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Neutron Diffraction Study on the Y Modification of 31203

H. ASANO, K. KARAHASHI, M. UMINO, T. ISHIGAKI, F. IZUMI¥*, N. WATANABE**,
M. HORIBE™ and N. YAMAMOTO'

Institute of Materials Science, University of Tsukuba, Sakura-mura,
Ibaraki 305, Japan

*National Institute for Research in Inorganic Materials, Sakura-mura,
Tbaraki 305, Japan -

*%National Laboratory for High Energy Physics, Oho-machi, Ibaraki 305, Japan

+College of General Education, Kyote University, Kyoto 606, Japan

Bi203 is known to exist in four polymorphic modifications o, B, Y and
§. The o form is stable at room temperature, while the others can exist
only at high temperatures above 600°C. Accordingly, the crystallographic
information on B, Y and 6 forms is not fully established. Craig and
Stephenson1) studied the crystal structure of sillenite (3125F604o) by
single crystal X-ray diffraction and proposed the end compound Bi26040 to be

)

stabilized by Fe,0, under hydrothermal reaction at 100°C; Fe203 is soluble

the y form of Bi203. Recently, Yamamoto and Horibe2 prepared Y 31203

in ¥y Bi203 up to 80 mole %, whereas 3125F9040 synthesized in the dry
condition exists only in a limited composition. The present work is under-
taken to ascertain whether the hydrothermal product belongs to the sillenite
structure and to refine the atomic parameters by means of high-resolution
powder neutron diffraction.

The experiment was performed by using HRP at room temperature. The
sample Bi25.1Fe0'9040 was filled in a cylindrical can (10 mm in diameter)
made of 25 ym—thick vanadium foil. The counting time was 40 hours. The
obtained data were analyzed by the Rietveld method using a new version of
the RIETAN system described elsewhere.3)

Figure 1 shows a Rietveld refinement pattern of vy Bi(Fe)203. The
pattern covers a d-range of 60 - 430 pm and includes 474 reflections. The
experimental data are shown by crosses and the-solid line represents the
Rietveld profile. Markers below the pattern indicate the Bragg positions
and Ayi is the difference between observed énd calculated intensities. The

crystal system belongs to cubic space group I23 with the lattice parameter

IV-1



84

2000

1500

T T T YT T

1000 |

Intensity

500 |

d/pm

Fig. 1 Neutron diffraction pattern of ¥y Bi(Fe)203. Background is

subtracted.

[+]
a = 10.1925 A. The atomic coordinates are
(000, 1/2 1/2 1/2) +
24 Bi in 24f: x y z etc.

2 B10.55Fe0.45 in 2a: 000

24 0(1) in 24f
8 0(2) in 8e: x x x etc.
8 0(3) in 8c.

The refined positional and thermal parameters are listed in Table 1. The
final R-factors defined by Young et al.a) are pr = 8.5, Rp = 5.9, RB = 4,3
and R_F = 3,9%. Positional parameters of Bi and O agree well with the

1)

previcus single crystal X-ray work on BiZSFeO4O. In addition, the oxygen
positions have been determined with better accuracy. These results indicate
that Bi(Fe)203 synthesized under the wet condition crystallizes in the

sillenite structure. Full occupation of Bi in the 2a position is naturally

led to the structure of y Bi On the other hand, cation distribution in

0,.
273
Fe-rich samples is of great interest, which is now under investigatiom.

References

1) D. C. Craig and N. C. Stephenson: J. Solid State Chem. 15 (1975) 1.

2) H. Yamamoto and M. Horibe: unpublished work.
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3) F. Tzumi, H. Asano, H. Murata and N. Watanabe: in this volume.
4) R. A. Young, E. Prince and R. A. Sparks: J. Appl. Crystallogr. 15 (1982)
357.

Table 1 Crystallographic parameters of B125.1Fe0.9040.

o() 0(2) 0(3)

Bi Biy s5Feq.45
x 0.1760(4) 0 0.6352(5) 0.6911(7) 0.8924(8)
y 0.3181(3) 0 0.7518(6) 0.6911(7) 0.8924(8)
z 0.0141(4) 0 0.9875(7) 0.6911(7) 0.8924(8)
B 0.8 1.9 1.2 0.9 2.3

Iv-3



86

Determination of Cation Distribution in M'M28e4 with HRP

Akihiko HAYASHI, Yutaka UEDA, Koji KOSUGE, Hideaki MURATA®, Hajime ASANO™
Noboru WATANABEt and Fujio IZUMIF

Department of Chemistry, Faculty of Scieﬁce,

Sakyo-ku, Kyoto 606, Japan

Kyoto University

¥ Institute of Materials Science, University of Tsukuba

Sakura-mura Niihari-gun, Ibaraki 305, Japan

+ National Laboratory for High Energy Physics

Oho-machi, Tsukuba-gun, Ibaraki 305, Japan

¥ National Institute for Research in Inorganic Materials

Sakura~mura, Niihari-gun, Ibaraki 305, Japan

The CrqS,-structure (Fig. 1) is one of the vacancy-ordered structures

found in 3d-transition metal chalcogenides. The structure can be de-

scribed as the defective NiAs-structure which consists of hcp of chalcogen

atoms with the metal atoms occupying the octahedral interstices. The metal

vacancies are confined to alternate metal layers
and ordered within these layers resulting in
mExmvautx... layer stacking, where ML denotes the
metal layer fully occupied with metal atoms and MV
the metal layer half-occupied with metal atoms,
So this structure is characterized by two crystal-
lographic sites for metal atoms: one in the MY
layer (2(a) site), and the other in the Mt layer
(4(i) site), Hereafter the structure is referred
to as (M)[MM]X,, where parentheses and brackets
denote the MY and Mf layers, respectively. For
the mixed-metal compounds M'M,X, with the CrgS,-
structure, it arises as an interest whether a
metal-ordered structure or the site preference of
each metal exists or not. Chevreton and Andronl)
introduced the two types of metal-ordered struc-

tures: (i) normal-type, (M')[MM]X4; (ii) inverse-

Iv-4
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Fig. 1. Crg5,-structure
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type, (M)[M'M]X,, on the analogy of those for spinel compound. The deter—
mination of the cation distribution for these compounds is indispensable
for the interpretation of their various physical properties and chemical
bonding. Transition metals M and M' are hardly distinguishable by X-ray
diffraction because of their nearly equal scattering factors. So, neutron
diffraction is an effective methods for this purposezx

Neutron diffraction experiments were carried out on four compounds,
CrTizsea, TiCr28e4, VTiZSe4 and VCr28e4 using high-resolution powder dif-
fractometer HRPB) at KENS pulsed spallation neutron source. The resolu-
tion, Ad/d, of HRP is about 0.3 %, which is superior to that of a conven-
tional double axis diffractometer by about one order of magnitude. The
diffraction data were analyzed by the Rietveld methoda). The assumption
made prior to the refinement is that each atom site is completely occupied,
that is, no vacancy exists both on metal and selenium sites. This results
in the general formula for the cation configuration in;the compound MTMZXA'
(M‘ng_g)[M'l_ng+g]X4, where g is the occupation factor of M' for the 2(a)
site, which is the only parameter to be refined concerning the cation
distribution. The occupation factor g and the atomic coordinates were
determined through least-squares refinement, together with the overall
temperature factor and the unit cell parameters. The obtained cation
distribution is given in Table 1. The observed and calculated profiles of
the four compounds are shown in Figs. 2 and 3. The experimental data are
plotted by dots and the vertical markers indicate Bragg positions. The
solid curve overlying the data points is a result of the Rietveld analysis
and the difference AY between observed and calculated counts is shown by a
series of dots in the bottom. .As presented in Table 1, the results of the
Rietveld analysis revealed that CrTiySe, and TiCrySe, has approximately the
normal- and -“inverse-type metal-ordered structure, respectively. This
showed that the Cr ions have a tendency to occupy the MY site relative to
the Ti ions. It was also determined that V ions prefer for MY sites in
VTi,Se, and VCr,3e,, though

. Cation Distribution in M'M,Se
the metal ion distributions Table 1 ation Uistribu 9oey

in both compounds were Compound Cation Distribution

rather disordered compared

i i C Ti S
to the ideal one. As the  CrTisSes  (Crg ggTip,31)[Crg 314 69154

i i i 0, C S
results, the site prefe-  LiCr2S¢4  (Tig 16Cr0,84)[T10.84Cr1.1615¢4

rence for MY sites among VTiZSEA (VO.6OTiO.40)[VO.40T11.60]534
them is in order V > Cr >  'eraSey (V9.55Cr0.45) V0, 45071, 5515e,
Ti.

V-5



88

In the course of our study of site preference of 3d-transition metals,

we proposed that the pseudo-binary system (PQMI_X)3X4 serves as a useful

tool.

For (CrxTil_x)3Se4, anomaly in the compositional dependence of the

lattice parameters could be correlated with the selective substitution of

metal atoms

5).

The results of the present report support our simplified

model that the substitution proceeds according to the site preference of

each metal over the whole composition range.

(a)
CrTi,Se,
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Crystal and Magnetic Structure of Ce,Bi and Ce,Sh

. *
Shigehumi ONODERA, Atsushi ISOBE*, Masahumi ROHGI

Kazuyoshi YAMADA®™ , Takashi SUZUKI® and Hajime ASANO™ **

Sendai National College of Technology, Ayashi
Miyagi-cho Miyagi-gun, Miyagi 989-31, Japan

* Department of Physics, Tohoku University,
Sendai 980, Japan
** Laboratory of Nuclear Science, Tohoku University,
Mikamine, Sendai 980, Japan
*** Institute of Material Science, University of Tsukuba

Sakura-mura, Niihari-gun, Ibaraki 305, Japan

This paper reports preliminary results of the diffraction
measurements of Ce,Bi and Ce,Sb with medium-resolution powder dif
fractometer(MRP). Ce,Bi and Ce,Sb have been expected to show the
anomalous magnetic properties by c¢-f mixing. But, there were no
systematic studies about physical properties of these materials,
because it is difficult to prepare and handle these samples.
Recently, Isobe et al succeeded to prepare the single crystal and to
measure the susceptibilities and the electrical resistivities of
Ce,Bi and Ce,8b. The temperature dependence of susceptibilities of
CeyBi and Ce,Sb are similar to that of antiferromagnetic materials.
The magnetic phase transition temperature is 8.38K in Ce,8b and 15K
in Ce,Bi. The temperature dependence of the electrical resistivity
of the single crystal Ce,Sb shows a large hysterisis in the
temperature range from 30K to 200K, which suggests the first order
phase transition. Therefore, it is interesting to investigate the
crystal structure , the magnetic structure and the magnitude of the

magnetic moment of Ce atoms in these materials.

Fig.1 shows the diffraction pattern for Ce,Bi at 30K obtained by
the detector fixed at a scattering angle of 150 . Fig.2 shows the
diffraction pattern for Ce,Sb at 150K. These two diffraction

Iv-8
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patterns are normalized by

the incident neutron spec- ' ) J

trum and are used for dete- Ce28l 30K

mination of the crystal Al (mm, (114)

*“ : (12}
Al " (00g)

l-- ot
{(208) &% " uos) < tnm

QH) ’t Pt
\-.J \s-mw \NV{M 7.:',,&) }4-\‘

the observed intensities of 100
Ce,Bi and Ce,Sb. The obser-

structure above a magnetic
phase transition tempera-
ture, Table 1, shows the

calculated intensities and

e T el B = B =)

1400
channel  number

ved intensities were esti- z:o ' 2'.5 . 3..0
b - SPACING (A)
mated separately by the pro-

. e . 1)
file fitting technique. Fig.1 Diffraction pattern for CepBi at 150 K.

T i Lti .
he calculated intensities Scattering angle is 150 degrees.

were obtained by the follo-

wing equation,

Ical.= ICIF(h,k,lNZ-E%A4 unbﬁox'

I Al
where k is a constant of # Al ﬁ
E =
the powder diffractometer, g } (de
F(h,k,1) the crystal | A, AT (14 o
Y

structure factor, p the (ﬁgﬂ it j* } ‘E (105) ﬁ_ (110)

M\oh«n'“m W™y,
multiplicity and A the wave ol '&

length of neutrons scattered o T T a0

at (h,k,l) reciprocal channel  number

lattice point. The crystal l io ) -ggumté io
structure was assumed to be

tetragonal and atomic  Fig.2 Diffraction pattern for CepSb at 100 K.
arrangement in Ce,Bi and Scattering angle is 150 degrees.

Ce,Sb to be belong to the

space group I4/ mmn1(D174h}; 4Ce(1) in 4(c), 4Ce(2) in 4(e) with z
parameter, 4Bi or 4S8b in 4(e) with'z‘ parameter. The z and z'
parameters were determined to minimize the residual between the
calculated and the observed intensities. The agreement between the
observed and calculated intensities is satisfactory. The obtained
values of z and z' in Ce,Bi are 0.33 and 0.136, z and 2z' in Ce,Sb,

0.328 and 0.132 respectively.
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Table I. Comparison between observed intensities
for Ce compounds and those calculated for

the tetragonal crystal structure.

Ce2Bi Ce2Sh
a=4.615 A , ¢=18.07 A | a=4.538 A, ¢c=17.71 A
2=0.330 , 2'=0.136 2=0.328 , 2'=0.132
(h,k, 1) fobs. lcal. Tobs., Ical.
1,1.0 92 135 47 83
1,1,2 226 211 248 261
0,0.6 82 113 103 113
1,0,5 92 89 117 112
1.1.4 359 362 328 334
2.0.6 105 62 118 63
2,1,5 42 28 38 35

Fig.3 shows the diffraction patterns for Ce,Bi at 5 K and 30 K
obtained by the detector fixed at a scattering angle of 30 . In this
case, the white back ground and the intensities from the Al cell
are subtraqted. In the figure, the differnce between these two
diffraction patterns is also shown. Two additional lines are
observed around (004) and (101) reflections at the d-spacing 4.5 A.
The displacement of these lines from the nuclear position is 0.037
A7l If these lines are magnetic satellites ,the magnetic structure
has a long period and the spiral axis is parallel to a-axis by
taking into account of the antisymmetric intensities of satellites.
As the qther magnetic peak by the ferromagnetic or the
antiferromagnetic components could not be observed, the magnetic
moments on a-plane are considered to be alined ferromagnetically.
The periodicity is estimated to be 36 sheets along a-axis. The
magnetic moment of Ce atoms is estimated to be 3.3lgby using the
magnetic structure described above. The value is comparable to the
moment 2.14Hgof free ce3* ion and suggests that the Ce atoms in
Ce,Bi have almost the same moment as the free ce3* ion. The
diffraction measurement of Ce2Sb at 4 K was also performed. The

diffraction pattern at 4 K changes drastically as compared with that

Iv-10



at 150 K.

correspond to the first

This change might

order phase transition pre-
dicted by the electrical
resistivity. However, since
there were some inconsisten-
cies between the data at 150
K and 4K, some additional
and the

detailed analysis based on

measurements

them are required.

Reference
1} R.B.Von Dreele,

Cryst. 15(1982) 581
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Introduction

In Fig. 1 is shown the phase diagram of the Ti-H system. Titanium can
absorb a considerable amount of hydrogen, and form the § hydride (f.c.c.,
CaFo-type structure) or the ¢ hydride (f.c.t., c/a<l1), in which hydrogen
atoms occupy tetrahedral sites of the host metal lattices. Recently we have
demonstrated that, by electron diffraction and X-ray diffraction, a
metastable hydride phase appears in the o+ region and coexists with both
the o titanium and the & hydride1’2); this hydride phase, named ¥, has a
face—centred tetragonal structure with ¢/a = 1.09, and is analogous-to the
Y zirconium hydride in the Zr-H(D) system3).

Because of its metastable nature, however, it is difficult to obtain a
single phase specimen, not to mention a single crystal, of the vy titanium
hydride. In order to determine the hydrogen location in the vy hydride,
therefore, it is necessary to carry out a powder neutron diffraction
experiment with sufficiently high resclution which enables a quantitative
analysis of weak diffraction peaks from the ¥ phase (which is always a
minor constituent). In the present note we shall report the result of such
an investigation performed on deuterium-loaded specimens using a
high-resolution diffractometer HRP4) in the National Laboratory for High
Energy Physics (KEK).

% Present address: Department of Metal Science and Technology, Kyoto
University, Kyotc 808, Japan
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Experimental

- Powder specimens of Ti-45 at.%D and Ti-60 at.#D were prepared from a
commercial purity titanium metal. Both the specimens are composed of three
phases, 1.e., «, & and y with volume ratios («a:6:y) being 0.27:0.63:0.10
and 0.03:0.88:0.08, respectively. Neutron diffraction experiments were done
using a time-of-flight powder diffractometer HRP at the KENS pulsed neutron
source in KEK. Diffraction data were obtained at room temperature, and were
analysed by a TOF version of the Rietveld analysis code RIETAN developed by
one of the present authors®) ,

Resulis and Discussion

For both the specimens, numbers of diffraction peaks from the v
deuteride were detected although they are much weaker than those of the &
deuteride., Besides the fundamental reflections of the f.c.t. metal lattice,
i.e., of indices h,k,l = all even or all odd, extra reflections due to
deuterium atoms are observed; the indices of the latter are found to
satisfy the condition 'h,k = odd, I = even’, e.g., 110, 112, 3i2 ...etc.
The existence of this type of reflections have been recognized in the
previous electron diffraction studyl), and so hydrogen atoms have been
considered fo be ordered in the same way as the y zirconium deuteride
studied by Sidhu et al.3) The structure model of the v zirconium deuteride
proposed by those authors is illustrated in Fig. 2. The present diffraction
data show qualitative agreement with this model. Therefore, the structure
of the y phase can be described by the space group P4s/ncm with the
following atomic positions: '

4 Ti in 4c:.1/4,1/4,1/4; 3/4,3/4,1/4; 1/4,3/4,3/4; 3/4,1/4,3/4,
4 D in 4b: 0,0,0; 0,0,1/2; 1/2,1/2,0; 1/2,1/2,1/2,

assuming the occupation probability of deuterium to be unity. The space
groups P4o/n and P4do/nnm are equally possible.

Nevertheless, the diffraction pattern of the y deuteride exhibits a
notable feature that the hkl-type reflections have broader widths
systematically than hhl-reflections. Figure 3 shows a part of the raw
diffraction data for a Ti-B0 at.%D specimen; to take an example, the 200
reflection from the y phase is broader than the other reflections from the

same phase. Therefore, it is probable that the unit cell of the y deuteride
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is not tetragonal but slightly orthorhombic*, in which the atomic
arrangements being essentially the same as Fig. 2. In that case the

structure belongs to the space group Ccc2, with the co-ordinates of atoms
(0,0,0; 1/2,1/2,0)+
4 Ti in 4c: 1/4,1/4,2; 1/4,3/4,1/2+z,
4pp D in 4a: 0,0,z; 0,0,1/2+z,

where z=1/4 for the former and z=0 for the latter, and pp is the occupation
probability of D atoms. The Rietveld analysis based on the above model have
shown reasonable agreement between the calculated~ and the observed
diffraction intensities, with a residual factor pr being 6.9 %; the two
a-axes (strictly, the a-axis and the b-axis) differ by 1 % in length from
each other, 1.e., a = 0.419 rm, b = 0.423 nm, and ¢ = 0.458 nm. More
detailed description of the result of the present analysis will be
published elsewhere,

Acknowledgements - The authors are grateful to Professor N. Watanabe for
the arrangements for the neutron diffraction experiment. They also wish to

thank Mr H. Murata for his technical assistance throughout the study.
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* Higher order reflections, e.g., 400, are expected to be split into two
peaks owing to the more improved resclution at lower d-spacings. However,

such clear evidence has not been obtained due to the weak intensities.
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The RCug compound (R = Ces Pr., Ndi 8Sm and Gd) crystallizes with an
orthorhombic CeCugz-type structure!’? of space group Puma. The crystal

structure of LaCug has been considered so far to be the same as CeCug. %

Cirafici and Palenzona®’

reported from single crystal X-ray diffraction
that LaCug was isomorphic with CeCug. However, the same authors‘pointed
out that the powder X-ray diffraction pattern of LaCus could not fully be
accounted for by the CeCuy structure. In fact, careful examination of the
Laue photograph on LaCug wused in ref. 3) revealed several irrational
reflections, which motivated us to reinvestigate the crystal structure of
LaCug ¥

The crystal structure of IL.aCus; was studied by an X-ray precession
method and powder X-ray diffractometry in conjunction with the Rietveld
analysis. The X-ray precession photographs indicate that the unit cell of
LaCug is slightly deformed from orthorhombic to monocliniec. From the
extinction rule for reflections, it is concluded that the space group is
P2,/c. We can rewrite the atomic positions of orthorhombic CeCug in terms
of the monoclinic space group P2,/c.- Using these atomic parameters as
initial parameters and taking account of the monociinic deformation, powder
X-ray diffraction data were analyzed by the Rietveld method using the
RIETAN system.® The determined positional parameters are listed in

Table 1. The atomic coordinates of LaCuy do not differ appreciably from
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Table 1. Atomic coordinates of monoclinie LaCug and CeCu,.

Atom Position x ¥ z

La de 0, 262(2) 0, 434(1) 0. 248(1)
Cu, 4e 0. 016(3) 0. 182(2) 0. 440(2)
Cug 4e 0.491(8) 0. 188(2) 0. 434(2)
Cug 4e 0. 246(4) 0. 144(2) O. 148(2)
Cu, 4e 0. 273(8) 0. 748(1) 0, 810(2)
Cug 4e 0. 226(8) 0, 594(2) 0. 540(2)
Cug de 0. 246(3) 0. b517(2) 0O, 854(2)
Ce 4e 0. 267(1) 0,436(1) 0. 2568(1)
Cu, 4e C. 008(1) 0. 188(1) 0. 437(1)
Cu, de 0. 487(1) 0O.182(1) 0. 432(1)
Cug 4e 0. 242(1) 0. 140(1) O. 146(1)
Cu, 4e 0. 263(1) 0. 787(1) 0.819(1)
Cug 4e 0. 230{(1) 0. B54(1) 0. 562(1)
Cug 4e 0.248(1) 0.517(1) 0.900(1)

the initial parameters. i. e the atomic.positions in orthorhombic CeCug.
Accordingly, it is concluded that the crystal structure of LaCug is a
slight modification of orthorhpmbic CeCug accompanied by monoeclinic
deformation and minor shift of the atomic positions. The refined lattice
parameters are a=0.5143 nm. b= 1. 0204 nm, c=0.8144nm and B =91 49°,
Final R-factors are R,,=8.3, RE,=2.5 and Ry="T 2%

Recently, it was found that monoclinic LaCug transforms to
orthorhombic at about 500 K.%' 1In addition, Onuki et al.”’ showed in a
pseudobinary system La;__Ce; Cug that the stable form at room temperature is
monoclinic in x=0-0. 28 and orthorhombic for x>0. 28. It is likely that
the monoclinic-orthorhombic transition temperature lowers with increasing
Ce concentration and tends to 168 K in CeCug; suggested by the anomaly of
elastic constants.®

Preliminary X-ray powder diffraction on CeCugy at 89 K showed an
appearance of the monoclinic symmetry. "’ However, X-ray powder
diffractometry of CeCug as well as LaCng suffered from a considerable
preferred orientation effect. Accordingly, we performed high resclution

neutron powder diffraction using HRP at 656 K in order to determine the
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crystal structure of monoclinic CeCug ?° The obtained diffraction data were
anlyzed by the RIETAN system Figure 1 shows the Rietveld refinement
pattern of CeCuy at 65 K. The diffraction pattern covers a d-range from 60
to 300 pm and includes 1978 reflections. Final structural parameters are
listed in Table 1. The atomic coordinates of monoclinic CeCug are almost
identical with those of DLaCug which indicates that two substances are
isomorphiec. It is also evident that these atomic positions do not differ
appreciably from those determined for orthorhombic CeCug !’ The refined
lattice parameters are a=0. 5080 nm, b=1.0121 nm, ¢=0. 8067 nm and
f =91 36", Final R-factors are R,,~6.7 R,~5 1 and RBy=~3.8%

In conclusion, we determined the crystal structure for low-temperature
forms of LaCug; and CeCus to be monoclinie with space group P2,/¢. The
structure is derived from orthorhombic CeCug by monoclinic deformation and

minor shift of the atomic positions.
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Ban1—xBix03 (BPB) crystallizes in a distorted perovskite structure and
exhibits superconductivity around x = 0.25.1) The crystal structure has

-4)

been studied by seyeral authors2 as a fuction of composition x. Cox and
Sleightz) reported distinet structural changes with x; orthorhombic below

x = 0.05, tetragonal in x = 0.05 - 0.35, orthorhombic in x = 0.35 - 0.9 and
monoclinic above x = 0.9. On the other hand, Khan et 31.3) and Oda et a1.4)
showed that the structure is orthorhombic in the whole composition range up
to x = 0.9. Recently, Oda et al.S) reported occurrence of both tetragonal
and orthorhombic structures at x = 0.25 depending on growth condition of the
sample. In the present work, crystal structures of tetragonal and ortho-
rhombic samples with x = 0.25 have been investigated by high-resolution
powder neutron diffraction.

The experiment was carried out by using HRP at room temperature and

47 K. The sample was filled in a vanadium sample holder. The counting time
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was 40 hours.

a new version of the RIETAN system.6

103

The obtained data were analyzed by the Rietveld method using

Figure 1 shows the Rietveld refinement patterns of tetragonal and

orthorhombic BPB.

The structure model for tetragomal BPB (x = 0.3) has been
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Fig. 1 Neutron diffraction patterns of (a) tetragonal BPB at 47 K and (b)

orthorhombic BPB at room temperature.
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2)

given in the neutron diffraction work of Cox and Sleight. The crystal

system belongs to space group 14/mcm. The atomic coordinates are

4 Ba in 4b: 0 1/2 1/4
4 Pb0.75Bi0-25 in 4c: 0 0 O

8 0{1) in 8h: x x+1/2 0
4 0(2) in 4a: 0 0 1/4.

. Q
The refined lattice parameters are a = 6.0315(7) and ¢ = 8.6179(9) A, where
a and ¢ relate to the original perovskite structure with a pseudocubic
lattice parameter a in terms of a = Vbao and ¢ = 2ao. Final positional and

thermal parameters are listed in Table 1. The present results agree with

2)

those of Cox and Sleight. Final R-factors are pr =94, R_=7.7, RB =

P

5.3 and RF = 2.6%Z. The room temperature result on the same sample is also

consistent with Table 1.

Table 1 Crystallographic parameters of tetragonal BPB.

Ba Pb0.753i0.25 0(1) 0(2)
X 0 0 0.2121(6) 0
v 0.5 0 0.7121(6) 0
z 0.25 0 0 0.25
By 0.001(1) 0.000(1) 0.001(1) 0.006(2)
Bysy 0.001(1) . 0.000(1) 0.001(1) 0.006(2)
Bss 0.001(1) 0.000(1) 0.003(1) 0.003(1)
Bia - - 0.002(1) -

The neutron diffraction result of orthorhombic BPB was analyzed by the

structure model for BaPbO The crystal system belongs to space group

3"

I/mma. The atomic coordinates are

4 Ba in 4e: 0 1/4 =

4 Pb0.75310.25 in 4a: 0 0 0

8 0(1) in 8g: 1/4 y 1/4
4 0(2) in 4e: 0 1/4 =z,
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The refined lattice parameters are a = 6.0583(6), b = 8,5492(8) and c =
6.0756(6) 2, where a ~ ¢ ~ /an and b = 2a0. The refined atomic parameters
are listed in Table 2. Final R-factors are pr = 8.0, Rp = 6.3, RB = 5.2
and RF = 2,5Z. The present sample is known to undergo structural phase

4)

transition to monoclinic at 160 K, Neutron diffraction work on this

sample at low temperature is under way and the result will appear soon.
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Table 2 Crystallographic parameters of orthorhombic BPB.

Ba Pby 75Bi5 s o(1) 0(2)
X 0 0 0.25 0
y 0.25 0 0.977(1) 0.25
z 0.497(3) 0 0.25 0.044(2)
By 0.014(4) 0.005(2) 0.009(3) 0.022(6)
Byy 0.001(1) -0.001(1) 0.004(1) 0.000(1)
Bas 0.003(3) 0.006(2) 0.005(3) 0.011(3)
B.q - - -0.002(1) -
Byq - 0.001(1) - -
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Banl_xBixO3(O§;§1) has distorted perovskite-type structure. It shows
the superconductivity at the highest temperature among the non-transition
metal compounds at x=0.25, whereas at about x=0.35, it exhibits a metal-
1-3)

semiconductor transition. Electron-phonon interactions are considered

to contribute largely to these properties.4)

In order to investigate the
phonon modes for such strong coupling system, e.g. breathing mode phonons,
it is essential to know the displacement of oxygen atoms in the structure.
Neutron diffraction method is more favorable than X-ray diffraction method
for the precise determination of the displacement, since all of the
constituent elements other than oxygen, namely Bi, Pb and Ba, are heavy
elements, Cox and Sleights) reported.that the crystal symmetry of the
compound varies with x; orthorhombic (x=0-0.05), tetragonal (x=0.05-0.35),
orthorhombic (x=0.35-0.9) and monoclinic (x=0.9-1), and that the deviation
from the ideal perovskite structure comes from nearly rigid rotations of
oxygen octahedra. As a preliminary crystal chemical study on this system,

structure of the crystal with composition x=0.25, was investigated, The
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specimen crystal was grown from the melt of PbO,, Biy03 and BaCO3 with
excess PbOy and Bio0; as a solvent. Intensity measurement was carried out
on a single crystal of size lxlx2mm, wusing a four-circle diffractometer
(FOX) at KENS. The spectrometer equipped with a one-dimensional PSD of
6Li——glass scintillators connected with TOF technique enables the two-
dimensional data collection on a reciprocal plane passing through the
origin.6) The observed intensities on { h k 0} * plane are given in
Fig. 1. In the range of wavelength 0,2-6.35A and that of 28:6-160°, 276
reflections in total were obtained. As a trial, the structure model by Cox
and SleightS) was refined and it converged with the residual R about 0.12,
The atom parameters thus obtained are given in Table 1.

Further analysis is now in progress to obtain detailed structural

information,
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Table 1. Atomic coordinates and thermal parameters

X Y Z B B2z B33 B2 Bz s
Ba  0.511(2) © 1/4  0.005(1) 0.009(3) 0.0026(5) 0 0 0
Pb-Bi 0 0 0 . 0.0057(7) 0.003(2) 0.0015(3) 0 -0.0001(8) ©
O(I) 0.028(1) o 1/4  0.008(2) 0.018(7) 0.0025(7) 0 0 0
O() 1/4 1/4 -0.012(2) 0.019(2) 0.020(4) 0.007(1) -0.015(2) 0 0
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A profile shape function for TOF powder diffraction

using cold neutron sources
Fujio IZUMI. Hajime ASANO*, Hideaki MURATA®, and Noboru WATANABE™*

National Institute for Research in Inorganic Materials

Sakura-mura. Niihari-gun. Ibaraki 3056, Japan

* Institute of Materials Science, University of Tsukuba

Sakura-mura. Niihari-gun. Ibaraki 305, Japan

*x National Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun Ibaraki 305, Japan

A high-resolution powder diffractometer (HRP) at KENS utilizes
neutrons from a solid methane moderator at 20 K. Peak shapes measured on
the HRP depend primarily on the wavelength of neutron: that is, epithermal
and thermal neutrons afford nearly symmetric, sharp peaks whereas cold
neutrons give rise to a long trailing tail %o each broad peak. Therefore.

1»2%) ang

profile shape functions designed for moderators at room temperature
at 108 K*' cannot be used, without any modification, for the least-squares
fitting of Bragg peaks in the whole ¢t (time-of-flight: TOF) region. 7

In previous work®*), a profile shape function proposed by Von Dreele
et al.?) was modified by adding two asymmetric Lorentz functions near the
peak position and at the decaying tail. Rietveld refinements based on this
function yielded fairly satisfactory results. However. it contains
variable profile parameters as many as 29; a simpler function has been
roundly desired.

The cold moderator at KENS was altered from a grooved type to a flét
one in 1985 with a result that both peak shapes and resolutions in |
diffraction patterns measured on the HRP changed appreciably. The present
investigation has azimed at developing a new profile shape function suitable
for the Rietveld analysis and pattern decompesition of powder diffraction
data taken on the HRP at the preéent stage.

Cole and Windsor!’ represented the peak shape obtained with
thermalized neutrons by & funetion (hereinafter called the CW function)

which consists of three separate regions: (1) a Gauss function with a
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standard deviation vy, (2) another Gauss function with a standard deviation
0z and (8) a decaying exponential function with a decay constant y. The
peak position. ¢,, of the kth reflection lies at the joint of the two Gauss
functions having the same peak height,

Preliminary calculations showed that peak shapes in thermal and cold
neutron reglions could be adequately approximated by the CW function but
that those in a transient region deviated markedly from it. Then. a more
flexible profile shape functiom: G{al,,), was devised which is the

summation of two CW functions, g ,(al,.) and g,(at,,), ina (1-R):E ratio:

G(at,,) = AL(1 - RYg,(Aat,,) + Rga(at,,)] (1)
: _ _ atd,
ty<ty, gl(Atﬂ,)—gz(Atgg)‘:exp( 20,2) (2}
1
2 ti
be<it <t ,+71,0 Aty,) = expl - 3
Bl iyt 7,0 g1(at ) P( 202) (3)
2,2
Ti0
b, >ty + 7,00 91(At,,,)=exp( 122-7'1“;.) (4)
2
be Sty <ty 7,00 928t ) = exp(- M’z") (5)
20,
2 2
720
t‘>tk+T2U§ gﬂ(Atik) -exp( 222'—72At‘k) (6)
-1 1%y 1-R ( Tfﬂg)
A =cal+c(1-R)02erf(ﬁ)+ 7. BXP\-—g )+
prcors(322) + R ow(- 75
cRoger 2 + TZBXP )

where al,,=1t,;-t, ¢, is the TOF at the ith channel. A is the normalizatlon
factor, and ¢ = (z/2)'/%. Functions g,(At,,) and g,(at,,) have common
gtandard deviations: o, at t,<¢, and o, at ¢;>¢,, but they differ in
decay constant: 7, for g,(at,,) and 7, for gy(at,,) {(r;<rg). Since

eqs. (1)—-(7) include the pure CW function as a special case (E=0), they can
be used for the profile fitting of powder diffraction patterns obtained
with neutrons from both ambient and cold moderators.

Suitable empirical functions to express the wévelength dependence of
the profile parameters ( 0,y 0y 7y 7gp and B) are still required in
Rietveld analysis., Of these five parameters, the decay constant of the
long-time exponential tail, 7, proved to be almost invariable regardless
of the wavelength as is theoretically defénsibles). The value of r, is

believed to depend neot on the particle size or strain of a sample but only
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on the neutron moderation process!’. Once 7 has been determined by the
Rietveld analysis of standard samples, it may be held fixed at the refined
value in other refinements.

We have found that the following equations can adequately approximate

the dependences of the other profile parameters on the wavelength of

neutron:
Uy =033 % O1gdy (8)
0 = gy + Ogply (9)
71=7118XD(-71202) + 7y (10)
E=1- exp(-R,d5?) (11)

In egs. (8)-(11), d, denotes the interplanar spacing. which is, of course,
proportional to the wavelength It is interesting to note that the first
term in eq, (10) is Geussian and that eq, (11) has just the same form as
so-called Avrami’ s equation to express coaversion ratios in phase
transformation.

Equations (1)-(11) were implemented in a computer program RIETAN, for
the Rietveld analysis and simulation of TOF neutron diffraction patterns®’,
and structures of Si and a-Al,0, were refined with this program. Figure 1
shows the neutron profile fit and difference pattern for @-Aly;0;. The
solid lines are the calculated intensities, crosses overlaying them are
observed intensities, and ay, is the difference between observed and
calculated intensities. The short vertical lines mark the positions of
possible Bragg reflections, The inftensity data in TOF ranges where Bragg
reflections of a vanadium container appeared were excluded in the
refinements. The agreement between the calculated and observed intensities

) could be obtained:

was most satisfactory, and quite low R factors®
RByp="7.5% R, =5 4% PRy =14% Rp=1 2% for Si and Ryp="7. 1% R, =4 8%
Ry=18% Kp=1 7% for Al,0,. The resulting positional and iscotropic
thermal parameters for the two standard samples agreed very closely with
literature data. The introduction of anisotropic thermal parameters hardly
lowered the E factors,

The structures of metal hydrides, organic and inorganic compounds are
now being refined with the current version of RIETAN described above.

Preliminary reports on these Rietveld refinements will be published in this

volume.
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Fig., 1. Rietveld refinement patterns for a-Al,0,.
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Method of Analysis of Pulsed Neutron Diffraction Pattern in
the Study of Cold-worked Powder

#* 48
T.Kamiyama, S.Tomiyoshi, T.Shinohara, H.Asano , H.,Yamamoto and N.Watanabe
The Research Institute for Iron, Steel and Other Metals Tohoku University,

Sendai, Japan
# Institute of Materials Science, Tsukuba University, Ibaraki, Japan

## National Laboratory for High Energy Physics, Ibaraki, Japan

High resolution time-of-flight (TOF) neutron diffraction has become of new
importance in the study of the defect structure where detailed analysis of the
diffraction profiles is necessary. However, the instrumental resolution func-
tion is distinctly asymmetric, and the profile function proposed is useless in
the cases where the sample affects the peak shape by crystallite size, strain
and others. So, we have developed a new method which incorporates of size,
strain and other defects analysis into the profile-refinement method, All
contributions of the defects and the instrumental resolution are expressed in
terms of Fourier coefficients, and the inverse Fourier transforms of those
product represent the calculated profiles,

In the TOF powder diffractometry, the effect of strain on the width of the

kit € pia
direction.) If the strain <En> obeys a Gaussian distribution, the Fourier coef-

profile can be given by A\ =€, is the effective strain along a <hkl>

ficient of strain ADn is given by,

ADn= exp(—2ﬂ212n2<€n2>) . (1)

where n is the harmonic number of the Fourier coefficient and is related to
the average distance normal to the reflecting planes, and 1 the order of the
diffraction peak.l) Adler and Houskaz) gave the equation,

2.1/2

c 2>1/2 _ |nlr<€1 S ) (2)

<
n

2<Elz>12|n|), which is the Fourier transform

If r=-1/2, eq. (1) becomes ADn=exp(-2ﬁ
of a Lorentzian. If one takes r=0, each column undergoes uniform strain with

€.=€, for each pair of cells. This gives long-range strain and eq. (1} then
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2

becomes AnD = exp(—2W2<€12>1 n2), which is the Fourier transform of a Gaussian.
Therefore, we expect that the strain broadened profile is the convolution of
Gaussian and Lorentzian. In general, reflections with different (hkl) have

3)

different line widths, Following Rothman and Cohen™’, we express the orienta-

tional dependence of the effective strain € hk1 by,
ehkl=AT+B . (3)

where T =(h2k2+k212+12h2)/(h2+k2+12)2. B is the effective strain along <1 0 0>,
which satisfies I' =0. A is uswally negative and represents the elastic aniso-
tropy of the crystal,

The effect of crystallite size on the width of the profile in the TOF
diffractometry is AA=A2/(2thlsin9), where thl is effective crystallite-~size along
<hkl>» direction. For the analysis of the crystallite-size effect, profile is
often approximated by a Lorentzian.a) Therefore, the Fourier coefficient for
the crystallite-size effect is AS=exp(—|n|/D) . If the reduction of coherent
domain size is ascribed to faults like small anglé boundaries or stacking
faults, this domain size must be anisotropic. To express plane-like, needle-
like and spherical crystallines, we consider a spheroidal body as a crystal-
line.

We must also consider the effects of the stacking faults (SF) and anti-
phase domain boundaries (APB). The main effect is broadening of the fundamental
and superstructure reflections in the case of SF, and the superstructure peaks
in the case of APB.

The observed profile h(s) arises from a convolution of the true one f(s)
and instrumental one g(s). Using F(t) and G(t)(Fourier transforms of f(s) and

g(s)), one can express the observed profile h(s) by,
h(s)=fg(x)f(s—x)dx=fF(t)G(t)exp(Zﬂits)dt, (4)

s D D APB
wvhere F(t)=A" A Gauss = Lorentz

The calculated intensity Ycal(t) is determined from,

Yooy (= AMEIE %0 h (e, (0)), (5
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where i(t) is the incident intensity, A(t) the absorption factor, Fj structure
factor, mj multiplicity, dj d-spacing, hj(t) profile functioné Least-squares
refinement is achieved by minimizing A = zwi(Ycal(t)_Yobs(t)) .

As an example of the above method, we chose szMnSn, which shows large
reduction in magnetization by cold—working.s) Figures 1,2 and 3 show the re-
sults of fitting. Excellent fits between the observed and calculated values

were obtained. A detailed discussion will be reported elsewhere,
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Structure of Molten (Li-K)Cl and (Li-Na-K)Cl Mixtures of the Eutectic

Composition Studied by Pulsed Neutron Diffraction

Akira ENDOH, Toshio YAMAGUCHI, Yusuke TAMURA, Osamu ODAWARA, Isao OKADA,
Hitoshi OHTAKI and Masakatsu MISAWA*

Department of Electronic Chemistry, Tokyo Institute of Technology,
Nagatsuta, Midori-ku, Yokohama 227, Japan

*National Laboratory for High Energy Physics, COho-machi, Tsukuba-gun,
Ibaraki 305, Japan

Although the structure of pure ionic melts has been investigated by
means of X-ray or neutron diffraction, only a few studies on the structure
of mixed ionic melts has been carried out. This is mainly due to
difficulties of separating the partial distribution functions from the
total distribution function especially in the case of mixed melts.

In previous studies, we performed X-ray diffraction measurements on
molten (Li—K)Cll) and (Li—Na—K)Clz) mixtures of the eutectic composition
( (Li-K)C1 : 58.8 - 41.2 mol % ; (Li-Na-K)Cl : 53.5 - 8.6 — 37.9 mol % )
and the data were analysed with the aid of molecular dynamics (MD)
simulations. By modifying the Tosi-Fumi pair potentials3), the structure
functions s°i(s) and the radial distribution functions G(r) derived from
the MD simulations could well reproduce those obtained from the X-ray
diffraction method,.

In the present study, we have performed Time-of-Flight (TOF) neutron
diffraction measurements on molten (Li-K)Cl and (Li-Na-K)Cl mixtures of
the eutectic composition using a pulsed spallation neutron source in order
to compare the results with those obtained from MD simulations and to
investigate Lit—Cl1~ interactions, which were difficult to detect by means
of X-ray diffraction, in the melts. ,

Alkali metal chlorides of reagent grade were dried in a vacuum oven at
about 430 K for one day and mixed in the eutectic composition by weighing.
The mixtures were melted and stirred sufficiently in a crucible before
pouring into a Pyrex tube. After cooling the melts in a desiccator the
solidified samples were taken out from the tubes, transferred into quartz
sample cells with 0.4 mm wall thickness, 10 mm in inner diameter and 70 mm
in height, and sealed in vacuo. Neutron scattering measurements of the

melts were performed by using the High Intensity Total scattering
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spectrometer {(HIT). The sample cell was heated with two infrared lamps
facing each other. The temperature was kept at 668 X for (Li-K)Cl and 625
K for (Li-Na-K)C1.

Figures 1 and 2 show the structure factors S(Q) of (Li-K)Cl and (Li-Na-
X)Cl, respectively. In both systems, the S(Q)'s calculated from the MD
simulations were in good agreement with those obtained from the neutron
diffraction experiments. The total correlation functions H(r) (= G(r) - 1)
were obtained by conventional Fourier transformation of the Q-(5(Q) - 1)
values and shown in Figures 3 and 4 for (Li-K)Cl and (Li-Na-K)CI,
respectively. With respect to the H{r) functions, the‘partial values
hij(r) (Zhij(r) = H(r)) of the predominant interactions in the systems,
which are functions derived from the MD simulations, are also shown in the
figures. The H(r) functions obtained by the neutron diffraction
experimean have still quasi peaks around 240 pm. Improvement in
evaluating the H(r) functions from the S(Q) values obtained by the
experiments is now in progress. As seen in Figures 3 and 4, -the first peak
gave a negative contribution to the H(r) around 240 pm for both melts,
corresponding to the Lit-Cl1~ interaction expected from the negative
scattering length of the Li nucleus. In the case of the X-ray diffraction
method, this interaction is difficult to be observed due to small atomic
scattering factor of Li atom. The second peak appeared around 380 pm in
both melts is assignable to the interaction between Cl1~ ions bound to the
central Li* ion. A discernible shoulder around 320 pm is ascribed to the
KT-Cl~ interaction. In the case of the (Li-Na-K)Cl mixture, a rather
clearly resolved Na*-Cl~ interaction in the simulations, which was
difficult to be detected by the X-ray diffraction method, could not be

observed by the present neutron diffraction method.

References
1) I, Okada, H, QOkano, H, Ohtaki and R, Takagi, Chem. Phys. Lett., 100,
436 (1983),

2) A. Endoh, T. Yamaguchi, I. Okada and H. Ohtaki, Nippon Kagaku Kaishi,
submitted for publication,
3) M. P. Tosi and F. G. Fumi, J. Phys. Chem. Solids., 25, 45 (1964).

IV-36



s(a)

s(Q)

3
2..
fr,
1 O i
0l.;.l;llnl....l;..‘.l.|..l.n.1
0 5 10 15 20 25 30

-2 -1
Q/10 pm

Figure 1. Structure factor obtained by the neutron
diffraction (dots) and MD (solid line)
for (Li-K)CIL melt.

3
2..
; P A e
\7 W
0 1 1 P L P L 1 -. i P S PRI T 1 | - PR i | S T S | 1
0 5 10 15 20 25 30

-2 -1
Q/10 pm

Figure 2, Structure factor obtained by the neutron
diffraction (dots) and MD (solid line)
for (Li-Na-K)Cl melt.
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Hydration Structure of Trivalent Metal Ions by Means of
Neutron Diffraction using Isomorphous Substitution

Toshio Yamaguchi*, Yusuke Tamura, Hitoshi Ohtaki and Masakatsu Misawat

Department of Electronic Chemistry, Tokyo Institute of Technology,
Nagatsuta, Midori-ku, Yokohama ﬁ27, Japan
tNational Laboratory for High Energy Physics, Cho-machi,
Tsukuba 303, Japan

1. Introduction

The hydration energy of ions in solution depends on the orientation of water molecules
in the coordination sphere as well as the hydration number. The hydration number of ions in
solution has successfully been determined by X-ray diffraction and Extended X-ray Absorp-
tion Fine Structure (EXAFS) methods, but information for the orientation of water molecules
in the first hydration sphere is available only by the neutron diffraction method. In particu-
lar, the isotopic substitution method, which utilizes the difference in the scattering amplitude
of nuclei, has been proved to be very effective in uniquely extracting information of ion-
water interactions in several electrolyte solutions {1-4].

In the present study, we propose an isomorphous substitution method, which is also
capable of obtaining similar structural information as in the isotopic substitution method. We
measured aqueous perchlorate solutions of iron(IlT) and chromium(HT), of which ionic radii
are very similar with each other, in order to determine the hydration structure, especially the
orientation of water molecules in the first hydration sphere of trivalent metal ions.

2. Experimental

Iron(III) and chromium(IIT) perchlorates were recrystallized three times from light
water and then the light water in the solutions was replaced with heavy water by repeated
boiling and dilution with heavy water. The final content of light water in the sample solu-
tions was determined by the infrared spectroscopy. A small amount of deuterized perchloric
acid was added to the solutions in order to avoid hydrolysis of the metal ions. The composi-
tion of the sample solutions measured is given in Table 1.

Neutron diffraction measurements were performed with HIT at National Laboratory for
High Energy Physics (KEK). The sample solutions were sealed into a Ti—Zr null alloy cell
with 0.3 mm thickness, 8 mm inner diameter and 50 mm height. The measured data were

*Present address: Department of Chemistry, Faculty of Science, Fukuoka University, Nanakuma, Jonan-
ku, Fukuoka 814-01
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corrected for absorption, multiple scattering, and then normalized to the absolute unit by
using scattering data from a vanadium rod.

3. Isomorphous Substitution Method

In the present system, the total structure factor $(Q) is expressed in terms of ten partial
structure factors; Syo(Q), Sup{(@), Sxo(Q), Sxp(Q) from ion-water interactions, S,(Q),
Sum(@), Sxx(Q) from ion-ion interactions, and So6(Q), Sop(Q), and S,,(Q) from water-
water interactions. Since the structure of both solutions containing metal ions with similar
ionic radius can be assumed to be identical with a good approximation, their algebraic differ-

 ence Ay (Q) can be expressed as

Ar(@) = AlSy0(@)— 1+ BlSyn(@)~ 11+ ClS3x(@)~ 11+ DISye(@)~ 1, W
A = 2cqcybobyAby,
B = 2epepbpbyAby,
C = 2cyCpbybyAby,
D = ci (b}, b2,
with Aby=bg,—~bc, and Q=4msinb/\. c, and b, are the atomic fraction and the scattering

length of atom «, respectively. The A, (Q) is Fourier transformed into the radial distribution
function Gy (r) as

2 max
Gu(r) = —— [ QAw(@)sin(0r)do, )
277Dy G

where py is the number density, Q.. and Q. the upper and lower limits of the @ values
obtainable in the experiments.

4. Results and Discussion
Figures 1 and 2 show the experimental A,;(Q) obtained at the scattering angle 26=25°
and G, (r), respectively.

It is seen from Fig. 2 distinct peaks appeared at 204 and 265 pm and broad peaks were
observed at 400 ~ 550 pm in the Gu(r). The first and the second peaks were assignable to
M-0O and M-D interactions within hydrated M(III) ion. The coordination number of
M(III) calculated by |

Ny = c.pfamrigy,(rdr, A )
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was 6.2 for the M-O interactions. On the basis of the geometry of a water molecule (
rop=98 pm, <DOD=104.7°), the tilt angle ® (see Fig. 2), of water molecules coordinated to

M(III) was found to be 38x10°. The present result is compared with the previous findings
for other ions in Table 2.

The degree of orientation of hydrated water molecules of Fe(Ill) estimated by the
present measurement, which should be the same as that of Cr(III) according to the present
assumption, is similar to the angle of water molecules in the hydration shell of other metal
ions, i.e. the lone-pair orbitals of water molecules are practically oriented towards the metal
ions. The tilt angle of water molecules in the hydration shells of Nd(IIT) and Dy(III) seems
to be slightly smaller than that of Fe(IIl) and Cr(II). This may be due to the shorter
Fe(III)— and Cr(II)—O distances than the Nd(IM}— and Dy(IIT)— O ones, which lead to an
increase in repulsion between the water molecules in the coordination sphere, The second
neighbor Fe(IIT)~ O interactions appeared around 420 pm as a broad peak. The first and the
second hydration spheres are clearly separated in the present system, which is in contrast
with the case of silver(T) ion [2].
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Table 1 Composition of the sample solutions and sample parameters

Solution Fe(Ill) Cr(II)

Ionic radius(pm) 64.5 61.5
Scattering length b,,(10~1? cm) 0.954  0.3635
Concentration(mol dm~3)
M3t 1.63 1.64
D* 2.25 2.28
ClOg 7.14 7.20
D,0 41.4 41.8
H,0 0.4 0.4

Number density 105p(atoms pm~3)  0.098  0.099
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Table 2 The hydration structure of metal ions determined by the neutron diffraction method

Ion m/molkg~! r(M-O)/pm r(M-D)/pm @®/deg N Ref.
Li(I) 3.57 195 255 4010 5.5 1
Ag(D 3.71 241 297 45+10 4.1 2
Ca(II) 2.80 239 302 349 6.4 1
Ni(IT) 3.01 207 267 42x8 5.8 1
Fe(III) 1.63 204 268 38+10 6.2 This work
Nd(1) 2.85 248 313 24+=4 8.5 3
Dy(II) 2.38 237 304 173 7.4 4
5. 060 A#Q? ..... S Fig, 1 AM(Q) derived from
I 1.63 molar solutions of
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0.000 g5

(¥ o,
§ R
r ! i
-0.020} 14
S
~0.040}
s T S S S B T N - 7 16 18 20

Fig. 2 GM(r) obtained by

Fourier transform of AM(Q)

in Fig. 1

GIr)

Fe(0104)3 and Cr(ClO4)3 in

DZO

0.030
0.020 :
0.010 |
0.000 j

~0.010

|
;
-0.020} |
!
I
!

-0.030

IV-42



125

Structure of Liquid Water in the Temperature Range of 25 -
200 °C by the Neutron Diffraction Method

Toshio Yamaguchi*, Yusuke Tamura, Hitoshi Ohtaki,
Susumu Ikedat and Masakatsu Misawaf

Department of Electronic Chemistry, Tokyo Institute of Technology,
Nagatsuta, Midori-ku, Yckohama 227, Japan
tNational Laboratory for High Energy Physics, Oho-machi,
Tsukuba 305, Japan

1. Introduction

X-Ray and neutron diffraction methods have so far played an important role in investi-
gation of the structure of liquid water, Narten ef al. measured X-ray scatterings from liquid
water in the temperature range of 4 - 200 °C [1]. Gorbaty et al. performed X-ray diffraction
measurements at 25 - 500 °C at 1 kbar and at 1 - 2000 bar at 20 °C [2,3]. These X-ray inves-
tigations have given oxygen-oxygen positional correlation in liquid water in the wide tern-
perature and pressure ranges. The neutron diffraction method has an advantage in obtaining
information of the position of deuterium atoms, which helps, together with the oxygen-
oxygen correlation from X-ray scattering measurements, to reveal orientational correlations
of water molecules in the liquid state. Neutron scattering experiments of liquid D,O were
carried out at —14.5 - 79 °C by Dore et al. [4], and at 15 - 95 °C by Ohtomo et al. [5].
Recently, Whalley et al. [6] succeeded in neutron measurements of liquid D,0 in the pres-
sure range of 0.06 - 15.6 kbar at 85 °C. '

In the present study, we constructed a Ti-Zr null alloy cell for liquid samples and meas-
ured neutron scatterings from liquid D,O in the temperature range 25 - 200 °C.

2. Experimental

- Liquid D,O (D content 99.95 %) was purchased from Canada Mexrck. The sample was
sealed into a Ti-Zr null alloy cell with the dimension of 8 mm inner diameter, 50 mm height,
and 0.3 mm wall thickness. Neutron scattering measurements were carried out with HIT at

*Present address: Department of Chemistry, Faculty of Science, Fukuoka University, Nanakuma, Jonan-
ku, Fukuoka 214-01
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KEK (National Laboratory for High Energy Physics). The experimental data were corrected
for absorption, multiple scattering, and then normalized to the absolute units by comparing
with scatterings from a vanadium rod.

3. Results and Discussion

Figure 1 shows the structure factor S{Q) at each temperature. There appeared the first
peak around 0.02 pm~!, a hump around 0.04 pm~!, and broad peaks centered at 0.08 and
0.14 pm~! (not shown in the figure). With increasing temperature, the height of the first
peak decreased, but the position of the peak remained practically unchanged. The hump also
decreased with temperature and became flat at 200 °C. This hump has been found to corre-
late with orientational correlation of water molecules in the liquid [3-6]. We analyzed the
$(Q) functions at different temperatures by employing the following nearest-neighbor model.

In the case of randomly oriented water molecules, the total structure factor $(Q) can be
expressed by eq. (1):

- 8(Q) = £1(Q) + fou(@)S00(@)—1] @
Here, f,(Q) denotes the form factor of one water molecule written by

Aboby, sin(Qrop)
534
3<h>?  QOrgp

fi(@) = 1+ - <(A;)2>

p( Q%) 2

26} sin(Qrpp) exp
3<p>2 QOrpp

(- <> gy

with <b> = (by+2bp)/3. f,(Q) represents the form factor for the random orientation,

1
3<h>?

fu(@) =

[ bo+2bp sin(@rop) exp(= =B 52y 3)
Qrop 2

where S50(@) is the oxygen-oxygen structure factor derived from X-ray scattering method.

When N pairs of nearest-neighbor water molecules are orientated as shown in Fig. 2,
the structure factor S{Q) may be written as

5(Q) = 5,(Q) + AS(Q). ' | Q)

The first term corresponds to the structure factor for randomly orientated water molecules.
The second term represents the contribution from N pairs of water molecules orientated as
shown in Fig. 2, and is given by
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b2
A5Q) = N[ £1c(@)~ (/u(@)= 5 =5) Fool@) ), 5)
Here,
Foo(@) = 02r00) (- SCIY> ooy ©
and
_ b, sin(Qr,) _ <(Arp>
1@ = 33 5, e~ <= 0, @

A variety of orientations were tested for the observed §(Q), and the most likely confi-
guration. and the number of nearest-neighbors were obtained, Figure 3 shows the final
results for liquid water at 25 and 200 °C. The experimental ${Q) function at 25 °C was well
reproduced with N=3.0 and the angle ®=37°, whereas at 200 °C a model of N=1.5 and
$=37° gave the best fit. These results indicate that about three normal hydrogen bornds are
formed at room temperature, but with increasing temperature these hydgrogen bonds are gra-
dually broken.

Although the result obtained from the present calculations seems to be reasonable, the
model structure assumed for the orientational configuration of the water molecules (Fig. 2)
may to be too simple to interplete the S(Q) functions over the whole Q range measured at
different temperatures, because the tilted water molecule is not twisted in this model. A
more generalized model structure of orientation of water molecules will be examined to
obtain more reliable information for the positional correlation of water molecules in the
liquid state.

The analysis of the neutron scattering data in the real space is now in progress in terms
of the radial distribution function.
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Structural Analysis of Molten NaSCN and KSCN by The
Neutron Diffraction Method

Toshio Yamaguchi",' Yusuke Tamura, Hirosuke Matsui, Isao Okada,
Hitoshi Ohtaki and Masakatsu Misawat

Department‘of Electronic Chemistry, Tokyo Institute of Technology,
Nagatsuta, Midori-ku, Yokohama 227, Japan
tNational Laboratory for High Energy Physics, Oho-machi,
Tsukuba 305, Japan

1. Introduction

Thiocyanate ion (SCN~) can bind with metal ion viz both sulfur and nitrogen atoms.
Therefore, it seems interesting to investigate the structure of molten NaSCN and KSCN to
see which site can preferably interact with alkaline metal ions in the liquid state. - We also
plan to perform molecular dynamics simulation of molten NaSCN with a rigid SCN moiety,
and thus the reliable structural information on SCN™ ion in the molten system is needed,

In the present study, we measured neutron scattering from molten NaSCN and KSCN to
determine the structure of SCN~ ion in both melts and also to examine the coordination of
SCN- ions to the cations.

2. Experimental

Powder NaSCN and KSCN were dried in a vacuum oven and then sealed in a quartz
tube with the dimension of 10 mnm inner diameter, 50 mm height, and 0.5 mm wall thickness.
Neutron scattering measurements were performed on HIT of the National Laboratory for
High Energy Physics (KEK). The temperature of the samples were (563 1) K and (523
#+1) X for molten NaSCN and KSCN, respectively. The counters for scattered neutrons were
arranged at the scattering angles (20) of 8°, 13°, 23°, 30°, 50°, 90°, and 150°. The experi-
mental data were corrected for absorption, multiple scattering, the Placzek effect, and subse-
quently normalized to the absolute units by a comparison of the scattering of a vanadium rod
with the same dimension.

3. Results and Discussion

The structure factor S(Q) can be defined by

S(Q) = (Zeib) *[(do/d) gy~ S bt +(Zebi)’], ey

*Present address: Department of Chemistry, Faculty of Science, Fukuoka University, Nanakumz, Jonan-
ku, Fukuoka 814-01
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where (do/d(l),,, is the observed differencial cross-section, and Q the scattering vector
(=(4n/\)sind). ¢, and b, denote the mole fraction and the scattering length of the i-th atom,
respectively. The §(Q) is Fourier transformed into the radial distribution function D(r),

D(r) = 4mrpg + 2L fOIS(0)~1sin(@r)dg, @

where p, is the mean density. The resulting $(Q) and D(r) are shown in Figs. 1 and 2,
respectively.

In the D(r) of both melts, peaks appeared at 115 and 165 pm, which are assignable,
respectively, to the C—N and C—S§ interactions within SCN~ ion. The structural parameters
of SCN~ ion were determined by a least-squares fitting procedure, in which the function U

Q max
U= QE [i(Q)ubI_i(Q)ctlc]zs (3)

was minimized. The theoretical structure function i(Q).,;. (= S(Q)—1) can be expressed by

sin(Qru)

Q"u exp(— "thz) . (4)

i(Q)cl.Ic = El'rEj}C.b;b;
Here r,, and 2y, stand for the distance between the - and j-th atoms and the mean square
displacement to r,, respectively. The Q-region used in the fits was 0.09 = Q/pm~! =< 0.30.
The final results are given in Table 1, together with those obtained for crystals by the X-ray
and neutron diffraction methods. The structure of SCN™ is very similar in both melts and is
close to that found in the corresponding crystal structures [1,2]. The C—S§ distance is much

shorter than expected for a single C—S§ bond, while the C—N bond length is close to that of a
triple bond,

In the D(r) of molten NaSCN, three peaks were observed at 243, 283 and 319 pm. The
peak at 243 pm was consistent with the one found for the Na—N contact in the crystal of
NaSCN, thus assinged to be due to the Na—N interaction in the melt. As in the crystal struc-
ture, the peak around 283 pm corresponds to the Na—S interaction. The non-bonding N---S
interaction also contributes in part to this peak.

It has been found that SCN~ ion coordinates to metal ions through the S atom with the
bond angle <S-M:-'N = 38° — 41° (<M~S§~C = 102° — 106°) for Hg*>* and Cd** ions in
H,0 [3] and in DMF [4], while it binds through the N atom with Cd** and Zn?* ions with
the angle <N-M---§ = 17° — 20° (<KM~—-N-C = 145° - 149°) (i.e., almost linear bonding
of M—N—-C-S§) in the same solvents. These types of bonding of SCN~ ion to metal ions
may usually occur due to the electronic structures of the S and N atoms within SCN~ ion.
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Potential minima appear at the positions shown in Fig. 3 around SCN~ ion according to the

ab initio calculations by using the 3-21G basis set [5]. Therefore, we can assume that Na*
ion interacts with SCN~ ion in the melt with a similar manner as shown in Fig. 4. Some Na*

ions can also come to the positions above and below the plane of the picture. If we accept
the local structure of the melt mentioned above, the peaks found in the radial distribution

function curves given in Fig.2 can be reasonably explained as indicated in the figure.

In the D(r) of molten KSCN two peaks appeared at 278 and 315 pm. From a com-
parison between structure data found in crystal and in the melt, the f_ofmer peak was ascribed
to the K—~N contact and the latter to the K—§ interaction. Assignments of the peaks found
in the radial distribution curve (Fig. 2, below) can be made according to the model structure
given in Fig. 4 (below), which is similar to that of the NaSCN melt. Detail discussions on the
coordination structure of SCN- to Na* and K* jons will be examined later by employing

molecular dynamics simulations.
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Table 1 Structures of NaSCN and KSCN in melts and in crystals (distance in pm)

Neutron Neutron Neutron  X-Ray
NaSCN melt crystal¥ | KSCN melt  crystal®
§-C 165 164.3 §-C 163 168.9
C-N 118 117.4 C-N 115 114.9
S-N 283 281.7 §—-N 278 283.8
Na—-N 243 242.2 K-N 278 297.4
Na-S 283 289.1 K-§ 315 327.2
Na-C 319 319.3
<SCN 180 179.1 | <SCN 180 178
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A Neutron Diffraction Study on Molten LiAlCl,
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Department of Chemistry and *Department of Nuclear Engineering
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The AlCl& species is dominant in molten LiAlCl, in the Raman

1)

spectroscopic study °, and the splitting in the anti-symmetric

stretching band is interpreted in terms of the lowering of Ty
synmetry for AlClA. The 27A1 NMR study in AlCI; for molten
LiC1+AlCl; mixture has been reported by using the inversion

2741 spin-

recovery methodz). The temperature dependence of the
lattice relaxation rate is interpreted in terms of the electric
quadrupolar interaction and the rotational motion of AlCl&. The
geometry 6f AlClZ has been investigated by using X-ray diffrac-
3)

tion technique The three partial pair distribution functions

ga1A1’ &a1ct 8nd gpqcy were obtained from the neutron diffraction
measurements using Cl isotope substitution.method4). However,.
the intermolecular structure around Li® in the chloroaluminate
melf is not yet.known. | | |

In this paper, we report the distribution function Gp;(r)
around Li® and the intramolecular parameters of AlCl&. They
were determined from thérobsérved cohéfent differential Stattering
érbsé seétions in molten 6’7LiAlCi# and 7LiA1C14. |

The observed total differential scattering cross section can
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be devided into two parts corresponding to self and interference
terms. The interference term consists of the two contributions;
the intramolecular and intermolecular parts. The intramolecular
interference term, which is the scattering from an isolated

complex ion AlClA can be expressed as

1o o2y 3 Yac
2 “Ric

intra _ _
[do/dﬂ]int = SbAlelexp(

QTpa1c1

2) lSin Qrchl

2 o152
* 12bpqexp( E'LC1C1Q ()
QTcicn
We worked out an expression for the difference ALi between inter-
molecular interference éross—section, scaled by a molecule
7

formulated by LiA1C14, between two melts LiAlCl4 and 6’7LiAlC14;

they were identical in all respects except that the isotopic
state of Li was changed. The difference A;; consists of only

three terms which include Li contributions, i.e.,

B s (Q) = (bf;-b'{)lay;;;(Q)-1] + 2byy (bys-b' ;) [apsay (@) 1]
* 8Dy (b5 ) 8501 (Q)-1] (2)

The Fourier transform of A;;(Q) gives the distribution function

ELi(r) around Li+, i.e.,

- 2 ' 2 Ry -
Gpi(¥) = (or;-b'y ) Mgy 0y (T)-11 + 2by  (by ;b7 )8y 51 (X)-1]
+ 8bgy(byy-b'yi)lepicr(r)-1] (3

The sample was sealed in a quartz sample cell (10 mm in inner
diameter and 0.4 mm in thickness). The pulsed-neutron diffraction

measurement of the two LiAlCl4 melts with difference in isotopic
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state of Li, f(éLi)=O and f(éLi)=0.54, was cafried out at 190+10°C
ﬁsing the high intensity total scattering spectrometer (HIT).

The two internuclear distances r,,.; and Te1c1 and two root
mean square displacements ZAlCl’ and ZClCl for AlClijwere deter-
mined by a least squares fit of eqn(l) to the observed interference
term of molten 6’7LiA1C14, recorded for the ca. 150°, ca. 91° and
ca. 43° detectors, at the high'Q region: rAlCl=2.180iO.008 R,
=0.17£0.01 A.

rC1c1=3°560i0-008-5\, l =0.10%0.01 A, 1

AlCl ClCl
Figures 1(a) and (b) show the intermolecular interference functions
for the two melts 7LiAiCl4 and 6’7LiA1C14 at 26=20.5°. PFigure

1(c) shows the algebraic difference ALi(Q) between 1(a) and (b).
The Li-Cl term in ALi(Q) of eqn(2) is dominant and hence ELi(r)
(see eqn(3)) yielded the distribution of Cl around Li. Figure 2

shows GLi(r)'obtaineﬂ by a Fourier transform of ALi(Q) truncated
g~ Q

at 10 A 1. The large peak located at 2.72 A is assigned to the

nerest neighbour Li---Cl correlation. The coordination number

of C1 atom around Li+ is found to be 7.7.
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Inelasticity Correction for a Time-of-Flight Neutron Diffraction

Data ¢f Heavy Water

Yasuo KAMEDA and Xazuhiko ICHIKAWA

Department of Chemistry, Hokkaido University, Sapporo 060, Japan

In recent years, a great interests for the hydrogen bonded
liquids:has been increasecd. DEspecially, the liguid heavy water
has been widely investigated by many authors from the neutron
diffraction measurements.! ~0) The time-of-~-flight neutron
diffraction tachnigue has a great advantage to determine the
molecular structure in ligquid phase, although the inelasticity
corracktion is much 4difficult for the liguid which contains light
nuclel as hydrogen or Ceutarium. The inelasticity corrections
have been- tried for the neutron diffraction cross sections
measured using the time-of-flicht technique.7"9)

In this paper. we report the inelasticity correction for the
diffraction data of heavy watar obtainsd by using a high
intensity total scattering spectrometer(l Im)10)

The observed total scattering crogss-section can be devided
inte the self and the interference tarms. The self term including

the inelasticity correction can be written as

(d_.)se” 2= 2—3—9[2(1 r)+-rydng  _pdind ]k,-k }

a M dinkly. k dlnk (1)

MF =M;.t-%; expl-;02) }
whare 4ﬁb?: total scarttering cross section of nucleous 1

r : the ratic of the incident and scattered neutron
flight path

£ : detector efificiency

IV-55



138

@ : incident neutron spectrum
ko;k: wave number of incident and scattered neutron
M¥ : effectiva mass of nucleus i for self scattering
&, B : constant calculated by using the molecular

geometry and the vibrational frequenciesqq)

The intramolecular interfasrence term including the inelasticity
correction feor i-j atom valir is expressad as follows

der\intra L sinQr; sm28 [ ¥ ydlng

(, ) Ab = exp(-] [UQ )_l 2A1-rH(- i Kk,

0 .
a lntlj J MU

sinQf
“g—{ﬂilk ke}_r_ll +{1-25)cos QO i]rEEL)J expl-X;Q 2

i ar; (2)

where Mi effective mass for interference scattering

damping factor calculated by using the molecular

geometry and the vibratiocnal frequencies11)

The term of dlng/dlnk was determined by the numerical
derivatives of the scattering data from the vanadium rod, and the
term of d41ln&/dlnk was evaluated by using the absorption
coefficient calculated for 20 atom SHe gas, as shown in figﬂ.12)

Figure 2 shows the self-scattering cross-section calculated
by using egn{1} {(so0lid line) and the measured total differential
scattering cross-section at the scattering angle of 91° (dots).
The charactaristic feature is mainly determined by dln ¢/dln k in
eqn(1). Figurz 3 showsthe bhest fit of egn(2) to the observed
intramoleacular interference cross sections at the scattering
angle of 91° and 150°, resvectively. The parameters obtained

from 150° data and 91°data are the intramolecular bond lengths in
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D,0 molecule, rgp=0.971+£0.003 A ang rpp=1.55+0.02 ﬁ.'The fact
that the parameters are in excellant agreement with the values
obtained from the data for the steady state reactor11), shows the
validity of our in2lasticity correction procedure. Without the
inelasticity correction, the rgn value of 0.943 A for 26 %156 is

too short.
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Structural study of molten KNO5 and (2:1) KNO3-C&(N03)2 mixture by
Neutron Diffraction Method

Seiichi FUKUNAGA, Toshio YAMAGUCHI, Yusuke TAMURA, Osamu ODAWARA,
Isac OKADA, Hitoshi OHTAKI and Masakatsu MISAWA*

Department of Electronic Chemistry, Tokyo Institute of Technology,
Nagatsuta, Midori-ku, Yokohama 227, Japan

*National Laboratory for High Energy Physics, Cho-machi, Tsukuba-gun,
Ibaraki 305, Japan

Structures of molten univalent metal nitrates have been investigated
by Raman and infrared spectroscopy. These measurements have suggested the
presence of specific ionic association between cations and nitrate ions
and formation of quasi-crystalline aggregates. Previously, we reported a
neutron diffraction study on molten LiNO3, RbNO5, AgN03,-and 1:1 mixture
of LiNO4-RbNOg [1], in which the radial distribution function (RDF) of the
molten AgN03 revealed that about four nitrate ions are bound to a Ag¥ as a
monodenate ligand with the shortest Ag-0 distance of 240 pm. Further
structural details of the other melts have been demonstrated by molecular
dynamics simulations in combination with X-ray and neutron diffraction [2].

In the present study, we have measured neutron scattered intensities
from molten KNOg and 2:1 KNO3—Ca(N03)2 mixture in order to determine the
structure of nitrate ions in the melts and also to examine the effect of
divalent CaZt on the structure of the melts.

Commercial KNO5 and Ca(NO3); of reagent grade were used without
further purification, Powder samples were dried in vacuo at about 373 X
for 3 days. KNO3 was sealed in vacuo in a quartz tube with an inner
diameter of 10 mm. 2:1 KNOB—Ca(NO3)2 mixture was prepared by-mixing
required amounts of each nitrate at 650 K and subsequent coocling. The
mixture was sealed into a quartz cell in the same way as for KNOj. Neutron
scattering measurements of these melts were performed at 633 K on the High
Intensity Total scattering spectrometer (HIT). The furnace consisted of
two infrared lamps facing each other on both sides of thé sample cell.

The structure factor S(Q) can be defined by

S(Q)=( I(Q-Z b 2+(Lb)? )/ Ib)?
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where I(Q) is the normalized observed intensity and b; the coherent
scattering length of the i-th nucleus. Experimental S{Q) of both melts are
shown in Fig. 1. The radial distribution function (RDF) is calculated by
the conventional Fourier transform,

Qax

D(r)= 4nrfpo + (2r/m ) [ Q 1(Q) sin(Qr) dQ ,

Qmin
where po denotes the number density, Qg ;, and Q,y the lower and upper
limits of the momentum transfer Q restricted under the experimental
conditions, and i(Q) (= S(Q)~1) the structure function. The RDFs obtained
are depicted in Fig. 2.

The first peak observed at 130 pm corresponds to the expected N-0O
distance within nitrate ion and the second peak around 225 pm is due to
the 0-0 contacts within the nitrate ion. The present results are
consistent with those of molten LiN03, RbNO3,_and mixture of LiN03—RbNO3.
The peak around 250 pm can be ascribed to the K-0 interactions in the
melts from the sum of the effective ionic radius of Xt (133 pm) and the
effective radius of oxygen atom (135 pm). Furthermore, the peak appears in
D(r)s of both KNO3 and KNO3-Ca(NO3), mixture, thus supporting this
assignment, In addition, Ca-0 interaction in the mixture is expected to
appear around 230 pm from the stand point of their ionic radii, so its
peak must overlap with the predominant 0-0 peak at 225 pm. In order to
confirm this, we shall perform a least—squares_fittingAprocedure for S(Q)
values, which is now in progress.

The orientation of nitrate ions and the cations seems difficult to be
determined only from the present neutron diffraction data, since the Mt-N
and Mt-0 peaks found in the RDF are not well resolved. We are planning to
measure X-ray diffraction of the melts and to further perform molecular
dynamics simulations of molten KNO4 and the mixture to examine more

detailed structure of the melts.
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Neutron Diffraction of As-quenched GeZOTe80 Glass near the

Glass-Undercooled Liquid Transition

*
Kazuhiko ICHIKAWA, Yasuo KAMEDA, Quang XU, Takaaki MATSUMOTO ,
*% * &
Masakatsu MISAWA, and Noboru WATANARBE

Department of Chemistry and *Department of Nuclear Engineering,
Hokkaido University, Sapporo 060, Japan
**National Laboratory for High Energy Physics, Oho-Machi,

Tsukuba-gun, Ibaraki 405, Japan

Both semiconducting and metallic glasses are now the most
interesting materials for the topicses on the thermal relaxation
and the microstructure.r During quenching the equilibrium liquid
state is frozen-in under an irreversible process. A relaxation
process towards an equilibrium state occurs with very slow kinetics
at temperatures well below its glass'tfansition temperature Tg‘

A glass-crystal transition takes place, in passing through the
undercooled liquid at temperatures well above Tg. Xu and Ichikawa
of the authors reported the glass-undercooled liquid transition

for the GeZOTe80 glass manifested thermally by an abrupt rise in
heat capacity Cp and by a A-form in thermal diffusivity DT.l’z)
Crystallization of the new phase, which can be easily distinguished
from the normal GeTe/Te crystals, was confirmed by X-ray powder
pattern and reflected light micrograph at the composition 20at.}%
Ge-80attTe suggesting a possible stoichiometry of GeTe4.2’3)

In this paper we report the pulsed-neutron diffraction data

in the glassy GeoneSO alloy at temperatures near the glass-
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undercooled liquid transition and the experimental evidence on
the undercooled liquid-crystal transition.

The samples at the composition 20at% Ge-80at% Te metal at
800°C were quenched in saturated aqueous solutions of NaCl
at ca. -15°C and solidified to the glassy Gey,gTegg. The sample
was sealed in a quartz sample cell (10 mm inner diameter and
0.4 mm thickness).

The pulsed-neutron diffraction measurement of the as-quenched
GeZOTeSO glass at 25°C and 130%10°C just below Tg(=155.7i1.0°C)
using a high-intensity total scattering spectrometer (HIT). |
The measurements of the GeZOTe80 glass were also carried out at
0.5, 1, 1.5 and 2 hour at 190°Cx10°C just above Tg to observe
the experimental evidence for the glass-undercooled liquid-
crystal transition.

The structure factors S(Q) of the glassy Ge,oTegy alloy at
three temperatures are shown in fig. 1. The exposure times -
were 3 hours at 25°C and 130°Cz10°C, and 0.S5hour at 190x10°C.

A first sharp diffraction peak (FSDP) at Qgﬁ'l is observed in
both glass and undercooled liquid%’s%he origin of the anomalous
FSDP is based on the presence of large molecular clusters and

on the medium-range order among the clusters®) Figure 2 shows
the total radial distribution functions RDF(r) obtained by a
Fourier transform of S(Q) truncated at Q=32ﬁ“1. The position

T] of the first peak and the full width at half maximum (FWHM)
were obtained with the aid of a least squares fit of a Gaussian
function to the first peak in the RDF(r); r1=2.683 and FWHM=0.30R
at 25°, 2.68 and 0.34 at 130x10°C and 2.71 and 0.34 at 190+10°C.

Both ry and FWHM have a systematic change from the glass to the
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undercooled liquid. The increase in T, took place under the
glass-undercooled liquid transition.

The time evolution of S(Q) in fig. 3 shows the crystalliza-
tion process of the undercooled liquid Gej;pTegy at 190£10°C.
The neutron diffraction data of S(Q), the measurements of which
were carried out at every 30 minutes, demonstrated the strong
neutron beam and the good efficiency of the‘neutron detectors.
The crystallization of the undercooled liquid was observed when
the 1.5 hour passed at 190+£10°C. Because the many peaks produced
by the Bragg law were measured in S(Q). The peaks were compared
with the diffraction patterns for the crystal which was prepared
from the GeZOTeBO glass heat treated for 93 hours at 215°C§)'the
GeTe crystal and the Te crystal, as shown in fig. 4. The
crystal prepared from the undercooled liquid Ge,,Teg, showed
thé new phase which differs little from a possible stoichiometry

GeTe4.
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Neutron Diffraction of 2812038203 Glass
Hiroshi HASEGAWA, Itaru YASUI

Institute of Industrial Science, University of Tokyo

22-1, Roppongi 7 Chome, Minato-ku, Tokyo 106, Japan

One of the noteworthy properties of Bi203 is high oxygen conduc-
tivity. Among four crystal forms of Bi203. § -phase, the highest tempera-
ture form, shows high oxygen conductivity (10 mho at 800°C). This is
stable in the temperature range higher than 730°C. If this high conduc-
tivity is realized in lower temperature range, wider applications become
possible. There are many studies in this direction1) and it was proved
that addition of some oxides is effective to lower the transition tempera-
ture. The more oxide is added to B1203, the more stable the J-phase
becomes in low temperature range, but the smaller the conductivity of &-
phase, Therefore, it is hoped to form ¢ -phase with as small amount of
added oxide as possible. Rapid quenching method was tried in our labora-
tory and it was proved that crystallines obtained by this method showed
high ionic conductivity and that the glasses of the same compositions show

higher ionic conductivitya)

. To clarify the mechanism of high ionic
conductivity of the glasses, structure analysis of the glasses is
requested, As one of the important added oxides is 8203, X-ray diffraction
analysis of 2B12038203 glass was tried and the structure concerning Bi-
atom was clarified, but that concerning the other component B203 could not
be clarified because of small scattering power of B atom for x-ray
(scattering factors of B, 0, Bi= 5, 8, 83 e.u.). As the structure of the
glass is controlled greatly by B atom, the information concerning B atom
is requested for complete structure analysis. 1In neutron diffraction, the
diffraction power of B atom is comparable with Bi and O atoms (scattering
lengths of B, 0, Bi= 0.54, 0.58, 0.85x10"2cm) and more complete structure
analysis of this glass may be possible. Therefore, a neutron diffraction
measurement of this glass was tried at KEK. This paper reports the

results.

Experimental

Sample was prepared from reagent grade of Bi203 and H3BOB. The
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mixture was melted at about 850°C for 10min. in a Pt—-Rh crucible and
quenched dipping the crucible in water. The density determined by an
Archimedean method was-7.77g/cm3. The flakes smaller than 2mm diameter
were filled 50mm high in a vanadium cell with thickness 0.025mm, diameter
10mm. The neutron diffraction measurement was carried with the total
scattering spectrometer (HIT) installed at the pulsed neutron socurce
(KENS) in KEK. In this measurement, the data at scattering angles 29:150:
91: 511 32: 25 and 14° were used. Signals were accumulated for 15.5
hours., After correction for the absorption and multiple scattering, they
were normalized to S(Q). The normalized data were unified to one S(Q)
connecting suitable parts of data for each detecter as shown in Fig.1,
The S(Q) was converted to RDF by the Fourier transformation, which was
shown in Fig.2 with that from x-ray diffraction. The quality of the data
was not very good, because the glass contains 20% of 10B atoms which have
very high absorption cross-section, 3837x10“240m2, but we judged that it
was possible to carry out more precise structure analysis of the glass

together with x-ray data.

0 ﬁ{\ AN
AARY —
~
a
=
od
=
[aN]
R S T R R TR 1M R P T
Q (A1)
Fig.1 Structure factor of 2Bi,03.B,04 0ISAG § 3 8
glass radius (A)

Fig.2 Radial distribution function of 2BiéDTB203 glass.
Maxima of y-axis are 10 and 10000 in the case of the

RDFs from neutron and x-ray diffraction, respectively.

neutron, === s~--- X—ray

Structure Analysis

The RDF from neutron diffraction is greatly different from that from
x-ray diffraction and it is attributed to the difference of relative
scattering powers of constituent elements between for neutron and for x-

ray diffraction. The RDF from neutron diffraction shows a peak at 1.44
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Fig.3 Structure model derived from Fig.4.3tructure model derived from
6—51203 erystal. B1203.G902 crystal
O3: oxygen @; bismuth ej;boron (O oxygen @; bismuth e; boron

corresponding to the nearest B-0 pair which is invisible in the RDF from
x-ray diffraction. In the range from 2.0 to 2.5A a peak corresponding to
the nearest Bi-0 pair is visible both in the RDF from neutron diffraction
‘and that from x-ray diffraction. In the range greater than 3.54 the RDF
from neutron diffraction shows only a monotonous increasing line with
small jaggedness, while the RDF from x-ray diffraction shows pronounced
peaks at 3.8 and 6.5-84. At longer radius where contributions of many
atomic pairs overlap each other, it is natural that the regularity of the
structure becomes invisible because of the close neutron scattering powers
of constituent elements.
There are several approaches to construct structural models.
1. a model similar to the glass structures of of As or Sb oxide which
belongs to V-group as Bi.
2. a model similar to the structure of Pb0—8203 glass, for a Bi3+ ion has
the same electron structure as a Pb* ion. '
3. models similar to erystals based on B3‘.203
a) a model similar to a-, B-, Y-, S-Bi203 erystals
b} a model similar to BiEO?GeOE or 5120?3102 crystal
The approaches 1 and 2 lead to too bulky models compared with the
observed density and the approach 3 is, therefore, left. Among Bi203
crystals (3-a), B-, Y- and §-phases have a similar structure and C—phase
has somewhat different structure. The structure similar to g-phase is not
appropriate because a Bi atom is coordinated by eight oxygen atoms in this
structure, The structure model deduced from 0-phases (see Fig.3) seems
plausible for the glass has as high ionic conductivity as §-phase. The
calculated RDF of this model really showed good agreement with the
observed RDF from x-ray diffraction, while the agreement with the RDF
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Fig.5 Radial distribution functions for 2B1203.B203 glass.

(a) x-ray diffraction {b) neutron diffraction

observed

~---- calculated for the model deduced from B1203.Ge02 erystal

from neutron diffraction was poor, Another model deduced from 3-b was
examined, This modeliis shown in Fig.4. This model also showed good
agreement with the RPF from x-ray diffraction (see Fig.5-a) but the
agreement with the RDF from neutron diffraction was also poor, although
the agreement was a little improved (see Fig.5-b). These models and other
somewhat different models are now examined., More exact structure analysis

will be carried out after re-measurement by use of 5_enriched sample,
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Structure of Ti-32.44at%Zr Neutron Zero Scattering Ailloy

Toshiharu FUKUNAGA, Shinobu SHIBUYA, Masakatsu MiSAWA®
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The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Sendai 980, Japan
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The phase diagram shown in Fig. 1 indicates that Ti-Zr alloy system is
isomorphous over all concentration range. {f the atomic positions in Ti-Zr
crystal alloys are randomly occupied by Ti and Zr atoms, a neutron 2ero scat-
terin alloy can be easily obtained at the composition of Ti-32.44at%Zr, be-
cause the coherent neutron scattering amplitudes of Ti and Zr atom are -0.3438
and 0.716 x10712 ¢n”1 respectively. This alloy is often used as a sample con-
tainer for neutron scattering experiment. In this paper we repori whether Ti
and Zr atoms are distributed at random or not in this alloy.

Bhatia-Thorntonl? type total structure factor SBT(Q) of a binary alloy is
defined as follows,

SBTCQ)= {<b>Z8,(Q)+2<b> 1| Ab | Syc(D+ADZS(B} /<b2> (D

<bZ>=C4 by 2+Cphp2
<h> =CAbA +CBbB
Ab=1by-bg 1,

where Syy(Q),Syc(Q) and Sce(Q) means the number density-number density,
concentration-concentration and number density-concentration partial structure
factors respectively. C; and b; are the concentration and coherent neutron
scattering amplitude of an i atom in the alloy.

If Ti and Zr atoms are randomly distributed in Ti-32.44at¥Zr neutron
zero sacattering alloy, <b>=0. Therefore, the experimenial structure factor
SBT(Q) exclusively presents the concentration-concentration structure factor
SccC@)/CxCy as follows;
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BT = 2 1¢h2 - -

However, as shown in Fig.2, the small oscitlation of sBT(Q) is observed up to
Q~20 A"l. This result may not show the perfectly random distribution of Ti
and Zr atoms at each lattice position but the existence of a chemical short-
range order something like a concentration fluctuation in the crystal state.

" The reduced radial concentration correlation function Gee(r) defined as
the Fourier transform of S¢(Q), as follows;

o0

Goelr) = (2/7:)50 {Scc{O/C,Cg-1} sin Qr d (3
o

A large negative peak located at r=3.02 A is observed in Gcc(r) as shown-in
Fig.3. This presents Ti-Zr pair correlation because the scattering amplitudes
of Ti and Zr atom are negative and positive respectively. The Ti-Zr crystal
exhibits bcc phase at high temperature and hcp phase at low temperature. The
first nearest neighbor atomic distance in both bcc and hep crystal phases is r
~3.0 A, at which Ti-Ti, Ti-Zr and Zr-Zr pair correlations are located. These
results indicate a little preference for Ti-Zr unlike atom pairs in Ti-Zr
crystal.

In order to express quantatively the concentration fluctuation of Ti-
32.44at%Zr crystal alloy, the Warren chemical shori-range order paramgterz) is
calculated as follows,

a = I'ZAB/CBZ = (I/Z)J’ Fccc(r) dr (4)
ar
0<a<l . preference for like atom neighbors
a=0 . statisticaily random distribution
-CA/CB<cx<0 :+ preference for unlike atom neighbors,

where Z is the total coordination number between the nearest neighbor atoms,
Zyg is the coordination number of B atoms surrounding an A atom and Ar is the
range of the first peak of the radial distribution function.

The Warren chemical short range oder parameter value is @=-0.029 in case
of the first nearest neighbor atoms Z=12 (hcp phase) and «=-0.035 in case of
Z=10 (bcc phase). These a values are close to zero in comparison with the
value of a=-Cy;/Cr;=-0.48 for a completely ordered alloy which prefers unlike
atom in the first nearest neighbor. We may conciude that in spite of the ex-
istence of a little preference of Ti-Zr untike atom pairs Ti and Zr atoms sit-
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Atomic Structure of Ternary (Ti,Zr)83Si17 amorphous alloy
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and Kenji SUZUKI
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Tohoku University, Sendai 980, Jjapan
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Tsukuba-gun ibaraki 305, Japan

Up to date, much investigation has been reported on the atomic structure
of binary metal-metal and metal-metalloid amorphous alloys, that is, the con-
centration dependence of the total structure and the derivation of the partial
structures. However, the structure of a ternary amorphous alloy has been
scarcely studied because of the complexity that the total structure is con-
structed by six partial pair correfations. Many amorphous alloys having
characteristic physical or/and chemical properties, which have not been seen
in the crystal state, are made from more than three components. 1t is neces-
sary to know the atomic structure of the ternary amorphous alloys, since the
characteristic properties of the amorphous alloys may be due to the atomic
arrangements.

In  the present report the structures of Zr-Si and Ti-Si binary amorphous
alloys and that of Ti-Zr-Si ternary amorphous alloy are described. The inter-
est in these amorphous alloys stems mainly from whether the structure of the
ternary amorphous alioy is analogous to a weighted sum of the structures of
two binary amorphous alloys or not.

LrgsSiys and TiggSigq binary and (Ti,Zr)ggSi|7 ternary amorphous alloys
were prepared by means of meit spinning techniaque in an atmosphere of purified
argon. (Ti,Zr) means a Ti-32.44at%Zr neutron zero-scattering alloy. The
measurements of the neutron scattering intensity from these amorphous alloys
were carried out at room temperature in vacuum by using the High Intensity To-
tal scattering spectrometer(HIT).

Figure I shows the Bhatia-Thornton type total structure factor $B7¢Q)’s

of ZrgsSiys and TigsSiy7 binary and (Ti,Zr)gsSiy7 ternary amorphous alloys.
The $BT(Q) of ZrgsSiyy amorphous alloy displays the characteristically high
1st peak and the 2nd peak having a shoulder on high Q side, which have been
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generally found in metal-metalloid amorphous alloys. In TiggSiyq amorphous al-
toy a shoulder of the 1st peak at low Q side of SBT(Q) was observed. These
Bhatia-Thornton type SBT(Q)’s of TiggSiy7 and ZrgsSiys amorphous alloys are
written by the number density-number density correlation SNN(Q),
concentration-concentration correlation See(Q) and its cross term Syc(Q) with
weighting factors as follows,

$7¢0) = 0.3857 Sy(Q) - 2.5322 Sc(0) + 4.6375 Scc(Q), for TigsSip7 (1)
s87(Q) = 0.9751 Syy(Q) + 0.8750 Syc(Q) + 0.1963 Scc(Q), for ZrgsSips (2)

From the above eguations the shoulder located at the low & side of the Ist
peak in TigsSij; amorphous alloy is suggested to be due to S¢e(Q) because the
weighting factor of Scc(Q) of TiggSiy7 amorphous alloy is much larger than
that of ZrgsSijs amorphous alloy.

tin the SBT(Q) of (Ti,Zr)ggSij7 amorphous alloy, no pronounced peak is
observed. The amplitude of the oscillation over all Q range is low in com-
parison with that of TiggSiy7 and ZrggSiys amorphous alloys. A synthesized
~ structure factor S*(Q).of (Ti,Zr)ggSi|;7 ternary amorphous alloy is defined by
the weighted sum of the structure factors of TiggSi|7 and ZrggSiy5 binary
amorphous alloys as follows;

S*(Q) = 0.8756 STi83Si17(Q) + 0.3244 SZP855i15<Q)’ (3

where we assume that SBT(Q) of ZrggSi 5 amorphous alloy is almostly equal to
that of ZrgsSiy7 amorphous alloy.

The synthesized S¥(Q) has a high lst peak with a small shoulder at low Q
side and 2nd peak with a shouider at high Q side, of which feature is much
diffrent from that of SBTCQ) observed for (Ti,Zr)ggSij7 amorphous alloy. We
should be reminded that Ti-Zr pair correfation is neglected in the synthesized
s¥(0). The feature of SBT(L) observed for (Ti,Zr)ggSiy7 amorphous alloy is
analogous to that of Ti-32.44at¥Zr neutron zero scattering alloy presented in
a previous paper. Moreover, $87(Q) of (TiyZr)ggSiq7 amorphous alloy indicates
high scattering intensity at smaller Q region below the 1st peak in comparison
with that of the synihesized S¥(0).

Figure 2 shows the reduced radial distribution function G(r) obtained as
the Fourier transform of SBT(Q)’s shown in Fig.1. The nesative peak located at
r=2.58 A and the positive peak located at r=3.15 A in G(r)> of (Ti,Zr)gsSiq7

amorphous alloy can be assigned to correspond to the Ti-Si and Zr-Si pair cor-
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relations respectively from the comparison of the radial atomic distribution

functions between TiggSijy amorphous alloy and TigSi crystalline compound,
ZrgsSi|5 amorphous alloy and ZrySi crysialline compound. The peak height ratio

N/P between the negative(N) peak and positive(P) peak for the experimentai

G(r> of (Ti,Zr)ggSii7 amorphous alloy is smaller than that for the synthesized
G*(r), although the negative peak for Ti-Zr pair correlation located at r=3.02

A is ignored in the synthesized G¥(r).

These resulis indicate that the atomic positions of Ti and Zr atoms in
(Ti,Zr)83Si17 amorphous alloy are randomiy distributed as like in Ti-
32.44at¥Zr neutron zero scattering alloy, but Si atoms prefer to be combined
with Zr atoms to develop the microscopic scale concentration fluctuation due
to the difference of the chemical bonding force between Si-Ti and Si-Zr atom
pairs in this ternary amorphous alloy. Therefore, it is clearly concliuded that
the atomic siructure of the Ti-Zr-Si ternary amorphous alloy is not analogous
to those of the Ti-Si and Zr-Si binary amorphous alloys hut shows the charac-
teristic ternary atomic arrangement closely related to the physical and chemi-
cal properties.

" Ti-Zr-5i AMORPHOUS ALLOY
5 -
] .10 . . .
Synthesized (Ti,Zr),.Si
83V°17
4 f\ 2 f\ VN e
\/ K g NS =
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Fig. 1. Bhatia-Thornton type structure factor sBT(a)’s of ZrgsSiys, TigsSiqy

binary and (Ti,Zr)833i17 ternary amorphous alloys, and synthesized
structure factor S*(Q) of (Ti,Zr)83Si17 amorphous alloy
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Zr855i15, Ti33Si17 hinary and (Ti,Zr)835117 ternary amorphous alloys,

and synthesized reduced radial distribution function G*(r) of

(Ti,Zr)83Si17 amorphous alloy
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Chemical Atomic Structure of Ternary (Ti,Zr)SOCuso amorphous alloy

Toshiharu FUKUNAGA, Shinobu SHIBUYA, Masakatsu NISAWA*
and Kenji SUZUKI

The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Sendai 980, Japan

% National Laboratory for High Energy Physics, Oho-machi,
Tsukuba-gun [baraki 305, Japan

Recently amorphous alloys are being used to manufacture a wide range of
commercial components and being investigated for many applications. These
amorphous alloys often include more than three different kinds of chemical
species. Such a multi-component amorphous alloy system has been known to be
very stable even in the non-equilibrium state. However, the structural inves-
tigation based on these characteristic properties has not been reported yet,
because of the complexity that six pair correlations are contained even in the
ternery amorphous alloy.

In this paper we report the siructural distinction between metal-metal
binary and metal-metal-metal ternary amorphous alloys. |t is much interesting
to examine how the structure of the ternary amorphous alloy preserves the
characteristics of the structure of the binary amorphous alloy.

TigoCusps ZrsoCusg binary and (Ti,Zr)goCugg ternary amorphous alloys were
prepared by the rapid guenching from the molten state using single roll tech-
nique under Ar gas atmosphere. (Ti,Zr) means Ti-32.44at%Zr neutron zero scat-
tering alloy. The measurement of the neutron scattering intensity from these
amorphous alloys were carried out at room temperature in vacuum by using the
High Intensity Total scattering spectrometer(HIT).

Figure 1 shows the total structure factor S(0)’s of ZrggCusg and TiggCugg
binary and (Ti,Zr)goCusy ternary amorphous alloys ohserved experimentally in
this study, and the synthesized S¥(Q) defined as a weighted sum of S(Q)’'s of
ZrgoCugg and Tigglugg amorphous alloys as follows;

S*(Q) = 0.3284 Sy.500u50¢0) + 0.6756 Stisocus0<D) (1

where Ti-Zr pair correlation is neglected. These structure factors were ob-
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tained by generalized Bhatia-Thornton'definitionl) as follows;

sBTCQ) = 1¢Q)/<p2>
= {<b>25\(@)+2<b> £ b Sy -(1/2) ECb-b %S¢ (DY /<b®> (2)
<h2> = ECibiz
<b> = ECib;

where the Bhatia-Thornton partial structure factors Syy(), Scc(Q) and Sy (D
mean the number density-number density correlation , the concentration-
concentration correlation and its cross term respectively. by and C; are the
coherent neutron scattering ampiitude and the concentration of an i atom
respectively.

[t is interesting to note that the experimental SBT(Q) of (Ti,Zr)ggCusg
amorphous alloy is qualitatively similar to the synthesized S*(Q), which has
the prepeak in the vicinity of 0~2 A™l , the relatively sharp ist peak and
the split 2nd peak, although Ti-Zr pair correlation is completely ignored in
the synthesized S*(Q). However, the small angle scattering intensity observed
in the experimental SBT(Q) of (Ti,Zr)5oCugg amorphous alloy can not be found
in the synthesized S¥(Q).

Figure 2 shows the reduced radial distribution function G(r)’s obtained
as the Fourier transform of SBT(Q)’s shown in Fig. 1. The lst peaks of
ZrsoCugg and TiggCusg amorphous alloys are located at r=2.77 and r=2.47 A
respectively. In the double-headed lst peak in G(r) of (Ti,Zr)gyCugy amorphous
alloy, the splitting corresponds to the Ist peaks in G{(r)’s of ZrgoCugp and
TiggCugg amorphous alloys respectively. However, as shown in Fig. 2, the syn-
thesized G¥(r) has only one peak located at r=2.48 A, in which no peak cor-
responding to the lst peak of ZrsoCugp amorphous alloy is observed. These peak
positions are not affected by Ti-Zr pair corretation because the interatomic
distance between Ti and Zr atoms is 3.02 A. These results may indicate that
the short-range atomic arrangement is changed due to the stronger affinity of
the Cu-Zr pair correlation than other correiations. Such a difference of
chemical bond among constituent atoms in fternary amorphous alloy promotes the
frustration of the chemical atomic arrangemeni and causes the the concentra-
tion fluctuation, which allows us to observe the small angle scattering inten-
sity as shown in Fig. 1.
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Chemical frustration in (Ti,Zr)yCuj.y and (TiyZri.y)g.5Cug.5
ternary amorphous alloys

Toshiharu FUKUNAGA, Masaki ISHII, Masakatsu MISAUA*
and Kenji SUZUKI

The Research Institute for lron, Steel and Other Metals,
Tohoku University, Sendai 980, Japan

¥National Laboratory for High Energy Physics, Oho-machi,
Tsukuba-gun |baraki 305, Japan

For ternary alloys, even the simple discription of their structures in
terms of pair distribution functions requires six independent partial pair
corretations to be determined and detailed investigations are quite difficult.
On the other hand, there is an engineering expectation that some wusefull
knowledge on the amorphous alloy structure willlhe obtained by increasing the
constituent elements in the alloy.

In this study the variation in the structure of the Ti-Zr-Cu ternary
amorphous altoy system with the allioy composition was investigated because
this system provides a wide glass forming composition range.

(Ti,ZF)XCul_x (X=0.3, 0.5, 0.7) and (Tierl_y)0_5CuO_5 (¥=0.33, 0.5,
0.6756) amorphous alfoys were prepared by rapid quenching from the molten
state using single roll technigue under Ar gas atmosphere. (Ti,Zr) means a Ti-
32.44at¥Zr neutron zero scattering alloy. The measurement of the neutron scat-
tering intensity from these amorphous alloys were carried out at room tempera-
ture in vacuum by using the High Intensity Total scattering spectrometer
(HIT).

Figure 1 shows the Bhatia-Thornton type total structure factor $87(Q)’s
of (Ti,ZrdyCuy.y (X=0.3, 0.5, 0.7) ternary amorphous alloys. The s8Tay of
(Ti,Zr)g,3Cug,7 amorphous alley has a prepeak at Q~1.8 A"l, a high 1st peak
and splitting 2nd peak. The amplitudes of thses peaks become smail and the
position of the Ist peak moves to the low @ side with decreasing Cu
concentration. On the contrary, the small angle scattering intensity becomes
larger with decreasing Cu concentration. The $BT(0)’s of (TiyZry-yg.5Cu0.5
amorphous alloys are shown in Fig. 2, of which features are not drastically
changed. MHowever, the small angle scattering intensity becomes larger with
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decreasing Zr concentration.

These results suggest that the concentration fluctuation due to the
rearrangement of constituent atoms in ternary amorphous alloys, as mentioned
in previous papers, is changed with the chemical composition of the alloys.
The variation in the small angle scattering intensity with the alloy con-
centration implies that the concentrated Cu and Zr regions appear in Ti-Zr-Cu
ternary system alloys. Especially, in case of the low concentration of both Zr
and Cu atoms the small angle scattering intensity is remarkable. In case of
the higher concentration of either Zr or Cu atom the small angle scattering
intensity becomes smaller, because the highly concentrated atoms are so widely
spread in all regions of Ti-Zr-Cu amorphous alloy that the concentration fluc-
tuation disappear.

Figures 3 and 4 show the reduced radial distribution function G(r)
defined as the Fourie transform of total SBT(Q)’s shown in Figs. 1 and 2. In
(Ti,Zr)yCuy.y amorphous alloys both of the oscillation and splitting of the
Ist peak in G(r)’s are drastically changed with Cu concentration. The low r
side of ihe 1st peak corresponding to the Cu-Cu pair correlation in Cug gTig 5
binary amorphous alloy decreases in height with increasing Cu concentration.
However, the high r side peak of the split lst peak, which corresponds to the
Cu-Zr pair correlation in Cuy sZrg 5 binary amorphous alloy, remains nearly
constant in all Cu concentrations.

The split lst peak in the G(r) of(Tig g758Zrp.324470.5CUg. 5 amorphous al-
loy changes to the single peak in G(r) of (Tip g3Zry g7)9.5Cup,5 amorphous
alloy. This single peak position corresponds to that of the Cu-Zr pair cor-
relation in Cu-Zr amorphous alloy. |t is much interesting to note that the -af-
finity of the Cu-Zr pair correlation is remarkably strong in Ti-Zr-Cu ternary
amorphous alloys. These results in r space are consistent with the change in
the smat! angle scattering intensity in Q space.

The variation of the composition in terpary amorphous alloys provides
more detailed information of the atomic arrangement. The concentration fluc-
tuation due to the chemical frustration in ternary amorphous alloys occurs ac-
cording to the change in the alloy composition. This chemical frustration
- caused by the difference between the chemical bond strengths of atomic pairs
may be closely connected to reaiize the physical and chemical properties in
ternary amorphous alloys.
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An amorphous SigNy is more uniform than a crystal Sigh; because of no
grain boundary and latiice defect. Therefore, amorphous SigNy films have been
used as a dielectric layer in electronics componenis. Recently the electri-
cally conductive amorphous SigNg-C . SigNg-Ti and SigNz-B composites were
prepared by using chemical vapor deposition(CVD) method. |1 is very interest-
ing to investigate the position of C, Ti and B atom in the structure of amor-
phous SigNg-(C, Ti or B) composites in comparison with that of the amorphous
Si3N4. In this paper the structural difference between the amorphous SigNg
and SigNg-B composite is described.

The amorphous SigNg was prepared by a CVD process, in which SiCI4 vapor,
NHg aas and Ry gas were heated at 700~900 ‘C. For the preparation of the
amophous (Si3N4)-B composite SiClg vapor, NHg gas, Hy gas and Bolg SvolX + Hg
95vol% mixture gas were used as source gases and the deposition temperature
was at 1100 to 1300 C. The amorphous SigNg-B composiie used in this experi-
ment contains 8 atZB atoms. The structures of these amorphous solids were
measured at room temperature in vacuum by using the High Intensiiy Total scat-
tering spectrometer (HIT).

The total structure factor S(Q)’s of the amorphous SigNy and SigNg-B com-
posite are shown in Fig. 1. The oscillations of both S(Q)’s are obseved up to
0~45 A°l. This means the strong bonding between Si and N atom and the high
regularity of the topological short-range atomic arrangement in the amorphous
stale.

Figure 2 shows the enlarged features of S(U)’s in low Q region. 1t is
-very interesting to note that the small angle scattering intensity is observed
in S(0) of amorphous SigNg. but not observed in S(Q) of amorphous SigNg-8
composite. Misawa et al.l) represented previously that the small angle scat-
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tering intensity in amorphous SigNy was caused by voids with average diameters
of about 10 A. This result suggests that the voids observed in amorphous SigNg
are ocuppied by the amorphous BN. However, the small angle scattering inten-
sity is not observed for amorphous SigNg-B composite because of the average
neutron coherent scattering amplitude of amorphous BN (bc=0.733 x 10712 em)
and Sighy (bc=0.713 x 10°!12 cm) are almostly equal each other.

Figures 3 and 4 show the radial distribution functions (RDF) obtained as
the Fourier transform of S(Q)’s for amorphous Sighy and SigNg-B composite. The
truncation Qu,, values are 45, 40, 35 and 30 Al respectively. The Ist peak
located at r=1.74 A represents the Si-N correlation in the amorphous SigNg.
The second peak at r=3.15 A contains both Si-Si and N-N correlations. These

“relations have been reporied by Aiyama et al.?) by the comparison between the
RDF of amorphous SigNy and the atomic configuration of SigNg crystal. In amor-
phous SigNy-B composite a small peak located at r=1.46 A is observed beside
the main peak at r=1.74 A as shown in Fig. 4. The B-N bond length is 1.446 A
in the BN crysta! structure being built of hexagonal layers of the same kind
like graphite. Therefore, it can be concluded that the small peak at r=1.46 A
observed in amorphous SigNy-B composite means B-N bond length in the
amorphous(turbostratic) BN.

The existence of B-N bonding in the amorphous SigNg-B composite has heen
detected by the measurement of xps3?, Moreover, the experimenta! densities of
amorphous SigNg-B have been reported to be in good agreement with the calcu-
lated values represented by the linear combination of the densities of the CVD
amorphous SigNg and BNY). These results reported in previous papers and the
information of the structure in this work clearly indicate that the amorphous
SigNg-B is composed of amorphous SigNg and turbostratic BN.
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It has been found out that as gquenched, annealed and hydrogenated

amorphous alloys revealed a small angle scattering})2)3)4)5) In a previous
work?) we studied the hydrogen atom environment in Al-Y-D amorphous alloys

with a High Intensity Total scattering spectrometer (HIT} installed at KENS.
Small angle scattering appeared gradually with increasing D concentration:
at the Q range from 0.1 to 1 A"l of the structure factors 5(Q} of Al-¥Y-D
amorphous alloys. The intensity of the small angle scattering increased
monotonically with decreasing the values of Q and the pattern of that was
not dependent on alloy composition before absorbing D atoms. According to
the results of the previous works) and a X-ray small angle scattering

N at the Q range from 0.1 to 1 A—l, it was guessed that the

experiment
fluctuation of the D atoms distribution occurred in Al-Y-D amorphous alloys
with absorbing D atoms.

In this study we measure precisely the small angle neutron scattering
3 to 6x107 a™L. mhe

Dx( ¥=0, .25, .70 and 1.07 ) and

for Al-Y-D amorphous alloys at the Q range from 5X10
small angle scatterings for Al
Al

.33%.67
DX( X=0, .30 and .56) amorphous alloys were measured at room

.50%.50
temperature with a Small Angle Neutron scattering spectrometer (SAN) installed
at KENS. Sample preparations were explained in the references 6) and 7) in
detail,

A new and precise information concerned with the small angle scattering
for Al-Y-D amorphous alloys was obtained. The results of the small angle
scattering measurement £for Al-Y-D amorphous alloys are shown in Fig. 1 and

Fig. 2. Independent of the alloy composition and D concentration, the
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intensity monotonically increases towards lower @ at the range from 5I'(10m3

to about 2)(10—2 A_l. This may be due to the fluctuation of the metal atoms
distribution. Furthermore, two peaks appear at the positions of different
values of Q according to the alloy composition before absorbing D atoms.

The peak situates at Q=0.2 A—l in Al amorphous alloy. On the

.§EY.67D1.07
and Al

other hand, those situate at 0=0.03 A in 11\1'503{_50D.30 .SOY.SOD.SG

amorphous alloys. On the basis of the results of the present and previous7)
‘works, the former peak can be regarded as the fluctuation of the D atoms
distributicn. On the contrary, there is a possibility that the latter one
originates from the fluctuation of not simply D but metal atoms distribution.
The small angle scattering curves for Al—Y—ﬁ amorphous alloys are shown
in log=-log scale in Fig. 3 and Fig. 4. The small angle scattering curve for
amorphous alloy deviates slightly from the Q_3 relation at

and Al

Bl 43¥ 6901, 07

the higher @ side of the peak, while those for Al

.50%.50".30 .50%.50",56

amorphcous alloys show clearly that. Moreover, in Al SOY 50D amorphous alloys
the curves of the small angle scattering are close to the Q ° relation at the
2 1

Q range from 10 “ to 10-l A .
More detailed studies of the relation between the small angle scattering
and the fluctuation of the D and metal atoms distribution in Al-Y-D amorphous

alloys are being carried out.
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Small Angle Scattering of Polarized Neutrons

82, .
from‘an Fe65 N135 Invar Alloy

Takayoshi TAKEDA, Shigehiro KOMURA, Toshio MIYAZAKT,

. * *
Yasuo ENDOH and Shin'ichi ITOH

Faculty of Integrated Arts and Sciencesg, Hiroshima University

Hiroshima 730, Japan

*
Department of Physics, Faculty of Science, Tohoku University

Sendai 980, Japan

Qur previous experiment by means of small angle neutron scattering from

Fe_ _Ni__ invar alloy1'2)

6535 has established that there is a magnetic inhomoge-

neous structure inherent to this alloy. In order to account this féct
we have proposed a model3) in which local fluctuation of chemical composi-
tion gives rise to the magnetic inhomogeneous structure; Ni-rich local
regions tend to be ferrcomagnetic and Fe-rich regions paramagnetic. al-
though this model explains well the structure function of the alloy, there
was no direct evidence which supports the correlation of magnetic inhomoge-
neous structure with the fluctuation of the chemical composition. A
small angle scattering experiment at room temperature using polarized
neutrons from Fe6562Ni35 was performed to demonstrate the correlation and
the result suported the proposed model though there was a severe
depolarization of polarized neutrons in the samples4).

In this experiment, we wused the time-of-flight ﬁolarized neutron

5)

spectrometer TOP at KENS and performed the small-angle scattering from

the improved sample. The sample, which had been used in the pfevious
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experiment, were heat-treated in pressure of 1000 kgf/cm2 at 1320 C for one
hour. in order te reduce the depolarization of polarized neutrons in the
sample which is defined by D= 1 - P/PO where PO and P are polarization of
neutrons before and after the traﬂsmission through the sample. The depo-
larization. in the sample was & % for neutron wave length ;\F 33 and 14 %
for ;A_= 9 i at room temperature and it decreases more with in-creasing
temperature T. We measured the small angle scattering cross section |
azs /aG2 (Q) from Fe6562Ni35 with neutron spin up (T) and down (l) and with
the sample magnetization perpendicular to the scattering vector Q@ at the

various temperatues T from 293 to 550 K. From these cross section we

obtaind the following guantities:

axl - az: dZ

dSE sum _-5-{(d53'r * (d(E #} (dfa_dlff Sbb(Q) + Spp(Q)r (1)
a2~ I 0 7 M- VH _ .

(@sub B { 1\ (dQ J/} pr(Q) ' (2)

where (dZ:/dQE)diff is the contribution from the diffuse scattering, Sbb(Q)
and Spp(Q) are nuclear and magnetic structu;e functions,respectively.
pr(Q) is the interference structure function between nuclear and magnetic
scattering; it is defined by the Fourier transform of tpe spacg—correlation

functioen Gbp(;) between the deviations of the nuclear and magnetic

scattering amplitude density Iﬁi(f) and /é%f) from their respective

bp

1 _ -
-t — 3—5
= — — — — = -
Vj(ﬁ(r') /]Z) p(r+r ) @jd rh o (3)

where V is the volume of sample and the integration is performed over the

average values /ﬁi and !/éi The correlation function G, {(r) is given by,
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volume, Since the nuclear scattering amplitudes are bFe = 0.954 x 10-12

_ -12 . 62 .
cm  and bNi(62) = —-0.87 x 10 cm, we exXpect that in F965 N135 the value

of /%(f) - f% at Fe-rich regions is positive and that at Ni-rich regions

is negative. Since in our model we assume that Ni-rich regions are fexro—
magnetic, the forward magnetic scattering amplitudes at 9@ = 0 in the
. _ -12 _ 12 4
regions are p. = 0.755 x 10 cm and Py; = 0.162 x 10 cm, and since Fe-
rich regions are éaramagnetic, Ppe = Pyi = 0 in the regions. Thus it
follows that /C%§) - /<> 0 at Ni-rich regions and (r) - < 0 at Fe-
[P p p P
rich regions, and that Gbp < 0 for small r and pr < 0 for small Q. We

obtained the following results:

The scattering cross section (dzjldgl)sub is negative and its absclute
value gradually decreases with increasing T and vanished at 550 K. This
results supports our previously proposed model. On the other hand, the
cross section (de /dgzgsum increases with increasing T below 450 K and

F-ﬁ )
decreases above 450 K, From the fact that (dzdfdfl) decreases with
sub
increasing T though (dZ:/dga)Sum increases, it is considered that the
paramagnetic regions expand with increasing T and start to cover the Ni-
rich regions( /i(f) - /g < 0} as well as the Fe-rich regions { /ﬁ?ﬁ?) -
/%)> 0 ): the paramagnetic regions which are caused by cooperative phencmena

grow beyond the extent of the fluctuation of the chemical composition,
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Neutron Depolarization Studies on Spin Glass Properties in Feg 7Alg 3%
Setsuo.MITSUDA** and Yasuo.ENDOH

Department of Physics,Tohoku University
Sendai 980

‘Feg.7Alg 3 IS well known to show the re-entrant spin glass behavior(!,2), |t
becomes ferromagnetic below T¢=400 K then superparamagnetic below
Tiny=170 K and finally freezes into spin glass below Tg=90K. Inorderto
understand the magnetic state in the spin glass and superparamagnetic phase of
this system,neutron depolarization measurement was carried out by using
polychromatic polarized neutrons. We have confirmed that our polycrystal
sample shows the similar temperature dependence of magnetization to the
previous datal!,2) by magnetization measurement as shown in fig.1. Note that
phase transition temperatures of this system are very sensitive to the
chemical composition.

The wavelength dependence of polarization transmitted through the disk plate
of Feg 7Alg 3 is shown at severat designated temperatures in fig.2. An
appreciable oscillatory behavior with respect to neutron wavelength was
obserbed except for (A),(B) in the case of Zero Field Cooling (ZF.C.). The
wavelength dependence of polarization P(A ) was fitted to the following
.empirical formula.

P(X )=C 1 +CoEXP[-C3A 2 PXCOS(C 4h+Cs) ()

Temperature dependence of fitted parameters are shown in fig.3. Oscillatory
behavior with respect to neutron wavelength corresponds to the precessing
motion of neutron polarization vector around a steady internal field B(r) over
distance L. Then parameter C4 is expressed following form

L{cm]
CAA™11=463X1072 [ B(r0eldr (2)
0

in the case of ana1ysis(3) based on ferromagnetic domain theory,L gives mean
domain size. Using the saturation magnetization Mg determined by
magnetization measurement at room temperature,L is determined to be nearly
equal to the sample thickness d(0.045 cm). This fact suggests that
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ferromagnetic domain state disappear under the external magnetic field

Hey =100 [O€] and neutron-polarization vector follows local magnetization
adiabatically . Therefore parameter C4 gives field integral over sample
thickness. Damping behavior of oscillation which is characterized by
parameter C3 results from the distribution of C4 with respect to the neutron
beam passage. Inthe case that this distribution is Gaussian ,width AC4 is
expressed by following equation '

AC4=Y 2C3 (3)

As seen in magnetization data (fig.1) ,the difference between Z.F.C and F.C,
processes was also observed in depolarization. At the temperature (A),(B)in
the case of ZF.C. ,depolarization was negligible. The fact strongly supports the
appearence of the glass state where local magnetization disappear by randomly
frozen spin state. On the other hand,C4 becomes finate at the same temperature
(A),(B) in the case of F.C.. This means that spin glass state was broken under

‘the finate external magnetic field.

As shown in fig.2,C4 decreases and AC4 /C4increases as the temperature is
decreased from Tyny . This fact seems to be consistent with the picture (2) in
the temperature range Ty, T>Tg that finate Terromagnetic cluster size is
reduced as decreasing temperature. Note that neutron polarization vector 15 not
affected by paramagnetic reigon surrounding finate ferromagnetic clusters,

Authors thank prof. HYoshizawa and Mr.S.1toh for their helpful discussion.

% A part of Doctor thesis of Setsuo.Mitsuda presented to Department of
physics,Tohoku University

* ¥present address
institute For Solld State Physics,Tokyou University
Roppongi,Minato-ku,Tokyou 106 ,Japan
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Fig.1

Temperature dependence of magnetization of Feg 7Alg 3 at Hey=100 Oe
Inserted mark (A)-(F) represent temperatures at which depolarization

measurement was done.
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Fig.2

Polarization of the neutron beam transmitted through disk plate of Feg 7Alg 3

Polarization

) FC.
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is plotted against the neutron wavelength for several temperatures.

(a)Z.F.C. The sample was cooled to 14 K without the external magnetic field

and measured with the external magnetic field of 100 Oe increasing
temperature. (b) F.C. The sample was measured with the external magnetic
field of 100 Oe cooled from room temperature.
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Temperature dependence of fitted parameters Cy,Cq, AC4/Cy
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Polarized Neutron Studies from CovFerrofluid
Shin'ichi ITOH, Yasuo ENDOH and Roger PYNN

Department of Physics, Tohoku Univ. Sendai 980

Insitut Laue Langevin, Grnoble 38052 Cedex, France

We carried out depolarization measurements of polarized
beams transmitted through the ferrofluid. We developed a method
of the wavelength dependence of depolarization and have
demonstrated that this novel method permits to detect the
fluctuations of magnetization straightforwardlyl). Experimental
details together with description of fundamentals were presented
in the paper by Mitsuda and Endohz), and thus this note reports
another demonstration for application to ferrofluids, Neutron
measurements were performed on the TOP spectrometer and the
supplemental bulk magnetization data were taken with the
vibration magnetometer at Tohoku University. The ferrofluid used
in the present investigation was composed of cobalt particles of
nominally about 100A in diameter in dioctylazelate solvent. The
volume fraction of Co was 3.6%Z.

Typical data of neutron depolarization measurements are
shown in Fig.l and 2. The curve(a) in Fig.l shows the wavelength
dependence of depolarization at foom temberature (300K) under
zero external field. Note that the data are analyzed as the
results of polarizability. For instance, the curve(a) depicts
negligible depolarization within the statistical error.

The curve (b) and (c) are those of 20K in weak external
field of 600e after being cooled at zero field (ZFC) and cooled
at 50000e, respectively. The field upon cooling was applied along
the neutron beam direction, but it was perpendiculer to the
neutron polarization,

The curve(b) shows the exponential decay of polarization
with respect to the wavelength ,which was dinterpreted
successfully in terms of depolarization for superparamagnetic
substances, The experimental curve was eventually fitted to the
following analytical form obtained by a model where superpara-

magnetic particles are randomly oriented and dispersed in the
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solid.
P = exp [-1/3(p+3/2 p°/3 ) ¢%825. 02 1,

where E , d and p are the parameters of particle diameter,
neutron path length and effective volume fraction of Co
particles, respectively. Then we could reproduce the observed
curve by fitting other parameters in the above expression. The
difference between curve(a) and (b) should arise in the
difference of fluctuation time of the magnetization. The super-
paramagnetic particles in the fluid behave just like paramagnetic
at room temperature due to the larger frequency.

Fig.2 depicts a series of measurements upon heating from 20K
to 300K at the interval of 20K after the field cooling. The
polarizadation increases with increase of temperature, but the
larger changes occur around 150K. Correspondingly the results
should tell how induced magnetization by the field cooling
becomes random from the aligned orientation.

Since the wavelength dependencés of polarization can be
represented by exp(- dz‘hz), B should correspond to the

integrated magnetic induction being averaged over particles.
o2 = N/2¢2 By 2¢<8 2>
In the present case, the cooling field was perpendicular to
the neutron polarization, and thus the coefficient B is
postulated to be proportional to the magnetization. Then the

temperature variation of depolarization was related to that of

magnetization.
J-B_L2=4T(MSJ-<COSZG>
M = Ms {cos § >

The origin of thermal change of magnetization will be discussed

in the separate paper.
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Epi-thermal Neutron diffraction of Sm Compounds

H. Fujimoto, K. Ohyama, M. Kohgi, B. Liu, M. Kasaya,
A. Ochiai, T. Suzuki and Y. Masuda™

Physics department, Tohoku University, Sendai 980
*Laboratory for High Energy Physics, Tsukuba, Ibaraki 305

Sm compounds exhibit a variety of magnetic behaviors depending on
the relative positions of the f-levels to the valence or conduction bands as
well as on the magnitude of mixing effect. Some compounds show the
valence fluctuating or dense Kondo like phenomena. Therefore the
determination of their magnetic structures and excitations is of
importance for the study of such phenomena. Unfortunately, natural Sm
contains about 14% of strongly neutron absorbing isotope '495m, and the
experiment by utilizing thermal neutrons is not easy to do. However,
because of the resonace characters of the neutron absorbing cross section,
there are some windows for the neutron scattering experiments at the
epi-thermal energy regions, say, near 0.5 eV and above 1 eV.

We performed the epi-thermal neutron diffraction experiments for
Sm compounds at the PEN spectrometer at KENS, KEK. The spectrometer is
suitable for such measurements because the epi-thermal neutron flux is
relatively high at the pulse neutron source and we can utilize highly
polarized epi-thermal neutrons by employing the dynamically polarized
proton filter method. The details of the spectometer were reported
elsewhere. ")

We report here the results of the experiments on a single crystal of
SmSnz. It has the AuCuz type crystal structure with the lattice
parameter of 4.684A. It exhibits the dense Kondo like behaviors in the
resistivity and susceptibility at low temperatures, and an
antiferromagnetic phase transition occurs near 10K, where the triple
peaks were observed in the specific heat.2)  Therefore, the unambiguous
determination of the magnetic structure and the magnetic moment of a
Sm atom in this material is highly required,
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In order to perform such studies, it is necessary to determine
experimentally the coherent nuclear scattering length b of Sm at the
epi-thermal energy regions, since it may be energy dependent because of
the existence of the strongly absorbing levels and no direct measurement
of it has ever been reported yet. We tried to determine the scattering
length from the measurements of the nuclear Bragg scattering from
SmSn;. The sample has a disk shape of about 13 mm in diameter and
Smm in thickness. The coherent scattering lengths at several neutron
energies above 400 meV were evaluated from the ratios of integrated
intensities of 110 reflections to those of 220 reflections. The ratio at
each energy in the TOF scheme is expressed as

(110)_ (dng)2 |F(110)}2 (b'sm - bsp)? * blsp?

= 4 . : (1)
1(220)  (dgp0)? |F(220)]2 (b5 + 3bgp)? + blgm?

where bl gy, and bl are the real and imaginary part of the coherent
scattering length of Sm, respectively. The coherent scattering length of
Sn is expressed simply by bsp, because it is considered to be a real
number in the energy regions. Since the absorption correction factors
for both reflections are nearly the same in our case, they are omitted in .
Eq.1. We supposed that the extinction effect is also negligible in these
neutron energy regions.

The scattering lengths are expressed theoretically by the
Breit-wigner formula as

b=bl+ipl, @
WidiAn: r ‘(E"E J
BT = by + 55 i9ir0i ‘ni 0f (3)
Ji 4 (E-Egj)? + (I'/2)?
, iAoi /2
biz Z sz GjAoj . - N ' (4) |
777 0 4 (E-Ep)? + (T/2)?

where by corresponds.to the potential scattering, j is the natural
abundance of the j-th isotope, i discriminates the resonance levels for
each isotope, and gl , I' and £q are the resonance absorption
parameters. -

In fig.1, the obtained coherent scattering lengths of natural Sm are
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Fig.1 coherent scattering length of natursal Sm

plotted, where the imaginary part of the scattering length was neglected
in the calculations by the Eq. 1. We also plotted the data at thermal
neutron region from D. W, Engel and 1. F. Koetzled) by triangles. The
solid and broken curves in the figure are the calculated real and
imaginary parts of scattering lengths based on Eqs. 2-4. The value of
by was chosen to be 7.72 fm so as to get best fit to the data. We took
into account the resonance levels at 0.097 eV and 0.872 eV of *95m and
at 8.047 eV of 132Sm. The calculated imaginary part of the scattering
length is negligibly small at the regions where we did measurements. It
indicates that our assumption of neglecting it in the present data
analysis is justified. The agreement between the present values and
the theoretical curve for the real part of the scattering tength is good
within the experimental errors.

Next, we tried to detect the magnetic scattering from SmSnz at a
low temperature, Since it is antiferromagnetic below about 10K, we
scanned around the reciprocal lattice points of (0,0,1/4), (1/4,1/4,0),
(0,0,1/2), (1/2,1/2,0), (1/2,1/2,1/2), (1/2,1/2,1), (1,1,1/2), and
(1/2,1/2,3/2) at SK by using the energy window around 600 meV. The
scan range was about +15% of the reciprocal vectors. Some points were
scanned also at 30K in order to see any difference of neutron counting
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Fig.2 A Typical scan of single crystal of SmSny at SK. Broken curve indicates
an estimated magnetic scattering with Sm moment of 0.7pg.

between below and above the Neel temperature. In Fig.2, we show the
scan around (1/2,1/2,1/2) reciprocal lattice point at 5K as a typical
example. The broken curve indicates an estimated Bragg scattering if
the system has the antiferromagnetic structure of the [1/2,1/2,1/2] type
with the magnetic moment per Sm of 0.7jg, which corresponds to the
full moment of the ground multiplet of Sm3*, and with spin direction
perpendicular to the scattering vector. As shown in this figure, no trace
of magnetic scattering was observed within our experimental accuracy
for all points measured. Therefore, we can conclude that, if SmSns has
an antiferromagnetic structure which gives Bragg scattering at one of
the reciprocal lattice points we scanned, the magnetic moment per Sm
atom should be much smaller than 0.7pg, or that its magnetic structure
is more complex one than those which we scanned.
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Separation of Spin Wave and Elastic Scattering from a Ferromanget FesPt

Measured with a Pulse Neutron Small Angle Scattering Instrument SAN

MIchihiro FURUSAKA, *Akira VOKOSAWA and **Yoshikazu /1SHIKA WA
Physics Department, Tohoku University, Senadal 960

We have been developing @ method to separate spin wave scattering
from elastic scattering using small angle scattering instrument at pulse
neutron source. The basic idea has been introduced in the previous report.!
In this paper, improved calculation method and parameter dependence of
the calculated scattering function were discussed. The result was applied
to the-temperature and magnetic field dependence of scattering in FesPt. It
shows very large small angle scattering, but the origin of the scattering
had not yet been known,

integration path of the instrument for the scattering angle 6 is
expressed as follows. If incident neutron has momentum k; and energy E;,
the relation of q(w:0,k;) and energy transfer hw becomes as,

q(w;e,ki)=ki\/2~%—2Jl—z—w—cose. (N

] 1

Spin wave dispersion relation ﬁwq and scattering cross section S(q,w)
were assumed to be,
2 .
huwg = £, + Dq”, (2)

2

: d ' (3)
1-exp{- fiw /kT} (wq—w)2+(1"q2)2

S(q.w) = Ak k) -

where D Is the spin wave stiffness constant, E, the energy gap, Alk;k;)

*Present address; Toshiba Co., Saiwaiku, Kawasaki, 210.
**Deceased.

IV-107




180

the wavelength dependent constant, and I', the damping factor of the spin
wave. The q dependence of I', was assumed to be I-q2. Small angle
scattering intensity 1(8) was obtained by integrating S(q,w) along the
integration path and convoluted by the instrumental resolution. Therefore,
the scattering intensity (@) is described by three independent parameters;
spin wave stiffness constant D, energy gap Eg and tnverse of life time I'.

The E4 dependence of 1(6) by a function of incident wavelength A is
shown in Fig. 1. As shown in the figure, the A dependence of 1{6) was very
sensitive to the energy gap E4 especially in the small © region ( <0.02rad).
The calculation showed that 1(8) is also sensitive to the parameter D, but
not so sensitive to I'.
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Fig. 1. Energy gap E4 dependence of the spin wave scattering intensity
as a function of .

The A obtained from total time-of-flight is very close to the true
incident A because the incident ftight path is much longer than the
scattering path and the energy transfer is not so large. The elastic
scattering and spin wave scattering could be separated by comparing the
above calculation and A dependent scattering intensity obtained by the
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experiment. In order to check the validity of this method, elastic
scattering from FesPt alloy at room temperature was compared with the
result obtained by triple-axis spectrometer installed at BNL. The
instrument installed at cold source was used to obtain as low q as
possible, and only the elastic scattering was measured . The result was
consistent with our calculation. By this method, we can get scattering
down to very low q ( about 0.06 nm-1), compared with lowest g attained by
the BNL of g > 0.2 nm™".

We have applied this method to the temperature and magnetic field
dependence of scattering from FesPt and spin waves contribution were
subtracted from total scattering. One of the typical results with no
magnetic field was shown in Fig. 2 in logarithmic scale. Spin wave part
was observable only at the high q region of the scattering around I nm™
and It was negligible at lower g (g¢< 0.2~0.3 nm™!). Since the Curie
temperature of this sample is S04K; magnetic critical scattering was
observed as shown by g2 dependence at high q regton (q>0.2nm~") at high
temperature. At lower g region, g4 or higher exponent dependence was
observed. This q~4 dependence is attributed to the scattering from sharp
domain boundaries. [t was shown from a simple model caiculation that if
the size of the domains are not completely random, g dependence becomes

Fe3Pt

p .
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T ] T [ L] ] i T T T LI L
R, ~ \q'4
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Fig. 2. Smal} angle scattering from FezPt with no magnetic field. Spin
wave scattering contribution have been removed. Doted lines showed
the -2 and g-4 dependence,

steeper than g4, as shown in room temperature sample.
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The same analysis has been done for the sample under the magnetic field
(11.6k0e). By applying the magnetic field, the scattering intensity was
uniformly dropped by almost 2 orders of magnitude as shown in Fig. 3. It is
independent of the direction of the applied field. The remaining weak
scattering was mainly attributed to the magnetic critical scattering from the
a2 dependence. Beside this scattering, there remained the g4 dependent

scattering even when the magnetic field of t1.6kOe was supplied at room
temperature.

FeSPt
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Q
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lo- N 1, 1 111

0.01 0.1 q 1.0 ot

Fig. 3. Small angle scattering from Fe Pt with magnetic field, Spin

wave scattering contribution have been removed. Doted 1ine showed
the g2,

These results were compared with TEM studies.?? TEM images from
the sample at room temperature showed normal magnetic domains of the
size of 10um order. Inside the normal magnetic domains, "tweed pattern"
(about 10~20nm) was detected. Deduced from the contrast of defocussing
image, this pattern was attributed to be the modulations of spin direction.
This structure is consistent with our small angle scattering resuits. The
detailed analysis of the present data is in progress.
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Low energy neutron scattering spectra from several amorphous:sclids were
measured by using the LAM-40, The scattering samples are amorphous bulk
polymers, epoxy resin and inorganic amorphous solid, B;03 1v6) . The LAM-40
spectrometer has a useful performance for the measurement of spectral shape
in the energy transfer region from about 0.2 meV to several meV 1, The
spectral shape of elastic scattering has a exceptional sharp rise at left-
hand siede of the elastic peak. In this energy transfer region the S/N ratio
is extreamly good. We found low energy peaks at about 2 meV. In some of
the samples, such peaks were only observed at lower temperatures and the
Lorentzian-like quasielastic peaks having peak centers placed at zero energy
transfer were observed as alternmative ones at higher temperatures. For the

-1 4n the

vitreous germania Leadbetter and Litchinsky found a peak at 13 cm
neutron spectra and assigned the peak to resonance vibrations associated with
structural defects as yet unidentified R

Figure 1 shows the spectra from poly(butadiene) obtained at four temper-
atures from 100 K to 260 K for two scattering angles, 40° and 104°. At
lower temperatures, the intensities on the down-scattering side are evidence
for a low energy broad peak around 2 meV. The spectral shape of broad peak
turns to the ordinary Lorentzian-like quasielastic peak shape as the temper-
ature increases, Similar feature of spectral shape and its dependence om
temperature were observed on poly(isoprene), amorphous poly(ethylene) and
others. Similar results were obtained concerning the evidence of broad

peak on epoxy resin, benzoic acid and Bp03 at ambient temperature 5m6).
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Fig. 1. Typical neutron scattering spectra from poly
(butadiene) measured by the LAM-40 spectrometer.
However, for these samples, the quasielastic peak was not measured. Remark-

able result was obtained for the crystalized poly(ethylene). In this case,

at low temperature, the evidence of broad peak around 2 meV was not observed
2), This fact suggests strongly that the low energy broad peak concerns

the amorphous structure.
The measured scattering in amorphous polymers is then explained by

assuming the return trip motions at lower temperatures and the jumping random

motions at higher temperatures. The incoherent intermediate scattering
function of hydrogen atoms in polymers is given by 7)
N
Iinc(Q,t) = N7! ] <exp{-iQr, (0)}exp{iQrn (£) }>, (1)

n=1

where <...> means the ensemble average and N is the number of hydrogens in

the typical atom groups which have various chain conformations. We assume
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that at low temperatures a typical chain changes itsconformation to other
comformation by the return trip through the intervening potential barrier
and then continues round motions. At higher temperatures the conformation
of the typical chain would be changed to another by the random forces due
to the thermal fluctuations in the surrounding structure and would conduct
consecutive random jump motioms.

A computer simulation calculation for Ii,-(Q,t) were carried out by

using above model. The dynémical variable, exp{iQr,(t)}, was treated in
the classical fashion. We assumed that the variable was approximately
expressed by a cyclic function accompanying fluctuations. Preliminary

results of power spectrum for various ratios of the average return period,
T, amd the average waiting time for fluctuation of period, o', are illustrated
in Fig. 2. From the calculated power spectra and the observed neutrom

spectra we obtained time constants, T, ¢' and the average waiting time of

random forces, o. The preliminary results are given in Table 1.
( i | {
e 4“\\ |
~Z N
t/a=1o0
2 0.5+ 5 =
- 4
2
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REDUCED FREQUENCY @

Fig. 2. The power spectra of return and random motions for wvarious

ratios of average waiting time of fluctuation and return period.
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Table 1. Time constants of return and random motions

T(K) t (10™12gec) o' (107 12gee)™ a (107 12sec)
100 2.1 1.1
260 0.4

* a' is the average waiting time for fluctuations of period.

These results indicate that theremight be low-laying additional excita-

tions due to conformation changes of atom groups in amorphous polymers.

From observed neutron data, for other amorphous solids described above, it

can be concluded that similar situations concerning the . additional exitation

modes also evidently exist.
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A LOW ENERGY PEAK IN BENZOIC ACID CRYSTALS
MEASURED BY NEUTRON SCATTERING

Keisuke KAJI, Soichi HAYASHI, Toshiji KANAYA, and
*
Kazuhiko INCUE

Institute for Chemical Research, Kyoto University,
Uji, 611 Kyoto-fu, Japan
*
Department of Nuclear Engineering, Hokkaido University,

Sapporo, 060 Hokkaido, Japan

The neutron spectra of various amorphous solids in a range of
energy transfer between 0.2 and 10 meV were measured at low
temperatures by using the LAM-40 spectometer. The observed spectra
for all the investigated samples showed a broad peak around a few meV,
which was considered to be characteristic of amorphous solids
including polymers and inorganic glassesl) since crystals did not show
the peak.z) The origin of this peak 1s one of the recent debating
problems in connection with low temperature properties of amorphous
solids.3) We show here that even crystals also give such a low energy
peak if they have local dynamic disorders.

It is known that carboxylic acids form hydrogen-bonded dimers in
the crystalline state where the carboxylic protons transfer between

the two tautomeric structures:

,0—H -=- 0 0 -—= H—O0

C—R == R—C C—R

7\
N
\
Vs
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For benzoic acid crystals the jump freguency of the carboxylic

protons between the two tautomeric positions was estimated to be about
3 x 10105_ at ambient temperature from NMR measurements?) In such a
case where the local dynamic disorders exist it is interesting to know
whether the low energy peak at a few meV as seen in the amorphous
solids appears.

Commercial deuterated benzoic acid crystal powder was solved in
light water, and recrystalliﬁed slowly to obtain the crystals
hydrogenated only in the carboxylic groups (BA-ds). Neutron
scattering measurements of this BA—d5 crystal powder were carried out
with the LAM-40 spectrometer at ambient temperature. The observed
time-of~flight (TOF) spectra at several scattering angles are shown in
Fig. 1. A broad inelastic peak on the left side of the very strong
elastic peak is seen; the peak energy is between 3 and 4 meV.

This suggests that the excitation at a few meV is‘not due to the
fregquency distributions peculiar to the static structures of amorphous
solids, e.g., expected from a fracton models) in which it is assumed
that the amorphous so0lids assume a fractal structure and the

cross—over from phonon to fracton occurs at a characteristic length.
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Fig. 1

Neutron time-of-flight spectra for various scattering angles

from partly deuterated benzoic acid crystals (BA—dS) measured at

ambient temperature with the LAM-40 spectrometer.

V=117




200

Low Energy Excitation Measurement on Epoxy Resin
Masatoshi ARAI , Kazuhiko INOUE*, Toshiji KANAYAX*
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It is well known that non-crystalline materials have universal
properties such as exhibited by the thermal conductivity, having plateau
around 10K, and the specific heat, having contribution proportional to
temperature linearly at low temperature!!+2:3) The thermal properties at
low temperature less than 1K is described with two level-tunneling states
model™S). With using usual kinetic theory we infer that the mean free
path of phonon exhibits a precipitous drop to less than an atomic spacing
above the frequency corresponding to 10K. Thus the usual phonon seems no
longer a satisfactory description of the vibrational properties of the
amorphous systems. , _

recent theories (6:7:8) syggest that the vibrations of a random material
on a sufficiently short length-scale should be described as “fractons”
instead of the more conventional phonons . The theory predicts the
existence of a cross-over frequency at which the vibrations change from
phonon to fracton character.

Inorder to clarify the mechanism of dynamics on random materials, we
have done a series of preliminary inelastic neutron scattering experiment
in LAM-40 at 230, 180, 120, 70 and 10K.

Epoxy-resins are cross-linked amorphous polymers. The large content
of hydrogen makes them ideal candidates for measurements of vibrational
densities of states by incoherent inelastic neutron scattering. The
specimens were in the form of cylinder 80 mm long and 0.15 mm thick,
which is expected to give multiply scattered neutron intensity less than 5
%.

Figure 1 shows a typical examples of measured intensity at 180 K.

In the figures the final energies for each detectors, 20=8, 24, 40, 56, 72,
88 and 104 are shown and the corresponding momentum transfer at
elastic position are 0.21, 0.62, 1.04, 1.39, 1.74, 2,06 and 233 A~!. As you
see in the figure there is a shoulder or sub-peak at about 2 meV
independent to momentum transfer as reported in Ref. 9 and 10.
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The data were analyzed using following equation

dc  Noikf q?
= - exp{ -2W(q) } { b — (N(w) * 1) Z(w)
dQdt  8mMki )

() * 1) of — 0 0
+3 +
M w w2+(q2D)2

Here we take 2(w) =w? and D=w exp(-ER) . The former is description for
usual acoustic phonon and the latter is corresponding to a kind of diffusion
or migration with phonon freguency .

In amorphous materials there would be sites where atoms can tunne!
through a energy barrier at low temperature. At finite temperature a atom
or a group of atoms in a double well potential would migrate to unoccupied
sites with activation energy. And this probability should be proportional
to the frequency of the phonon with which atoms vibrate in the potential (
phonon-assisted migration ). it is natural to consider that there are
distributions in energy gap £ in amorphous materials, at which phonon is
absorbed and turns into migration. Therefore the properties
corresponding to energy transfer fiw reflects the certain energy gap E.

To find the distribution of £ and the fraction factor "a" and “b" for
phonon and migration, a set of data at the same energy transfer having
different momentum- transfer were used to solve the eq. (1) having three
unknown variables, instead of usual fitting.

As you see in Fig. 2 where the observed density of states are displayed
with identical marks and calculated one with lines, the eq. (1) fairly holds
in wide range of energy transfer,

The F1g.3 {a) shows "a", phonon part, and (b) shows "b",
phonon-assisted migration part. The "a" has a plateau less than 2meV and
decrease gradually increasing energy transfer. While the "b" increases
toward 2meV and has plateau above this energy. Here is a cross-over from
phonon character to phonon-assisted migration character at about 2meV.

Phonons pumps up migration and die away gradually at higher energy.
The physical picture on fracton would be a kind of 1ocalized motion of
atoms like migration in a double well potential, absorbing and emitting
phonons. Further measurement is, however, necessary to conclude this
picture using several kinds of amorphous materiails.
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Low energy excitations in semicrystalline and f crystalline
polyethylenes and in amorphous and semicrystalline polystyrenes have been
investigated by neutron inelastic scattering in the energy range below
10 meV at 10 K, Neutron scattering measurements were carried out with the
timé—of—flight (TOE) spectromeﬁer LAM-40 installed at KENS. The Q-range
covered by this spectrometer is 0.2-2.7 A1 and the energy resolution 1is
ca. 100 pueV, The degree’ of crystalinity of the semicrystalline
polyethylene used in this study is less than 44 %. The crystalline
polyethylene has a degree of crystalinity of more than 96 % which was
confirmed by the broad line NMR spectroscopy. The amorphous and
semicrystalline polystyrenes are atactic and isotacfic, respectively, The
former is commercially available and the latter was -synthesized by the
anionic polymerization method using the Ziegler-Natta catalysis and the
degree of‘crystalinity is ca. B0%.

Fig. 1 shows the cbserved TOF spectra of the semicrystalline and
crystalline polyethylenes. An anomalous broad peak is observed at ca. 2.5
meV in the spectrum of the semicrystalline polyethylene. The shape of the
spectra dose not depend on Q. This phenomenon is observed in a number of
disordered materials. such as rubbers and amorphous polymers at low
temperatures below ca. 100 K. 1).2) cross-linked polymers at room
temperatures.3)'4) and inofganic glass5). On the other hand. the
crystalline polyethylene shows no such broad peaks. Therefore. we conclude
that the anormalous broad peak 1is characteristic to- the amorphous

polymers. Both the amorphpus and semicrystalline polystyrenes also show

Iv-122




205

such peaks in the TOF spectra (Fig. 2). The peak for the amorphous
polystyrene is slightly higher in energy and lower in intensity than that
of the semicrystalline one. This may be due to the difference of the
degree of ‘crystalinity between the amorphous and semicrystalline
‘polystyrenes.

The amplitude weighted density of states was calculated from the
observed TOF spectra using the following equation.

o
CI"Gr' ne

)l 2M

= %— (<58 & (ng+1) e N -i-(—@l (1)
where Kk and k' are the wave vectors of the incident and scattered
neutrons. respectively. b is the scattering length of the hydrogen atom, M
its mass. ngtl the Bose-Einstein population factor, and e 2¥ the
Debye-Waller factor. In this calculation, the spectra were normalized by
the total scattering intensity and the energy range for the calculation
vas limited above 0.5 meV to avoide the contamination from the tail of the
elastic peak In Fig. 3. g(w)/w*is plotted for the semicrystalline and
crystalline polyethylenes. It was found that the density of states g(w)
for the crystalline polyethylene (Fig. 3(b)) is proportiocnal to the square
of the energy transfer fiw. This means that g(e) of the crystalline
polyethylene can be described by the Debye theory. On the other hand, g(w)
of the semicrystalline polyethylene has the excess excitations compared
with that of the crystalline one. This phenomenon is strongly related with
the characteristic feature of specific heat of amorphous materials.®)
Then. we calculated specific heat C, for the both polyethylenes and
plotted Cl,/"?'3 as a function of temperature in Fig. 4. The semicrystalline
polyethylene shows the excess specific heat compared with the‘crystalline

one and the peak appears at ca. 6 K in C,/T° vs. T.

1) T. Kanaya et al.. in this report.

2) K. Inoue et al.. in this report.

3) T. Kanaya et al.. in this report.

4) M. Arai. in this report.

5) M. Misawa. in this report.

B) "Amorphous Solids - Low Temperature Properties”, (Topics in Current

Physics 24). ed. W. A. Phillips. Springer Verlag Berlin, 1881.
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FIg. 1. TOF spectra of semicrystailine (a) and crystalline (b) poly-
ethylenes measured by LAM-40 at 10 K (Q=2.3 A~1). Upper curves are
expamded ones by a factor 99. '
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Fig. 2. TOF spectra of amorphous and semicrystalline poly-
styrenes measured by LAM~40 at 10 K (Q=2.1 ALy, (X)) amorphous
polystyrene. (0 ): semicrystalline polystyrene.

Iv-124




10

g(w)/w? {a.u)
wn

0 5 10 15
w {meV)

Fig. 3. Calculated density of states of semicrystalline

(a) and crystalline (b) polyethylenes at 10 X (Q=2.3 A~ ).

In the figure, g(w)/w? is plotted against w.

10 , ,
’3-‘ (a)
o
2l i
d (o)
~ I
>
&)

0 , L l

0 10 ‘ 20 30
T(K)

Fig. 4. Specific heat C, calculated from the density of
states in Fig. 3 for semicrystalline (a) and crystalline (b)
polyethylenes. In the figure, Cy/T3 is plotted against T.
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Phonons in Layered Semiconductor InSe
Kazuaki Imai and Yutaka Abe'
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InSe is one of III-VI layered-type compound semiconduttoré.' The Tayer
'consists of four-fold sheet ofmSe/In/In/Se with’rigid,bonde, and the inter-
layer bondings are those of weak van der Waals type. ;Special_features of the
lattice dynamics of these layer compounds are mainly related to the aniso-
tropy in the interatomic forces.

The purpose of our experiments in KEK is to investigate the phonon distri-
bution function and the anisotropic phonon dispersion in InSe, and this
paper reports the result of our first attempt of neutron scattering experi-
ment in InSe using LAM-D spectrometer. _

At first, in order to obtain global features of the neutron scattering in
our specimens, rather than detailed quantitative investigation, we used the
powder of InSe , which has been annealed at 470 C for 3 days:jn order to
reduce the large strain introduced during the pulverizing process.

Fig. 1. is the primary experimental result of the neutron scattering in
powdered InSe.. Four inelastic peaks, 10, 50, 70, and 200 cm;l, were observed,

In powdered: InSe, the premitive cell includes two layers, and it is
considerd that.the low frequency peak around 10 cn™t is 'due to the E-mode
acoustic phonons. Actually, the folded acoustic E branch has been observed
at 16 cm"1 in the Raman statfering experimentl) The broad peak around
50 cm_1 might be due to the low-energy optical phonens, but its ha}f width
is too large to assign the detailed phonon structure,

There exist ]arge background noise in the scattering spectrum, which indi-
cates further improvement is necessary for the reduction of the background
noise.

We have succeeded to grow a large single crystal of InSe in our laboratory

using the non-stoichiometric Bridgeman methodz). We are now trying to find
the optimum conditions for the neutron scattering experiments with InSe.
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Fig. 1. Spectrum of neutron scéttering in powderéd InSe.

The experiments on cooled specimen will be one of the possible break-through
for the further proceeding of our subject.

We would like to express our gratitude to Prof. K. Inoue and Dr. Nishida
for their kind support for the present experiment.
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On Computer Code, Pulse Performance and Improvement of Tastrument in LAM-80

Kazuhiko INOUE, Koji NISHIDA, Hirokatsu IWASA,
Takashi AKABA and Fujio HIRAGA

Depertment of Nuclear Engineering, Hokkaido University,

Sapporo, 060 Hokkaide, Japan

The LAM-80 1s a high resolution time-of-flight analyser type spectro-
meter having the special feature of a wide energy windowl). To utilize
thoroughly the features of the instrument we devised computer codes for data
analysis, performed detailed measurement of pulse structure of cold neutrons
from the pulsed cold source via guide tube and conducted some improvement of
device. A

The measured spectrum is compared with calculated omne in the data
analysis by using QUESA80 code. The time-~of-flight spectrum of scattered
neutrons is actually expressed as a form of double integréls with respect to
the incident and scattered neutron energies, El and EZ' In QUESA80 code,
however, integration for the time-—of-flight spectrum, n(t,8), is simply

performed as follows

7 (t,6 )=const.f Y(t,e) S(Q#,e)de, (&9

% _
where S(Q ,¢) is the scattering function, e=El*E2, t is the neutron flight

*
time, Q@ 1is the average scattering vector and Y(t,e) is the effective

resolution function given by

Y(t,e)= fO(E+ ¢, tm -2 ) ( "2 U2 pep yag, o)
’ 227 Y IE, B+« 2°""2

Here ¢(E,t) is the neutron flux as a function of energy and time when the
neutoron with enmergy E impinges on the sample at the time t and R(E) is the
resolution 'of analyser.

For data analysis of quasielastic scattering, it is essential that
multiple scattering corrections be assesed as accurately as possible by
considering energy transfer and angular dependency. CYSMUS and K2 codes were

written for the multiple scattering calculations. Details of the data
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analysis method for the LAM-80 are described in other reportsz-4).

Information about meutron pulse structure is necessary to calculate the
effective resolution function, Y(t,e). Figure 1 shows a preliminary data of
“pulse structure of cold neutrons from pulsed source at the outlet of 30 m
guide tube. Figure 2 depicts the spectrum from vanadium and it is used to
confirm the acculacy of the calculated effective resolution function in the
case of e=0. As seen from Eqs. (1) and (2), Y(t,0) has a pulse shape which

equals exactly to the one of elastically scattered neutrons.
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Four analyser mirrors were housed in an evacuated container, which is
capable of rotating so that the scattering angle can be changed. But the
region of scattering angles were somewhat restricted. From the experiences
during the period of operatioms up to now, we felt the necessity of measure-
ments for various scattering angles which might be settled freely and have
small intervals. Then we decided to improve the evacuated container, the
turntable and collimaters. The configulation of the new LAM-80 is illust-

rated in Figure 3. The scattering angles can be selected freely from 10° to
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135°, and S/N ratic is improved.

The choice of lowest scattering angle is restricted.by the spurious
neutrons scattered from the structure of analyser mirror and the cadmium.
inner shield. Figure 4(a) illustrates background spectrum at scattering

angle of 10°, As seen in the figure there is a spurious peak. A background
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spectrum at scattering angle of 11° is shown in Figure 4(b) and then there
is not any spurious signals. The spurious neutrons at scattering angle of 10°
is completely removed by adopting screen and improved collimater. But the

scattering angles smaller than 10° are not feasible.
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The Investigation of Hydrogen Diffusion in V with

Interstitial Traps by Quasielastic Neutron Scattering
Yasuaki SUGIZAKI, Sadae YAMAGUCHI and Kazuhiko INOUE¥*

Department of Nuclear Engineering, Tohoku Univ., Sendai 980

*Department of Nuclear Engineering, Hokkaido Univ., Sapporo 060

Numerous investigations have been demonstrated that the hydrogen
solubility in transition metals and its self-diffusion constant are strongly
change by the presence of small amounts of interstitial impurities. These
observations can be naturally explained by the assumption that impurities
act as trapping centers for the dissolved hydrogen. The influence of traps
is of great technological importance for all problems where hydrogen solu-
bility or hydrogen diffusion play a role, e.g. hydrogen embrittlement,
hydrogen strage, or fusion reactor wall design. Here we report investiga-
tions of .the diffusion of hydrogen in vanadium with oxygen interstitials by
quasielastic neutron scattering. The aim of the investigation is an atomi-
stic understanding of the trapping and its influence on diffusion.

The quasielastic neutron scattering experiments were performed on
three different powder samples, namely (I} VO (IT) VO
and (III) VH

0.02%0.02° 0.040.03

0.03" They were prepared by the reaction between vanadium metals

with or without oxygen impurities and hydrogen gas in a Sievert's type
apparatus. In order to perform reliable background substraction, identical
samples without hydrogen loading were prepared. The quasielastic neutron

scattering spectra were measured by the LAM-40 spectrometer in the wave

number range 0.2<Q< 2.5 Ahl. The spectra of sample (I) were measured for

temperatures between 293 and 473K.

Figure 1 shows quasielastic spectra of VO and VH samples.

0.04"0.03 0.03
The spectrrum of VO0 04HO 03 consists of a broad and a narrow quasielastic

compornent. We interpreted the scattering data, therefore, by a two step

)

diffusion model1 ;5 the hydrogen atoms can be trapped with a mean trapping
time T, in the vicinity of the impurity, while the mean time between trapping

event is denoted by t The scattering function S{Q,w) for the two step

1
diffusion model can be calculated in terms of the self-correlation function

of the "trapped state" and of the "freely diffusing state". This yields:
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_ T,/w leﬂ
$(Q,w) = A—— + (1-A)————— (1)

' r240? 2402
where T';, ', and 4, (1-A) is the widths and the weights of the two compo-
nents in the quasielastic spectrum, respectively. Obviously, S(Q,w) is a
superposition of two Lorentzian-shaped components and their intensities are
related to the thermal population of the two possible "states' of the
diffusing hydrogen.

We anélyzed the scattering data by using a statistical data analysis
technique developed by Inouez). This technique consist of procedures for
curve fitting of the spectra and hypothesis testing of tﬁe scattering model.
An exaﬁple of the analysis is shown in Fig. 1 as the solid lines. The
experimental data can be fitted well to the superposition of two Lorenzian-
shaped components.

Figure 2 present the measured Q-dependence of the half-width of the
broad and narrow components in the quasielastic spectrum for V00_04H0.03.

The Q-dependence for VH is also exhibited in the figure for comparison.

0.03
Detailed analysis of the data at elevated temperature are now in progress.
The preliminary results for two representative temperatures are shown in

Table 1.

Table 1 _
Specimen Temp. I/TO(SGC_I) llrl(sec_l)
VO H 293 K 10.1 Xlolo 8.20 X1010
0.047°0.03 10 10
433 X 40.6 x 10 12.3x 10

V05.04H0.03

From the quasielastic width at small Q, the effectlve diffusion constant

D was determined from the relation: T which can be written

eff broad efo
as

-4 .
D s = 4.7 x10 "exp(-70 meV/kBT).

Obviously the observed Deff is smaller than the self-diffusion coefficient in

the undisterbed lattice.
References
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Quasielastic and Inelastié Scattering by Hydrogen
- in the Ternary Alloy vabl—xHO.Z
C.-K. Loong*
National Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun, Ibaraki-ken, 305, Japan

K. Inoue
Department of Nuclear Engineering
Hokkaido University, Sapporo, 060 Bokkaido, Japan

D. Robinson, C. Stassis, and D. T. Peterson
Ames Laboratory-U. S. DOE, and Departments of Physics
and Materials Science and Engineering
Towa State University, Ames, IA 50011, U. S. A.

The terminal solubility of hydrogen (TSH) in a metal is often found
to increase substantially by alloying with another metal
solute. In -particular, TSH is 1increased by a factor of three from the
pure metal value by the addition of 10 at. X niobium or vanadium. In
Vbel—x (0.25 < x € 0.75) TSH above room temperature is too high to be
measured accurately. Although phenomenological models have been proposed

3)

principles are not well understood.

by several authorsl_ to explain these effects, the underlining physical

The diffusion of hydrogen in this alloy system is also quite
interesting. Recently, measurements4) of the spin-lattice relaxation
times revealed that there may exist different types of hydrogen motion in
these alloys depending on the composition. On the other hand, it is
surprising to find that H diffusion in this system appeared to behave as
a thermally activated process with a single activation energy as

* ' '
Permanent address: Argonne National Laboratory, Argonne, IL 60439
U' Sl AO
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3).

would, in principle, provide more physical insight into the dynamics of

indicated by Arrhenius behavior Measurements by neutron scattering

hydrogen in these materials.

We have studied the motion of hydrogen in the alloy system vabl-xH

(x = 0.1, 0.25, 0.5, 0.75, 0.9; y = 0.2) at ambient and elevated (200° C)
temperatures by neutron scattering techniques (see Table I). The
acoustic phonons and the local mode vibrations (optical phonons) of
‘hydrogen were investigated by inelastic experiments performed on the LAM-
D Crystal-Analyzer Spectrometer. We find (see Fig. 1) an acoustic phonon
band below 25 meV characteristic of the host lattice vibrations. The
local modes center at energies of about 50, 100 and 140 meV. The large
widths associated with the local modes are indicative of a hydrogen
potential influenced by a random distribution of surrounding V and Nb
atoms.

The diffusion of hydrogen in these alloys was studied by
measurements of the quasielastic spectra on the LAM-40 and LAM-80
Spectrometers. We find that the widths of the quasielastic peaks in the
intermediate composition range, 0.25 < x < 0.75, differ significantly
from those in either " the vanadium-rich or niobium-rich composition (see
Fig. 2). The detailed shapes of the spectra are complex probably due to
some intriguing diffusion mechanisms. In many cases experimental data
can be fitted satisfactorily by a scattering function which consists of

two Lorentzians. Detailed data analysis are presently in progress.
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Figure 1.

Time-of-£flight spectra of
Vbel_XHy alloys obtained by
the LAM-D Crystal-Analyzer
Spectrometer. Data have not
the

dependence of

been corrected for
energy

incident neutron spectrum
and detector
They all show an acoustic
phonon band below 25 meV.
The
localized modes
about 50,

They may

efficiency.

hydrides also show
centered at

100 and 140 meV.
correspond to the
vibrations of hydrogen at an

0-site and a T-site formed

by v and Nb atoms
respectively. Data for
NbHO'-31 were obtained by Dr.
Tkeda for a different
experiment.
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Figure 2.
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Examples of time~of-flight spectra for the Vbel—xHO 9
alloys. In many cases the experimental data (circles) can be

fitted satisfactorily by a scattering function (solid lines)
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lines).
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LOCAL MODES AND HYDROGEN
POTENTIALS IN METAL HYDRIDES

SUSUMU IKEDA AND NOBORU WATANABE

National Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun, Ibaraki-ken, 805, Japan

In the previous papers“"l

we determined the anharmonic parameter § to a
decoupled oscillator approximation from the measured energy spectrum of Tt H;
y NbHo 31 , TaHp,; and V Hy,33 and classified their hydrogen potentials into three
types. However this approximation was too simple to express an actual hydrogen
potential. A more exact approach should be to describe the hydrogen motion as
a three-dimentional anharmonic oscillator where the x-, y- and z-motions of the
hydrogen are no longer decoupled. In terms of this realistic model we discuss
the hydrogen potentials in typical metal hydrides of NbHg31 and V Hp.az using
the excitaion energies of the local-mode peaks which were measured by CAT

3
spectrometer. ol

Hydrogen atoms in NbHjp.3; and V Hp.z3 exist at T-site and O-
site, respectively. (Figure 1 shows T-site and O-site) J. Eckert et al. introduced
a novel Hamiltonian for the hydrogen motions in the T-site and discussed the

t4]

anharmonic parameters. Here, we added a Cg,2% term to their formulation

in order to make a good representation of the z-dependence of the hydrogen
potential; we tried to derive the hydrogen potential using the measured excitaion

energies, including the higher orders. The Hamiltonian H can be described as

H=Hy+Hy,

Hy = P¥/2m + mw:X2/2+mw3Y2/2+ mw2Z(2 , and

Hi=eZ(X* -V +fXY2 4+ g(X2+Y?)Z% 4 Ceu( X+ YY)
+ CuzZ* + Ce,2° |

(1)

where wz , wy and w; are the harmonic frequencies and w; = wy is satisfied for.the

T-site. It is straight forward to calculate the excitation energy ¢ (lmn) = E{lmn)
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- E(000), where E(lmn) is the purturbed energy of the vibrational state corre-
sponding to the (lmn) harmonic level. The |, m and n are the quantum numbers
for vibrational excitations in x-, y- and z-motions, respectively. We assumed the
following three conditions regarding hydrogen potential V(x,y,z) and the occupa-
tion : (1) Hydrogen occupays only a Ti-site, (2) V(x, 0, 3.3/4) has a minimum
at the Ty- and Ts-sites and (3) V(0,0,2) has a minimum at the T}-site and a
maximum at the O1- and O;-sites. The parameters in the hydrogen potential of
NbHy.31 were calculated using six experimental values of the excitation energies
listed in Table I (with asterisks). These were assigned by the quantum numbers |,
m and n in the last column. The calculated parameters of the hydrogen potential
in NbHp 31 at 30 K are listed in Table III. Measured excitation energies with no
asterisks should be compared with the excitation energies (! + m +n < 3) calcu-
lated using the derived potential. The calculated values are listed in the second
column of Table I. The agreements with the experimental values are fairly good.
It is remarkable that the values of hw; and kw, are close to each other and are
almost the same as those of T%Hy and ZrH 43 ,121 in which the hydrogen exists
at the T-site of an fcc structure(see Table III). Figure 2 shows four contour maps
of the derived hydrogen potential on the planes of y=0, 0.2, 0.4, 0.6 A. In the
contour map of y=0, we can see the smallest minimum point at the Tj-site, two
minimum points at T3 and T3 as apparent from the initial conditions, and two
saddle points of about 400 meV around 7). The smallest minimum point moves
from the Tj-site to the left(-z-direction) with increasing y and settles on the plane

for z=-0.825 A when y becomes about 0.4 A.

The wave functions 9y,, were expressed by linear combinations of the har-
monic wave function Uy,,; their coefficients were determined in this analysis

as
thooo &~ Wooo — 0.007(To21 — ¥a01) ,

thoo1 ~ Woor — 0.02(W300 — Yoz0) — 0.01(Tozz — Tap2) (2)
and 100 & W00 + 0.03¥30; — 0.007T 1y

where %00, %001 and 100 are wave functions of the ground state, the lower first
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excited state and the higher first excited state, respectively, wooo is almost the
same as the harmonic wave function Wgoq and is approximately isotropic since
wy (= Wy } & wy . Yoo is porlarized only to the z-direction, while 100 is almost

polarized along the x-direction with a small porlarization of z-direction (eq.(2)).

In the case of VHpas , we can put wy; = wy and e = 0 in eq.3 from the
symmetry of the O-site. Similarly we calculated the parameters of the hydro-
gen potential of V Hy sz (see Table III). The calculated values of the excitations
energies are listed in the second column of Table II. The agreements with the
experimental values are also good. Note that the value of Aw, is much differ-
ent from that of Awg, contrary to the case of NbHp 3 . Correspondingly, the
hydrogen potential and the ground-state wave function are highly anisotropic.
Figure 3 shows contour maps of the derived hydrogen potential on the ﬁla.nes
y=0 {Fig.3(a)) and z=0, 0.2, 0.27, 0.29 A (Fig.3(b)). The potential has a narrow
bottom with a steep gradient in the z-direction, but a flat bottom with a modest
slope in the x-y plane (note that the scale of z-axis in Fig.3(a) is enlarged by three
times than that of x-axis). The characteristic feature of the potential shape in
the present work is qualitatively consistent with the deuterium density distribu-
tion in V Dy 51 determined by a neutron diffraction.’™ The density distribution
is localized in z-direction but expands in x- and y-directions with skirts 'covering

the four neighbouring T-sites.™

Contour lines above nearly 300 meV exhibit
small depressions around x=0 (Fig.3(a)). The minimum point of the potential
moves sensitively from O-site onto T-site with ihcréasing z and settles on T-site
when z becomes about 0.27 A. These results may correspond to the interpreta-
tion that hydrogen atoms in bcec metals tend to prefer O-sites to T-sites as the
lattice parameter is reduced and, in particular, vanadium is the borderline in this
respect.'”
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Table I. Measuead and calculated values of local modes of NbHy 31 (30 K).

Experimental Calculated Quantum numbers
value{meV) value(meV) ' {lmn)

115% 115 {001)

160* 160 {100) (010}
220* 220 (002)

271 271 {101) (011)
290 316 (003}

323* 323 (200) (020)
345* 345 (110)

400 372 (102) (012)
450 452 (111)

500 489 (300) (030)
500 508 (210} (120)

Table II. Measuead and calculated values of local modes of ¥ Hg 33 (30 X).

Experimental Calculated Quantum numbers
value{meV) - value(meV) (lmn)
53.5% - ' 53.5 - {100 (010)
128* 128 (200) {020)
150* 150 (110)

220 220 ' (001)

245 224 (210) (120)
245 223 (300) {030)
266* 266 (101} (o11)
380 355 (111)

450* 450 (002)
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Table III. Hydrogen potential parameters.

, NbHos  VHoas TiH, ZrHi 43
hwy (V) 0.147 0.0152 0.148 0.147
huwz(eV) 0.130 0.218 0.148 0.147
e(eV /A% 1.246 '
f(eV/AY) 3077 0.565
gleV/AY)  -4.23 -1.438
Cuz(eV/AY) 1.373 0.002 .

Cee(eV/AY) -3.807  90.032
Cos(eV/A%)  2.272

T"SITE ( NbH031) 0"SITE ( VH033)

Y

=

(q) (b)

Fig. 1. T-site in NbHy 3 (a) and O-site in V Hyss (b).
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Spin Waves in MnP Studied by MAX
Y.Tedate , K.Tajima* . T.Miura* and Y.Ishikawa

Department of Physics, Tohoku University,
Sendai 980, Japan

¥ Department of Physics, Keio University,
Yokohama 223, Japan '

The 3d intermetallic compound MnP is ferromagnetic between
291K and 47K and helimagnetic below 47K, Various experimental
results such as the ratio of saturation moment to effective
paramagnetic moment suggest that MnP exhibits the characteris-
tics of an itinerant electron magnet, In order to investigate
the origin of magnetism in MnP more detail the spin dynamics has
been studied in wide Q,w region,

The measurements of the spin~waves in MnP were carried
out .by MAX at 150K along three principal axes of the
orthorhombic MnP structure ; the scans were performed parallel
to the a,b-axis through (220) point and also to th¢ c-axis
through (022), Examples of neutron spectra obtained are shown
in Fig.1(a) and (b). The spectra are converted to a momentum
transfer scale. Note that each spectra has different energy
transfer scale, _

The increase in the neutron source intensity of KENS allowed
us to insert the Sollar collimators in order to improve the
resolution of the spectrometer, The resolution (SE/E) ,for
example, of the detector of the scattering angle of 40° has been
improved to be 0.18. at 20meV energy transfer which is compared
with SE/E of 0.24 without the collimator.

The spin-wave dispersion relations of MnP have been
calculated assuming Heisenberg-type isctropic exchange
interactions. Four nonequivarent Mn atoms are contained in a
unit cell of the orthorhombie MnP structure. However, for

simplicity, 2-sublattice model has been applied by neglecting a
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small displacement (0.5%Z) of Mn atom along the b-axis. The

dispersion relations of the 2-sublattice model are given as,
fw(q) = 25(J(0)-J(q)) + 28J'(0) * |-25J'(q)],

where J'(q) is the interaction with different sublattice and the
plus and minus sign corresponds to the optical and acoustic
branch respectively. _

The least squares fitting procedure of the dispersions with
experimental results ( including low energy transfer datalhz)
taken by the triple-axis spectrometer TUNS installed at JRR-2 )
was performed under the condition that the weights were put
heavily for lower energy transfer data. As has shown in Fig.,2
the satisfactory agreement between experiments and the
caluculation could not be obtained even though eighth nearest-
neighbour exchange interaction parameters were took into
account, The result suggest that the isotropic Heisenberg model
'is not adequate to the spin waves in MnP and that the
itinerant character of d-electrons may be more important for

understanding the magnetism of MnP.
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Thermoreversible Gelation of the Polystyrene—Carbon Disulfide System.

IT. Neutron Quasielastic Scattering
Yoshinobu TZUMI, Yasuhiro MIYAKE, and Kazuhiko INQUE¥

Department of Polymer Science, Faculty of Science,
#Department of Nuclear Engineering, Faculty of Engineering,

Hokkaido University, Sappore 060

In a previous report®, the dynamic behavior of the gelation of the
atactic polystyrene (aPS)-carbon disulfide (CSa) system has been examined
by neutron quasielastic scattering (NQES) method. It was observed that
the apparent diffusion coefficient diminished according to a power law
Dappm(T—tG)o'g, where te

In the present study, further test of the validity of the above obser-

is the temperature in which Da b is disappeared.

vation has been made by changing the polymer concentration, the sample

thickness and using a high resolution quasielastic neutron spectrometer.
Fig. 1 shows the phase diagram of the aPS(MW=9000, MW/Mn<l.06)—C32

system, Open circles denote the points measured by the conventional

resolution spectrometer (LAM 40), filled circles denote points measured by

the high resolution spectrometer, 300
and half—filled circles denote
points measured by two spectro-
meters. Broken line denotes T SOL //
the gelation curve estimated by 250 [~ E : G;I' -
Ferry—Eldrige equation based on
the data points by Tan et al.? //;% ij
The point Q denotes the multi- 200 | 2 e —
critical point. . /’
Fig. 2 shows the temperature 3, CEL
dependence of the time—vof—flight !
spectra at two different concen- 1504 L" 7]
trations. There is a distinct ' ' Q d
difference among these spectra. o
The spectrum in sol phase like. i [ {
0 10 20 30

No. 6 is a typical one for a diff- c(g/100 ml)

usive mode, where the central peak Fig. 1. Phase diagram of aPS(MW=9000,

exhibits a clear broadening as the Mﬁ/Mﬁ<l-06)"C52 system.
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scattering angle increases. On the other hand, the diffusive mode rapid-
ly decreases in gel phase, such as Nes., 11, 13 and 14.

Analyzing the whole spectra of energy spectrum of scattered neutron,
the dynamic behavior of the gelation of polystyrene solution is studied.
As we used CS: as the solvent, most part of the scattering intensity from
the solution can be regarded as due to the proton incoherent scattering in

polystyrene. The scattering law is then approximated using two Lorentzians,
2 2 2 2
8 nc (B8, T (1) / (W*+T () *)+8, T () / (w*+T, (q)*) }/m,

where Ih(q) and Pb(q) are the half of the full width at half maximum of the
Lorentzian for the diffusive mode of local motion in a polystyrene chain
and one for low energy components of the inelastic spectrum, respectively.
ﬁd and 6b are these fractions. The detailed analysis of the data of the

present system using above scattering law is now in progress.
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Fig. 2.

Temperature dependence of time—of—flight spectra from
aPS—CS, solution at two different concentrations.
(a) 25g/100ml, (b} 31g/100ml.
Nos. in Fig. 2 represent those in Fig. 1.
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Thermoreversible Gelation of the Polystyrene—Carbon Disulfide System.
III. Small Angle Neutron Scattering

Yoshinobu IZUMI, Yasuhiro MIYAKE, Michihiro FURUSAKA¥,
Hidekazu KUMANO¥¥ and Kimio KURITA*#*

Department of Polymer Science, Faculty of Science,

Hokkaido University, Sapporo 060

¥Department of Physics, Faculty of Science,
Tohoku University, Sendai 980

#¥Faculty of Science and Technclogy, Nihon University,
Chiyoda—ku, Tokyc 100

Small angle neutron scattering measurement from the atactic polystyrene
(aPS)—carbon disulfide (CS;) system has been paid an attention in conjunction
with gelation and multicritical phenomena at a low temperature. The muitd-
critical point is defined as a point, in which the gelation curve meets the
phase separation curve at the critical comsclute point. Previous scatter-
ing results showed that an unusual scattering exponent was obtained, when
the system was approached the critical point along the critical isochore®,
As the exponent value obtained has not been predicted by any existing theory,
further test of the above observation has been desired. For this aim,
scattering experiments have been made by extending it to lower values of the
scattering vector Q and by changing the molecular weight of aPS. At the
same time, the effect of the thermal history on the gelation process has
also been studied.

The experiments were carried out at the KENS—SAN instrument at KEKZ,
The scattering data represent the excess scattering intensity of aPS—CS»
solution agailnst the scolvent after their transmission corrections. The
sample studied possesses the weight concentration of 5.43%. The gelation
temperature corresponded to this concentration was 254,5K.

Fig. 1 shows the Q—dependence of the scattered intensity at various
temperatures during gelation, in a double log presentation, whose results
are consistent with previous results®, Contrary to the previous results on

the phase diagram®, the system is not fully reversible, as shown in Fig, 1
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(2) and (b). Furthermore, the scattering curve at 300K is represented by
the Ornstein—Zernike equation, A representation of the all scattering data
in a Guinier plet (log I vs Q*®) indicates that there is no simple character-
istic length scale to be deduced from the data and scattering curves of this
‘kind are often analyzed as the scattering from a hypothetical distribution
of particles®, This approach can be used to represent the present data,
but the parameters derived in this fashion do not have any microscopic
significance. Instead, we first try to analyze the scattering data by
assuming the scattering law from a polydisperse fractals?®, We next try to
analyze the data by a branching theory® in conjunction with gelation which
is suggested by the Kratky plot as shown in Fig. 2. The detailed analysis

of the present data along these lines is now in progress.
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Fig. 1. The scattering curve as a function of Q for wvarious
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(b)
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Fig. 2. Kratky plot for various tempeératures.
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Early Stages of Phase Separation in Critical Concentration alloy FegoCrey
Studied by Small Angle Neutron Scattering

Michihiro FURUSAKA and Sadae YAMAGUCH!'

department of Physics, Tohoku University, Sendal 980
Y Department of Nuclear Engineering, Tohoku University, Sendar 980

Phase separation processes in alloys has been studied extensively by
X-rays and neutron scattering methods in past ten years. Recently, it has
been discovered that the phase separation process in o/7-critical
concentration sample is divided into two stages, namely, the early stages
and the late stages by the small angel neutron scattering study.!- 2 The
very early stages are characterized by the q™2 dependence of scattering
function 1(q) at high q side, which reflects the abnormally enhanced
thermal fluctuations. This g dependence is not explained by the linear
theory of Cahn, but well explained by the nontinear theory of Langer,
Bar-on and Miller (LBM).3) At the late stages, when the seif similarity of
the domain shapes are established,¥ the scattering function shows q™4-
dependence at high q caused by the domain boundaries.

In the case of ¢ritica/ concentration samples, it is still unknown
whether the same results hold or not. Some researchers expected to obtain
the linear behavior predicted by Cahn at very early stages of phase
separation, if it has critical concentration. From experimental view, there
are only two alloys, AlZn and FeCr, which are suitable for the study of the
mechanism of phase separation processes. The other alloys have relatively
large elastic strain, therefore, not suitable for this purpose. In a case of
critical concentration AlZn (Al Zns¢), 1t cannot be quenched rapidly
enough to avoid phase separation while quenching sample. The only
exception i1s FegyCrgq alloy. Although, this sample has ¢ phase around this
concentration, there was no indication of ¢ precipitations in our results.
Therefore, we performed an experiment with the aritical concentration
sampte Feg,Crgy,.

The sample was made from 99.995% iron and 99.999% chromium,
melied several times in an arc furnace to avoid inhomogeneities. It was
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homogeneized at 1000°C for about a day, and quenched into iced water. It
was then annealed in the melted tin bath at 515°C and 540°C, followed
also by quenching into iced water. The annealing time was ranging from 5
to 100 minutes.

Smali angle neutron'scattering experiment was performed at room
temperature with SAN at KENS. Typical measuring time was about an hour.
This is rather long because we were interested in high g regions where the
scattering was very weak.

The time evolutions of scattering intensity thus obtained at very
early stages were shown in Fig.~l. The scattering function of FegyCrs,
seemed Lo be almost identical to the FegoCryo and Fe,,Crs,, if they were
scaled by peak positions. However, some differences existed as follows,
(1) time evolution of scattering intensity was rather siow, in conjunction
with the slow diffusion rate of this sampie compared with the other
samples, (ii) peak positions were at lower q side than the other samples.

3.00 -]

Intensity
™~
=
=
|
L

1.08 - —

0. 00 ' * '
0. 000 2. 150 0,300 0.450 0. 600

Fig. 1. Time evolution of scattering intensity from FesyCre,
critical concentration alloy annealed at 340°C. Annealing times were,
as guenced, 5, 10,195, 20, 30, 40, 50, 60, 80 and 100 minutes.

The above results are explained qualitatively by the theory of LBM as
follows. LBM scaled free energy f(X) as,3
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ke T X
Ty O(—
a3 ¢ X

1(X) = ), (1)

S

where a is the coarse grain length, ¢ is a dimensionless function, f, is a
constant defined by the normatization of ¢, and X, X5 are scaled
concentration and critical concentration. If fy is small, i.e. the potential
well i5 “shaliow”, thermal fiuctuation term which leads to the q™2
behavior at high q plays an important role. The concentration dependence
of the thermal fluctuation term is expected to be small if f, is small.
Therefore, concentration dependence of the time evolutions of the
scattering intensity must aiso be small.

In the case of FeCr sample, f, is expected to be small deduced from
the flat shaped miscibility gap. Therefore, the above argument might hold
for this sample. in opposite to the FeCr alloy, AlZn has larger f, value. In
such a case, thermal fluctuation terms becomes less dominant. The system
enters quickly into the late stages when the scaling law [ F(q) e ¢3- 1(q) ]
holds.® This behavior was observed as 1(q) e q~9 behavior at high g in our
experiments, The theory of LBM did not hold at these late stages.

To summarize, the time evolution of scattering intensity from
critical concentration sample ( FegoCrs, ) Was measured. We observed the
1(q) « g2 behavior at high q side of the scattering function. It was almost
identical to the scattering function of off critical concentration sample
FegoCrap and Fe,oCrsg, if we scale g with a peak position. The result was
well expiained by the theory of LBM, indicating that the parameter {, to be
small. -
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Localized Motions of Polymers above Melting Temperatures

Kazuhiko INOUE, Keisuke RAJI™, Toshiji KANAYA®,
Koji NISHIDA and Ryozo KITAMARU*

Depertment of Nuclear Engineering, Hokkaido Unmiversity,
Sapporo, 060 Hokkaido, Japan

# Institute for Chemical Research, Kyoto University,

Uji, 611 Kyoto-fu, Japan

The quasielastic neutron spectra of poly(butadiene), poly(chloroprene),
poly(isobutylene) and poly(ethylene) were measured at temperatures above
melting points (Tm) by using the LAM-80 spectrometer 1), The dimensions of
these gamples (PB, PC, PIB and PE) were 13.5 mm diameter with 0.15~0.2 mm
thickness and 60 mm height. The samples were heated by electric heater and
the temperature was controled with accuraéy of + 0.2°C. The spectra are
shown in Fig. 1 v 4, The sample temperatures are writtem in the figures.
As seen from Fig. 4, an exceptional result is the Q-dependence of central
peak intensity in the spectra of PE, which drops much steeper than the Q-
dependences in the cases of remaining three polymers.  For the sake of
comparison, Fig.5 illustrates spectra of four polymers which are normalized
for péak intensities at scattering angle 135° in PB, PC and PIB and at .35°
in PE. In PB, PC and PIB, sharp central peaks are definitely revealed in
the spectra at maximum Q—#alue (2.9 R‘l). Situation in PE is similar to
these three polymers only for smaller Q-region.

The translational diffusion coefficient can be immediately estimated

by relationship 2),

D v D,N72, 9
The factor D, should be comparable with the diffusion coefficient in a liqudid
of monomers and N is the degree of polymerization which is large number in

present case. Thus D is expected to be very small. At extremely small

Q-values, the corresponding quasielastic peak width should be AE »= 25Q%D.
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Experimental neutron spectra from (1) poly(butadiene),
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Numerical estimates of the peak width lead to values much smaller than the
resolution of spectrometer, even if we assume Q% dependence for the region

-]
where Q is 1 ~ 2 A=l Then, for the present measurements, quasielastic
peak concerning the translational diffusion might pe revealed as a peak of

which shape is the resolution functiom.

We assume the incoherent intermediate scattering funetion as a product

of intermediate scattering functions,

Linc(Q,t) = 1(t¥2)(q,£).1{100) (q, 1) . 1(vib) (q, 1), (2)

where (tra), (loc) and (vib) mean the translational diffusion, the localized
random motions and the vibrations, respectively. According to above dis-

cussion we expect I(tra)(Q,t) vl For small energy quasielstic scattering

I(Vib)(Q,t) = g=2W might be reasounable. The incoherent scattering funetion

of localized random motions is given by 3)
s(102) (Q,u) = A(Q)6(w) + 5" (Q,w), - | (3)

where S'(Q,w) represents quasielastic component having finite peak width.

Under this compbsit spectrum assumption, we conducted curve fitting for
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the scattered spectrum from poly(butadiene) at 135° -scattering angle at 80°C
sample temperature. - Assumed cross section'wés;composed of the d-function
and two broad quasielstic components. A preliﬁinary result is shown in
Fig. 6 and fitting is satisfactorily well.

From above analysis, we can conclude that the measured spectra of' PB,
PC, PIR and PE contain very narrow peak compounents of translatiomal. ... .
diffusion, and the peak width of these components cannot be measured by the
LAM-80. .. These data also confirm the existense of two localized random -
modes other than the translational diffusion. For this peint.a explanatory
picture of two modes is as follows. A mode with short time constant
exists below and .above Tm, and.the second mode with relatively long time
constant appears above Tm. The former mode relates to the transverse
freedom around polymer chain, and the latter to the logitudinal freedom -
along polymer chain. Concerning the steep intensity drop of central sharp
peak component in PE, the coefficient A(Q) in Eq.(3) will suddenly decreases
as Q increases because of the large flexibility of PE. . ‘We are now perform-—
ing systematic measurements and detailed analysis, and the results will be

reported elsewhere.
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Temperature Dependence of Neutron Quasielastic Scattering

Spectra of Some Rubber Polymers
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Neutron quasielastic scattering from some rubber polymers
(cis-1.4-polybutadiene {(FB). cis-1.4-polyisoprene (PI) cis-1.4-
polychloroprene (PC), and polyiscbutyrene (PIB)) were measured in the wide
temperature range from 50 K to 450 K. All the measurements were carried
out with the inverted geometry time-of-flight (TOF) spectrometer 1AM-40
coupled with the pulsed spallation cold neutron source at KENS.

The observed TOF spectra at various temperatures are shown for PIB in
Fig. 1. The spectra at high temperatures (for example. above 350 K for
PIB) can be represented by the sum of the two Lorentzians. In this

!temperature range. we can get a lot of information about local fluctuation
motions in rubber polymers by analysing the spectra.l? As the temperature
decreases. the shape of the spectra gradually deviates from the Lorentzian
and finally an anomalous broad peak apperars at 2-3 meV below a certain
temperature. This temperature is slightly different for each polymer, for
example., ca. 220 K for PIB. The spectra for all the rubber polymers vary
with temperature in the similar manner. We calculated TOF spectra on the
basis of the generalized Mori-Langevin equationz) and fitted to the
observed TOF spectra using the computer code QUESAdO.S) The results are
shown in Fig. 2 for PB-at various temperatures. It was found that the
change of the spectra can be phenomerogically described in terms of the
generalized Mori-Langevin equation. It means that the stochastic process
for the local motions in these polymers is not described as a Markov
process but by a non-Markov one. As regards the anomalous peak at 2-3 meV
in the low temperature range. we observed the similar phenomena in some
disordered materials.4)-8) These low energy excitations are related with

the anomalous thermal properties of disordered materials at low
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In "conclusion, it is noted that polymer is one of the best materials

to investigate characteristic properties of amorphous materials.
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Fig. 2. Results of curve fitting for
PB on the basis of the generalized
Mori-Langevin equation by using

QUESA40.
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NEUTRON QUESTELASTIC SCATTERING
FROM ATACTIC POLYSTYRENE

T.ISHIDA. T.KANAYA. K.KAJI. R.KITAMARU. K. INOUE*

Institute for Chemical Research. Kyoto University.
Uji. Kycto-fu Bit
+Department of Nuclear Engineering. Hokkaido University.

Sapporo 080

We have been investigating local motions . in the amorphous regions of
rubber polymers by neutron quasielastic scattering(NQS). D In this study.
we intended to separate the motion in. the main chain and that in the side
chain and to explore the effects of the glass transition to the motions. We
carried out NQS experiments on amorphous atactic polystyrene with the
spectrometer LAM-40 2 above and below the glass transition temperature
(Tgyica.80 °C). Thé energym}ésoiution of this ébeéikdmeter is ca. 100 peV.
In order to distinguish the motions in the main chain from those in the
side chain (phenyl group).we prepared hydrogenated polystyrene (PS-h8) and
partially deuterated polystyrene (PS-d5) where only the phenyl side groups
were selectively deuterated. In the latter . we observe only the motions of
main chain. because hydrogen atoms have large incoherent scattering
cross-section compared with deuterium and carbon atoms: Figs.1 and 2 show
the observed time-of-flight (TOF} spectra fér PS-h8 and PS-d5 at 120°C,
respectively. These spectra were analyzed by using the computer code
QUESA40 ¥'. It is found that the sum of the three Lorentzian functions
give the best fit between the observed and the calculated spectra. In this
calculation. however. the width of the narrowest component is fixed because
the width is almost the same as that of the resolution function of LAM-40
spectrometer so that we can not évaluate it précisely. Fig.3 shows the
evaluated full widths at half-maximum (FWHM)'of the two broad components

(Gy. G2) as a function of temperature . There is no difference between the
FWHM of PS-h8 and PS-d5. This means that in the time reasion investigated
in the present work (107''~107" sec) the main chain and the side chain
have same relaxation time. The FWHM of PS-h8 and PS-dS are independent of
temperature. This ﬁempefature dependence suggests that these motions for

G and G- may be fluctuations within the potential wells.
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Neutron Inelastic and Quasielastic Scattering from Cross-=linked

Polybutadiene

Toshiji KANAYA,2, Keisuke KAJI,2
Kazuhiko INOUE.bP and Ryozo KITAMARU @

a) Institute for Chemical Research. Kyoto University. Kyoto 611, Japan
b} Department of Nuclear Engineering, Hokkaido University, Sapporo 080,
Japan

We reported!) that a broad peak related to the ecross-linking was
observed at ca. 350 em~! in the density of phonon states for cross-linked
polymers. such as vulcanized polyisoprene (PI) and y-ray irradiated
polybutadiene (FB). In the previous experiment, however, the degree of
cross-linking fdr y-ray irradiated PB was very low. so that the peak
intensity was insufficient. In this work. we therefore prepared the FB
with a high degree of cross-linking by irradiating CoB0 y-ray ({272 Mrad)
and confirm such a peak more clearly. The measurements of the density of
.phonon states were made by the spectrometer LAM-D. In addition. we carried

: out neutron quasielastic scattering experiments on the same cross-linked
PB by using the LAM-40 and LAM-80 spectrometers. Both are the
time-of-flight (TOF) spectrometers with crystal analyzer mirrors. The
energy resolution of the former is ca. 100 peV and that of the latter is
ca. 10 ueV.

Fig. 1(a) shows the observed TOF spectum of the cross-linked PB. In
the spectrum of the cross-linked PB, we can clearly see the broad peak at
350 em~!, On the other hand. such a peak is absent in the unirradiated
PB1) as shown in Fig. 1(b). Therefore. ve conclude that this peak is
attributable to the cross-linking.

Quasielestic scattering spectra of the cross-linked PB measured by
[LAM-40 at room temperature are shwon in Fig. 2(a). No quasielastic
brdadening is observed in the central component in the spectra of the
cross-linked PB, while the unirradiated PB shows the quasieleastic
broadening at the same temperature (Fig. 2(b)).2) This was also confirmed
from the measurement of quasielastic scattering with the high resolution
spectrometer [AM-80 (see Fig. 3). The full-width at half-maximun (FWHM)
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obtained from the spectra measured by LAM-80 are plotted for the
cross-linked PB and the unirradiated PB in Fig. 4 as a function of Q. This
result indicates that local motions in PB are strongly suppressed by the
_ cross-linking. In the expanded spéctra of the cross-linked PB measurédiby
LAM-40 (upper curve in Fig. 2(a)). a broad inelastic peak can be found at
ca. 1 meV. This peak is very similar to the anomalous broad peaks observed
in some amorphous polymers in low tempertures. 3)-D) Less mobility of the
segments of the cross-linked PB may make it poésible to observe the
anomalous peak even in room temperature., This méy be supported by the fact
that the broad peak at ca. 2 meV is observed in epoxy resin at room
temperature.s)

1 K. Inoue. T. Kanaya. K. Kaji. and R. Kitamaru. KENS  Report, 5, 162

(1984,
2) T. Kanaya. K. Kaji. R. Kitamaru and K. Inoue. KENS Report. 4. 125
(1283).
3) K. Inoue et al..in this report.
4) T. Kanaya et al..in this report.
5y T. Kanaya et al..in this report.
B) M. Arai. in this report.
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Fig. 1. TOF sPectra of cross- linked (a) and unirradiated (b) poly-
butadlenes measured by LAM-D at room temperature.
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Fig. 2. TOF spectra of cross-linked (a) and unirradiated (b) poly-
butadienes measured by LAM-40 at room temperature (scattering angle = 88°).
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respectively.
=10 PEAK COUNTS=B22
(a)
» L]
w . *
b o .
alf9=40 N
[+'4 ')
< "
w .,
z -
-~ A .
- K S
& et N
=10:=80° i
;; .
[»4 .
- LI
o S
" . ',
2 e
Hl1e=135
=z
.aw; uﬂp_

1{00
TIME-GF -FLIGHT CHANNEL (4815)

1050

1150

g=10" PEAK COUNTSz154B
" (b)
o .,
-~
-
(%) .
[72 ]
m -
< "
w T
= PR
«lg=40" .
13 »*
'_ a
= ',
4 . .
= .
— K .'U‘
-y I vy
z[g-80"
=l o
F4 Y -
— . ~
ot "o,
w&mﬁvf%“wf ﬁh‘“%&uagag!
=135
pku-uuﬁun-ﬂwsf‘“'~ﬂhWNh¥f?‘*- syt

1100
TIHE-OF -FLIGHT CHANNEL (481s)

1950

Fig. 3. TOF spectra of cross-linked (a) and unirradiated (bh) poly-
butadienes measured by LAM-80 at room temperature. ’

Iv-168

1150




30

(a)

0 ] - |
0 1 2 3
2,6 0-2
Q (A )
Fig. 4. Apparent FWHM for cross-linked (a) and

unirradiated (b) polybutadienes evaluated from
TOF spectra measured by LAM-80.
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Molecular Motion of Water in Concentrated

Zinc Chloride Aqueous Solutions
*
Yoshio NAKAMURA, Yoshinobu IZUMI and Kazuhiko INOQUE

: %
Faculty of Science and Faculty of Engineering,

Hokkaido University, 060 Sapporo, Japan.

Zine chloride (ZnClz) is hygroscopic and very soluble in water. The
mole ratio, R, of water to ZnCl2 is 1.8 in the most concentrated solutiom
at room temperature. In such concentrated solutions of strong electrolytes
the hydration sheath is incomplete and the molecular motion of water I1s
strongly impeded by the interaction with the dissolved ions., These solu-
tions show very high viscosities and low diffusion coefficients of waterl).
In this report, we present some preliminary results of neutron quasielastic
sﬁattering experiments made on concentrated ZnCl

the LAM-40 and LAM-80 spectrometers.

5 aqueous solutions with

Sample solutions were prepared from the reagent grade anhydrous ZnCl2
and distilled water. Measurements were carried out at room temperature for
‘three sample solutions with R=6, 4 and 2. The sample container used was a
system of two precision quartz tubes with teflonm plugs at each end. The
thickness of the tube wall was 0.5 mm and the inner diameter of the outer
tube and the outer diameter of the inmmer tube were respectively 14 and
13 mm. Sample solutions were introduced in the annular region between the
two tubes. The quartz tube system was then placed in an aluminum container
with the wall thickness of 0.2 mm,

Fig, 1 shows the time of flight spectra from the pure water and the
solution with R=2 measured with the LAM-40 spectrometer. Fig. 2 shows the
time of flight spectra for the solutions with R=6 and R=2 measured with
LAM-80. These results indicate that the motion of water molecules in the
solutions becomes much slower with increasing the concentration of ZnClz.
After an appropriate correction for the scattering from the sample container,
we can deduce the parameters of molecular motion of water in the present
solutions, which are to be compared with those determined from the NMR
methodl) and the previous neutron scattering experimentz). Such an analysis

is now in progress.
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Fig., 1 Time of flight spectra measured with LAM-40 at room.temperature,

(a) Pure water, (b) ZnClé aqueous solution with R=2.
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Small-angle Neutron Scattering from Polyelectrolyte

Solutions with Added Salts
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***Department of Physics, Tohoku University, Sendai 980

Small angle neutron scattering from polyelectrolyte solutions in the
presence of added salt were studied in dilute and semidilute range. In the
presence of a large amount of added salt, we expect that due to the strong
screening effect polyelectrolyte molecules in aqueous solution will behave
as if they were nonelectrolyte macromelecules. We also expect that, if
the amount of added. salt is sufficiently large, polyelectrolyte solutions
may be regarded as even poor solvent systems subject to the conditionsl):

-3 .1/2 -6

Bip N <1 , Bb " <1 (1)

for dilute solutions, and

Blbhsp <1, BpP<1 (2)

for semidilute solutions, where b2 is the mean square length of a polymer
segment, N is the number of segments contained in a polymer chain, Bl and
82 are respectively the binary and ternary cluster integrals of polymer
segments, and p is the number density of polymer segments in solution.

In the latter case the angular dependence of the scattered intensity_
I(g) in the intermediate momentum range q, g being the scattering vector, is

given byl'z)

1@ s 1o 1+ £2¢2 ) (3)
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and

B B, -

6 1 272 2

E° = + 12N ——=Cp + 36N~ —=-C (4)
MA§ A Az A AZ

where NA iz Avogadoro's number, M and Cp are the molecular weight and the

concentration of the poclymer, A2, Bl' B2 and Cp are defined respectively as,
MA2=Nb2, M2B1=N281, M3BZ=N382 and (Cp/M)NA=p/N.

In this report we will show that Egs.(3) and (4) in fact work well
for semidilute polyelectrolyte solutions in the presence of a large excess
salt. Based on these equations wé were able ﬁo determine the interaction

parameters B1 and B2 as function of the amount if added salt.

sodium polystyrene sulfonate (NaPSS) used was prepared by sulfonationB)
of the narrow molecular weight polystyrene (Mw=1x105, Mw/Mn=1.06, Pressure
Chemical Co.). There was about 93% or more sulfonated styrene per chain.
The solvents used were ofrthe NaCl D20 solutions. The salt (Cs) and poly-
electrolyte (Cp) concentrations are shown in Table I.

Table I
Cs (M) - Cp ( g/ml )
2.00 0.0584, 0.,069%, 0.1002
3.00 0.0875, 0.0994, 0.1488
4.17 . 0.0243, 0.0730, 0.0973,

0.1154, 0.1216, 0.1457

The measurements were performed with the KENS-SAN instrﬁment at KEK.
The excess scattering intensity of NaPSS solution against the solvent was
determined after the transmission correction made for both the solution and
solvent. To compensate the uniform inccherent scattering due to the hydrogen

atoms we added HZO into the solvent so that solvent and sample solution have
the same number of protons. The incocherent neutron spectrum as well as the
detector efficiency of two-dimensional position sensitive detector was
corrected by employing the incoherent scattering intensity from water. The
measureménts were méde at 40°C, and the camera length was 3m.

A Kratky plot (Fig.1) in the dilute regime clearly shows a plateau in
the range of 0.04=qg=0.1 (3_1). This suggests that the 8 temperature for
Cs=4.174 might be in the vicinity of 40°C., From the g* value (Fig.1), which
shows the transition from the scattering of a Gaussian chain to that of a
rod particle, the persistence length Ip was estimated as 19£ using Koyama's
theory4).

In the semidilute regime, the measured angular dependence of the

IV-174




257

scatterd intensity (Fig.2) showed a Lorentzian form in accordance with
Eqg.(3), then we could determine the screening length £ for every Cp and Cs.
Fig.3 shows the concentration Cp dependences of £ at several Cs. They

agree well with the prediction of Eq.(4), which enables us to determine Bl

. o
and 52 separately by use of A=0.42A 5).

In order to study the contribution of the electrostatic interaction
to BL and B2 the Debye screening length K—l is calculated by Guéron's equation:
) K2 = 4mQ{ 2Cs + 0.7-é-Cp ),
- B -] .
where 1 is the monomer length (Z=2.5a) and Q is the Bjerrum length. Figs.4

and 5 show the plots of B, and B

1 5 against K_l. As shown in the figures, with
increasing K 1, 31 increa?es monotonically.from negative to positive values
and vanishes at about 1.54 chowing the 0 point for the. solution at Cs=4.2M,
and 32 also increases with K-i. ‘

These behaviors can be explained in terms of the increase, with the
increase of K-l, of the diameter of the correlation tube of a polyelectrolyte

segment having cylindrical symmetry.

0] 0.03 0.06 0.09 0.12 0.15
: ' q
Fig.1l Kratky plot for Cp=0.0243(g/ml) and Cs=4.17M.
3
(® Cp=0.1457 {g/ml), Cs=4.17 (M)
4T {O) cp=0.1488 (g/ml), Cs=3.00 (M)

1 P
0 0.0025 0.005 0.0075 0.01

Fig.2 Examples of the measured angular
dependence of SANS.
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Parity non-conserving effect in the neutron radiative capture reaction

Yasuhiro MASUDA, Toshikazu ADACHI, Shigeru ISHIMOTO,
Eiji KIKUTANT, Haruyo KOISO and Kimio MORIMOTO

National Laboratory for High Energy Physics
Cho-machi, Tsukuba-gun, Ibaraki-ken 305, Japan

and
Akira MASAIKE
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Helicity dependence was observed for the resonance of the neutron
radiative capture reaction of 139La using a polarized neutron beanm,
The polarized neutron beam was produced by a dynamically'polarized
proton filter,

The neutron capture Y-ray intensity was measured as a function of
the neutron TOF, Observed TOF Spectra around the p-wave resonance of
139La at 0.734 eV are shown in Fig. 1. The thick and thin linesg

refer to the Spectra

for the parallel and

antiparallel neutron

- ﬂﬁfql . polarization to the
L

R
o ]

EEIO:““kaWu“H_mﬂ{gd ] beam, respectively,
Eé ! ‘ ] A large difference
3 of . was found between

Do 0734 ey

these spectra,

e ey, ] Asymmetry in the
230 240 250 780 270 280 290 ago
CHANNEL Y-ray count, which
was defined ag

Fig. 1 TOF spectra around the 0.734ev

resonance of 139La.
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1, M) - N
F_ N NG

was: calculated from the spectra. Here, N(+) and N(-) are the y-ray

A=

counts in the peaks for the neutron polarization directions parallel
and antiparallel to the neutron beam, respectively, and Pn is the

neutron polarization, The neutron polarization was determined by the
transmissions through the filter with and without proton polarization.
The value was obtained to be (71 * 4,3) Z, The preliminary result of
the asymmetry in the ‘y-ray count was (9.5 % 1,2} % using the value of
the neutron polarization. Experiments were also carried out for 98Mo

108Pd and 129Xe. Such a large asymmetry as that found in 139La was

3

not observed in these nuclei,

For the resonance at 0.734 eV of 139La, an asymmetry in the
2) The value of the
asymmetry was (7.3 * 0,5) %Z. A small difference was found between

Dubna's result and our result, The difference is probably due to the

neutron transmission was observed at Dubna.

following. The asymmetry in the total cross section was obtained from
the transmission measurement, while the ome in the radiative capture

cross section was obtained from the ‘Yy-ray measurement.
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Preliminary Calculation on Acceptable Maximum Proton Energy for Neutron
Production in KENS-1| '

Masatoshi ARAI , Yoshiaki KIYANAGI¥, Noboru WATANABE,
Yasuaki NAKAHARA** and Takahiko NISHIDA¥**

National Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun, 1baraki 305, Japan

*Facuity of Nuclear Engineering, Hokkaido University
Sapporo 060, Japan

** Japan Atomic Energy Research Institute
Tokai~mura, {baraki 319-11, Japan

As a next generation neutron source in Japan we proposed an intense
pulsed spallation neutron source KENS-11 with the construction of a high
intensity proton synchrotron GEMIN! ( a Generator of Meson Intense and
Neutron Intense beam ), which was designed to provide 800 Mev with a
time averaged beam current of 500 uA and with a repetition of 30 Hz.
Recently a group of scientists in the field of nuclear physics have '
proposed a future program so called Super Hadron Project aiming to
produce intense kaon and anti-proton beam. Since then the both projects
are being unified to coexist. Now KENS-11 project is getting a wide-range
support among the Japanese scientists and expected to be authorized as a
part of the Super Hadoron Project. |

The first ring accelerator in the new project may correspond to the
GEMINI . Requirements for the first ring are of wide variety group by
group. Neutron group requests puised proton beam with lower energies
(<1.5 GeV) and a repetition rate not larger than 50 Hz but with possible
highest beam current, while 1SR group dose with higher energies (>1.5
GeV), better emittance and more flexibility in pulse width and
repetition rate. It may be natural o understand such difference,
because the cross section for the pion production (stopped ) increases
significantly above 1.0 GeV and saturate at about 1.5 GeV. The nuclear
physics group requests higher energies, 3 GeV or more, and sometimes
stretched beam with better emittance.

In order to make our standpoint more clear, we performed a neutronic
computer study for various proton energies in the range of 0.5 - 3 GeV,
using a high energy transport code NMTC/JAERI ", because there is no
available data Deyond 2 GeV.
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The model target used in the calculation is a cylinder, 10 cm in
diameter and 32 cm long ( 64 cm for 3 GeV proton ), of a uniform
mixture of uranium, coolant and cladding in their average proportions,
which is the same as the model target for ISIS inRef. 2. The parameters
of the target are summarized in Table I.

The calculation was performed using a spatially meshed structure

. shown in Fig.1. The coordinate system for the calculation was chosen

such that the z axis is parallel to the proton beam axis. Beam profite of
tncident protons upon the target was assumed to be cylindrical, 4.7 cm in
diameter, which is designed size on GEMINI.

in the following four paragraphs we discuss the results without
sub- 15 MeV neutron transport calcuration, which will add about 10 %
more neutrons. The conclusion 1s, however, not to be influenced awfully
with this treatment.

Figure 2 shows the total neutron yield for various proton energies.
Neutron yield is almost proportional to the incident proton energy below
1 GeV, but there is no advantage for energies much greater than about
16eV. 3 GeV proton produces only two times as many neutrons as 800
MeV proton.

Figure 3 shows axial distributions of source neutrons integrated over
the radial direction. The maximum luminosity is increased by only 15 %
and the peak position shifts toward down stream by about 7.5 ¢cm with
increasing proton energy from 800 MeV to 3GeV. But higher energy
protons give much longer bright zone. A

Figure 4 shows the spatial distributions of energy deposition along
the z-axis which have the similar trend as the source neutron
distribution. The maximum heat load is also unchanged with proton
energy .

Figure 5 shows the radial distributions of source neutrons integrated
over the finite length atong the z axis. The distribution almost preserves
the profile of the incident proton beam in spite of the difference of the

proton energy.

In order to obtain the escaped neutron energy spectra in the whole
energy range, we have achieved a sub-15 MeV transport calcuration
using TWOTRAN-I13, a two dimensional neutron transport code, and the

resuits were joined in a reasonable fashion at 15 MeV with those from
NMTC.




Figure 6 shows the neutron spectra, escaped from the target,
produced by 800 MeV and 3 GeV proton. The results indicate that the 3
GeV proton gives higher intensity over the whole energy range by a factor
about two, but three around 20 MeV, than 800 MeV proton. '

Slow neutron (thermalized neutron) beam intensity was calculated
using the TWOTRAN-11, We usually use a moderator,10 x 10 x 5 cm3 for a

.neutron station, But in the two dimensional calculation, we assumed an
annular water moderator, 10 cm wide and 5 cm thick, and a berylilium
reflector, 25 cm thick, surrounding the target as shown in Fig.7. inthe
present TWOTRAN calculation, five energy-group structure was used for
saving time, where source neutrons betow 15 MeV produced in target
were collapsed into the group one. The difference of source neutron
spectrum is, therefore, not taken into account in the present
calculation of slow neutrons. Table Il summarizes a preliminary
estimate on relative intensity of thermal neutrons emitted from the -
moderator for various proton energies. The rate of increment in thermail
neutron yield is Tess than that in the source neutrons.

In conclusion, we would say that the maximum acceptable proton
energy is around 1.5 GeV for the neutron beam facility, evenas &
consequence of compromise with other groups.

More exact calculation is under progress in order to discuss the merit
and demerit of higher proton energy in more details.
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Table | Nuclear Densities { unit of nuclei A=3)
Target mixture 238 0.0390
24 0.0091
150 0.0045
912r 0.0017

Table i1 Thermal Neutron Yeild

Ep (Gev) Thermal Neut. Yieid

Total No, of Source Neut.

{arb. unit)
0.8 59.8 3962
1.5 82.85 6010
2.0 96.97° 7119
3.0 106.03 8199
Fig. 1 Computational model for NMTC
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Preliminary Experiment for Cold Moderator Assembly for KENS-II

(Cold neutron spectra emitted from the cold moderators)

*
Yoshiaki KIYANAGI, Kazuhiko INOUE, Noboru WATANABE

and Hirokatsu IWASA

Department of Nuclear Engineering, Faculty of Engineering,
Hokkaido University, Sapporo 060, Japan '
* National Laboratory for High Energy Physics, Oho-machi,

Tukuba-gun, Ibaraki-ken 305, Japan

High efficiency and reliable cold neutron source has been
equipped in the KENS-I. It has been used effectively. Usefulness
of solid methane for the cold moderator is established from the
operations up to now. Solid methane has various merits for the
pulsed cold neutron source. (a) Cold neutron intensity is higher
than that of other materials. (b) Refrigeration and gas transfer
systems are very simple because methane is used in solid phase in
the operation and evaporates naturally in the off operation. This
simplicity increases reliability, safety and stability. (c) Use
at low temperature solid phase suppresses the polimalization rate
extremely.

The KENS-1I project aims to produce the neutron intensity one
order hiéher than that in the KENS-I'. In the KENS-II the solid
methane moderator will be expected to bring a large benefit for
the neutronic aspects but the feasibility is not clear. The other

candidate for the cold neutron moderator is ligquid hydrogen if
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methane can not be adopted. It is supposed, however, that the
intensity will be reduced considerably compared with methane.
Therefore, it is necessary to obtain the information about cold
neutron gains for both moderator materials in the assemblies with‘
.reflectors simulating actual operation conditions. Then, we
performed time-of-flight measurements to obtain such informations
for methane and hydrogen.

Figure 1 shows an experimental set up at Hokkaido University
linac. The neutrons emitted from a viewed surface of the
moderator are measured by a 3He counter placed at about 5.7 m
from the moderator. The moderator assembly for reflected case is
shown in Fig. 2. The reflector is graphite with a thickness of
more than 20 cm. A Cd decoupler is inserted between reflector and
moderator. The moderator chamber thicknesses were 5 cm and 15 cm
for the hydrogen moderator and 5 cm for the methane moderator.

The width and the height of the chamber were 15 cm and 14cm,

respectively.
v _ REFRIGERATOR | |
GRAPHITE ;-QUNCRETESHEL[-)'.
/REFLECTOR DAsl e o (pHe DETECTOR
alari et Lo
=S ol SR
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et \yopERATOR] o+ T e T
CHAMBER |- .~ crlel J—-—.H .—"__
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Fig. 1 Experimental arrangement.
Fig. 2 Cold moderator assembly.
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Figure 3 shows measured spectra in the case of the bare
moderator. The intensity of the cold neutrons from the 15 cm
thick hydrogen moderator is considerably larger than the one from
thé 5 cm thick hydrogen moderator. A characteristic peak around
15 meV is obéer\}ed in both spectru from two hydrogen moderators.
The intensity from methane moderator is much higher than that
from hydrogen mc;*oderator at longer wave length. As a reference
the neutron intensity from a polyethylene moderator is also
depicted. In the case of bare system, the cold neutron intensity
of 15 cm thick hydrogen moderator is about 2.7 times as large as
the one of 5 cm thick hydrogen moderator. The results depicted in
Fig. 4 demonstrate the effectiveness of reflector for the purpose
of increasing neutron intensities. However, as seen from the
figu:_:e, the ratio of intensities between 15 cm and 5 cm hydrogen

moderators reduces to smaller value mentioned above, To clarify
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Fig. 3 Energy spectra for

bare moderators.
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these circumstances, the ratio between the intensity from the
methane moderator(I(CHy)) to that from hydrogen moderator(I(Hy))
is shown in Fig. 5 in the case of reflected system. The cold-
neutron gain in 5 cm thick methane moderator is twice as large as
the one in 15 cm hydrogen moderator and this value becomes three
times in 5 cm hydrogen moderator., These results indicates that
the thickness of 5 cm is not enough due to the small number
density in liquid hydrogen. Fiqure 6 shows similar data for the
case of bare moderator. |

we are now preparing the emission time measurement.

HCH;)/ 1{H3)
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Fig. 5 Intensity ratios for Fig. 6 Intensity ratios for
reflected moderators. bare moderators.
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Recent progress of accelerator design study

in the GEMINI project

Hiroshi SASAKI, Toshikazu ADACHI, Hitoshi BABA, Shigemi INAGAKI,
Yoshirc IRIE, Naokatsu KANEKO, Tadamichi KAWAKUBO, Masayuki KUMADA,
Satoru MATSUMOTO, Masayuki MIKI, Masaru NAKANISHI, Izumi SAKAT,
Hirchiko SOMEYA, Yoshiharu YANO and Shigeki ARAI*

National Laboratory for High Energy Physics
Oho-machi, Tsukuba-gun, Ibaraki-ken, 305 Japan
* Institute for Nuclear Study University of Tokyo
Tanashi, Tokyo, 188 Japan

The design studies on the next generation pulsed spallation
neutron and muon source at KEK started just after completion of BSF in
1980. 1In 1982, a rapid-cycling 800 MeV synchrotron was propesed as
GEMINI project for the KENS-II program and the Super-BOOM project.l)
This accelerator system of GEMINI aims at delivering a 500 uA proton
beam in time average with repetition rdte of 50 Hz. The beam éhould
be extracted in the form of two shortly bunched beams, each of which
is supplied to the neutron and muon facility, respectively. The
accelefator will consist of an H ion source, a 1 MeV RFQ linac, a 100
MeV Alvarez-type linac driven by 400 MHz klystrons, and an 800 MeV
rapid-cycling synchrotron. Parameters of the GEMINI synchrotron are
listed in Table !.

For past five years the design studies of the accelerator system
for the GEMINI project were extensively performed. Recently
scientists in the field of nuclear physics have proposed a future
program so called Super Hadron project aiming to produce intense kaon
and anti—proéon beam. There is a movement toward the unification of
GEMINI and Super Hadron Project. The accelerator system in this
program is still open, but may include a high energy proton linac and
a 1.5 to 2 GeV rapid cycling synchrotron for neutron and pion
production, which corresponds to the GEMINI part, with or without a

stretcher ring for nuclear physics. Anyway, the results obtained so
far in the design studies for GEMINI will effectively contribute to

the new program.
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Table 1 A New Pulsed Neutron and Meson Source GEMINI

Maximum kinetic energy

Maximum intensity

Repetition rate

Average beam current

Injection energy

Injected H beam current

Number of turns of injected beam
Beam pulse width of injected beam

Magnet radius

Average radius

Number of period

Length of straight section

Structure

Betatron frequency per revolutiom
Horizontal
Vertical

Revolution frequency

Maximum beta-function
Horizontal
Vertical
Momentum compaction factor
Transition ehergy/rest energy
Beam . emittance
800 MeV
100 MeV

Number of bending magnets
Lengrh of bending magnets
Length of quadrupole magnets
Focussing magnet
Defocussing magnet
Bending magnet field
800 MeV
100 MeV

Quadrupole magnet peak field gradient

Peak energy gain per turn
Harmonic number

RF frequency

Maximum RF voltage

RF bucket area

Number of RF stations

Incoherent space charge limit

800 MeV
6 x 10'% o/p

50 Hz (100/3 Hz & 100 Hz)

500 pa
100 MeV
30 mA

>240
>330

7.00
27.00
24
3.008
FBDO

6.8
7.3
0.7

12.4
12.9
2.71
6.07

0.29
0.97

24
1.833

0.525
0.565

0.697
0.212

us

m
m

m

=]

57 - 1.489 MHz

10 2

x 0.16 (m rad)?

T
T

0.52 (mm rag)?

4,18 T/m

90.6 keV (60.4 keV)

2

1.513 -~ 2.978 MHz
214 kV (166 kV)
1.89 eVesec

8

7.2 x 1018 protons
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Technical problems and R & D 1in the GEMINI project

- There exist many technical problems to be solved in order to
realize a high intensity proton synchrotron such as GEMINI, which
accelerates protons with an intensity of the order of 100 times

present operating accelerators :

1, Handling of beam with large emittance in extraction, transporta-
tion and targeting,.

2. Flexibility of selection of focussing tune in the resonant magnet
power supply.

3. Power dissipation due to eddy current in the magnet coil and
core.

4, Dual-frequency mode operation cf the guide magnet system for
reduction of RF accelerating voltage,

5. Required high RF accelerating voltage and heavy beam-loading of
RF accelerating system,

6. Realization of a very short bunched beam for uSR éxperiments.

7. Fabrication and impedance of a cross-sectionally large ceramic
vacuum chamber.

8. Focussing quadrupole magnet built in the drift tube of the 400
MHz Alverez linac.

9. Beam loss, activation and radiation damage of accelerator

components, and so on.

Some of those items mentioned above are in close relation to each
other. R & D for some of technical problems has been done and is
still in progress. Results and the present status of R & D will be
described below.

2)

Beam chopper for reduction of beam loss

Beam loss in a GEMINI-like synchrotron with a large transéverse
acceptance mainly comes from mismatching between the beam emittance
and the acceptance in the longitudinall phase space at injection. In
order to reduce such a beam loss in RF trapping process, a beam
chopper has been developed, which sweeps out a part of the injection

beam to the linac in synchronization with the RF accelerating woltage
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Table 2 Parameters of beam chopper for 1 MeV H ion beam

type of deflector travelling-wave type
length of deflector lm '
aperture of deflector B 25 mm

width of deflector 100 mm

kick angle 10 mrad

longitudinal veloecity of deflecting pulse 14 mm/ns

voltage of deflecting pulse 1 kv

length of pulse train | > 420 us

width of deflecting pulse > 130 ns

frequency of deflecting pulse 1.513 MHz

Table 3 Parameters and performance of model deflector

Pitch of strip conductor 16.0 mm
width of strip 15.5 mm
thickness of dielectric plate 3.6 mm
wildth of deflector 140 mm
length of deflector 500 mm

calcu. ) measured
characteristic impedance 50 ohm 49,1 ohm
longitudinal velocity of deflecting pulse 7.6 mm/ns © 7.7 mm/ns
rise and fall time < 25 ns
output voltage of amplifier £ 500V

of the synchrotron. According to a computer simulation it was
confirmed that the trapping efficiency more than 93 % is achievable
with the 20 % chopped linac beam having a full momentum spread of 0.75
% injected into a RF bucket which is provided by 65.5 kV RF
accelerating voltage. For @ cm input aperture of the drift tube of
the linac, a 1 m long beam chopper must fulfill the conditions listed
up in in Table 2 to deflect a 1 MeV H ion beam, A coaxial-plate type

deflector electrode, which is made of a 3.6 mm thick epoxy plate
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printed by copper foll on the surface as shown in Fig. 1, was driven
by a power mos FET. The parameters and performance are listed in
Table 3. The chopper will be formed by two deflector electrodes and

driven in push-pull mode.

Fig.l
model of deflector electrode

for beam chopper

Permanent quadrupole magnet built in the drift tube3’4)

For gimplicity and convenience in maintenance, permanent
quadrupole magnets are proposed to be built in the drift tubes of the
400 MHz Alverez linac. Transverse acceptance strongly depends upon
the field gradient of the focussing quadrupole magnet and the maximum
attainable acceptance is given by the field gfadient of the magnet in
the first drift tube as shown in Fig. 2. The field gradient more than
150T/m is required in order to achieve a normalized acceptance of

several mm.mrad with a drift tube with 10 mm bore diameter.

On the other hand, there is every reason to expect that a very
high field gradient will be realized, i.e., recent developments of
sintered-metal permanent magnet containing rare earth element such as
SmCo or NdFeB and its application to segmented magnet proposed by K.
Halbach.S) The surprising fact with such anisotropically magnetized
sectors, which are positioned along a circumference, is that the
maximum field strength is able to reach a level higher than the

remanent field of the magnet material itself at the central bore.
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without defocussing fores due to r.f, fleld
and space-charge force

with defocussing force

¢ (degree)

Phase Advancefcell

Ul -
go(T/m)

Fig. 2 hormalized acceptance and phase advance per-cell for the
field gradient of the first quadrupole magnet in the 100 MeV

Alverez linac

Four different types of high gradient permanent quadrupole
magnets, of which two magnets are conventional iron-pole tip SmCo
magnet Mark I and III and the others are segmented magnet Mark II and
1V made of SmCo and NdFeB respectively, are fabricated and tested on
the assumption of the quadrupole magnet to be built in the first drift
tube. Fig. 3 shows the relationship between the field gradient in the
central bore and the field strength on the pole face of those magnets
together with fabricated ones at other laboratories. The attained
pole tip field and fileld gradient for the four model magnets Mark I to
IV are 0.77, 1.21, 0.455 and 1.65 T and 128, 161, 76 and 254T/m,
respectively. Thus, we realized the world highest field and field
gradient by using the rare-—earth permanent magnet material SmCo of 22
MGQe in (BH)max and NdFeB of 30 MGOe. It was also confirmed that a
drift tube housing the permanent magnet was possible to be welded by

means of a laser beam.
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Fig. 3 Pole—tip field and field gradient of the permanent

quadrupole magnets fabricated at various laboratories

Operation of rapid-cycling synchrotron magnet in dual frequency mode

The high repetition rate (50Hz) of the GEMINI synchrotron makes
the use of a resonant type power supply system for the guide magnet
advantageous. The system operates in a dual frequency mode, where the
magnet current increases with a half-cycle cosine waveform of 100/3 Hz
during acceleration period and resets back to the injection value with
another faster waveform of 100 Hz. Thus, it is possible to reduce the
required maximum RF accelerating voltage by lowering the rise rate of
the magnetic field in keeping the repetition rate of 50 Hz constant as
compared with a singie resonant frequency mode. In GEMINI, the RF
voltage of 214 kV required in the single frequency system can be
reduced to 166 kV by replacing to the dual frequency system. In order
to operate the magnet system in such a mode, a part of resonant
capacitor should be removed from a resonant circuit by means of a
suitable switching device. An inverter-type thyristor was proposed
was the switching device originally by ANL people.6) In our circuit,
the inverter—type thyristor is replaced by a gate-turn~off (GTO)
thyristor. 7§y this improvement, the switching circuit is very

simplified. In a tentative design of the GEMINI magnet system, the
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GTO thyristor should switch off a peak current of about 1.6 kA and
with stand a forward voltage of 16.8 kV at off-state.

In order to demonstrate the principles of this system a model
circuit as shown in Fig. 4 was designed and built. The model circuit
operated in stable by using a GTO thyristor with a nominal
controllable current of 90 A and a forward voltage of 600 V at

8)

off-state, As a high power test, moreover, we have constructed a
full AC power supply for exciting a proto-type bending magnet of
GEMINI, in which the GTO thyrister should contrel a peak current of
1.6 kA under the condition of the forward and reverse voltage of 3.3
kV and 1.1 kV at off-state. Output waveforms are shown in Fig. 5.
Even in this case, however, the forward voltage at off-state of GIO
thyrister is too low as compared with those of the present design of
GEMINI. It may be necessary to reduce those voltages in the design of
GEMINI by any suitable means, e.g., Ilncrease of the number of mesh in
the resonant circuit, parallel connection of exciting coils of
resonant magnet, reduction of the number of turns of magnet coill, and

50 0On.

pulse power supply

1~
4

— l ]‘ C
energy- | Cy c2 2
—_ storage M Lm Vi 1‘

capacitor l llc: :

Fig. 4 Simplified circuit of a pulse power supply for

dual-frequency-mode operation of rapid cycling magnet
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V. : 1.0kvV/div.
m

I : 1.67kA/div.
m

IGTO : 0.83 kA/div.

Horizontal scale : 5ms/div.

Fig. 5 Output waveform of the pulse power supply

Stranded cable for the exciting coil of rapid-eyeling magnet

On the assumption that an infinitely long conductor is imposed
by an AC magnetic field and the width of the conductor is smaller than
the skin depth of the conductor material, the power dissipation due to
an induced eddy current is given by

Peddy / volume = (wwB)? / 240 ,
where w 1s the angular frequency of the AC magnetic field (rad/sec), B
the amplitude of the field (Tesla), w the width of conductor
perpendicular to the magnetic field (m) and O the specific resistance
of the conductor material (ohm'm). To wind a magnet coil with a fine
conductor in many turns for the reduction of the eddy-current power
dissipatiﬁn is limited by an induced high AC voltage across the coil.
In the booster synchrotron for the 12 GeV proton synchrotron at KEK,
which operates with a repetition rate of 20 Hz, the magnet cecil was
wounded by-two insulated hollow conductors in parallel and the input
and output terminals of pancakes were transposed in their connection
points. If the same procedure is applied to the GEMINI magnet, the
power dissipation due to eddy current will be saved by about 25 % by
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using a parallel circuit of hollow copper conductors of 19 mm x 23 mm
with a water cooling channel of 6 mm x 12 mm. In spite of this, a
quarter of total power consumption of the magnet corresponds to the
eddy-current power dissipation as shown in Table 5, which amounts to
600 kW in total,

As a conductor free from the eddy-current power dissipation a
stranded cable has been developed. The cross section of the cable is
30 mm x 30 mm. The cable consists of 84 aluminum wires of 3 mm in
diameter and a 14 mm outer diameter and 1.5 mm thick copper pipe,
carrying 1.65 kA DC current and 0.88 kA peak AC current of 50 Hz,
Fig. 6 shows an exterior and a cross sectional view of the cable. 1In
taking the form of magnet coil, the minimum bending radius of the
cable was limited to 10 cm while the goal was less than 8 cm. This
will be attainable by choosing 2 more suitable aluminum alloy for the
conductor material. Any process was not applied on the surface of the
aluminum wires to insulate each other at manufacturing the cable. In
the fabrication process of the magnet coil, however, it was
impregnated by epoxy resin in vacuum for the surface insulation of -

wires and for the reduction of aging effects of electric properties

due to mechanical vibration.

Fig. 6 Stranded cable for magnet coil (b)
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Table 5 Power Consumption of GEMINI magnet with a parallel circuit of
hollow copper conductor of 19 mm x 23 mm in outer dimensions

and with a water channel of 6 mm x 12 mm

power loss BM QM

eddy current loss 13.6 kW/mag 5.2 kW/mag
ohmic loss 36.1 20.8

iron loss 3.8 1.1

total power loss 53.5 kW/mag 27.1 kW/mag

Proto-type bending magnet

A proto-type bending magnet for the GEMINI éynchrotron has been
constructed for the purpose to investigate electro-magnetic behaviours
of the magnet in the dual frequency mode in addition to the check and
survey of the mechanical and electro-magnetic properties of the
magnet. The cross sectional view of the proto-type magnet is shown in

Filg. 7. Ordinary silicon steel laminations of 0.5 mm in thickness are
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Fig. 7 Cross sectional view of Proto-type magnet for GEMINI
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stacked in length of 1.8 m and welded with tie bars and end plates
made of stainless steel., For simplicity, the magnet is not fanning
but straight in shape because of a small segitta of one tenth of the
pole width. Accelerator components in the GEMINI synchrotron, which
aims at delivering a very Intense proton beam, might be highly
activated in spite of every effort to depress the beam loss in
acceleration period, Therefore, working under high radiation level
will be assigned, and the magnet should be capable of quick handling
in the decomposition of magnet yoke and the disconnection of feeder

line.

RF system

RF acceleration system is the most important accelerator
component especially for hight intensity accelerator such as GEMINI,
It is not too much to say that the RF acceleration system is every
thing in the synchrotron from the view point of the performance of
accelerator, The circulating beam current in the GEMINI synchrotron
is about 10 A in the DC component or 20 A in the first harmonic
component at the instant when the maximum accelerating RF voltage is
required. In order to keep the phase shift of RF voltage due to the
beam loading within 0.l radian, the output impedance of the RF power
supply system should be less than 50 ohms for the maximum cavity
voltage of 10 kV,

A prototype RF amplifier with cathode follower is under
development to investigate the feasibility for GEMINI RF system.
Although cathode follower has a notorious difficulty that the gain is
less than unity, it has a great advantage that it can provide a low
output impedance. A single 40 kW plate-dissipation triode (Eimac 3CW
40,000H3) excites two ferrite-loaded cavities which are coupled by
eight-turn bias winding. DC power supply in hand is used for biasing
the cavity ferrite, and thus measurements on the characteristic of the

present system were made under an unswept frequency mode.

An LRC resonating circuilt was adopted in the drive stage to save

the driving power. Shunt impedance of cavity itself and output
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impedance seen by the beam were measured by low-level excitation,

Shunt impedance obtained at 2 MHz agrees with the calculation within

10 # error.

over a whole frequency range of the GEMINI synchrotron. Maximum

output voltapge across the gap is around 1.0 kV so far.
amplifier which is ready for use will be connected soon in paralled
with the present one.

enough voltage to test the voltage limitation due to the non-linear

response of ferrite ring.
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Properties
Y. Ishikawa, N. Saito, M. Arai, Y. Watanabe and H, Takel
J. Phys. Soc. Jpn. 54 (1985) 312

~xFe I, Magnetic

A New Oxide Spin Glass System of (l-x) FeTiO,-xFe, 0, II. Neutron
Scattering Studies of a Cluster type Spin Glass 9 FeTiOB—lOFEZO3
M. Arai, Y. Ishikawa, N. Saito and H. Takeil
J. Phys. Soc. Jpn. 54 (1985} 781

A New Oxide Spin Glass System of (l-x) FeTiO ~10Fe20 ITII. Neutron
Scattering Studies of Magnetization Processe§ in a Ciuster Type Spin
Glass of 90 FeTiO,~10Fe O3

M. Arai and %. Ish%kawa

J. Phys. Soc. Jpn. 54 (1985) 795
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A New Oxide Spin Glass System of (J-x) FeTiO
Scattering Studies on a Re-entrant Spin Glass of

Single Crystal

-xFe,0, IV. Neutron

3
%9 eT10,-21Fe0,

M. Arai, Y. Ishikawa and H. Takeil

J. Phys. Soc. Jpn. 54 (1985)

2279

Helicity of the Helical Spin Density Wave in MnS5i - II polarized

Neutron Diffraction

M. Ishida, Y. Endoh, S8, Mitsuda, Y. Ishikawa, M. Tanaka

and H. Takayashi
J. Phys. Soc. Jpn. 54 (1985)

Neutron Depolarization Studies on
Pulsed Polarizing Neutrons

S. Mitsuda and Y. Endoh

J. Phys. Soc. Jpn. 54 (1985)

Magnetic Properties of Fe-V Multi
Superstructures
N. Hosoito, K. Kawaguchi, T.
J. Phys. Soc. Jpn. 33 (1984%)

2975

Magnetization Process Using

1570
Layered Films with Artificial

Shinjo, T. Takada and Y. Endoh
2659

Evidence for the.correlation of the magnetic inhomogeneous structure
with the fluctuation of chemical composition in Fe-N1 invar alloys
S. Komura, T. Takeda and Y. Endoh

J. Mag. Mag. Mater 50 (1985)

Crystal
MnSi IT

chirality and Helieity of

69

the. Helical Spin Density Wave in

Polarized Neutron Diffractien.

M, Ishida, Y. Endoh, S. Mitsuda, Y. Ishikawa and M. Tanaka

J. Phys. Soc. Jpn. 54 (1985)

Time of
Neutrons

2975-2982

Flight Spectrometer with Optical Polarizer for Cold pulsed

Y. Endoh, S, Mitsuda, 8. Ikeda and H. Fujimoto
Nucl. Instr. & Meth. A 240 (1985) 115-121

Pulsed Polarized Neutron Studies
Y. Endoh and Y. Ishikawa
Physica 136 B (1985) 64-69

Magnetic Properties of Artificial Metallic Superlattices
T, Shinjo, N. Hescito K, Kawaguchi, N, Nakayama, T. Takada and

Y. Endoh

J. Magn. & Magn. Mater. 54-57 (1985) 737-742

Stability and Winding of the Long Period Helical Spin Structure in

Fe Co S5i.
I-x

- K.xIshimoto, Y. Yamaguchi, S.

Mitsuda, M. Ishida and Y. Endoh

J, Magn, & magn., Mater, 54-57 (1985) 1003-1004

Neutron Scattering Study on Artificial Metallic Superlattices

Y. Endoh
Applied Magnetism Seminar.

(1986) 37-43
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Spin Dynamics in a Quasi 2-Dimensional Antiferromagnet MnTiO
¥, Todate, Y. Ishikawa, K. Tajima, 5. Tomiyoshi and F. %akei
J. Phys. Soc. Jpn 55 (1986) in press

Dynamics in Solids and Liquids

The_Local Environment around Hydrogen Atoms in Hydrogenated NiTi2
Alloy Glass
K. Kai, S. Ikeda, T. Fukunaga, N. Watanabe and K. Suzuki
Physica 120B (1983) 342

Neutron Compton Spectroscopy of Pyrolitic Graphite
H. Rauh and N. Watanabe
Phys. Lett. 100A (1984) 224

High-Q Neutron Scattering with the Resonance Detector Neutron
Spectrometer RAT at the Pulsed Spallation Neutron Source KENS

H. Rauh and N, Watanabe

Presented at Symp. neutron Scattering (Berlin, Aug. 6-8, 1984)

Determination of the Momentum Distribution of Scattering Particles
from High Q Scattering Spectra of a Resonance Detector Neutron
Spectrometer

H. Rauh and N. Watanabe

Nucl. Instr. Meth. 228 (1984) 147

Low energy excitations in Ag.SI
K. Shibata and S. Hoshino
J. Phys. Soc. Jpn. 54 (1985) 3671

Polymers and Biology

Compensation Point in Semi-Dilute Polymer Solutions as Observed by
SANS

K. Okano, K. Kurita, S. Nakajima, E. Wada, M. Furusaka and

Y. Ishikawa

Physica 120B (1983) 413

Small Angle Neutron Scattering Studies of the Structure of Nucleosome

Cores at Low Ionic Strength

K. Mita, M. Zama, S. Ichimura, N, Niimura, K. Kaji, M. Hirai and

Y. Ishikawa
Physica 1208 (1983) 436

Neutron Quasi-elastic Scattering Studies of Molecular Liquids and
Polymers by Pulsed Cold Neutron Source

K. Inoue, Y. Kiyanagi, M. Kohgi and K, Kaji

Physica 120B (1983) 422
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Folding-Unfolding of d-Lactalbumin
Y. Izumi, Y. Miyake, K. Kuwajima, S. Sugai, K. Inoue, M. Iizuml
and S. Katano
Physica 120B (1983) 444

Neutron Inelastic Scattering Spectra of Native and Regenerated
Celluloses
K. Kaji, T. Kanaya, K. Inoue, R. Kitamaru and I. Sakurada
Cellulose Chem. Technol. in Press

Molecular Spectroscopy of Polymers
K. Kaji, T. Kanaya and K. Inoue
Proc., lst SPSJ Int. Polymer Conf. (KYoto, Aug, 20-24, 1984)

Non-Equilibrium Systems

Spinodal Decomposition in Fe-Cr Alloys Studied by Small Angle Neutron
Scattering

M. Furusaka, Y. Ishikawa, Y. Yamaguchi and Y. Fujino

Physica 120B (1983) 383

Early stage of phase separation proccesses in FeCr and AlZn alloyé
M. Furusaka, Y. Ishikawa and M. Mera
Phys. Rev. Lett. 54 (1985) alloys 2611

Publications in Japanese

Pulsed Spallation Neutron Source and Neutron Scattering at KEK
N. Watanabe, H., Sasaki and Y. Ishikawa
J. At. Energy Soc. Jpn. 23 (1981) 389

Neutron Position Sensitive Detector using 6L:L--glass Scintillator
N. Niimura
J. Cryst. Scc. Jpn. (1982) 396

Neutron Scattering Studies on Biological Materials (I),(II),(III),(IV)
N. Niimura and H. Kaji

Chemistry and Biology 21 (1983) 250, 328, 405, 466

Neutron Scattering Facility at National Laboratory for High Energy
Physics

N. Watanabe and Y. Ishikawa

Butsuri -39 (1984) 826

Neutron Scattering Instruments at National Laboratory for High Energy
Physics

N. Watanabe

J. Cryst. Soc. Jpn. 26 (1984) 294
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High Intensity Proton Synchrotron GEMINI and Intense Pulsed Neutron
Source KENS-II
H., Sasaki and N. Watanabe

Spallation Neutron Engineering, Atomic Energy Society Japan
(1984) 173

Generation and Utillization of Ultra-Cold Neutrons, Application in
Condensed Matter Research and Elementary Particle Physics

M. Utsuro and H., Yoshiki

Gekkan Physics 3 (1984) 135

Structural Studles of Materials by Neutron Diffraction
H. Horiuchi and I. Kawada
Ceramics 19 (1984) 658

Pulsed Neutron Source and its Utilization in Condensed Matter Research
N. Watanabe
Gekkan Physics 5 (1984) 127

Neutrons in Biology
N, Niimura
Gekkan Physics 5 (1984) 96

Accelerator Based Cold Neutron Source and Cryogenlc System
K. Inoue, M. Yanai and Y. Ishikawa
Cryogenic Eng. 20 (19853) 63

Spin Glasses in Dense Random System
Y. Ishikawa
Solid State Phys. 20 (1985) 229

Direct Observation of Bose Condensation in 4He—II by Neutron
Scattering with Very Large Momentum Transfer

N. Watanabe and S. Ikeda

Butsuri 40 (1985) 283
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List of Proposals accepted through 1983-1985
FOX

58-B1-7 :
[.Kawada, National Institute for Research in inorganic Materials; Studies of Phase Transitions using
Single Crystal Diffractometer.

60-81-7
|. Kawada, Mational Institute for Research in Inorganic Materials; Studies of Phase Transitions using
Single Crystal Diffractometer.

HIT

58-Bi-1

N. Watanabe, KEK ; Structure studies of disordered system by neutron total scatlering.
58-82-2

H. Oataki, Tokyo Inst. of Technology ; Structure of liquids and electrolyte solutions.
58-B2-3

T. Kudoh , Gakushuin Univ. ; Structure of Ni-Zr and Ni-Hf alloy glasses .

58-82-4
S. Tamaki, Niigata Univ. ; Neutron diffraclion of liquid Bi-Ga alloy.
o8-B2-5 : ‘
Sg' guzgki, Tohoku Univ, ; Structural study of Bi50z based oxide glasses.
— 2_

S. Hatta, Gakushuin Univ. ; Photostructural change in As5S3 glass by neutron diffraction.
58-B2-7
M. Sakata, Nagoya Univ.; Chemical short range structure of 60N160Nb40 alloy glass,
58-B2-8
K. Ichikawa , Hokkaldo Univ. ; Structural relaxation of network structure glass near glass transition
temperature.
58-52-9
Y. Miyake, Hokkaido Univ. ; Short range order in a binary critical mixture.
S6-82-10
T. Kuzumegi, KEK ; Structural study of dense liquids.

_ 60-Bi-1

M. Misawa , KEK; Structure Study of Liquids and Amorphous Solids by Neutron Tolal Scattering
63.-?12;:::1inaga, Faculty of Engineering, Chiba Univ. ; Structure of Molten Potassium Hydrosulfide.
6?1?%§-§ki, Tokyo inst. of technology ; Structure of LiCI-NaCl-KCi molten salt.
ﬁngEQ';diioh' Kyoto Univ. ; structure of one dimensional atomic chain in Moider‘ite.

E)(l).-E:’za-s?Ji, Univ. of Tokyo ; Structure of Oxide Glasses including Heavy Metallic lons,

Gg_%%;ika Tohoku Univ. ; Structure of mercury-alkali metalliquid atloy.

6gTB§:r-1?kawa, Hokkaido Univ. ; Structure Analysis of Dense LiCl Solution and a-GeoqTegq near Glass
Transition Temperature using Isotope Substitutes.

HRP/MRP
58-A1-6

H. Asano, Tsukuba Univ. ; Construction of Medium Resolution Powder Diffractometer (MRP),
58-A2-3
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N. Watanabe, KEK ; Construction of High Resolution Powder Diffractometer (HRP),
60-B1-9
N. Watanabe, KEK ; High Resolution Powder Diffractometry
60-B1-10
H. Asano, Tsukuba Univ. ; Structure study by MRP
60-82-25
T. Komatsubara, Tsukuba Univ. ; Structure analysis of LaCug and CeCug
60-82-26
M. Hirabayashi, Tohoku Univ. ; Powder Diffractometry of TigSi 3 and
Tl SiD
60—82—27
K. Suzuki, Tohoku Univ. ; Engineering application of neutron diffraction
(1) internatl strain in Mn-Steel gas tank.
60-B2-28
K. Kosuge, Kyoto Univ, ; Cation distribution in (M’ M1 x/39€4-
60-B2-29
T. Shinghara, Tohoku Univ. ; Study on dsfect structure of cold - worked PdoMnSn by neutron
diffraction
60-B2-30
M. Koiwa , Tohoku Univ, ; Structure analyses of y - TiD.

INC

60-A1-8
. Kohgi, Tohoku Univ, ; A Development of Chopper Spectrometer

LAM

58-B1-~4
K. Inoue, Dep. Nuciear Eng., Facul, Eng., Hokkaido Univ. ; Neutron scattering Studies of Random and
Low Energy Modes in Malecular System.

58-B2-26 '
Y. lto, Institute for Solid State Physics, Univ. of Tokyo ; Studies of Constrained Dynamics of the
Phase Transition if the Artificial Bilayer Membrance of Dialkyl Ammonium Ammphphlle

58-82-27 ‘
S. Hoshino, Institute for Solid State Physics , Univ, of Tokyo ; Study of Structure and Dynamlcs in
Random System.

98-B2-28 '
Y. Miyake, Dep, Polymer Science, Facl. of Science , Hokkaido Univ. ; A study of molecular motions
near coexistent faces of a binary solution.

38-B2-30
S. Yamaguchi, Dep. of Nuclear Eng., Facul. Eng., Tohoku Univ. ; A study of hydrogen atoms by lattice
defects in BCC metals.

S56-b2-32 : : o
R.Kitamaru, Institute for Chemlcal Research Kyoto Univ. ; Local motlons of polysthylene on Solutlon

60-B1-4
K.Inoue, Faculty of Eng., Hokkaido Univ. ; Neutron scattering studies of fluctuational and low energy
modes-in condensed rnatters,

60-B2-16 _
Y.lto, Inst. for Solid State Physics, Univ. of Tokyo ; Studies of constrained dynamics of the phase
transition on the artificial bilayer menbrance of diatkyl ammonium anpliphile.

60-B2-17
S. Yamaguchi, Dep. of Nuclear Eng., Facul. Eng., Tohoku Univ. ; Interaction between hydrogen and
impuridies in V group metals. '

60-B2-19
M. Arai KEK ; Fracton measurement in Epoxy Resin.
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60-82-20 ,
R. Kitamaru, Institute for Chemical Research, Kyoto Unlv, ; Local Motions in Deuterated Polyethylene,
60-82-21
M. Misawa , KEK ; A study op glass transition by means of neutron quasielastic scatiering.
60-B2-22
S. Hoshino, Institute for Solid State Physics, Univ. of Tokyo ; Neutron scattering study of dynamics
in random system,
60-B2-23
Y. Miyake, Dep. Polymer Science, Facul. of Science , Hokkaido Univ. ; A study of motional modes of
polymer molecules in solution by neutron guasielastic scattering.
60-B2-24 _
Y. Nakamura, Dep, Chem., Facul. Sci., Hokkaido Univ. ; Molecular motion of solvent molecules in
concentrated ZnCl, solutions.
60-urgent-2 .
Y. Abe , Dep. Nucl, Eng., Facul. Eng., Hokkaido Univ. ; Phonons in Layered Semiconductor InSe.

MAX

58-B1-6

Y. Ishikawa, Tohoku Unlv. ; Study of elementary excitation in Non-equilibrium system with MAX.
60-B1-6

Y. Ishikawa, Tohoku Univ.; Study of high energy excitations with Epi~thermal neutrons.

PEN

58-B1-5

Y. Ishikawa, Tohoku Univ, ; Neutron scattering using Epi-thermal Polarized Neutron,
60-B1-5

Y. Ishikawa, Tohoku Unlv, ; Neutron scattering using Epi-thermal Polarized Neutron.

RAT

58-AZ-1
N. Watanabe, KEK ; Development of a crystal analyzer type epithermal neutron spectrometer.
60-B{-8
N. Watanabe, KEK ; High Energy and High Momentum Transfer Neutron Scattering in Condensed Matter
uging an eV Neutron Spectrometer,

SAN

o8-B1-2
Y. tshikawa, Faculty of Science, Tohoku University ; Study of Macro Structure of Condensed Matters,
especially the Time Evolutions of Them by Cold Neutron Small Angle Scatlering

98-B2-11
S. Yabuki, Gunma Univ. ; Structure Analysis of Tri-Phosphoinocitid-water system

58-B2-13

H. Inoue, National Institute of Agrobiclogical Resources ; Small Angl Neutron Scattering Measurements
of Rice Dwarf Virus
58-82-16
K. Mita, National Institute of Radiological Sciences ; Structure analysis
of Nucleosome Core Particles
58-B2-17 _
T. Hamanaka, Osaka Univ, ; Study on the Structure of Disk Membrane by Neutron Diffraction -~
Determination of the pesition of the Retinal.
58-B2-19 , ‘ ‘
H. Okano, Faculty of Engineering Tokyo University ; Structure of Polyelectrolyte in a Semi-dilute
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Solution
58-B2-20 :
K. Katsumala, Faculty of Science, Hokkaido University ; Study of Insulator Spinglass by Neutron
Scatlering
60-B1-2
Y. Ishikawa, Facully of Science, Tohoku University ; Study of Macro Structure of Condensed Matters,
especially the Time Evolutions of Them by Cold Neutron Small Angle Scattering
60-B2-7
K. Mita National Institute of Radiological Sciences ; Structure analysis of Nucleosome Core Particles
60-B2-8
" M. Arai National Laboratory for High Energy Physics ; Study of Fructal Structure in Epoxy Resin
60-B2-9
H. Okano , Faculty of Engineering, Tokyo University ; Structure of Polyelectrolyte in a Semi-dilute
Solution
60-B2-10
H. tnoue, National Institute of Agrobiclogical Resources ; Small Angle Neutron Scattering
Measurements of Rice Dwarf Virus
60-urgent-1
T. Satoh, Faculty of Science, Tohoku University ; Study of Spin Fluctuations in Dense Kondo Alloy
CeSix

Top

98-A2-4
Y Endoh, Tohoku Univ. ; peV Spectroscopy using Polarized neutrons.
58-B1-3
Y. Endoh, Tohoky Univ. ; Polarized neutron scattering with TOP.
98-82-23
A. [toh, Ochanomizu Univ. ; Determination of domain distribution and magnetization process in-
amorphous ferromagnels.
58-B2-24
Y. Yamaguchi, Tohoku Univ. ; Helicity determination of HS.D.W. In Fe],xCGK Si.
08-B2-25
S. Komura, Hiroshima Univ. ; Polarized neutron small angle scattering from FeNi invar alloy.
60-A2-1
Y Endoh, Tohoku Univ.; peV Spectroscopy using Polarized neutrons.
60-81-3
Y. Endoh, Tohoku Univ.; Polarized neutron scattering studies with TOP
60-B2-14 )
H. Katsumnata, Tohoku Univ.; Polarized neutron studies form random magnet.
60-B2-13
Y. Yamaguchi, Tohoku Univ. ; Helicity determination of H.S.D.W. in Fe,_,Co, Si.
60-B2-31
S. Komura, Hiroshima Univ. : Small angle scattering with polarized beams from FeNi invar alloy.

UCN

58-A2-2

H. Yoshiki, KEK; Generation and Storage of Ultra Cold Neutrons by means of Hell.
60~A2-2

H. Yoshiki, KEK; Generation and Storage of Ultra Cold Neutrons by mean of Hell.

wIT

60-A1-7
N. Niimura, Laboratory of Nuclear Science Tohoku Univ. ; Developinent and Construction of Thermal

Neutron Smalt Angle Scattering Instrument WIT.
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