully utilized.
(3) Preparation for experiments such as

specimen setting can be made quickly to
use machine time effectively.

TV camera

Both indirect and direct types of TV cameras
were developed. In the former type, x-ray images
are first converted into visible light images to

be observed by the usual electro-optical system.
It has an advantage to adjust viewing area (mag
nification) by a zoom lens placed behind a fluo
rescent screen (gadolinium oxysulfide film).
Whereas, the direct type converts x-ray input
images directly into video signals and provides
very high resolution: A camera tube with an

amorphous Se-As alloy photoconductive layer was
developed, and a limiting resolution of 6 pm and
low lag characteristic (less than 1 % after one
frame) were achieved by employing a narrow elec
tron beam from a diode-type gun having a barium-
ijnpregnated tungsten cathode. Its sensitivity
for a wavelength of 0,71 A was nearly half of
that of the conventional camera tube with a PbO

target layer. These characteristics were confir
med by imaging individual dislocations in a sili
con wafer with synchrotron radiation.
Goniometer

The goniometer was designed primarily for
the use of synchrotron radiation with the verti
cal E polarization from a PF superconducting
wiggler which will be operated from November
1983, i.e., 0 and 20 rotation are in horizontal
(vertical rotation axis). This geometry is con
venient for holding liquid, e.g., in in-situ
observation of melting and growth processes. Its
special features are as follows:
(1) Various accessories such as a magnet or

cryostat can be loaded up to 30 kg in
weight.

(2) Using the white radiation, simultaneous
observation of topographic images for two
reflections are possible by employing two TV
cameras (Fig. 1), so that in-situ iden
tification of defects may be made.

(3) Almost all operation can be remote-control
led with the aid of microcomputer. Alignment
of specimen orientation can be made quickly
by monitoring Laue patterns on the fluores
cent screen using a low light level TV came
ra (TV-3 in Fig. 1).

Experiment

Various kinds of specimens have been inves
tigated as listed in Table 1. Using specimen-
heating and cooling accessaries, phase transition
of quartz (846 K), melting of GaAs (1520 K) and
olivine (2170 K), §pd domain structure in TbVO^
due to Jahn-Teller* transition (34 K) have been
observed. Some of these experiments are reported
in the following pages.

Table 1. Specimens observed during April 1982
July 1983.

Metals and Al, W, Cr, Nb, Sn, Fe-Si ,
alloys Sn-In, In-Pb

Minerals

Semicon

ductors and

others

Beryl [Be2Al2(Sig0^g)]. Diamond
Olivine [(Mg,Fe)2SiO^J^,
Fluorlte [CaF2], Quartz [Si02J

Si, Web Si^, GaAs^, KDP, AI2O3,
Si02 , TbVO '̂, Rochelle salt,
TTF-TCNQ, (TMTSF)2C10^, Fe304'''

U 1 * Under magnetic fields,
/ TV j? At high temperatures,

(.py REC tAt low temperatures and under magnetic fields.

Fig. 1. Apparatus for SR topography. C: Crystal, t M.Ando, J. Chikawa,H. Hashizume,
P: Fluorescent screen, TV-1 and TV-2: X-ray TV K, Hayakawa,T. Imura, T. Ishikawa, S. Kishino,
cameras, TV-3: Low light level TV camera. S. Nagakura, O. Nittono, S. Suzuki
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STUDIES ON DYNAMICAL BEHAVIOR OF

LATTICE DEFECTS IN ICE BY RAPID X-RAY TOPOGRAPHY

Ice Topography Group*
Dept. of Applied Physics, Faculty of Engn.

Hokkaido University, Sapporo 060 (JAPAN)

Introduction

We are planning to clarify the dynamical
behavior of lattice defects in ice crystals by
using the SOR X-ray topography. Although it had
been known that the ice crystal did not suffer
any radiation damages even after a long period
irradiation of X-ray from a strong source like
RU-1000 C2 (Rigaku Denki, 60 kW), it was feared
that the radiation damage should occur when ice
specimen was irradiated by a very strong X-ray
from the SOR. Therefore, preliminary experiments
were carried out for the first step to observe
the degree of radiation damage under various
conditions of taking SOR topographs. This paper
is a brief report of the experiments which
brought satisfactory results for performing real
experiments.

Experimental

Single crystals of ice artificially grown in
our laboratory by the modified Bridgman method
were used for the topographic observations. In
blank tests to measure the temperature rise of
specimens owing to the irradiation, natural ice
single crystals from the Mendenhall Glacier,
Alaska were used. Thin planar specimens were cut
from these single crystals so that the specimen
surface was approximately parallel to (0001).

A specimen was mou,nted on a specimen holder
which was kept at subzero temperature in a poly-
urethane foam container. This container was

installed on the goniometer head of the SOR
topograph. Fig. 1 is a schematic diagram of the
apparatus. X-ray was incident perpendicular to
the sheet through 2 cm thick foam.

Fig. 1 I: ice specimen, S: specimen holder,
C: container, P: passage of Nagas, T: thermo
couple, H: heater for controlling temperature
of Na gas, L: liquid Na tank

After several blank tests for measuring the
temperature rise of specimens, SOR transmission
topographs were taken with a specimen of the
artificially grown single crystal of ice, of
which thickness was 5.2 mm. The specimen was
properly protected by the absorber of A1 foils
to avoid the temperature rise. Distance between
the specimen and the X-ray film (Fuji Ix-50) was
100 mm. Several topographs were taken, changing
the angle between the beam and the <0001> direc
tion of the specimen, keeping the <1120>

direction vertical to the beam. In this way, the
wavelength of diffracting X-ray was changed.

Results

The direct radiation effects like the

vacancy formation was not observed after several
minutes irradiation by the SOR beam of 70'>^80 mA
current. However, an appreciable temperature
rise was observed during irradiation. It was
found that the absorber of 9 sheets of A1 foil of
15 pm thickness protected the specimen from
temperature rise.

Fig. 2 is an example among several SOR topo
graphs taken with 3 sec exposure time. The beam
current was 54 mA and the specimen temperature
was -3.1°C with a protection as described above.
Photograph (b) is an enlargement of dark spot on
a topograph_(a) which was taken by the diffracting
plane of (1100). In the photograph, we can
clearly observe images of dislocation loops and
stacking faults, exhibiting the same patterns as
were observed hitherto by the ordinary X-ray
topographs. It was found from a topograph taken
next to Fig. 2 that stacking fault area became
larger than that in Fig. 2, owing to a little
temperature drop during 15 min. interval between
two topographs.

In the present preliminary experiments, it
was shown that the temperature rise of ice
crystal specimens due to the SOR beam could be
avoided by using proper absorbers. Even when the
absorber of 9 sheets of Al foil was used, the
incident beam intensity was high enough to make
the exposure time as short as a few seconds.
Observed topographic images were'clear. There
fore, we can expect that the dynamical behavior
of lattice defects in ice could be well observed
by the SOR topography. We still need to develop
a method to estimate real temperature of the
specimen from the measurement by a thermocouple
mounted on the specimen holder.

1 mm

Fig. 2 ( a ) (1

(a) Original SOR topograph of ice single
crystal

(b) Enlargement of a spot indicated by an
arrow in (a)

* A. Higashi, T. Hondoh, K. Goto, S. Amakai,
K. Katsuta, Y. Mori
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AN EXAMINATION OF THE X-RAY MAGNETIC BRAGG REFLECTION AND ITS APPLICATION

TO THE FUNDAMENTAL MAGNETISM

Kazumich NAMIKAWA, Masami ANDO*, Tetsuo NAKAJIMA*, Peter SPIEKER* and Sukeaki HOSOYA
The Institute for Solid State Physics, The University of Tokyo, Roppongi, Minato-ku, Tokyo 106

* KEK, National Laboratory for High Energy Physics, Oho-machi, Tsukuba-gun, Ibaraki 305

Introduction

X-ray magnetic scattering is a well known
relativistic phenomenon in photon scattering. Ex
istence of Che magnetic Bragg reflection has been
almost confirmed by several experiments related
to its characteristics. However, the scattering,
amplitude of the reflection is no more than 10
~10 of the regular Bragg reflection. Moreover,
these experiments by no means exclude the possi
bilities of detecting the X-rays due to any other
scattering process. Therefore, each of these ex
periments includes some ambiguities.

The purpose of the present experiment is to
confirm the existence of the X-ray magnetic Bragg
reflection. We examine, by means of synchrotron
X-ray radiation, the spin dependence and the
imaginary phase of the magnetic scattering ampli
tude. Thomson scattering and the magnetic
scattering from magnetic crystals interfer each
other, provided that the periodicity of the
chemical lattice and that of the spin lattice co
incide each other. In this case, we define an a-
symmetrical ratio of the Bragg reflection by R ,
as follows:

It _ I*
R _ _n n

a " r + I'^'
n n

where, I'^ and I"'' mean the normalized intensity of
the Bragg reflection from ferromagnetic crystals
when the applied magnetic field perpendicular to
the scattering plane is downward and upward,
respectively. Thus this asymmetrical ratio R is
proportional to the cross term of those scatter
ing amplitudes. The cross term become detectable
only under the resonance condition due to the
imaginary part of the anomalous scattering factor.
Anomalous scattering factor is a function of the
incident energy, and can be distinguished by its
characteristic behaviour near the absorption edge.
Therefore, examining the characteristic variation
of R , we can identify the magnetic Bragg
reflection.

Experimental

The present experiment has been carried out
at the X-ray topography station BL-15B2. We set
up, in this station, an apparatus which consists
of a monochromator, an incident beam monitor, a
goniomator, a magnet, a solid-state detector and

flONOCHROMATOR

SSD

Magnet

counting circuits. These equipments are arranged
as shown in Fig. 1. Incident X-rays are monochro-
mated by means of 220 reflection from Si (110)
channel-cut monochromator mounted on a goniomator
with its rotational axis horizontal. The inten

sity of the incident X-rays are monitored by an
ion chamber set behind the monochromator. The

sample is a 10 mm<V, 1 mm thick nickel (111) disk
single crystal attached to the top of the gonio-
mator-head fitted sideways to the yoke of the
magnet. The magnet was mounted on the XRT gonio
mator so that the vertical axis of the goniomator
lies in the sample surface. Scattered X-rays are
measured by a pure Ge solid-state detector.

Intensities of the Ni 111 reflection were

measured in alternate direction of the field at

three different energy near the absoption edge.
A magnetic field of about 5 kG was applied paral
lel to the sample surface in order to align the
spin parallel to the [112] direction about 19.5°
off an easy axis. It ^ook aboug 10 to 30 mintes
for accumulating 2*10 to 2*10 counts.

Results and Discussion

In table I, we show the results of the
present measurements and the experimental asym
metrical ratio R obtained. Where , 2] and are the
sum and the difference of I''" and I-^, respectively.
In the last lolumn we show a calcu?ated values

Cdxfor R^ after Parratt and Hempsted.

Table I

, , ^ 2 'a ^a^„3 ^a^^i(keV) n n *.10 xlO

8.328 3.2180 3.2439 6.4620 -0.0259 -4.01 +1.08

8.342 1.1764 1.1556 2.3321 +0.0208 +8.92 +4.75

8.441 2.9838 3.0032 5.9870 -0.0194 -3.25 +3.49

Large discrepancies are observed between the
experiment and the calculation in sign and order
of magnitude. There are two reason we can imagine
for these discrepancies: a different deviation of
the diffraction condition due to the two opposit
directions of the magnetic field, and a variation
in the polarization of the incident beam during
the measurements. The deviation of the diffrac

tion condition could be discriminated by exami
ning a Bragg reflection off resonance. The ef
fects of the variation in the polarization could
be suppressed by using a 90° reflection in mono
chromator or by adopting a forward scattering
from the sample. More comprehensive experiment
are in progress.

We are indebted T. OHTA for the loan of a

nickel single crystal, Y. SATO for the facilities
of the I- monitor and T. SAKAMAKI for the calcu
lation or the anomalous scattering factors. We
thank S. SUZUKI, N. KAMIYA, T. OGAWA and 0.
NITTONO for their help in experiment. Finally, we
acknowledge the PF crew for their permission to
use the beam over the user's beam time.
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REAL TIME X-RAY TOPOGRAPHIC STUDY OF PHASE
TRANSITION OF Fe,0, AND TbVO, CRYSTALS

3 4 4

S. Suzuki(TIT), H. Unoki(ELH), S. Chikazutni(Keio U)
S. Todo(ISSP), T. Nakajima(KEK) and M. Ando(KEK)

Introduction

Phase transitions of magnetite and terbium
vanadate crystals at low temperatures have been
studied with X-ray topographic techniques using
nuclear plates, a real time topography camera
and 2.5 GeV synchrotron radiation of the Photon
Factory. The main purpose of this experiment
was to find out how the phase transitions of
these crystals would be disclosed by this tech
nique and to get the information for further
experimental progress.

Experimental method

Experiments have been performed using a
microprocessor controlled high speed camera for
synchrotron radiation topography which is one of
the users' dedicated machines in the Photon

Factory. Details of this apparatus have been
reported in 2.4 of this activity report. White
radiation from the normal bending magnet at beam
line No. 15 was used to form a Laue pattern on a
fluorescence screen which was put a few centi
meters behind the crystal. The specimen was
oriented in the desired orientation by looking
at the symmetry of the Laue spots. An ordinary
photographic method was used to observe the
static pattern, but the dynamical behaviour of
the domain pattern was recorded by the live
topography camera usin^ a fluorescence screen
and an image intensifier.

The specimen was cooled in a continuous
flow type cooling-system. This system provides
refrigeration in the temperature range from 2 K
to 100 K by a controlled transfer of liquid He.
The specimen temperature was measured with a
chromel vs. gold (0.07 atomic percent iron)
thermocouple.

The spatial resolution of the TV image is
poor compared with the one of a topograph taken

T = 176 K

T = 110 K

Fig. 1

by a nuclear plate. TV image on the other hand
quickly follow dynamical phenomena.

Magnetite

Magnetite is a familiar ferrimagnetic
crystal at room temperature and undergoes a
phase transition at the Verwey temperature (T
= 120 K). We have tried to see how the crystal^
line state changes while changing the specimen
temperature and applying an external magnetic
field. Figure la is a 511 transmission topog
raph taken at 176 K with a nuclear plate. The
wavelength of the contributing radiation is 0.62
angstrom. The vertical parallel lines seem to
be ferrimagnetic domain structures. These
pattern has disappeared after an external mag
netic field of H = 2000 Oe was applied. Figure
2b was taken at 110 K without field. The par
allel lines disappear completely and a very
strong contrast due to lattice strain appeared.
Such contrast fluctuated with the temperature
change and was visible down to 4.2 K.

Terbium vanadate

The rare earth vanadate, TbVO,, which
crystallizes in the tetragonal zircon-structure,
shows a cooperative Jahn-Teller effect (CJTE) at
about 35 K (Tjj) • This phase transition corre
sponds Co the condensation of a zone center
lattice distortion of B- symmetry. The di
rection of the distortion's controllable by an
external magnetic field. In this preliminary
work, we observed very complicated pattern as
shown in Fig. 2a in the low temperature phase.
These pattern disappeared above T^ (Fig. 2b).
They might be due to the stress which was
introduced by gluing the specimen to a holder.
The origin of the contrast is not clear at this
moment. Further work is in progress now in
order to gain better understanding of the
crystal lattice state at the phase transition.

In conclusion, synchrotron radiation live
topography combined with ordinary photographic
methods is a promising way to study phase
transitions at very low temp

i
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REAL TIME X-RAY TOPOGRAPHY CAMERA USING

FLUORESCENCE FILM AND IMAGE INTENSIFIER

S. Suzuki(TIT), H. Kawata(KEK) and M. Ando(KEK)

Introduction

An apparatus for video display of X-ray
topograph by an indirect method has been de
veloped for the purpose of synchrotron radiation
experiments. Care was taken that several func
tions can be remote-controlled.

Camera system

An apparatus for live topography is schema
tically shown in Fig. i together with a photo
graph of the camera installed on an arm of the
goniometer of BL-15B in the Photon Factory. The
camera consists of a fluorescence gadolinium
oxysulfide film (P) of 10-20 ym thickness,
optical magnifying lens (L) and a detector
(image intensifier: II, relay lens: RL and TV
camera). The image is recorded by a cassette
video recorder and is displayed on a monitor.
The fluorescence particles with diameters
ranging in 2-4 microns have been selected from
the commercial powder using the difference in
sedimentation rates of the particles in a fluid
(isoamyl acetate + small amount of collidion).
The selected powder was spread on a mylar film
of 5 ym thickness and was supported by a frame.

Lens and detector can be shifted independ
ently along the optical axis of the camera by a
synchronous motor, leaving the fluorescence film
P in place. Thus the researcher can change the
magnification of the image between 60-300, can
focus the image and adjust the aperture size
(brightness) controlled by looking at the TV
image. The distance between the specimen and
the fluorescence film can be changed by sliding
the whole set of the camera. This distance and

the orientation of the whole camera set around

BELLOWS

Fig.1

the specimen can be changed by giving appro
priate data to a microcomputer. The fluores
cence film was put into a dark box. Therefore
this camera can be used with lights on in the
hutch.

Resolution

The resolution of the camera was estimated

by measuring the modulation transfer function
(MTF) which was defined by Dr. Chikawa (Chikawa;
1974). In Fig. 2 is shown a MTF measured by
tracing the TV image of a shadow of an X-ray
test chart along a scanning line by a synchro
scope. The shadow was formed by synchrotron
radiation which were diffracted from a Si (111)
surface. An extrapolation of the curve to 5
percent gives 20 ym as the limit of the spatial
resolution. The limit of the resolution of the

indirect method is almost the same as the

thickness of the fluorescence film. A resolu
tion better than 10 microns can be expected if
we prepare a thin film, about 5 ym thick which
will be made without much difficulty.

Applications

Live topography cameras using the indirect
method have been applied to real time topography
of various specimens under various conditions.

(a) Room temperature: Fe-Si, Synthetic quartz,
3i, web S etc.

(b) High temperature: Alpha-beta transition of
synthetic quartz (573 C), melting phenomenon of
olivine (1900 C).

(c) Low temperature: Phase transition of mag
netite (35 K) and terbium vanadate (120 fC).

Reference

Chikawa, J, : J. Crystal Growth, 24/25 (1974)
61-68.

100

(%) SilU

10 pm

Fig.2
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X-RAY TOPOGRAPHY OF GaAs CRYSTAL

H.Takaoka, K.Ikeda, Y.Homma, Y.Ishii,*M.Ando
Electrical Communication Laboratory NTT

Midoricho, Musashinoshi, Tokyo 180, Japan
\eK,National Laboratory for High Energy Physics

Oho-machi Tsukuba-gun.Ibaraki 305, Japan

Introduction

GaAs crystal is an important material for nigh
speed GaAs ICs. One of the most-pressing problems
in the practical application of this material, how
ever, is the lack of uniformity in its electrical
properties. This non-uniformity is considered to
be related to the dislocation density distribu
tion. XRT is a suitable method for evaluating such
uniformity. A high quality topograph of GaAs, how
ever, was found to be very difficult to record due
to high absorption and fluorescence. The thickness
for Mt=1(|j:absorption coefficient, t:thickness) is
about 29 pm with a wave length of 0.7S(MoKa). In
practical application thick wafers of a few hun
dred [im are required. The recording must be carri
ed out under anomalous transmission conditions and

an intense X-ray beam from an SR has an advantage
for short time exposure. A double crystal topogra
phy experiment was performed using a 15-C beam sta
tion at Photon Factory in KEK during the 1983 ded
icated run.

Experiment and results

A white x-ray topography and a monochromatic
topography were carried out. Exposure time was as
short as 1 minute at 2.5 GeV 50 mA in the anoma
lous transmission case' for a white X-ray beam us
ing a Ilford LA plate. There was a very large back
ground due to fluorescence. This background de
creased when a 0.5 mm aluminum sheet was used.

Large size topography is necessary to evaluate
GaAs wafers in practical use. The beam must be ex
panded or scan a wafer when large size topograph
is carried out using SR. There has been difficulty
in setting up the scanning instrument, because the
wafer must be translated vertically due to the po
larization of SR X-ray beam. An asyrrmetric double
crystal method was adopted to expand the beam. The
experimental arrangement for large size topography
is shown in Fig.1. Two sets of Huber goniometer
were attached vertically to an aluminum panel.
There was no degradation in the accuracy of this
gonimeter as a result of the tilt of the rotation
a is. A GaAs(012) crystal grown by the Horizontal
Bridgeraan method was used as a monochrometer crys
tal. The diffractive net plane used was (022) in
clined l8.A°to the (012) surface. The incident an

gle of the primary beam was 13? The Asymmetric fac
tor in this arrangement was 6.9, and the expanded
beam size was 36(w)XA0(h)mm. A topograph of a GaAs
wafer cut from an LEG grown GaAs boule parallel to
the growth axis was recorded. The thickness of the
wafer was 300 m. Ilford LA nuclear plates were
used for recording. Figure 2 shows an anomalous
transmission topograph of a GaAs wafer under in
the parallel (220) condition. The topographs could
be recorded with an exposure time of 5-l0minutes.
The dislocation distribution was clearly defined.
These results provide good information on the ana
lysis of dislocation introducting mechanism in
GaAs crystal growth. In-situ observation is also
planned using image intensifier (I.M).

Acknowledgment

Authors wish to thank to Dr. Nittono, Dr.
Suzuki and Dr. Spieker for their useful advice and
assistance with the goniometers, and K.Hoshikawa
for providing GaAs wafers.

Reference

DJ.Bonnafe, et al: Mat. Res. Bull. 16 (1981) 1193
2)M. Scott: SSRL Activity Rep. (1982) VIII 3

Fig.1 Experimental arrangement for double crystal
X-ray topography.

G1,G2:Goniometer (1/5000°pulses), MrMonochrometer
GaAs(012), S:Specimen GaAs(100)

P:Nuclear plate, I.M:Image intensifier
R;Sliding groove

Fig.2 Anomalous transmission topograph of GaAs
wafer. Wafer thickness:300Mm
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SYNCHROTRON X-RAY SECTION TOPOGRAPHY

Y. Sugita and H. Kawaca

Physics Department, Toyama University

3190 Gofuku, Toyama 930

Introduction

Section topography can be very valuable in
providing information on imperfections in a
nearly perfect crystal through the observation
of Pendellosung fringes and the margin effect
as well as through the observation of fine
structure of defects and their depth disbribu-
tion. Since x-ray beams are limited by very
narrow slit system, long exposure time is needed
for obtaining a section topograph for a normal
x-ray source. Section topography with synchro
tron radiation may allow us to perform in-situ
observation with saticon image converter tube
system or step by step observation with nuclear
films. One of the application of this technique
is the study of dynamic process of precipita
tions. For example, precipitation process in
silicon containing supersaturated oxygen, in
which traverse topography fails to detect oxide
precipitates because traversing causes to blur
out of defect images.

In this report we describe the preliminary
results on section topography.

Experimental Procedures and Results

The experimental set up used for section
topography is the double-crystal arrangement
utilizing non-parallel (+,-) setting with asym
metric reflection in the first crystal and
illustrated in Fig.l. Monochromatic beams with
the wavelength close to that of MoKa2_ radiation
are diffracted in the (333) planes of the first
crystal and leave the crystal at an angle of

Specimen
(^^0)

^ Si
Monochrometer

(333)

about 0.5 degrees to the surface.
A specimen used was (100) oriented, 0.55 mm

thick, Czochralski silicon wafer, with initial
oxygen concentration of 1.08 x 10^® atoms.cm~^.
This specimen was heat treated at 1000 C® for
48 hours for oxide precipitation.

The parameters of the storage ring were
E=2.5Gev, 1= 60 mA.

The section topograph obtained is shown in
Fig.2 and the similar topograph obtained for a
normal x-ray source is shown in Fig.3 for com
parison, The exposre time on a nuclear plate
was 5 minutes. Defect images from oxide pre
cipitates were recorded, though they became
blurred to a some extent due to the spread in
beam size.

The experiment is in progress and the blur
in the defect images shall be improved by use
of a proper slit system. In near future, using
the wiggler line, in-situ section topography may
become feasible.

I

• *JT-"^

I

* Present address ; KEK, National Laboratory
for High Energy Physics. Oho-raachi, Tsukuba-
gun, Ibaraki 305.
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A Study on Defects in CaF2 Single Crystals
Cui Cheng-Jia* and Toincya Ogawa

Dept. of Physics,Gakushuin Univ.
Mejiro, Tokyo, 171.

CaF2 crystals transmit over awide spectral range, possess relatively low
refractive indices, exhibt small absorptiom and scattering lossess. These proper

ties are of interest for applications as components required to transmit high-

power laser beams, such as window applications HF and DF lasers.

In order to realize low absorption and low scattering in the crystals, they

were grown in a high-temperatur furnece similar to that of Stockbarger-Bridgman

out of well selected fluorite (mineral) or synthetic CaF2. The crystals grown
in Chanchun Institute were 180 mm in diamenter with about 15 kg.

A study on defects in the crystals was started from July 1982 at Gakushuin

University by optical microscopy, light-scattering tomography and x-ray topography,

SOR topographs were taken along the program at the Photon Factory and one of them

is shown in the figure comparing light-scattering tomograph. Analytical studies

on these figures are still advancing.

Fig.(a) shows a SOR topograph on (331) plane of a CaF2 single crystal. Some
sub-grain boundaries are observed as shown in this figure. The defects on {33lj
plane are similar to that of on [sSlj one. Fig.(b) shows a light scattering
tomograph on (001) plane and the scattering vector of this tomograph is ^011_> di

rection. The slip system of this crystal is (noj plane and <110) direction.
Since the strain in the crystals is continuity, there are only two slip systems.

Clear patterns of /the strain were easily observed by a polarized transmitted

light.

The authers express their cordial thanks to Prof. Kohra and Andow for giving

abeneficial experience in the Photon Factory.

Fig. (a) SOR topograph on (331) plane

Fig. (b) light scattering tomograph

on (001) plane

* On leave form Changchun Institute of Optics and Fine Mechanics, Academia Sinica.
Peoples' Republic of China.
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Study on the melting mechanism of forsterite Mg2SiO^
by means of X-ray topography
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Hongo, Tokyo 113 (Japan)

Introduction

Forsterite Mg2Si04 has cell dimensions^

a=4.7503(4) A, b=10.187(1) A, £=5.9771(7) A, and
space group Pbnm. The tetrahedra formed by the
oxygen atoms about the tetrahedral cations in
this structure type are inherently distorted,
yielding three independent bonds having differ
ent lengths. In the specific case of forsterite,
the three bonds are : Si-O(l) = 1*61^ A , Si-
0(2) = 1.654 A, and Si-0(3) = 1.635 A. Our
single-crystal X-ray diffraction study of the
forsterite structure as a function of temperature
up to 1600®C has revealed a salient feature that
at temperatures above 1000®C the difference in
Si-0 bond length is decreased with increasing
temperature (the Si-0 bond lengths were corrected
for thermal motion of a rigid-body mode). The
change is such that the bonds would have the
same value! of about 1.63 A at the melting point
of 1890''C. The melting point of forsterite may
then be structurally defined as the temperature
at which the three Si-0 bond lengths are equal
ized .

As an extension of such a high-temperature
X-ray study of forsterite, we have undertaken
the study on the melting phenomenon of this
mineral species by means of X-ray topography
with the use of synchrotron radiation. It was
anticipated that we would be able to observe
the formation and propagation of solid-liquid
interface. The present report presents the
result of our preliminary test experiment
carried out for the above-mentioned in situ

observation.

Experimental and observation

From a synthetic single crystal of forster
ite^, cuts parallel to (001) or (010) were pre
pared, each having the shape of a thin square
plate ;their dimensions were approximately 5 x
10 X 0.1 mm. The X-ray sample thus prepared
was mounted on an alumina rod. As heat source,
we decided to use the heater system utilizing
gas flame which was originally designed for X-
ray single-crystal diffraction study3. The
feasibility of applying such a high-temperature
technique to our planned experiment at the topo
graphy station was found to be successful.

As the effective size of the gas flame was
smaller than the crystal plate, the direction of
the flame was chosen so that it heated a corner

of the plate. That portion of the crystal shown
in a selected Laue spot was then observed through
the video system designed for the station. The
temperature was raised with manual operation of
the gas-flow rate.

Although it was not possible to observe the
formation of solid-liquid interface, evidence
was observed of the development of dislocation

bunches from the melting front. Figure 1 shows
portion of the Laue spot which was recorded on
X-ray film after the crystal was quenched to
room temperature. This spot, which has not yet
been indexed, was in a Laue pattern from a cryst
al plate parallel to (001), the X-ray beam being
parallel to £. In the corresponding portion of
the crystal (Fig. 2, under crossed nicols), we
observe the formation of quenched crystals.
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Introduction

Previously, the present authors proposed a new
and simple method of preparing nearly perfect
crystal plates such as Cd, Zn and Sn for X-ray
topographyCl) . In the present study, several Sn
plates were subjected to topographic observations
using synchrotron radiations(SR), and image qual
ity as well as resolving power was investigated.
The results showed that the crystal plates pre
pared by the present method are appropriate to
observe dynamical phenomena such as crystal grow
ing, dislocation motion and phase transformation.

Experimental

Flat single crystal plates of SnC99.999% puri
ty) with low dislocation density were prepared by
a solidification technique(1)similar to G'Sell,
Champier and Iwasaki's method(2). Cold-rolled Sn
sheets 0.2 to 0.4 mm thick were placed between 2
glass plates separated by alumina spacers 0.5 ram
thick. Grown crystals were cooled at a rate of
less than S K/h. The slow cooling is essential for
reducing residual lattice defects. In order to
avoid to give any damage to the as-grown crystals,
each of them was fixed to a Cu rod of 1 mm in dia.

with cement (Aron ceramic,K-45), and further mani
pulations were done by handling this rod. After
crystal surfaces were slightly etched by anetchait
(H3P04:CH3C00H:HF:HN03=12:5:2:1)(3), they were sub
jected to SR Laue topography. The crystal thick
ness was 0.1 to 0.2 mm. The experiments were
carried out by using a microprocessor-controlled
high-speed goniometer(BL-lS). For taking SR Laue
topographs, a device which can be put on the top
part of the swivel table of the goniometer was
constructed so as to make the specimen-plate dis
tance as short as possible. The shortest distance
was less than 25 mm, and the use of a small stop
per was effective for reducing the distance. Laue
spots were recorded on nuclear plates (Ilford,L-4
type, emulsion thickness 25 and 50 pm, 115 mm sq.
in size) Exposure time varied from 1 to 30 sec
according to the specimen thickness and beam cur
rents. Topographic images were enlarged optically
as large as 100 times, and image quality as well
as resolving power was evaluated. Furthermore,
several nearly perfect crystals were also observ
ed by an indirect TV raethod(4), in which visible
images are magnified optically and subsequently
intensified by an image intensifier.

Results and discussion

Melted Sn surfaces tended to be stuck by a soot
film coated on the glass plates. Accordingly,
smooth soot films were essential for preparing
nearly perfect crystals. SR Laue topographs con
tain a large number of spots having different re
flection indices and provide a lot of information
on growth mode such as angular and spatial distri
bution of subgrains. Thus, SR Laue topography is
appropriate to study the solidification and grow
ing processes. Fig. 1(a)-(c) show topographs of

of a tin crystal plate with low dislocation density.
Fig. 1(a) is taken by using a fine-focus X-ray gen
erator (100x100 pm2, 45 kV, 3 raA), (b) is an en
larged Laue spot in an SR Laue topograph, and (c)
is a TV image recorded by the indirect live topo
graphy camera. Individual dislocations can be
recognized in each topograph, but the resolution
of dislocation image varies from 5 urn in (a)to 20
pm in (c) according to the ways and means used.
The resolution of TV image was sufficient for de
termining the Burgers vector of dislocation.
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Fig. 1 X-ray topographs of a tin crystal plate

(a) Conventional Lang projection topograph
(b) SR Laue topograph (2.5 GeV, 61.7 mA, 7 sec)
(c) TV image recorded by the indirect method.
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Introduction

As is well known. X-ray diffraction is based
on Thomson scattering caused by the interaction
of X-rays with the charge of electrons and pro
vides information on the electron charge distri
bution. Recently diffraction of X-rays by
magnetic materials has been observed and the
formula for magnetic diffraction has been given
by de Bergevin and Brunei.Since magnetic
scattering of X-rays comes from the interaction
between X-rays and magnetic moments of electrons,
it is expected to get information on the spin
density in magnetic materials. This will be
complementary to neutron diffraction.

The diffracted intensity due to magnetic
scattering is estimated to be about 10~ times
as large as that due to Thomson scattering.
In addition the very weak intensity of magnetic
diffraction from ferromagnetic substances

overlaps that of Thomson diffraction in the
same Bragg peak. In this study it was attempted
to enlarge the intensity ratio of magnetic
diffraction to Thomson diffraction to some

extent by using the polarization dependence of
magnetic scattering. In the scattering amplitude
of magnetic diffraction the matrix of polariza
tion contains non-diagonal elements.

Experiment and Result

The experiment was carried out by SR X-rays
available from the beam line 15C. The precision
multi-axis diffractometer installed there was

used. The experimental arrangement is shown

RjLAnizen skbooi

Fe-3-I.Sil'.OO) ?'•"

tV ANALYZtR Si(8l)l))

SOLID 5IA1E
'— neiEcroi!

Fig. 1 A plane figure of the experimental
arrangement. A side view of the polarizer
is shown in the insert.

schematically in Fig. 1. The first crystal is a
channel-cut polarizer made of silicon. Since 800
reflection with the Bragg angle of 45® takes place
4 times in the polarizer, the reflected X-ray beam
with the wavelength of 0.960A is highly polarized,
whose electric vector is parallel to the electron
orbit. This polarized beam is incident on a
Fe-3%Si crystal and the symmetric 400 Bragg-case
diffraction occurs. In the diffracted beam from
the sample the vertically polarized component was
selected by an analyzer which is the same design
as the polarizer except for the number of multiple
reflections, and the integrated intensity was
measured by rotating the analyzer. The magnetic
field was applied to the specimen from the four
directions lying in a plane parallel to the sur
face of the specimen as shown in Fig. 2. The
integrated intensities increase in the case of
horizontal directions 1 and 2 of the magnetic
field compared to that in the case of vertical
directions 3 and 4 (Fig. 2). The difference
between the integrated intensities in the horizon
tal and vertical directions is attributed to the

component of magnetic diffraction. The inte
grated intensities in the vertical directions,
correspond to Thomson diffraction, which come
from the vertically polarized component of
synchrotron radiation remaining after reflection
in the polarizer. The intensity ratio of magnet
ic diffraction to Thomson diffraction is about 6%
for the present experimental geometry.

The authors would like to thank the members
of Photon Factory-Precision X-Ray Optics Working "
Group for their cooperation in the present study.
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Change of integrated intensities of
magnetic diffraction from a Fe-3%Si
crystal with the direction of applied

magnetic field.
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Introduction

According to the dynamical theory of X-ray
diffraction. X-ray standing wave fields are
formed by interference between incident and
diffracted beams not only inside the crystal but
also outside the crystal. Recently this X-ray

standing wave method has been used to determine

accurately the position of impurity atoms in the
crystal^^ or adsorbed atoms on the crystal
surface^'.

In the present paper the X-ray standing wave
method was applied to the determination of atomic
structure of a silicide/Si interface. The

angular yield of Ni K fluorescent X-rays emitted
from Ni atoms in the NiSi2 film was measured in
the'diffraction process of X-rays on the (lll)Si
substrate. Judging from the profile of the yield
curve, the position of Ni atoms was determined
and hence the atomic structure of the NiSi2/
(111)Si interface was analyzed.

Experimental Results and Discussion

An experimental arrangement is shown in
Fig. 1. The (+,-) arrangement of parallel
setting was adopted. The wavelength of X-rays
incident on the specimen is 0.80 & which cam

SOLID STATE
DETECTOR

N ION
CHAMBER

X-RAY GedU)
SOURCE

SPECIMEN

Fig. 1

(A) S nm Ni I ,

-* -3 0 3 • -3 0 3 (

Fig. 2

excite Ni K fluorescent X-rays of X=1.66 &. The
yield of Ni K fluorescent x-rays were measured
by a Ge solid state detector set normal to the
specimen with a distance of 3-5 cm.

The experimental results are shown in Fig. 2.

The angular-yield of Ni K fluorescent X-rays
emitted from NiSi2 films produced by Ni films of
5 nm and 10 nm thickness was measured.

Cherns et.al^^ proposed two models (Fig. 3) and
concluded by TEM studies that the calculation for

the model of Fig. 3(a) gives good fit to the
observation of NiSi2/Si interface lattice images.
Fig. 4 shows the calculation of the yield curve
for the model of Fig. 3(b). It appears that the
model of Fig. 3(b) gives better fit to the
results of our experiments rather than the model
of Fig. 3(a).

The authors acknowledge the menbers of
Photon Factory-Precision X-Ray Optics Working
Group for their cooperation in the present study.
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Introduction

As the synchrotron radiation (SR) is linear
ly polarized in the electron orbit plane, it is
useful for the study of polarization phenomena
in the x-ray wavelength region.The SR is
also elliptically polarized outside the plane
and so it is important to analyse the polari
zation ratio of an incident beam in the diff

raction experiments.In order to study the
above subjects a made for x-ray
polarization measurements. The polarization of
the SR was observed with analysing crystals of
Ge and Si. An experiment on a rotation of the
electric vector (E-vector) of the SR by A5 was
also carried out with a grooved monochromator.

X<f)-circle

A diagram of the x^i-circle is shown in Fig.
1. The x~circle plane (A) about 300 cm in dia
meter is located 5 cm outside the (l)-circle
axis. The scintillation counter (B) is fixed to
the x~circle plane so as to measure x-ray re
flections with the Bragg angle of 45 . The
goniometer head (C) is mounted on the adjust
able tilting table
, which is fixed ,
to the x~circle.
The x~circle and "a"
the (t)-circle are

rotated by step- *50 •»
ping motors with s
accuracies of —

0.002''/pulse and (Q= ( )
0.0025'/pulse T \
respectively. The ' j rc~^
X^-circle mounted 1
on the precision Lj
turntable can be K 1 I—
also used for the |V—A >
usual dynamical C I, ^ ,1 ;; ij
diffraction \ )•
experiments. i ^ —i

Fig. 1. X'J'-circle.

Polarization measurements of the SR

The polarization state of the SR from the
2.5 GeV storage ring was measured by using the
X(J-circle. The analyser was Ge with the (111)
plane. The x-ray beams deflecting at 90° to the
incident beam were measured against an angle x»
which was a rotation angle of the x~circle. The
counter system was adjusted to measure only the
333 reflection (wavelength X=1.54 ^). But the
444 reflection (X=1.155 A) might be contained
to a little extent. The beam size was as large

as 0.2x0.2 mm , The experimental result Is
shown as solid circles in Fig. 2, where a
horizontal position of the counter corresponds
to X~0- fiS* 2 shows that the radiation of 1.54
"k is linearly polarized with the horizontal
E-vector.

-30 0 30 60 90
X ( DEGREE)

Fig. 2. Integrated intensities of the
333 reflections from the Ge analyser
against the rotation angle x of
X-circle. Solid circles correspond to
the case of the incident SR (X=1.54
A). Open circles correspond to the 333
reflection beam from the skew-grooved
monochromator of Ge.

It is known that the SR is left-hand elli
ptically and right-hand elliptically polarized
above and below the orbit plane, respectively.
Owing to a finite size of the SR source it is
rather difficult to measure the horizontal and

vertical components of the E-vector separately.
But, by using the Si 333 reflection and the
X4i-circle, the polarization state was observed
against the angle x each deviation angle 6
from the orbit plane relatively. Relative inte
grated intensities of the 333 reflections (X=
1.48 A) are shown in Fig. 3, where solid
circles, squares, open circles and triangles
correspond to 9=0, 2x10"^, 4x10" and 6x10
rad, respectively. The vertical component of
the E-vector of the SR is shown clearly to
increase with the angle 6.

Rotation of the E-vector

As the SR is linearly polarized in the
orbit plane and elliptically polarized outside
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Fig. 3. Relative integrated inten
sities of the 333 reflections from

the Si analyser against X- Solid
circles show the intensity change
of the SR in the orbit plane.
Squares, open circles and triangles
show the changes of the SR inclined
at 2x10~'5, 4x10"^ and 6x10" rad
to the orbit plan^, respectively.

the orbit plane, it is useful in some diffrac
tion experiments to obtain Che monochromated
beam with the known E-vector inclined at 45°

to the orbit plane. For this purpose an
effective method is to use a grooved mono-
chromator with the Bragg angle of 45°, whose
plane of incidence is set to be inclined at
45° Co Che orbit plane. The E-vector of the
monochromated beam (X=1.54 A) from the skew-
grooved monochromator of Ge was analysed with
Che 333 reflection of Ge. The observed inte

grated intensities of the 333 reflection (open
circles) are given against y iri Fig. 2, where
a broken line shows clearly that the E-vector
of the incident beam is inclined at 45° to the
horizontal plane. The intensity of the beam
was about 2x10^ cps under the conditions of
2.5 GeV, beam current 80 mA and x-ray beam
size 0.2x0.2 mm^.

Summary

Polarization measurements about the SR

were done by using the
analysers of Ge and Si. The linearly and elli-
ptically polarized SR were proved experimental
ly. The linearly polarized x-rays with the
known E-vector inclined at given angle to the
horizontal plane are useful for some diffrac
tion experiments and x-ray optics.^^

The authors would like to thank Photon

Factory- — Precision X-Ray Optics Group for
their support.
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Introduction

The precise measurement of refractive index
of X-ray has been carried out in order to obtain
the dispersion relation of X-ray. On this sub
ject, several experiments employing the inter-
ferometric method have already been reportedP"^^
Using SOR, Bonse and Materlick''^ measured X-ray
refractive index throughout the whole range of
wavelength including K absorption edge of Ni. In
the present experiment, we have made direct
measurement of the angle of deflection of a beam
diffracted through a prismatic specimenby the
multiple reflection diffractometer!^ The speci
mens used are LiF and KCl single crystals having
right angle formed by cleavage surfaces.

Apparatus

The experimental arrangement, as shown in
Fig.l, is (+,+,-) setting. The first crystal is
a Si single crystal with a symmetric 220 reflect
ing plane, which selects a certain wavelength.
The second and the third crystals are Si groove
crystals with a symmetric 220 reflecting plane as
well. The spatial width of incident beam is re
stricted by a slit set in front of the first
crystal. The beam size is lX2mm. Another slit
(lOXlOmm) is placed before the second crystal to
avoid the undesiralbe scattered beam. For the

wavelength used in this experiment, the beam is
reflected three times between the parallol groove
of the second crystal, and then highly collimated
and monochlomatized X-ray is produced.

As the movement of each goniometer and
counter is remotely controled by the computer
system, the second and the third goniometers hold
the accuracy 1" per 100 pulses, and the gonio
meter for a specimen crystal, which is placed
between them, 0.72" per 1 pulse.

Source and Wavelength

Our experiment was made at the station on
the C-15 line for the Precision X-ray Optics.
The acceralation voltage was 2.5GeV., and the
amount of stored current ranged from 120 to AOmA.
The wavelength was measured with the Bond method
utilizing 333 and 888 reflections of a Si wafer
placed on the goniometer of the third crystal,
and then determined as 0.773666A.

Measurement and Results

A specimen prism is set between the second
and the third crystals, and its position is regu
lated so that part of the beam will be refracted
and the other part can pass straight on. The
major rotation axis of the goniometer is adjusted
to coincide with an edge of the specimen. We

measured the glancing angle to the specimen sur
face and the angle of deflection. Then, after
rotating the specimen by a finite angle, the same
procedures are repeated. The angle of deflection
can be known directly from the rocking curve of
the third crystal as shown in Fig.2, where 0i is
the incident angle, and, ^6j_, the angle of de
flection. The comparison of these results with
theoretical values and other measured values is

shown in Table 1.

This work has been done under the support of
the Photon Factory Precision X-ray Optics Working
Group. Here, we would like to express our sense
of gratitude.
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Precision lattice parameter measurement
system has been constructed on the basis of
the triple-crystal arrangement applied to the
Bond method. In the preliminary experiment in
February 1983, it was confirmed that lattice
parameters could be obtained with accuracy less
than 10 ppm, in spite of the facts that no
special temperature control was done in a hutch
and Bragg angles were restricted to low values
around 20 because of the present status of KEK-

density was found in the case of Zn- and S-doped
InP-^^

Further improvement in the accuracy will be
possible when a vertical wiggler is in operation;
the vertical polarization SR from it makes it
possible to use any Bragg angle with the
polarization factor of unity.
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SR(horizontal polarization), 1
2

The Bond method is the best to measi^ye 2
absolute lattice parameters of materials
Figure 1 shows the setup, which was installed
in Che hutch located downstream of BL15. The

wavelength of the probe beam was determined as
1.4607qA by using an SiClll) wafer with a well-
calibrated lattice parameter as the third crystal.
The accuracy of Che Bond method is limited by
ambiguity in Bragg angle determination mainly due
to wavelength dispersion. Three key points which
played important roles to improve the accuracy in
our system are given as'follows. The first is
development of a computer-controlled multi-axis
diffractometer by which an absolute angular-position
of Che rotation stage mounting the specimen can be
read by an encorder with 1 resolution. The second
is application of the triple-crystal arrangement
of (+++) to the Bond method. In this arrangement,
the wavelength dispersion can be neglected : for
example, when Si(l!l) and Si(220) were used as
the first and second crystals as shown in figure 1,
angular and wavelength distributions of a probe
beam incident on the third crystal were about 5
and 8x10" , respectively. The third is high intensity
of the KEK-SR operating at 2.5 GeV and 100 mA in
average. The x-ray intensity at the Bragg condition
in this system was about 10 photons/mm s, which
was two order larger than that for a conventional
source. Such a strong intensity makes it very easy
not only to search out a reflection peak quickly
but also to take a rocking curve without intensity
fluctuation, resulting in high accuracy of the
Bragg angle determination.

Figure 2 shows reproducibility in angular-
position of the stage corresponding to the Bragg
angle(center value of FWHM). It was confirmed Chat
stability of the system was good enough to perform
the precision measurement.

Figure 3 shows a relationship between the
lattice parameter and carrier concentration for
Si-doped GaAs. The lattice parameter decreases with
the carrier concentration; Si concentrations
measured by the SIMS are also indicated. It is
well-known that etch pit density also decreases
with increasing the doping level in the Si-doped
GaAs. The same relation between the lattice
parameter, carrier concentration, and etch pit
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Figure 1. The precision lattice parameter
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Figure 3. The relationship between the
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Introduction

A new type of undulator (named MICROWAVE
UNDULATOR) which uses standing microwaves for
Che periodic undulator fields has been operated
at the Photon Factory electron linacJ*^ The
undulator has the period of 5.5 cm, Che equiv
alent magnetic field of 0.45 kG and the K-
parameter of 0.24. The undulator was set into
Che beam line of the electron linac, and the
visible undulator radiation was observed.

Experimental and results

The undulator cavity is a long rectangular
cavity with ridges as shown in Fig. 1. The
pulsed microwave width of 4 psec and the power
of 300 kW, is fed into the cavity through the
rectangular waveguide and the coupling hole.
The electron beam is periodically deflected by
the transverse electric and magnetic fields of
the standing microwaves and radiates the
undulator radiations as illustrated in Fig. 2.
The peak electric and magnetic field strength is
12.8 MV/m and 412 Gauss, which is equivalent to
the undulator field of 450 Gauss. The wave

length of the microwave is 10.5 cm, and the
undulator period is nearly equal to the half
wavelength of the microwave, i.e., 5.5 cm. The
K-parameter is 0.24, and the number of the
periods is 20.

The undulator cavity was installed in the
Photon Factory electron linac as shown in Fig.
3. The electron beam is transported into the
undulator by the bending magnets, and the energy
spread of the electron beam is defined within

0.5% FTfflM by the collimator. The undulator
radiation was observed by a TV-camera and its
spectrum was measured by a monochromator and a
photomultiplier.

The photographs of the undulator radiation
are shown in Fig. 4. When the microwave power
is switched off, the normal synchrotron ra
diations from the bending magnets are observed
as Fig. 4(a). When the microwave power is fed
into the cavity, the ring shaped undulator
radiation comes out between the synchrotron
radiations as Fig. 4(b). The spectrum of the
undulator radiation was measured, the wavelength
and the intensity agreed with the theoretical
values}5 ^
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VII. ACTIVE PROPOSALS

Experimental proposals submitted by users
are reviewed by "Program Assessment Committee"
(PAC) of which members are listed in Table

VII. 1, Assignment of a beam-time to the pro

posal accepted by PAC will be made according to
the decision of the director through the en

dorsement of Advisory Council of the Photon Fac

tory. Users belonging to private industries
can also apply for beam time by paying charge.
Assignment of beam-time in this category is
given a lower priority, but a review of PAC is
not required.

In July 1983, 67 proposals are accepted by

PAC and active. 15 proposals for charged

beam-time assignment have been received.

Table VII.1 Members of Program Assessment Committee.

Dr. Jun-ichi Chikawa

Prof. Sadao Hoshino

Prof. Kazuo Huke

Prof. Yoichi litaka

Prof. Takehiko Ishii

Prof. Tadao Kasuya

Prof. Norio Kato

Prof. Haruo Kuroda

Prof. Masatoshi Nakamura

Prof. Shigefumi Okada

Prof. Fumio Oosawa

Prof. Taizo Sasaki

Prof. Ikuzo Tanaka

Prof. Jiro Tanaka

Prof. Yutaka Toyozawa

Broadcasting Science Research Lab.

Institute for Solid State Physics

Photon Factory

Faculty of Pharmaceutical Sciences

Institute for Solid State Physics

Faculty of Science

Faculty of Engineering

Faculty of Sciences

Department of Physics

Faculty of Medicine

Faculty of Engineering Science

Photon Factory

Faculty of Science

Photon Factory

Institute for Solid State Physics

W- 1

Japan Broadcasting

Corporation

Univ. of Tokyo

National Lab. for High

Energy Physics

Univ. of Tokyo

Univ. of Tokyo

Tohoku Univ.

Nagoya Univ.

Univ. of Tokyo

Univ. of Tsukuba

Univ. of Tokyo

Osaka Univ.

National Lab. for High

Energy Physics

Tokyo Institute of

Technology

National Lab. for High

Energy Physics

Univ. of Tokyo



Proposal

Number

83-002

83-004

83-005

83-006

83-007

83-009

83-010

83-011

83-012

83-013

83-014

83-015

83-016

83-017

LIST OF PROPOSALS ACCEPTED BY PROGRAM ASSESSMENT COMMITTEE

Spokesperson

M. Hida

School of Engineering

Okayama Univ.

M. Hida

School of Engineering

Okayama Univ.

T. Murata

Kyoto Univ. of Education

H. Terauchi

Faculty of Science

Kwansei Gakuin Univ.

M. Maeda

Faculty of Science

Okayama Univ.

0. Yamada

Faculty of Science

Okayama Univ.

Y. Tsu

Reserch Institute of

Mineral Dressing

and Metallurgy

Tohoku Univ.

H. Sugi

School of Medicine

Teikyo Univ.

T. Ueki

Faculty of Engineering

Science

Osaka Univ.

M. Sano

College of General
Education

Nagoya Univ.

S. lida

Faculty of Science

Kwansei Gakuin Univ.

H. Kuroda

Faculty of Sciences

Univ. of Tokyo

H. Kuroda

Faculty of Sciences

Univ. of Tokyo

H. Kuroda

Faculty of Sciences

Univ. of Tokyo

Title

EXAFS Study on the Premelting Phenomena of
Gallium

EXAFS Study on the Lattice
Relaxation of Ni Ultra Fine Particles

Local Lattice Structure in Solid Solutions of

Alkali Halides

Studies on the Local Structures near

Structural Phase Transitions

EXAFS Study on Local Structure of Liquid
GeSe System

Studies on the Local Structure of the

Phase Transition in Invar Alloys

Study of the Pre-Melting of Metals

Time-Resolved X-Ray Diffraction of

Contracting Skeletal Muscle

Dynamic Behaviour of Biopolymers

Studied by Small-Angle Scattering

The Structures of Metal Ions in

Non-Aqueous Media

Phase Transition in TiCl-

EXAFS and XANES Studies of Chemically

Fixed Mo and Cr Catalysts

XANES of Metal Carbonyl Molecules

EXAFS and XANES Studies of Metal-Halide-Doped
Polyacetylenes
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Proposal

number

83-018

83-019

83-020

83-021

83-022

83-023

83-024

83-025

83-26

83-027

83-028

83-029

83-030

83-031

Spokesperson

H. Kuroda

Faculty of Sciences

Univ. of Tokyo

H. Kuroda

Faculty of Sciences

Univ. of Tokyo

K. Tamaru

Faculty of Sciences

Univ. of Tokyo

T. Ohnishi

Res. Lab. of Resources

Utilization

Tokyo Insititute of

Technology

H. Sano

Faculty of Science

Tokyo Metropolitan Univ.

H. Kuroda

Faculty of Sciences

Univ. of Tokyo

H. Kuroda

Faculty of Sciences

Univ. of Tokyo

Y. Sasaki

Faculty of Sciences

Univ. of Tokyo

Y. Ichikawa

Institute of Space and

Astronautical Science

A. Itoh

College of Arts & Sciences

Univ. of Tokyo

Y. Fujii

Faculty of Engineering

Science

Osaka Univ.

T. Hamanaka

Faculty of Engineering
Science

Osaka Univ.

K. Wakabayashi

Faculty of Engineering

Science

Osaka Univ.

S. Kagoshima
College of Arts & Sciences

Univ. of Tokyo

Title

XANES of Highly-Conductive Mixed-Valence

Organic Charge-Transfer Salts, (TMTSF)2X and
Related Materials

Surface Structures of SMSI Catalysts

Research on the Surface Structure of the Supported

Metal Catalysts, which Produce Oxygenated

Compounds from CO and H2 under Mild Conditions

EXAFS Study on the Structure of Catalysis for

Photodecomposition of Water

XANES Studies of Mixed-Valency and Abnormal Valency
in the Complexes of Ferrocene Derivatives

Surface Structures of Supported Nickel Cluster

Catalysts

XAS Studies on BiMetallic Ph-Co Carbonyl-derived
Catalysts

EXAFS Study on the Structure of

Heteropolymolybdates in Solution

Electron Correlation Effects in Photoionization

Processes of Atoms and Molecules

Study on the Biological Effect on Monochromatic

Soft X-rays Using Synchrotron Radiation

Synchrotron Radiation X-Ray Scattering Study of
Non Equilibrium Systems

Structural Study of Visual Cell Membrane by
X-Ray Diffraction

X-ray Diffraction Studies of Structural Change of
Muscle Filaments in Connection

Structural Study by X-ray Diffraction at Low
Temperature

- 3



Proposal

Number

83-032

83-033

83-034

83-035

83-036

83-037

83-038

83-041

83-043

83-043

83-044

83-045

83-046

83-047

Spokesperson

S. Kagoshima

College of Arts & Sciences

Univ. of Tokyo

N. Sakabe

Faculty of Science

Nagoya Univ.

Y. Fujii

Faculty of Engineering

Science

Osaka Univ.

M. Tokonami

Faculty of Sciences

Univ. of Tokyo

S. Kikuta

Faculty of Engineering

Tokyo Univ.

S. Akimoto

Institute for Solid State

Physics

Univ. of Tokyo

H. Baba

Faculty of Science

Osaka Univ.

J. Harada

Faculty of Engineering

Nagoya Univ.

Y. Goushi

Faculty of Engineering

Univ. of Tokyo

F. Ma rumo

Research Laboratory of

Engineering Materials

Tokyo Institute of Technology

F. Marumo

Research Laboratory of

Engineering Materials

Tokyo Insitute of Technology

F. Tokunaga

Faculty of Science

Tohoku Univ.

T. lijima

Faculty of Science
Gakushuin Univ.

Y. Takeuchi

Faculty of Sciences

Univ. of Tokyo

Title

Dynamical Study of Structural Fluctuation by X-ray
Diffraction at Low Temperature

Crystallographic Studies of Molecular Biology

by Film Methods

Synchrotron Radiation X-Ray Scattering Study

of Staging Transition of K-GIC

Accurate Determination of Crystal Structures

by Using Monochromated Synchrotron Radiation

Experiments on High Precision X-Ray

Diffraction

X-Ray Diffraction Experiments under High
Pressure

A Study on .Nuclear Excitation by Electron
Transition with Synchrotron Radiation

Study of Short Range Ordering in Tarnary

Alloys

Ultra Trace Elements Analysis by Synchrotron
Radiation XRF

X-Ray Scattering Study on Amorphous and

Crystalline Powder Materials

Small Angle X-Ray Scattering Experiments
Using SSD

Localization of Physiologically Active
Tyrosine Residues in Purple Membrane and
Their Localization Change on Absorption of Light

Charge Density Studies of Gaseous Molecules by
X-Ray Scattering

EXAFS Study of Heulandite (Zeolite)
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Proposal

Number

83-048

83-049

83-050

83-051

83-052

83-053

83-054

83-055

83-056

83-057

83-058

83-059

83-060

83-061

Spokesperson

M. Taniguchi

Faculty of Science

Nagoya Univ.

Y. lidaka

Faculty of Pharraaceutial
Science

Univ. of Tokyo

H. Kuroda

Faculty of Sciences

Univ. of Tokyo

T. lizuka

School of Medicine

Keio Univ.

T. Ohta

Photon Factory

National Laboratory for

High Energy Physics

T. Matsushita

Photon Factory

National Laboratory for

High Energy Physics

A. Higashi

Faculty of Engineering
Hdkkaido Univ.

Y. Morioka

Univ. of Tsukuba

Y. Iguchi

Univ. of Tsukuba

S. Ikeda

Faculty of Science

Osaka Univ.

S. Ikeda

Faculty of Science

Osaka Univ.

N. Kamijo

Government Industrial

Research Institute, Osaka

N. Kamijo

Government Industrial

Research Institute, Osaka

M. Yanagihara

Photon Factory

National Laboratory for

High Energy Physics

Title

Time-Resolved X-Ray Diffraction Studies of TMV

and Their Protein Assemblies

Structure Analysis of Macroraoleculer Proteins

and Others

Structural Studies of Polyacetylene Films

Doped with Bromine and Iodine

EXAFS of Hemoprotein-Analysis of Thermal Spin

Equilibrium

Surface EXAFS STudies with the Soft X-Ray Two

Crystal Monochromator

Development of Dispersive X-Ray Absorption
Spectrometer for Time-Resolved Experiments

Studies of Dynamical Behaviour of Lattice

Defects in Ice by Rapid X-Ray Topography

The Study of Photodissociation of Gases

NEXAFS and Subgiant Resonances of Soft

X-Ray M^ ^ Absorption Spectra

Influences of Various Ligands on Jahn-Teller

Effect of Copper Complexes in Solution

Determination of the Structure of Polynuclear
Molybdate Complexes in Weakly Acidic Solutions
by Means of EXAFS

EXAFS Study of Phase Transition in PbZr02
Crystal

EXAFS Study of Fluorites (Super Ionic Compounds)

Soft X-Ray Reflection from Mirror Surfaces
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Proposal

Number

83-062

83-063

83-063

83-065

83-066

83-067

83-068

83-069

83-070

83-071

83-072

83-074

83-075

Spokesperson

H. Aritome

Faculty of Engineering

Science

Osaka Univ.

S. Nakai

Faculty of Engineering
Utsunomiya Univ.

T. Namioka

Research Institute for

Scientific Measurements

Tohoku Univ.

K. Namikawa

Institute for Solid

State Physics

Univ. of Tokyo

E. Takenaka

Faculty of Medicine
Univ. of Tokyo

T. Hanyu

Faculty of Science

Tokyo Metropolitan Univ.

T. Tomiki

Faculty of Science

Ryukyu Univ.

Y. Hatano

Faculty of Science

Tokyo Institute of

Technology

J. Chikawa

Technical Research

Laboratories

Japan Broadcasting

Corporation

K. Hasegawa

Faculty of Engineering

Univ. of Tokyo

T. Sasaki

Photon Factory

National Laboratory for

High Energy Physics

Y. Chikaura

Faculty of Engineering

Kyushu Institute of
Technology

H. Inoue

National Institute of

Agrobiological Resources

Title

Fabrication of Transmission Gratings for Soft

X-Ray Spectroscopy

Study of the L Absorption Near-Edge Fine

Structure of the Transition-Metal Sulfides,

Oxides and Hydrides

Precise Measurements of Atomic and Molecular

Spectra in the Photoionization Region

An Examination of the X-Ray Magnetic Bragg

Reflexion and its Application to the

Fundamental Magnetism

Studies on Applications of SOR to Radio

Diagnosis and Radio Therapy

Inner Shell Excitation Spectra of Alkaline

Earth and Rare Earth Metals

The VUV Spectra of ^20^ Single Crystals

Extreme-UV Spectroscopy and Reaction

Dynamics of Highly Excited Atoms and
Molecules

High Speed X-Ray Topography

Test of Integral Type Position-

Sensitive Detector and its Application
for Small Angle Scattering Experiments

Development of Synchrotron Radiation

Instrumentation

Synchrotron Radiation Scattering
Radiography

Time Course of the Reconstitution of Tobacco

Mosaic Virus Induced by a Temperature Jump
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Proposal

Number

83-076

83-077

83-078

83-079

83-080

83-081

83-082

83-083

83-084

83-085

83-086

83-087

83-090

83-091

Spokesperson

R. Itoh

Faculty of Engineering

Univ. of Tokyo

H. Fukutani

Institute of Physics

Tsukuba Univ.

M. Kinoshita

The Institute for Solid

State Physics

Univ. of Tokyo

T. Ohta

Photon Factory

KEK

S. Sato

Photon Factory

KEK

K. Koto

Institute of Scientific

and Industrial Research

Osaka Univ.

S. Suzuki

Faculty of Science

Tohoku Univ.

Y. Sasaki

Faculty of Sciences

Univ. of Tokyo

S. Yoshida

Faculty of Engineering

Kyoto Univ.

H. Kuroda

Faculty of Sciences

Univ. of Tokyo

T. Mitsui

Faculty of Engineering
Science

Osaka Univ.

S. Aoki

Institute of Applied

Physics

Tsukuba Univ.

T. Wakabayashi
Faculty of Sciences

Univ. of Tokyo

T. Wakabayashi

Faculty of Sciences
Univ. of Tokyo

Title

EXAFS Studies on III-V Compound Semiconductor

Alloys

Piezo-Optical Study of Alkali- and Alkaline

Earth-Halides in the VUV Region

EXAFS and XANES in Organometallic Polymers

Showing Magnetic Orders

SEXAFS Studies on the Initial Oxidation of

Ni Single Crystal Surfaces

Extreme Ultraviolet Reflectance Spectra of

La^

Crystal Chemistry of Olivine in the

Mg2SiO^ - Fe2SiO^ System by,EXAFS

UPS Measurements on Liquid Metats

EXAFS Experiments of Poly (Carbon
Diselenide)

Relation between Structures Based on the

EXAFS Analysis and Catalytic Activity of

Supported-FeCl^ Catalysts

Surface Structure of Fe-Mn, Fe-Ru

Bimetal-Cluster Catalysts

Diffraction Study of Muscle Contraction

and Photocycle of the Purple of Purple
Membrane by Correlation Method

Soft X-ray Microscopy Using X-Ray Resist

Supramolecular Structure of Chromatin

Structural Study of Molecular Mechanism of

Muscle Construction
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Proposal

Number

83-092

83-093

83-094

83-095

83-096

83-097

83-098

83-099

83-100

83-101

Spokesperson

S. Ikeda

Faculty of Science

Osaka Univ.

S. Ikeda

Faculty of Science

Osaka Univ.

S. Ikeda

Faculty of Science

Osaka Univ.

H. Kihara

Faculty of Medicine

Jichi Medical School

T. Yoshiyama

Kyoto Sangyo Univ.

F. Marumo

Research Laboratory of

Engineering Materials
Tokyo Institute of Technology

T. Suzuki

Faculty of Engineering
Yamanashi Univ.

I. Shibuya

Research Reactor Institute

Kyoto Univ.

E. Taniguchi

Faculty of Science

Nagoya Univ.

H. Endo

Faculty of Science

Kyoto Univ.

Vll

Title

Studies on the Structure of Complexes of
Cr(II), Cr(III) in Solution

Studies on the Structure of Chelate Complexes

Complexes in Organic Solvents and Mixed

Solvents

EXAFS Spectroscopic Studies of Molybdophosphate
Containing 2r(IV) in Aqueous Solution

Time-Resolved Study of Protein Assembly by

X-Ray Scattering Methods

Local Structure Analysis on the Martensitic
Transformation in S-CuZn

A Crystal Chemical Study on Minor Metal Elements

in Cadoraium Apatites

Structural Analyses of MoO^, Cr02 and ZnO in
HCONH2 with EXAFS Measurements

X-Ray Diffraction Study of 2-Dimentional Phase
Transition in the Purple Membrane (Fractionated

from Halobacterium Halobium)

X-Ray Diffraction from Single Cryxstals of
Muscle Proteins

The Local Structure in Amorphous Se-Te Mixtures



Proposal

Number

83-YOl

83-Y02

83-Y03

83-Y04

83-Y06

83-Y07

83-Y08

83-YlO

83-Yll

83-Y12

83-Y13

83-YI4

83-Y15

LIST OF PROPOSALS ACCEPTED FOR CHARGED BEAM TIME ASSIGNMENT

Spokesperson

M. Murata

Murata Mfg. Co. Ltd.

H. Oka

LSI Laboratory

Mitsubishi Elec. Corp.

H. Oka

LSI Laboratory

Mitsubishi Elec. Corp.

T. Kimura

Central Research Laboratory

Hitachi Ltd.

S. Hat tori

Musashino Electrical

Communication Laboratory

Nippon Telegraph and
Telephone Public Corporation

S. Hattori

Musashino Electrical

Communication Laboratory

Nippon Telegraph and
Telephone Public Corporation

S. Hattori

Musashino Electrical

Communication Laboratory

Nippon Telegraph and

Telephone Public Corporation

H. Kajiyama

Hitachi Research Laboratory

Hitachi Ltd.

S. Takayama

Resin Research Laboratory

Mitsubishi Petroleum

Chemistry, Co. Ltd.

K. Susa

Central Research Laboratory

Hitachi Ltd.

H. Ando

Hitachi Research Laboratory

Hitachi Ltd,

T. Yamamoto

Central Research Laboratory

Idemitsu Kosan, Co. Ltd.

M. Morimoto

Toyota Central Research &
Development Labs., Inc.

Title

Studies on Energy Dependence of Photon Detection
of Ceramic Secondary Electron Multiplier

Experiments of Fine-Line Patterning by SR

Characterization of Process Induced Defects

Fundamental Study of X-Ray Lithography

Evaluation of Perfectness of Crystalline Materials

using High Speed X-Ray Topography

Photoemission Studies of Pb-Alloys, GaAs and

Optical Fibers

EXAFS Investigations of Superconductor,
Semiconductor and Glass Materials

EXAFS of dispersed Metal Catalysts

Analysis of the Structure of Ziegler Catalysts

by EXAFS

EXAFS Measurement of Si02-Ge02

EXAFS of Dispersed Metal Catalysts

The EXAFS Measurement of Supported Iron Catalysts

EXAFS Measurements of Inorganic Si-Y and

Si-Zn Specimens
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VIII. USER'S LIST

547 users have been registered during
371 researchers are from 50 universities,
industries.

the period from April 1982 to September 1983. Among them,
140 from national laboratories, and 36 from 10 private

Institution

Institution

Name Proposal No.

Name Proposal No. The Jikei University School of Medic:

M. Konishi 30

Agency of Industrial Sience and Technology S. Kurihara OO

Y. Kanazawa 35 Y. Umazume 30

A. Kawa t e 42

Y. Kobayashi 42 Josai University

K. Nakayama 36 Y. Ito 26

K. Tsukimura 35, 49

Kagawa Nutrition College
Chubu Institute of Technology S. Tachiya

Keio University

13

T. Izumi 72

Dokkyo University School of Medicine K. Hiramatsu 66

H. Hyodo 66 T. lizuka

Y. Ishimura

51, 53

51

Gakushuin University R. Makino 51

K. Arakawa 43, 46 K. Sakaguchi 51

C. J. Cui 70

T. lijima 43, 46 Korea University

T. Mitsuhara 43. 46 H. T. Kim 36

T. Mizoguchi 44

K. Nishikawa 43, 46 Kwansei Gakuin University
T. Ogawa 70 S. lida 2,4,6,7,10,14,
M. Taguchi 43, 46 T. Minato

Y. Nishihata

6,14,31,32,41

6,14,31,32,41
Gunma University H. Terauchi 2,4^7,10,14,31

I. Nagakura

H. Sugawara Kyoto Industrial University
T. Yoshiyama 5

Hiroshima University

H. Fujiwara 37 Kyoto University
Y. Komura 35 Y. Hiiragi 12

K. Kurada 37 H. Miyaji 12

M. Nomura 37 T. Nakayama 12

T. Ohba 35 K. Tanizawa

H. Urakawa

12

12

Hokkaido University H. Utsumi 27

S. Amakai 54 T. Yoshimura 12

K. Goto 54

T. Hondo 54 Kyoto University of Education

Y. Izumi 12 T. Murata

K. Katsuta 54

Y. Miyake 12 Kyushu Institute of Technology
Y. Mori 54 Y. Chikaura 65
N. Mouri 31, 37 H. Kii 65
H. Takahashi 31

K. Yasuda 12 Kyushu University

International Christian University

K. Takakura 27

Jichi Medical School

H. Kihara 12

S. Saigo 51

- 1

H. Akiyama

H. Fujii

M. Hidaka

A. Higashi

C. Kajiyama

K. Konishi

S. Maeda

44

44

44

54

44

66

44



Institution

Name Proposal No,

Meisei University

T. Nagata

Mie University

I. Fujishiro

Nagoya University

Y. Ban

K. Gohara

J. Harada

S. Hashiba

Y. Kashihara

N. Kashiwakura

N. Kato

Y. Kawa i

Y. Kimura

T. Maruo

Y. Masuda

Y. Muroga

K. Ohshima

K. Sakabe

N. Sakabe

M. Sakata

M. Sano

K. Sasaki

M. Senoo

M. Shimada

M. Taniguchi

T. Taniguchi

H. Yamadera

S. Yamamoto

T. Yamane

T. Yoshiyama
Y. H. Li

N. Wada

Nihon University

K. Kurita

H, Tagawa

K. Terashima

Okayama University

M. Hida

K. Kamon

Y. Kuroda

H. Maeda

M. Mimura

T. Morimoto

I, Nakai

H. Tokuhara

0. Yamada

L. W, Li

26

37

31, 41

70

35, 41

31, 41

41

41, 31

70

41

13

13

13

12

41

33

33, 49

31, 32, 41

13

33

37

41

30, 48

48

13

37

33, 49

31, 41

70

4

30

12

12

2,4'v7,9,10,14,60

9

4

2,4^-7,9,10,14,59,60

9

4

9

9

9

9

Osaka Electro-Communication University

K. Taniguchi 13,38,42,52

Osaka Medical College

M. Matsushima 33

Institution

Name

Osaka University

T.

T.

H.

S.

S.

Y.

A.

Y.

T.

T.

N.

S.

T.

S.

Y.

Y.

K.

K.

H.

K.

S.

M.

N.

T.

S.

H.

K.

Ka,

Ko,

H.

S.

Y.

N.

K.

A.

T.

M.

T.

A.

H.

M.

N.

K.

T.

W.

K.

I.

Y.

Y.

T.

N.

A.

Akai

Arata

Baba

Emura

Fujii

Fuj ii

Fuj ishima

Fuj ita

Fukumoto

Hamanaka

Hamaya

Harada

Hayashi

Ikeda

Inoko

Ito

Kanou

Kishi

Konishi

Kotou

Kou

Kusunoki

Matsubayashi

Mitsui

Monj u

Mukaido

Murase

Murata

Murata

Nakayama

Nishizawa

Noda

Ogawa

Oka

Onodera

Oonishi

Sato

Saito

Shinohara

Sumiya

Takahashi

Tanaka

Tomita

Ueki

Utsumi

Wakabayashi
Watanabe

Yabuhara

Yamada

Yanagida

Yasuoka

Yokoyama

Rikkyo University

J. Amagasa

K. Hieda

I. Maeda
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Proposal No.

37

30

38

35

33

28, 34

30

42

57, 58

30

28, 37

49

30

52, 57, 58

12

35

42

52

28

35, 43, 60

28

33

57, 58

12, 30

52, 57, 58

34

28

37

57

30

30

28

57

12

37

28, 34

12

38

38

37

57, 58

12

33

12

37

30, 48

2, 10, 57-^59

57, 58

28

30

33

38

27

27

27

58

58



Institution Institution

Name Proposal No. Name Proposal

The Saitama Institute of Technology F. Tokunaga 12,

T. Fukamachi 31, 43 A. Tomizuka 37

M. Yoshizawa 31, 43 Y. Tsu 2, 4

K. Ueda 64

Saitama Medical School S. Watanabe 10

K. Nishimura 66 Y. Watanabe 41

Science University of Tokvo Tokai University
S. Hattori 36, 70 Y. Furusawa 27

K. Ishida 36, 70 H. Maezawa 27

H. Katoh 36, 70 K. Suzuki 27

M. Kawada 36, 70

Y. Kobayashi 36, 70 Tokvo Institute of Technology
T. Ogawa 36, 70 S. Arai 69

K. Umezawa 36, 70 K. Domen 21

T. Fujii 49

Shibaura Institute of Technology T. Fukano 11

M. Yoshino 26 H. Hashizume 11

Y. Hatano 69

Shinshu University C. D. Yin 43

M. Nagura 12 S. Ito 43

M. Takizawa 66 H. Koizumi 69

K. Kozutsumi 43

Shizuoka University A. Kudo 21 '

T. Ishidate 31 S. Gong 70

K. Yaraamoto 31 F. Marumo 43

I. Minato 11

Sophia University N. Miyata 43

T. Suzuki 36 H. Morikawa 43

M. Morita 69

Suzuka College of Technology S. Nagakura 70

Y. Tamura 11 H. Naruse 43

0. Nittono 70

Teikyo University N. Oda 27

J. Egawa 66 T. Ogawa 70

T. Kobayashi 11 U. Ohhashi 49

H, Sugi 11 T. Ohnishi 21

T. Tameyasu 11 H. Ohtaki 43

H. Tanaka 11 M. Okuno 43

T. Tsuchiya 11 Y. Sasada 49

K. Shimizu 49

Tohoku University K. Shinsaka 69

T. Fujimura 37 H. Suzuki 69

S. Hashimoto 35, 41 S. Suzuki 70

M. Hirai 45 Y. Tamura 43

0. Hisatomi 12, 45 K. Tanaka 49

H. Iwasaki 37, 41 Y. Tanaka 69

K. Iwata 45 M. Toriumi 69

M. Kataoka 42 M. Ukai 69

T. Kikegawa 37 T. Yamaguchi 43

S. Kono 52 T. Yoshimi 69

J. Murakami 26

T. Namioka 64 Tokyo Metropolitan University

N. Niimura 28 K. Asada 67

H. Onose 41 T. Hanyu 67

T. Sagawa 52 I. Ikemoto 17, ]

N. Sato 12, 45 H. Ishii 67

Y. Sato 26 M. Iwai 22

S. Suzuki I. Kamata 67

T. Takahashi 52 S. Nakajima 22
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Institution

Name

H. Ohkuma

H. Sane

K. Sato

K. Shinohara

Y. Watanabe

S. Yamaguchi

Proposal No,

67

22

22

27

22

67

Tokyo University of Agriculture and Technology
T. Arikawa 26

Tokyo University of Mercantile Marine

S. Annaka

Tottori University

K. Fukayama

T. Tsukihara

Toyama University

Y. Sugita 70

Toyohashi University of Technology
E. Asada 42

Toyota Technological Institute

Y. Kamiya 48

The University of Electro-Communications

S. Hasegawa

The University of Tokyo

36

33

33, 49

66

Institution

Name

N. Kosugi

Y. Kudoh

H. Kuroda

U. Lee

H. Majima

K. Mochiki

Y. Murata

S. Naitou

K. Nakanishi

S. Nakatani

K. Namikawa

Y. Nihei

F. Nishi

K. Ogata

K. Ohsumi

S. Okada

M. Owari

T. Ozawa

T. Sakamaki

K. Sakurai

Y. Sasaki

H. Sawada

H. Sekiyama

I. Shirotani

K. Sugiyama

J. Suzaki

M. Suzuki

T. Suzuki

Y. Suzuki

T. Tagai

Proposal No.

15'^'25.57,58

35. 47

I5'\'25.50.5I,57,58

25

27

II, 49, 71

52

20

35

36

52, 65

42

35

35

35

27

42

35

35, 49

42

25

35

52

37

35, 43, 47

37

72

37

35, 49
Y. Abe 35 T. Takahashi 36

K. Akimoto 36 I. Takayaraa 36

S. Akimoto 37 H. Takeda 35

K. Asakura 15^^25,50,51,57,58 K. Takemura 31, 37

H. Daimon 52 E. Takenaka 66

C. Ekawa 20 Y. Takeuchi 35, 43

S. Fukushima 42 M. Takezawa 44

E. F. Granzer 36 T. Tamegai 31, 32

Y. Goushi 42 M. Tani 31, 32

N. Haga 35 A. Tatara 27

K. Hasegawa II, 49,71,72 M. Tokonami 35, 37, 43

Y. Hosono A. Tomioka 72

S. Hosoya 51, 65 H. Tomozawa 31, 32

A. lida 42 S. Toudou 31

Y. lidaka 49 K. Tsujii 31, 32, 37

H. Imoto 25 K. Tsutsurai 31, 32

S. Ino 52 M. Utsumi 49, 71

H. Ishii 15^25,50,51,57,58 T. Wakabayashi 72

T. Ishii H. Watanabe 35

A. Ito 27 T. Yagi 37

T. Ito 27 H. Yamaguchi 27

S. Kagoshlraa 31, 32 T. Yamanaka 35, 43

Y. Kanai 31, 32 T. Yokoyama 15'\'25, 57,58

J. Kawa i 42 A. Yoshinaga 42

K. Kikuchi 18

S. Kikuta 36 The University of Tsukuba

M. Koike 49, 71 T. Akahori 55

G. Kobayashi M. Akisada 66

K. Kondo 36 S. Aoki 42

M. Konno 31 T. Erata 32



Institution Institution

Name Proposal No. Name Proposal No.

H. Fukutani 68 The University of Hamburg

T. Hayaishi 55 B. Sonntag 26, 72

H. Hirai 35

K. Hyodo 66 Electrotechnical Laboratory

Y. Iguchi 56 T. Ishiguro 42, 50, 72

K. Kakefuda 35 H. Oyanagi 42, 50. 51, 72

M. Kimata 35 Y. Okada 42

H. Kishino 66 M. Tokumoto 32, 50

K. Kobayashi 27 H. Unoki 31, 42

K. Matsumoto 66

Y. Morioka 55 Government Industrial Research Institute Osaka

H. Nagasawa 32 N. Kamijo 2,4'\'7,10,14,59,60

I. Nakai 35

K. Haito 67 Geological Survey of Japan

M. Nakamura 55, 64 Y. Kanazawa 35

R. Nishitani 28, 34 K. Tsukimura 35, 49

M. Ohmasa 35, 43

M. Onoda 32 Institute for Molecular Science

J. Ryuta 35 K. Hayakawa 43

Y. Saita 66 K. Kimura 4

S. Saito 35 K. Suzuki 43

H. Shirakawa 17, 50 K. Touji 43

H. Suematsu 28, 34 Y. Udagawa ^3.

S, Sueno 35

K. Tabata 37 Institute for Plant Virus Research

T. Takahashi 37 H. Inoue 12

K. Takano 37 Y. Sano 12

Y. Uno 34

M. Wakatsuki 37 The Institute of Physical and Chemical Research

M. Watanabe ' 55 T. Furuno 12

N. Yamada 35 M. Ito 53

H. Yurimoto 35 T. Ito 49

University of the Ryukyus The Institute of Space and Astronautical Scienci

Y. Tanahara 68 Y. Ichikawa 26

T. Tomiki 68

Japan Broadcasting Corporation (NHK)

Korea University J. Chikawa 70

H. Kim 36 F. Sato 70

T. Sunada 70

Utsunomiva University

M. Kitamura 63 National Cancer Center Research Institute

S. Nakai 63 N. Munakata 27

K. Ogata 63

M. Ghashi 63 National Chemical Laboratory for Industry

C. Sugiura 63 A. Kawase 42

Y. Kobayashi 42

Yamanashi University

K. Ishigaki 43 National Institute for Research in Inorganic

M. Miyake 43 Materials

0. Fukunaga 37

Yokohama National University H, Kamida 37

T. Fujikawa 50 I. Kawada 35

J. lizuka 52 T. Nagashima 37

Y. Iwasawa 15, 19 H. Nakazawa 35

K. Morohashi 52 A. Nukui 35, 43

S. Usami 52 F. Okamura 35

0. Shimomura 37

State University of New York K. Takahashi 43

C. T. Prewitt N. Yamaoka 37

K. Yukino 43
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Institution

Name Proposal No.

National Institute of Geneties

T. Kada

Y. Sadaie

27

27

National Institute of Radiogical Sciences

M. Endo 66

T. linuma 66

H. Ohara 27

T. Yamada 27

National Research Institute for Metals

H. Kuwamura 37

National Reseach Laboratory of Metrology

K. Nakayaraa 36

M. Tanaka 36

Nippon Telegraph and

Telephone Public Corporation

H. Akiyama

K. Deguchi

H. Hanabusa

K. Harada

S. Hattori

T. Hayasaka

Y. Hibino

T. Higashino

M. Hikita

Y. Hirota

N. Honma

Y. Honma

T. Horiuchi

S. liyama

K. Ikeda

M. Iki

N. Inoue

Y. Ishii

K. Ka j iyama

M. Kanai

T. Kaneko

M. Kato

T. Kawamura

H. Kinoshita

T. Kitayama

K. Kobayashi

0. Kogure

H. Koizumi

K. Komatsu

K. Kudo

S. Kurosawa

H. Kyuragi

S. Maeyaraa

S. Maruyama

M. Minakata

K. Minowa

S. Miyazawa

K. Miyoshi

K. Murase

J. Nakano

S. Nakayama

Institut ion

Name

H. Namatsu

M. Ojima

I. Okada

H. Okamoto

M. Okamura

K. Saito

Y. Saito

Y. Sakakibara

M. Sekimoto

T. Shigeraatsu

K. Shikano

S. Shinoyaraa

K. Sugi

A. Sugita

K. Sukegawa

M. Suzuki

Y. Tajiraa

H. Takaoka

N. Takeuchi

T. Tamamura

H. Tanaka

T. Tanaka

A. Une

T. Urisu

Y. Utsugi

K. Wada

M. Wada

S. Yabumoto

E. Yamaguchi

H. Yonezawa

A. Yoshikawa

H. Yoshiwara

Proposal No,

Fuji Photo Film Co., Ltd.

M. Takano

Hamamatsu Photonics K»K.

A. Sawaki

T. Yamashita

Hitachi Ltd.

K. Hayakawa
H. Kajiyama

T. Kimura

A. Kishimoto

T. Minemura

H. Mochiji

H. Obayashi

M. Sakurai

K. Usami

Idemitsu Kosan K.K.

Y. Akai

N. Ishikawa

T. Mibuchi

Y. Takeshita

T. Takyu

Mitsubishi Electric Corporation

M. Inuishi

66

70

42

42



Institution

Name Proposal No.

T. Kawazu

H. Koyama

Y. Masuko

T. Matsukawa

Y. Suzuki

K. Tsukamoto

A. Yamazaki

N. Yoshioka

Mitsubishi Yuka K.K.

S. Takayama
T. Usami

Murata Mfg. Co., Ltd.

M. Murata A2

H. Yamamoto

Rigaku Corporation

S. Igarashi

K. Kumagai

Sagami Chemical Research Center

T. Fukushima 23, 24

M. Ichikawa 23, 24

Toyota Central Research & Development
Labs., Inc.

Y. Fukushima

T. Okamoto

Photon Factory (KEK)

Y. Amemiya 11,12,29,30,45,48,75,86,
89,90,91,95

M. Ando 31,32,36,38,62,65,70,72,

74,87,88,89

T. Ishikawa 36

K. Ito 26,55,64,69

N. Kamiya 33
H. Kato 67,68,72,77,82

H. Kawata 70,87

K. Kohra 36,51

T. Koide 61,77,80

H. Maezawa 26,56,61,63,64,72

T. Matsushita 12,28,31,32,34,36,41,
42,51,53,72,88,89

T. Miyahara 61,67,68,72,77,80,82
T. Nakajima 30,31,65,88,89
M. Niwano 80

T. Ohta 52,79

S. Sasaki

T. Sasaki 26,56,61,64,72

S. Sato 61,77,80

Y. Satow 35,41,49

Y. Shidara 77,80

P. Spieker 36,65,74
P.M. Stefan 52

A. Yagishita 26,55,64,69,72
M. Yanagihara 26,56,61,63,80,87
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