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Activity Report on the Utilization of Research Reactors
(Japanese Fiscal Year,1998)

( Eds.)Masayuki TOYODA and Yoshimi KOYAMA

Department of Research Reactor
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura,Naka-gun,Ibaraki-ken

(Received February 7, 2000)

This is the second issue of the activity report on the utilization of research reactors in the fields
of neutron beam experiments, neutron activation analysis, radioisotope production, etc., performed
during Japanese Fiscal Year 1998(April 1, 1998- March 31, 1999).

All reports in this volume were described by users from JAERI and also users from the other
organizations, i.., universities, national research institutes and private companies, who have utilized

our research reactor utilization facilities for the purpose of the above studies.
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A perovskite-type oxide, La, Sr CrO,, is
one of the most important material for the
industrial applications, e.g., a separator for
SOFC, heat resistant ceramics, and so on. It is
well known that LaCrO, has phase transitions at
T =15, 260 and 1030 °C. The first one is due
to a magnetic order-disorder transition, the
second and the third ones are due to a structural
phase transitions *. The physical properties
such as heat capacity and thermal conductivity
of LaCrO, at a high temperature region have
been studied widely, but the precise crystal
structure at high temperature region has not been
investigated.

Recently, Hashimoto et al. found a negative
volume expansion of -0.323 cm’/mol at around
240 °C by high-temperature X-ray diffraction.
They also showed the structural phase transition
of the LaCrO, under high pressure at room
temperature using synchrotron X-ray powder
diffraction™. They discussed the
thermodynamic relation between high-pressure
phase and high-temperature phase. To reveal
the mechanism of the volume compression of
LaCrO, at the phase transition, neutron powder
diffraction studies are indispensable because the
positional parameters of oxygen atoms have to
be determined precisely.

Neutron powder diffraction experiments
were carried out on HRPD from RT to 410 °C
with a high-temperature furnace. The sample
was contained in a V holder. The temperature
was monitored by a  Chromel-Alumel
thermocouple and was kept within 0.5 K
during the measurement. The 16 diffraction
data were analyzed by the Rietveld method with
RIETAN. Neutron wavelength was refined to
be 1.16251 A. Typical Ry, and R, were ca.
7 % and 3 % respectively. Figure | shows

refined lattice constants of an orthorhombic
phase and molar volumes vs. temperature. The
AV was estimated to be -0.0462 cm’/mol at 260
°C, but this value is much smaller than the value
reported by Hashimoto et al.”’.

The other structural information, such as
bond lengths and bond angles, was calculated
by ORFFE. The whole understanding of the
origin of the volume compression at the phase
transition is in progress. Neutron powder
diffraction studies on the two-phase region at
temperatures between 230 °C and 290 °C using
a longer wavelength are planed in near future.
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In the shift-type structural phase transi-
tions, the order parameters are atomic shifts,
where the superlattice-reflection intensities,
the lattice distortion and the birefringence
usually show the temperature dependence
which is proportional to the square of the order
parameters. The temperature dependence of
these quantities in the shift-type antiferroelec-
tric phase of PbZrQ,; were measured above
room temperature, and the relationships to the
order parameter mentioned above were con-
firmed. Their temperature dependence were
furthermore well explained by a phenome-
nological theory for the first order phase tran-
sition. ¥

Although physical properties of PbZrO;
have not been extensively measured below
room temperature, recently its crystal struc-
ture was studied at 100K by single crystal X-
ray diffraction.® The result indicated that
the deviation of Pb shifts from the average
value is reverse to that above room tempera-
ture. Accordingly, the deviation vanishes at
around 200K, and the distortion of the sublat-
tice at 100K is significantly different from the
line that is extended from room temperature.
To examine the existence of such anomalies
and the relationships to the order parameters
further, neutron diffraction experiments were
performed over a wide temperature range.

Neutron diffraction patterns were ob-
tained using a powder diffractometer with 64
detectors installed at JRR-3M. The incident
neutron wavelength was 1.163A. The colli-
mation was 6'-20'-6'. The powder sample was
attached in a refrigerator with a closed-cycle

He gas system. The intensities were collected
by the scan of the counter system with 0.05°
step 2 0 over the angle of 2.5°. The data in
the 26 range of 5.0 - 150.0° were analyzed by
the Rietveld method.

Figure 1 displays the result of the profile
fit of the powder neutron diffraction pattern at
100K. The space group was Pbam (No.55).87
The R factors and the lattice parameters were
Rwp = 8.8%, Rp =65 % and RI =25 %, a=
5.8741(1), b =11.7759(2) and ¢ = 8.1969(2).
The structure obtained at 100K is almost the
same as the structure obtained previously at
100K by X-ray diffraction®, except the coordi-
nates Pblx and Pb2x. The Pblx and Pb2x are
in opposite coordinates in these two structural
studies.

The fractional coordinates Pblx and
Pb2x are obtained over a wide temperature
range in the present experiment, and they are
shown in Fig. 2. The coordinates obtained in
the previous powder neutron diffraction®” and
the single crystal X-ray diffraction® are also
shown in the figure. The solid line indicates
the square-root of the intensity of the superlat-
tice reflection scaled reasonably with the coor-
dinates. Since the lattice parameter a shows
only a slight temperature dependence; the
changes of the fractional coordinates are di-
rectly in proportion to the atomic shifts - the
order parameters. These shifts are included
in the displacements associated with the an-
tiferroelectric lattice vibrational mode X 3(TO)
with the wave vector (1/4 1/4 0).? Because
these shifts do not couple with other shifts
associated with the lattice vibrational mode

B4 - JRR-3M #M@& . HRPD

S8 PHEFERE. (8BS



JAERI—Review 2000—004

Ry5,? they would not be affected by an exis-
tence of those order parameters. Thus we can
discuss these shifts by the antiferroelectric
order parameter alone. In the present ex-
periments the coordinates Pblx and Pb2x
showed no anomalous temperature depend-
ence. In addition, no clear deviations from
the simple phenomenological theory could be
detected for the temperature dependence of
the coordinates Pb1x and Pb2x. These shows
a sharp contrast with the results proposed in
the single crystal X-ray diffraction experi-
ments,® as was described before.

Temperature dependence of birefringence
in the plane perpendicular to the ab plane, n,
=n, - (n, + n,)/2, was reported to be in propor-
tion to that of lattice distortions® and also to
that of squares of the Pb shift? ; however, the
birefringence in the ab plane An, =n, - n, was
found to show a different temperature depen-
dence with them."” In the present experi-
ment An, above room temperature show the
temperature dependence in proportion to that
of the superlattice-reflection intensity at R
points, as shown in the followings. The fit of
An, with the temperature dependence of an-
tiferroelectric superlattice-reflection intensity
with the wave vector (1/4 1/4 0), which is iden-
tical with the previous fit by the temperature
dependence of the square of the Pb shift,? is
not good. Rather, the fit by the temperature
dependence of superlattice-reflection intensity
with the wave vector (1/2 1/2 1/2) shows a rea-
sonable result. The temperature dependence
of An, is, thus, well in proportion to that of the
superlattice-reflection intensity caused by the
order parameter of atomic displacements asso-
ciated with the lattice vibrational mode R,;.
It might be difficult to understand, however,
that the birefringence An, and the square of
the antiferroelectric order parameter have the
different temperature dependence, because the
An, is usually in proportion to the lattice dis-
tortion in the ab-plane.
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Fig. 1. Neutron Rietveld refinement patterns
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Imaging of Hydrogen Nucleus in the Hydrogen Bond of KDP by Maximum Entropy Method
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Makoto SAKATA?, Yoko SUGAWARA, Yoshinobu Isui' and Yukio MoRut'
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For the purpose of examining the nature of
hydrogen bond, the nuclear density distribution
of KH,PO, (KDP) was obtained by maximum
entropy method (MEM)”, For MEM analyses,
neutron powder diffraction data were used
without replacing proton by deuteron, in spite of
the large incoherent scattering from protons.
Because there is strong demand to investigate
both protonated and deuterated powder
specimens in order to understand the behavior of
hydrogen atoms, particularly, for the materials
with large isotope effects such as KDP.

The neutron powder diffraction data of KDP
were collected at room temperature (RT) and 10
K using HRPD diffractometer installed at the
JRR-3M reactor with the neutron wavelength of
1.16 A. For the accurate evaluation of integrated
intensities, each data point was measured with
three detectors to improve profile shapes®. The
powder data were analyzed by a sophisticated
method which is the combination of Rietveld
method and MEM>¥. For the analyses, 255
reflections for RT and 446 reflections for 10 K
were used, which corresponded to 0.62 A
resolution in real space for both data. The
reliability factor of Rietveld analysis based on
Bragg intensities, Rp, was 4.5% for RT and 3.3%
for 10 K, respectively. The treatment for the
negative coherent scattering length of protons in
MEM analysis is described elsewhere”).

The nuclear density distributions of hydrogen

bond in KDP obtained by MEM are shown in Fig.

1. In Fig. 1(a), it is clearly shown that the
distribution of proton has two maxima between
two oxygen nuclei. While the proton distribution
at 10 K as shown in Fig. 1(b) exhibits single
maximum. These figures provide a direct
observation of disordered and ordered states of
protons.

The present work demonstrated that it is
possible to determine the proton distribution in
crystalline materials by neutron powder
diffraction data, which will be beneficial for
studying hydrogen compounds.

(b)

Fig. 1 Nuclear density distributions of hydrogen bond in
KDP obtained by MEM at (a) RT, (b) 10 K.
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1-1-4 Hydrogen Bond of ADP by the Maximum Entropy Method
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In order to examine the nature of hydrogen
bond, it is important to study various types of
hydrogen bonds. It is said that NH4H,;PO; (ADP)
has two kinds of hydrogen bond, one is between
0-0 and the other is between N-O. In a series of
studies which include the present study, it is
aimed to investigate both nuclear and electron
density  distributions for paraclectric  and
antiferroelectric phases of ADP. In this report,
the preliminary results of nuclear density
distribution of ADP, which is obtained by a
sophisticated imaging technique called the
Maximum Entropy Method (MEM)", are given.
To obtain the nuclear density distribution of
ADP, neutron powder diffraction data were used
without replacing proton by deuteron, in spite of
the large incoherent scattering from protons. It is
a part of purpose to demonstrate that there exists
no real problem to determine hydrogen nuclear
densities from neutron powder data with non-
deuterated specimen.

The neutron powder diffraction data of ADP
were collected at room temperature using HRPD
diffractometer installed at the JRR-3M reactor
with the neutron wavelength of 1.16 A. For the
accurate evaluation of integrated intensities, each
data point was measured with three detectors to
improve profile shapes”. The powder data were
analyzed by a sophnsneated method which | s the
combination of Rietveld method and MEM™. For
the analyses, 169 reflections which corresponded
to 0.74 A resolution in real space were used. The
reliability factor of Rietveld analysis based on
Bragg intensities, R, was 9.0 %. The treatment
for the negative coherent scattering length ot
protons in MEM analysis has been established”.

The nuclear density distributions of hydrogen
bond in ADP obtained by MEM are shown in Fig.
1. In Fig. 1(a), it is not very clear whether the
distribution of proton has two maxima but the
nuclear density of hydrogen is wide spread
between two oxygen nuclei. While the proton
distribution between N-O as shown in Fig. 1(b)
exhibits single maximum near to nitrogen.
Furthermore it is very clearly shown that the

location of protons is slightly off the N-O line. It
implies that bond nature of O-O and N-O should
be rather different.
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(b)

Fig. 1 Nuclear density distributions of hydrogen bond in
ADP at room temperature obtained by MEM; (a) O-O
bond, (b) N-O bond.
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1-1-5 Neutron scattering on the metal-insulator transition in thiospinel Culr,S,
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Chalcogenide spinel compounds have
been extensively studied for their unique
crystal structure, magnetism, superconduc-
tivity, and so forth. Thiospinel Culr,S,,
which was newly synthesized, is metallic at
room temperature, but exhibits a sharp
metal-insulator transition at 230 K [1].
This transition accompanies a first-order
structural change from cubic to probably
tetragonal. Paramagnetic susceptibility at
higher temperatures sharply drops at the
transition, and becomes diamagnetic. In
this insulating phase the X-ray diffraction
study suggests a formation of some super-
structure. To investigate such superstruc-
tures further, and also to examine magnetic
properties - possibilities of an antiferromag-
netic ordering, or of a spin-singlet state, etc.,
neutron scattering experiments have been
carried out.

The sample was prepared by heating of
mixed powder at 850°C for 10 days in a
sealed quartz tube. This powdered sample
was placed in a cylindrical vanadium holder
of the wall thickness of 0.05 mm, and then
enclosed in an aluminum can filled with
helium exchange gas. The temperature
was lowered down to 7 K using a standard
closed-cycle refrigerator. Neutron scatter-
ing experiments were performed on TAS-1 (a
triple-axis spectrometer) in a diffraction
arrangement using PG crystals with the
neutron energy of 14.7 meV. Inelastic scat-
tering was done with the incident energy of
30.5 and 41 meV at the position of (3/2 3/2
3/2) which corresponds with the superlattice
peaks suggested in the previous X-ray dif-

fraction.

Figure shows the temperature depen-
dence of the diffraction pattern around the
(220) reflection. The structural transition
reported previously was apparently ob-
served; however, reflections which corre-
spond to the superstructures were not de-
tected within the experimental accuracy.
The reason of this difference is not clear at
present. There may be some delicate prob-
lems in the sample preparation. In the
present inelastic experiments, no clear exci-
tation peaks were observed over a wide
range of energy.

3000

o S

k'Y 36 * 38 * a0 ! 42 : a4
28/

Fig. 1. Diffraction pattern around (220) as a

function of temperature.
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Lead zinc niobate Pb(Znj/3Nby/3)03 (PZN)

is typical of relaxor ferroelectrics. PZN has a
disordered perovskite-type ABO3 structure

where the B site is randomly occupied by Zn2+

or Nb>* ions. PZN undergoes a structural phase
transition from the low-temperature
rhombohedral phase to the high-temperature
cubic phase.

Inelastic neutron-scattering measurements
were carried out using a triple-axis spectrometer
TAS-1 at JRR-3M. PZN single crystals used in
this study were grown from a PbO flux by the
Bridgeman method and had a volume of

approximately 0.6 cm3. As ferroelectric domains
disappear on warming up, the [100] Bragg
intensity is reduced significantly by an extinction
effect. The Curie temperature Tc determined in
this manner is 380 K.

Figure 1 shows examples of the energy
spectra for the [C00] TA phonons at £=0.1 and
0.5 measured at 470 K. The phonons are well
defined in the range { < 0.2. The linewidth for
the TA phonon becomes sharp in the long
wavelength limit. In contrast, the phonon
linewidth is extremely broad in the range 0.3 <
< 0.5. The phonon lineshape for C=0.5 is
significantly asymmetric, and its background
increases on the high-energy side. The random
distribution at the B site has a profound influence
on the corresponding short-wavelength phonon.
A overdamped phonon picture cannot explain the
observed profiles.

Figure 2 shows the phonon dispersion of the
TA branch measured at 300, 420 and 470 K
along the [£00] direction. A combination with
preliminary measurements along the [(C0]

direction suggests that PZN exhibits relatively
isotropic TA phonons. The dispersion relation is
practically temperature independent. In typical
perovskites, the soft TO mode interacts with the
TA mode. The present results suggest that the
soft mode behavior is absent in the diffusive
phase transition.
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Fig.1 Energy spectra for the [{00] TA phonons at {=0.1
and 0.5 measured at 470 K.
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Characterization of single-crystal Ni-base superalloy CMSX-4 with creep damage (III)
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'Hitachi Research Laboratory, Hitachi, Ltd., Hitachi, Ibaraki, 317-8511

The single crystal Ni-base superalloys have been
developed to apply to the blade of gas turbines,
which can be operated at higher temperature to
achieve higher efficiency. The excellent mechanical
properties of these materials at high temperature
arise from its morphology. After a standard heat
treatment, the ¥ phase regularly precipitates with
cuboidal shape, which is an ordered phase with
L1, structure, in y matrix which is a disordered
phase with a f.c.c structure. When the tensile stress
is loaded, the morphology of this material changes
to lamella structure which is aligned normal to the
stress axis. So, the morphology is related to the
strength of this materials. Therefore, the
characterization of morphology of superalloy is
very important.

In order to check the possibility of nondestructive
testing to the expected life of operated blades made
from Ni-base superalloy, we have applied very
small-angle  neutron  scattering  (VSANS)
experiments to the CMSX-4 superalloy with creep
damage as a model case.” In this study, to imitate
turbine blades, coating samples, of which one side
were treated by thermal barrier coating which
deposited alloy layer (CoNiCrAlY) with 0.3 mm
and ceramic layer (ZrO,-8Y ,0,) with 0.1 mm,
were measured. The VSANS measurements were
carried out using PNO instrument with the g-range

(q=2m6/A, O : scattering angle, A : neutron
wavelength) of 2X10™*-6X10”nm .

Figure 1 shows the smeared VSANS intensity of
coated single crystal CMSX-4 with damage rate
from 10% to 85% for creep rupture time. Incident
neutron beams were parallel to [100] direction of a
sample. Due to large scale particle of coating
materials, additional intensity added in a low
g-region. However, a contrast of the lst peak of
lamella structure are still good. The dependence of
creep damage rate for rupture time of averaged
period of lamella structure, d, are shown in Fig. 2
together with the data of non-coating sample and
creep curve. The agreement for d between non
coating and coating samples is good. This means
the influence of the coating for the evaluation of
period may be neglected due to high penetrability
of neutron. We emphasize that the dependence of d
is similar with that of strain. This means the

evolution of the lamella structure correlates the
creep strain. Finally, we mention that the all
VSANS curves of the coating materials obtained by
subtracting the non coating data from coating data
lic on a curve. We assumed that the scattering of
the coating materials is isotropic and performed a
infinite slit height correction. According to Guinier
analysis, the radius of gyration of the scatterer is

obtained about 2.0 pm.
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Fig.1 The dependence of VSANS cross section for coating
sample with creep damage.
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Fig. 2 The dependence of the average distance of lamella
structure as a function of damage rate for creep rupture time
and creep strain curve.

References
[1] K. Aizawa, H. Tomimitsu, H. Tamaki and A.
Yoshinari: (PROGRESS REPORT ON

NEUTRON SCATTERING RESEARCH, April 1,
1996-March 31), 1997, 54

[2] K. Aizawa, H. Tomimitsu, H. Tamaki and A.
Yoshinari: (PROGRESS REPORT ON
NEUTRON SCATTERING RESEARCH, April 1,
1997-March 31), 1998, 93

EF4F : JRR-3M #1® : PNO (3G)

SEF FHTE ()



JAERI—Review 2000—004

FRF—~ : DBF v VP —F Ce T/ 7= 514 KOBTFRY

B DEF YT —F CeSOb DT x ) UARL

1-1-8 Phonon Dispersions in the Low-Carrier Density System CeSb
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Cerium monopnictides (CeX, X = P, As, Sb,
Bi) exhibit typical heavy-fermion anomalies
despite their extremely low carrier concentration

of less than 10° per Ce ion.” They also exhibit
complex magnetic structures with various periods
of stacking of ferromagnetic (001) planes under
high pressures or under magnetic fields at low

temperatures.””  Although the ground state
crystal-field level of Ce ions is I'; with a magnetic
moment of 0.7y, some of the Ce-ion layers
exhibit a large magnetic moment of 2u,. It was
confirmed that the magnetic form factor of the Ce
ions with the large moment is quite close to the
calculated one for the Ty crystal-field state.” The
magnetically polarized Ce ions in CeX are
considered to be due to strong p-f mixing effect
and localization of low-density carrier. >

A recent low-temperature X-ray diffraction
revealed  that  crystal-lattice
modulations appear in magnetically ordered

experiment

phases of CeSb.” This phenomenon is interpreted
as the result of strong p-f mixing effect of ['y-like
state on the crystal lattice.

In order to check effects of low-carrier
density and p-f mixing on phonons, CeSb were
studied by inelastic neutron scattering at TOPAN
(6G) in JRR-3M and at 2T in Orphée reactor of
LLB. Figurc 1 shows the several dispersions
measured at 300 K. A longitudinal optic mode is
dispersive in small g region and is degenerate
with transverse one at I' point. This phenomenon

JRR-3M, 6G, 1. Structure & Excitaions

is explained by a model based on a screened
Coulomb potential and Born-von Kirmén force
constants.” Thus a screening effect by low-
density carriers is found in this system. Although
effects on phonons due to p-f mixing have not
been clear yet, temperature dependencies of
phonons should be measured.
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Yb,As, has been attracted attention because
of its unusual electronic properties. Heavy-
fermion-like anomalies have been observed in

spite of extremely low carrier concentration.”
This compound exhibits a structural phase
transition at 7. = 288 K. Its crystal structure is an
anti-Th,P,-type cubic one in the high-temperature
phase and transforms to a trigonal one below T,
which is realized by shrinking slightly along the
[111] direction of the cubic structure. Magnetic
susceptibility measurements or other
experimental results suggest that the 4f-electron
state is valence fluctuating in the cubic phase and
a charge ordered state below T expressed as
Yb3+Yb2+3AS3.

Neutron scattering experiments have also
been performed to investigate the charge ordering
and the magnetic properties of 4f electrons at low
diffraction

temperature. Polarized-neutron

experiments revealed that the charge ordered state
is composed of the Yb™ ions aligning along the
shrinking [111] direction and the Yb"" ions on the
other lattice sites.” Magnetic excitations within
this one-dimensional chain of Yb ions take
important roles of low-temperature physical
properties in this system.l)

Ultrasonic measurement shows that the
elastic constant, C,,, exhibits a strong decrease
near TC,4) which may indicate a softening of
phonons. Increase of entropy with increasing

JRR-3M, 6G, 1. Structures & excitations

temperature above T, was observed in specific

heat measurement.” This phenomenon seems to
be a precursor of crystal-lattice transformation
due to the short-range charge order. Thus, in
order to investigate the mechanism of the charge
ordering in this system, a measurement of
phonons by inelastic neutron scattering should be
performed in a temperature range around 7.

We have performed measurements of lower-
energy phonons with propagation vectors along
using TOPAN (6G)
spectrometer. In  figure 1, several phonon
dispersions along the [111] and [100] directions
measured at 300 K are shown. Open squares and

the principal axes

filled circles represent the data corresponding to a
longitudinal acoustic (LA) mode and a transverse
acoustic (TA) one, respectively. Their energies
are close to each other, in contrast to usual cases
where LA modes take higher energies than those
of TA mode. In Sm,,sY,,sS and TmSe which are
typical valence fluctuating systems, the LA
phonons propagating along the cubic [111]
direction show softening and their energies
become slightly lower than those of the TA

phonons propagating along the same direction.”
The fact that the energy of LA mode is close to
that of TA mode in Yb,As, is thought to be a
phenomenon of a phonon anomaly as the case in
valence fluctuating systems like Sm,sY,,sS and
TmSe. From the data points near the Brillouin
zone center, the elastic constants can be estimated
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as C, = 2.5 x 10" erg/em® and (C,, - C)2 = 5.0
x 10" erg/cm’. The Ultrasonic study reported C,,
= 1.83 x 10" erg/cm’ and (C,, - C,)/2 = 4.96 x
10" erg/cm’.” The values of C,, estimated in this
neutron experiment is lartger than that by
ultrasonic measurement. This fact indicates that
the softening of TA phonons along the [100] is
expected to occur in the g region closer to the
zone center than the measured points of this
neutron study.

In order to elucidate the role of phonons for
the charge ordering accompanied by the structural
phase transition, more detailed inelastic neutron
scattering measurements are necessary.
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1-1-10 Investigation of Lithium Intercalation

Material with 3-Dimensional Framework
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Cathode materials exhibiting high open
voitage, high charge capacity and good cycle
property at ambient temperature are
expected in order to develop new
rechargeable lithium battery systems. f-
Fex(SO4)s type LizV(POs)s has features of
high ionic conductivity and easily oxidizable
or reduceable element. The fast ion
transport of this compound is owing to a 3-
dimensional crystal structure similar to
Li;;lnz(PO:;);; and Li3SCz(PO4)3. HOWCVCI',
the disadvantages of it are low charge
capacity and poor cycle performance.
Reversible two phase transition occurs in
LizV2(PO4);. The high temperature y-phase
is the highest ionic conduction phase among
these three phases. In this study, the
stabilization of the y-phase was performed,
and the crystal structure and the cathode
property of the stabilized materials were
investigated.

Lis2VixM2(POs)s M = Zr*, Ti*")
and Liz(V1<Alx)2(PO4)3 were synthesized by
a conventional solid state reaction. The
sample of x = 0.05 had been stabilized in the
form of the high temperature y-phase at
room temperature.  The highest ionic
conductivity was detected in
Liz 8(Vo0.9Z10.1)2(PO4)3. The powder
neutron diffraction experiment was carried
out by using the HERMES diffractometer
installed at the T1-3 beam port of the T1
thermal neutron beam guide of JRR-3M.
The crystal structure was refined by the
Rietveld analysis for neutron diffraction
patterns in order to confirm the site location
and site occupancy for Li ions.

In Fig 1, the Li sitce environment of
Lizox(VixZr,)2(PO4)3 with x = 0.10 are
given. The site occupancy of Lil site is
greater than that of rest Li2 or Li3 site.
Although the monoclinic phase and the
orthorhombic phase of LizV2(POs); have
almost the same crystal structure, the crucial

JRR-3M, KPD, 1. Structures & Excitations

difference between the both phases is the
different distribution of Li joms. All Li
sites are fully occupied in the monoclinic
phase, while those sites are partially
occupied in the orthorhombic phase. Such
partial occupancy behavior over the whole
lithium sites is also seen in the
Li; 8(Sco.9Zro.1)2(PO4)3 and
Liz s(Ing.9Zro.1)2(PO4)3. These three crystal
structures are all the same.

The Rietveld refinement confirmed
clearly that a much high disorder was
introduced to the three kinds of Li sites in
the orthorhombic phase of
Liz 8(V0.9Zr0.1)2(PO4)3. On  charge-
discharge measurements, Zr-substituted
sample increased the charge capacity about
30% and improved the cycle performance,
compared with the unsubstituted sample.
The reason can be ascribed to the
stabilization of the orthorhombic phase,
effective for fast Li ion transport by the
introduction of small amounts of Zr** ions.

20 Y o0

Li3 Lil

v oo

c Lil i3

QOQ

a

Fig.1 Li ions distribution of
Liz 8(Vo0.9Zr0.1)2(POs)s in ac plane.
Black painted areas are
corresponed to the occupancy rate.
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1-1-11 Crystal Structure and Ionic Conductivity of Lithium Phosphate with Indium
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Lithium ionic conductors exhibiting
high ionic conductivity at ambient
temperature are paid attention in order to
develop new rechargeable lithium battery
systems. Oxide lithium ion conductors are
promising solid electrolytes for all solid
rechargeable lithijum batteries because of
easy synthesis, easy handling and stability in
air.  Li3Iny(PO,)s, lithium ion conductor,
forms B-Fe,(SO4)s type structure similar to
NASICON type structure. Three phase
exists in LisIny(POs); according to the
temperature: a monoclinic a-phase at low
temperature, same an another monoclinic B-
phase which has a little larger unit cell, and
an orthorhombic y-phase at  high
temperature. The y-phase especially
indicates good ionic conductivity due to
disorder arrangement of Li ions. The
purpose in this study is to stabilize the y-
phase at room temperature by substitution of
Zr** ion for In>* sites. The crystal structure
of Lizou(In;xZrx)2(POs)s with x = 0.10 was
refined by the Rietveld analysis for neutron
diffraction pattern in order to confirm the
site location for Li ions.

The powder neutron diffraction
experiment was carried out by using the
HERMES diffractometer installed at the
T1-3 beam port of the T1 thermal neutron
beam guide of JRR-3M. The crystal
structure of Liyg(Ing9Zro1)2(POs)s was
determined by the Rietveld method for the
diffraction pattern. In Table 1, the refined

crystallographic data of
u3-2x(1nl-fox)2(Po4)3 and
Liz.2x(SC1xZtx)2(POs); with x = 0.10 are
given. The lattice parameter a in the
indium phosphate is longer than that of
scandium phosphate though the unit cell
volume is smaller. The expansion of a is
effective for Li ion conduction because of
the expansion of bottle necks. Actually, the
ionic conductivity of Liss(Ing9Zro.1)2(POs)s
(0 = 1.40X10° “Scm™) is higher than that
of Lizs(ScosZro1)2(POa)s (0 = 1.14X 107
Scm™).  The crucial difference between the
monoclinic phase and the orthorhombic
phase of LisIny(PO4); is the different
distribution of Li ions. The fact has been
obtained that all Li sites are partially
occupied in the high temperature form of
Li3SCz(PO4)3 and Li3.2x(SC1.xMx)2(PO4)3
(M = Ti, Zr) with x = 0.10. It is also
comfirmed that the same situation is heeled
in Liz 8(Ing.9Zro.1)2(PO4)s-

The Rietveld refinement confirmed
clearly that the superionic conduction phase
was stabilized at room temperature and that
a much highly disordered -state was
introduced to the three kinds of Li sites by
substituting Zr** ions for In’* sites. The
improvement of the ionic conductivity can
be ascribed to the introduction of Li ion
disorder state and to the creation of a.
number of vacancies on the available Li sites
leading to the expansion of the bottle necks
for Li ion conduction.

Table 1 Characteristics of neutron experiment and unit cell parameters
of Li.2x(InxZr.)2(PO4)s and Lis 2(Sc1xZrx)2(POa)3 with x = 0.10.

Compound Space group a(A) b(A) c(A) V(A
Lizs@nasZto2(POJs Ortholiomble 13 3612)  8.6941) 883700 94970)
“2-“(5‘:";5‘8‘;3)2("0‘)3 Onh;’,zhc‘;mbm 12.3542(5) 8.7946(3) 8.8200(4) 958.29(7)

JRR-3M, KPD, 1. Structure & Excitations
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Magnetic Properties in REB,C, compounds
(RE= rare earth) with a tetragonal LaB,C, type
crystal structure attract our interest recently. In
particular, DyB,C, undergoes an
antiferroquadrupolar ordering at T,=24.7K and
a transition to a characteristic antiferromagnetic
state at 15.3K[1]. Moreover, HoB,C, also shows
a complicated phase diagram which may
indicates the existence of a quadrupolar ordered
state below T\. To understand the mechanism of
quadrapolar interactions in REB,C,, we have
investigated the magnetic properties of this
system.

Actually, two structure models for this
system were reported by X-ray diffraction
technique: model-I with the space group P42c¢

by Bauer et al .[2], and model-II with the space
group P4/mbm by Smith et al{3]. Thus, to
confirm the crystal structure of this system, we
performed neutron powder diffraction
experiments. The detail of the results of the
experiments has been already reported in ref.4
We measured powder patterns of
polycrystalline samples of Ce''B,C, and
Nd''B,C, on Kinken powder diffractometer
HERMES(T1-3) at JRR-3M. Natural boron was
replaced by ''B, because of the strong neutron
absorption effect. Fig.l shows a powder patter
of Ce''B,C, in the paramagnetic state by
HERMES, and results of Rietveld analysis by
means of RIETAN-9783 with several structure
models. Fig.2 shows perspective views of the
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(a) Powder pattern of Ce''B,C, at 15 K on HERMES. The solid line is the best results of

Rietveld refinement by RIETAN-97B. (b)-(e) show the differences between observed and calculated
patterns by each model. (see Fig.2) Arrows indicates the positions of Bragg peaks which can not be

explained by model-| and -Il.

JRR-3M, HERMES, 1. Structure
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Fig. 2. Perapective views and projectious on the c-planc of the models for the tetragonal LaBaCa-type structure

with (a) the space groups of Pi12c by Bauer et al’ 7 (model 1), (b) P4/mbm by Smith

PA/mbmn by the present work (model 11°).

models. In Fig.l, we observed some
characteristic peaks denoted by arrows, which
can not be explained by model-I( See Fig.2(a))
by Bauer et al. nor model-II(See Fig.2(b)) by
Smith er al. Almost the same results were
observed in powder diffraction experiments in
Nd''B,C,. From some model fitting procedures,
we refined the crystal structure of Ce''B,C,and
Nd''B,C,; Fig.2(c) shows the best result which
explained the powder patterns on HERMES
quite well. In this model, the unit cell is
different from the model-I by Bauer et al: [110]
direction in model-1 became [100] direction in
our model, that is, the lattice constant, a, is V2
times of that of model-I, and c is half of that of
model-I. The difference of the model-II by
Smith ez al. is the positional parameters of B and
C, x¢c and x,. From Rietveld refinement with our
model, x. and x; are determined as 0.361 and
0.160, respectively, at 15 K; in the model-II by
Smith et al., x, was determined as 0.352 and
Xc=0.5-x,.

Since the neutron diffraction technique is
effective to determine accurate positions of light
atoms in a compounds which includes heavy
atoms in comparison with X-ray diffraction

(model 11) aud (c)

technique, we were able to determine the crystal
structure in detail. Since Ce"B,C, and Nd''B,C,
has the same crystal structure, it is highly
probable that other RB,C, compounds have the
same structure as those of Ce''B,C,and
Nd''B,C,. Itis necessary, however, to confirm it
by neutron powder diffraction in the heavy rare
earth compounds.
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1-1-13 Martensitic and Magnetic Transformations in Heusler-type Ni,(Pd,,Mn,,,) Ga

K. INOUE, K. ENAMI, M. IGAWA, Y. YAMAGUCHI' and K. OHOYAMA'

Fac. Sci & Tech. Ryukoku Univ. Seta, Otsu. 520-2194, Japan
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The Heusler-type Ni,MnGa alloy shows a
thermoelastic martensitic transformation at a
temperature, Mg, of about 200K[1], where the
magnetic transition occurs from a ferromagnetic
phase to another ferromagnetic one. On the other
hand, the Curnie temperature, T, of this Heusler
phase is around 370K[1]. If M; closes to T, we
may control the phase transformation by changing
the external magnetic field instead of temperature.
To bring both Mg and T, close to room temperature,
we made slightly non-stoichiometric compounds by
replacing some atoms with the other kind of atoms.

In case of Ni,(Pd,,{Mny,)Ga, it was found that
both Mg and T, are ncar the room temperature from
the measurement of temperature dependence of the
electrical resistivity. To investigate precisely the
phenomena occurring around the transformation
have the
measurements by SQUID magnetometer and the
powder neutron diffraction by HERMES
diffractometer at JRR-3M on this material. The
program, RIETAN[2], was used for Rietveld
analysis of the diffraction patterns.

region, we made magnetization

The temperature dependence of magnetization
measured with increasing and decreasing
temperatures at a few field levels is shown in Fig.1.
We can see the martensitic transformation and the
Curie point occur near the room temperature
though the transformation region moves with
magnetic field. Neutron diffraction patterns for
mother phase at 400(K) and for marteisitic phase at
16(K) are shown in Fig.2. Peaks of Al are
originated from the sample holder. At high
temperature of 400(K), where the compound is

paramagnctic, a cubic Heusler structure is only

JRR-3M, HERMES, 1. Structures & Excitations
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Fig.1. Magnetization versus temperature.
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Fig.2. Neutron diffraction patterns at 400K and 16K.

observed. Whereas, at low temperature of 16(K),
where the sample is ferromagnetic, the diffraction
pattern is quite different from that at 400(K). As the
(111) peak of Heusler structure remained at low
temperatures and the (200) peak splits into three,
the basic structure at low temperatures is
presumably orthorhombic distorted from the cubic
Heusler structure. To

structure, we have made the Rietbeld analysis on

determine the crystal

the diffraction pattern above 2 0 =70° , because
the effect of magnetic scattering is eliminated at
The best fit was obtained
on the assumption that two phase structures coexist

high scattering angle.

at low temperatures. On¢ is an orthorhombic
structure distorted from the cubic Heusler one and
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the other is a monoclinic one with the shuffling of 6
layers of (220) plane of this orthorhombic one. The
basic Heusler structure and the way of shuffling of
(220) plane are shown in Fig.3(a) and (b),
respectively. The order of 6 layers stacking of (220)
planeis A, B>, C, A’, B and C’ in Fig.3(b). The
mass fractions of each phase for both increasing
and decreasing temperatures are shown in Fig.4.

Y 4
ad 3
% %% %
i %t a4 -
/ A B c

<P

e o e o x » c
" - " [ oM QO Ma @D O
(@ ®)
Fig.3. (a) Crystal structure of high temperature cubic
phase. (b) 6 layers stacking of (220)plane.
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Fig.4. Temperature dependence of mass fractions.
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Fig.5. Temperature dependence of lattice constants
for three phases.

The temperature dependence of the lattice constants

of each structure obtained with increasing
temperature is shown in Fig.5. We can see the
situation where the cubic Heusler structure is
distorted to an orthorhombic one, and this
structure is distorted to a
monoclinic one with shuffling of 6 layers of
(220) plane.

As shown in fig.4, about 80% of the total

mass is monoclinic and 20% is orthorhombic at

orthorhombic

low temperatures. When the temperature increases,
between 270(K) and 320(K) the mass fractions of
two martensitic phases decreases gradually,
whereas that of cubic Heusler phase increases. On
the other hand, when the temperature decreases, the
change of mass fraction starts at lower temperature
region compared to the case of increasing
temperature. The hysteresis of the martensitic
transformation is obviously observed. The shape of
the temperature dependence of the mass fractions is
quite different for increasing and decreasing
temperatures. This phenomenon indicates that the
abundance ratio of these two phases changes easily,
because the formation energy of monoclinic phase
and that of the orthorhombic one is very close.

If we assume that only the Mn atom has
magnetic moment, the moment of Mn is estimated
to be 3.88 u from the saturation magnetization.
According to the energy equation u gH = kgT, this
small moment does not correspond to the measured
transformation region which spreads over 50(K).

Better material which has large magnetic
moment or narrow temperature region should
be developed.
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1-1-14 Magnetic field effects on superconducting La , Sr,CuO,
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La-based High-7t superconducting cupu-
rates La, Sr,Cu0O, shows a small kink at
around x=0.115 in the x-7t curve. For this
compound an incommensurate magnetic or-
dering was found clearly [1]; however, the
structural phase transition to LTT (the low-
temperature tetragonal), which appears ap-
parently in the Ba substituted compound La,.
.Ba,Cu0, with x=0.125 (1/8), has not been ob-
served in the crystal structural studies. On
the other hand, in the ultrasonic measure-
ments an anomalous stiffening was observed
at low temperatures [2]. The work indicates
that in LSCO the LTT structure fluctuates
significantly, but that is not a macroscopic one.
Recently such a stifftening of the lattice was
found to be enhanced by strong magnetic fields
[3]. Furthermore, an NMR experiment under
high magnetic fields suggested that a struc-
tural phase transition occurs accompanied
with a spin-flop transition. To examine these
peculiar structural and magnetic transitions,
peutron scattering experiments have been
performed under the fields.

In the experiments a single crystal with
x=0.12 was used. Its a (b)-c plane was set in
the scattering plane, and the magnetic field
was applied to the b (a)-axis. (The crystal
consists of twins; thus the scattering both from
the a-c and from the b-c plane are observed in
the scattering plane.) Neutron diffraction
experiments were done on TAS-2 (a triple-axis
spectrometer) in a diffraction arrangement
with the neutron energy of 13.6 meV. Mag-
netic field effects were studied using a new-
type (Liquid-He free) split-pair superconduct-

Counts /58

ing magnet which can apply the fields up to
10T [4].

Figure shows magnetic field dependence
of the nuclear peak 200 (and 020 also). The
results suggest a change in the population of
domains which relate to the twin formation;
however, any clear indications of the struc-
tural transition were not observed. In this
scattering plane a spin-flop transition was also
investigated.  More detailed experiments,
however, are required to discuss the phase
transitions under magnetic fields.

50000 [~ — - .
0T 42K 10T 42K

25000 [~ - = —

L
[P P S [P P S
1.96 1.98 200 202 204 1.96 1.98 200 202 2.04

hoo h0o

Fig. 1. Magnetic field dependence of the nu-
clear scattering intensities.
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Diluted magnetic semiconductor
Zn, Mn, Te undergoes spin glass transition
below 50 K in the wide manganese
concentration range ( 0.2<x<0.65) . [1]
Giebultowitz et al. observed damped magnon-
like excitations in Zngy,,Mn, Te and
Zn, ,,Mn,, Te at 4.2 K, but could not detect
any critical Lorentzian component from spin
relaxational processes in the narrow energy
region around the incident neutron peak. [2]

Inelastic neutron scattering experiment for
Zn, M1, ,,,Te was carried out using a TOF
cold neutron spectrometer, AGNES (A =4.22
A) , installed at the guide hall of JRR3M.

Quasi-elastic scattering at reciprocal lattice
point, 1 1/2 0, was fitted with Lorenzian as a
function of energy transfer. We obtained
FWHM (full-width at half maximum) of the
quasi-elastic scattering at 14 K, 17 K, 30 K,
100 K and 293 K, respectively. Figure 1 shows
the inverse of FWHM at each temperature,
which takes the maximum at the spinglass
transition temperature, Tg=17 K. The quasi-
clastic scattering arises from the magnetic
fluctuation related to the spinglass transition.

The quasi-elastic scattering intensity was
measured under various scattering conditions
in hkO plane at 17 K and integrated over the
energy width of + 1 meV. As shown in Fig.2,
the integrated-intensity distribution mainly
originates from the type-III antiferromagnetic
short-range order, {3] but the peak position is

slightly shifted from 1 1/2 0 toward the 100
point. It is suggested that the magnetic
fluctuation contains a modulated dynamical

component.
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Fig.1 Temperature variation of the inverse of FWHM
for quasi-elastic scattering at 1 1/2 0.
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Fig.2 Distribution of quasi-elastic scattering intensity
integrated with the width of + 1meV at 17K
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Rare-earth (Ln) orthotitanates LnTiO;
containing early trivalent lanthanides (Ln=La to
Sm) are known as a canted antiferromagnet. The
antiferromagnetic order in these systems readily
disappears with slight deviation of Ti valence
from 3+(3d') caused by oxygen excess, Ln-
deficiency, the substitution of Ln by alkali-earth
ions (Ln,.Sr,TiO;), etc. Recently, as a different
approach to these systems, the present authors
have initiated a systematic study of mixed Ln
orthotitanates (LnLn’)TiO; to see what further
variations of their physical properties are
brought about, and found in most of such
systems a characteristic susceptibility ( y ) peak
phenomenon in their y vs. T plots, as shown in
Fig. 1 for Ce;.x Nd (TiOj: here, the y peak
occurs in the high Nd content region of x>0.5.
Whereas, in La-Sm system (La;..Sm,TiO3) this
occurs in the low Sm content region of x<0.3.
In order to elucidate the possible origin of such
¥ peak phenomenon in these systems, high
resolution powder neutron diffraction (HRPD)
experiments were performed on each typical
system, Ceo s Nd o.5TiO3 and Lag 75 Smg 25TiO3

FC () 1
"g‘ —a—x=05
5 a  x=0.5 (ZFC)
5 »  x=0.55 (x0.7)
= x  x=0.625
0 100 200 300

Temperature (K)

Fig. 1 DC susceptibility (x ). vs. T(K) curves of
Ce; .« Nd,TiO; over the entire x range.

between room temperature and 10K. The
results are shown in Fig.2 for the former and
demonstrate that neither structural nor long
range magnetic order take place below Tyand
even at the y peak temperature(=50K) in this
system. Similar results were obtained for the
latter (but, here, due to the strong neutron
adsorption of Sm, the quality of HRPD pattern
is much worse.) From these results it is judged
that the y peak in these systems originates
from the onset of the cluster(or spin) glass type
short range order of the frustrated canted anti-
ferromagnetizm in these mixed Ln titanates.
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Magnetic properties of ordered perovskite-
type compounds SroLnRuOg(Ln=Ho,Tm) have
been reported. Their magnetic susceptibilities
were measured from 5K to 300K These
compounds showed magnetic transitions and
their transition temperatures were determined to
be ca. 36K (Ho compound) and ca. 38K (Tm
compound).

In order to determine the magnetic structures,
powder neutron measurements were performed
at room temperature and 10K with a High
Resolution Powder Diftractometer ( HRPD ) in
the JRR-3M reactor with a neutron incident
wave length ( 1 =1.1624A).

Powder neutron diffraction patterns of
SrzHoRuOs and the Rietveld analysis are shown
in Fig.l. The crystal structure at room
temperature is monoclinic with space group
P2,/n(No.14), and the Li*" and Ru’" ions are
structurally ordered at the B sites of the ABO;
perovskite-type  structure. The  magnetic
structure of Sr;HoRuOs at 10K is illustrated in
F1g2 The magnetic moment of the Ho’" and
Ru’" are ordered antlferromagnencally,
respectively. In the ab plane, the magnetic
moments of Ho'® and Ru™ are coupled
ferrimagnetically. The magnetic Bragg peaks of
Sr;TmRuQg are observed, and it is considered
that the magnetic structure 1s antiferromagnetic.
However the detailed magnetic structure of
Sr;TmRuQg could not be determined, because
their peaks were very weak.

3000
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(b) 10K
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Fig.1 Powder neutron diffraction pattern fitting for
Sr-HoRuOs.

Fig.2 The magnetic structure of Sr-HoRuQs. Diamagnetic
ions are omitted. Larger circles Ho*. smaller circles
Ru'".
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We prepared layered perovskites Cap.

StMnO, (x =0 ~ 2.0 at 0.25 intervals ) with o Cann0,
Ruddlesden-Popper  type  structure.  The ZFC
temperature-dependent magnetic susceptibilities o FC
were measured with zero-field-cooled (ZFC) and 0.006 -} Ca, Sr, MnO,
field-cooled (FC) conditions at an applied field of . v ZFC
1000G. The results are shown in Fig. 1. A i . €a,,5r,MnO,
dramatic difference in magnetic susceptibilities E 0004 J \ , "S""'“ZFQ
between ZEC and FC was observed below the E [ _”rj‘l‘\fm_g*pc
Néel temperatures for Ca;MnO; and = O S
Ca; 75S1025MnQ,, which shows the onset of a S
ferromagnetic moment below these 0002} e T
temperatures.

Their precise crystal structures at room
temperature and at 10K and magnetic structures
at 10K were determined from the neutron 000 T oo 150 200 250 300 350
diffraction measurements wusing a High T/K
Resolution Powder Diffractometer ( HRPD ) in

the JRR-3M reactor with a neutron incident Fig. 1 Magnetic susceptibilities for Ca.Sr,MnQ.,.
wave length ( A= 1.823A ). The compounds for :
x = 0 and 0.25 have a tetragonal system with
space group /4/acd ( No. 142 ). The compounds
for x = 0.5 ~ 2.0 have a tetragonal system with
space group /4/mmm ( No. 139 ) both at room
temperature and 10K.

Magpnetic structures of Ca,.SrMnO, ( x =
0.0, 0.5, 1.0 and 1.5 ) solid solutions at 10K have
been determined as shown in Fig. 2.

With increasing Ca content, the crystal
structure of Ca,..Sr.MnQO, becomes distorted and
the ferromagnetic component derived from the
Dzyaloshinsky-Moriya interaction appears. The
interlayer  distance becomes shorter with
increasing Ca content, and the characteristic of
the magnetic interaction between the Mn*" ions
becomes  three-dimensional  from  two- (a) (b)
dimensional as shown in Fig. 2. Fig 2 Magnetic structures of Ca-..Sr,MnOy;

(a) Ca-MnQ, and (b) Ca~,St,MnO; with x = 0.5 ~ L.3.

Uk JRR-3M AW HRPD(IG) SRk IRl CRENE)
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Pressure effects on spin gap and antiferromagnetism of the spin ladder compound
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The magnetic states of the newly discov-
ered spin-ladder systems have received signifi-
cant attention from both theoretical and ex-
perimental viewpoints, After several intense
studies on this S=1/2 Heisenberg system, the
following has been established. Ladders with
an odd number of legs show long-range spin
correlations, and often exhibit magnetic or-
dering at low temperature due to interladder
interactions. On the other hand, even-leg
ladders have short-range magnetic correla-
tions, i.e. a spin liquid ground state with a spin
gap. Furthermore, a transition to the super-
conducting state is expected with hole doping.
Recently, such superconductivity has been
observed in the heavily doped two-leg ladder
system (Sr,,,Ca)Cu,0,; - but under high
pressures?. In this unique system, recent
neutron scattering studies on a single crystal
with x= Ca 11.5 showed that the spin gap does
not change from that of the pure system?;
moreover, this doped compound exhibits a
complex antiferromagnetic ordering below
2K?,

The present work extends these neutron
scattering studies to high pressures. The
experiments were carried out on the triple-axis
spectrometers at the JRR-3M. The high-
pressure experiments were performed at 0.72,
2.1 and 3.0 GPa using a clamp-type pressure
cell”, which was cooled down to 1.4K in a con-
ventional cryostat. The intensity from the
sample was rather small because its volume

was limited to about 0.1 cm? in the pressure
cell, and there were fairly high background
intensities scattered from this pressure cell.
The spin gap energy was measured by
neutron inelastic scattering experiments at
the antiferromagnetic zone center (1.5 0 10.5);
that is, (0.5 0 1.5) in the Cu-O-Cu unit. Fig-
ure 1 shows the energy dependence of the scat-
tered intensity measured under high pres-
sures. To get statistics, the intensities were
corrected for 2hours per point at 2.1GPa, and
for lhour at 0.72GPa. At ambient pressure
where the sample was placed outside the pres-
sure cell, 5min per point was enough. The
errors indicated in the figure were fairly large
because of the high background intensities
from the pressure cell. Here the intensities
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Fig. 1. The constant-@ scan at the antiferro-
magnetic zone center (0.5 0 1.5) for the spin gap
excitation under high pressures.
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at different pressures were normalized by nu-
clear peak intensities. As shown in this fig-
ure, it seems apparent that the intensity de-
creases progressively under high pressure.
There is no clear change in the spectral re-
sponse below 20meV. Regarding the spin gap
energy, the results are not yet completely con-
clusive but it appears that the energy gap is
around 30 meV. Compared with the detailed
experiments at ambient pressure, the spin gap
energy does not change significantly from
32meV?. Since the superconductivity ap-
pears at pressures between 3.5 and 8GPa®, the
pressure of 2.1GPa is still some way from this
threshold. However, our results imply a
characteristic pressure dependence of the spin
gap energy and its intensities.

The antiferromagnetic ordering found
recently in this Ca substituted system indi-
cates the existence of magnetic order in the
spin liquid state®. Since the antiferromag-
netism does not appear in the parent com-
pound Sr,,Cu,,0,,, this magnetic order must
be induced by the holes introduced by the Ca
substitution. The ordering appears at 2K at
ambient pressure. As will be explained else-
where?, this antiferromagnetism is complicat-
ed reflecting the complex crystal structure.
Although the magnetic ordering seems to be
related to the chains, a full determination of
the structure has been left. Here, the pres-
sure dependence of this antiferromagnetic
ordering was also investigated in connection
with its pressure-induced superconductivity.
Figure 2 shows the temperature dependence of
the intensities from the (1 0 7) magnetic reflec-
tion for pressures of 0.72, 2.1 and 3.0 GPa.
They were also normalized by the nuclear re-
flections. The intensity, and the magnetic
moment, decrease with increasing pressure,
and seem to disappear at the critical pressure
for the superconductivity. The Néel tempera-
ture, on the other hand, increases a little at a
rate of 0.3K/GPa. These results might be
related to the fact that the superconductivity
appears at a pressure of 3.5 GPa.

Our results indicate that the spin gap
and the Néel temperature are not suppressed

under high pressures. The intensities are,
however, greatly decreased with pressure as
one approaches the superconducting state.
This suggests that pressure promotes the delo-
calization of electrons and/or holes that are
concerned in the magnetism of the system.
These conduction carriers would play a role in
its superconductivity. To understand the re-
lationships between the magmnetism and the
superconductivity further, precise experiments
under higher pressures are still required.
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Fig.2. Pressure dependence of the intensity of the
(1 0 7) magnetic reflection as a function of temperature.
For the sake of clarity the intensity curves are displaced
vertically.
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1-2-5 Neutron diffraction study on the magnetic structure of TmB,,
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RB,, (R=Tb, Dy, Ho, Er, Tm, Yb, Lu) series
show NaCl-type crystal structures consisting of
R and B, octahedrons. In this series, R=Yb is
well known as a Kondo-semiconductor, which
has gaps of about 5 meV and 15 meV at Fermi
level and a lot of studies on this compound has
been done in order to investigate the origin of gap
formation”. On the other hand, there have been
few report on the study of the other compounds,
especially on the magnetic structures so far
because it has been thought that these compounds
show simple antiferromagnetic order due to the
RKKY interaction. Recently, Iga et al. have
successfully prepared the high-quality sample of
these series®. They proposed that the electronic
state of TmB,, is similar to that of the
Kondo-semiconductor, YbB,,. Thus, it is
important to study these series systematically in
order to investigate the origin of Kondo -
semiconductor. In this report, we will show
preliminary results of the neutron diffraction
experiments on powder sample of TmB, ,.

The neutron diffraction experiments on TmB, ,
were carried out on the triple axis spectrometer
TAS-1 installed at the 2G beam hole of JRR-3M
reactor in JAERI, Tokai.

TmB, , shows the magnetic ordering below 3.4
K. Thus, we measure diffraction patterns at 1.5K
and 51K in order to pick out magnetic peaks.
Fig. 1 shows the diffraction patterns of TmB, ,.
Some pairs of the magnetic peaks are clearly
observed at 1.5 K. Fig. 2 shows the projection
of these peak positions on the [100] - [O1l1]
scattering plane. The result reveals that TmB,,
shows not a simple antiferromagnetic order but a
complex long period magnetic order with a wave
vector of k = (0.46,0.46,0.46). The precise
neutron diffraction experiments using high -
quality single - crystal samples including other
rare - earth compounds in this series are now
progressing.
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Fig. 2 The projection of the magnetic dtfraction peaks of
TmB,, on the [100] - {001] plane.
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1-2-6 Magnetic structure of CeAs under high pressure
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Ce-monopnictides CeX (X=P, As, Sb, Bi) are
low-carrier-density semi metallic compounds
with NaCl-type crystal structure. For lighter
compound CeP, recent neutron scattering studies
using high-quality single-crystal sample made
marked advances on the magnetic structures
under high pressure. Detailed reports on the
experiments were given in Ref. 1)-3). The
essential points of the experiments are as
follows. The T states of Ce ions, which bave
about 2 p, magnetic moments in this case, appear
among the T, crystal field ground states of Ce
jons at low temperature above critical pressure P,
of about 0.3 GPa. They are forming periodic
stacks of the T, ferromagnetic double (001)
planes. The period of the double (001) planes
changes quite systematically with increasing
applied pressure.

On the other hand, although macroscopic
measurements revealed that CeAs shows a
pressure versus temperature (P-T, hereafter)
phase diagram similar to that of CeP, no evidence
that CeAs shows such the novel magnetic
structures under high pressure as observed on
CeP has been reported so far . Thus, we carried
out neutron diffraction experiments under high
pressure using high-quality single-crystal sample
of CeAs#3. In this paper, we will briefly report
the results of our neutron diffraction experiments
under high pressure up to 2.5 GPa.

The neutron diffraction experiments on CeAs
under pressure up to 2.5 GPa were carried out on
the triple axis spectrometer TAS-1 installed at the
2G beam hole of JRR-3M reactor in JAERI,
Tokai.

At ambient pressure below 8.0K, CeAs shows
a simple type-I antiferromagnetic ordering which
consists of an antifcrromagnetic stack of
ferromagnetic (001) planes with I'; magnetic
moments. In contrast, we observed novel
magnetic  diffraction patterns along  [L1L]
direction above critical pressure P, of about 1.2

GPa. The majority of the scattering patterns
consist of ferromagnetic components at L = 1.0
and satellite peaks at regular intervals. The
positions of satellite peaks are described by
multiples of the wave vector (21/a)s, where a is
the lattice parameter and 3 gives the period of the
magpetic structure. Fig.l (a)-(d) show some of
the typical magnetic diffraction patterns of CeAs
above P. The P-T phase diagram and the
schematic magnetic structures in the phase
diagram determined by the neutron diffraction
experiments are summarized in Fig. 2. A
systematic change of the period of the magnetic
structure is seen in the phase diagram. The
detailed feature of the phase diagram is very
similar to that of CeP"*. The apparent difference
is pressure values at which the magnetic
structures with the same periods appear. This
point will be discussed again below. We also
observed steep decrease of the volume above P,
with increasing applied pressure. This gives
direct evidence for the fact that the states with 2
|, magnetic moments, which appear among the
I, ground states above P, are affected by the
strong mixing effect.

In the phase diagram, as expounded on CeP
vy T(P) is correspond to the first-order-like
transition temperature below which the I; Ce
ions with 2 p; magnetic moments appear among
the I, ground sate Ce ions suddenly and order in
the form of periodic stacks of the T
ferromagnetic double (001) planes. Since the
origin of the I'y ferromagnetic planes is explained
within the framework of the p-f mixing model for
Ce-monopnictides®, it seems that the increase of
T.,(P) and the increase of the ratio of the T’y Ce
ions with increasing pressure is caused by the
increase of the carrier number as a result of the
increase of the p-f mixing effect caused by
applying pressure. Thus, the difference of the
pressure values between CeP and CeAs is due to
the difference of their carrier numbers. The
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Fig. 1 Magnetic diffraction patterns of CeAs above P,

macroscopic measurements actually confirmed
that the carrier numbers of CeP and CeAs at
ambient pressure are estimated to be about 0.01
and about 0.005 per Ce, respectively®”.
Concerning the present results, more detailed
discussions including theoretical aspects are
given in Ref. **
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UirGe belongs to a large group of
isostructural UTX compounds and up to now
has been studied only in polycrystalline form.
It crystallises in the orthorhombic TiNiSi-type
of structure (space group Pnma) where U
atoms which are responsible for magnetic
properties form a zig-zag chaines running
along the a-axis.

UlrGe is one of the most puzzling cases
despite considerable effort of several
groups. All bulk properties which have been
studied so far point to antiferromagnetism in
this compound below 16+18 K. [1-3]. The
specific-heat anomaly shifts by 0.5K to
lower temperatures when a field of 5T is
applied [3,6] and the magnetization curves
measured on free-powder samples at 4.2 K
exhibit two clear metamagnetic transitions at
13 and 19 T, respectively. To a big surprise
no indication of magnetic order down to
1.5 K has been provided by neutron powder
diffraction experiments [4]

Recently, a single crystal of UlrGe of
sufficient quality has been grown by a
modified Czochralski technique which has
opened the possibility to re-investigate the
magnetic structure(s) of this compound at
low temperatures. We have performed
single-crystal neutron-diffraction experiment
at two temperatures, namely at 40 K and at
4.2 K. At higher temperature we have
confirmed the proposed crystal structure with
the lattice parameters a=683.7 pm, b=429.2
pm and c=756.4 pm.

To detect expected magnetic
reflections we have looked to a-c and b-c
scattering planes. Note that the b-c plane is
magnetically soft plane. Due to the fact that

within the crystallographic unit cell there are
four U atoms and therefore
antiferromagnetic (AF) coupling can be
maintained within the crystallographic unit
cell we have also monitored integrated
intensities of nuclear reflections.
Unfortunately, we did not observe any new
reflections which would be due to proposed
AF structure nor we have detected any
sizable change in the nuclear Bragg peak
intensities which would be possible to
interpret as to be due to magnetic ordering.

Obtained results strongly suggest that
either the magnetic moments are below
detection limit of the performed experiment
or that the propagation vector of the AF
structure is outside the a-c or b-c planes.
Most probably, the magnetic structure is
incommensurate  with the underlying
crystallographic structure. It would be
desirable to perform diffraction experiment
using a wide -angle position-sensitive
detector.
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Complicated phenomena triggered by hole
doping into transition metal oxides attract much
interest. LaNiO, is a 2D Heisenberg
antiferromagnet, which belongs to the same
family of compounds of so-called 2-1-4 oxide
superconductors. Although, in contrast to the
cuprates, the system remains insulating even in
the rather high concentration range of hole
doping, La,NiO, changes its static and
dynamical properties drastically on hole doping.
Especially, now itis believed that induced holes
in the Sr doped La,NiO, or heavily oxidized
La,NiO,,,(6>0.11) are well localized and show
a long range ordering in a stripe fashion, which
causes a commensurate-incommensurate
transition of magnetic correlations. Complicated
behavior in the hole doped La,NiQ, is a result of
co-playing of charge and spins, hence the
dynamics of both elements play crucial role in
this system. Previously [1], we have measured

the spin-wave excitations in La,NiO, |, and have

found that doping induces the additional
excitation modes, which show large
renormalization in the exchange energy, in the
lower energy and the smaller intra-plane
momentum transfer q,, region, while the
unrenormalized excitations still persist in the
higher energy region. To reveal the mechanism
of the doping effect on the spin dynamics in
detail, critical study on different doping systems
is indispensable. Recent two-magnon Raman
scattering result suggested a possible coexisting
of the unrenormalized and the renormalized
spin-waves even in LaNiO,,, [2], which
should be examined by neutron scattering.

In the present work, we have performed
neutron scattering experiments on single crystals
(~1 cm® in average volume) of La,NiQ,,, with
different amount of excessive oxygen (&=0,
0.02 and 0.11) to measure the spin-wave
excitations. Experiment was carried out on a
triple-axis spectrometer GPTAS (4G).

Spin-Wave Dispersion Relation in La,NiO,,,
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Resulted spin-wave dispersion relations are
shown in Fig. 1. As observed in La,NiO, ,,, we
observed the renormalized spin-wave modes
below 20 meV also in LaNiO,,. The
renormalized modes are well-defined but can be
observed only at the small q,, region. At higher
energy region (AF>20 meV), broad and
unrenormalized excitations exist. Observed
behavior of the spin-wave excitations in
La,NiO,,, is qualitatively same as those in
La,NiO, ,,. Mixed spin-wave excitations seem
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Figure 2 : (a) Intensities obtained from constant-energy-
transfer scans across 2D zone center. The instrumental-
resolution effects are corrected. Sample volume difference
is normalized using phonon intensities. (b) Oxygen
concentration dependence of Néel temperature (open circles)
and effective exchange interaction (closed circles).

common nature in oxygen doped La,NiQ, , at
least in the commensurate region (6<0.11). Only
2% of oxygen doping (or 4% of hole doping)
drastically changes the spin-wave in La,NiO,.
The spin-wave velocities of the renormalized
mode are 199 meV-A (LaNiO,;,) and 70 meV-A
(La,NiQ, ,,), while the unrenormalized value is
341 meV-A in La,NiO, 4.

In the earlier work, we speculated that the
renormalized modes are originated by excitations
of impurities, i.e., hole localized Ni** spins.
Present results, however, excludes possibility of
an impurity mode. The spin-wave velocity of
renormalized modes decreases with increasing
the hole number. Scattering intensities also
considerably depressed in heavier doped region
(Fig. 2 (a)). The evidence can not be expected in
a simple impurity system. It should be noted that
the Néel temperatures (7,) are well scaled by the
effective  exchange interaction of the
renormalized modes (Fig. 2 (b)). Since T is the
ordering temperature of the Ni** spins, the
renormalized modes are considered to be
modified spin-waves of Ni** spins.

In 1D antiferromagnet, multi-modes spin-
wave excitations are expected in mixed spin
systems [3, 4]. Recently, the spin-wave
calculation for doped La,NiO, was performed
using Schwinger-boson mean field theory [5]. It
is pointed out that the frustration between Ni**
and Ni** causes the strong renormalization in the
spin-wave velocity at lower energy side and the
excitations are considerably dumped at the
cross-over region. Experimental evidence
support this idea.  However, further ‘
investigations are required to make a definite
conclusion for more detailed microscopic
mechanism of the doping effect.
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Critical Magnetic Scattering from Two-Dimensional Percolating Ising Antiferromanets
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Percolating networks have been studied from
a concept of fractal structures. Simple systems
exhibiting percolating networks are diluted
magnets. The fractal structures in two-
dimensional (2D) diluted Ising antiferromagnets
Rb,Co Mg, F, have been investigated by neutron
experiments,” where ¢ corresponds to a magnetic
concentration on a 2D squarc lattice. Their
magnetic exchange interaction dominates within
thc 2D plane and is limited to the nearest
neighbors. An infinite spin cluster appears in the
system with magnetic concentration above ¢, =
0.593 (percolation threshold), and it orders in
long range. A neutron magnetic Bragg scattering
from the near-percolating system with ¢ = 0.60
shows a profile with a larger peak width than that
of a Gaussian profile which is expected from a &
function convoluted by the resolution function.
The diffraction intensity is reproduced well by a
power-law function g®', where g is a reduced
wave number in the 2D square lattice and D; =
1.896 is a fractal dimension. This fact reveals that
the long-range ordered percolating cluster is
considered to hold self-similar fractal characters.

Magnetic  critical ~ scattering from a
homogeneous spin lattice is well known as
described by a Lorentzian lineshape as a function
of g. On the other hand, the spin-correlation
function in a percolating magnet may be different
from that in a homogeneous system, because the
percolating spin lattice has self-similar structure.

It concludes that a scattering profile deviates

JRR-3M, 4G, C1-1, 2. Magnetism

tfrom a usual Lorentzian function even in a critical
region above T. In this study, critical magnetic
scattering of Rb,Co.Mg, F, (¢ = 0.60 and 0.65)
were measured by double-axis mode of GPTAS
(4G) and HER (C1-1) spectrometers.

Figure 1 shows a scattering profile around the
magnetic zone center of the ¢ = 0.60 sample at 22
K as represented by circles. Néel temperature of
this sample was confirmed as 20 K from a
temperature dependence of antiferromagnetic
Bragg-peak intensity. A solid line represents a
result of least-squares fitting of a Lorentzian
function convoluted by a resolution function to
the experimental data, however it does not
reproduce the data. Figure 2 shows the data
measured at 31 K. Same fitting procedure was
applied to the data, and the result is shown by a
solid line. They are in good agreement with each
other within statistical errors. In the ¢ = 0.60
sample, the deviation of profiles from a
Lorentzian function was observed below about
(Ty + 10) = 30 K. Experiments of the ¢ = 0.65
sample, whose ordering temperature was
confirmed as 30.8 K, were also performed, and
deviation of profiles from a Lorentzian was
observed. However, a temperature region where
non-Lorentzian profiles of the ¢ = 0.65 sample
appear is narrower than that in the near-
percolating sample with ¢ = 0.60. These
experimental results can be interpreted as an
anomalous critical scattering from percolating

systems with fractal geometry.
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The deviation of scattering profile from a
Lorentzian one is thought to be small in the
diluted 2D system, because D, = 1.896 is very
close to the Euclidian dimension D = 2. In a
percolating 3D magnet on a cubic lattice, fractal
dimension is 2.48 which has larger difference
from the Euclidian dimension (D = 3) than that in
the 2D magnet. Experimental studies for the
diluted 3D magnet are also necessary to
determine a generalized spin-correlation function
for percolating systems.

Reference

1) H. Ikeda, K. Iwasa and K. H. Andersen: J. Phys. Soc. Jpa.
62 (1993) 3832.
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Figure 1. Critical magnetic scattering profile from
Rb,Co, Mgy oF, at 22 K obtained by GPTAS (4G)
spectrometer. Circles represent the experimental data
and a solid line the fitting results.
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Figure 2. Critical magnetic scattering profile from
Rb,Coy oM, 1oF s at 31 K K obtained by GPTAS (4G)
spectrometer. Circles represent the experimental data
and a solid line the fitting resuits.
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Antiferromagnetism with extremely weak
staggered moment p, (~ 1072 up) observed
in URu,Si; has been one of the most intrigu-
ing issues in heavy-fermion physics. This sys-
tem undergoes a second-order phase transi-
tion at T, = 17.5 K, which is demonstrated
by a sharp anomaly in various bulk proper-
ties. In spite of intensive studies over the last
decade, it remains unsolved how the tiny mo-
ments drive the large bulk anomalies, such
as a large reduction of entropy (~ 0.2R1n2)
at T, . In addition to various theoretical ap-
proaches assuming the dipole to be intrinsic,
it has also been argued that there may be
some hidden primary order parameter. This
latter is supported by a recent neutron study
which reports that the onset temperature
T, of the magnetic Bragg intensity deviates
from the transition temperature 7, defined as
the midpoint of a jump in C/T." as a result
of the absence of annealing procedure.

It is of interest to investigate the relation-
ship between the weak antiferromagnetism
and the bulk properties for the same sam-
ple by introducing some implicit parameter.
Here, we present the results of elastic neu-
tron scattering experiments for the pure and
Y 0.5% doped URu,Si, single crystals. This
work is an extension of the preliminary ex-
periments of last year, in which we observed
a tendency of suppression of yu, by doping.

Both samples were grown by using a tri-
arc furnace, followed by an annealing in evac-
uated sealed quartz tubes at 850 °C for one
week. The elastic neutron scattering experi-
ments were carried out on the triple axis spec-
trometer 4G at the JRR-3M reactor. We used
a 40’-80-40’-80 horizontal collimation and
double PG(002) filters to reduce the higher-
order contaminations.

In Fig. 1, we plot the temperature varia-
tions of (100) magnetic Bragg peak intensity
I'n normalized by (110) nuclear peak, com-

JRR-3M, 4G, 2. Magnetism

paring them with the temperature derivative
of the c-axis susceptibility. For the pure com-
pound, whole feature of I, is in good agree-
ment with the previous reports for annealed
samples. The saturation moment 4, and the
correlation length £ along the a axis at 1.6K
are estimated to be ~ 0.01 ugand 178 A, re-
spectively. By substituting Y for 0.5% of U,
it is found that u,is suppressed down to ~
0.0075 pp with a shorter correlation length of
£~ 102 A. T, also decreases down to 12.5K.
These results provide a remarkable contrast
to the behavior in the bulk susceptibility,
which is hardly affected by doping. The ob-
served discrepancy in the doping effect be-
tween uo(T)and x strongly suggests the tiny
moments to be extrinsic to the transition of
URu,Sizat T, .

6

5

Peak Intensity (a.u.)
%}

(¥ sjowmuwa . 01) 1Lp/Xp

Figure 1: Peak intensity of the (100) Bragg reflec-
tion vs. temperature, for Y U;_.Ru,Si; (z = 0 and
0.005), shown together with the temperature deriva-
tive of the c-axis magnetic susceptibility.

1) B. Fak et al, J. Magn. Magn.
154(1996)339.

Mater.,
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Magnetic Ordering in Triangular Lattice Antiferromagnet CuFe(Al)O,
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In CuFeO, why the moments of Fe' ions
in the orbital singlet state behave as Ising spins
is the problem to be solved. Neutron diffraction
revealed that 2% Al substitution converts the
system into a Heisenberg spin system, while high
field magnetization measurements showed that
Ising character remains up to the 8% substituted
compound. To study these problems, the
magnetic structure and the phase transition
together with the spin fluctuations in a single
crystal as well as powder of the 5% substituted
compound were studied by means of elastic
neutron scattering and neutron spin echo. In
spite of extensive trials, no significant signal of
magnon excitation was observed.

The T, for the present compound was
found to be 13.5K and some anomaly in the
scattered intensity was observed at 11K
corresponding to T,,. Figure 1 shows the
observed intensity of magnetic peaks at 4K
plotted as a function of the calculated intensity
based on the helical and the spin density wave
structures. Apparently better fitting was obtained
for the helical structure. But similar fitting of
the data at 12K indicates the system to have the
spin density wave (SDW) structure in the
intermediate temperature phase. The orientation
factor for the scattering vector (Q_rQsz),
<y, >’ +(l -2<s, >’)Qf, also shows the existence
of the x-y component of the magnetic moment
at low temperatures. On the other hand the more
diffusive line shape of the (0.2 0.2 1.5) peak
than the (0.8 0.8 1.5) peak at 12K may be
attributed to the spin density wave structure.
Based on these results it is concluded that the

JRR-3M, 4G & 5G, 2. magnetism

intermediate temperature phase has a collinear
spin density wave structure along the c-axis,
while in the low temperature phase below 11K
a helical structure is stabilized.

Powder diffraction which is free from
extinction also gave the consistent results.

Autocorrelation time of spins was measured
by neutron spin echo technique up to 150ps at
2K, 8K, 12K and 14K. The time variation of
spin echo intensity at 12K is within the data
scattering comparing with the results of
paramagnetic phase at 14K, but the static nature
of the spins at 2K and 8K is obvious from the
time dependence of spin echo intensity.

The line profile of the powder pattern
deviates appreciably from the Gaussian shape
indicating the existence of some randomness
frozen in the long range magnetic order which
may provide Ising character to the system.
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Neutron Scattering of an Orbital-Ordered Spin-Singlet System BaVS§,
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BaVs;, which 1s a § = 1/2 system,
exhibits a metal-insulator transition at 7, =
70 K. Recently, an orbital-ordered spin-
singlet state was proposed as the ground state
of this compound based on *'V NMR and
NQR results. The crystal structurc at room
temperature 1s the hexagonal perovskite type
(space group: P6;/mmc), in which V atoms
(at the 2a site) form one-dimensional chains
along the ¢ axis and a triangular lattice in
the ¢ plane. We performed inelastic neutron
scattering experiments of BaVS, to detect
the spin gap directly and to get information
on the nature of the spin singlet and the
orbital ordering.

Inelastic neutron scattering experiments
were performed for a powder sample of
BaVS, using the trniple axis spectrometer,
[SSP-PONTA-5G in the temperature range
of T=8-300 K. All the measurements were
made with a fixed final energy k = 2.67 A™!
(E;=14.7 meV).

Figure 1 shows energy scan spectra
measured at @ = 1.2 A, which was rather
arbitrary selected to be free from phonon
scattering. At the lowest temperature,
inelastic excitations centered at around the
energy transfer AE = 10 meV were clearly
observed. This result suggests the presence
of spin gap with the gap parameter A < 10
meV. With increasing temperature, the
energy of the maximum in the spectra shifts
to lower energies, and 1nelastic excitations

JRR-3M, PONTA, 2.Magnetism

disappearat 75K (> T,,)).

We also measured energy scan spectra
at a smaller Q (= 0.8 A'). Even at a low
temperature, 8 K, we have observed low
energy excitations in addition to the higher-
energy 1nelastic scattering mentioned above.
This result seems to be in contrast to the
spin singlet ground state picture.
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Figure 1. Energy scan spectra measured at
QO=12A"and T=75, 55,35 and 8 K. The
origin of the vertical axis is shifted for each
temperature. The broken line is the back
ground for T =8 K.
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‘We have been studying the spin
dynamics in CsVCls, an S=3/2, one-
dimensional (1D) Heisenberg antiferromagnet,
in order to investigate the crossover behavior in
the spin dynamics from the quantum (smaller
spin) to the classical (larger spin) limits [1,2].
Classical theory has predicted that the linewidth
of the magnetic excitations (I') is independent
of the 1D momentum transfer (q) and is
proportional to the inverse correlation length
(x) at low temperatures, and that T is
proportional to the temperature (T) as a result
of the linear T-dependence of x [3]). We found
that I'(T) is extrapolated to be finite at T=0K
[2]. A possible interpretation of the finite "is a
finite K in the classical relation between I" and

K, or an observation of an excitation
continuum. In order to obtain an understanding
for the behavior of I'(T), we performed
measurements of the energy-integrated
scattering function to determine x(T). Inelastic
neutron-scattering experiments were performed
on the ISSP triple-axis spectrometer, PONTA,
installed at the 5G beam hole at the JRR-3M
reactor and also on the crystal analyzer
spectrometer, PRISMA, installed at the ISIS
Facility at the Rutherford Appleton Laboratory.

A double-axis measurement was
performed on PONTA with E; fixed to be 30.5
meV using the collimation 15'-20'-20". The
single-crystal sample of CsVCl3 weighing 1 g
was mounted with [110] and [001] in the
scattering plane. The scan was performed
keeping the 1D reciprocal lattice plane parallel
to k¢ in order to realize the geometrical
condition of the energy-integration at each q.
The mosaic spread of the sample crystal was
0.9° (FWHM) and the q-resolution was

JRR-3M, 5G, 2.Magnetism

measured to be Aq=0.02A-1 (FWHM). On
PRISMA, the single-crystal sample of CsVCl3
weighing 15 g was mounted with [001]
perpendicular to kj and with [110] horizontal,
where the constant-q scan at q=kr sin ¢ is
realized for each detector with its scattering

angle ¢. A 60' collimator was located between
the sample and the analyzer crystal. Ef was
chosen to be12.7 meV. The mosaic spread was
2.1° (FWHM), and the q-resolution was
measured to be Ag=0.02A-1 (FWHM). In this
experimental set-up, the inelastic spectrum
1(q,E) was taken at each q by moving the
analyzer-detector arms step by step (i.e. by
changing ¢). Since 1(q,E) is the sum of the
magnetic scattering cross section (kg/k;)S(q,E)
and the other background, where E is the
energy transfer, the correlation function S(q)
was deduced by integrating (ki/kf)I(q,E) over E
up to 100 meV.

For these two measurements, the g-
dependence of the observed intensity was well
fitted with the Lorentzian scattering function
(~(q2+k2)-1) convoluted with the instrumental
resolution, and Fig.1 shows the temperature
dependence of inverse correlation length k(T).
From these two measurements, the different
results on k(T) were obtained, as shown in
Fig.1. The magnetic correlation function is
defined by the magnetic response S(q,E)
integrated over E, and, the inelastic neutron-
scattering cross section is proportional to
S(q,E) multiplied by the kinematical factor
kf/kj. This quantity was measured in the
PRISMA experiment, with the integration
covering all excitation energies up to the zone
boundary. On the other hand, the energy-
integrated spectrum obtained from the
conventional double-axis measurement is the
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integration of the cross section without
correcting the kinematical factor, but the
integration range is bounded by the upper limit
Ej, much lower than the zone boundary energy
(Ezp). Therefore, the PRISMA results present
a more accurate probe of the magnetic
correlations. In fact, the energy-integrated
spectrum- from I{(q,E) taken on PRISMA
without correcting k¢/kj was also well fitted to
the Lorentzian scattering function, and «(T)
obtained by the fit was identical to the result
from the double-axis measurement as shown in
Fig.l. The difference shown in Fig.1 thus
mainly comes from the correction of kg/k;. The
large error bar of x(T) taken on PRISMA in
Fig.1 comes from an enhancement of the poor
statistics of the inelastic spectrum at larger E
due to the correction of kg/k;.

In classical theory, k(T) is expressed
by k(T)=T/(2JS2a), with the exchange constant
J and the lattice constant a. The solid line in
Fig.1 is x(T) calculated from this formula.
Assuming Ezp at T= 40K [1] to be 4SJR,
where R is the renormalization constant [4], J
was determined to be 119K #3K. The
measured x(T) (on PRISMA) is in good

agreement with the theory, ¥ can be
extrapolated to vanish at T=0K. This result is
consistent with current theory: half integer spin
systems show power-law decay in the spin
correlation at T=0K. Correlations with power-
law decay represents a sort of a long range
ordering, and therefore, k=0 at T=0K in terms
of x [5]. The presently-obtained linear T-

dependence of k at the observed T-range is
consistent with the result from the numerical
study for an S=3/2 system [5].

We previously reported finite T" at low
T [2]. On the other hand, at present we found a
linear T-dependence of x at the observed T-
range of 0.34]J ~ 1.7 (J=119K). A classical
system exhibits ordering at T=0K, and the
dynamical scaling can be applied to the phase
transition. The linear relation between I" and k
is consistent with the scaling. In the present
S=3/2 system CsVCls, there is no linear
relation between ['(T) and x(T). Therefore, the
observed finite energy width at low T should

not be attributed to the scaling of I'(T) with

k(T) in terms of classical theory, but rather
indicates some fluctuations surviving even at
low T. A possible reason of the finite energy
width is the existence of an excitation
continuum. A numerical study has suggested
that a half-integer spin system exhibits an
excitation continuum and that the energy spread
is approximately J for an S=3/2 system [6],
and, in fact, the observed finite energy width at
low T has a value close to the estimated
continuum spread.
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Fig.1 Temperature dependence of the inverse
magnetic correlation length x(T) in CsVCl3
measured with PONTA in the double-axis
mode (open circles), with PRISMA (closed
circles), and deduced from the PRISMA data

without correcting kg/k; (crosses). The solid
line is the classical prediction for J=119K.
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It has been believed that the ground state of hole-
doped spin ladder system Srg5Cay;.5Cu2404; has been
confirmed to be spin gap state by NMRD and neutron
scattering experiment.?) However, we observed the mag-
netic long range ordering by the specific heat measure-
ment.” In this report, we describe the neutron scat-
tering experiment concerned with the antiferromagnetic
ordering both at ambient and high pressure and we dis-
cuss the magnetic structure of the system.

Neutron elastic scattering experiments have been car-
ried out using ISSP-PONTA (5G) and JAERI-TAS-1
(2G) triple-axis spectrometers in JRR-3M with a col-
limation of 40’-40’-S-80’-80’. In this experiment, we
used the neutron wavelength of 2.37 A and placed
the pyrolytic graphite and sapphire filters in front of
the sample to eliminate the higher order harmonics.
The Sra5Cai; 5Cu2404; single crystal was mounted on
a cryostat with liq.He.

In our elastic neutron scattering experiment, we ob-
served a number of Bragg peaks which appeared below
2 K.

Fig. 1 shows the typical elastic neutron scattering re-
sults at (1 0 1), (0 1 {) and (h 0 12), these results were
plotted after subtracting the intensity at 5 K from that
at 1.4 K and the intensities were represented as the inte-
grated intensities. We confirmed that the FWHM of the
observed Bragg peaks is nearly the resolution limited.

In order to determine the magnetic structure, we
should make clear which layers - ladders or chains - are
responsible for the onset of the magnetic long range or-
der. Recent NQR/NMR studies by Ohsugi et al*) con-
cluded that (1) the magnetic spins both on ladders and
chains are magnetically ordered in this system, (2) spon-
taneous moments on the ladder sites are rather uniform
with small moments less than ~ 10~2 pp , whereas spon-
taneous moments on the chain sites are nonuniformaly
distributed with rather larger moments (> 0.05 ug).

Considering all these experimental results, we calcu-
lated the magnetic structure factor both for chain and
ladder planes and compared it with the experimental re-
sults. In our calculation, we assumed that the magnetic
moments at both sites are directed along a-axis and they
are uniformly distributed. The proposed magnetic struc-
tures are indicated in Fig. 2. It should be noted that
these planes are alternately stacked, i.e. (ladder-A) -
(chain-A) - (ladder-B) - (chain-B) ---and so on. The cal-
culated magnetic Bragg peak intensities are shown in the
inset of Fig. 1, which are in excellent agreement with the

JRR-3M. PONTA, 2.Magnetism
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Fig. 1. Typical results by elastic neutron scattering at (1 0 {),
(0 1 1) and (h 0 12) of the Sr2.5Ca11.5Cu24041 single crystal.
These results were plotted after subtracting the intensities at 5
K from those at 1.4 K and the intensities were represented as the
integrated intensities. Each inset shows the calculated magnetic
Bragg peak intensities based on the proposed magnetic structure
shown in Fig. 2.

observed values as shown in Fig. 1.

The effective Bohr-magnetons (i) at each layer were
also evaluated by comparing with the magnetic peak in-
tensities at (1 0 12), (0 1 5) and nuclear Bragg peak
intensity at (0 0 24). The magnetic form factor of Cu?*
was employed from the reference.” The estimated value
of piefr is about peg(chain) ~ 0.145 up and peq(ladder)
~ 0.035 pp per Cu in each layer at 1.4 K, which are
qualitatively consistent with the NQR/NMR results.

However, there are some problems in our magnetic



JAERI—Review 2000—004

*"’

x*l'l

oS OV oA % % Oy Y

13

-0 3

c-axis

Fig. 2. Magnetic structures of chain and ladder sites in
Srz.5Ca)y 5Cu2404q; in the a-c plane. The ladder-A, chain-A,
ladder-B and chain-B are stacked along the b-axis, alternately.

structure both at chain and ladder sites.

First for the chain site, we ignore the existence of holes
and singlet pairs which might be distributed with some
periodicity in the chains. However, it is not yet clear the
periodicity of the singlet pair in the chain at Ca-riched
Sr14_zCayCugy0y; system. Secondly, in our model, the
magnetic interaction between nearest neighbor Cu spins
are ferromagnetic or antiferromagnetic, and these inter-
actions are mixed with some periodicity. This situation
seems to be unlikely in usual sense. However, recent crys-
tal structure analysis in Sra 5Cay;.5Cu24041 by Gotoh et
al® indicated that the angle for Cu-O-Cu bonding and
the Cu-Cu distance in the chain varies between 89.5°
and 95.5°, and between 2.69 A and 2.86 A respectively,
which might suggest that ferromagnetic and antiferro-
magnetic interactions coexist in the chain. At the ladder
site, the magnetic interaction along the rung direction is
ferromagnetic which seems to be unlikely. These are the
future problem.
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Fig. 3. Temperature dependence of the (1 0 12) reflection under
the pressure of the Srz.5Ca11.5Cu2404) single crystal. Solid line
is drawn for the guides to the eyes. Inset shows the pressure
dependence of Tn and T.7

We also have performed the pressure dependence of
this antiferromagnetic ordering in connection with its
pressure induced superconductivity. Fig. 3 shows the
temperature dependence of the intensities from the mag-
netic reflection (1 0 12) for the pressure of 0, 0.7, 2.1, and
3 GPa, which was normalized by the nuclear reflecions.
As shown in the Fig. 3, the intensity decreases with in-
creasing pressure, however, the Néel temperature Ty in-
creases from 2.3 K to 2.8 K at a rate of 0.3 K/GPa, which
can be reasonably explained that the three dimensional
magnetic interaciton in this material will be increased
with increasing the pressure. Inset of Fig. 3 shows the
pressure dependence of T'n and T.. 7 We can find that
the transition from antiferromagnetic to superconductor
occurs around 3.5 GPa.
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Sr,,Cu,,0,,, which bas simple chains and
ladders of copper ioms, has been extensively
studied since both of the building blocks show
interesting ground states. An important feature of
this compound is that stoichiometric Sr ,Cu,,0,,
contains hole carriers. It has been reported that
most of the holes are localized at the oxygen sites
in the chain and couple with copper spins to form
Zhang-Rice (ZR) singlet.

In this study” we are only concerned with the
magnetic properties in the chains. First, the dimer
is formed between Cu’* spins that are separated
by twice the distance between nearest-neighbor
Cu ions along the c axis. The exchange interaction
(J~11 meV) is mediated via a nonmagnetic ZR

singlet. Then the question is how the dimers are

arranged and interact with each other.

Figure 1 A proposed model for the dimerized state and the
ordering of Cu® and ZR singlet in the ac plane.

JRR-3M, PONTA, 2. Magnetism

We have searched for a simple model of dimers
with weak couplings along both ¢ and a
directions. Somewhat surprisingly, a specific
combination of the two couplings, as described by
Leuenberger et al. for Cs,Cr,Br,,» produces
simple and elegant neutron scattering Cross
sections that describe properly the measured
dispersion and intensities.

We have studied @-Q dispersion relation
perpendicular to the chain direction in
considerable detail. By applying a random phase
approximation (RPA) treatment, we found that the
interdimer coupling along the a axis (J,=0.75
meV) is also important as well as the interdimer
coupling along the ¢ axis (J=0.75 meV). The
dimer configuration we found in this study, as
shown in Fig. 1, indicates a quasi-two-
dimensional hole ordering, resulting in an
ordering of Cu®* and ZR singlet in the ac plane.
These results are consistent with those studied by

Eccleston et al.> and Regnault et al.®
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Microscopic origin of magnetic properties of
uranium intermetallic compounds is not so well
understood compared to the cases of 3d- or 4f
element intermetallic-compounds. This is due to
the intermediate nature of the Sf-clectron wave
function between localized and itinerant states.
In order to shed more light on this problem, we
are studying several different types of uranium
compounds. UGa,, which has a hexagonal AIB,
type structure, is a ferromagnet with a rather
high Curie temperature of 125 K.Y The
saturation moment is 2.7 u, along a-axis, which
is close to that of the free ion U or U**. We
have observed a weak magnetic peak at about 30
meV by neutron inelastic scattering using a
polycrystalline sample. Well-defined excitations
with dispersion of about 4 meV, but with rather
large energy gap of about 8 meV, were also
observed below the Curie temperature in the
experiment using a single crystal sample.”
These results indicate that the Sf-electron state in
UGa, is well Jocalized as in the case of many
rare-earth  intermetallic compounds. From
neutron scattering point of view, the features of
UGa, are still interesting because, on the
contrary to the case of rare earth compounds,
only a little numbers of uranium compounds,
such as USb or UPd,, exhibit such well-defined
magnetic low energy response. Therefore this
material is a good reference material for the
study of other uranium intermetallic compounds,
such as UGe,,” which show itinerant 5f-electron
features.

We have done a polarized neutron scattering
experiment to discriminate whether the low
energy excitations in UGa, are due to spin wave
ones or to exciton ones originated from crystal
field. The sample is a single crystal of UGa,
with the diameter of about S mm and the length
of about 4 cm. It was set inside a cryo-magnet
with the <100> axis vertical to the scattering

JRR-3M, 5G, 2. magnetism

plane. The experiment was performed on the
polarized neutron triple axis spectrometer
PONTA (5G) installed at the JRR3M reactor,
JAERI. A polarized incident neutron beam with
the energy of 34 meV was produced by the
Cu,MnAl polarizer. The scattered neutron
energy was analyzed by the pyrolitic graphite
analyzer. A set of Sollar collimators of 80’- 80’ -
80’- 80’ was used.

Measurements were performed at 10 K. A
vertical magnetic field of 1 T was applied to the
sample. Constant-Q scans at selected Q values
were performed in the polarized incident neutron
beam mode of the spectrometer.

1200 T T T ' I ¥ T
1000k 3 UGa, |
Q=(0,0,-12)
T=10K
£ S00F H=1T(/a) ]
2
o 600 Ce3y .
= 1, +1 By
S 400} o I -1 R X I
R
200 background/ -
Of———3 ol n0op0 0
] I 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Energy (meV)

Fig. 1. Sum and difference of the spectra for
incident polarization parallel (+) and anti-
parallel (-) to the applied magnetic field.

Fig. 1 shows the obtained sum and
difterence of the spectra at Q = (00,-1.2) for
polarization parallel (+) and anti-parallel (-) to
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the applied magnetic field. The sum of both
spectra shows a peak at about 8 meV, which is
consistent to the previous unpolarized neutron
experiment although the peak width is larger due
to the relaxed collimations. It is clear that there is
no significant polarization dependence in the
data within the experimental accuracy. This
indicates that the observed excitations around 10
meV of UGa, are not from spin-wave-like
modes since spin wave scattering from a
ferromagnet at low temperatures should show
strong incident polarization dependence if the
sample is a single domain one. Therefore, the
present experiment suggests that the observed
low energy magnetic excitations in UGa, are due
to exciton-like modes which originate from the
combined effects of crystal field splitting and

exchange interaction (or hybridization effect).
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Magnetic excitation spectra of BaCo1xNidSsz,
which has a layered structure and exhibits an
insulator to metal transition with increasing x
and/or with applying pressure,!'® have been
measured by neutron inelastic scattering.*® Up
to now, crystals with x=0.0, 0.18 and 0.24 have
been used. Here, results of studies to what extent

the imaginary part of the dynamical susceptibility

. ol o ¥
X (q,a))oc 2, 2 2 2" 4 2 (1
I (K +q ) & to
deduced by using the random phase

approximation (RPA) can describe characteristics
of the spectra observed in the metallic state, are
presented (Jo, x are the characteristic energy and

the inverse correlation length, respectively and &
~lattice constant.). It is also presented that /7 of
the magnetic excitations of BaCoSz measured in
the pressure-induced metallic state near the
metal-insulator (M-I) phase boundary is much
larger than that in the metallic state induced by
the Ni-substitution for Co.
difference between the microscopic driving forces
of the M-I transitions induced by the two

different kinds of means.

It indicates the clear

Figure 1 shows the neutron scattering profiles
of the magnetic excitations of BaCoo.76Nio.24S2,
which is metallic and does not exhibit any
magnetic transition. They were taken along (h, h,

1) at 10 K and for various fixed transfer
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Fig. 1

Magnetic scattering profiles taken for BaCoo.76Nio24S2 along (h, h, 1) at 10 K.

h

Curves obtained by the

simultaneous fitting to all the profiles are also shown, where x ~ 0.16A ! and /5 ~ 13 meV. The open circles have been

omitted in the fitting.
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energies E. We fitted eq.(1) to all these profiles
simultaneously and obtained the solid lines for the
parameters x ~ 0.16A! and /5=13 meV, where the
RPA expression is found to work rather well
Then, by using this /o value, eq.(1) was fitted to
the profiles taken at E=3 meV and at various
temperatures T with x? being varied as a fitting
parameter. The results are shown in Fig. 2 by
open squares, together with the values (sold
full-width-half-

maximum w of the observed profiles by using the

squares) calculated from the

RPA expression,

o V[
e

In the figure, x®-values obtained for x=0.0 (open

w=2K 2+( 2)

circles) and 0.18 (solid circles) are also shown. It
is interesting that the approximate relation x~ 1/&;
holds at low temperatures for x=0.24, where & is
the average Ni-Ni1 spacing.

For BaCoS2, the magnetic scattering profile is
taken at various pressure values p, the examples
of which are shown in the inset of Fig. 3. The
temperatures at which the measurements were
carried out, are always close to Tn. By fitting eq.
(1) to the data, the characteristic energy /o of the
magnetic excitation has been determined, where «*
~ 0 is approximately used. They are shown in Fig.
3, together with the values obtained at ambient
circle) and 0.24

As p approaches the critical values pc

pressure for x=0.18 (open
(triangle) .
of the M-I transition, /o Increases very rapidly,
indicating that the electron band width exhibits a
sharp increase. At p ~ pc, [0 is much larger than
the values obtained for the Ni-doped samples
(x=0.18 and 0.24) at ambient pressure (in the
metallic state). The results clearly show that the
pressure-induced M-I transition is due to the
increase of the transfer energy ¢t with respect to the
Coulomb repulsive energy U, while the M-I
transition induced by the Ni-doping is considered
to be due to the change of the electron number

from unity (filling-controlled Mott transition).
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Fig. 2 Values of &% of BaCou.76Niv24S: deduced from the
observed values of w are shown as a function of T by the
solid squares. Open squares indicate the «% values
determined by the fitting described in the text. The &2
values deduced from w-values taken for BaCoS: and
BaCoo.82N10.1852 are also shown.

BaCo Ni S
lx x72
150 — T T T
1400 . v )
RT(-T) 3meV
1200}
A, Okbar
g‘xooo—uk;-:'- .
5 — ’\' 2kbar
g B0k ceee W Nrn
1003 00| 2kbar 1
£ 600 10.2kbar 4
~ R L O\ O
© = [
£ HOZ®P sy
~ 2001, .0 s om0 i
[ R 225K(-T,)
o N
0 025 05 075 1
50+ " A
i
. T o x-d
2 ¢ M o x-0.18
R a8 1024
o L 2 ) L
0 5 10 i5 20
p(kbar)

Fig. 3 Pressure dependence of /b of BaCoSz. Values of [
of BaCoo.s2Nio.1sS2 and BaCoo.76Nio24S2 under ambient
pressure are also shown by the open symbols. Inset shows
the Magnetic scattering profiles of BaCoS2 taken under
various p-values. Except for the data at 15 kbar, they
were taken at room temperature.
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Inelastic neutron scattering measurements
were performed on a single crystal of the lay-
ered colossal magnetoresistance (CMR) ma-
terial LaLQSrl_gMngO-, (TC ~ 120 K), in
which MnO, double layers and (La,Sr),0,
blocking layers are stacked alternatively.
Dominant spin-spin interactions should oc-
cur between nearest-neighbor Mn atoms,
though the in-plane interaction .Jy and the
intra-bilayer interaction J; might be differ-
ent. We neglect the inter-bilayer interac-
tion J' through a direct exchange, which is
supposed to be much weaker. Using the
Holstein-Primakoff transformation, we ob-
tain the following dispersion relations:

fw(q) = —2J3S(2 - cosag, — cosagy)
—JLS(lel), (1)

where a and ¢ are the lattice constants.
These are classified to two modes, i.e, acous-
tic (A) and optical (O), when the inter-
bilayer coupling J' is neglected.

The spin-wave dispersions along [h 0 0]
were measured at 10 K around (1 0 0) and
(1 0 5) for the A-branch, and (1 0 2.5) for
the O-branch, as shown in Fig. 1. Error bars
correspond to the FWHM of peak profiles.
By fitting all the data points for 0 < ¢ <
0.25 r.l.u. simultaneously, we obtain —Jy.S =
10.1 meV and —J, S = 3.1 meV. The re-
sults show that spin-spin correlations are sig-
nificantly anisotropic. We speculate that
z*—y? orbital is dominant in the Mn e, band,
which enhances the double-exchange, t.e.,
ferromagnetic, interactions within a plane.
The in-plane spin wave stiffness constant
D = —JySa? is about 151 meVA?, which is
corresponding to the nearly cubic perovsikte
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Figure 1: The dispersion relations of spin
waves at 10 K.

La;_;Sr;MnO; whose D are 188 meV(zr =
0.3,7¢c = 370 K) [2]. T¢ (~ 120 K) is very
much reduced, indicating a large renormal-
ization due to low dimensionality.
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The important role of the orbital degree of
freedom in magnetism has been a subject of current
interest in both 3d transition metal oxides and rare-earth
compounds. A heavy rear earth compound DyBg has
been known as a system with strong electron-lattice
coupling. The successive phase transitions occur at 32 K
and at 26 K have been explained as the structural phase
transition and the magnetic ordering, respectively. For the
transition at 32 K, a large softening of the lattice was
observed by ultrasonic measurement.!" A following
universal relation was reported for the phonon dispersion
relation of the light rare earth REB, compounds such as
SmB, or CeB..""! It seems that the phonon dspersion
curves of different compounds are nearly identical when its
energy is normalized by their Debye temperatures. The
purpose of the present study is to investigate the phonon
dispersion relation of DyB, and compare it with the
phonon of other REB, compounds.

The phonon dispersion measurements of DyBg
had not been made so far by neutron scattering. It is
because the synthesis of a single crystal is very difficult
for the high melting temperature and for the incongruent
melting property. Recently, we have succeeded in
preparing a ''B enriched single crystal™ and we measured
the phonon dispersion of DyBq for the first time.

Figure 1 shows phonon dispersion relations of
DyB, for |h 0 0] and |0 k k | directions. The measurement
was made at room temperature. Although the intensity is
very weak for the imperfect ''B enrichment and an
absorption by the Dy, we obtained the dispersion relations

for both LA and TA modes. The energy of both modes are

JRR-3M, 6G., TOPAN, 2.Magnetism

in the range of 1.5-2.0 THz For {0 k k| direction. the
dispersion is less steep up to k=0.2 compared to the mode
along {h 0 0]. However, the relation between the
anisotropic behavior and the structural phase transition
occurs at 32 K is still unclear. A measurement at low
temperature is necessary to clarify this point. Another
important point is that the above mentioned universal
relation of phonon is not simply applied for DyB,.The
phonon energy is more than 20 % lower than the
expectation from the ratio of the Debye temperature. It
clearly shows that the phonon energy of DyB, is relatively

lower than that of other REB, compounds.
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Fig. I The phonon dispersion curves of DyB,, at 300 K.
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~n evidence of field induced orbital ordering
have been observed in La, St .MnO, above T, =145 K
directly by neutron diffraction. We have studied the pseudo
cubic phase appearsin La, Sr,MnO, with x~1/8 where the
JT distortion is not significant. As is well known, the A-
type spin structure in LaMnO, has been explained by the

alternation of the two e, orbitalsin the ab-plane associated

with the JT distortion. By substituting Srfor La, the JT

ordering or orbital ordering. The present results indicate
directly that the field induced phase transition from FM
phase to FI phase is induced by magnetic field and the high
field phase is not associated with a significant JT distortion.
The important feature of the orbital ordering in the present
case shows the significant role of orbital degrees of freedom

in CMR manganite.

La, 4, Sry ,,MNO,
distortion tends to be suppressed. At around x~1/8, JT ot 15-15-10-B (00L)
distortion disappears and the crystal structure changes to the AR ,ﬁ;zmsy tolax
pseudo cubic phase. Recently, a sharp jump of 1000 ; ‘3’1 # 2 l ]
magnetization was found between T, and T,.=175 K. This - E ; g & &
jump of magnetization is associated by the distinct positive ? 100 } ) ’ﬂ. i.’ ]
magnetoresistance. These unusual  behaviors  of £ ? ¢
Macroscopic propexﬁes show that the insulating 0 _.QJ:A xg.o“
ferromagnetic(FI) phase is more stable than the metallic .,,‘.':U .,."‘
ferromagnetic(FM) phase driven by double exchange 119?-1“94-7' 198 2 202 204 206 208

interaction. To investigate the nature of this high field
phase , we have measured the field dependence of two kinds

of Brag peaks. Figure | shows spectrum for the Brag peak

L

Fig. 1 Field dependence of [002] peak.

related to the JT distortion. For the twinning in the crystal, La 4 S75,MNO, (20L)
500 30'-30'-60'-B
the splitting of the peak is observed for the JT distorted ] ) i ) )
s o 147.2K0ST
phase at zero field As shown in Fig. 1, this splitting 0 " . i%égéi
3 v X
disappears in high magnetic fields. This change indicates aoF v v
> [
that the JT distortion is removed in the high field phase. g v
. . E 2oF
Figure 2 shows spectra of the super lattice peak. At zero F .
field, the peak appears only below T, and it has been 100 _ ‘==.=‘ .
M . . - -~
considered to be caused by the charge ordering or orbital oF ﬁl': - °°:“|!'l-l'
27 S ¥ T N LR 1 L 1

orcdering.  As shown in Fig. 2, the super lattice peak
appears by the application of high magnetic fields even

above T,

o

This behavior indicates that the high field phase

observed in magnetization process is the phase with charge

JRR-3M, TOPAN, 2. Magnetism

L

Fig. 2 Field dependence of [202.5] peak.
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The rare earth compound Nd,Ni, crystal-
lizes in the hexagonal Th,Fe, type structure
with the space group P6,mc in which Nd oc-
cupies three non-equivalent sites. Magnetic
susceptibility measurements suggest that this
compound has three successive transitions at
TwW=25 K, T=14 K, and T;=7.8 K [1]. Pre-
vious powder neutron diffraction studies have
revealed that at low temperatures 7<7; a
magnetic structure is conical with a c-axis
ferromagnetic component, and changes to a
helix without any ferromagnetic component
at elevated temperatures [2]. The aim of the
present work is to investigate the detailed
magnetic structure, particularly on the inter-
mediate temperature phase around 7 by sin-
gle crystal neutron diffraction.

The previous measurements on the poly-
crystalline sample left an ambiguity of an
existence of a magnetic reflection at the (100)
position which is expected for an existence of
the c-axis ferromagnetic component. We
have observed clearly the (100) magnetic re-
flection with the single crystal. Figure 1
gives the temperature dependence of the
(100) peak height. At 8 K a sharp decrease
of the intensity shows a magnetic transition,
which means a disappearance of the c-axis
ferromagnetic component, but no anomaly
around 7.=14 K. This transition tempera-
ture corresponds to T;. Figure 2 shows the
temperature dependence of the magnetic
propagation vector Q for powdered and single
crystal samples. The values for the pow-
dered sample are slightly small in comparison
with those for the single crystal. The differ-
ence would come from the different heat
treatments. However, both curves show a
similar temperature dependence of a sharp
decrease at 8 K and also of no anomaly
around 7.=14 K. The temperature variation
of both the (100) intensity and Q is very
similar. Thus, we have confirmed from sin-
gle crystal neutron diffraction on Nd,;Ni; that

the transition at T is to change the . gnetic
structure from a c-axis cone to a basal plane
helix. The transition at 7, in magnetic sus-
ceptibility may not be from coherent bulk ef-
fect but local/incoherent one, such as impu-
rity or heat treatment.
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Fig. 1. Temperature dependence of the (100) peak in-
tensity.
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Fig. 2. Temperature dependence of the propagation
vector Q for Nd,Ni, single crystal (circles) and poly-
crystal (triangles).
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E. Matsuoka, M. Kosaka, T. Ohki and Y. Uwatoko
Department of Physics, Faculty of Science, Saitama University, Urawa 338, Japan

CeGa crystallizes in the orthorhombic CrB-
type structure and has the antiferromagnetic
order below Ty = 6 K [1]. Until now, there has
been no report about the magnetic structure of
CeGa. To clarify the magnetic structure of
CeGa, we performed the neutron scattering
experiments using the single crystal of CeGa.

The neutron diffraction experiments have
been carried out using the HQR diffractometer
(T1-1) installed at JRR-3M Guide Hall in
JAERI (Tokai). An incident neutron beam with
a wave length 2.44 A obtained by the (220)
reflection of PG.

Figure 1 shows the positions and the
intensities of the nuclear reflection and the
magnetic reflection in the reciprocal lattice
space. The magnetic reflections appear at the
positions which are indexed by the propagation
vector ¢ = (1 0 0.3). Therefore, the magnetic
structure of CeGa seems to be incommensurate
with the crystal lattice. The analysis of the
magnetic structure is now in progress.

Figure 2 shows the temperature dependence
of the magnetic reflection intensities of the
reciprocal lattice positions (1 0 0.7) and (1 O
1.3). The reflections disappear above T = 6.2 K.
It corresponds well to the susceptibility
measurement report [1].

Reference
[1]E. Matsuoka et al. Physica B 259-261
(1999) 112.

JRR-3M, HQR(T1-1), 2. magnetism
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Fig. 1 The positions and the intensities of the
nuclear reflection and the magnetic reflection in the
reciprocal a’c” plane.

140 T T T T T T

120

100 +

80+

60 1

counts/20sec

a0 07

20

T(K)

Fig. 2 The temperature dependence of the magnetic
reflection intensities of the reciprocal lattice
positions (1 0 0.7) and (1 0 1.3).
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(Fey9sRu, ;)P crystallizes in the hexagonal
C,, type structure(P62m) and has the
antiferromagnetic order below Ty = 140 K [1].
Until now, we have been studied about the
magnetic properties of (Fe, Ru,),P sires. To
clarify the magnetic structure of (Fe, o;Ru,,),P,
we performed the
experiments using the
(Feg ggRuy )),P.

The neutron diffraction experiments have
been carried out using the HQR diffractometer
(T1-1) installed at JRR-3M Guide Hall in
JAERI (Tokai). An incident neutron beam with
a wave length 244 A obtained by the (220)
reflection of PG.

Figure 1 shows the positions and the
intensities of the nuclear reflection and the
magnetic reflection in the reciprocal lattice
space. The magnetic reflections appear at the
positions which are indexed by the propagation
vector ¢ = (0.06 0 0). Therefore, the magnetic
structure of (Fey,Ru,,,),P seems to be
incommensurate with the crystal lattice. The
analysis of the magnetic structure is now in
progress.

Figure 2 shows the temperature dependence
of the magnetic reflection intensities of the
reciprocal lattice positions (0.13 0 0) and (0.19
0 0). The reflections disappear above T = 140
K. It corresponds well

neutron  scattering

single crystal of

to the magnetic
measurement report [1].

Reference

[1]E. Matsuoka et al. Physica B 259-261
(1999) 112.
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Fig. 1 The positions and the intensities of the
nuclear reflection and the magnetic reflection in the
reciprocal a'-¢” plane.
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Fig. 2 The temperature dependence of the magnetic
reflection intensities of the reciprocal lattice
positions (0.13 0 0) and (0.19 0 0).

—111—



JAERI—Review 2000—004

37— : ErNiSn OBKEE
+R%E : ErNiSn O+ EIT

1-2-24 NEUTRON DIFFRACTION STUDIES ON ErNiSn

Y. ANDOH, S. KAWANO!, T. NOBATAZ

, G. NAKAMOTO

2 2

.M. KURISU? and T. TSUTAOKA?

Faculty of Education, Tottori University, Tottori 680-8551, Japan
1Research Reactor Institute, Kyoto University, Kumatori, Osaka 590-0494, Japan
2Japan Advanced Institute of Science and Technology, Ishikawa 923-1292, Japan
3Faculty of School Education, Hiroshima University, Higashi-Hiroshima 739-8524, Japan

The temary compound ErNiSn crystallizes in
the orthorhombic (Pnma) TiNiSi-type structure and
order antiferromagnetically at 7,=4.0 K [1]. We

diffraction
structure  is
characterized by propagation vector g=(0.285, 0.476,
0.248) below T=1.75 K and ¢ = (0.330, 0.494, 0.399)
for 1.75 K < T < Ty [2]. In this report, we have
performed neutron diffraction investigations on
ErNiSn single crystals to determine its magnetic
structure.

Single crystals were prepared by a Czochralski
method using a tri-arc furnace. Neutron diffraction
measurements were made using the HQR
spectrometer in the guide hall of JRR-3M of JAERI
at Tokai in the temperature range from 1.5 K to 30
K. The wavelength of the incident neutrons was
2445 A,

Figure 1 shows the neutron diffraction pattern in

reported from powder neutron

measurements that the magnetic

the a*-c* reciprocal plane at 1.8 K for ErNiSn single

2000 sy T
o EmMNiSn S| L
§ T=18K
=
EIOOO— ,_\ A
5 1§
500 ke G
¥ i iFh
0 fneaad i i i i i

-1 05 0 05 1 15
Hin (HO1)

Fig.1 A neutron diffraction pattern in the g*-c*
reciprocal plane at 1.8 K for ErNiSn single crystal

2 25

crystal. The weak magnetic reflections are observed
at  (£0.62,0,1). Any other magnetic reflections are
not observed both in the a*-c* and the a*-b*

JRR-3M,HQR,2. Magnetism

reciprocal planes.

The temperature dependence of the peak height of
(£0.62,0,1) reflections is depicted in Fig. 2. Two
anomalies are clearly observed at the Néel
temperature Ty =4.0 K and 1.7 K. With decreasing

300 ' .

I ' g
O 1(-0.62,0,1)

250 ® 1(0.620,1)

O
2 200
o A
L) s S $IE-T 2 -\ G —
?, D101 ) A—
° RN %
: Ty
0 : 1 i 1
0 1 2 3 4 5
1K

Fig.2 Temperature dependence of the peak height
of (£0.62,0,1) reflections for ErNiSn.

temperature an abrupt decrease is found at 1.7 K,
indicating that a new magnetic phase transition
occurs at 1.7 K which is denoted by T1. Below 11,
propagation vector changes and then the (30.62,0,1)
reflections are diminished in the a*-c* reciprocal
plane.

The peak corresponding to (+0.62,0,1) positions
has been found in powder neutron diffraction.
However, these reflections were not indexed with ¢
= (0.330, 0.494, 0.399) even if it considered the
higher harmonics reflections. To determine the
magnetic structure, more detailed measurements
should be done.

[1]Y. Andoh, M Kurisu, S. Kawano and I. Oguro, J.
Magn. Magn. Mater. 140-144 (1998) 1063.

[2] YAndoh, MXKurisu, GNakamoto, TNobata,
SNakamura, YMakihara, and S.Kawano, Activity
Report on Neutron Scattering Research 5 (1998)124.
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Slow Dynamics in Concentrated Spin Glasses
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MICTOSCOpIC

typically
observed as time dependent magnetization

In order to probe

mechanism of slow dynamics
behavior of spin-glasses, time-resolved small
angle neutron scattering study has been made.
Previous neutron scattering studies on
Fees(Nij.xMny)3s and  Cup(Mn| xTix)Al
alloys showed that the magnetic clusters play
an important role on reentrant spin-glass
transition.!-3)  Based on these studies, we
speculate that the mechanism of slow
dynamics can most directly be probed by
observing the time evolution of magnetic
diffuse scattering ansing from magnetic
clusters. In Fig. 1, magnetic diffuse scattening
patterns from Fegs(NigesMng34)35 taken at
T=8K (SG phase) and T=50K (FM phase) are

shown.
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Fig. 1

JRR-3M, SANS-U HQR, 2. Magnetism

Figure 2 shows time evolutton of diffuse
scattering intensity at Q=0.0056A-! measured
at T=8K after rapidly cooled from T=50K. We
confirmed by this preliminary measurement
that the sensitivity of the apparatus satisfies
the necessary condition for the project.

4 | l 1 [ T
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c
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S 1 ~
>
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time (min)
Fig. 2
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PtCr alloy with Cr concentration below
15 at. % are considered to be non-magnetic
and these above it show spin glass like
behavior. Rather few expertmental data
were reported for this system until now.
We neutron scattering
experiments Pt, . Cr,
crystals (x = 0.07, 0.10, 0.13 and 0.16) as
a link in the chain of the studies on the
Fermi surface effects in 3d-Pd and 3d-Pt

disordered alloys.

performed

for alloy single

All of neutron scattering data obtained
at RT show diffuse satellite peaks with
asymmetric peak intensities at both sides of
100, The peak intensities are temperature
independent, indicating atomic in origin.
The satellite peak positions shift close to
the 1 0 0 reciprocal lattice point with
Cr

temperature independent satellite reflections

increasing, concentration.  Similar
are found for PtV alloys at the same
symimetric positions and are explained as
an atomic concentration wave accompanied
with a periodic lattice distortion. Thus, the
diffuse scattering in PtCr alloys is ascribed
to the concentration wave, which comes
Friedel of

screening chage of the impurity potentials.

from the osctllation the
Detailed discussion of the concentration
wave is given n ref 1), Note that the
amplitude of the concentration wave is not
sensitive to the Cr concentration and even

for non-magnetic alloys (7 and 10 %) show

JRR-3M, T1- [,2:Maguctism

=

2mi

~

Counts/

rather strong diffuse satellite reflections.
Magnetic contribution determined by

subtracting the RT data from the LT data 1s

observed for 13 and 16 at. % Cr alloys.

%
Qur

susceptibility data also show a cusp-type

The expertmental data for the 13 at.

alloy are given in the figure.

anomaly for this alloy. Thus the critical
concentration for the spin glass phase is
slightly lower than that reported in the
previous authors. Magnetic scattering is a
diffl;se peak located ardund the | 0 0. The
spin glass like behavior of PtCr alloys.
the
freezing processes of the spin density wave
clusters just the same as PdMn, PdCr
and CuMn The

crossover of the charge screening and the

is again ascribed to dynamics and

spin  glass  alloys.

sd-interaction (the SDW) 1S very
interesting problem for this system.
1) A.Murakami and Y.Tsunoda
submitted to the Phys. Rev. B
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Competing Anisotropy Origin Hysteretic Behavior of the Mixed Ising-XY
Antiferromagnet Fe, ,C0, 5, TiO, in Magnetic Field

A. Ito, C. Uchikosi, A. Fukaya', K. Nakajima® and K. Kakurai’

Department of Physics, Ochanomizu Universisy, Bunkyo-ku, Tokyo 112-8610, Japan
1The Institute of Physics and Chémical Research (RIKEN), Wako, Saitama 351-0198, Japan
’Neutron Scattering Laboratory, Institute for Solid State Physics, The University of Tokyo,
Shirakata, Tokai 319-1195, Japan

In the present work, we report results
of the field-dependent behavior of the
competing anisotropy system Fe, ;Co, ;TiO;,
the mixed Ising-XY antiferromagnet [1]
examined by  neutron scattering
measurements. In zero field, the XY(L) and
the Ising(//) spin component in the present
sample makes the order ( not real LRO, but
domain state [2]) successively at 7,=36 K
and 7;=31 K, accordingly, below T} the
spin system is in the oblique
antiferromagnetic (OAF) state and the
directions of the spins are tilted from the
hexagonal c-axis of the ilmenite structure
toward the c-plane.

We show in Fig. 1 a representative
example of the temperature variation of
magnetizations measured with a magnetic
field of H=10 kOe applied parallel to the a-
axis under the zero-field-cooled (ZFC) and
the field-cooled (FC) condition. It is clearly
seen that the magnetization vs. temperature
curve shows hysteretic behavior below a
certain temperature. The ZFC-
magnetization Mzpc is smaller than the FC-
magnetization Mg at low temperatures.
When the temperature increases, Mzgc
shows anomalous and rapid increase, and
coincides with Mp. at a certain higher
temperature, which suggests the occurrence
of some kind of transition. The transition
temperature 7} depends on the value of the
applied fields: at =10 kOe, T, is 7 K as

JRR-3M, HQR and PONTA(5G) 2. Magnetism

indicated by an arrow. According to the
Mzgc vs. H curve at 6.5 K, the spin-flop
(SF) transition of the XY spin component
occurs in the c-plane at H=10 kOe though it
is not complete, the incompleteness of
which is supposed to depend on
temperature. This strongly suggests that the
transition observed in the Mzpc-H curve
corresponds to the SF transition. On the
other hand, there appears no anomaly in the
Mgc vs. T curve at T, both on heating and
cooling.

11 Feo.50C09 501103

SRS ESREEENEENASRARRNEASASRALRY EARASRRARS
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g g 1050c
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0 10 20 30 40

T(K)
Fig. 1 M, vs. T and M, vs. T curves measured with
10 kOe applied parallel to the a-axis.

In order to clarify the anomalous
behavior of the M vs. T curve, we
performed neutron scattering measurements
on the triple axis spectrometer ISSP-HQR
and -PONTA installed at JRR-3M of
JAERI, Tokai: we used it in a double axis
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configuration. In Fig. 2, we show the
temperature variation of the scattering
intensities at the (0 0 1.5) and (1 O -0.5)
reciprocal-lattice position, Ip o 15 and
I1 ¢ 0.5, measured in 10 kOe applied under
the ZFC and FC condition together with
those in H=0. When H=0, the tcmperature
variation of Iy ¢ 1.5 and Ij ¢ -0.s exhibits no
anomaly. On the other hand, when the
measurement is made on heating the sample
in A=10 kOe applied under the ZFC
condition, I ¢ 1.5(ZFC) increases rapidly at
~6.5 K while I} ¢ 0s5(ZFC) largely
decreases over several Kelvin around
~6.5 K, toward the respective FC-values.
This fact indicates that some kind of field-
induced transition occurs. The intensity
Iy 0 1.5 is caused only by |M}]. Therefore,
the increase of Ip o 1.5(ZFC) at ~6.5 K
indicates the growth of [M)], the XY
component. The amount of the growth is
estimated to be about 4 %. This value
corresponds to the contraction of |M;], the
Ising component, by about 6 %, under the
assumption that the absolute value |M] does
not change at the growth of |M,|. This
corresponds to the increase of 8 (spin
tilting angle from the c-axis, § =50° at
H=0 kOg) by ~3°.
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Fig. 2 Neutron scattering intensitics at the (0 0 1.5) and
(1 0 -0.5) reciprocal-lattice position in a magnetic ficld of
10 kOe applied parallcl to the a-axis under the ZFC and
FC condition.

JRR-3M, HQR and PONTA(5G) ~ 2. Magnetism

However, we recognize that the
decrease of Ij ¢ 9.5 around 6.5 K is much
larger than that due to the contraction of
[M;] by 6 %. This fact suggests that another
transition affecting only I} ¢ o5 occurs
simultaneously. This is explained by the
fact that the Mzpc-H curve shows the
occurrence of the SF transition in the
c-plane at 6.5 K in 10 kOe.

Interestingly, I} ¢ -0.5(FC) does not
show any anomaly, which indicates that the
spin system is not released from the SF state
down to 2 K. We attribute the difference
between the behavior of I ¢ .9.5(ZFC) and
that of I} ¢ .05(FC) to the subtle balance of
the Zeeman and anisotropy energy. As
mentioned above, M, (ZFC and FC) a few
K above 6.5 K is larger than M,(ZFC) a
few K below 6.5 K. Thus, the XY spin
component continues to stay in the SF state
down to.2 K under the FC condition in
order to keep the Zeeman energy lower. On
the other hand, when the sample is cooled
in H=0, the spin system prefers a large
value of My due to a rather strong Ising
anisotropy. Even when a field of 10 kOe is
applied, the Zeeman energy gained by the
SF transition of M)(ZFC) is not large
enough to overcome the anisotropy energy
at temperatures below ~6.5 K. We consider

‘that the coupling between the Ising spin

component and the XY one through the off-
diagonal terms plays an important role to
induce the novel phase transition indicated
by the increase of M;(ZFC) and the
decrease of Mj(ZFC) at ~6.5 K
accompanied by the SF transition and the
hysteresis. The details are in press [3].

[1] A. Tto, S. Morimoto, Y. Someya, Y. Syono and H.
Takei, J. Phys. Soc. Jpn. 51 (1982) 3173.
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and A. Ito, Phys. Rev. Lett. 78 (1997) 346.
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Nakajima and K. Kakurai, J. Phys. Chem. Solid
(1999) in press.
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Neutron scattering study on a canonical
Mott-Hubbard system (Vg 95Tig 05)203 has
been made. Development of an incommensurate
antiferromagnetic order has been indicated by
the appearance of Bragg peaks characterized by
the propagation q=1.78¢c* below
T=19K. In the temperature range Tr=15K< T
< Tn, no magnetic Bragg peak is observed on

vector

the (00E) reciprocal line. We propose a spin-
density-wave (SDW) magnetic structure. Below
Tg, the direction of the magnetic moments
deviate from the hexagonal c-axis by ~60°. In
TR < T < Ty, the

moment direction is parallel to the c-axis. The

the temperature range

maximum amplitude of the moment is ~0.5 up
at T=8K.
taken by the constant energy scan shows peaks

Inelastic neutron scattering patterns

at positions corresponding to the magnetic
Bragg points at below and above Ty,  For
small energy transfer scans, the width of the
peaks are relatively narrow but much wider than
the instrumental energy resolution. The width
of the peaks grow wider with increasing energy
transfer. Even far above Ty, scattering pattern
still shows clear peaks at magnetic Bragg
positions.  For small energy transfer scans,
peaks around the magnetic Bragg points persist
up to T ~107y, which is much different from

normal spin-wave excitation.

JRR-3M, HQR TAS, 2. Magnetism

These characteristics in inelastic scattering
properties are similar to those observed in
V97303 by Bao et al.12) We analyzed the
result based on the self-consistent
renormalization (SCR) theory for weakly
itinerant antiferromagnet3) as was done for
V1.97303. The present experiment has shown
that a large fluctuating component, which has
been observed in the
system!.2) is also present in this

non-stoichiometric
more
"homogeneous” system and of which property
can be described in terms of the SCR theory for
weakly itinerant antiferromagnet.
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It is known that. PdMn alloy with Mn

concenlration below 4 A% shows

5o oat%

ferromagnetism  and - with  above
hehaves as a spin glass.

Recontly, PdMn  spin glass alloys  were
investigated by neutron scatlering
experiments and the spin glass like behaviour
was explained in terms of dynamically
Muctuating SDW cluslers.

We present: here noutron scattering dala on a
ferromagnetic PdgsMn,y, alloy single crystal.
The data were taken at. the T'1-1 triple axis
speetromeler installed at a thermal guide of
JRR-3M..

experiments, the specimen was confirmed to

Prior  to  neulron scatliering

be a ferromagnet with the Curie temperature
of about. TK by susceptibility measurements.
[Figr 1 by

geanning along the [1 0 0] direction passing

displays  the data  obtained
through the 1 0 0 reciprocal lattice point.
These data weve taken at 7K and 50K, Tn
order (o derive the magnetic contribution, high
temperature data were subtracted from the
Jow temperatuce data. Subtracted data show
diffuse satellite peaks ataround 125 00(5

~(1.41), indicating thal the antiferromagnetic

spin corvelation exist. in this ferromagnetic o

alloy.

We consider several models (o explain the
incompatible features o the ferromagnetic
sugceptibility  and  the  diffuse  satellite
reflections in neulron scatfering experiments.
1. Inhomogeneous model

In this model. a specimen is composed of two
phases. e, forromagnetic phase and spin

glass phase. Since the Curie temperature is

JRR-3M., T1-1, 2. Magnetism

Mn

conceniration is considered to be homogeneous.

consistent.  with  reported  value,
Three dimensional configuration of Mn atoms
may lead to different magnetism.

2. Modulated ferromagnetic model

It was demonstraled in recent neutron
scattering measurements that the transverse
spin component. of the ferromagnetic moment
on Pdlfe and Ptle is modulated with the wave
vector  incommensurate  with the lattice
periodicity. The present specimen may be this
type.
3. SDW cluster model

The SDW cluslers always have a uncancelled
spin component as the correlation length is
shorter than t(he

wavelength. The uncancelled spin component

comparable with or

would be sirongly susceptible to the applied
field and ferromagnetic behaviour results.

All models include some difficulies. We
consider that the inhomogeneous model is the
most plausible from  various experimental

data.

1600

1.2 1.4 1.
Fig.1 Wave Vector (h00)

5 e
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The magnetic structure of DyB6 has been
studied by using a high resolution powder diffractmeter
HERMES and a single crystal diffractmeter KSD. DyBg
has been known as a system with strong electron-lattice
coupling and the successive phase transitions at 32 K and
at 26 K have been recognized as the structural phase
transition and the magnetic ordering, respectively. A
neutron diffraction experiments had not been made so far.
It is because the synthesis of a single crystal is very
difficult for the high melting temperature and for the
incongruent melting property. However, we have
succeeded in preparing a ''B enriched single crystal. The
_high performance of HERMES spectrometer enabled us to
perform the high-resolution powder neutron experiments

with Dy compounds in which a neutron diffraction is

Figure | shows two diffraction pattems at 2.5
K and at 34 K. A number of magnetic peaks are observed
for the low temperature phase as indexed M in Fig. I.
Different from the expected magnetic structure inferred by
considering the magnetization process''’. an uncxpected
long period structure with 4 times larger unit cell is found.
A detailed structural analysis shows a model with ¢
| 4 114 -1/2] The

experimentally observed structure may be closcly rclated

vectors is most plausible.

to the lattice distortion from cubic to

rhombohedral one at 32K. For the breaking of the cubic

structure

crystal symmetry, an inequivalence of the exchange
coupling is brought into the system and as a result a long
period structure is stabilized Such a strong rclation

between the crystal structure and the magnetic structure

usually difficult. shows a strong electron-lattice coupling in ReB;
compounds.
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The important role of the orbital degree of
freedom in magnetism has been a subject of curment
interest in both 3d transition metal oxides and rare-earth
compounds. Among many different kinds of compounds,
a series of heavy rear earth compounds such as DyB, has
been known as a system with strong electron-lattice
coupling. The successive phase transitions occur at 32 K
and at 26 K have been recognized as the structural phase
respectively.

However, much attention has not been paid for the effect

transition and the magnetic ordering,

of the lattice distortion from the cubic structure to the
rhombohedral structure for the magnetic property. It is
because the synthesis of a single crystal is very difficult
for the high melting temperature and for the incongruent
melting property. Recently, we have succeeded in
preparing a ''B enriched single crystal'" and it make us
possible to perform a neutron diffraction experiments.

Figure | shows a temperature dependence of the
angle a for rhombohedral structure. It should be noted that
the o changes gradually below T=32 K and no
discontinuous jump of the angle is not observed This
second-order-phase-transition like behavior may be related
to the consicerable softening observed by ultrasonic
measurement.| 2] On the other hands, no anomaly is found
at the magnetic phase transition temperature of 26 K.

A lower temperature, we found a magnetic
Bragg peak at k={1/4 1/4 -1/2] as shown in Fig. 2. The
observation of magnetic peak at this reciprocal point
shows that the magnetic unit cell is enlarged 4 times from
the original unit cell, which is not expected for an

antiferromagnet with cubic symmetry. Thus we speculate

that this change is closely related to the lattice distortion

JRR-3M, KSD, 2.Magnetism

from cubic structure to rhombohedral structure. In another
word, the breaking of the cubic crystal symmelry may
bring the inequivalence of the exchange coupling into the
system and as a resuit a long period structure is stabilized.
It shows an essential role of the orbital degrees of freedom
to understand the magnetic properties of the ReBe
compounds. Further experimental studies are necessary to
understand the microscopic mechanism for the strong

electron-lattice coupling in the present system.
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Fig. 2 Neutron diffraction pattern at ordered phase.
[1}K. Takahashi and S. Kunii:J. Sol. Stat.
133(1997)198.
[2]S. Nakamur, T. Goto, S. Kunii. K. Iwashita and A.
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The Kondo compound CeZn which has
the CsCl-type cubic structure at room
temperature undergoes an antiferromagnetic
ordering at T, =30K[1]. Moreover, a
structural phase transition occurs at T as
well; in the magnetic ordered state below T,
the crystal structure is a tetragonal one with
the lattice distortion, c/a-1, of 1.9%(1,2].
Thus, we think that CeZn is a system in
which the magnetic interaction, lattice
distortion and the Kondo effect give
important effects for the magnetic behaviour.
To understand roles of conduction electrons
for the magnetic properties in CeZn, we have
investigated the magnetic properties of
Ce(Zn, ,Ga,), because the number of
conduction electrons increases with Ga-dope,
x, without lattice distortion.

To obseve phase transitions, we performed
neutron diffraction experiments on single
crystals of Ce(Zn, ,Ga), (x=0,0.2,0.3) using
the double axis diffractometer, KSD, at JRR-
3M. The receiving collimator of 15” and the
incident neutron with a wavelength of 1.52A
were used.

Fig.1 shows a contour map of 110 nuclear
Bragg reflection from a single crystal of
CeZn,¢,Ga,, in the magnetic ordered state at
2 K As shown in Fig.1, 110 Bragg peak
splits into three Bragg peaks, 110, 101, 011,
because of the structural transition to the
tetragonal  structure. Fig.2 shows the
temperature dependence of the lattice
constants a and ¢. As shown in Fig.2, the
structural transition occurs at T, ,=20K; the
lattice distortion at 2K is c¢/a-1=1.63%.
Moreover, we also observed magnetic Bragg
peaks below T, which can be indexed with
the same propagation vector as that of CeAn,
k=[0 0 1/2]. Almost the same results of
neutron  diffraction  experiments  were
obtained in CeZn ,Ga,, as well. Therefore,
from the experiments, Ce(Zn, Ga ) show
basically the same transition behaviour as that
of pure CeZn. From this point of view,
Ce(Zn,,Ga)) are in the same phase with the

JRR-3M, KSD, 2. Magnetism

pure CeZn up to x=0.3, though T rapidly
decreases by the Ga doping.
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Fig.1: A contour map of 110, 101, 011 nuclear
Bragg reflections from a single crystal of
CeZn,,Ga, 5 at 2 K.
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Fig.2: The temperature dependence of the lattice
constant, a and c, of a single crystal of
CeZn, s Gag »
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ZnFeg04 and ZnCrgO4 are cubic spinel
type oxides with the magnetic ions only at the B
site, a well known frustrated 3-D lattice for the
nearest neighbor antiferromagnetic interaction.
Indeed, magnetic susceptibility of these oxides
deviates from the Curie-Weiss law below about
150 K, though the Néel points are around 10 K.
It is to be noted that the “frustration” in this
case means that the spin sturucture, not the
spin direction as in the triangular lattice of the
Ising spins, cannot be determined uniquely.
The exchange energy of the system as a function
of the wave vector, —J(q), is minimum for any
wave vector with g, =0.

As a first step of the investigation of
the 3-D fruastrated Heisenberg spin systems,
neutron scattering of polycrystalline specimens

was measured by HERMES.
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Fig. 1 The low angle part of the neutron scattering of
ZnCry04 above and below Tyy. The scale of the coordi-
nate is logarithmic and shifted for each curve.

JRR-3M, HERMES, 2. magnetiam

Figure 1 shows the low angle part of
the scattering of ZnCrgO4. A marked diffuse
scattering was observed even at about 3 7y,
which does not vanish completely in the ordered
phase. Magnetic Bragg scatterings are ob-
served at the reciprocal lattice points with one
or two half integers. In the case of ZnFegOy,
the diffuse peak locates at the lower angle and
the magnetic Bragg peaks with two half inte-
gers are absent but the situation is similar.

High angle part of the scattering is
shown in Fig. 2 for ZnCrgO4. No difference is
detected at above and below 7y, indicating that
the lattice deformation accompanied by the spin
ordering is smaller than 1/500. This is the
same for ZnFegOy4.

Determination of the spin structure
will be the next step.
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The compound SrFe,0,, with a hexagonal unit cell,
space group P63/mmc, with a=0.5879 om and c=2.3029
om, is an important material for the creation of a
permanent magnet. Recently, we reported that the effects
of La and Zn on the magnetic properties of StFe,,0,4".
According to our previous studies, Sro;Lag;Zn,5Fe; ;0
compound exhibited remarkable magnetic properties
accompanied by the enhancement of saturation
magnetization. However the structural parameters for this
compound have not been clarified precisely. For
understanding the origin of the improvement of magnetic
properties, an accurate knowledge of the structural
parameters is crucial.

In the present study, the structure of
Sry7Lag;Zng5Fe,, O, has been investigated via HERMES,
which is installed in JRR-3M at JAERI in Tokai. A
polycrystalline sample with a nominal composition of
Sro7Lag3Zng;Fe,, ;0,, was fabricated through a solid-state
reaction using the powders of SrCO,, La,0;, ZnO and
Fe,0,. The details of the sample preparation are described
elsewhere!'l. Neutron scattering experiments of powdered
samples with a particle size of < 50 micron were
performed at 773 K. This temperature is high enough to
occur the magnetic phase transition (i.c. ferrimagnetic to
paramagnetic). Based on the neutron diffraction data, the
structural analysis were carried out using the Rietveld
refinement program; RIETAN97-betal?).

We can infer the atomic position of La and Zn is the
same that of Sr and Fe, respectively. The compound
SrFe ;0,4 has five sublattices (2a, 2b, 4f,, 4f, and 12k),
which are occupied by Fe*. Judging from the result that
magnetization is enhanced by La and Zn substitution, Zn*
as a non-magnetic ion should occupy down-spin sites (4f;
or 4f;). Taking into consideration that Zn? has a strong
tetrahedral site-preference in spinel structure, It can be
deduced that Zn* occupy 4f, tetrahedral site.

JRR3M, 2.Magnetism

From the above discussion, we suggested two models;
1) Zn® ion is occupied 4f;-site (marked as Zn-4f, model),
2) Zo® ion is occupied 4f;-site (marked as Zn-4f;, model).

Figure 1 shows both the final fit and the pattern of
derivation  between calculated intensities  and
experimental data using the Zn-4f, model. The refined
values for the lattice parameters were a= 0.59104(8) nm
and c= 2.31805(23) nm which were slightly larger thas
that of room temperature. This slight increase in the
lattice was caused by the thermal expansion. The
resultant reliability factors were: R,,=7.52 %, R,=5.69 P,
R.=3.34%, R=2.49 % and R¢=1.48 %. The occupancies
of La and Zn sites were confirmed 0.19(14) and 0.16(3),
which were consistent with the chemical analysis.

On the other hand, we could not derive the meaning
solution using the Zn-4f, model.
Reference
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CePbz compound has been reported to
have a MoSiz-type (I4/mmm) structure and to be
a heavy fermion compound with an antiferro-
magnetic ordering below 3.6 K(1). To discuss
the magnetic moment reduction due to the Kondo
effect, we have investigated the magnetic
structure and the value of magnetic moment by
neutron-diffraction for CePbz compound.

Polycrystalline sample was prepared by arc
melting by using the constituent elements, 99.9
% pure Ce and 99.999 % pure Pb. The sample
was powdered in a globe box filled with He gas.
And it was put into a vanadium sample tube filled
with He gas in an aluminum cell to prevent the
sample from oxidizing and to keep homogeneity
of temperature of the sample. The neutron-
diffraction experiment was carried out using the
HERMES installed at T1-3 port of JRR-3M
reactor of JAERIL.  The neutron-diffraction
spectra were measured at 6.0 K in the
paramagnetic state, and 1.6 K in the ordered state
using an incident wavelength of 1.8196 A..

Figure 1 shows the observed ncutron-
diffraction spectrum at 6.0 K and the calculated
intensities for MoSiz- (I4/mmm) and HfGa-type
(141/amd). For PrPb2 compound, two kinds of
structures, MoSiz- and HfGas-type, have been
reported (1. 2).  Although these calculated
intensities are very similar, low angle spectra can
be indexed as the HfGas-type crystal structure
with a=4.662A and c=32.315A. The present
result suggests that CePb,; compound has the
HfGaz-type crystal structure.

Figure 2 shows the difference between the
neutron-diffraction spectra taken at 1.5 K and 6.0
K, which shows the magnetic diffraction peaks.
Several magnetic peaks are observed. However,
it is not easy to give their indices. The antiferro-

JRR-3M, HERMES, 2. Magnetism
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magnetic structure of CePbz compound is
considered to be not so simple from the fact that
the intensity of the magnetic peaks are very weak,
compared with those of the nuclear peaks.
Detailed investigations are necessary in order to
determine the magnetic structure and the
magnitude of the magnetic moment.

This work has been supported by Research
Fellowships of the Japan Society for the
Promotion of Science for Young Scientists.
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Ca,, M, Cu,0,, (M=Y, Nd, and Gd) system,
which consists of edge-sharing CuO, chains,
shows a superstructure of the Ca and M ions
while the structure of the edge-sharing CuO,
chains is stable. Recently, Mizuno et al.
theoretically studied the magnetic properties in
various copper oxides with edge-sharing CuQ,
calculated  the
interactions in the copper oxides and found a

chains.”  They exchange
fairly large next-nearest-neighbor interaction J,
compared with the nearest-neighbor interaction J,
particularly in Ca,Y,Cu,0,, (U,/J,E2.2; J;:
ferromagnetic, J,: antiferromagnetic), indicating a
possibility of frustrated interactions in the chain.
Another mmportant feature in this system is that
it is possible to introduce hole carriers in the chain
by changing the ratio of the Ca and M ions. It is
interesting to study the hole concentration
dependence of the
Ca,Y,Cu04
transition and the transition temperature is

magnetic  properties.

shows an antiferromagnetic
decreased in Ca-rich samples®.

We studied the magnetic structure of the end
material Ca,Y,Cu,O,, using the neutron powder

diffraction method®. Since it is difficult to grow

large single crystals in this system, a
polycrystalline sample was used in this
experiment. The experiment shows that

Ca,Y,Cu;0,, has a commensurate long-range

JRR-3M, HERMES, 2. Magnetism

ordering below T,~29 K with ferromagnetic
correlations within the chain. The magnetic
structure is shown in Fig. 1. The chains are
coupled ferromagnetically along the b axis and
antiferromagnetically along the ¢ axis. The

ordered moment of copper is ~0.9u, at 10 K,

suggesting that the interchain interactions are
fairly large. The observed intensities can be better
described by assuming an ordering of oxygen
moments which are induced due to the strong
hybridization between the copper and oxygen

ions.

e Cu

b| a (chain)
o0

Figure 1 A proposed model for the magnetic structure in
the chain.
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Ni,In-type Mn,,Sn, undergoes a
reentrant spin-glass like transition
at T,=100~70K [1]. Spontaneous
magnetization appears between T, and
the Curie temperature T.=220~200K.
Here, the values of T, and T depend on
X. Our neutron diffraction
investigation discloses an
antiferromagnetic reflection (0 O
1/2) which disappears above T.. Hence,
the origin of the reentrant spin-glass
like behaviors below T, is cooperated
with the formation of
antiferomagnetic order along the c-
axis. Concerning the magnetic
order-disorder transition at T,
Kaplienko et al [2] found a
discontinuity in the linear thermal
expansion coefficient for the a-axis
and no anomalous behavior for the
c-aixs (x=0.6 and 1) . We investigate
the hexagonal lattice parameters a and
¢ through T, and T..

The neutron diffraction patterns of

powdered sample (x=0.4,12q; in
vanadium cylinder of 10mm $) were taken
with the multi — counter type
diffractometer (HERMES, Tohoku

University) installed at JRR-3M. The
wave length of neutron was 0.1824nm.

As seen in Figs. 1(a) and 1(b) , the
temperature gradient of a decreases
above T.,6 while that of chardly changes.
Here, the magnetic peaks of (0 0 1/2)

and (110) disappears at T,=95K and
T.=202K, respectively. It is
remarkable that the temperature

gradient of a increases at T and that

JRR—3M, HERMES, 2.magnetism

the absolute value of the change is
significantly larger than that at T..
Moreover, the similar change of
temperature gradient is observed on
the c¢-axis. The anomalous thermal
expansion behavior below the magnetic
transition temperatures indicates
that the effective magnetic
interactions depend on atomic
distances. Therefore, the reentrant
spin-glass like behavior in Mn,,Sn,
is related to the distance-dependent

nature of effective magnetic
interactions.
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Fig.l Temperature dependences of
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A Typical Heusler alloy CuzMnAl
is well known as a ferromagnet caused by
its ordered structure. It arouses an in-
terest of us in magnetism of the alloy in
amorphous state. We succeeded to obtain
rapidly quenched (R.Q.) Heusler alloy rib-
bon by substitution of M for Al or Zr,
CuaMnAl;_,Zr; or CupMnAl,_.Y!?. Mag-
netic measurements show spin glass behavior
at low temperature. A reentrant spin glass
behavior was observed for CuaMnAlggZrg2
with Ty ~10K and Tc ~50K. The
neutron diffraction for M=Y shows anti-
ferromagnetic magnetic scattering in 1993%.
The magnetic scattering was also found from
20K to 500K that is just below the recrys-
talization temperature. In the present work,
neutron diffraction patterns for M=Zr, x=0.3
was measured form 10K to R.T. at JRR-3
of JAERI(Tokai). Fig.1 shows the AF mag-
netic scattering at R.T. This broad peak can
be decomposed into 7 components. Most of
these components distributed around Q~1.5
that corresponds to the Mn-Mn distance in
ordered crystalline Heusler alloy. The broad
main peak at Q=1.58 and three peaks hav-
ing the same o can be understood as scat-
tering from amorphous state and that form
disordered crystal state having 2Al, AlZr and
27r as nearest neighbour. The distance of
AF Mn-Mn pair distance is the same as that
of the ferromagnetic Mn-Mn pair in ordered

JRR-3M HERMES Magnetism

Heusler alloy. This result shows that the AF
property is not caused by appearance of a
short distance Mn-Mn pair but caused by
long range disordered structure.
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Count - BG

Fig.1 neutron diffraction pattern of
amorphous CusMnAlg7Zrg3 at R.T.
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Zn, Mn Te is a typical frustrated
antiferromagnet with 5/2 spins ( Mn®) (x
=0.68) . [1]

diffraction measurement of Zny ,Mn . Te

Single crystal neutron

was carried out using double-axis
diffractometer HERMES implemented with
multi-counter detection system at JAERI.
Highly anisotropic diffuse peaks were clearly
observed around the reciprocal lattice point,1
1/2 0 and its equivalent positions at 10 K,
30 K and 100 K, respectively. [2] Thisis a
clear indication of type-III antiferromagnetic
short-range order caused by the nearest and
next nearest neighbour exchange interactions
of Mn* spins. [3]
short-range order between Mo spins, @,

In this study, degree of

was calculated from the observed diffuse
intensity using the following equation, [4]

111

@ o= % SO SOID
Xexp {2 w i (la+mh,+nh)} dhdhdh,
(1)

where [ is diffuse intensity at the reciprocal

lattice point, b A4, ,

by magnetic form factor, Debye-Waller factor

being initially corrected

and background subtraction. Since the diffuse
intensity measurement was restricted within
hkO plane, the intensity distribution in the
region, 0< A, h,, h,<1 was three-dimensionally
reconstructed based on that around 1 1/2 0. This
region was devided into 101 X 101 X 101 pixels
for integrationineq. (1) .

Figure 1 shows the degree of short-range
order between Mn* spins at 17 K, 30 K and
100 K, respectively. The Mn** spin at the
origin is surrounded by antiparallel nearest
neighbour (NN) ones. Parallel spins at NNN
site follow them . Such an oscillation gradually
diminishes with increasing the distance
between Mn** ions and finally disappears at
about 13.2 A . This distance corresponds to
twice of lattice parameter. There is no long-
range order at any temperature. The degree
of short-range order at the NN site is
practically independent from increasing
temperature. This indicates that the strong
antiferromagnetic exchange interaction still
remains between the NN spins at 100 K.

0.4 9K
0.3 | N a 30K
0.2 } = 100K

0] W[

Yoalpy, [ Rgp :
-0.2 | % [/ NN:Nearest neighbour T
-0.3 } NNN:Next NN b
_0.4 3 i 1 I

0 2 4 6 8 10 12 14 16
Distance between Mn2+ions [A]

Fig.1 Degree of short-range order vs. distance
between Mn** ions. @, is normalized
by @ - A dotted line is guide for the eye.
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The layered Perovskite Mn  ox-
ide Lag_QISr1+2an207 (LSMO327) exhibits
a variety of magnetic structures with chang-
ing temperature and the hole concentration
x. There have been, however, no system-
atic study of the magnetism of LSMO327 in
a wide temperature and hole concentration
range. To establish the magnetic phase dia-
gram, we have carried out extensive neutron-
diffraction studies on LSMO327 powder sam-
ples, which will be relevant to clarification
of colossal magnetoresistive behaviors in this
system. Powder diffraction patterns were
taken at room temperature, intermediate
temperature (~ 120 K), and low tempera-
ture (~ 10 K) using the HERMES powder
neutron diffractometer. Temperature depen-
dences of magnetic reflections were measured
using the triple-axis spectrometers TOPAN
and GPTAS.

The powder diffraction patterns for 0.32 <
z < 0.50 at low temperatures can be ex-
plained by a combination of the FM-I and
AFM-I phases: the FM-I phase is domi-
nant at low doping region, while the AFM-1
phase gradually takes over the FM-I phase
with increasing x. A finite canting angle be-
tween planar magnetic moments on neigh-
boring planes starts appearing at z ~ 0.39
and reaches 180° (A-type antiferromagnet)
at = 0.48. We also found that the diffrac-
tion pattern at z = 0.30 is completely differ-
ent from the other concentrations, and corre-
sponds to the FM-II phase, in which spins are
aligned ferromagnetically along the c-axis.
The drastic change in the magnetic struc-
ture indicates that there exists a composi-
tional phase boundary around x = 0.32.

LaZ-ZxS g +2XM n207
D50 1t
L J ic
—~200F < T |
h'd a Tce I :
m -
5 150 | a
g [ * |
%100-;3:“] | | -
2 11 [ [
50 | Fm1 | Cantedarm \ | ]
FM | (FM-I+AFM-I)
al | |
Lot e
0 " "
0.30 0.35 40 045 0.50

hole concentration x

Figure 1: Magnetic phase diagram of
Lag_ngr1+2,:MnQO7. FM-I (AFM-II) indi-
cates the planar A-type AFM structure with
FM (AFM) intra-bilayer coupling and FM
(AFM) inter-bilayer coupling. FM-I and
FM-II stand for the FM structures with spin
within the ab plane and along the c-axis, re-
spectively. As for z = 0.50, only AFM-I ex-
ists in the phase I, while AFM-I and CE-type
AFM coexist in the phase IL
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The tetragonal La,Sb-type compounds Ce,X
(X=Sb, Bi) are thought to be Kondo and heavy
fermion compounds with antiferromagnetic
ground states[1}. This crystal structure includes
two kinds of Ce sites, Ce-I at the 4(e) site and Ce-
II at the 4(c) site[2]. The distance between the
nearest Ce-I atoms is shorter than those in typical
valence fluctuation(VF) materials. In contrast,
the distance between Ce-II and the nearest Ce
atom are about 20 % longer than those of Ce-I,
and those in typical VF materials as well.
Therefore, we expect that the 4f state of Ce-I
shows strong valence fluctuation, while that of
Ce-II is relatively localised.

To observed magnetic excitations in Ce, X, we
performed neutron inelastic scattering
experiments on polycrystalline samples of Ce,X
using the triple axis spectrometer TOPAN at JRR-

3M. The contamination of A/2 has been
corrected. We have already reported the detail of
the results of the experiments in Ref.[3].

using two Lorentzian functions. The positions of
the Lorentzians are determined as 5.4+-0.1 meV
and 9.8+-0.4 meV. From the results, we propose
a crystalline electric field (CEF) level scheme
model of Ce-II in Ce,Bi: the first and second
excited states exist at 5.4 meV and at about 10
meV above the ground state, respectively[3].

Fig. 2 shows the spectra at 21 K at Q=1.0 A"
and 4.0A". We observed broad spectra which
shows no obvious temperature dependence. From
the Q-dependence of the intensity, there exist
magnetic components at about 2 meV and
between about 3 and 7 meV at 21 K. The spectra
in Ce,Sb are quite different from those in Ce,Bi
which shows the well defined magnetic peak.
Therefore, the present results indicate that the
CEF in Ce,Sb is quite different from that in
Ce,Bi. The difference of CEF in these
compounds may be due to the difference of the
magnetic anisotropy{1].

500 T T T v T M T
o 21K Ce,Bi
e 150K
400} — Fiting at 21 K TOPAN .
E=13.7meV
x of 30-30-S-PG-30-30
< 300 | Q=1.0A" r
w
N t
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= 200} it -
3ot
(o]
1001 g 4
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0 2 4 6 8 10 12

Energy transfer [meV}

Fig.1 The T-dependence of the energy spectra of Ce,Bi
at Q=1.0A" at T=21 K and 150 K. The solid line represents
the best result of the fitting procedure.

Fig. 1 shows the spectra of Ce,Bi at Q = 1.0 A-
"at T =21 K and 150 K. In Fig.1, we observed
an obvious peak at 5.5 meV at 21 K. From the T-
and Q- dependence of the intensity, it is evident
that the obvious peak at 21 K is due to magnetic
excitation. Moreover, the obvious peak indicates
that the 4f state which occurs the magnetic
excitation is well localised. The solid line in
Fig.1 represents the best result of the fitting with
resolution convolution to the spectrum at 21 K

JRR-3M, T1-3  Magnetism

600 T T T L} T
Ce,Sb
500 l T=21K E
& TOPAN 063030
5 40 9% DA
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g 4+§ @ e Q=40A"
200} 4
’0,00@0%?00000
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Fig2 The Q-dependence of the energy spectra of

Ce,Sb at T=21 K at Q=1.0A"" and 4.0A". The arrows
indicate the positions of magnetic components.
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Lag 3Sr02MnQO, s a perovskite compound
with the oxygen deficiency, where the valence
number of Mn ions is controlled to be always
three. We have measured the magnetization by
SQUID magnetometer and the powder neutron
diffraction by HERMES at JRR-3M, to
investigate the magnetism of this material.

The temperature dependence of the
magnetization and the inverse susceptibility
measured at low field of 200 (Oe) is shown in
Fig.1, for the cases of zero field cooling
and of field cooling at 200(0e). The field
dependence of magnetization at 4.2(K) is
shown in Fig.2.

As shown in Fig.1, the behavior of the
temperature dependence is quite different for
finite-field cooling and for zero-field cooling,
whereas the magnetic transition temperature
exists at around 138(K) for both cases. In
Fig.2, the magnetization gradually increases up
to 5(T) and the absolute value of magnetization
is very small, although we see a hysteresis near
zero field. It seems from these facts that the
magnetic order at low temperature is not a
simple ferromagnetic state, but presumably a
spin-canted state where the ferromagnetic

T T
20000
Lag4Srg;MnOz99  H=200(Oc)
1.5
.l
-—t,
- ’E\
1| feid cooting a¢ zoo(Oe).‘-. %
\ . -loco0 ¥
$ 2
0.5
2o field cooling
q 0

TEMPERATURE (K)
Fig.1. Magnetization and inverse susceptibility
versus temperature at low field of 200(Qeg).

JRR-3M, HERMES, 2 Magnetism

component and the antiferromagnetic
component coexist. In fig.2, the ferromagnetic
component obtained from the zero-field
magnetization which is extrapolated from the
straight line at non zero field, is 0.07 u g/Mn.

~ On the other hand, the value of 2S per Mn

atom, which is obtained from the effective
magnetic moment in the paramagnetic region in
Fig.1, is 4.95 u p/Mn. From these facts, if the
magnetic ordered state is assumed to be a spin
canted one, the magnetic moment seems
almost to be antiferromagnetic.

T L20.35r02Mn02.90 at4.5K

MAGNETIZATION (emu/g)

R 8

0000 0000
MAGNETIC FIELD (Oc)
Fig.2. Magnetization versus magnetic field up to
5(T) at 4.2(K).

In Fig.3, the neutron diffraction pattern
at 273(K) where the sample is paramagnetic
and that at 15(K) where it has magnetic order
are shown. The result of Rietveld analysis by
the program RIETAN," is shown with a solid
line. As shown in the figure, the best fit is
obtained by the assumption that the crystal
structure at 273(K) is rhombohedral ( the space
group is R-3c), where the La atom and the Sr
atom are mixed at random and the oxygen
vacancy exists also at random. The diffraction
pattern at low temperature of 15(K) is almost
the same as that at 273(K), except the intensity
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Fig.3. Neutron diffraction patterns and the results of Rietveld analysis at 273(K) and 15(K).

of each peak. The best fit for Rietveld analysis
at 15(K) is obtained by the assumption that the
magnetic structure is ferromagnetic one with
the direction of Mn moment at an angle of
about 60° from the [111] direction. The size
of the magnetic moment is deduced to be 2.48
1 s/Mn.

In conclusion, LaggSro.MnO,9 of which
valence number of Mn atom is always
controlled to be three by reducing the number
of oxygen, shows quite different magnetism
from that of  LagsSrooMnQO;, which is
ferromagnetic with the Curie temperature of
about 310(K).? The magnetic transition
temperature of 138(K) for spin-canted
LagsSrooMnO,s seems to coincide with the
extrapolated position from the concentration
dependence of the Néel temperatures, Ty, of
La1.<Sr-MnOs, as shown in Fig.4. ? In case of
the compound where the valence number of
Mn ions is three, the antiferromagnetic region
seems to expand up to Sr concentration of 0.2.

At present, the results obtained from the
Rietveld analysis on neutron diffraction
patterns are contrary to the results obtained

from the magnetization measurements. We
have to solve this inconsistency.
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Fig.4. Electronic phase d,iragram of
Lai1-xSrxMnO3.2 The Néel temperature
obtained from this experiment is
shown by black circle.
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UPd,Al; with the hexagonal structure is a
fasinating magnetic superconductor.
Superconductivity with the transition temperature
T.= 2K is realized in the antiferromagnetic state
with the Néel temperaure Ty = 14.5 K.D
Neutron scattering measurements revealed that
the magnetic moments of 0.85 ugz/U are
ferromagnetically oriented along the ([1120]
direction but are coupled antiferromagnetically
along the [0001] direction with the wave vector
Q=(000.5)2

Pressure is one of the parameters to control
both the electric and magnetic properties. In the
heavy fermion compounds, those properties are
sensitive to pressure because the characteristic
temperatures such as the Néel temperature Ty
and Kondo temperature Ty are not large in this
system. The previous experiments, based on the
specific heat and the electrical resistivity under
pressure, indicate that TN of 17.5 K at ambient
pressure increases with increasing pressure,
makes a maximum around 0.5-1 GPa and
steeply  with
pressure.3-) The specific heat jump at Ty,

decreases  rather increasing
reflecting the magnetic phase transition, becomes
broad with
corresponding entropy change becomes small in

increasing pressure and the

magnitude compared to that at ambient pressure.
This behavior might be correlated with the
magnetic moment.

To clarify this interesting tendency, we have
done the neutron scattering experiment under

pressure. The single crystal was grown by the
Czochralski pulling method in a tetra-arc furnace,
as described in ref. 6 in detail. The hydrostatic
pressure was introduced by using the McWhan
cell. The pressure was calculated from the lattice
constant at each pressure and the elastic constants
at ambient pressure.” Neutron scattering
experiments were carried out by using a thermal
neutron triple-axis spectrometer TAS?2 installed
in the research reactor JRR-3M at the Japan
Atomic Energy Research Institute (JAERI).

We  have

dependence of the (0 O 0.5) antiferromagnetic

measured the temperature
Bragg intensity. Temperature dependences of a
ratio of the (0 O 0.5) magnetic Bragg peak
intensity to the (O O 1) nuclear one under several
pressures are shown in Fig. 1.
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Fig. 1 Temperature dependences of a ratio of the (0 0 0.5)
magnetic Bragg peak intensity to the (0 0 1) nuclear one

under a several pressures of 0-1.6 GPa.
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We determined the magnitude of the ordered
moment |, under a several pressures of 0-1.6
GPa, which was obtained by comparing the
integrated intensity of the magnetic (0 0 0.5)
Bragg peak with the one of the nuclear (0 0 3)
Bragg peak at 1.8 K. The pressure dependences
of the Néel temperature Ty and the ordered
moment j, are shown in Fig. 2.

T T T

UPd,Aly

4145

Ty (K)

414.0

0005 10 15 20

Pressure (GPa)
Fig. 2 Pressure dependences of the Néel temperature Ty
and the ordered moment W ,.

The Néel temperature makes a maximum around
0.5 GPa, roughly consistent with the previous
result. This unusual pressure dependence of Ty
might be due to the deviation from the
hydrostatic pressure. From the Ehrenfest
relation, the Néel temperature Ty, decreases with
increasing pressure under the hydrostatic
pressure. On the other hand, the thermal
expansion of UPd,Al, are strongly anisotropic.
Therefore the pressure dependences of Ty under
the uniaxial pressure along the [0001] and in the
basal plane show an opposite sign.®)

Interesting is the pressure dependence of the
integrated intensity of the magnetic Bragg peak.
This is proportional to a square of the magnetic

—134—

moment W _,. The magnetic moment behaves in
the same way as Ty does, namely, it makes a
maximum of about 1 pg/U around 0.5 GPa and
decreases with increasing pressure. Extrapolating
the pressure dependence of the ordered moment
M4 linearly, it will vanish at about 7 GPa. This
behavior is consistent with the previous results,
in which the anomaly at the Néel temperature Ty
in the resistivity disappear at about 7 GPa.® The
magnetic moment is correlated with the Néel
temperature.

In conclusion, we have measured the
temperature dependence of the (0 0 0.5)
antifferomagnetic Bragg peak intensity under
several pressures of 0-1.6 GPa. The Néel
temperature and the magnetic ordered moment
slightly increase with increasing pressure, make
a maximum around 0.5 GPa and decrease with
increasing pressure. Extrapolating the pressure
dependence of the ordered moment p_ , linearly,
it will vanish at about 7 GPa.
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CeB, is a dense Kondo system with a
unique phase diagram under magnetic field. At
zero magnetic field, it is paramagentic with
typical Kondo behaviors (phase I). Specific heat
shows a peak at T, = 3.3 K, indicating an
occurrence of a phase transition at this
temperature although there is no sign of
magnetic ordering for the temperature range 7T,
< T =< Ty, where T = 2.3 K. The nature of the
phase in this temperature range (phase II) has
been a hot issue of discussion for these several
years. Below T, the compound exhibits an
antiferromagnetic ordering with a complicated
magnetic structure which is characterized by two
components of antiferromagnetic propagation
vectors of [0,1/4,1/4] and [1/2,1/4,1/4]. When a
magnetic field is applied along a principal axis,
the temperature of the boundary between phase 1
and Il increases with increasing field, whereas
that between phase II and III decreases and
makes the area of phase III closed at the
maximum magnetic field of about 2 T. The
neutron diffraction experiment revealed the
existence of an induced antiferromagnetic
structure in phase II under magnetic field,” and
this fact was interpreted as evidence for the
quadrupolar ordering in this phase. Recently,
this interpretation was supported by a theory
which claims the importance of 4f-electron
multipole (even octapole) interaction in this
material.” Thus CeB, is considered to be an
interesting material in which many different
types of interactions compete.

When Ce atoms in CeB, are partly replaced
by La atoms (Ce, La B,), the region of phase I
is pulled up to higher magnetic field side, and a
new phase (phase-1V) appears in a small region
surrounded by phase-1, -1I, -IIl and H = O line

80F 77T ——T1 T

Ceg 751802585
H/[110]

Fig. 1. Phase diagram of Ce,.,;La, ,B,.
in the phase diagram.’>™ Fig. 1 shows the phase
diagram of Ce,,sla,,;B, determined by
magnetization and sound-velocity measurements.
Since the substitution of La atom for Ce atoms
seems to weaken the quadrupole interaction,
phase-IV  has  been thought to be
antiferromagnetic with a simple magnetic
structure. However, this phase is still unusual
because the elastic constant C,, shows strong
softening of about 30% in this small region”
and also the topology of the phase diagram itself
is not easily understood. Therefore, we have
performed a neutron diffraction experiment on
Ce,.;sLa, ,5B, to study the nature of phase-1V.
The experiment was performed on the triple
axis spectrometer TAS-2 installed at the end of
the thermal neutron guide T2 of JRR3-M reactor
at JAERI. Incident neutron energy of 14.7 meV
was employed. A single crystal of Ce,.,sLa, ,sB,

L F4F : JRR-3M, TAS-2 (T2-4), 7% - tPEFHRGEL ()
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with the size of about 5 x 5 x 1 mm’ was used in
the experiment. In order to reduce the huge
absorption of neutrons due to '°B, 98.5%
enriched ''B was used as a starting material of
the sample. It was set with [1,-10] axis vertical
inside the dilution refrigerator cryostat equipped
with a superconducting magnet.

We observed magnetic Bragg peaks in phase
111, for example (1/2,1/4,1/4), which correspond
to the magnetic structure described above for the
pure material. Their intensities vanish with
increasing temperature above about 1 K,
indicating that phase IV is actually different
from phase IIl. We have made careful scans
along many directions including the principal
axes [100], [110] and [111] at 1.3 K to search
magnetic response in phase IV. However, there
is no indication of magnetic peak in these scans.
Thus, it is concluded that phase IV is not a
simple one, even if it is magnetic as speculated
before. Instead, we found that the intensities of
all nuclear Bragg peaks observed so far exhibit
unusual increase by 5-10 % just in phase IV.
Fig. 2 shows the temperature dependence of the
intensity of (100) nuclear Bragg peak as well as
that of (1/2,1/4,1/4) magnetic Bragg peak. The
increased intensities in phase IV return to the
level of those in phases I and III by applying a
magnetic field of about 0.8 T, which is just the
value of the upper boundary of phase IV in the
magnetic phase diagram as shown in Fig. 1.
This phenomenon is very interesting because a
big change of Bragg peak intensities occurs in a
very narrow region in the H-T plane without any
sign of structure change. One possible
explanation is that the extinction effect of the
material becomes weak in phase IV. This means
that the material may undergo a tiny structural
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Fig. 2. Temperature dependencies of Bragg peak
intensities of Ce,.,sLa, ,;B,.

change in phase IV which is too small to be
visible in the present resolution but results in a
multi-domain structure giving smaller mosicity.

Although real origin of above phenomenon
is not so clear at this moment, the result of the
present experiment strongly suggests that a
structural anomaly is important in phase IV of
Ce,.,sLa, ,sB¢. In order to make the situation
clear, more detailed study is necessary.
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DyB, is an antiferromagnetic compound with
the cubic CaB,-type structure. The
magnetization of a single crystal at 4.2 K shows
muliistep transitions, and the easy axis of the
magnetization is the [L11] axis". The
iemperature  dependence of the magnetic
susceptibility shows two anomalies, one at 26
K and the other at 32 K. Pronounce peaks are
also observed at the same temperatures in the
specific heat”. The anomaly at higher
tzmperature is due to the structural phase
transition in which the structure changes from
cubic to rhombohedral symmetry. The other
anomaly at 26 K is due to the antiferromagnetic
transition and the magnetic structure in the zero
fizld has been found to be complicated by our
neutron powder diffraction experiment”.

To investigate magnetic structures in
magnetic fields, we have carried out neutron
diffraction experiments in high magnetic fields.
The experiments were performed on the TAS-2
diffractometer at JAERI by using a 10T magnet.
A single crystal of Dy''B, has been made by a
crucible-free vertical floating zone method and
it is enriched up to 99.5% in ''B in order to
decrease neutron absorption by ""B.

We measured intensities of [11-2] and [1-10]
directions as a function of magnetic field at 5 K.
The magnetic field, 8 up to 10 T was applied
along the {111] axis, since the sample has been
divided when it puts on the magnetic field in the
direction except for the easy axis. Figure 1 shows
the intensities at B=0, 2, 3.1, 1.5,7,9, 10T
which were selected to examine each magnetic
state of the magnetization. The magnetic
structures in each condition below 9 T is under
consideration at the present stage including the
structure in the zero field.
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Fig. 1. Bragg peak intensities along [hh-2h]
direction in magnetic fields up to 10 T.
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Magnetic structure study of mixed valence Yb,S,
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Yb,S, forms in the orthorhombic structure
with a=12.90A, b=13.00A and c=3.9A.
Although it behaves like a semiconductor with a
small gap of 0.4 eV in resistivity data, the
electronic specific heat coefficient is as large as
400 mJ/mol-K? thus making it a low carrier
strongly system [1].
According to the heat capacity measurement, it
shows a sharp peak at 1.07 K suggesting a
transition. It was later corroborated by
Mossbauer study of which hyperfine field
to 0.8 K before
disappearing above 1.2 K [2]. According to the
Mossbauer study, Yb* ion is expected to have
1 p; of spontaneous moment.

In this study, we aimed to determine the
magnetic structure that was suggested to exist
below 1 K from the heat capacity and
Mossbauer results. Since we needed a very low
temperature set-up for our study, we decided to
take advantage of the newly purchased dilution
refrigerator available at TAS-2. Although TAS-2
is good for single crystal works, we originally
thought that it is all right for our purpose too
since the estimated magnetic moment of Yb,S,
is rather large as 1 p;. We have calibrated the

correlated electron

remains constant up

wavelength using standard Si powder sample.
Throughout our experiments, we used the
wavelength of 2.3702 A. Since our experiment
was cut short because of the problems with the
cold source, we succeeded only to measure two
full scans at 40 mK and 4 K.

Our main results are shown in figure below.
Figure shows difference between data taken at
40 mK and 4 K. As one can see, there is no
conceivable change from 4 K to 40 mK in the
diffraction data contradicting the previous heat
capacity and Mossbauer results. In order to
study further magnetic property, we have
measured magnetization down to 0.2 K using a
homemade extraction magnetometer to-find that
there is no clear sign of magnetic transition
either [3]. (Not shown here)

Therefore we have two different sets of data
contradicting to each other. While the heat
capacity and Mossbauer measurements show
signs of a transition around 1 K, the neutron and
magnetization data do not display a magnetic
transition at the temperature range of interest at
all.

In order to solve the apparent discrepancy,
further experiments are necessary. Especially,

IRF4F : JRR-3M il | TAS2 (T2 4)
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explain the discrepancy. (1999) 271.
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Recently, Suzuki et al[2] obtained evi-
dence for incommensurate (IC) magnetic or-
der at low temperature in superconducting
La; g3Srg 12Cu04. We have carried out com-
prehensive elastic neutron scattering studies
of Laj ggSrg.12CuQy4 by the HER triple-axis-
spectrometer using cold neutron beam to
achieve high ¢ and energy resolution. The IC
peak was clearly observed at four position of
(3-¢ 1 0), (3 3-€0). The incommensurability
e is essentially identical to that of dynamical
spin fluctuations in La; ggSrg12CuOy4. The
line width is very close to resolution limit
and the minute analyses convoluted with the
instrumental resolution give the intrinsic line
width x in momentum space, which is esti-
mated to be less than 0.005A~!. Then the
correlation length £ which corresponds to the
inverse of k can be determined to be more
than 200A. Furthermore we carried out the
scans along several g-direction about one IC
peak in order to study static correlations in
CuO, plane. Then we found that the line
width in any direction reaches almost resolu-
tion limit. Therefore the static antiferromag-
netic correlation extend at quite long-range
and is almost isotropic in CuO, plane. More
surprisingly, as shown in Fig. 1, the T coin-
cides with the onset of T, to within the sys-
tematic errors. In addition, we found that
weak elastic peaks were observed for x = 0.10
with lower T* than that of z = 0.12 while for
z = 0.15 any elastic scattering is below the
detectable limit.

Reactor: JRR-3M Facility: HER(C1-1)

La, g3S1 1,Cu04
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Figure 1: Temperature dependence of the
peak intensity at Q = (3-¢ 3 0) for
La; 35Srg.,2CuQy4. Short dashed lines in each
figure indicate estimated backgrounds. Long
dashed lines are guides to the eye. The inset
is a scan through the peak position Q below

and above T™.
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Systematic Neutron Scattering Study of Elastic
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(0.03 < z < 0.06)p1
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Reactor: JRR-3M

In Las_,Sr,CuQy4, Wakimoto et al.[2] have
established fundamental change of the elas-
tic peaks at the metal-insulator boundary
around z ~ 0.055; the g-width of the elastic
commensurate peak becomes broader with
increasing of T in the insulating region and
rapidly sharpens in the superconducting re-
gion. They also observed new incommensu-
rate elastic peaks for x = 0.05, which posi-
tions are 45° rotated from those of supercon-
ducting samples.

We have carried out further investiga-
tions particularly on the elastic incommen-
surate peaks for z = 0.06. Single crys-
tal of £0.06, which size is 6 mm in di-
ameter and 25 mm in length, was grown
by an improved travelling-solvent floating-
zone method. Neutron-scattering experi-
ments were performed on the HER cold neu-
tron triple-axis spectrometer. We found that
the integrated intensity drastically changes
across the metal-insulator boundary; the in-
tensity of z = 0.06 is 4 times smaller than
that of z = 0.05 while the intensity in the
insulating region stays constant.
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Figure 1: (a) Peak profiles along the scan
trajectory shown in the inset figure. Closed
circles are data at 1.6 K and open circles are
data at 40 K. (b) Net intensity calculated
by subtracting the 40 K data from the 1.6
K data. Solid line is fitting result using a
double Lorentzian function.
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High resolution inelastic neutron scattering
experiment on LiV0s was performed on the
cold neutron triple-axis instrument HER (C1-1)
in the guide hall of the JRR3-M. Fixed E;-mode
with Ej= 4.5meV (kj=1.542A-1) and horizontal
collimations of open-80'-80' before and after the
sample, and after the analyzer, respectively,
were chosen. Cooled Be-filter was inserted
before the sample to supress the higher order
contaminations.

Figure 1 shows low-T energy scan at a
constant Q=(0,0.5,-1), which belongs to the one
dimensional antiferromagnetic zone center plane.
In the same Fig. the energy scan at 0=(0,0.6,-
1), slightly away from the zone center, is also
shown, which can be regarded as the
background of the former scan. At the zone
center, low energy excitations down to 0.4meV
can be clearly observed. The strong increase of
the background due to the incoherent scattering
of Vanadium hinders the access to lower energy
transfer regime. We checked the magnetic origin
of the inelastic signal by increasing the sample
temperature up to 25K, where the scattering
almost disappeared down to the background
level.

Figure 2 depicts (-scans at several constant
energy transfers around the antiferromagnetic
zone center. Rather sharp peak at k=0.5 can be
seen in all the scans. This results indicate a steep
spin wave dispersion around the one
dimensional antiferromagnetic zone. The solid
line indicate resolution convoluted fit results
assuming the one dimensional gapless
antiferromagnetic spin wave dispersion and the
results are consistent with the dispersion relation
derived from the higher energy tranfer results
obtaind earlier on the thermal neutron triple axis
spectrometer [1].

These results, combined together with the
earlicr thermal neutron inelastic scattering results
clearly show that LiV2Os can be regarded as a
§=1/2 antiferromagnetic chain system with
Jikg=(307+19)K. The interchain exchanges in
the double linear chain consisting out of charge
ordered V#* ions can be regarded to be much
smaller than the abovce intrachain exchange.

Reference:
[1] Y. Takeo et al., J. Phys. Chem. Solids in
press.
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The magnetic fluctuation of the heavy
Fermion CeRu3Si7 shows complicated Q-
dependence, where intensity maxima appear at
k1=0.3a™, k2=0.3(a*+b*) and k3=0.35¢*, and
there is a nearly-constant-intensity ridge between
k1 and k2. This Q-dependence of the magnetic
excitation has been measured only in the
symmetry planes of (h,k,0), (h,h,]) and (h,0,1)
{1,2]. One natural question coming out from
these observations are whether any other features
exist in the other Q-vectors. The present
experiment was performed to answer this
question by surveying the entire reciprocal space.
Since the crystal structure of CeRu2Si2 belongs
to the ThCr2Si2-type, in which magnetic atoms
form a body-center-tetragonal Bravais lattice,
CeRu2Si2 has an advantage that the excitation
spectrum shouid be periodic in the reciprocal
space. Thus it is enough to measure the
excitation spectrum within an independent part of
the first Brillouin zone.

A number of constant E-scans with E = 1
meV were carried out on the cold-guide triple-
axis spectrometer HER using the horizontally
curved analyzer. The result is shown in figure 1
as a three-dimensional (3D) plotting. Although it
is not easy to explain all features of the 3D plot
by a single view, one can see that the structures
related to k1, k2 and k3 are pronounced, and
that there are other minor structure around Z and
N points. By using various views, we conclude
that no new remarkable intensity peak in Q-space
exists.

The magnetic excitation spectrum may be
interpreted either as antiferromagnetic correlation
from a viewpoint of localized moment, or as
particle-hole excitation from a viewpoint of
Fermi liquid. This kind discussion has been

JRR-3M. HER, 2. Magnetism

made only qualitatively, and few quantitative
attempts of analyses have been made. On the
basis of the present data and those of reference 2,
it is possible and interesting to quantify the
discussions. As a preliminary analysis, we tried
to analyze the Q-dependence of
Im(x(Q,E=1meV)) from the viewpoint of the
localized moment. It is possible to reproduce the
complicated Q-dependence of Im(y(Q,E=1meV))
by using about 40 exchange, RKKY, constants.
Further analyses are progressing.

Z
Fig. I Three dimensional plot of

Im(x(Q.E=1meV)) in an independent part of the

first Brillouin zone. Brighter pixel repesents

stronger intensity.
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We have performed inelastic neutron scattering e-
xXperiments on a paramagnetic heavy fermion com-
pound CeRu,Si,. In this compound spin fluctuatio-
ns which are strongly dependent on the wave num-
ber (k) develop below 60K due to the competition

between Kondo fluctuation and RKKY interactio-
n. According to previous studies, the amplitude of
the fluctuation exhibits three peaks at &=(0.3,0,0)
(k)), (0.3,0.3,0)(k,)[1] and (0,0,0.35)(k,)[2]. In the-
se peaks, k, and k; are the precursors of the static
magnetic long range orders caused by substitution
of La for Ce[3] or Rh for Ru[4]. We have investi-
gated the k-dependence of the energy spectra of th-
e spin fluctuations in detail over the Brillouin zon-
e. The experiments were performed at HER by usi-
ng a horizontally focusing analyzer.

All of the energy spectra which we have observe-
d show Lorenzian line shapes as follows.

. 1

Intensity(k,w) = A - exp(—fho) Im y(k.®),

ol (k)
o’ +T(k)*’
where (k) is the static staggered susceptibility an-
d I'(k) is the energy width of the energy spectrum
equivalent to the relaxation rate of the spin fluctua-
tion. In Fig.1 is shown the k-dependence of (k) a-
nd I'(k) from the T point to the Brillouin zone bou-
ndary along [100]* and [001]* at 7=1.5K. It can b-
e seen that x (k) forms peaks at k, and k; as mentio-

ned above, where I'(k) exhibits minima. This beh-
avior indicates that the spin fluctuations of k, and
k, are nearly stabilized. Around these points, I'(k)
is almost inverse proportion to (k). We should n-
otice the characteristic behavior around the I" poin-
t. Though % (k) exhibits no k-dependence with wea-
k intensity around the I" point, ['(k) decreases as k
approaches 0 and exhibits a minimum at the I

Im y(k,®) = x(k)

JRR-3M, HER, 2.Magnetism

point (k=0). The value of I'(A=0) is smaller than t-
hose at k, and k. This suggests that the life time o-
f the weak ferromagnetic fluctuation is longer tha-
n those of k, and k.
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Fig.1 The k-dependence of y (k) and I'(k) along
[100]* (a) and [001]*(b).
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CeCuAl3 is a heavy fermion compound of
BaNiSn3 structure.!) The magnetic ions, Ce3+, form
the body-centered tetragonal lattice. Many
experimental studies suggest that CeCuAl3 exhibits
antiferromagnetic ordering in the low temperature.2.3)
To explore the magnetic ordering of CeCuAl3, we
have performed neutron diffraction measurements on
the single crystal of CeCuAlj3,

Neutron diffraction measurements were carried out
on the ISSP triple-axis spectrometer HER installed at
C11 experimental port in JRR-3M in JAERI (Tokai).
We used the neutron with k; = /.55 A-1 with the
collimation open-80°-80’ in the triple-axis mode. A
monochromatic beam was obtained by the (0 0 2)
reflection from pyrolytic graphite. To remove higher
order neutrons, we used a Be filter. The sample was
cooled with 4He cryostat down to 1.5 K.

Figure 1 shows the scan along the (h & 0) line. The
magnetic peak appears at (0.5 0.5 0). The line width of
the magnetic peak is broad along the (h h 0). It
demonstrates that the magnetic ordering is the short-
rang order. The line width is also broad along the (0.5
0.5 l) direction. The magnetic intensity is very week. It
indicates that the ordered magnetic moment is small.
Figure 2 shows the temperature dependence of the
peak intensity at (0.5 0.5 0). With decreasing
temperature, the peak intensity increases drastically
below Ty=4 K.

From the magnetic peak position, one finds that the
magnetic ordering in the c-plane is the
antiferromagnetic one. It brings about spin frustrations
in the body centered-structure. Such frustrations and
the Kondo effect suppress the long-range magnetic
ordering and reduce the ordered moment.
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Li,Ge,O,, undergoes a ferroelectric phase transition at T.=283.5K. The softening of the optical
phonon has been observed by Raman scattering and IR measurements."” On the other hand the
dielectric critical slowing-down has been observed by the dielectric dispersion measurements.” To
investigate the mechanism of the phase transition the details of temperature dependence of the
dispersion curves of low-lying phonons were measured by the inelastic neutron scattering with 4G
and C1-1 spectrometer in JRR-3M at Tokai. Reflections (300) and (500) show most strong temperature
dependence. A peak around 1.5meV at 340K which corresponding to the zone center phonon decreases
as the temperature decreases, it becomes 0.5meV at 297K, and then the inelastic component disappears
into the central component at 288K just above T (Fig.1). The temperature dependence of the phonon
frequency shows good accordance with that of the B,, soft mode observed by Raman and IR
measurements.” The dispersion curves of the lowest-lying phonon along a* and c* directions are
obseved. It is confirmed that the ferroelectric phase transition of Li,Ge, 0,4 should be associated with
the soft optical phonon at Brillouin zone center. Elastic diffuse scattering is observed below 0.1meV
as shown in Figure 2. This implies that there exist a critical phenomenon with the energy lower than
0.1meV.
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Fig. 1. Temperature dependence of the Fig. 1. Temperature dependence of (3 0 0)
inelastic peaks around (300) refrection. and (3 0-0.04)

1) M. Wada and Y. Ishibashi; J. Phys. Soc. Jpn., 52 (1983) 193.
2) A.A. Volkov, et. al.; J. Phys. Soc. Jpn., 54 (1985) 818.
3) M. Horioka, A. Sawada and M. Wada; J. Phys. Soc. Jpn., 58 (1989) 3793.
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1-2-54 Neutron Powder Diffraction Study of CeScSi

M.Yokoyama, M.Kosaka, Y.Uwatoko, M.Ohashi', K.Ohoyama’, and Y.Yamaguchi®

Department of Physics, Saitama University, 255 Shimo-Okubo, Urawa, 338-8570

Factory of Engineering, Yamagata University, 4-3-16 Jonan, Yonezawa, 992

The Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Sendai, 980-8577

CeScSi has been reported previously to
crystallize the tetragonal La,Sb-type struc-
ture (space group [4/mmm) which La atoms
occupy the La I site (4c site) and Lall site
(4e site). CeScSi shows antiferromagnetic
behavior below 28 K [1]. It is thought that
Ce atoms occupy the Lall site in CeScSi
The purpose of present study is to clarify
the magnetic structure and the atomic posi-
tions of Ce. We prepared CeScSi poly-
crystalline samples by a conventional argon
arc technique. A powdered sample was ob-
tained from ingot annealed at 1300°C for a
week. The neutron diffraction experiments
were carried out using the neutron powder
diffractometer (T1-3 HERMES) installed at
[1] P.C. Canfield et al. J. Appl. Phys. 70 (1991) 5992

{2] F Izumi, “The Rietveld Method,” ed. by R. A. Young,

JRR-3.

Figure 1 shows the powder neutron dif-
fraction pattern of CeScSi at 2.5 K. We cou-
1d not observe any peaks except nuclear re-
flections, though it was reported that
CeScSi shows antiferromagnetic behavior.
The our result of magnetization measure-
ments using single-crystalline samples
seem to indicate canted ferromagnetic be-
havior with spontaneous magnetization be-
low T, = 44 K. The obtained diffraction pat-
tern was analyzed by Rietveld method using
RIETAN-94 [2]. It became clear that Ce
atoms occupy the Lall site. The analysis of
magnetic structure 1S now In progress.

Oxford University Press, Oxford (1993), Chap.13
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Fig.1 Neutron powder diffraction pattern of CeScSi at 2.5K.
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1-2-55 Small-Angle Neutron Scattering Study on CMR effect of (La;_,Tby)5,3Ca;,3Mn05
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! Advanced Science Research Center, JAERI, Tokai-mura, Ibaraki 319-1195, Japan
2Japan Science and Technology Corporation, Kawaguchi, Saitama 332-0012, Japan
3Electrotechnical Laboratory, Tsukuba, Ibaraki 305-8568, Japan
*Waseda University, Shinjuku-ku, Tokyo 169-8555, Japan
*National Research Institute for Metals, Tsukuba, Ibaraki 305-0047, Japan

Much interest is devoted to the manganese 0.1, respectively. The scattering crosssections are

perovskites based on the compound RMnQ, (R:
rare earth) since the discovery of colossal
magnetoresistance (CMR)"”. Though the pure
compound RMnQ, is a Mott-Hubbard insulator
due to the strong correlation of the eg electrons,
the holes introduced into Mn-O planes from the
substituting divalent ions for rare earth ions move
easily in order to gain kinetic energies. Hwang et
al. found the CMR in the system of
(La, ,A,),,Cag,MnO; (A: Y, Pr) in which the
average ionic radius of the La site <rp> is
systematically varied by substituting rare earth
jons for La site”. The decrease of <r> principally
reduces electron hopping between Mn sites”. In
this paper, we have performed a small-angle
neutron scattering (SANS) study in order to
investigate a correlation between the CMR and the
magnetic correlation in (La, Tb,),,Ca,,;MnQO,.
The nominal hole concentration is fixed at 1/3,
while <r> is varied by substituting the La ions
for the Tb ions. The SANS experiments were
carried out with a SANS-J instrument installed at
the JRR-3M reactor of JAERI.
Figure 1 (a) and (b) show typical SANS data
measured at various temperatures for x=0.3 and

divided into two components with different g
dependence. The scattering crosssections in q
region below 0.3 nm’ monotonously increase
with decreasing temperature for both samples. The
low g component arises from the magnetic
scattering from domain structures with the
ferromagnetic correlation. The crosssection of the
low g component corresponds to a magnetic order
parameter. The signal in a higher g region (03 > ¢
nm") arises from the short range correlation, most
probably due to the dynamical ferromagnetic
fluctuation or the static disordering between Mn
spins. This high g component shows different
temperature dependence for both samples. In the
x=0.1, the scattering crosssection
increases with decreasing temperature from 300
K, and then reaches the maximum value near the
Curie temperature (7=180 K). Below 150 K this
component is rapidly reduced and becomes a
almost comparable to a back ground level,
resulting from a ferromagnetic long range order.
In the case of x=0.3, however, the high g
with

case of

component
decreasing temperature.
Figure 2 shows the temperature dependence of

increases  monotonously

EF4F . JRR-3M

#if © SANS-J(C3-2)

5% piEFHEL (i)
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Fig 1 The SANS crosssections a2 H=0 T for
(La, ,Tb),,Ca,,MnO, with (@) x=0.3 and (b) »=0.1
respectively.

the SANS crosssections obtained at q=0.572
nm”. In the case of x=0.3, application of an
external magnetic field of 5 T suppressed the
intensity in whole temperature range. The intensity
becomes about one orders of magnitude smaller in
the magnetic field below 50 K, where a very large
CMR effect by four orders of magnitude is
observed. In the case of x=0.1, both curves at
H=0T and 5 T exhibits cusp like behavior. The
temperature of the cusp shifts slightly from 180K
at H=0 T to 220K at H=5 T. The inset of Fig. 2
shows the temperaturc dependence of the
resistivity p(T) for (La,  Tb,),,Ca,;MnQ; (x=0.0
t0 0.3) at H=0 T and 5 T. It should be noted that
the temperature dependence of the high g
component is very similar to p(T) for both
samples. These results indicate that the short range
ferromagnetic fluctuation is correlated with the
CMR effect. The magnetic correlation length &

] 1 i T T
(La,, Tby),n G2,y MO, .
11 4n?
nm 10 - -
wosram TS\ =it
Bl ) .
Q.2 S
pmasy - 1071 s 1
- 1 ¢.1°1 5___/ P
a
Re}
n
©
0.1 - | . 1 [ 1 1

0 S50 100 150 200 250 300

Temperature [K]
Fig. 2 The temperature dependence of SANS crosssections at
¢0.572nm™ at =0T and 5 T. Inset: The p(T) curves for
x=0.0,0.1,0.2,and03 at =0T and 5 T.

was estimated by fitting the magnetic scattering
component to a Lorentzian-function (d2(q)/dQ2
=dX(q=0)/dU(1+%q)’)). In the case of x=0.1,
the § takes a maximum value at 7., 1.44 nm at
H=0T and 3.40 nm at H= 5 T. In the case of
x=0.3, The value of § at T=8 K where the CMR
appears conspicuously is 2.85 nm at H=0 T.

In summary, the (La, Tb),,Ca, ;MnO, (x=0.1,
0.3) compounds have been studied by SANS
measurements. Our data indicates that the short
range ferromagnetic fluctuation plays an important
role for the CMR effect.

References
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1-2-56  The Obsevation of a Crystalline Electric Field Excitation in U, Pd, Si,
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Recently, we have found a new compound
U,Pd, Si, and reported its magnetic property”. The
crystal structure is an ordered derivative of the
Cr,,C-type cubic structure with space group
Fm3m. The temperature dependence of the sus-
ceptibility obeys the Curie-Weiss law above about
50 K with the effective moment 3.30 p,/U and the
magnetic entropy reaches RIn3 per uranium ion at
the magnetic transition temperature 19K. These re-
sults suggest that the 5felectrons in U,Pd, Si_have
a localized character. The purpose of this study is
to search for a Crystalline Electric Fieid (CEF) ex-
citation in the inelastic scattering experiments and
to confirm a localized character of the Sfelectrons.

The polycrystal sample of U,Pd, Si, were
grown by the arc melting method under an Ar gas
atmosphere. Neutron scattering experiments were
carried out using a triple-axis spectrometer TASI.
The samples were cooled down by the CTl-refrig-
erator. The incident beam is monochromatized by
a verticaly bent PG with a Be filter. The collima-
tion was 40°-80’-40’-80".

Fig. 1 shows the inelastic neutron energy spec-
trum of Q=2.2 A'! at 25.2 K and 300K with the
scattering energy fixed at 33.0 meV. The full width
at half maximum (FWHM) was 3.20 meV at dE =
0 meV. At 25K, two peak structures were ob-
served around dE = 13meV and 23 meV, which is
indicated by arrows. The former is atributed to the
phonon excitation because the peak intensity
developes with increasing temperature. But the
peak intensity of the latter decreased at 300 K
suggesting that this peak is a CEF excitation.

Fig. 2 shows the energy spectrum of Q=2.2
A'and 57A" at7K.The peak intensity around
23meV decrease with the moment transfer Q be-
ing changed from 2.2 A" to 5.7 A'. With these
two experiments, it is concluded that the peak
around 23 meV is the CEF excitation and the 5f
electrons in U,Pd, Si  have a localized character,

2076
which is qunte rare in uranium metallic comounds.
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Ef=33.0meV, FWHM = 3.2 meV
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Fig. 1. Inelastic neutron scattering spectrum of
U,Pd, Si, at 25.2 K and 300 K with the scattering
energy fixed at 33.0 meV. Arrows indicate peak
positions.
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Fig. 2. Inelastic neutron scattering spectrum of
Q=2.2A"' and 5.7A! at 7 K. Arrows indicate peak
positions.
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Neutron Scattering Study on YBa,Cu,0y,, System near the Quantum Critical point
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In YBa,Cu;0,,, with T.~60K, a gap-like structure
seems to appear in the spectral function of the mag-
netic excitation y"(g. @) with decreasing T at around
the temperature T, below which various physical
properties behave anomalously.  This pseudo gap
formation has been studied by neutron measurements
of the magnetic excitations'” and B,, phonons® in
which the O(2) and O(3) atoms within a CuO, plane
have out-of-phase motions perpendicular to the plane.
We report results of further studies on the pseudo gap
formation in YBa,Cu;Oq., system near the boundary
between the superconducting and the antiferromag-
netic phases.” Neutron measurements were carried
out with ISSP-PONTA spectrometer at JRR-IM at
JAERI in Tokai.

Figure 1 shows the energy transfer (E)-dependence
of y" taken for YBa,Cu;O, 4 (T, ~ 32 K) at various
temperatures. At ~250 K a gap-like structure can be
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Fig. 1 Spectral functions y" for YBa,Cu,0,,s are shown
against £ at several temperatures. Open (closed) circles are data
taken by using tixed final energy E=14.7meV (30.5meV)
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Fig. 2 Spectral function y" measured for YBa,Cu,0,, at
(372, 1/2, -1.7) is shown against E.

observed, while below ~100 K spectral weights ‘in-
crease in the low energy region and the gap-like
structure disappears. The behavior is very similar to
that observed for YBa,Cu,¢Zny 04,52  The similar
behavior of y" observed in the Zn doped YBCO and
the pure YBCO near the M-I phase boundary suggests
that the loss of itinerant nature seems to have an im-
portant role in the quantum transition from the super-
conducting state to the Néel ordered one. The elec-
tron localization or the randomness effects should be
taken into account in the arguments of the hole con-
centration dependence of the low temperature value of
24, reported by several experimental results.

Figure 2 shows the £-dependence of " taken at
295 K for YBa,Cu;0,, (7. < 20 K), which is closer to
the metal-insulator phase boundary than YBa,Cu;Oq ;.
The y”-E curve is slightly concave in the low energy
region, which suggests that the singlet correlation per-
sists far above T (~150K) where the NMR 1/T,T be-
comes maximum, possibly to 7.
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The most attractive research for the ladder system is to
clarify the relationship between the superconducting and
spin gap state. It is well known that Sre 5Ca;.5Cu2404
with two leg ladders exhibits superconductivity under
pressure.!)  However, the pressure dependence of the
magnetic property of this system is not well understood.
In this report, the spin gap value and exchange copling
constants in Srg 5Caj; 5Cuz4Oy4; both at ambient and un-
der high pressure are reported.

Neutron scattering experiments were performed on the
triple-axis spectrometers, PONTA and TAS-1, installed
at JRR-3M of JAERI in Tokai. The inelastic neutron
scattering experiments at TAS-1 were performed with
the initial energy (Ei) fixed at 80.5 meV in the constant-
Q and in the constant-F methods. In some cases the
experiments were performed with the Ei fixed at 30.5
meV on TAS-1, and with the Ef (final energy) fixed at
30.5 meV on PONTA. Pyrolytic graphite (PG) filters
were placed before the sample to eliminate the higher
harmonics when the energy of 30.5 meV was employed.
Collimations were typically set at 40’- 40’ - (sample) -
80'- 80'. Srp5Cayq.5Cu2404; crystals were placed in an
Al can filled with He gas, and then this can was mounted
in a conventional cryocooler.
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Fig. 1. Inelastic neutron scattering intensities after the subtrac-
tion of the background intensity measured in the constant Q
scans. The data show the spin excitation at the antiferromag-
netic zone center and at the points apart from this zone center.
The lines are the results of the convolution with the instrumental
resolution. The fits give the spin gap energy of 32.1 + 0.3 meV
and the band maximum of the dispersion of 157.8 £ 17.1 meV.

JRR-3M, 5G, 3.Superconductivity

Figure 1 shows the inelastic neutron scatteirng inten-
sity at 7K, the difference between the intensity measured
at around the antiferromagnetic zone center (0.5 0 1.5)
and the background intensity measured at the reciprocal
lattice point (0.5 0 1.36) in the constant Q method. A
broad but clear peak in the intensity was observed at
around 32 meV at the zone center (0.5 0 1.5).
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Fig. 2. Inelastic neutron scattering intensities in the constant E
scans. The lines are the results of the convolution with instru-
mental resolution, giving the same energy parameters as in the
constant Q scans.

The lines shown for these scans are- the results con-
voluted with the instrumental resolution. The fitting

— 154 —



JAERI—Review 2000—004

parameters are the gap energy and the band maximum
in the dispersion relation. Here, following the analysis
employed by Eccleston et al.,” the dispersion relation
was assumed as
E2(Q) = A% + A? sin?(21Q)

,where A is the spin gap and A is the band maximum.
(See the Eccleston et al?) As shown in the figure, rea-
sonable fits were obtained for A = 32.1 + 0.3 meV, and
A = 157.8 £+ 17.1 meV, thus leading to J,; ~ 90 + 15
meV and J; ~ 65 + 15 meV.

Comparing the spin gap value of the parent material
Sr14Cu2404; (A ~ 32.5 meV), the spin gap of the doped
compound does not change even if Ca is substituted up
to 11.5. This results is quite different from the NMR
data®¥

The inset shows the dispersion curve along the o* di-
rection. It is clearly shown that there is almost no dis-
persion along a* direction.

Figure 2 shows the intensities obtained by the con-
stant F scan. This method is appropriate for the mea-
surements of the steep dispersion. At low energies near
30 meV, as shown in the figure, the scans are peaked at
around the antiferromagnetic zone center with a width
(FWHM) of ~0.06 r.lu.. The peak broadens to ~0.18
r.lu. at higher energies of about 50 meV and disperses
away from the zone center. These roughly indicate that
the dispersion is consistent with that obtained in the
constant Q method. The solid lines in the figure are
the results of the convolution with the instrumental res-
olution. Reasonable fits are obtained here with the gap
energy of 32.1 meV and the band maximum of 157.8 meV
as estimated above. Thus, the parameters for the spin
excitations were obtained.
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Fig. 3. Intensities as a function of the excitation energy mea-

sured at various temperature. The lines are the results of the
convolution with the instrumental resolution.

Figure 3 shows the scattering intensities at the anti-
ferromagnetic zone center (0.5 0 1.5) for various temper-
ature. With increasing temperature, the excitation en-
ergy decreases; and incoherent scattering increases sub-
stantially at low energy. The energy gap plotted against.
temperature is shown in the inset. The spin gap de-
creases normally as a function of temperature.
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Fig. 4. Pressure dependence of the intensities for the spin gap
excitation at the antiferromagnetic zone center (0.5 0 1.5). The
lines are the results of the convolution with the instrumental
resolution. The inset shows the temperature dependence of the
spin gap energy.

Figure 4 shows the spin gap excitations under high
pressures. The data at ambient pressure (in the inset)
and at 0.72 GPa were normalized by nuclear peak inten-
sities. As shown in the figure, the errors estimated are
rather large because of the high background intensities
from the pressure cell. Regarding the spin gap energy,
however, the gap energy is obtained to be around 30 meV
by the fits; that is, even under pressures the spin gap does
not change significantly from that of the parent com-
pound. On the other hand, it is clear that the intensity
decreases progressively with increasing pressure. This
result implies that the number of the electrons which are
forming the spin singlet state is decreased under pres-
sures. It is noteworthy that a recent NMR experiment
at the pressure of 3.2 GPa demonstrated that the spin
gap is vanished, changing to a pseudo-spin gap in the

- supperconducting state.”)
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Recent investigations into the copper oxide
superconductors have been greatly influenced by the spin
stripe model, in which holes in the CuO, plane congregate
in periodically spaced domain walls separating antiphase
magnetic domains.12 Evidence for this position comes
most clearly from studies of the so-called 1/8 problem in
La; Ba,CuQ43 in which there is an anomalous
suppression  of superconductivity when the hole
concentration x is near 1/8. Only recently, however, have
similar results been observed in the related copper oxide
superconductor Yba,Cu;0.,.4

Spin stripes will produce magnetic supperlattice
peaks at the (V4%€,', 0) position, where € is the inverse of
the periodicity of the spin stripes. While these
supperlattice peaks have been observed,5 there should be a
corresponding  charge  ordering peak at  the
(11£2¢, 0, 0) position that has not been previously reported.

Following initial studies using the KSD
spectrometer, we examined a sample of YBa,Cu;0g ; using
the MRP diffractometer at KEK. The sample was held in
an aluminum cylinder, and cooled using a closed cycle
refrigerator. The temperature was controlled in a range
from 10K to 300K with an accuracy of +0.1K. The crystal
was aligned such that the (1 0 0) direction was observed at
28=30°, in order to gain sufficient intensity and resolution
at the desired wavevector. The crystal was then rotated an
addition 8 = 1.7°, so that the intensity of the Bragg peak at
(1 0 0) would not overwhelm the supperlattice peak.

Figure 1(a) shows the results of this scan at 10K
and 300K. Two results are immediately apparent. First,
there is a peak at (1.25 0 0), and that peak is less intense at
the greater temperature. This result is consistent with the
spin stripe model, with €=1/8. Secondly, there is a larger
background contribution at the higher temperature. This
increase occurs quite suddenly at 150K, and cannot easily
be explained as either thermal diffuse scattering or a
phonon contribution. At this time we have no good
explanation for this phenomenon.

Figure 1(b) shows the integrated intensity of the
peak at the (1.25 0 0) position. The intensity at all points
on the peak was added together, and a linear background
subtracted in order to obtain thesc results. At temperatures
below [SOK, the intensity is roughly steady at 2x107,
while above that temperature, the intensity falls to roughly
1x10™. This would indicate the beginning of the stripe
ordering at T=150K.,

JRR-3M, KSD, 3.Superconductivity

While theory predicts a similar peak at the (0.75 0
0) position, this could not be unambiguously resolved.
Since the peak intensity should scale roughly with
momentum transfer Q, that peak would be only 1/3 the
intensity. We were unable to observe this peak during this

Counts
o
&
5
[SR S|

o
8
A
&
2
~
R
~—

0.00E+00

100 200 200

Temperature (K) |

Figure 1 (a) Time of Flight data along the (1
0 0) direction at T=10K (black line, bottom) and
T=300K (gray line, top). (b) Integrated intensity of the
(1.25 0 0) peak, with linear background subtracted.
Gray lines are provided as guides to the eye.

experiment.

However, the existence of this peak at the
expected position for charge ordering does lend further
credence to the spin stripe model. It suggests that this
occurs in both La, Ba,CuQO, and Yba,Cu30,.,, which also
suggests it plays a role in the existence of high temperature
superconductivity.

References
1) J.M. Tranquada et. al., Phys. Rev. B 54, 7489 (1996).
2) S. Haas et. al., Phys. Rev. B 51, 5989 (1995).
3) .M. Tranquada et. al., Nature 375, 561 (1995).
4) H. Mook et. al., cond_mat/9712320
5) T. Nishijima, to be published.

— 156 —



JAERI—Review 2000—004

BIRF—< : Fi2RCH BB EBKLLZr yHE, NCIO #iE

£KH  F2RB RN, HINCIO BEHT
1-3-4

Structural Study on Novel 2D Superconductor Na,HfNCI

S. Shamoto, K. lizawa, M. Yamada, K. Ohoyamat, Y. Yamaguchit and T. Kajitani

Dept. of Applied Physics, Grad. Sch. of Engineering, Tohoku University, Sendai 980-8579
tinstitute for Materials Research, Tohoku University, Sendai 980-8577

The superconductivity on layered nitride
Li,(THF),HfNCl with 7.=25.5K has been
discovered by S. Yamanaka et al. recently [1].
Similar compound Li,ZrNCIl, which is
composed of alternate stacking of honeycomb
Z1N bilayer and Cl bilayer (Li intercalated
YOF-type, R3m [2]), is also found to be
superconducting with 7.=15K [3]. A recent
LDA band calculation suggests their electronic
states have 2D nature {4]. As for the critical
temperature, however, it was difficult to
understand why T of A;HfNCI (A; alkali
metals) was higher than that of A;ZrNCl in
terms of the BCS theory. 54 orbital of Hf atom
spreads wider than 4d orbital of Zr. In
addition, Li,ZrNCl has slightly larger in-plane
(a-axis) lattice parameter (3.6016(4)A [2]) than
that of A, HfNCI (3.5892(3)A). Therefore, the
density of states of 5d band in Li, HINCI may
be smaller than that of 4d band in Li, ZrNCI.
The mass of Hf atom is heavier than that of Zr
atom. All these facts contradict with the
tendency of the 7 expected by BCS theory.
Precise structural study is keenly needed to
explain the difference in the T between these
two layered nitride superconductors.

Neutron diffraction measurement was
carried out using the two-axis spectrometer
HERMES at T1-3 thermal guide of JAERI-
JRR3M in Tokai. The wave length of the
incident neutron was 1.8196A. The results
obtained by neutron diffraction were refined
using the Rietveld analysis computer program
RIETAN [5].

Fig. 1 shows an observed, calculated,
and difference profiles for Na,HfNCI at

T=4K. A small peak from 26 =48" to 49° was
removed in the present analysis, since it was an
unknown impurity peak. The refined

parameters are listed in Table. Hf, N and Cl
occupation factors were fixed to be 1.0 being
consistent with the chemical analysis
(Hf:N:Cl1=1.00:1.00:1.00) [1]. The occupation
factor of Na and its isotropic thermal
parameter, B, were also fixed at the value
0.576 calculated from the ICP value, and 0.4,
respectively.

. LRI CR Y '
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Figure 1 Observed, calculated, and
difference profiles of powder neutron
diffraction intensities of Nag 29HfNCI at 4K
including Al sample holder peaks.

Table
Structural parameters of Nag 29HfNCI at 4K

R3m; a=3.5892(3) A, c=29.722(3) A

atom site g x y z B. /A2
Hf 6¢c 1 00 0.2083(6) 0.2(3)
N 6¢c 1 00 0.1368(5) 0.4(3)
Cl 6¢c 1 00 03944(4) 0.5(4)
Na 3a 05760 O 0 04
R1=5.19%, Rp=6.67%, Rwp=8.38%,

R=4.55%

Fig. 2 shows the structure of
Nag 29HfNCI. An electronic conduction is
expected mainly in the Hf d band. In the case
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of Lig 16ZrNCl, ZrN honeycomb lattice is
fairly flat, indicating a strong covalence
between Zr and N atoms, while HfN
honeycomb lattice is zigzag. This difference
must be due to the electronegativity in
transition metals, i.e., 1.3 for Hf atom and 1.4
for Zr atom. The decrease of covalency
between transition metal and nitrogen would
lead to the zigzag honeycomb lattice.
Alternatively, the increase of electronegativity
may result in the shift of transition metals to the
center of 3N+3Cl octahedrons. This change
causes some elongation in the interatomic
distance between the nearest neighbor
transition metal atoms, i.e., from 3.10(1)A in
Zr-Zr {2] to 3.24(2)A in Hf-Hf. The transfer
integral between the nearest neighbor
transition metal atoms, /44, can be roughly
estimated from the following formula {6],

Lad O Nad PP,

where 7171s a constant deduced from the d
band character, ryis an effective radius of a
transition meta] atom, and d is the interatomic

distance between the nearest neighbor
transition metal atoms. In our comparison

between the two isomorphous compounds, 7,
must be common. Therefore, we can evaluate
the ratio of the transfer integrals of these
compounds, i.e., ttz~0.85, from their
interatomic distances, indicating a larger
density of states in Nag 2oHfNCI than that in
Lig 16ZrNCl. Although the enhancement of
density of states could increase a screening
effect, it is reasonable that the critical
temperature of Nag 20HfNCI is higher than that
of Lig 16ZrNCl in the BCS theoretical scheme.
In summary, the structure of Na,HfNC}
(x=0.29, T.=20K) was determined by the
powder neutron diffraction. Nag 20HfNC] was
confirmed to be isomorphous to Lig_16ZrNCI.
The nearest neighbor interatomic distance of
Hf-Hf (3.24A at 4K) became longer than that
of Zr-Zr (3.10A at 4K) in Lig 16ZrNClL. This
structural difference could explain the
difference between the critical temperature of
Nag 2oHfNC1 and that of Lig 16ZrNCl by
considering their transfer integrals.

JRR-3M, HERMES, 3.Superconductivity

Present authors wish to express special thanks
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kind technical assistance. The present work is
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Figure 2 Structure of Nag 20HfNCl
determined by the present neutron diffraction.
Na atoms partially occupy 3asite.
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Interplay between superconductivity and
magnetism is the most important issue for heavy
fermion superconductors such as CeCu,Si,,
UPt;, UPd,Al;, UNi,Al; and URu,Si,.
Actually the coupling of order parameters has
been reported for the first time in UPt3,‘) then
followed by UPd,Al,>) and UNi,Al,.3%
However it has not been reported in URu,Si,.
URu,Si, is a fascinating compound in which
superconductivity  coexists with antiferro-
magnetic ordering. Previous neutron scattering
experiments revealed that an antiferromagnetic
state with an unusually small magnetic moment
0.04 pg/U develops below T, = 17.5 K.9
Superconductivity occurs below about 1 K in
this ordered state. To shed more light on this
phenomenon, we have performed neutron
scattering experiments on the magnetic Bragg
peak in the temperature range of 200 mK to 30
K.

Neutron scattering experiments were carried
out using a cold neutron triple-axis spectrometer,
LTAS, installed in the research reactor JRR-3M
at the Japan Atomic Energy Research Institute
(JAERI). Below T,, we observed an
antiferromagnetic Bragg peak Q = (1 0 0). We
determined the magnitude of the ordered moment
Mo~ 0.02 pp/U.®

Figure 1 shows the temperature dependence
of the (1 O 0) magnetic Bragg peak intensity
below 20 K for the annealed sample. The

intensity increases slightly below T but shows
an abrupt increase below 14 K. This result
indicates a typical temperature dependence of an
order parameter showing a second-order phase
transition. The intensity saturates at low
temperatures.

T T T T T Y
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Peak Intensity (arb. units)
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Fig.1 Temperature dependence of the (1 0 0) magnetic
Bragg peak intensity below 20K for the annealed sample
in URu,Si,. The solid line connecting the data is a

guideline.

From the neutron data, the magnetic transition
temperature is expected to be about 14 K. The
difference of the transition temperature of 14 K
from the one measured by the specific heat and
resistivity T = 17.5 K is quite unusual. This
large deviation cannot be explained as being due
to an experimental error of the thermometer.

JEF4F . JRR-3M

#1E . LTAS(C2-1)

R P YEFRGEL GBIRE)
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The specific heat exhibits a sharp peak at T,
without any significant distribution of the
transition. At present we cannot understand the
temnperature difference. An idea would be the
existence of two independent order parameters; a
non-magnetic order parameter contributes to T,
while the dynamical magnetic order takes place at
Ty Very recently, Mentink et al. concluded that
the order parameter associated with T_ is non-
magnetic and the tiny moment is only a by-
product of this phase transition.”’

T,  URu,Si, (100)

Peak Intensity

Temperature (K)
Fig.2 Temperature dependence of the (1 0 0) magnetic

Bragg peak intensity under the magnetic fields below 5K
in URu,Si,. The solid line connecting the data is a

guideline.

In Fig. 2, we show the temperature
dependence of the (1 0 0) Bragg intensity around
T, using an enlarged scale.

For H = 0, the intensity increases with
decreasing temperature above 1 K and shows a
peak at about 1 K. The intensity decreases rather
steeply below about 1 K. The peak temperature
of about 1 K corresponds to the superconducting
transition temperature T, which is determined by
specific heat measurements. When

superconductivity is destroyed by applying a

magnetic field of 3 T along the [0 O 1] direction,
the peak intensity monotonically increases with
decreasing temperature and saturates below 1 K.
Here we note that the magnetic field of 3 T is
larger than the upper critical field of 2.9 T. The
steep decrease in the intensity below T in zero
magnetic field is a new result which was not
observed. From the structure factor calculation of
URu,Si,, it is clear that this anomaly cannot be
explained as due to a redistribution of the
magnetic domains. It is thus concluded that the
magnetic order parameter is coupled to the
superconducting one.

The magnitude of the intensity reduction
below T, in the present experiments is about 1-
2% compared to the maximum intensity. This
value is approximately the same as in the case of
heavy fermion superconductors UPt, (reduction
rate of 5-10%, an ordered moment of 0.02
1p/U), UNi,Aly (3%, 0.2 pg/U) and UPd,Al,
(1%, 0.85 py/U).1¥) The coupling of the order
parameters would be a characteristic feature in
this system.
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The superconductivity on layered nitride
Li,Z:NCl with T.=15K, which is composed of
alternate stacking of honeycomb ZrN bilayer and
Cl bilayer (Li intercalated YOF-type, R3m [1]),
has been discovered by S. Yamanaka et al. [2].
Recent band calculations using our structural
data reveal 2D nature in electronic states [3,4],
an existence of 3-fold nesting condition [3] and
zone center Ay phonon frequencies [3],
stimulating us to study phonon in the present
system.

Neutron scattering measurement was
carried out using a TOF-type spectrometer
AGNES at C3-1-1 cold guide of JAERI-JRR3M
in Tokai.

Fig. 1 shows an observed phonon density
of states GPDOS of Li,ZrNCl at room
temperature. Arrows are calculated Az phonon
frequencies in ZrNCl by R. Weht et al. [3].
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Figure 1 Observed phonon density of states
GPDOS of Li,ZrNCl at room temperature.

The highest phonon mode is assigned mainly to
nitrogen vibration, while the other modes are
related with Zr and Cl motions. In the present
study, only the highest mode was observed as a
peak.

Fig. 2 shows observed phonon density of
states GPDOS of Li,ZrNCl at 16K and 10K,

JRR-3M, AGNES, 3. Superconductivity

which are above T, and below T, respectively.
A phonon shift was clearly observed from
2.7meV to 2.6meV with decreasing temperature.
This phonon behavior can be understood within
a frame of ZZ theory [6], since superconducting

energy gap, 2A, is estimated to be 4.5 kgT¢ [5],

which corresponds to 5.8 meV.
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Figure 2 Observed phonon density of states

"~ GPDOS of Li,ZrNCl at 16K and 10K.
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Since Abrikosov's theoretical analysis of
Ginzburg-Landau equation near transition
temperature (7,), study in the mixed state has
been progressed mainly about locations of
vortices. He showed that a six-fold hexagonal
lattice ismoststable inthe free energy. As London
theory also leads to this periodic solution of
Abrikosov, the six-fold "Abrikosov" lattice is
suggested to be formed not only near T but also
at low temperatures so far as in a "jelium" model
which ignore the crystal structure. Actually, the
triangle lattice is observed in a wide range of
temperature in many experiments. And due to
correlation between vortices and the crystal
lattice, distorted triangle lattices or square lattices
are also reported in several conditions. For
example, in Nb single crystal, completely
hexagonal lattice is formed only when external
magnetic field is applied parallel to 111 axis
which is highest symmetry of all crystal axes. In
other directions, distorted triangle lattices are
typically observed and square lattice is formed
at low temperature when external field is applied
parallel to 100 four-fold axis.

These observations were done by decoration
method (Bitter technique), Lorentz microscopy,
small-angle neutron scattering (SANS), uSR,
STM and so on. Because STM observes the
structure of the order parameter, it is
complemental to the rest of techniques which
observe the magnetic field distribution.
Decoration method and Lorentz microscopy can
specify the locations of vortices, but they don't
have enough resolution to observe the precise
magnetic field distribution in the mixed state.
On the other hand, SANS and nSR techniques
have enough resolution of the order of angstrom
scale, so they can offer the information about
the precise field distribution. In SANS
experiments, the vortex structure reflects in the
form factor which is the envelope of Bragg peaks.
We fit the function based on London theory to
our experimental data. In the framework of
London theory, diameter of a vortex is equal to

the penetration depth from the surface in Meissner
state. Taking account of displacement from
equilibrium point caused by the thermal
fluctuation and/or the static displacement (vortex
pinning), a term like as Debye-Waller factor is
added to the function. It leads to good agreement
with the experimental data. As is expected, the
vortex diameter estimated form this fitting doesn't
match with penetration depth of Meissner state,
because G-L parameter (x) of Nb is not so large
as to be applied to London theory. But apart
from whether superconductivity of this material
obeys London theory or not, it represents truely
at least about a geometrical profile of a vortex.
That is, vortices have the structure represented
by modified Bessel function of zeroth order, but
large shielding supercurrent sharpen the vortex
than estimated by London theory.
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Fig. 1 Fitting result and experimental data.
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Low-energy excitations in amorphous
materials are poorly understood although
extensive studies have been performed by
many researchers. In neutron and Raman
scattering measurements, the so-called boson
peak is commonly observed in amorphous
materials at around 2 - 6 meV which
corresponds to excess non-Debye heat capacity
in a temperature range from 5 to 20 K. The
origin is still not clear in spite of many
experimental and theoretical efforts. Recently
an inelastic X-ray scattering (IXS) technique
with high-energy resolution has been developed
to study low energy excitation of various
amorphous materials [1]. Analysis of the IXS
data by a damping harmonic oscillation (DHO)
model have revealed a dispersive mode in a
low energy region between 2 and 25 meV, and
it was insisted that the dispersive mode is an
origin of the boson peak. In contrast to this
finding, inelastic neutron scattering studies
have shown that the boson peak is a localized
mode without any dispersion relationship. As
far as we know, these contradicted facts are not
directly discussed.

The purpose of this study is to examine
whether or not the low energy mode in the IXS
is identical to that in the INS. For doing
experiments along this direction, we have to
pay our attention on the facts that the Q range
covered by the IXS studies (0.1 ~ 0.8 A'l) is

JRR-3M, 4G, 4. Amorphous&Liquid

lower than that of INS studies (1.0 ~ 3.0 A-1)
and that the INS studies on the boson peak
were mainly performed using incoherent
scattering in contrast to coherent scattering of
IXS. In this study, therefore, we carried out
coherent INS measurements in a Q range as
low as possible.

Neutron scattering measurements have
been made with a triple axis spectrometer (GP-
TAS) in the JRR-3M reactor, Tokai. The Q-
and E -ranges were from 0.6 to 6.4 A-land-15
meV to 0 meV, respectively. Glassy material
used in the experiment was deuterated glycerol
(GLY-d8, Ty =185 K for GLY-h8)).

S(Quw) (auw)

Fig. 1 Dynamic scattering law S(Q,@) of deuterated
glycerol (GLY-d8) for each Q. The solid lines are the
results of fitting by the DHO model.

Figure 1 shows the dynamic scattering law
S(Q,w) of GLY-d8 at 120 K. A broad low-

energy excitation peak (boson peak) was
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observed at around -4.5 meV. Its peak position
is the same as that of protonated glycerol glass.
Following to the IXS studies [1], the observed
dynamic scattering laws S(Q,w) were fitted to
the theoretical one derived from the DHO

model, which is given by

ol (Q)Q(Q)
[QQ) - ©°T + [(Q) »*

S(Q,w) = m(Q)

where m1(Q), £(Q) and I{Q) refer to constant,
excitation energy and width of the inelastic

scattering, respectively.
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Fig. 2 The ()-dependencies of excitation peak £(Q)
derived from fitting to the DHO model. Solid circles
present the §£2(Q) of [XS. Open circles those of INS.

The Q-dependence of the excitation peak £X(Q)
derived from the DHO model fitting is shown
in figure 2. The £XQ) obtained from the INS
data (open circles) almost independent of Q.
This is in contrast to that of the IXS (solid
circles) [1]. This result might suggest that the
low energy mode which was observed by IXS
is different from that by INS. In other words,
there coexist a dispersive mode and a localized
mode in the low energy region of glassy

glycerol.

In the next step, we analyzed the Q
dependence of the inelastic scattering intensity.
Generally  speaking, coherent inelastic
scattering intensity is proportional to Q2, static
structure factor S(Q) and Debye-Waller factor
exp(-2W) QW = <u?> Q2, <u?> is mean square
displacement). Hence, the observed inelastic

scattering intensity was scaled by Q2, S(Q) and

exp(-2W).
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Fig. 3 Energy dependence of S(Q,) divided by 02, I(Q)
and exp(-<u 2>Q2) for each Q.

Figure 3 presents the energy dependence of the
scaled S(Q,w). The scaling works very well in
a Q range above Q = 14 Al but excess
inelastic scattering intensity is clearly observed
at @ =1.0 A"l and 0.6 Al This indicates that
some other mode may exist in the low Q@
region. One plausible mode for the excess
inelastic intensity below Q = 1.0 Al is the
dispersive low energy mode observed in the

IXS measurements as expected from Figure 2.

references
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1-4-2 Electron-Ion Correlation in Liquid Zinc by Diffraction Method
S. Takeda, Y. Kawakita, M. Kanehira, S.Yoshioka
Department of Physics, Faculty of Science, Kyushu University, Ropponmatsu Fukuoka 810-8560 JAPAN

Liquid metals can be viewed as a binary
mixtures between ions and conduction electrons
moving nearly freely through an assembly of
ions, and many of their physical properties are
linked to the corresponding correlation functions.
The aim of this study is to report newly
measured structural data of neutron diffraction
for liquid Zn and provide the electron-ion
correlation around Zn** ion from the diffraction
data.

The samples were sealed in thin quartz tubes
of inner diameter 8.0mm with 0.3mm wall
thickness under a vacuum.

The neutron scattering measurements were
carried out at 470C, 600C and 700T using
the powder diffractometer with a multi detector,
HERMES, and the used wavelength was 1.83A.
The data at high angle region were combined
with those observed by TAS-4G previously.

Figure 1 shows the structure factors of liquid
Zn determined by neutron and X-ray diffraction.
The structure factor of liquid Zn by X-ray
diffraction has an asymmetry around the first
peak, while that by neutron diffraction does not.
There has been detected a small but the
systematic differences are well appreciated. The
quantity of [S,(Q)- Sy(Q)] evaluated from two
structure factors is also given in the bottom of
Fig. 1.

The electron charge density around an Zn**
ion, p (r) , and metallic form factor, £,(Q), are
evaluated from these small differences. As
shown in the figure, the curve of p(r) crosses
zero around 1.3A and a sharp increase toward
the center of an ion can be seen less than 0.74A.
Since this value is close to the ionic radius, the
accurate spectra of p(Q) in the high Q region
will be required for the further understanding of
the charge distribution in the very small r region
less than 0.74A, which corresponds to the

JRR-3M,HERMES, 4. liquid

ionic radius and also near the first maximum
position of charge density of an isolated atom.
The charge density function in Fig.2 shows that
the electron charge screens the ionic charge
rather closely contact with the ions and the
maximum point exists rather distant at 22A. In
case of simple liquid metals as Na, Mg and Al,
the electron charge distribution has maximum
value around the mid point between the nearest
neighbor ions to screen the central ionic charge.”
The charge distribution of liquid Zn is different
from the simple liquid metal case. ?

Figure 3 shows the obtained metallic form
factorof liquid Zn and it indicates the interesting
feature around 2k region.

References

1) S.Takeda, Y.Kawakita, M.Inui, K. Maruyama, S.tamaki
and Y.Waseda; J.Non-Cryst.Solids 205-207(1996)365-369.
2) S.Takeda, Y.Kawakita, M.Knehira, S.tamaki and
Y.Vgaseda; in print J.Phys. Chem. Solids (1999).
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Structure factors
of liquid Zn.

6 7 8 9 10

¥ fadm
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1-4-3 Temperature and Pressure Effects on Structural Formations in a Ternary Microemulsion

M. Nagao’, H. Seto', Y. Kawabata' and T. Takeda'

*Institute for Solid State Physics, The University of Tokyo, 106-1 Shirakata, Tokai 319-1106, Japan,
TFaculty of Integrated Arts and Sciences, Hiroshima University, 1-7-1 Kagamiyama,
Higashihiroshima 739-8521, Japan

Small angle neutron scattering (SANS)
experiments were carried out in order to
investigate temperature and pressure effects on
structural formation of a temary microemulsion
composed of AOT (dioctyl sulfosuccinate
sodium salt), water and n-decane. At the same
volume fraction of water and n-decane mixed
with about 20 vol.% of AOT, its structure is
known to be a dense water-in-oil droplet at
With

increasing temperature, the system transforms

ambient temperature and pressure.

to a lamellar structure at around 50°C [1, 2].
With increasing pressure, a similar phase
transition to the lamellar structure was
observed by Nagao and Seto [3]. It was already
known that the temperature and the pressure
effects on the phase behavior of this system
were the same. However, they suggested that
the origin of these phase transitions should not
be the same.

In order to clarify the difference between
the temperature- and the pressure-induced
phase transitions, a SANS experiment on the
temperature-induced one was performed at
SANS-U. The sample was prepared to be
$,=0.224 with the same volume of water and n-
decane, where ¢, the AOT volume fraction

against the total volume. Above 7,=35.4°C

JRR-3M, C1-2 (SANS-U), 4. Amorphous & Liquid

(transition start temperature), the system
became two-phase coexistence with the
lamellar structure at the lower part of ‘the
sample and the microemulsion, which indicates
both the possibilities of the droplet and the
bicontinuous structures, at the upper part as the

case of the pressure[3]. In Fig. 1(a),

Figure 1: SANS profile obtained from the upper part of
the sample (a) and from the lower part (b).
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temperature dependence of observed SANS
profile from the upper part of the sample is
shown and in Fig. 1(b) from the lower part [4].
A broad peak at 0~0.04A"" was observed from
both the parts at room temperature. With
increasing temperature below 7,, the peak
shifted to higher Q. Above T, the broad peak
shifted to the opposite direction and its
intensity decreased. At the lower part of the
sample, another sharp peak appeared at
0~0.08A"" above T, which corresponds to the
stacking of the lamellae (Fig. 1(b)). On the
other hand, no lamellar peak was observed at
the upper part of the sample. However, another
broad peak appeared at 0~0.04A™ at 7=77.9°C
(Fig. 1(a)). This new peak may correspond to
the re-entrant microemulsion phase, which has
been known to exist at higher temperature [2].
In Fig. 2, the temperature dependence of
the mean repeat distance d of both the
microemulsion and the lamellar is shown with
its pressure dependence [4]. The horizontal axis
indicates the normalized temperature (7') and
pressure (f’): f”=(T—TS)/|TS-T0I and
P=(P-P)I|Ps-Py|, where T, and P, the

ambient temperature and pressure, P, the

transition start pressure. The behavior below
T=0 is the same as that below P =0,
however, the behavior at the high temperature
phase (7 >0) was different from the high
pressure phase (P >0). Both the &'s of the
microemulsion structure (upper part) and the
lamellar structure (lower part) gradually
changed with increasing temperature while the
d’'s stayed constant above the transition finish

pressure, P The d of the high temperature

lamellar, d;, was larger than that of the high
pressure lamellar, d,. The d; linearly depended
on the ¢, as Kotlarchyk, Sheu and Capel
pointed out [1]. However, d, did not depend on
¢, for 0.209<¢$.<0.230 [3]. As described above,
a new broad peak appeared above 7=77.9°C at
the upper part of the sample, and
simultaneously, the lamellar peak intensity
decreased. In the high pressure experiment,
such the precursor of the subsequent phase
transition was not observed. These evidences
indicated that an origin of the pressure-induced
phase transition is not driven by the change of
the spontaneous curvature of AOT membranes,
which is due to the dissociation of counter ions

with changing temperature.
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Figure 2: Temperature and pressure dependences of the
mean repeat distance.
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1-4-4  Temperature- and Pressure-Induced Lamellar Structure in a2 Microemulsion System
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As discussed in a previous article in this
issue, a phase transition from a dense water-in-
oil droplet to a two-phase coexistence of
lamellar and microemulsion structures was
induced by temperature and/or pressure in an
AOT (dioctyl sulfosuccinate sodium salt) /
water / n-decane system [1]. Although the static
structure at high temperature is similar to that
at high pressure, the experimental results
of the

temperature- and the pressure-induced phase

suggested that the mechanisms
transitions were not the same. In this report
scattering profiles of the high temperature
lamellar (HTL) structure and the high pressure
lamellar (HPL) were compared in order to
clarify the difference between these transitions.

In Fig. 1, SANS profiles observed from
the HIL and the HPL for a mixture of ¢=0.215
with the same volume of water and oil is shown
{2], where ¢, the AOT volume fraction against
total volume. These profiles were explained by
an equation proposed by Nallet et al. taking a
Helfrich repulsion between membranes into
consideration as a stabilization force of the
structure 3],

JRR-3M, C1-2 (SANS-U), 4. Amorphous & Liquid
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Figure 1: The observed SANS profiles from the HIL at
7=53.2°C and P=0.1MPa and the HPL at 7=24.6°C and
P=80MPa.

A B
2 .7 2
Q8" +1 {(Q-Qo)&1) +1

1(Q)= 6
where £, & indicate correlation lengths and Q,
the wave number of a peak position,
respectively. The first and the second terms
to the

fluctuation

correspond scattering from the

concentration of amphiphile
molecules and from the stacking of membranes,
respectively. In order to compare the low O
diffuse scattering intensities of the HTL and the

HPL, the quasi-Bragg peak amplitudes (B) was

= 170—
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normalized to be unity. In Table 1, obtained fit
parameters are shown. This result indicated that
the 4, (=27/Q),) of the HPL was smaller than
that of the HTL, and the integrated intensity of
the low Q diffuse scattering (the first term of
Eq. (1)) of the HPL was also smaller than that
of the HTL. Therefore, it could be concluded
that the membranes of the HPL are less
undulating than that of the HTL.

In Fig. 2, the ¢, dependence of the d, of
the HTL (d,;;) and that of the HPL (d;, ) was
shown [2]. It clearly showed that the d
depended on the ¢, however, the d; was
almost constant at around 70A. From these
results, the detailed features of the pressure-
induced phase and the temperature-induced one
are different, ie, origins of these phase

transitions are different.

d; [A]

1
0.21

Figure 2: The ¢, dependence of the repeat distance dy;
and dygp; .

A E(A) X) d(A)
HPL 0.33+02 27.5+18 168+4 722403
HTL 0.33+0.1 22.9+1.1 178+4  79.2+0.1

Table 1: Obtained fit parameters of the HPL and the HTL

A x-direction

O y-direction

0.(;2 O.(l)4 0.(;6 0.68 O.IIO 0.{2 0.1l4
QA1
Figure 3: Intersections of the 2 dimensional scattering
profiles through the beam center along x- and y-direction
observed from the HTL put in a disk-shape cell.

Nagao and Seto have shown an
anisotropy of the quasi-Bragg scattering from
the HPL [4]. In order to clarify the origin of
such the anisotropy, sample cell dependence of
the scattering profile from the HTL was
investigated, because changing shapes of
sample cells in the case of the temperature
experiment were easier than that in the case of
the pressure. In case that a rectangular quartz
cell was used, only an isotropic scattering
profile was observed. On the contrary, slight
anisotropy of the quasi-Bragg scattering was
observed in the case of the disk-shape cell as
shown in Fig. 3. The intensity of the quasi-
Bragg scattering along y-direction was larger
than that along x-direction. Therefore, we
concluded that the round shape at the bottom of
a sample cell induces the alignment of

lamellae.
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[3] F. Nallet, D. Roux, S. T. Milner, J. Phys. France 51
(1990) 2333-2346.
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3169-3176.

~171—



JAERI—Review 2000—004

MET—7 I T7ENLT 7 ZEEOBR/AFRECE T 2 BEELRROERBR
KA NVIERFSANH S ZABEBAMMEOF - RIEMBET(LAEOPEF/ I\ ABEC L 2 TOBERR

1-4-5

In-situ SANS Measurements on Medium and Long Range Structure Evolution
in Bulk Metallic Glass Ni,Pt,P,. near Glass Transition

K. Shibata, T. Higutchi, An-Pang Tsai', M. Imai’ and K. Suzuki

Institute for Materials Research, Tohoku University,
Katahira 2-1-1, Aoba-ku, Sendai 980-8577
"National Research Institute for Metals, Sengen 1-2-1, Tsukuba 305
2

Department of Physics, Faculty of Science,
Ochanomize University, Ohtsuka 2-1-1, Bunkyo-ku, Tokyo 112

§1. Introduction

There have been found so far several
metallic glasses which are very stable even
above the glass transition temperature Tg and
show a large temperature interval AT between
the glass transition temperature (Tg) and the
crystallization temperature (Tx). Therefore, we
can make a bulk metallic glass sample with
several millimeters in thickness by simply
casting its melt. To investigate the atomic scale
mechanism of the stability of bulk metallic
glasses, it is essential to measure the isothermal
evolution of the structure .

In this study, we selected a metal-metalloid
bulk metallic glass Ni,Pt,P,s alloy because
of a large temperature interval AT= Tx-Tg
(about 55K) and the facility in preparing the
sample with enough thickness up to a few
millimeter.

The purpose of this study is to reveal the
isothermal evolution of the medium and long
range structure in the bulk metallic glass
Ni, Pt P,; alloy near the glass transition
temperature Tg by the in-situ measurement of
small angle neutron scattering.

§2.Experimental

The bulk glass sample of Ni, Pt P, alloy
was prepared by rapidly casting the liquid
metal alloy in a mold with 2mm in thickness,
10mm in width and 50mm in deepness.

The samples prepared were characterized by
a conventional X-ray diffracion and a
differential scanning calorimetry(DSC).

JRR-3M, SANS-U, 4.Amorphous & Liquid

—172—

By X-ray diffracion measurement, no
evidence was observed for the crystalilization of
the samples before and after the small angle
neutron scattering measurement.

The thermal measurement was performed
by using the SEIKO DSC-220 apparatus. The
glass ftransition temperature (Tg) and the
crystallization temperature (Tx) were
determined Tg= 488 K and Tx= 544 K
respectively with a heating rate of 40 K/min..
We found that the samples could be heated up
to at 55 K above Tg before crystallization sets
in.

The small angle neutron scattering
measurements were performed on the SANS-U
spectrometer, which was installed at a cold
neutron guide of the research reactor JRR-3M
in Japan Atomic Energy Institute (JAERI).

A 2-dimensional neutron counter was
located at the position 4m far back from the
sample. By using this condition, the small
angle neutron scattering intensity S(Q,t) could
be measured in the momentum transfer range
of 0.008 < Q < 0.08 A}-1. The sample was
heated by two infrared lamps simultaneously
from the top and bottom of the sample. When
the measurement startsed the isothermal
holding temperature Ta=483K was reached
within 1 min. from the room temperature.
During the measurement, the temperature at the
sample was controlled at Ta=483K within an
accuracy of = 0.1K. After heating the sample
by infrared lamps for 720 min., the sample was
cooled down by a thermal radiation to the
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temperature below 373K within 3 min. and
then reached to room temperature(20 T)

within 20 min. The measurement was
continued for 840 min. and the S(Qt) data
were stored at every 30 min.

§3. Results and Discussions

Figure 1 shows the isothermal evolution of
small angle neutron scattering intensity S(Q.,t)
from the bulk metallic glass Ni Pt P,s alloy
hold isothermally at Ta=483K for various
different holding times. In Fig. 1 the S(Q,t) for
every holding time shows a Q* dependence and
no peak structure in the Q-range of
0.008<Q<0.05A™" . This means that there is no
evidence for any decomposition and any phase
separation to occur at least in several
nanometer scale in this alloy even after
isothermal annealing at Ta=483K for 720 min..

)
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Fig.l. The small angle neutron scattering
intensities S(Qgt) from a bulk metallic glass
Ni,sPt,,P,s sample isothermally hold at Ta=483K for
various different times. The S(Q,t) at each holding
time shows a Q-4 dependence and no peak structure
inthe Q-range of 0.008<Q<0.05A" .

Figure 2 shows the small angle neutron
scattering intensities S(Qt) as a function of
momentum transfer and the holding time at the
temperature Ta=483K below Tg. The S(Q.) at each
momentum transfer Q shows the same isothermal
evolution of long range fluctuations as a function of

JRR-3M, SANS-U, 4 Amorphous & Liquid
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time and can be scaled in the same curve. The
S(Qt) drastically increases with time in the
beginning and then reaches asymptotically to
saturated values. Immediately after heating the
sample for 720 min., the S(Q,) suddenly increases
about 10% in the all momentum transfer region
observed and thereafter keeps constant values
within statistical error at room temperature.

aNi s Ple Pzi
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Fg2. The small angle neutron scattering

intensities S(Qt) as a function of holding time
during isothermal annealing at Ta=483K below Tg
at various different momentum transfer values.

The origin of the small-angle intensity is not
clear at the present stage in this study. Nevertheless,
the increase in the small angle scattering intensity
suggests the development of long-range
fluctuations just below the glass transition
temperature.

It will be necessary for us to investigate the
short-range structure derived from the observation
of S(Q,t) in the higher Q region, as well as the long-
range structure from the small angle scattering. To
reveal further the structura properties of this butk
metallic glass around Tg, detailed measurements
are in progress.
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Formation and Structure of Clusters in 1-Propanol-Water Solution
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Water and 1-propanol mix in any
proportion and at any temperature between 0
and 100°C. However, when a small amount
of salt such as KCl is added into the solution,
the phase separation occurs at a finite
temperature range between a lower
temperature TL and an upper one Tul. We
examined the structural evolution of
concentration fluctuation induced by salt in
the solution by means of small-angle neutron
scattering.

Figure 1 shows the scattered intensity
I{Q) measured by using SANS-U for the
(C3H70D) (-(D20)5 solution including about
2mol% KCl in the lower one phase region.
The curve (a) is just below the TL, while the

curve (b) is far below the TL. The I(Q) data

in the region of Q greater than 0.03 A-1 were
obtained by using WINK at KEK and are
also included in this figure. We carried out
the SANS-U measurements for the same
solution at various temperatures between 20
and 37°C in the lower one phase region and
furthermore between 63 and 76°C in the
upper one phase region. All I(Q) curves
studied are fitted very well with the scattering
function for a fractal structure? given by a
correlation function g(r)=6(r)+(A/r3‘dDexp(~
r/€) with a fractal dimension df and a

JRR-3M, SANS-U, 4. amorphous & liquid

correlation length £. A common fractal
dimension of dg=1.9 is obtained despite of
the lower and upper one phase regions.
Furthermore, the correlation length &
diverges similarly in both regions. It is
concluded that the structural evolution of the
concentration fluctuation has a common
fractal nature in both the lower and upper one

phase regions.
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Fig. 1 Small-angle neutron scattering
intensity I(Q). Solid curves show fitted
results.
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Liquid Se is one of typical liquid semi-
conductors and it has twofold coordinated
chain structure where atouis are covalently
bonded. Near the melting temperature, chain
molecules in liquid Se are known to consist
of 10*-10° atoms and the viscosity of liquid
Se is large. With increasing temperature, the
viscosity decreases while magnetic susceptibil-
ity of liquid Se increases. These results to-
gether with those of nuclear magnetic reso-
nance measurements suggest that the chain
becomes short with increasing temperature.
The electrical properties of liquid Se concern
with the chain structure. As temperature is
raised and the volume is expanded, the electri-
cal conductivity of liquid Se becomes large. It
is noteworthy that there appears metallic fluid
Se in the supercritical region at high temper-
ature and pressure, where the average chain
length is about 10. Inui et al. [1] have car-
ried out small angle x-ray scattering measure-
ments for supercritical fluid Se and observed
critical scattering of fluid Se for the first time.
Large density fluctuation and very short chain
molecules in the supercritical fluid are consid-
ered to induce the metallic state.

It is interesting to study the correlation be-
tween chains and density fluctuation in liquid
Se. Density fluctuations in liquid Se are ex-
pected to come from the correlation among
many kinds of the chain lengths. Small an-
gle scattering (SAS) is a useful probe of ob-
serving density fluctuation in such liquid. We
have carried out small angle neutron scat-
tering (SANS) measurements on liquid and
amorphous Se [2]. In this work, SANS exper-
iments in smaller wave number region were
carried out to investigate the origin of the

JRR-3M
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cluster formation.

SANS measurements were performed us-
ing the spectrometer (SANS-U) of the Insti-
tute of Solid State Physics, the University of
Tokyo, installed at the beam line of a cold
source in JRR-3M. The camera length in this
work was 12m and the intensity spectra were
measured as a function of a wave number,
@, using a two-dimensional counter at 557K,
660K and 762K. Since the scattering inten-
sity from liquid Se is very small, careful treat-
ment in subtracting the background is neces-
sary. The spectra of the empty cell and the
dark counts without neutron beam were mea-
sured. The subtraction was carried out on
the two-dimensional map and SANS spectra,
[(Q), were obtained from integrating the two-
dimensional data.

After carrying out the careful analysis, the
deduced spectra have largely changed com-
pared with the previous ones [2]. The present
results show that the intensity of I(Q) is
almost equal to background counts, which
means no SANS intensity of liquid Se was
observed. The SANS intensity observed in
the previous experiments should be an er-
ror. This fact may suggest that it was not
proper that subtraction was carried out af-
ter converting two-dimensional data into one-
dimensional spectra.
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A ternary complex fluid involving an ionic
amphiphile AOT (dioctyl sulfosuccinate sodi-
um salt) with equal volume fraction of water
and oil is known to form a dense water-in—oil
droplet structure (RTP phase) at room tem-
perature under ambient pressure. It was re-
ported that a phase transition from the drop-
let to a lamellar structure occures with in-
cresing temperature {1]. Recently Nagao et al
found a similar phase transition occured with
increasing pressure by means of small-angle
neutron scattering (SANS) [2]. This experi-
ments also showed that the static features of
the high pressure (HP) phases were abnost
the same as the high temperature (HT) [2,
3]. However, the mechanisms of these phase
transitions should be different. In oreder to
clarify the difference of these phase transi-
tions, we investigated dynamic properties of
the RTP, HP and HT phases by means of
neutron spin echo spectroscopy (NSE).

Intermediate correlation functions 1(Q,t)
were obtained from NSE experiments. The
experiments were performed using the ISSP-
NSE at JRR-3M in JAERI, Tokai [4]. The
measured momentum transfer QQ ranges over
0.04 < Q < 0.14[A~!} and Fourie time ¢ over
0.15 < t < 15[ns]. The sample was mixture
of 23% of AOT with equal volume fraction
of D;0 and n-decane. For the high pressure
experiment, a new high pressure cell made of

non-magnetic stainless steel was developed,

JRR-3M, NSE, 4. Amorphous & Liguid

whose design and performance were the same
as the privious one [5]. The experiment was
done at 25 C under 0.1MPa for the RTP, at
40 C under 0.1MPa for the HT and at 25T
under 60MPa for the HP.

(Q.VI(Q,0)

a3

{ns]

Figure 1: Intermediate correlation function I{Q,t)
obtained from the NSE experiments for the RTP.
Lines are fitting curves to Eq.(1) with g = 0.67

Figure 1 shows /(Q,t) obtained from the
NSE experiments for the RTP. All I{Q,t) ob-
tained from the NSE experiments could be
explained well by a streched exponential for-

mula as shown in Eq.(1).

1(Q,t) = 1(Q,0)exp(~(I't)?], (1)

where I is relaxation rate. The exponent g
obtained from the fitting to Eq.(1) was about
0.7. Sheu et al. obtained g ~ 0.67 from
the experimental results of quasi-elastic light
scattering(QELS) and NSE for the RTP in
the same system [6]. Zilman and Granek [7]
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derived the stretched exponential relaxation
of I(Q,t) shown in Eq.(1) with 8 = 2/3 and
I’ as follows,

I = [0.025y(keT)** /! ?0)Q%,  (2)

where & is the bending modulus of the mem-
brane and 7 the viscosity of the surrounding
medium, using a Helfrich bending Hamilto-
nian in order to describe membrane thermal
undulations of sponge and lamellar phases at

large (Q which is sensitive to single membrane

dynamics.
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Figure 2: Relaxation rate I" obtained from the NSE
experiments. Lines are fitting one to Eq.(2).

We therefore adopted § = 2/3 in the fit-
ting. Since the relaxation rate I' obtained
by fitting to Eq.(1) indicated Q* proportion-
slity as shown in Fig. 2, we estimated & using
Eq.(2) as shown in Table 1 [8]. &, is larger
and k,, smaller than k... This result in-
dicates that the membranes become flexible
with increasing temperature,while they be-
come rigid with increasing pressure.

(X10 D0 e[ ¥ 10 PI] Kpue X107 2]

KRTP

1.9 4.1 0.75

Table 1: The bending modulous & for each phase
obtained from the NSE experiments
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Neutron Spin Echo Investigation

on the Slow Dynamics

in Complex Fluids Involving Amphiphiles
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We have studied slow dynamics in complex
fluid systems such as the shape fluctuation of
microemulsion droplets, membrane undulation

in lipid-bilayers and bicontinuous micro-

emulsions using neutron spin echo (NSE)
spectrometer at C2-2 port of JRR-3M,
JAERID, In order to elucidate the self-

assembling mechanisms in complex fluids
involving amphiphiles, microscopic parameters
like the bending modulus % on the local scale
of the interfacial membrane deduced

neutron spin

from
dynamical experiments using
echo (NSE) are important. We present the
results of the
following two systems23); (a) bulk and film

NSE experiments on the

contrast samples in the non-ionic surfactant
H(CH,),,(OCH,CH,)sOH (C,,E5 )/n-octane
/D,0 system at equal volume fraction of octane
and water for volume fraction 0.2 of C,,Es,

which represents a sequence of low temper-
ature microemulsion(CTM) / lamellar(MTL) /
high temperature microemulsion phase(HTM)
with increasing temperature, (b) the lipid

sample (10wt% dipalmitoylphosphatidylcholine
(= DPPC) dispersed in D,O solutions with

7mM CaCl,) which has the La structure with
the lamellar repeat distance dj = 325 A. In the
Cy,Es /n-octane/D,O system, protonated n-

octane was used for the bulk contrast samples
and deuterated n-octane for the film contrast
samples. The LTM and HTM phase have a

bicontinuous structure. 'The NSE experiments
were carried out using MESS at LLB in Saclay
as well as the NSE spectrometer at JRR-3M and
showed that the performance of the spectrom-
eter at JRR-3M was comparable to that of
MESS and that the results obtained using MESS

were coherent with that at JRR-3M.

Qb 7 1(Q,0)

—+— 0.11(DPPQ)
—e— 0.09(DPPC)
0.7 | --o--0.06(C12€5)

I --o--0.08(C12ES)

0.08a7¢ ~5 §

0 1 2 3 4 5 6
t2/3 ( nSZIS )

Fig. 1 Intermediate correlation functions 1(Q, ?)
obtained from the NSE experiment in LTM

phase of the bulk contrast sample of the
C,,E/n-octane/water system at 21°C ( open

circles: Q=0.06A1, open diamonds: Q=0.08A1)

and the lipid sample ( full circles:Q=0.09A-!
full diamonds: Q=0.11A"1) at 50°C.

As shown in Fig. 1, the intermediate

correlation functions /{(Q, ¢t ) obtained from the
NSE experiments were well fitted to the

following equation,

1Q, t)=1(Q,0expl- (I't)?/3]. (1)

Facilities and Instruments
JRR-3M NS E(C2-2)

Research field
4. Amorphous & Liquid
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Fig. 2 The dependence of the relaxation rate I"
on Q obtained using the fitting to Eq.(1) in the
LTM( open circles) and HTM phase(full circles)
of the film contrast sample of the C;;Es/n-

octane/water system and the lipid sample ( full
triangles). The lines are fitting curves to Eq.(2).

The relaxation rate I" obtained from the fitting
to Eq.(1) increased as Q 3 as shown in Fig. 2.
These results support the theory presented by
Zilman and Granek4. They used the Helfrich
bending free energy to describe membrane
undulations in sponge and lamellar phases and
predicted a relaxation of Eq.(1), where

I'=0.025y (kgT /%) 2(kgT In)Q3. (2)

Here, » is the bending modulus of the mem-
brane and 1 the viscosity of the surrounding
medium. Figure 3 shows x estimated in the
C,,Es / n-octane / water system using Eq.(2),
where we put y=1 and used 3 times the value
of average solvent viscosities 7y yen fOr 71
taking the local dissipation at the membrane
into consideration. x decreases monotonously
with increasing temperature independently of
the mesoscopic structure and the scattering

contrast. % in 10 wt% DPPC - D,0 with
CaCl, of 7mM at 50 “C was estimated to be

5.8 x 10-20 J  using the similar procedure and
n= 4 Nsolvent
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Fig.3 The dependence of bending modulus x of
the membrane on the temperature T obtained
from NSE experiments of the bulk( open
circles) and film sample(full circles) in the
C,,E; / n-octane /water system. The lines which
are a guide for the eye are fitting curves to an

exponential function x = a exp(- b/T ), where
a and b are constant .
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The boson peak, which is observed at 2-5
meV in most of amorphous materials, has been
studied in many ways. Although some theo-
retical models have been proposed, its origin
We have stud-

ied"® on the boson peaks of some simple mo-

still remains open to question.
lecular glasses. Their peak energy and inten-
sity can be explained by assuming cluster-like
structure in the glass and the libration of the
cluster in strained and disordered fields.

On the other hand, it is reported that
polyamine-polyalcohol mixture shows a maxi-
mum in the composition dependence of glass
transition temperature Tg.a) This phenomenon
was explained as a result of the increase in the
number of hydrogen bond per unit volume on
mixing. Therefore, the study on the boson
peak of polyamine-polyalcohol mixture enables
us to examine the effect of the hydrogen-bond
density on the boson peak, giving a significant
information on the origin of the boson peak.
We have measured the inelastic neutron scatter-
ing spectra and heat capacities of several binary
mixtures between 1,2-propanediamine
(12PDA) and 1,3-propanediol (13PDO).

The inelastic neutron scattering data were
collected at around 103 K by a pulsed cold neu-
tron scattering spectrometer AGNES of Insu-

tute for Solid State Physics, the University of

JRR-3M, AGNES, 4. Amorphous & Liquid

Tokyo. It is installed on C3-beamline of JRR-
3M at Tokai.

ments were carried out with an adiabatic calo-

The heat capacity measure-

rimeter of Osaka University.

In Figure 1, the dynamic structure factor
S(Q.E) and heat capacity C, divided by cubic
temperature T° are plotted against energy trans-
fer AE and temperature 7, respectively. The
plotted S(Q.E) is the average of the data with
different momentum transfers over 1.7-2.6 A";

Q. = 2.1 A'.  The peaks in both quantities
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Figure 1. Dynamic structure factors (upper) and
heat capacities divided by T (lower) of
(12PDA)(13PDQO),., system for x = 0.1(s), 0.5(C)
and 0.9(0).
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are attributed to the boson peak. In the upper
part of Figure 2, peak intensities /max of S(Q.E)
and maximum values of C,,T3 are plotted as
functions of x. The intensity of boson peak
shows a clear minimum in the intermediate
concentration region for both quantities. The
peak energy of S(Q,E) and peak temperature of
C,,T3 are plotted in the lower part of Figure 2.
The peak energy may have a maximum in the
intermediate concentration region though it is
not clear for the heat capacity data. The ten-
dency that /) decrease as the En,y increase 1s
consistent with that obtained for some alco-
holic glasses”.

If the development of hydrogen bond struc-
ture causes the magnification of the cluster in
the glass, the total degrees of freedom for the
libration should decrease because each cluster
has 3 degrees of freedom for the libration.
Thus the decrease of the boson peak intensity
observed in the INS spectra and heat capacity
data is explained as the decrease of the number
of oscillators responsible for the boson peak.
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Introduction

A broad excitation peak is observed at
2—5 meV in Raman and neutron scattering
spectra of amorphous solids. This peak is
usually called "boson peak" from the
temperature dependence of the peak intensity.
It is of interest that this phenomenon is
universal for any kinds of amorphous
materials with different structures and
interparticle interactions, e.g., for network
glasses, molecular (van der Waals) glasses,
and polymer glasses. The origin and the
microscopic mechanism of the boson peak
have not been explained with sufficient
generality though a number of studies have
been done in the last 20—30 years [1].

Hydrogen-bond glasses are important for
the study of the boson peak because they are
structurally intermediate between covalent-
bond network glasses and molecular glasses.
Last year, we reported on the boson peaks of
several mono- and polyalcohol glasses [2-4].
The most interesting result was that the boson
peak intensity decreases and the peak energy
increases as the number of carbon atoms
bonded with hydrogen-bonding oxygen
increases.

In the present study, we have measured
inelastic neutron scattering (INS) of fully and
partially deuterated propanol (T = 98 K) and
glycerol (T = 185 K). The samples studied
were as follows: propanol-dg (CD3;CD2CD;
OD), propanol-dy (CD3CD,CD,0H),
propanol-d; ( C H3CH,CH,0D), glycerol-dg
[(CD,(OD)CD(0OD)CD,0D], glycerol-d3 [CH,
(OD)CH(OD)CH,0D], glycerol-ds [CD2(OH)
CD(OH)CD,0OH]. Since the incoherent
scattering from hydrogen atoms is dominant
for these samples, one can separately see the
density of vibrational states associated with
hydrogen-bonding part or non-hydrogen-
bonding part.

Experimental
INS experiments were performed with a
direct geometry chopper-type TOF
spectrometer AGNES (C3-1-1) installed at the
cold neutron source of JRR-3M (Tokai, Japan)
[5S]. The wavelength of the incident neutron

JRR-3M, AGNES, 4. Amorphous & Liquid

(selected by PG(002) monochromaters) was
422 A (4.59 meV). The energy resolution
was 0.1 meV and the energy window was < 30
meV. In our experiment, 61 3He tube
counters were installed at 26 = 70—130° with
the step of 1°. This counter arrangement
covers the scattering vector Q region of 1.7—
2.6 A-l for elastic scattering.

All of the samples (purity: ca. 99 %)
were purchased from CDN isotope and used
without purification. The liquid samples were
confined in a concentric double-cylinder
aluminum can (35 mm in height, 14.5 mm in
outer diameter of the outer cylinder, 12 mm in
outer diameter of the inner cylinder, 0.25 mm
in thickness of both cylinders) using an indium
gasket. The thickness of the sample was
selected in the range 0.5—2 mm to adjust the
transmission of neutron beam to about 75—380
%. Propanol and glycerol samples were
measured at 94 K and 180 K, respectively.
These temperatures are a few Kelvin lower
than the respective glass transition
temperatures. The duration of the
measurement was 20—30 h for each sample.

The raw scattering data, neutron counts
(1) against time-of-flight (#), were processed
into the dynamic structure factor S(Q,E) by
correcting for the effects of the background,
counter efficiency, Jacobian drs/dE, etc. in the
standard way.

Results and Discussion

Figures 1 and 2 show the S(Q.E) of
propanol and glycerol glasses, respectively.
The data of fully protonated samples are also
plotted for comparison. All of the data from
different counters were summed up to improve
counting statistics; the average Q value for
elastic scattering was 2.0 A-1.” The data were
scaled by dividing the integrated intensity for
each sample. A boson peak appeared in all of
the samples. The peak energy was ca. 2 meV
for propanol and ca. 3.5 meV for glycerol. It
is very interesting that the S(Q,F) curves of the
four different samples coincide with each
other for both propanol and glycerol. The
present result indicates that the hydrogen-
bonding and non-hydrogen-bonding (alkyl)
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parts contribute to the boson peak
cooperatively. It was found to be a wrong
model that the libration of alkyl group is the
origin of the boson peak.

Recently a generalized model for the
boson peak was proposed by Nakayama [6].
This model, which is called the broken-
network model, assumes one dimensional
main chains and side chains randomly attached
to the main chain. The force constant between
the adjacent particles inside the main chain is
larger than that between the adjacent main-
and side-chain particles. The number of the
main-chain particles is larger than that of the
side-chain particles. Lattice dynamics
calculation showed the occurrence of strongly
localized vibration corresponding to the boson
peak as the collective anti-phase vibration of
the main- and side chain particles.

If the hydrogen-bond network of alcohol
glasses is regarded as the main chains and the
non-hydrogen-bonding part (alkyl group) the
side chain, the present results for partially
deuterated propanols and glycerols agree
neatly with the broken-network model. The
substance dependence of the boson peak
energy and intensity, which was described in
Introduction, also agreed with the tendency
predicted by the broken-network model [4].
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Fig. 1 S(Q,E) spectra of partially deuterated
propanol glass measured at 94 K. The average
Q value for elastic scattering is 2.0 A-1.
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Fig. 2 S(Q,FE) spectra of partially deuterated
glycerol glass measured at 94 K. The average
Q value for elastic scattering is 2.0 A-1.
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The water and 1-propanol mix in any
proportion at any temperature between 0
to 100°C. However, by the addition of
small amount of salt, the solution
separates into two liquid phases in some
limited temperature range between lower-
and upper- phase separation temperatures
[1]. We intended to study the
microscopic origin of this phase
separation phenomenon, especially a role
of salt.

We carried out quasi elastic neutron
scattering (QES) measurements by using
AGNES spectrometer on the solutions of a
composition of (H0)5 - (C3D70H); with
KCl [HPK]and without KC1 [HP2]. For
reference, we measured also the spectra on
pure water (H,O) and (H20)37 -
(C3D70H)3 solution [HP1].

Figure 1 shows the QES spectra
measured at 25°C in the lower one phase
region. The addition of 1-propanol
molecules into water makes the FWHM of
the QES spectra narrower significantly,
suggesting the suppress of the motion of
H7>O molecules in the 1-propanol solution.

The QES spectra were analyzed by
using a jump diffusion model {2] in which
two characteristic imes are important

3.5 T | | EEEE |
25°C ) —— H20
30 ¢ -+ HPY =

25k

20k

S(Q.E) (au.)

0.5

0.0

Fig. 1. . QES spectra measured at 25°C and
Q=1.22A-1 for 4 samples (see text).

JRR-3M, AGNES, 4. amorphous & liquid

parameters: a mean resident time 1o for a

jump diffusion and a relaxation time T}
associated with rotational diffusion. A

typical example of the fit o the QES
spectra based on the above model are

given in Fig. 2. The values of 1 estimated
at 25°C is 1.0 ps for pure water, 2.2 ps for
the I-propanol solution without KCl, and
2.0 ps for the solution with KCI. These
results imply that the motion of H20
molecules in the H2O-1-propanol solution
is much suppressed compared to pure
water, while this suppression seems to be
recovered in part by the addition of KCl.
The change in motion of H2O molecules
induced by small amount of KCl may be
responsible to the phase separation in this
system.

300 T T T

HPK (250) Q=0.61A"
0.79
1.22
1.40
178
1.92
2.26
237

250~

200+

e > MODPOX+

S(Q.E) (au)

00%

-
E /meV

Fig. 2. Comparison of fitted and observed
S(Q,E) for the solution with KCI[HPK].
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1 INTRODUCTION

The neutron incoherent inelastic scattering
of oriented polyethylene along chain compound
shows anisotropic phonon modes{l]. Oleic acid,
a typical finite polymethylene compound whose
internal molecular vibration were reported by
Kobayashi et al. by using infrared absorption and
Raman scattering [2].

Oleic acid molecular crystal consists of a couple
of finite polymethylene chains connected by ethy-
lene double bond carbons; molecular formula is
CH3(CH,);CH=CH(CH;);COOH. Above a melt-
ing point it shows liquid crystal phase. On cool-
ing at the rate of 1-2°C per hour, a crystalization
from liquid crystal to o crystal phase occurs at
286K, and a transition from o phase to vy phase at
27T0K. The o phase crystal is melted and kept at
13-14°C, then the « phase transforms to J phase.

In the B crystal, the chain molecules align
along the c-axis. Then, it is expected anisotropic
phonon modes such as an acordion mode and a
twisting mode for the finite chain. In order to
investigate such anisotropic low energy molecular
motional modes, we have performed the neutron
incoherent inelastic scattering experiment of the
orientated oleic acid crystal. It is important to in-
vestigate the lowest excitation of molecular acor-
dion mode in a molecular crystal of finite chain,
since it easily couples with lattice modes which
are related to the phase traansitions such as crys-
tal phase to liquid crystal phase.

JRR-3M. AGNES. 4. Amorphous & Liquid

2 EXPERIMENTS

In order to get an oriented crystal, a field cool-
ing technique was adopted for ferrofluid solution
of oleic acid. The ferrofluid was prepared by sol-
venting 1 weight percent of oleic acid covered-
magnetite(Fe30,) particle to ultra pure oleic acid
liquid(99.9 %, supplied by M.Suzuki on Nippon
Oil and Fat Co.ltd.). Since the neuron total scat-
tering length of magnetite particle is very weak
comparing with that of hydrogen atoms of oleic
acid, and even magnetite particle concentration
is small, so the effect of the scattering from mag-
netite can be ignored. A strong magnetic field
tends to align the magnetic particles along the
magnetic field in liquid crystal phase. Then the
sample was cooled down below the melting point,
286K of oleic acid, under applied magnetic field
0.6T. The solvent oleic acid is crystallized as g
phase with the direction of the hydrocarbon chain
pecpendicular to the applied field but in the hor-
izontal plane. In this experiment the magnetic
field was applied in the horizontal scattering plane
of neutron.

The inelastic incoherent neutron spectra of the
oriented oleic acid crystal were measured with
time-of-flight neutron spectrometer AGNES with
an incident neutron energy 4.59meV, installed at
the cold neutron guide, C3-1-1, in JRR-3M3].
61 detectors of the spectrometer cover the angle
cegion from 25° to 130°. The sample was con-
tained in a cvlindrical aluminium tube of diame-
ter L3mm. The sample had been cooled down to
276K on the goniometer in the applied magnetic
feld. After the magnetic field cooling in the hori-
zontal scattering plane, the solid oriented sample
can be freely rotated in the plane. The spectra
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were measured at 276K along four different di-
rections angled 45 degrees, step by step. In the
time-of-flight experiment the direction of scatter-
ing vector varied according to the time channel
of each counter. So the direction dependence of
phonon scattering function is obtained by sum-
ming up the data in the range of 10 degrees of
each Q direction.

3 RESULTS

Figure 1 shows the anisotropic phonon scatter-
ing function, which is normalized as follows for
the neutron energy gain case,

_ 4Tmn w
B thz eZW(Q)n(w)

G(Q,w) S(@w) (1)

This shows anisotropic phonon contribution to
the phonon density of state.

Molecular  formula of oleic acid s
CH3(CH;)7;CH=CH(CH,),COOH and it makes
dimer in the crystal. The crystal constants of
B phase is a=9.34 b=5.54 ¢=35.3A a=87.9°
B=82.8° v=86.2°. The c-axis is approximately
parallel to the molecular chain.

A 4meV peak which only appears along the
c-axis might corresponds to the zone boundary
phonon mode of which corresponds to the Van
der Waals interaction between dimers along the
c-axis.

8meV and 16meV peaks appear only in the
phonon scattering parallel to the c-axis but don’t
in the perpendicular direction. Raman specra
of acordion modes of various polymethylenes
were observed by Schaufele et al.[4]. For 18 and
36 carbon atoms of polymethylene chains, the
mode energies are about 16meV and 8 meV,
respectively, which are inversely proportional
to the number of carbon atoms. So the 8meV
and 16meV peaks correspond to the one dimer
acordion mode and one molecule acordion mode,
respectively. At the zone boundaries, one dimer
acordion, one molecule acordion modes are that
of four molecules, two molecules and one molecule
along the c-axis, respectively. So the 4meV mode
is assigned to be the zone boundary lattice
mode.This hierarchial structure is correspond to
the oleic acid crystal structure along the c-axis.

| I (SR N N S G (R NN N D BN B AR SRR B AR M B |
| Q:perpendicular to the c-axis

I S TN N AU TUN S N N SN N (N U SN O 0 S|

0 10 20
Energy Transfer/ meV

Figure 1: Anisotropic phonon scattering function
by crystalline oleic acid at 276K for the scattering
Q vector parallel and perpendicular to the chain
axis c.

4 CONCLUSIONS

Inelastic incoheret neutron sacttering of the
orientated oleic acid crystal which was get by a
field cooling of ferrofluid state have been mea-
sured at 276K. The anisotropic phonon scatter-
ing function of finite polymethylene chains in the
crystal were observed in this experiment. At
these zone boundaries, one dimer acordion and
one molecule acordion modes were observed in
4meV, 8meV and 16meV with Q parallel to the
c-axis.
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Introduction

Low energy dynamics of intermediate range structure
(IMRS) is likely responsible for the universal
thermodynamic properties of non-crystalline
system[1]. Hence, we have modified IMRS of
vitreous silica artificially by densification in order to
investigate the effects on the thermodynamic
properties from the modified structure. We reported
the detailed results on the structural and evolution in
dynamics[2], which showed a large upward shift of
the Boson Peak on densification observed by
RAMAN scattering. However, RAMAN scattering
dose not often give a realistic intensity evolution
because of the unknown phonon-photon coupling
factor. Hence, we have conducted neutron inelastic
scattering studies as well as specific heat (Cp)
measurements to elucidate a relation between the
evolution of low energy dynamics including Boson
peak and low temperature thermodynamics in the
absolute value basis.

Experimental

The prepared samples are normal and densified SiO,
glasses, whose densities are 2.20 g/cc and 2.63+0.03
g/cc. The inelastic neutron scattering experiment was
performed on the AGNES spectrometer in JRR-3M
facility at the Japan Atomic Energy Research Institute
and the MARI spectrometer in the ISIS facility at
the Rutherford Appleton Laboratory, UK. For
studies in lower energy range, we also used the
LAMBSBOET spectrometer in KENS facility at the High
Energy Accelerator Research Organization, Japan.
The heat capacity of the densified SiO, was measured
by using a standard intermittent heating method at
Osaka university.

Results

Figure | shows the dynamic structure factor S(Q,E),
which was obtained by integrating in a Q range
from 1A" to 7A". Boson peaks of the normal and
densified sample exist at 5SmeV and 10meV
respectively. The intensity drastically decreased on
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) h - ---- Densitied Si0O,
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Fig.1. S(Q,E) integrated a Q range from 1 to 7 A
of the normal and densified SiO 2

densification in the low energy region, while the
intensities above 12 meV did not show any significant
change. Figure 2 shows the vibrational density of
states(VDOS) around the Boson peak. The data below
1.2meV was derived from the measurement on
LAMBOET. In the region below 1.2meV, the ratio
of the intensity between the VDOS's of two samples
does not have an ambiguity, however, the absolute
value was not estimated by the measurement.
Therefore, in order to estimate the absolute value of
the VDOS below 1.2meV, Cp was calculated from
VDOS by adjusting a constant factor to be multiplied
to the VDOS below 1.2meV until having a reasonable
agreement with the observed Cp. Here, the VDOS
between 1.2 and 2.0meV was taken an interpolated
value and a constant value below 0.2meV. The same
factor was used to calculate the Cp of the densified
sample. In Fig. 3 the observed Cp and calculated
one are depicted together with the observed Cp. The
observed Cp of the normal SiO, are taken from early
studies[4]. It is obvious that the decrease in Cp of
densified sample is induced from the small change
of VDOS around boson peak, which is about 0.5%
of the whole VDOS.
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Discussion

It has been clarified in the present work that the
evolution of the vibrational density of states is not a
simple shift on densification as observed by RAMAN
scattering[5], which was explained as a phonon
scattering by local density fluctuation[6}, but it is a
suppression of the states in the low energy region.
The shift is a result of the suppression. In the structural
study we found that a void space shrinks by
densification with keeping the tetrahedron structure
[2]. Of course the bond angle between SiO, units
becomes smaller by about 5 degree for the highest
density, however, this structural change mainly causes
a downward shift of the highest energy mode at 130
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Fig.2. The VDOS for normal and densified Si07 in
the low-energy region.
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Fig.3. The observed and calculated specific heat for
the normal and densified SiO

meV[3]. Hence, it is natural to consider that the
large suppression of the low energy dynamics is
related to the shrinkage of the void space{7]. Soft
mode in the void space has plausibly been suppressed
by its shrinkage, i.e. a constraint for freedom of the
soft mode in void space increases by densification.
This explanation is consistent with a recent theoretical
work on Boson peak by Nakayama[8].

The density of states below 0.5 meV seems to saturate
to a value as shown in the inset of Fig.2. Hence, Cp
was calculated using the neutron data by assuming a
constant density of states by extending the obscrved
value below the minimum energy of 0.2 meV as
mentioned in the previous section. In Fig.3
preliminary calculations of Cp, for the normal and
densified glasses, reasonably reproduces the observed
Cp very well. Here we note that the constant value
below 0.2meV is about 6.0x10° [1/(meV.SiO,-unit)]
for normal sample, which is about one-seventh of
the reported results [9]. The ratio between the density
of states of the normal and the highest density sample
is depicted. It is about 2.0 in the very low energy
range, makes a weak hump at about 4meV near the
Boson-peak energy, and gradually becomes unity at
about 12meV. According to the soft potential model,
the density of states of the Boson peak is proportional
to that of two level system{10], and extends up to a
certain energy about 12meV for vitreous silica [9].
The present results seems to be satisfying these
scenario. However, because of a contrary argument
from systematic studies[1 1], we should make a further
detailed investigation before making a conclusion .
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Zirconia ceramics as Zr0,-YO,; have
superior mechanical, electrical, themal and
opical properties. These properties closely
have connection with crystal structure.

Therefore, have

many researchers
investigated crystal structures and phase
transitions of zirconia ceramics. In zirconia
ceramics, the study of diffusionless cubic-
tetragonal phase transition is the key to
understand structural changes and phase
diagram."> The cubic-to-tetragonal phase
transition is believed to be induced by oxygen
displacement. Yashima et al. reported the
compositional  dependence of  oxygen
displacement throug neutron diffraction study
at room temperature. However, there is no
detailed knowledge on the temperature
dependence of the oxygen displacement, that
is of vital importance for the mechanism of
this transition. Aldebert and Traverse® studied
this phase transition using neutron powder
diffraction and investigated the temperature
dependence of lattice parameters and oxygen

atomic coordinate z. Yokota* reported in situ

JRR-3M, KSD, 5.Materials Science

observations of the tetragonal-cubic phase
transition using high-temperature neutron
diffraction in ZrO,-xmol%YO,s (x=12 and
14). In this study, in situ observations of the
tetragonal-cubic  phase  transition  are
performed using high-temperature neutron
diffraction for ZrO,-13mol%YO, ;.

A compositionally homogeneous ZrO,-
13mol%YO, s sample was prepared by a
polymerized complex method.® Neutron-
diffraction measurements were performed
using a neutron diffractometer KSD at JRR-
3M research reactor of Japan Atomic Enegy
Research Institute. Neutron diffraction profile
was in situ measured in air keeping the
sample at a constant temperature in the range
of 24°C to 1550°C where the sample was
heated using a new furnace for neutron-
Neutron

diffraction measurements.*

wavelength used here was 153 A . To

estimate the oxygen atomic coordinate,
profiles of 111 and 112 reflections were
measured by a step-scan technique. The

atomic coordinate z of oxygen was estimated
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by following equation':

R b o)

where be,ba,I(hkl), and L(hkl) denote the
average neutron scattering lengths of cation
and anion containing vacancies, the
integrated intensity of hkl reflection and the
Lorentz factor.

Figure 1 shows temperature dependence of
112 peak profile of ZrO,-13mol%YO,;. In
neutron  diffraction measurements, the
intensity of 112 peak, forbidden for cubic
phase, decreased from 24°C to 1484°C with
increasing in temperature and seemed (o
disappear between 1484°C and 1556°C. This
disappearance  indicates  that the
tetragonal-cubic phase transition occured at
1520£36°C. Figure 2 shows the relationship
between temperature and oxygen atomic
coordinate z in ZrO,-13mol%YO, ;. Oxygen
atomic coordinate z approached the cubic
value 0.25 with increasing in temperature.
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Structural investigation at high temperatures
is of vital importance for materials science and
engineering, physics, chemistry and geoscience.
In materials science, in situ measurements of
structures at high temperatures can improve (1)
the understanding of the structure-property
correlation, (2) optimization and understanding
of practical use of materials, (3) optimization and
understanding of materials processing. Neutron
diffraction is a powerful tool for studies of crystal
structures of materials containing elements of
very dissimilar atomic number or neighboring
clements in the Periodic Table. This technique is
useful to analyze the thermal motion and disorder
because of (1) the lack of clectronic interference
and of (2) neutron form factor independent of
scattering  angle. Neutron diffraction at
nonambient temperatures has an added advantage
over X-ray study: The low absorption of the
sample-environment apparatus itself is less
damaging to the data quality. Nevertheless, there
have been no available high-temperature furnace

for neutron-diffraction study above 1000°C in
Japan. Therefore, we have constructed a new
high-temperature furnace for neutron-diffraction
research at HERMES (T1-3) and at KSD (T1-2)
at the research reactor JRR-3M, in JAERL. In the
present report we describe the design of the new
furnace and some of the results obtained by it.

We have designed and fabricated a new
electric  furnace for neutron diffraction
measurements in air at high temperatures up to
1864 K (1591°C). The instrument has been
designed as effectively as possible to maximize
the neutron-diffraction intensity as well as to
suppress the background level and neutron-
diffraction intensity from outside the sample.
This furnace was also designed to have both a

Reactor: (JRR-3M)

Facility: (HERMES (T1-3), KSD(T1-2))

temperature homogeneity and ease for use. The

procedure was as follows:

1. The furnace uses MoSi, heaters. The MoSi,
heater has some advantages: (1) MoSi, heater
can be used in air, (2) little degradation during
usage in air and relatively long lifetime in air
comparing with SiC heaters, (3) MoSi, heater
can make a furnace with a temperature
homogeneity comparing with the mirror
furnace. (4) No low-temperature degradation
occurs which is often seen for the LaCrO,
heaters.

2. Relatively large samples can be used to
increase the neutron scattering intensities. It is
advantageous also for the alignment of the
furnace.

3. This furnace is not so large that it could be
moved by hand on the goniometer stage of
HERMES and KSD in JRR-3M, Japan Atomic
Energy Research Institute (JAERI).

4. The furnace is made of two parts: upper and
lower parts. Thus, the sample can quickly be
exchanged without the need for further
alignment of the furnace.

5. The body of the furnace was made from
aluminum and alumina walls, which enables
both ease of manufacturing and the excellent
penetration of neutrons. Aluminum wall was
used to shield the detector with collimators
from the thermal emission. Aluminum wall is
as thin as 0.5 mm to avoid any significant
absorption and the diameter is as large as 530
mm to keep as low as possible spurious
scattering from the walls that might enter the
detector. Walls made of porous alumina
refractories were also used both to improve the
temperature homogeneity of the sample and to
protect the aluminum wall against the high

Field: (materials)
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temperatures. The alumina wall is as thin as 15
mm to avoid any significant absorption and the
diameter is as large as 250 mm to keep as low
as possible spurious scattering from the walls
that might enter the detector. It should be noted
that except for these walls, no part of the
furnace is in the path of neutrons from the
sample.

6. The part between the furnace and the
goniometer-stage was cooled by water, to keep
the goniometer at room temperature.

We show two results below.  Figure 1 shows

5.68 %.Goodness of fit S was 1.88. It should be
noted that no significant peaks from heaters,
refractories and sample holder are observed as
shown in Figs. 1 and 2. Therefore we can
investigate weak reflection peaks and diffuse
scattering from samples. Furthermore Rietveld
refinements were successfully performed for
some samples in the wide range of temperature

(300 K-1823 K: 25°C-1550°C) Using this furnace,
we have been studying temperature dependence
of crystal structures of various materials.

We would like to express our thanks to Mr. S.
Hotta (Tokyo-Motoyama-Shokai) and Mr. K.

the Rictveld pattern of zirconia ceramics obtained Nemoto (Tohoku  University) for  the
at 1550°C at KSD (T1-2 site), where a computer experimental assistance.
program written by Izumi was used. The
reliability factors were Rwp = 12.62 %, Rp =
9.53 %, and R = 5.23 %. Goodness of fit S was
1.12. Figure 2 shows the Rictveld pattern of
HERMES (T1-3). The reliability factors were
Rwp = 997 %, Rp = 735 %, and Rl =
1600F 7 T 1 T T T T T .
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Fig. 1 Rietveld pattern for neutron diffraction data measured at 1550°C at KSD (T1-2).
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Fig. 2 Rietveld pattern of neutron diffraction data measured at 1550 "C using HERMES (T1-3).
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1-5-3 Neutron Diffraction Study on Nitrogenation of CoTiSn
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Tatsunokuchi, Ishikawa 923-1292, Japan
!Physics Department, Kyushu Kyoritsu University, Kitakyushu 807-8585, Japan
2Faculty of Education, Tottori University, Tottori 680-8551, Japan
3Research Reactor Institute, Kyoto University, Kumatori, Osaka 590-0494, Japan
‘Faculty of Engineering, Yamagata University, Yonezawa 992-8510, Japan

CoTiSn is a ferromagnetic Heusler compound
with the M gAgAs-ty pe structure. This crystal
structure has four interpenctrating fcc
sublattices with a vacancy site. It has been
revealed that the magnetic properties of the
compound are strongly improved by
nitrogenation. Both  saturation magnetic
moment and the Curie temperature are almost
doubled to those of Co,TiSn with the
Cu;MnAl-type structure where Co atoms fully
occupy a vacancy site of the MgAgAs-type
structure.

In the present study, we have performed the
neutron diffraction measurement on gas-phase
nitrogenation products (GPNP) of CoTiSn by
using HERMES in order to identify the
nitrogenation process of CoTiSn.

Polycrystalline sample was prepared by arc
melting the stoichiometric amounts of
constituent elements in pure Ar atmosphere.
Nitrogenation was performed on the pulverized
sample of CoTiSn in N, atmosphere. The
amount of absorbed nitrogen atoms in GPNP
was estimated by the increase of sample mass
during nitrogenation process. The sample
containing x=0.45 nitrogen atoms per a CoTiSn
formula was obtained and used for the
measurement.

Figure 1 shows the neutron diffraction
pattern and the result of the Rietvelt analysis of
GPNP of CoTiSn at 20 K. It is confirmed that
all the diffraction peaks are indexed as the
mixture of Co,TiSn, TiN and Sn. The Rietvelt
analysis indicates that GPNP consists of
Co,TiSn, TiN and Sn in the ratio of 1 : 0.88 :
0.79. In this analysis, Ry, and S(=R,y/R.)

JRR-3M, HERMES, 5. Materials Science

factors are 6.99 and 2.46, respectively.
Therefore, we propose the following possible
nitrogenation process for CoTiSn:

2CoTiSn + xN; — Coy,, TiSn + 2xTiN
+(1-»)Co + (1-20)Ti + (2-2x)Sn. (1)

Traces of Co and Ti metals have been not
observed in the diffraction pattern. In the case
of x=0.5 and y=1, eq. (1) is given by

2CoTiSn + 0.5N; — Co,TiSn + TiN + Sn. (2)

The ratio of three components in GPNP
obtained by the present analysis is in good
accordance with that in eq. (2). Thus we
conclude that GPNP of CoTiSn is composed of
equivalent molar Co,TiSn, TiN and Sn.

2 T T T T v T T L
. GPNP of CoTiSn x=0.45
¢ Co,TiSn
N x x TiN 1
5 + &
2
(6]
« 1F
o
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P
‘@
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£
0 ) [ o Vo o 1
" ! ll r III 1 I' ‘ ) Il LU l'l !
-——+——¢--—4—-—u-.+-m4-—-—-m
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26/°
Figure 1  Neutron diffaction pattem and the result of

the Rietvelt analysis of gas-phase nitrogenation products
(GPNP) of CoTiSn at 20 K.
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1-5-4 High-temperature neutron diffraction study of CaTiO, perovskite
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Department of Materials Science and Engineering, Interdisciplinary Graduat

School of Science and Engineering,

Tokyo Institute of Technology, 4259, Nagatsuta-cho, Midori, Yokohama, 226-8502, Japan.
Unstitute for Materials Research, Tohoku University, Katahira, Aoba, Sendai, 980-8577, Japan.

CaTiO, is a model compound for the Earth’s
most abundant mineral, (Mg,Fe)SiO, and has an
orthorhombic perovskite structure at room
temperature. High-temperature X-ray diffraction
studies on CaTiO, have been carried out by
several researchers and reported the phase
transitions from orthorhombic structure via an
intermediate to cubic phase. Vogt et .al'
performed high-temperature neutron diffraction
experiments, however showed no evidence for
the intermediate phase. We report here the phase
transitions and the evidence for the intermediate
phase  through  high-temperature  neutron
diffraction.

Neutron diffraction measurements were

performed in the temperature range from 23°C to

1447°C  using the powder diffractometer

HERMES installed at JRR-3M in JAERI. The
measurements  were done in  air under
atmospheric pressure. The neutron wave length

was 1.8196 A and the diffraction patterns were
recorded over the 26 range from 20.0 to 152.0
in step width 0.1° .

As shown in Fig. 1, the orthorhombic
120 and 210 peaks were not observed at 1299°C,
indicating an intermediate structure. Further
121,103 and 211 peaks of the intermediate phase
did not exist at 1447°C, showing the cubic
symmetry. The orthorhombic-to-intermediate
phase transition occurred at 1225 (£25) °C on
heating, and the
temperature was 1238 (+13) "C on cooling. These
temperatures agreed well, suggesting that this
transition is of the second order. On the other
hand, the intermediate-to-cubic phase transition
occurred at 1361 (x13) °C on heating, and the
inverse transformation temperature was 1363

inverse transformation

Reactor: (JRR-3M)

Facility: (HERMES(T1-3))

(x13) °C on cooling. These temperatures agreed
well, suggesting that this transition is also of the
second order. The Rietveld analyses of high-
temperature data are now in progress. The present
neutron-diffraction study has indicated that
CaTiO, has an intermediate phase between
orthorhombic and cubic phases. On the other
hand, in the previous high-temperature neutron
diffraction study, Vogt et al' reported no
intermediate phase.

References
1) T.Vogt and W.W. Schmahl, Europhys. Lett.
24, 281-285 (1993).
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Fig.1. Neutron diffraction paterns of orthorhombic,
intermediate and cubic CaTiO, observed at
23°C, 1299°C and 1447°C, respectively.
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Manganese oxide with cubic perovskite structure has
stimulated interest because of their magnetoresistive (M-
R) properties; they exhibit extremely large change in re-
sistance in respond to applied magnetic field. But for
technological applications to magnetic memory or switch-
ing device to be viable, great improvements are needed
in the field sensitivity.

Single ecrystals of (LaggNdg1)1.45r1.6Mn;07 were
grown by the floating-sone method at a feeding speed
of 14 mm/h. Powder X-ray diffraction measurements
at room temperature and Reitveld analysis indicate that
the crystals were nearly single phase. The neutron pow-
der profiles were obtained with Kinken powder diffrac-
tometer for high cfficiency and high resolution measure-
ments, HERMES, installed at the JRR-3M reactor in
Japan Atomic Energy Research Institute, Tokai, Japan.
Neutrons with wave length 1.819A were obtained by the
(331) reflection of Ge monochromater, and a combina-
tion of 12'-co-Sample-22’ collimator. Melt-grown crystal
ingots were crushed into fine powder and were sealed in a
vanadium capsule with helium gas, and mounted at the
cold head of the closed-cycle He-gas refrigerator.

In Fig.1 are shown powder patterns at z=0.1 together
with results of Rietveld refinements (Fat-Rietan); upper
panel is for 100 K (> Tn=60 K) and lower panel is for
15 K (< Tn). The obtained magnetic structure at 15 K
is of a layered-typ with magnetic moment of 3.3+0.05:5
along the c-axis. The exchange coupling is ferromagnet-
ic within the bi-layer but antiferromagnetic between the
neighboring bi-layers. The effective transfer integral teqo
in the double-exchange system is expressed as:

tegr = Lo - cos(6/2), 1)

where g and 6 are bare transfer integral and relative an-
gle of the adjacent t3,-spins. Then, the eg-carriers can
not hop into the adjacent bi-layers in the layered anti-
ferromagnetic state (teg ~0 if & ~ =x; shut state of the
spin-valve).

Figure 2 shows magnetic field dependence of out-of-
plane
component of resistivity p. (upper panel) and magne-
tisation M. (lower panel) for (Lag.gNdg.1)1.45r1.6Mn307
at various temperature. The CCP-MR shows a switch-
ing behavior near below the critical magnetic field for the
antiferromagnetic-ferromagnetic transition (see also the
magnetization curves in the lower panel). For example,
at 5 K the CPP resistance decreases from 14 {icm down
to 4 (lcm at H ~0.5 T (in the field-increasing run), and

JRR-3M, KDP, 5. Materials Scienece

then becomes nearly field-independent. The MR ratio
defined by p.(0)/p.(H) is ~120% at H=0.3 T at 5 K.
The ratio further increases up to ~250% (H=0.3 T) at
40 K on approaching to Ty (= 60 K).
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FIG. 1. Neutron powder profiles at 100 K (> Tn; upper
panel) and 15 K (< Tw; lower panel). Shaded arcas indi-
cate magnetic reflections, which are indexed in the /4/mmm
setting. Solid curve is results of the Rietveld refinement
(Rup=10.17 at 100 K and R.,=9.34 at 15 K).
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FIG. 2. The current-perpendicular-to-plane magnctoresis-
tance (CPP-MR; upper panel) and corresponding magnetiza-
tion curve (lower panel) at various tcmperature. The magnetic
field was applied perpendicular to the MnO;s-sheet (H || ¢).
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1-5-6 Structure of a Reentrant Liquid Crystal
O. Oishi, S. Miyajima, M. Nagao', and M. Imai’
Institute for Molecular Science, Myodaiji, Okazaki 444-8585, Japan

‘Neutron Scattering Laboratory, The Institute for Solid State Physics, The
University of Tokyo, Shirakata, Tokai, Naka, Ibaraki, 319-11, Japan

When conventional liquid loses its
isotropic (I) symmetry and assumes
uniaxial orientational order, the
nematic (N) liquid crystalline state is
formed. The smectic A (SA) state is
characterized by its one-dimensional
translational order in addition to the
nematic order. It is therefore natural
that the phase transition sequence be
I-N-SA on lowering the temperature.
However, the present compound,
CBOBP (4-cyanobenzoyl-oxy-[4-octyl-
benzoyloxy]-p-phenylene), exhibits a
transition sequence, I-N-SAd-N-SA1l
(doubly reentrant sequence) on lower-
ing the temperature. The second N
phase is called reentrant nematic (RN),
and the SAd to RN transition means
that 1-D translational lattice melts on
lowering the temperature. Due to this
peculiarity, the nature of this transi-
tion sequence has been one of the
interesting topics in recent liquid
crystal research [1].

We made neutron diffraction
study to clarify the structure of the
liquid crystalline phases and hence to
clarify the microscopic mechanism of
this phenomenon. For this purpose a
compound with perdeuterated chain,

JRR-3M, c1-2, 5. Materials Science

CBOBP-d17 was prepared. SANS-U
instrument was used at an wave-
length of 7.0 A with a velocity
selector.

Figures 1 shows the intensity of
the smectic primary peak. What is
striking is that the peak intensity was
very small in SAd phase; smaller than
those in N or RN phases, and there-
fore the reentrant melting seems to
accompany increase in peak intensity.
This revealed highly disordered chain
structure in the SAd mesophase, in
accordance with the deuterium NMR
study [1].

{1] S. Miyajima and T. Hosokawa,
Phys. Rev. B, 52, 4060 (1995).
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Figure 1. Intensity / of the smectic

primary peak as a function of

temperature in CBOBP-d17.
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1-6-1 PNO Study on Bovine Serum Albumin Gels 2
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Graduate School of Science and Engineering, Yamagata University, Y onezawa, Yamagata 992-8510
'Advanced Science Research Center, JAERI, Tokai, Ibaraki 319-1195

In a previous review"”, we reported the
structure of bovine serum albumin (BSA) gel
revealed by PNO measurements. The previous
results are summarized as follows. The
transparent BSA gel (C , the concentration of
BSA, 15wt% and no added salt) gave too very
small excess intensity to detect, indicating a
structure with a very small contrast or very
small junction point. On the other hand, the
opaque gel (C= 15wt% and C, the
concentration of NaCl, 0.2mol NaCl) gave a
clear difference between the intensity of the
gel and that of the solvent. The analysis of the
excess intensity indicated the value of 3.1+
0.05 as the fractal dimension. This value was
previously considered as mass fractals but
should be regarded as surface fractals, as a
result, the surface of the junction zone is
maximally rough. Furthermore, the structure
of the opaque gels, i.e., the size of the junction
zone and the size distribution strongly depend
on the gelation temperature.

In present work, we intended to investigate
the effect of added NaCl to the structure of
opaque gels. The measurements have been
carried out by PNO spectrometer. The details
of measurements and the analysis are described
elsewhere®. Four gels with different Cs (0.05,
0.1, 0.2, and 0.3M NaCl) were prepared by
heating during Smin at 90°C.

Fig. 1 shows the excess scattering curves
I(q), radially averaged, in a double log
presentation. The Porod behavior of 1(q)ocq*
is observed for the gel prepared at 0.05M NaCl.
On the other hand, the behavior of 1(q)°cq” is
observed for the gels prepared at 0.1-0.3M

NaCl. This crossover between the exponents
indicates a change in the surface structure of
the gels. The exponent value of -4 indicates
the smooth surface of the junction zones, while
the exponent value of -3 indicates the
maximally rough surface. The crossover occurs
at a concentration between 0.05M and 0.10M
NaCl. The results indicate that the PNO
technique is very useful to characterize the
surface structure and the size of the junction
zone of micron order in gels.
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Fig. 1. Log-log piot of intensity vs. q for four gels.
V(0.05M NaCl), O(0.1M NaCly, ¥(0.2M NaCl),
A(03M NaCl). The straight and broken lines
indicate the slopes of -4 and -3, respectively.

References

1) Y.Izumi, K.Soma, K.Aizawa, S.Koizumi,
and H.Tomimitsu,
JAERI-Rev. 99-003, p.27(1999).

2) K.Aizawa & H.Tomimitsu,
Physica B 213&214(1995)884-886.

1% . JRR-3M PNO (3G)

A PETRE (WA D

—201 -



JAERI—Review 2000—004

WET—< G FORRMEELS M1y IR

FE R —p—T 2L RV EZFFH = L DOP S R

1-6-2 Neutron Structure Analysis
of Poly(p-phenylene Benzobisoxazole)

Yasuhiro Takahashi
Department of Macromolecular Science, Faculty of Science,
Osaka University, Toyonaka, Osaka 560, Japan

In a previous paper,! the
disordered structure of poly(p-
phenylene benzobisoxazole) (PBO)
was reported, where one molecule
passes through a monoclinic unit
cell with parameters, a = 5.651
R, b = 3.570 &, c(fiber period) =
6.03 A, y=101.4°. 1In the
present study, neutron crystal
structure analyses of PBO were
carried out for the equatorial
intensity data measured at 17,
100, 200, and 295K.

Neutron diffraction
measurements were carried out by
a powder diffractoneter (HERMES)
equipped with JRR-3M installed by
the Japan Atomic Energy Research
Institute using A= 1.8196 A.
Numbers of observed reflections
on the equator at 17, 100, 200
and 295K are 11, 11, 12, and 12,
respectively.

The constrained least-squares
refinements? were carried out by
using the bond lengths and bond
angles reported by Fratini et
al.3 R-factors reduced to 9.85,
9.47, 13.14, and 12.08 % for 17,
100, 200, 295K, respectively. In
Fig. 1, the temperature

JRR-3M, HERMES, polymer

dependences of unit cell
parameters are shown and in Fig.

2, the half-widths of the
reflections, 100, 010, 110. The
half-widths are independent of
the temperature. This shows that
the crystallite size and lattice
distortion are independent of the
temperature. In Fig.3, the
crystal structure projected on
the ab-plane at 295K is shown.

In Fig. 4, the internal rotation
angle Tt is shown. PBO molecule
assumes the planar structure when
T is 180°. PBO molecule deviates
about 20° from the planar
structure.
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1-6-3 Local Mobility of Substituted Polyacetylenes and Its Relationship with Gas Permeability
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Substituted polyacetylenes generally exhibit
relatively high gas permeability among all the
existing polymers [1]. Among them, poly[1-
(trimethylsilyl)-1-propyne] [poly(TMSP)] and
poly[1-phenyl-2-(p-trimethylsilylphenyl)-
[poly(p-Me3SiDPA)] show
extremely high permeability to various gases.

acetylenc]

However, gas permeability of poly[1-phenyl-2-
( p-triisopropylsilylphenyl)acetylene] [poly( p-
iPr3 SiDPA)] is much smaller than those of the
above two polymers, which is rather
unexpected. A possibility is that, if the round-
shaped substituent is too large, its mobility is
‘low, which leads to low permeability. In this
work, therefore, the local mobility of three
polymers was studied by means of a
quasielastic = neutron scattering (QENS)
technique to confirm if the relatively low
permeability of poly(p-iPr3SiDPA) is caused
by its low mobility.

QENS measurements were performed with
HER spectrometer at a beam port C1-1 with a
fixed scattered wavenumber of kf = 1.25 Al
using a horizontal focusing analyzer.

Fig. 1 shows S$(Q,w) of three polymers
which were fitted to a Lorentzian function to
evaluate the relaxation rate of local motion I
and the mobile fraction fm . The results of fits
are shown in Fig. 1 as solid curves. As a
measure of the local mobility we took local
flux I'x fm which is a product of the relaxation
rate I and mobile fraction fm. In Fig. 2 the

local flux is plotted against the carbon dioxide

JRR-3M, HER, 6. Polymer

permeability coefficient Pco; for the three
polymers. The larger the CO2 permeability
cocfficient, the larger the local flux. It is
concluded that the local mobility is an
important factor to determine the gas

permeability in substituted polyacetylenes.
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Figure 1. S$(Q,w) of poly(TMSP), poly(p-
Me3SiDPA) and poly(p-iPr3SiDPA).  The
solid curves are the results of fits with a
Lorentzian function. The dashed lines
represents the inelastic contributions.
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Figure 2. Local flux I'x fin as a function of
CO3 permeability coefficient Pcos;..
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Sci, A Polym. Chem., 36, 2721 (1998) and
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Surfactant  solutions  and  block patterns shows anomalous coarscning of

copolymers show a varicty of ordered
mesophases.  Typical examples are one
dimensional cylinders, two dimensional
lamellac and gyroid structure having three
dimensional bicontinuous cubic lattice
with la3d symmelry. These ordered
morphologies composed of amphiphilic
molccules have large internal degrees of
freedom and this "soft" nature brings
unique features which are hardly observed
in "hard" materials.  In this study we
investigate the coarsening process of the
gyroid phase of a nonionic surfactant
system using time resolved small angle
ncutron scattering (SANS) and small angle
(SANLD)

tcchniques. The time cvolution of SANS

neutron  Lauc  diffraction

the gyroid domains.- The observed Laue
spot from a gyroid domain becomes
clongated along the radial direction with
the elapse of time and at a certain time the
elongated spot is split into two spots (Fig.
1).  The results can be interpreted as
follows. During the coarsening process,
mismatch of the lattice orientation at the
domain boundary brings strong stress to
the gyroid domain resulting in the
The stored

stress in the domain finally brings splitting

distortion of the domain.
ot the gyroid domain.  The elastic and
fragile nature of the gyroid domains
composed of the "soft matter" s

responsible to the anomalous coarsening.

60min

750min

300min 450min

900min 1200min

Fig. 1 Time evolution of Laue spot during coarsening process of gyroid domain

JRR-3M, SANS-U, 6 Polymer
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FLOW EFFECTS ON MICRODOMAIN STRUCTURE OF
POLY(STYRENE-b-2-VINYLPYRIDINE) SOLUTIONS

Y. Takahashi*, M. Noda, K. Matsuoka, T. Murayama

*Center for Integrated Research in Science and Engineering, and Graduate School of Eng,,
Nagoya Univ., Nagoya 464-8603 Japan

Flow effects on the lamellar structure
of a symmetric poly(styrene-dg-b-2-
vinylpyridine), ~DP20  (M,=3.6x10°,
M,/M_=1.08, ¢ps=0.53) in a common good
solvent, a-chloronaphthalene near the
order-disorder transition (ODT) were
studied by small angle neutron scattering
under steady shear flow (flow-SANS) at
30 °C for 14.0 and 12.5 wt% solution
(ODT: 12 wt% at 30 °C)".Flow-SANS
were performed with the SANS-U
spectrometer at the ISSP, The University
of Tokyo in JRR-3M at Tokai, Japan by
using a couette type flow cell.

Anisotropic scattering peaks were
observed in the vertical direction under the
flow for both solutions. When the flow
was stopped, the anisotropy disappeared
instantaneously for 12.5 wt% solution,
while it remain unchanged for rather a
long time for 14.0 wt% solution.

Figure 1 shows plots of the peak
intensity ratios, I(q*),/I(q*), vs. shear rate
Y for the two solutions. Here, y and x
denote vertical and horizontal (flow)
directions. The data for 14.0 wt% solution
increase with increase of Y up to say 10°
s, while the data for 12.5 wt% at the

JRR-3M, SANS-U, 6.polymer

lowest Y have very small value and tend
to be constant at around 10 at the higher
Y.

From above results, we conclude that
the lamellae of DP20 solutions are
oriented by the flow as their normals are
preferentially aligned along the vorticity
direction, though the degree of alignment
differ with concentration. The structure of
12.5 wt% solution is hardly oriented at

low Y. The detail of this study will
published in Proceedings of [SSP7.

r 1 i ’o' -
100 ? o o o Q o 'g
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Cc_ G
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10° 10! .10 10°
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Fig. 1 Plots of I(q*),/I(q*),, vs. Y for the
two solutions.

Reference

1. Takahashi Y., Kitade S., Noda M.,
Ochiai N., Noda I, Imai M, and
Matsushita Y., Polym. J. 30, 388 (1998).



JAERI—Review 2000—004

BRT—V: V—THKOHHEEZFITSH70y /1 ESEOHEGEBICHT MR
8 V-TROHEPRZEZETSH70v I/ A ESROHEEE

1-6-6 Phase Transition in

Block Copolymers

with a Looped Phase Diagram

T. Hashimoto, T. Hashimoto,

H. Hasegawa, M. Takenaka,

M, Sawamoto, M. Nagao' and M. Imai'

Department of Polymer Chemistry, Graduate School of Engineering,
Kyoto University, Sakyo-ku, Kyoto, 606-8501 Japan
! Neutron Scattering Laboratory, The Institute for Solid State Physics,

The University of Tokyo, Shirakata,

Phase behavior of a deuterated polystyrene-
block- poly(vinyl methyl ether) diblock copoly-
mer (DPS-PVME, M_ =5.0x10*, M_/M_=1.18,
DPS/PVME=61/49) was investigated by small-
angle neutron scattering (SANS) and transmission
electron microscopy (TEM). The sample prepa-
ration has been reported elsewhere.” It was found
that this sample also stayed in the disordered state
at all temperatures between room temperature and
460 K. Therefore, the DPS-PVME sample was
subjected to water vapor at room temperature be-
cause it was known that moisture significantly
decreased the miscibility between DPS and
PVME. The uptake of water before the SANS
measurements was 44 wt%.

Figure 1 shows the SANS profiles obtained
at 424 K for two DPS-PVME samples: one was
dry and the other wet. The scattering profile of
the dry sample showed no significant peak sug-
gesting the disordered state. In contrast, the wet
sample exhibits the peaks at q = 1.25x10" and
2.5x10"' nm™, suggesting the microphase separa-
tion into the lamellar structure with ca. 50 nm spac-
ing. This was confirmed by the TEM micrograph
of the RuO,-stained ultrathin section obtained from
the wet sample after cooling down from 424 K,
exhibiting a lamellar structure as shown in Figure
2. It is considered that RuO, stained the interfaces

JRR-3M, SANS-U, 6. Polymer

Tokai, Naka, Ibaraki, 319-11 Japan

between DPS and PVME dark. Then the lamellar
spacing obtained by TEM is ca 50 am in good
agreement with the SANS result.

References

1) T. Hashimoto et al., Macromolecules, 30,
6819 (1997).
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Figure 1 Effect of moisture on the SANS profiles of the
DPS-PVME diblock copolymer at 424K.
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Figure 2 Electron micrograph of the DPS-PVME diblock

copolymer annealed at 424K under the presence of mois-
wure.
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1-6-7 Kinetics of Volume Phase Transition in
Poly(N-isopropylacrylamide-co-acrylic acid) Gels

M. Shibayama and H. Hirose
Department of Polymer Science and Engineering, Kyoto Institute of Technology,
Matsugasaki, Sakyo-ku, Kyoto 606-8585, Japan

The shrinking/swelling behavior across
the volume phase transition temperature, T,
has been investigated for cylindrical gels
made of poly(N-isopropylacrylamide-co-
acrylic acid) (NIPA/AAc). The NIPA/AAc
gel shrank at T, = 43°C by quasistatic
heating. On the other hand, the gel
underwent a shrinking transition at a lower
temperature, i.e, T, = 40 °C, when a
temperature jump was applied to the gel
from 20 °C. More interestingly, the
shrinking process consisted of three stages;
(1) a uniform shrinking stage where the gel
diameter, d, decreases exponentially, (ii) a
plateau stage where the gel shrinks further
from both ends of the cylinder while the
middle (swollen) part remains in swollen
state, and (iii) a collapsing stage where the
middle part of the gel shrinks linearly with
time. This sequential process was found
to be characteristic of weakly charged gels
with a large aspect ratio. This interesting
shrinking behavior was discussed by
comparing the results of swelling kinetics.
In the case of NIPA homopolymer gel, the
shrinking process was strongly decelerated
due to phase separation, while the swelling
process was well reproduced by the TF
theory.

Experimental Section

Samples  Poly(N-isopropylacrylamide-
co-acrlyic acid) (NIPA/AAc) copolymer
gels were prepared by redox
polymerization. NIPA monomer was
purified by recrystallization. An aqueous
solution of a monomer mixture of NIPA
(668 mM) and acrylic acid (AAc; 32
mM) was polymerized in the presence of
N,N’-methylenebisacrylaimde (BIS;
cross-linker; 8.62 mM) in a micropipette
of 471 um-diameter at 20 °C. Thus
prepared gel was cut to a cylindrical
piece of 5 mm long and washed with an

JRR-3M, SANS-U, 6. Polymer

excess amount of distilled water.
Swelling Degree measurement The
sample was immersed in a thermostatted
chamber filled with distilled water. The
degree of swelling was measured by
monitoring the diameter of the cylindrical
gel, d, via an inverted microscope
(TMD300, Nikon, Japan) coupled with an
image processor  (Algas 2000,
Hamamatsu Photonics, Japan).
Small-angle Neutron Scattering
Small-angle Neutron Scattering (SANS)
experiments were carried out at the
Research Reactor of the Institute of Solid
State Physics, the University of Tokyo,
located at the Japan Atomic Energy
Laboratories, Tokai, Japan. Two types of
NIPA/AAc gels having different sample
dimensions were employed. One was a
one-piece gel of disk shape with the
dimension of 4 mm thick and 25 mm in
diameter, and the other was a smashed gel
with a SO0 um sieve. In both cases, the
gel samples were sealed in a quartz cell and
thermostatted at the desired temperature.
Results and Discussion

Figure 1 shows the comparison of the
variations of d/d, for quasistatic heating
(filled circles) and T-jump processes (open
circles) for NIPA/AAc gels, where d, is the
gel diameter at preparation. In the case of
quasistatic heating, the gel remains in a
swollen state until 43 °C, and then
suddenly shrinks to the shrunken state as
shown by filled circles. Note that it took
60 h to reach the shrunken state. On the
other hand, a T-jump resulted in a steep
decrease in d/d,, followed by a plateau
region. [t should be noted here that there
is a significant difference in d/d, between
the two processes, although both of d/d,’s
eventually reach the same value (i.e., d/d, =
0.5). This provides much insight into the
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shninking mechanism of weakly charged
gels. Now, we ask ourselves (i) why the
charged gels have the intermediate size
during the T-jump and (ii) why the value of
d/d, is larger for the case of the quasistatic
heating than that for the T-jump. In order to
answer these questions, we carried out a
SANS experiment.

Figure 2 shows a comparison of SANS
intensity curves of smashed gels (in
equilibrium) and of one-piece gels after T-
jump to 40 °C. The smashed gels can easily
attain its thermodynamic equilibrium by
temperature change compared with the one-
piece gel because the size of individual gels
is on the order of submilimeters. By T-
jump, the scattered intensity, 1(q), increased
with time and a scattering peak appeared at
q = 0014 A, The intensity rise was
confirmed to saturate at t > 16 min. On the
other hand, it took several hours for the
one-piece gel of this thickness (4 mm) to
reach equilibnum because this is a
diffusion-limited  process. This figure
indicates that the microdomain structure
with characteristic spacing of 27/q = 450 A
1s further developed in the smashed gels
than in the one-piece gel.

We propose a mechanism for the
shrinking process of NIPA/AAc gels. By
quasistatic heating, a gel has enough time
to adjust to a new equilibrium whenever
temperature is changed. Above the so-
called O temperature of NIPA gels, i.e., ca.
34 °C, hydrophilic regions around the
charged AAc segments are formed in the
gel.  This is a kind of microphase
separation. The hydrophilic regions retain
the swollen state until the attractive
interaction (hydrophobic demixing)
dominates the repulsive interaction
(electrostatic interaction and/or Donnan
potential). This is why the gel keeps a
larger value of d/d, until 43 °C before
shrinking to the shrunken state. Contrary
to this, a T-jump does not allow the gel to
form such region, resulting in a less

swollen state (at the plateau region). This is
why the gel treated by quasistatic heating
has a larger swelling ratio than the T-
jumped gel in the plateau region.

The details of the experiment and the
discussion are given elsewhere.'

References

1. M. Shibayama and H. Hirose,
Macromolecules, 31, 5336 (1998).
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1-6-8 Conformation of a Graft Polymer Chain in Lamellar Microphase-Separated

Structure

N. Torikai, J. Suzuki,' J. Watanabe,? and Y. Matsushita®

Neutron Science Laboratory, KEK, 1-1 Oho, Tsukuba, Ibaraki 305-0801, JAPAN
!Neutron Scattering Laboratory, ISSP, The University of Tokyo, Tokai, Ibaraki 319-0801, JAPAN
2Fuji Film Corporation, Minami-Ashigara, Kanagawa, 250-0123 JAPAN
3 School of Engineering, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8603, JAPAN

ABB graft copolymer has a peculiar structural
feature that its A- and two B-chains are connected
at one junction point so that its chain distribution
is asymmetric at domain boundary in microphase-
separated structure, while AB diblock copolymer
shows symmetric chain distribution. It was
clarified in our previous work that ABB graft
copolymer  shows  different  composition
dependence of morphology from that of AB
diblock copolymer due to its asymmetric chain
distribution. In this work, we investigated the
conformation of A-graft chain of ABB graft
copolymer in alternating lamellar structure by
small-angle neutron scattering (SANS)
measurement.

Samples used are a poly(2-vinylpyridine-g-
styrene-hg) (SPP) having the molecular weight,
M, of 327x10° and the volume fraction of styrene
graft chain, ¢, of 0.56, and its counterpart (DPP)
with deuterated styrene graft chain having
M=324x10° and ¢;=0.43. They were mixed at the
ratio of SPP/DPP=87.0/13.0 in weight so as to
equalize coherent scattering length densities of
polystyrene and poly(2-vinylpyridine). A film
specimen for SANS was prepared by solvent-
casting from di'ute THF solution, and annealed at
150 °C in vacuum for a week. It was confirmed by
small-angle x-ray scattering that lamellar structure
was formed parallel to film surface with high
orientation. SANS measurement was performed
on SANS-U spectrometer of ISSP, the University
of Tokyo, installed at JRR-3M reactor. The
wavelength, A, of neutrons was 7 A, and the
distance between sample and detector was 12 m.
Scattering intensities were observed at through
view geometry, in which incident neutron beam is
irradiated along the direction perpendicular to film
surface.

JRR-3M, SANS-U, 6.Polymers

Diffraction peaks from lamellar structure was
not observed in scattering intensity profile at the
through view, though the profile is not shown here.
It was assumed that the scattering intensity profile
without diffraction peaks consists of only single-
chain scattering from styrene graft chain. Thus,
the radius of gyration, R,,, of styrene graft chain
along the direction parallel to lamellar interface
was evaluated from the scattering intensities at the
through view according to the modified Guinier’s
approximation

I(@=I0)exp(-g°R,>
where q is the scattering vector. Figure 1 shows
the Guinier plots of scattering intensities, in which
the upper limit of the Guinier range defined as
q’R,,’<1.3"/3 is indicated by the vertical broken
line. The value of R,, of styrene graft chain was
evaluated to be 5.42nm. This value is slightly
larger than that of styrene block chain of SP
diblock copolymer, 5.12nm, calculated from the
empirical relationship obtained for SP diblock
copolymers

R,,=0.0289M,"* (nm)
using the weight-averaged molecular weight,
169x10°, of styrene graft chain for M.

In(intensity) (a.u.)

1 :l | 1 1
0.00 0.01 0.02 0.03 0.04 0.05 0.06

2 -2
g (nm”)
Figure 1 Guinier plots of scattering intensities at the through
view for SPP graft copolymer.
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1 - 6 - 9 Chain Conformation of a Protein Polypeptide in the Presence of Sodium Dodecyl Sulfate

Y. Watanabe, . Tanaka' , M. Imai®, Y. Sano, and N. Niimura'

National Food Research Institute, Tsukuba, Ibaraki 305-8642, Japan
!Advanced Science Research Center, JAERI, Tokai, Ibaraki 319-1195, Japan
?Faculty of Science, Ochanomizu University, Bunkyo, Tokyo 112-0012, japan

Sodium dodecyl sulfate (SDS) —polyacrylamide
gel electrophoresis 1s used for estimating the relative
molecular weight of a proten polypeptide n
biochemistry. The method has arisen from a series of
empirical observation, so that its detailed physical
basis is not yet fully understood. The high level of
binding of the charged detergent and the constant
binding ratio will generally “swamp out” the
intrinsic charge contribution of most proteins, so that
an approximately constant negative charge per unit
mass will be obtamed. All polypeptides also appear
to have a similar shape when SDS 1s bound,
generally considered as elongated particles, with a
constant diameter and a length proportional to the
number of amino acid residues in the polypeptide
chain. The exact nature of the protein-SDS complex
is not known; none of the models proposed is
entirely consistent with the many experimental
observations.

In this study,
perdeuterated dodecyl sulfate in neutron scattering

as a first approach, the

experiments was used to determine the configuration
of the protein-polypeptide derived from reduced
carboxymethylated bovine serum albumin in the
complex.

Small-angle neutron scattering experiments were
performed with the SANS-U spectrometer of the
Unuversity of Tokyo in JRR-3M reactor of Japan

JRR-3M, SANS-U, 6. Polymers

Atomic Energy Research Institute (Tokai). Sample-
to-detector distance and wavelength were 1m and 7
A respectively.

Figure 1 shows the Kratky plot for a typical
scattering pattern of reduced carboxymethylated
bovine serum albumin in perdeuterated dodecyl
sulfate. The scattering of the protein polypeptide in
the complex was obtaned in the D,O buffer solution
that matches approximately the scattering length
density of perdeuterated dodecyl sulfate. From the
transition Q value, that is 0.12, the protein
polypeptide chain in the complex is found to be a

wormlike chain with a persistence length of about 16
A

1000

Q21

uo 0.1 0.2 03

QAr-1)

Figure 1 the Kratkey plot of the protein polypeptide chain
in dodecyl sulfate.
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Structural Studies of Sol-Gel Transition of Gellan Gum in Water

Y. Izumi, Y.Jinbo, K. Soma, S.Saito, M.Nagao', M. Hashimoto'
and T. Takahashi'

Graduate School of Science and Engineering, Yamagata University, Yonezawa,
Yamagata 992-8510 Japan
!Institute for Solid State Physics, University of Tokyo, Roppongi, Tokyo 106, Japan

Phusico-chemical studies show that gellan
gum forms a thermoreversible gel upon cooling
and suggest that the junction zones of the gels
arise from the association and possibly
crystallization of sections of the polymer chain.
Although many studies have been performed
to reveal the structure and mechanism, its
gelling mechanism is not yet fully understood.

The present work aimes to specify the
gelling characteristics and the gel structures of
gellan gum in aqueous solutions by means of
SANS-U and ULS. The sample of sodium-
salt-type gellan gum was used. The inorganic
ions were contained as Na*:2.59%, K*:0.009%,
Ca*:0.02% and Mg*:0.001%. The number
average and weight average molecular weights
were 5.7x10* and 9.47x10", respectively. The
samples were prepared in the absence of added
salts.

The neutron scattering experiments were
performed with the ISSP C1-2 SANS-U and
C1-3 ULS spectrometers installed at JRR-3M
reactor of JAERI (Tokai). The SANS-U data
were obtained at 25° 35° and 55°C while the
ULS data were obtained at 30°C.

Figure 1 shows the SANS-U profiles at
6wt% of gellan gum. As can be seen, a peak
has appeared at around q,=0.075A" at 25°C.
At 35°C, this peak becomes sharper and the
second peak has appeared at around q,=0.15A".
Noting that these q, values are in a simple
ratio of 1:2, the ordered structures in the gels
are lamellae and the junction zone is formd by
such a lamellar stack. At 55°C, these peaks
almost disappears. The results suggest that the
interaction forming these lamellae is due to
the hydrogen bonding between hydroxyl groups
contained in the chemical structure of gellan
gum.

Figure 2 shows the excess ULS curve of
gellan gum gel in a double log presentation.
As can be seen, a power-law decay is observed.
After the slit collimation, we obtain 2.60 as
the fractral dimension. As this value is closer
to the dimension 2.5, it is suggested that the
gelation proceeds according to the diffusion
limited aggregation mechanism.

JRR-3M, SANS-U & ULS, 6. polymer
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Fig. 1. SANS-U profiles for the gellan gum inD,O at
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1-6-11 Microsiructure Dependence of Pressure Effects on Polymer Miscibility

H. Hasegawa, M. Takenaka, T. Hashimoto,
M. Nagao' and M. Imaij'

Department of Polymer Chemistry, Graduate School of Engineering,
Kyoto University, Sakyo-ku, Kyoto, 606-8501 Japan
! Neutron Scattering Laboratory, The Institute for Solid State Physics,
The University of Tokyo, Shirakata, Tokai, Naka, Ibaraki, 319-1106 Japan

Introduction Pressure dependencies of the mis-
cibility of polydienes were investigated by small-
angle neutron scattering (SANS) directing our at-
tention to their microstructures. Deuterated
polybutadiene (DPB) and polyisoprene (HPI) can
take plural microstructures as shown in Table I,
and the percentage of each microstructure in the
polymer molecule depends on the synthetic
method.

Experiment SANS-U (l=7.0A, SDD=4.0m or
8.0m) equipped with the high-pressure cell» was
used. The scattering data were obtained for two
deuterated polybutadiene-block-polyisoprene
diblock copolymers (DPB-HPI) with different mi-
crostructures and molecular weights: B-11 (94.8%
1,4 for both DPB and HPI, M =4.9x10°) and B-12
(45.8 and 27.6% 1,4 for DPB and HPI, respec-
tively, M =7.0x10%) as a function of temperature
and pressure.

Results Under atmospheric pressure, the two
block copolymers exhibited quite different phase
behavior. Both samples were in disordered state
at room temperature. The miscibility of B-11 de-
creased significantly with increasing temperature
(resulting in a large increase in the scattering in-
tensity) and underwent ordering transition, exhib-
iting lower critical order-disorder transition tem-
perature (LCODTT)-type phase behavior. On the

JRR-3M, SANS-U, 6. Polymer

other hand, the temperature dependence of the
scattering intensity of B-12 was very small but
decreased slightly with increasing temperature
indicating upper critical order-disorder transition
temperature (UCODTT)-type phase behavior. The
pressure dependence of the scattering from the two
samples was also very different. The miscibility
of B-11 increased dramatically with increasing
pressure, indicating upper critical order-disorder
transition pressure (UCODTP)-type phase behav-
tor. In contrast, the scattering intensity of B-12
slightly increased with increasing pressure,
indicating lower critical order-disorder transition
pressure (LCODTP)-type phase behavior. Thus,
it was found that temperature and pressure affect
the miscibility in an opposite manner.
References

1) H. Takeno et al., Polymer J., 29, 931 (1997).

Table I Possible microstructures for DPB and HPI
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1-6-12 Aggregation Behavior of Amphiphilic Polymers in Water and Organic Selective Solvents

Hideki Matsuoka, Minoru Nakano, Makoto Kubota, Masaki Deguchi,
Yusuke Yamamoto, and Hitoshi Yamaoka,

Department of Polymer Chemistry, Kyoto University, Kyoto 606-8501, Japan

Block copolymers self-assemble in
selective solvents to form micelles consisting
of an inner core composed of solely insoluble
segments and outer shell of soluble segments
swollen by the solvent. Although many
studies have been reported on conventional
hydrocarbon block polymers, little is known
about block

Recently, we have studied the aggregation of

organometallic polymers.

amphiphilic carbosilane block copolymer
composed of poly(l,1-diethylsilacyclobutane)
(PSB) and poly(2-hydroxyethyl methacrylate)
in methanol and toluene solutions by a small-
angle X-ray scattering.! Here, we examined
the micellar structure formed by amphiphilic
block copolymers composed of PSB and
poly(2,3-dihydroxypropyl
(PDHMA) (Fig. 1) in aqueous solution by a

methacrylate)

small-angle neutron scattering.

\7 Ph
prt iw;\kj”
Ph o o
OH
Figure 1. Chemical structure

of PSB-6-PDHMA OH

Figure 2 shows SANS profiles in D5O.

Strong scattering at small angle region
indicated the existence of aggregates. The
scattering curve of polymer A was well

reproduced by the theoretical curves of a core-

JRR-3M, SANS-U, 6. polymer

shell spherical model. On the other hand,
scattering intensity of polymer B was
proportional to 1/q at small angle regions
(q<0.01), indicating the formation of rod-like
micelles. It is thought that a block polymer
having low molar fraction of hydrophobic
segment (PSB) formed spherical micelle,
whereas a polymer having high molar fraction
of PSB formed anisotropic micelle. The
analogous tendency has been observed in the
case of amphiphilic vinyl ether  block

copolymers.2
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Figure 2. SANS profiles of 1.0 v% PSB-5-PDHMA

aqueous solution.  Solid line is theoretical curve for
core-shell sphere (R, =62 A, R = 120 A, Nagg =320).
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Effect of Concentration Fluctuation on Segmental Motions in
Concentrated Solutions of Polyvinylacetate

M. Nakazawa, O. Urakawa, and K. Adachi

Department of Macromolecular Science, Graduate School of Science ,
Osaka University, Toyonaka , Osaka 560-0043 Japan

In our recent dielectric studies
for concentrated solutions of poly(vinyl
acetate) (PVAc) in toluene (Tol), we
found that the dielectric relaxation
spectrum  for the segmental mode
process of PVAc broadened strongly.
One of the origin for the distribution of
relaxation times may be attributed to
local heterogeneity present in the
solutions. In order to examine this
possibility, and also to determine the
average length scale of the hetero-
geneity, we investigated small angle
neutron scattering for concentrated
PVAc/Tol solutions.

Polyvinylacetate (PVAc) with
molecular weight of 200,000 was
purified by reprecipitation from metha-
nol solution in water. Deuterated toluene
C,D; used as the solvent was obtained
from Wako Pure Chemicals Co.
Measurements of small angle neutron
scattering (SANS) were performed by
using SANS-U at Japan Atomic Energy
Research Institute, Tokai, Japan. The
q-range employed was from 0.007A "' to
0.04 A '. Intensities due to incoherent
scattering and scattering from quarz cell
were corrected by using the SANS data
for 30 and 40 wt% solutions of the
monomer (vinylacetate) in C,Dy.

Results for 30 wt% solutions are
shown in Fig.1. The most characte-
ristic feature of SANS profile is that a
steep increase of the scattering intenciry
1 is seen in the range q < 0.01. This
indicates the existence of inhomo-
geneity of long length scale. The
intensity increases with decreasing
temperature indicating the amplitude of
the concentration fluctuation increases

JRR-3M, SANS-U, 6. polymer

with decreasing temperature. This
result is in harmony with the dielectric
data, i.e., the dielectric relaxation
spectra  broaden  with  decreasing
temperature. Similar results were also
obtained for 40 wt% solutions. The
length scale of the concentration
fluctuation was estimated from the
Ornstein-Zernike plot to be ca 30nm.

One may anticipate from this
feature that PVAc solution is gel-like.
However it is noted that the solution is
transparent and a viscous liquid at least
in the range above 265 K. Therefore the
inhomogeneity observed for PVAc
solution is not due to crosslink points.
At present we cannot explain this
peculiar behavior.

0.1 E T L | T 7_:
r PVAc/Tol o 300 K ]
- 30 wt% o 2651 1
i o 2339 |
-0.01 SA A 2218
o i
o

0.001 ¢

Ll

0.0001
0.01 0.04

log g

Fig.1 q dependence of the
logarithm of scattering intensity I.
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1-6-14 Large Scale Structure of Microcrystalline Cellulose in Aqueous Suspension
M. Sugiyama?, K. Hara®, N. Hiramatsu® and H. Iijima‘

2 Department of Chemistry and Physics of Condensed Matter, Graduate School, Kyushu
University, Fukuoka, 812-8581 Japan
b Institute of Environmental Systems, Kyushu University, Fukuoka, 812-8581 Japan
<Department of Applied Physics, Fukuoka University, Fukuoka, 814-0180, Japan
d Chemical Technology Department IV, Asahi Chemical Industry Co., Ltd., Nobeoka,
Miyazaki 882-0847, Japan

A microcrystalline cellulose (MCC), which
has been recently developed by Asahi Chem-
ical Industry Co., Ltd., is a fine particle with
the average size of 3 um. We revealed that
in the scale range between 10 and 100 nm
this new material has a fractal structure
with the dimension of 2.2 using a small an-
gle neutron scattering method'. And then
we are interested in the maximum limit of
this fractal structure and an inter-particle
corelation in an aqueous suspension of MCC
since the unique property of this new mate-
rial is that its aqueous suspension exhibits al-
most temperature-independent viscosity be-
tween 20 and 80°C2.

In order to clarify the large scale struc-
ture, we performed the ultra small-angle neu-
tron scattering experiment with ULS (US-
ANS) spectrometers installed at JRR-3M in
the Japan Atomic Energy Research Institute,
Tokai, Japan. A deuterated aqueous suspen-
sion of a specially prepared microcrystalline
cellulose, of which MCC concentration was
4.0 wt%, was supplied by Asahi Chemical In-
dustry Co., Ltd, Japan.

Figure 1 shows the USANS profiles of the
deuterated aqueous suspension of MCC par-
ticles in the double-logarithmic scale. The ¢
dependence of the scattered intensity obeyed
the power law with the index of -1.3. It has
been known that an observed index is added
one into a true index because of the smear-
ing effect by the shape of the incident beam
profile (lengthx width=2x1 cm?) in the ULS
spectrometer®. Therefore, the fractal dimen-
sion in this ¢g-range is about 2.3, which is al-
most same with the dimension observed in

JRR3M, ULS, 6 Polymer

Intensity /arb.units

107

0
Scattering vector / A™'

Fig. 1. Double-logarithmic plots of the US-
ANS of the deuterated aqueous suspension of
MCC particles at room temperature. :

higher ¢-range previously!. In Fig. 1, the
smallest g value (~6x10~% A=) corresponds
to 10 pm in a real space. This is larger than
the average size of the MCC particle of 3 um.
Therefore, the aggregation could occur in this
concentration (4wt%). In addition, there is
no peak indicating the ordering of the micro-
crystalline cellulose particles. This also indi-
cates that there is no ordered structure be-
tween the aggregated units.

1. M. Sugiyama, K. Hara, N. Hiramatsu and
H. lijima: Jpn. J. Appl. Phys. 37 (1998)
L404.

2. E. Kamata: New Food Industry, 36 (1994)

59 (in Japanese).
3. Y. Izumi, A. Uchida, H. Nogami,

K. Kajiwara, H. Urakawa, Y. Yuguchi,
M. Hashimoto and T. Takahashi: Activity
Rep. Neutron Scattering Res., 4 (1997)
205.
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1 '_6-1 5 Application of Contrast-Matching Technique to Neutron Reflectivity Study
on Bulk Polymer System

N. Torikai, Y. Matsushita, ! K. Soyama, 2 N. Metoki, 2 and Y. Morii?

Neutron Science Laboratory, KEK, 1-1 Oho, Tsukuba, Ibaraki 305-0801
! School of Engincering, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8603
2 Japan Atomic Energy Research Institute, Tokai, Naka-gun, Ibaraki 319-1195

In the preceding study, we have investigated
interfacial structures of isoprene-styrene-dg-2-
vinylpyridine (IDP) triblock copolymers with
lamellar microdomains by using neutron
reflectivity (NR) measurement. However, there
exist two kinds of interfaces, i.e., /D and D/P,
in microphase-separated structures of IDP
triblock copolymers, so that it is difficult to
determine the exact structure from their
reflectivity profiles uniquely. In principle, it is
possible to eliminate the contribution of
interfacial structure to reflectivity profile by
matching scattering length densities, b/v,
between two phases at the interface. Thus, we
checked the applicability of contrast-matching
technique to NR measurement on bulk polymer
system by using styrene-2-vinylpyridine diblock
copolymer, which has been well characterized
by small-angle neutron scattering (SANS).

Samples used are a  styrene-hg-2-
vinylpyridine (SP) diblock copolymer and its
counterpart (DP) with deuterated styrene block
chain. Their molecular weights are about
6.5x10* and the volume fractions of styrene
block chain are 0.50. It has been confirmed that
both diblock copolymers form lamellar
structures in bulk. Also, it was clarified by our
previous SANS work" that their optimum blend
ratio for satisfying contrast-matching condition
between styrene and 2-vinylpyridine s
DP/SP=10.5/89.5% in weight. Thus, DP and SP
were blended at that optimum ratio determined
by SANS. Thin film specimens for NR were
prepared by spin-coating from p-dioxane
solutions on silicon wafers, and then were
annealed at 150 °C in vacuum for one week. NR
measurement was performed on the triple-axis

spectrometer (LTAS) of JAERI using neutrons
with the wavelength, A, of 6.2 A. Specular
reflection was observed as a function of neutron
momentum transfer, q (=4nsin6/A), along the
direction perpendicular to film surface.

Fig.1 compares specular reflectivity profiles
for DP and its blend with SP. The critical q
value of total reflection for DP/SP blend is
apparently lower than that for DP indicating that
average b/v value of DP/SP is lower than that of
DP. Also, DP shows the Bragg peaks from
lamellar structure, which is preferentially
oriented along the direction parallel to the film
surface, but DP/SP blend does not show them.
These results imply that contrast-matching
technique is applicable to NR on bulk polymer.
In the next step, IDP/ISP blend whose (b/v)’s of
styrene and 2-vinylpyridine are designed to be
matched, should be investigated.
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Fig.1 Comparison of specular reflectivity profiles for DP and its blend
with SP.

Reference
1) Y. Matsushita et al., Macromolecules 21
(1988) 1802-1806.
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1-6-16 Neutron Spin-echo Study of the Dynamic Behavior of Amphiphilic
Diblock Copolymer Micelles in Aqueous Solution.

Y. Yamamoto,#H. Matsuoka, H. Yamaoka

Department of Polymer Chemistry, Kyoto University, Kyoto 606-8501, Japan

Amphiphilic polymers, sometimes called
polymer surfactants, are 2 class of
macromolecules that consist of hydrophobic and
hydrophilic segments connected by a covalent
bond. The coexistence of these two kinds of
segment in a single polymer chain is expected to
produce very interesting characteristics, such as
a surface activity, and micellization. The
structure and dynamics of these micelles in
aqueous solution have been attracting keen
attentions for physical chemists and
biochemists. The importance of the study on
amphiphilic polymer micellization in aqueous
systems is absolutely obvious if one take what
happens in biological systems into account.

The structual study on micelle geometry in
aqueous media is systematically performed by
some researchers. Next interest is dynamics of
micelle structure. A dynamic light scattering
(DLS) is now common and conventional
technique to evaluate dynamics in a system, but
the dimension of the structure of the system is
limited to large scale region because of the
limitation of Q range covered. So we use
Neutron Spin-Echo(NSE) technique. Since NSE
technique can give us an information of
dynamics in the length scale of polymers, this
technique should be quite useful to study the
dynamics of polymer micelle.

In this study, a systematic NSE study has
been carried out for diblock copolymer micelle
in aqueous solution to estimate dynamic
properties existing in this system.

The amphiphilic polymer used is a diblock
copolymer of poly-2-hydroxyvinylether as a
hydrophilic segment and poly-n-butylvinylether
as a hydrophobic segment (N496). The degree
of polymerization of each segments are 49 and
6, respectively.

Figure 1 shows the time correlation function
obtained by NSE experiments for N496 5wt%

" D,O solution at various scattering vector Q. The
time-correlation functions obtained were well

JRR-3M. NSE, 6.polymer

fitted by double exponential function and the
fast and slow modes could be separately
estimated. The slow mode showed an
excellent linearity in I' -Q2 plot. From its
slope, a translational diffusion coefficient was
estimated. The hydrodynamic radius(Rp)
obtained by Einstein-Stoke equation was
consistent with the value which was estimated
by DLS. Hence, this slow mode reflects the
translational diffusion of polymer micelle in
aqueous solution.

On the other hand, the fast mode was found to
be a major factor at larger scattering angle
regions, in which SANS curve showed Porod
behavior. From this fact, the fast mode should
be an internal motion of the polymer micelle.
We believe that the origin of the fast mode is the
corona dynamics, more detailed analysis should
be necessary to clarify this point completely. A
comparison with theoritical prediction is now in
consideration.

By systematic NSE experiments, two
dynamic modes, the fast and slow modes, were
found for amphiphilic diblock copolymer
micelle in aqueous solution. It was clearly
confirmed that NSE is very powerful tool to
study dynamics which can not be covered by
DLS technique for its spatial dimension and
time-order.
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Fig.l The time correlation function obtained by
NSE for N496 micclles in aqueous solution.
Conc.=5wt% temp=217T .The lines are the best fit
curves by double exponential function.
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1-6-17 Neutron Spin Echo Studies on PVA gels

T. Kanaya, K. Kaji, Y. Kawabata2, M. Nagao !, H. Seto? T. TakedaZ2
Institute for Chemical Research, Kyoto University
Institute for Solid State Physics, University of Tokyol
Faculty of Integrated Arts and Science, Hiroshima University?

Neutron spin echo (NSE) measurements
have been performed on poly(vinyl alcohol)
(PVA) gels in a mixture of deuterated
dimethyl sulfoxide (DMSO-dg) and D20
with volume ration 60/40 to elucidate
dynamics of the crosslinking points. The
previous wide and small angle neutron
scattering studies [1] have revealed that the
crosslinking points of the PVA gel are
crystallites and the size has been estimated to
be about 70 A in radius under an assumption
of sphere shape of a crystallite.

NSE measurements were carried out on
NSE spectrometer at a beam port (C2-2) of
JRR-3M reactor. Using neutron wavelength
7.7 A, we can cover a Fourier time rang from
0.08 to 15 ns. A homogenized PVA solution

o
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1
10k ©a\  slope = -4
3
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- 3
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s 3 w
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10 Pva gl o=
E in DMS0/D, 0 (60/40)
F cp =5 g/dl
- T=25C .
10% 1'°
E i A A ' AT |
0.01 0.1

Fig. 1. SANS intensities of PVA gels
measured with NSE (M) and SANS-U (Q)
spectrometer.

JRR-3M, NSE, 6. Polymer
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at 100 °C was quenched to 25 °C to stand for
24 h to gel and the measurcments were made
at25° C.

Fig. 1 shows the SANS intensities of the
PVA gel in a Q range of 0.01 to 0.2 Al
measured by NSE and SANS-U
spectrometers, showing a good agreement. It
isnoted that the intensity decreases according
to a power law Q™**®*  the so-called Porod's
law. This Porod's law has been assigned to
the smooth surface of crystallites
(crosslinking points) [1]. The present NSE
measurements were performed in the Porod's
region at Q = 0.03, 0.07 and 0.10 AL,
suggesting that we mainly observed the
motions of crosslinking points of crystallites.

Normalized intermediate  scattering
functions 1(Q,r)/I1(Q, 0) of the PVA gel are
shown in Fig. 2 at Q =0.03, 0.07 and 0.1 A1,
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Fig. 2. Normalized intermediate scattering
function I(Q,t)/ 1(Q, 0) of PVA gel.
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I(Q,t)/ I(Q, 0) shows a very rapid decay
in the time region shorter than about 2 ns
while it is almost constant in the time region
longer than about 2 ns. It is obvious that the
crosslinking points are involved in the PVA
network, implying that large scale motions
are extremely suppressed. A possible motion
of the crosslinking point is restricted in a
finite space near its equilibrium position.
I(Q,t)/1(Q,0) of such restricted motion is
generally expressed by

KQ,1)/ 1(2,0)
= 4Q)+[1-4,@IF Q1) (1)

where A4,(Q) is a non-decaying component
which is an elastic one in a frequency
domain, and F(Q,t) is a generalized decay
function. In the Rouse model, for example, it
is given by [2,3]

F(Q,t) = exp[-QX(Wo't/ )] (@)

where Wo* is the Rouse parameter. If we
assume that the probability to find a
crosslinking point at a distance r from its
equilibrium position is described by a
Gaussian function, A(Q) is approximately

expressed by
A (Q) = exp[-I’Q”/ 3] ©)]

where > is a mean square displacement.
Assuming a Debye type decay function for
F(Q,t) we fitted eq. (1) to the observed
decay curve and the results are shown by
solid curves in Fig. 2. The agreement is
good. The decay rate is so fast that we could

not estimate the exact value. What we can
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state at present is that it is shorter than 0.7 ns.
Logarithm of A4,(Q) evaluated in the fit is
plotted in Fig. 3 as a function of Q2 and was
fitted with eq. (3) to find the mean square
displacement [* of 67 A2. This result means
that the crosslinking points (crystallites) are
fluctuating in a thermal cloud of 8.2 A at
around its equilibrium position (see Fig. 4).

1

0.9

A, Q@

0.81

0.7 0.005 0.01 0.015

Fig. 3. Q? dependence of non-decaying
component A(Q).

PVA chain

crosslinking

Fig. 4. Schematic sketch of motion of
crosslinking points (crystallite) in PVA gel.
Shadow shows a fluctuation region.

1) T. Kanaya, M. Ohkura, K. Kaji, M.
Furusaka, M. Misawa, Macromolecules,
1994, 24, 5609.

2) P. G. de Gennes, Physics, 3, 37 (1967).

3) R. Oeser, B. Ewen, D. Richter and B.
Farago, Phys. Rev. Lett. , 60, 1041 (1988).
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1-6-18
Polymerization Effects of Amorphous Polystyrene by Quasi Elastic
Neutron Scattering near Tg

I. Tsukushi, T. Kanaya and K. Kaji
Institute for Chemical Research, Kyoto University, Uji, Kyoto-fu 611-0011, Japan

Amorphous solid has many this temperature and time (- resolution) range.

characteristic features which are not found in
crystal. Fast process is one of such universal
features in amorphous solid. It is observed in
neutron scattering as excess quasielastic
scattering over Bose-Einstein population factor
and appears above near glass transition
temperature Tg. The microscopic origin of the
fast process is still not clear in spite of many
experimental and theoretical efforts. In this
study, we have measured the incoherent
neutron scattering of polystyrene and styrenc
trimer by a time of flight (TOF) spectrometer,
AGNES, at JRR-3M, Tokai. The energy
resolution (HWHM) of AGNES is 70 peV.
Polystyrene and styrene trimer are composed of
a same monomer except its polymerization.
The investigation of the effect of
polymerization on fast process may give a hint
to the microscopic origin of its phenomena.
Figure 1 shows the temperature
dependencies of elastic intensity for
polystyrene and styrene trimer at Q= 2.6 Al
The intensity is evaluated from integration
from -0.24 meV to 0.22 meV and normalized
by the intensity at lowest temperature to
compare both compounds. The intensity for
both polystyrene and styrene trimer decrease
linearly with increasing temperature below
200 K. This indicates that a harmonic
approximation for atomic vibration is valid in

JRR-3M, AGNES, 6. Polymer

Above 200 K, the elastic intensity deviate from
linear decreasing for both samples. This
tendency has already pointed out for
polystyrene [1]. It seems that its deviation is
due to fast process. Although Tg of styrene
trimer (= 223 K) is 150 K lower than that of
polystyrene (= 373 K), the onset temperature of
fast process is not so different. It may suggest
that the origin of fast process is local motion
without effect of connectivity.

o styrene trimer

L@, /1, g o

0.3

T/K

Fig. 1 Temperature dependence of elastic
intensity for styrene trimer (open circles) and
polystyrene (closed circles). The solid line is a
guide for eye.

Reference
[1] T. Kanaya et. al. J. Chem. Phys. 104 (1996)
3841.
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1-6-19 Determination of the Density Profile of Amphiphilic Polymer
Adsorbed at Solid/Liquid Interface by Neutron Reflectometry

H. Endo, K. Kago, R. Yoshitome, K. Matsumoto, H. Matsuoka, H. Yamaoka
Department of Polymer Chemistry, Kyoto University, Kyoto 606-8501, JAPAN

Polymer surface and interface play important
roles in various phenomena such as adsorption,
adhesion etc.

Polyethylene glycol (PEG) adsorbs to the glass
surface from the aqueous solution irreversibly. This is
due to a hydrogen bonding between the hydroxyl
group of the glass and the PEG segment.

To investigate the structure of PEG layer
formed at the
reflectometry (NR) was carried out. NR technique

solid/liquid interface, neutron
gives us information about thickness of layers, surface
and interface roughness with very high resolution
(angstrom order) by in situ experiment.

In the previous studies, the formation of the
adsorbed layer of PEG was observed by NR at the
quartz/PEG solution (solvent: D,0O) and silicon/PEG
solution interfaces. The clearer interference fringes
were observed in the NR profile for the silico/PEG
solution system. It means that the uniform layer was
formed on the silicon surface.

In this study, NR measurements were carried
out for the silicon/PEG solution system. In order to
make thicker layer, higher molecular weights of PEG
were used.

A single-crystal, optically flat silicon slab was
used as a substrate in order to achieve acceptable
transmission. The solution of 1wt% of polymer in
D,O was introduced into the gap between the silicon
block and the Teflon base. The samples of different
molecular weights (M,=2k, 24k, 250k, M\,/M,=1.1)
were used. The measurement was started more than
two hours after the solution was packed into the cell.

The NR measurements were performed at

JRR-3, MINE, 6. Polymers

JRR-3 MINE. The wavelength of incident neutron
beam was 12.6A.

NR profiles are shown in Figure 1. The
reflectivity is nearly unity below the critical angle (6.,
about 0.8°). At 0,, the critical edge can be seen clearly.
From these phenomena, reflection was occurred
perfectly at the silicon/PEG solution interface.

Above 6. no difference can be observed
between the profiles for different molecular weights;
the reflectivity decreased monotonically with the
increase of the angle.

It is thought that PEG was not adsorbed to the
silicon surface, because the NR profile of the
silicon/PEG solution interface was almost the same as
that for the silicon/D,O interface.

The reason can be guessed that the silicon
surface used in this study was smooth, so PEG could
not adsorb easily, and that the oxidation of the silicon

surface affected the adsorption.

Reflectivity

Theta[degree]

Figure 1. NR profiles for silicon/PEG solution
interface.
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1-6-20 Effects of bulky side group on thermal concentration fluctuations near the glass transition
temperature of polymer blends

Hiroyuki Takeno, Satoshi Koizumi' and Takeji Hashimoto

Kyoto University, Kyoto, 606-8501, Japan
'Japan Atomic Energy Research Institute, Tokai, Ibaraki 319-11, Japan

Recently, we have investigated rotational entropy made a significant

thermal concentration fluctuations (TCF) in
the single-phase state for various miscible
polymer blends in a wide temperature region
from far above the glass transition
temperature (7) to below the T, by means of
small-angle neutron scattering (SANS).
Consequently, for blends of deuterated
polystyrene (dPS) and poly (vinyl
methylether) (PVME) which is unique in
having a large difference (A7,=127 K) in the
T, of each component, the scattering
intensity in the small ¢ was found to be
more suppressed than that predicted from de
Gennes’ theoretical scattering formula, near
the T, of the blend.” For such blends,
reciprocal zero angle scattering intensity
S(0)" can be divided into three regimes as
functions of reciprocal temperature 7*': (i) in
the temperature regime far above the T,
which is free from vitrification of polymers,
S(0)" linearly increases with increase of T*,
(ii) S(0)' deviates upwards from the linear
dependence on T near the T, ie., S(0) is
more suppressed than that predicted from
the linear dependence, (iii) S(0)' shows
almost no temperature change due to the
freezing below the 7,. On the other hand,
for the blend of deuterated polybutadiene
(dPB) and protonated polybutadiene (hPB),
and that of dPB and polyisoprene (PI) which
have almost no difference in the T, of each
component (A7,= 4 K and 29 K for
dPB/hPB  blend and dPB/PI blend,
respectively), suppression of S(0) was not
observed near the 7,, We speculated such
suppression of S(0) might be caused by the
fact that the component with a higher 7, has
bulky side groups and consequently their

contribution to suppression of TCF with a
large wavelength” In the case of
dPS/PVME blend, the component with a
higher 7, i.e., dPS has bulky benzene rings
as side groups.

In this study, we aim to investigate
the effects of bulky side groups on
anomalous  suppression of  thermal
concentration fluctuations near the 7, for
polymer blends with a large difference in the
T, of each component. The polymer blend
investigated is a blend of dPS and
tetramethyl polycarbonate (TMPC).
Though this blend has a large difference
(AT;= ca. 100 K) in the 7, of each
component, TMPC with a higher T, does not
have any bulky side group. Fig. 1 shows
S©)' vs. T' for dPS/TMPC = 28.9/71.1
(wt%/wt%). As shown in Fig. 1, though
upward deviation of S(0)' from linear
relation of S(0)" and T was very slightly
observed near the 7, it is much smaller than
that for dPS/PVME. Thus, suppression of
the S(0) near the 7, is predicted to be
significantly affected by bulkiness of side
group for the component with a higher 7.

2.5x10°

18 19 20 21 22 23
K
Fig. 1 S(0)" vs. T for dPS/TMPC =28.9/71.1.
reference
1) H. Takeno et al. Macromolecules, 29, 2440 (1996)
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1-6-21 Aggregation Structure of Chains in Uniaxially-Oriented Polyethylene Blends
of Deuterated and Hydrogeneous Species

Kohji Tashiro', Rieko Tanaka' and Satoshi Koizumi®

! Graduate School of Science, Osaka University, Toyonaka, Osaka 560-0043, Japan
? Japan Atomic Energy Research Institute, Tokai, Ibaraki 319-11, Japan

In order to clarify the
distribution of molecular chains in a crystalline

spatial

lamella and the stacking structure of these
sample, a
utilization of the blend between the deuterated
and hydrogeneous species is one of the most
useful methods. In such a case of
polyethylene (PE) blends between the D and H
species, for example, we have always to take into

lameilae in the bulk polymer

consideration the problem of phase segregation
of the D and H species.  But we found that
some special blends of deuterated high-density
PE (DHDPE) with the hydrogencous linear-low-
density PE (LLDPE(2)) of ca. 17 ethyl
branchings show almost perfect cocrystallization
phenomenon even when the sample is cooled
On the other hand, in
the case of the PE blend samples consisted of
DHDPE and LLDPE(3) with ca. 43 ethyl
branchings, the D species crystallizes at first at
higher temperature to form the lamellar stacking
structure and then at lower temperature the H

slowly from the melt.

species forms the lamellac in-between the
stacked lamellae of the D species.  In this way,
depending on the type of chains, the blend
samples change their bulk structure and the
crystallization behavior quite sensitively [1-3].
We have now another question for these
D/H blend samples.

polyethylene blends are stretched to give the

What happens when the

uniaxially-oriented samples ?  We measured

the small-angle X-ray scattering (SAXS) and the
small-angle neutron scattering (SANS) for these
samples. At the same time, by carrying out
these measurements as functions of temperature,
the different behavior will be expected
depending on the type of the blend sample
showing the cocrystallization phenomenon or
phase segregation phenomenon.  In this report,
we will describe some preliminary experimental
results about the temperature dependence of the
SANS patterns taken for the uniaxially-oriented
polyethylene blend samples of
DHDPE/LLDPE(2) and DHDPE/LLDPE(3).

(1) Blend Samples of DHDPE/LLDPE(2)

The blend sample was prepared by
mixing the D and H species into the boiling p-
xylene and quenched into methanol at room
temperature.
quenched into liquid nitrogen temperature and
then was drawn about the S times the original
length at ca. 110°C.  The SANS patterns taken
for the uniaxially-oriented samples show the

This sample was melted and

meridional scatterings along the draw axis.
Depending on the D/H ratio, the estimated long
spacing as well as the relative intensity were
As already reported [1-
3], this continuous shift of the long spacing
corresponds well to the continuous change of the

changed continuously.

lamellar thickness due to the continuous change

BfHF: JRR-3M

@& : SANS-J(C3-2) SF : hHEfFEEL (RHF)
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in the spatial distribution of the D and H chain
stems in the lamellae.

(2) Blend Samples of DHDPE,LLDPE(3)

The uniaxially-oriented blend sample of
D/H 50/50 content was prepared under the
similar condition with the above-mentioned
DHDPE/LLDPE(2) case and was set into the
heating cell and the 2-dimensional SANS pattern
was measured by heating the sample step by step.
As shown in Figure 1, the meridional scattering
was difficult to detect at room temperature.
By heating the sample above 110°C, the
meridional scattering increased the intensity and
shifted toward the lower scattering angle.  The
temperature dependence of the SANS profiles
traced along the meridional direction is shown in
Flgure 2.  According to the DSC data [1-3], in
this temperature region the lamellae of the H
species are melted at first and only the lamellae
of the D species are remained.  This large
morphological change might be intimately
related with the observed remarkable change in
the SANS pattern. At higher temperature the
D lamellae were also melted and the patterns
disappeared.

We are now analyzing these data
quantitatively to investigate the change in the
aggregation structure of lamellae consisted of D
and/or H species in more details.
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Figure 1 Temperature dependence of the
2-dimensional SANS patterns taken for the
uniaxially-oriented samples of
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1-7-1  2-1 photoisomerization of a Cobaloxime Complex
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It was found that the 2-cyanoethyl group
bonded to the cobalt atom in some cobaloxime
complexes is isomerized to the l-cyanoethyl
group (as shown in the Scheme) on exposure
to visible light in the solid state.!? Many
attempts were made to observe the 2-1
isomerization with retention of the single
crystal form. When the axial base ligand is N-
(2-hydroxyethyl)isonicotinamide  [hei], the
structures before and after the irradiation
analyzed by X-rays showed that more than
70% of the 2-cyanoethyl group were
isomerized to the 1-cyanoethyl group without
destroying the crystallinity.2) The produced 1-
cyanoethyl group takes one enantiomeric
structure at one site.

In order to make clear the questions how
the hydrogen atom transferred to the
neighboring atom and why only one
enantiomer was produced at one site in
photoisomerization, the complex of (2-
cyanoethyl-d®,d*)[hei]cobaloxime (1) was
prepared. To reduce the background, the
hydrogen atoms of cobaloxime moiety were
replaced with the deuterium atoms in the
preparation. A crystal with dimensions 3.5 x
1.5 x 0.5 mm was irradiated with a xenon lamp
for 10 days and the crystal structure was
analyzed by neutron diffraction at JAERIL
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Figure 1 shows the molecular structures
before irradiation and after 10 days exposure.
One of the deuterium atom bonded to the 1-
position of the 2-cyanoethyl group keeps the
original position, whereas another one was
transferred to the 2-position, the methyl carbon.
The process of the deuterium atom transfer is

proposed in Figure 2.
2/3H,1/30
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Fig. 1 Molecular structures of 1 before and

after irradiation.
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Fig. 2 The proposed process of the deuterium
atom transfer in photoisomerization.
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Data Collection of Neutron Diffraction from a Single Crystal of Hen Egg-White

Lysozyme at pH 4.9

S. Fujiwara, Y. Yonezawa', S. Kumazawa, Y. Haga, Y. Minezaki, [. Tanaka, and N. Niimura

Japan Atomic Energy Research Institute, Tokai, Ibaraki 319-1195
"Tsukuba College of Technology, Tsukuba, Ibaraki 305-08211

Neutron crystallography can locate positions of
hydrogen atoms in and around a protein.
Hydrogen atoms play important roles in various
aspects of functions of the proteins and in
stability of the proteins. We have started
measuring neutron diffraction of a single crystal
of hen egg-white lysozyme grown in D,O at pH
4.9. This is the first step of the project which
explore the protonation of amino acid residues in
the protein at various pH. Since pH dependence
of charge distribution of the protein may have
important  effects on  thermodynamic
characterization of the proteins, it is important to
study the pH dependence of protonation of amino
acid residues in the protein, in order to elucidate
the relationship between structural data and
thermodynamic data.

The quality of the crystal used for the
measurements had been checked, and the strategy
of the efficient measurements had been
optimized”. The space group of the crystals was
P4,2,2, and the cell parameters were
a=b=7.91nm and c=3.66nm. We have used the
neutron diffractometer BIX-II for collecting data.
The oscillation method of 0.4 degrees has been
employed. Exposure time was 11 hours per
frame. Diffraction spots of at least 0.2 nm
resolution were observed.

We had scheduled that the measurements
would have finished within this fiscal year

(1998). However, because of the unexpected

shut-down of the reactor JRR-3M from August
1998 to March 1999, we could not finish the data
collection. So far, the crystal was rotated 40.8
degrees. The crystal should be rotated about 90
degrees, so the measurements will be continued
to the next year (1999).

We analyzed the data obtained so far with
DENZO and SCALEPACK”. This program suit
was originally written for X-ray diffraction
measurements. With some adjustments of the
parameters in these program suite, indexing of
the diffraction spots and calculation of the
integrated intensities from neutron diffraction
measurements were properly done. With 0.2 nm
resolution, total of 17849 reflections has been
observed during these measurements. The
number of independent reflections (>10) was
4945.  After the measurements will be
completed, the structure analysis using these data
will be started.
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A ripple phase is well known in
phospholipid systems, especially in
dipalmitoylphosphatidylcholine (DPPC).

suggests that cholesterol could make
complex with DPPC molecules. The
detailed analysis is now in progress.

The ripple structure exhibits a periodic

undulation of a bilayer, but its detailed "
structure has not yet been determined. i . Omom%
Incorporation of cholesterol into a " 7F n°5gl ?‘5;":'";‘2
phospholipid bilayer affects the nature of é el "
the bilayer. It has been reported that the %
periodic spacing of the ripple structure =o
increases as cholesterol concentrations rise. ¢ ) 3
Although several explanations of this oot atky o
mechanism have been proposed, it has still Figure | Small angle scatering profie of DPPC-ATS systems.
not elucidated. The most important point
to understand the cholesterol effect on the
ripple structure is to determine the )
distribution of cholesterol in the bilayers. N o -
Thus, in order to make clear the cholesterol 10° “:n = smor
distribution in the ripple structure, small g K st
. . . L

angle neutron diffraction experiments were z
performed on a DPPC-cholesterol system. £,

We investigated the DPPC bilayers

o

containing 0, 5, 10 and 15 mol% cholesterol. 0.001 oo o1
We used pure DPPC-d75 and DPPC-d75/- St e e O 475 1
d0 5:1 mixture as DPPC.

A reflection intensity from ripple
structure was stronger on pure DPPC-d75
systems than DPPC-d75/-d0 mixture. It

JRR-3M, SANS-U, 7. biology
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Structural Study of a Proteoglycan by Neutron Scattering

Y. Watanabe, Y. Sano, I. Tanaka' and N. Niimura!
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Proteoglycans are extreme examples of
glycosylated proteins. The bulk of their structure is
usually the large amount of carbohydrate that is
attached to the polypeptide chain at very many
sites. The carbohydrates consequently dominate
the physical and biological properties of
small-angle

were used to

proteoglycans. In our project,
neutron scattering methods
characterize the structure of a proteoglycan
molecule under physiological conditions.

Samples were prepared and punfied from
shark-fin cartilage and finally soluble m 100 %
D,0 containing 10 mM sodium phosphate buffer,
pH 7. Small-angle neutron scattering experiments
were performed with the SANS-U spectrometer of
the University of Tokyo mn JRR-3M reactor of
Japan Atomic Energy Research Institute (Tokai).
Sample-to-detector distance and wavelength were
12m and 7 A respectively. Multiple samples were
mounted on a sample changer at 25°C.

In the previous study, the average radius of
gyration in 100% D,0 was found to be 250+ 15A
without concentration dependence ranging from 8
to 20 mg/ml. The contrast mating point was
estimated to be 47% D,0. The Stuhrmann plots
indicated that the protein is the core of the
molecule  with

proteoglycan symmetrical

distribution of neutron scattering density.

JRR-3M, SANS-U, 7.Biology

In the further analysis of the neutron scattering
patterns of the proteoglycan, the preliminary
mformation of its overall shape was obtained as
shown in Figure 1. The results indicate that the
proteoglycan molecule in a solution can be
described to a first approximation by a simple
elongated ellipsoid with a main axial ratio about
1:1:120. The detail further investigations are in
progress to obtain the mterior structure of the

shark-fin cartilage proteoglycan.
10
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Figure | Comparison of the experimental scattering curve with
theoretical curves of some models in a log-log plot An
experimental curve was obtained in D,O buffer. Simple models
were cylinders (h=100r(A) andh=10r(B)), ellipsoids of revolution
of the axial ratio (1:1:120%C) and 1:1:3 (D)), and a sphere (E),
respectively.
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1-7-5 A Small-Angle Neutron Scattering Study on the DNA-Binding
Protein HU Using Contrast Variation Method
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Tokyo, Tokai, Ibaraki 319-1196, Japan

In bacteria, DNA molecule is

condensed into the complex nucleoprotein
structure, nucleoid. One of the major
component of the nucleoid is the protein HU.
It has been shown that this protein plays an
important role not only in the condensation
of the bacterial DNA but also in a variety of
DNA metabolic events such as replication,
transcription, and site-specific
recombination. Understanding how the long
DNA molecule is condensed in the HU-DNA
complex should give valuable insight into the
molecular mechanism of these events. As a
first step towards understanding the
structure of the HU-DNA complex, we
characterized the low resolution structure of
HU in solution with small-angle neutron
scattering method.

HU dimers, which are structural
units of this protein, were expressed in E.
coli., purified, and suspended in 10 mM
Imidazole (pH 7.0), 50 mM NaCl in 0%,
20%, 80%, and 100% D,O. The
concentration of HU in each solution was 23
mg/ml. Small-angle neutron scattering
experiments on these HU solutions were done
with the SANS-U spectrometer in the guide
hall of the reactor JRR-3M. A wavelength
() of 7.0 A was used with a fractional
spread (AA/A) of 10%. A sample-to-
detector distance was 200 cm. The
temperature of the samples was kept at 7°C.

The Guinier analysis of the scattering
curves yields the radius of gyration (R;) and

JRR-3M, SANS-U, 7. Biology

the extrapolated scattering intensity at zero
scattering angle (1(0)). The I{0) and R,
values at each contrast were obtained by this
analysis. From the contrast dependence of
the square root of [(0), the contrast
matching point of HU was determined to be
41.1% D,0. Molecular weight estimation
from the 1(0) value indicated that most HU
molecules are in a form of tetramers at the
concentration of 23 mg/mil. Figure 1 shows
the Stuhrmann plot of the R; values of the HU
tetramer at various contrast. Approximation
of the contrast dependence of R, by a
quadratic curve indicates that there is rather
significant fluctuation of scattering-length
density in the HU tetramer, that the
distribution of the scattering-length density
is not isotropic, and that the higher density
region is near the outer surface of the
tetramer.

1000 ] 1 1 I
800 |- -
2
RQ
600 |- \
400 |- ~
1 | L i
40 20 0 20 40 60 80
1/4p
Figure 1  Sturmann plot (the square of the

radius of gyration vs. the reciprocal of the
contrast) of the HU tetramer.
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Gross Structure of Escherichia coli Outer Membrane Protein, OmpA
Solubilized in the Presence of Octylglucoside
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Gross structure of a complex formed between
OwpA from Escherichia coli outer membranc
and a nonionic surfactant, n-octyl-g-glucoside
(OG) was investigated by small angle neutron
scattering (SANS) using the contrast variation
wmethod.

The membrane protein was solubilized fromn
the envelope fraction of a strain of E.coli K-
12, TNE0OO1 which lacks OmpF and OmpC, and
purified by the use of size exclusion and hy-
droxyapatite chromatographics in the presence
of sodium dodecyl sulfate. The purified protein
was equlibrated against 50mM Na-phosphate
buffer (pH 6.9) containing 22mM of OG and con-
centrated. A couple of aliquots of the solution
were dialyscd against the buffer with the same
composition as above (0 % D,0), and against
that prepared with heavy water (100 % D,0),
respectively.  OmpA solutions with D,0/H,0
ratios, 10% and 40% were prepared by mixing
the dialysates in appropreate ratios. SANS meca-
surements were carried out by the use of the
SANS-U instrument installed at the C1-2 beam
port of JAERI JRR-3M reactor. Scattering in-
tensity was collected as a function of momentum
transfer, ¢ (= 4wsind/A, where 260 and X are
scattering angle and de Broglie wavelength of
ncutron, respectively). The wavelength of neu-
tron was sclected to be TA with a sample-to-
detector distance, 4000 mm, to cover the g range
between 0.005 and 0.1 A~'. Raw data sets were
normalized for the thickness of the samnle cell
and corrected for transmission.

In the above range of ¢, lincar Guiuicr plots

JRR-3M, SANS-U, 7.Biology

were obtained for determnination of mean square
radius of gyration, r,, except for the sample with
40% D;0. The results are shown in Table 1.

Table 1. SANS results for
OmpA-octylglucoside complex

D;0/H;0 Cprotein~ AI(0)  1,(A)
ratio (mg/ml) (count)

0% 5.2 28.6 35.8
10 % 5.2 13.7 30.5
0% 51 (5) -

100 % 4.0 270 25.2

The mean neutron scattering length deusity,
p, for the complex was determined to be 1.21 x
10"cwm~2. This value lower than those for sim-
ple proteins (around 1.8 x10'%cm™?) implics that
0.99 g of OG is bound to 1g of OmpA, provided
by the calculated value of 5 for the surfactant,
0.694 x 10'%cin~2. The above results can be an-
alyzed according to the Stubrmann plot,

rz(Ap) =alp 4 bAp7 + 1)

where Ap is the difference in p between the com-
plex and solvent. The ry, the ry of the par-
ticle shape for the complex, was etimated to
be 31.2A4. The plot gave a non-zcro negative
value for a. This result strongly suggests that
the surfactant moicty in the complex distributes
asynunctrically on the swface of the membrane
protein, and significant portion of the protein
scarcely binds the surfactant.
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1-7-7 Temperature Dependence of Gamglioside Micellar Structure
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1. Introduction

Gangliosides, most abundant sialoglyco-
sphingolipids in nerve cells, have been clarified by
many investigators to participate in various cell
surface events such as self-organization of tissues,
immune response and cell differentiation through
the molecular recognition depending on a numerous
variety of ganglioside structures. It is essentially
important for understanding physiological functions
of gangliosides to elucidate physicochemical
characteristics of gangliosides. By using neutron
and SR-X-ray

calorimetry, we have been studying the structural

scattering techniques and
phase behavior of ganglioside aggregates
depending on solvent conditions [1] and the
binding specificity of gangliosides with proteins
depending on both oligosaccharide chain and
protein surface modification. By using SR-SAXS
and a shell-modeling analysis, we found that the
hydrophilic portions of ganglioside molecules
composed of oligosaccharide chains sensitively
change the. conformations depending on
temperature with accompanying intensive
occlusion-and-extrusion of water in hydrophilic
portion of ganglioside micelle.

To confirm the above transition, we have
studied the thermal structural transition of
ganglioside micelle by using the solvent contrast
variation method of small-angle neutron scattering
since neutrons are very sensitive for detecting a
change of hydration.

2. Experimental

Ganglioside used for the present

experiments was monosialoganglioside (Gm;) from
bovine brain purchased from Sigma Chemical Co.,
Ltd.

experiments were prepared by dissolving the

The samples used for the scattering

ganglioside lyophilized powder of 0.5 % w/v in 50
mM Hepes buffer at pH 7. We prepared four
solvents with different
D20/H20 ratios (100, 80, 60, 0 % v/v D20).
SANS experiments were performed by

different Hepes buffer

using a SANS spectrometer installed at the C1-2
port of the cold-neutron beam line in the research
reactor JRR-3M of the Japan Atomic Energy
Research Institute (JAERI), Tokai, Japan. The
wavelength used was 7.0 A and the sample-to-
detector distance was 150 cm. The temperature of
the samples was varied from 10 to 50 °C. The
exposure time was varied depending on D2O/H20
ratios. To estimate a radius of gyration Rg we
used the Glatter's method as follows.
2 [o= p(r)yr’dr
8 2fP= p(r)dr M
where p(r) is the distance distribution function.
The p(r) function was calculated by the Fourier

transform of the scattering curve I(g) as

2 . )
mn=;gmummmm@ (2)

where ¢ is the magnitude of scattering vector,
Dmax is the maximum dimension of the particle
estimated from the condition p(r) = 0 for r >Dyax.
The zero-angle scattering intensity /(0) was
estimated by using the Guinier equation
1(q) = 1(0)exp(-¢q*R?/3) for the scattering

curve /(q) in the small grangeof0.025 A100.035 AL

Reactor: JRR-3M Facility: SANS-U(C1-2)

Field: 5.4 %Biology
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3. Results and discussion

Fig. 1 shows the temperature dependence of
the scattering curve I(q) of 0.5 % w/v GMm1
ganglioside micellar solutions in four different
solvents (100 %, 80 %, 60 % and 0% v/v D20
Hepes buffer at pH 7.0) at different temperatures,
where (a) and (b) correspond to at 10 °C and at 50
°C, respectively. According to the simple linear
relation between [/ (O)]”2 and x where I(0) the
zero-angle scattering intensity, x the volume
percentage of D20 in water), we determined the
contrast matching point pn from the condition
satisfying  [I(0)]'* = 0.
temperature the py, value varies from 26.9 % D20
at 10 °C to 24.4 % D70 at 50 °C. In Figure 2 the
square of the radii of gyration R,, obtained from

With elevating

the p(r) function using Eqs. 1 and 2, are plotted
against 1/4p (Ap contrast, so-called Stuhrmann
plot). For a monodispersion containing spherical
particles the positive slope of Stuhrmann plots
indicates that the solute particle is composed of a
high-density shell surrounding a low-density core,
which corresponds to the present case.Thus, the
change of the slope from ~5.5 to ~7.5 in Fig. 2
clczirly shows that the thermal structural change of
the GMm1 ganglioside micelle accompanies the
change of the intramicellar scattering density
distribution, namely the dehydration of the
oligosaccharide chain portion of the micelle since
the hydration of this portion reduces the difference
between the scattering densities of the hydrophilic
shell and the hydrophobic core regions of the
micelle. The present results strongly support our
previous results [1].
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Figure 1. Temperature dependence of Gm i
ganglioside micellar solutions at different contrast.
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Figure 2. Variation of the slope of the Stuhrmann
plots depending on temperature.
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Neutron Interferometry at PNO in JRR-3M

Hiroshi Tomimitsu, Yuji Hasegawa' and Kazuya Aizawa

Advanced Science Research Center, JAERI, Tokai, Ibaraki, 319-1102 Japan
'Faculty of Engineering, Tokyo University, Hongo, Bunkyo, Tokyo, Japan

1. Measurement of Neutron Scattering
Lengths by LLL-type Interferometer

As the neutron scattering lengths of elements
or isotopes are very important as the basic
quantity, many values measured by various
methods have been tabulated[1]. Data on several
isotopes are, however, still lacking and some of
them can be determined in a more accurate way.

We determined the accurate value of gallium
isotopes, 69Ga and 71Ga, with the
interferometry at the PNO-apparatus. An
LLL-type Si interferometer was used with the
beam-collimator of 30min. of arc.,, the
wavelength of 0.15123nm and the cross section
of the neutron beam was restricted to 2mm in
width and 4mm in height. Because of their small
amount, the specimens were set so as 0 receive
the transmitted-beam only behind the 1’st
reflecting plate of the interferometer.
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Fig.1 Example of the Intensity Oscillation of 69Ga

Fig.1 shows the typical example of the
measured oscillation curves of 69Ga, with the
least square fits on the experimental data.
Experimental data were analyzed following the

equation;
I=Acos(B/cos(w+C)+D)+E, ----- )

where the parameters mean as following;

®: the amount of specimen rotation from the
original angular position,

A: apparent amplitude of the intensity-oscillation,

C: amount of the angular mis-setting from the
ideal origin of the specimen,

D: intrinsic phase term of the interferometer, and

E: apparent back-ground part in the intensity-
oscillation including all of the imperfectness

of the experimental condition, respectively,
and
B: this includes all of the physical meanings as

B=-Nitb, .- )

with N=atomic density of the specimen,
A=wavelength of the neutron used,
t=thickness of the specimen, and
b= the coherent scattering length to
be determined.

We obtained the B's for the Eq.(2), after
reducing the effect of the glass cell and the air.
Further, by taking the effect of the impurities,
the effect of the isotopic mutual contamination
and the uncertainties into account., we finally
concluded the b-values for the isotopes as
follows[2]:

b = 8.053+0.013 fm
b=6.170+£0.011fm

for 69Ga, and
for 71Ga,

respectively.

The former is larger by about 2% and the
latter is less by about 4% compared with the
tabulated values[1], respectively. On the other
hand, the values of the high purity aluminum,
niobium and natural gallium, which were also
measured as the standard specimens in the
present experiment, were almost the same as the
known values.

¥4 : JRR-3M & PNOBG)
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2. Preparation of the Double LL-Type
Interferometry

It seems very important to realize a large
working area for the space to put gaseous
samples or magnetic elements and other
dynamical equipments, in order to extend the
applicability of the neutron interferometry. As
one of most actual and powerful solution for the
requirement, we are trying the system of double
LL-type interferometer, as shown in Fig.2,
where 1’st and 2°nd LL’s are set and typical
beam paths are shown. In the figure, D means
the separation of the first and second reflected

Incident Beam

I'st LL
on

1'st Goniom.

2'nd Goniom. |
——

ect. for O-2 Mo o119 |
\Pa——or————l Detect. for H-2

Fig.2 Schematic draw of the double LL-system.

D means the beam separation between first and
second reflected beams, L the distance between
1’st and 2'nd LL blocks.

beams by the 1’st LL block, and L the length
between 1’st and 2’nd LL blocks.

In the present trial, two LL blocks were made
by modifying a large scale “imperfect” LLL-type
interferometer, the distance between two
reflecting beams being around 4cm with 220
reflection of 0.15nm wavelength.

Fig.3 shows an example of the
characterization of the LL-system, with an Al
phase shifter of 3-mm thickness, with the
distance of around 50cm between the 1’st and
2’nd LL blocks. The visibility of around 2.6%
should be much more improved.

Further investigations are in progress.
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Fig.3 Example of the characterization of the present
LL-system, with an Al phase shifter of 3-mm thickness,
220 reflection with 0.15nm wavelength. Open circles
mean the intensity oscillation of O-2 wave, while black
ones the H-2 wave. They seem to be oscillating rather
complementary.
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1-8-2 Observation of Dynamical Diffraction Phase due to Neutron Spin Precession

through Ferromagnetic Crystal of Permalloy

N. Achiwa, G. Shirozu, S. Tasaki!, M. Hino!, T. Ebisawa! and T. Kawai!, K. Kakurai® and
M. Shiga3
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3Graduate School of Engineering, Kyoto University, Kyoto 606-01, Japan

1’ INTRODUCTION

We have, for the first time, observed neutron spin pre-
cession due to a dynamical diffraction effect through
a pair of ferromagnetic crystaks of Permalloy across
a Bragg condition of (002) by means of neutron spin
echo and phase echo principles. In spite of imperfect
crystal, the shift of Larmor precession is enhanced in
the rocking curve of the transmitted beams at the
magnetic Bragg condition. What was observed is
longer dwelling phase of | spin neutron wave func-
tion due to the multiple reflection process of O-wave
at Bragg reflection against the rather freely passing
opposite spin wave function.

Recently we reported Larmor Precession of neu-
tron spin due to dynamical diffraction effect through
magnetic multilayer of permalloy(FessNias:554) (ab-
breviated as PA)-Ti(54A)15 bilayers[1][2], PA-Ge-PA
Fabry-Perot magnetic thin film resonator(3], and he-
lical magnetic crystal of holmium [4], using a forward
diffraction (transmission) neutron spin echo tech-
nique. For these magnetic films, the shift of spin
precession ocillating sinusoidally as a function of the
incident angle at Bragg condition or Fabry-Perot res-
onating condition was well reproduced by a calcu-
lated phase difference between | and | spin wave
function of neutron through one dimensional peri-
odic potentials for each spin directions. The shift
of the Larmor precession is considerably enhanced in
the rocking curve of the transmitted beams near a
magnetic Bragg condition or at Fabry-Perot bound
states. But the spin precession through the heli-
cal magnetic crystal showed only delayed side phase
shift at (000)* magnetic Bragg condition. This may
be disappearence of the first order extinction effects
due to the mosaic crystal and what was observed
is a longer dwelling phase of {(or }) neutron wave-
function against the freely passing opposit spin wave
function, due to the multiple Bragg reflection process
of O-wave at Bragg condition.

In spite of theoretical predictions of the phase shift
of a neutron spin precession due to dynamical diffrac-
tion by a perfect ferromagnetic crystal at the Bragg

1JRR-3M, PONTSA, 8, Neutron Optics

reflection(5], it is not so easy to obsrve it, because, not
only difficult to get perfect magnetic crystal but also
difficult to avoid the dephasing of Larmor precession
due to a wavelengh distribution, beam divergence and
inhomogeniety of magnetic induction through a large
magnetic induction of ferromagnetic crystals. We
have overcomed these difficulties by adopting neu-
tron spin echo and phase echo principles to observe
neutron spin precession of O-wave through ferromag-
netic crystal at Bragg condition due to dynamical
diffraction effect even to use non-perfect mosaic crys-
tal. The extra spin precession of transmitted O-
wave through ferromagnetic crystal at Bragg condi-
tion comes from the difference of Fourier potentials
Variz for | and | spin neutron as folows.

2
N
F;,H(b + p)

1)

Vieix =
m
where N is the number of unit cell/em3, Fyi the
structure factor, b and p the coherent nuclear and
magnetic scattering length, respectively.

2 EXPERIMENTALS

The two thin single crystals of permalloy (Fe4oNigo,
lattice constant a=3.576A) with the thickness of 450
pm were cut as square plate parallel to the (110)
plane and the (100) plane inclines 45° to the surface
so as to be the direction of the (200) Bragg reflection
(26 = 90°, for neutron wavelength 2.5284) within
this thin crystal plane when the neutrons are inci-
dent perpendicular to this plane. The experimental
setup to observe a spin precession through a pair of
ferromagnetic single crystal of PA across a Bragg con-
dition should keep both the spin eho and the phase
echo conditions. The spin echo-phase echo setup was
build up on the NSE spectrometer PONTA at JRR-
3M with a neutron wavelength 2.528A. The thin plate
of single crystals are saturated in the ferromagnetic
flux circuits which are inserted in the first and the sec-
ond precession field of neutron spin echo spectrometer
with non-adiabatic spin flipper as shown in Fig. 1.
The measurement of the spin precession was carried
out under the conditions of spin echo and phase echo
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so as to prevent dephasing of Larmor precession by
wavelength distribution and beam divergence. When
Larmor precessing neutrons are incident perpendic-
ular to the pair of magnetized crystal plane, both
crystals satisfy the (200) Bragg condtion for the |
spin component, of the precessing neutron. Then the
multiply reflected T spin with the Bragg angle of 90°
in the thin crystal get extra phase shift and after the
transmission as the O-waves they couple with | spin
component again starting Larmor precession. If the
7 spin flipper works after a neutron passes through
the first crystal, the second crystal cancels the extra
Larmor precession due to the Bragg condition. The
extra Larmor precession due to the Bragg condition
can be extracted if the shift of the spin echo signal is
obtained as a function of rocking angle of the second
crystal, which is the deviation angle from the Bragg
condition.

3 RESULTS AND DISCUS-
SIONS

Since the visibility of the spin echo signal around
Bragg conditon indicates the coherency of the trans-
mitted neutron of coupled | and | spin, it shows min-
imumn at the Bragg condition against rocking angle
where the intensity of the transmitted O-waves of |
spin become minimum due to the Bragg reflection.
The shift of the spin echo signal gives a basis preces-
sion phase just at the Bragg condition of the both
crystals. In the small rocking angle region of the sec-
ond crystal around the Bragg condition, w = 0 in Fig.
1, the precession shift seems at first to decreasing
with plus and minus deviating angle from the Bragg
condition and inceases again for the further angle de-
viations. This increase of precession shift with the
further deviation angles is due to longer path length
of Larmor precessing neutrons through the crystal.
The precession decreases against small angle devia-
tion from the Bragg condition indicates that a mul-
tiply reflected O-wave of 1 spin spends longer phase
time in the crystal while that of | spin goes through
the crystal without multiple Bragg reflection. This
result seems similar phenomena which was observed
in the extra Larmor precession through helical mo-
saic single crystal of holmium[4]. Though we cannot
directly observed the oscillating dynamical phase for
the perfect crystal across the Bragg condition, we suc-
ceeded in observing the delayed spin precession shift
A due to the multiple Bragg reflection of O-wave for {
spin neutron among different crystallite parallel with
each other.

~ Vakig = Vae- s 27

A= m 2
Vhkis A &)

where 81,,, is the sum of the extra wave path length for
1 spin neutron during the multiple Bragg reflection

(200)Bragg Condition
0.2 T T T T T T T T T

E*H ﬂf{h et
SEU
3 |

Rocking Crystal Angle (deg.)

Figure 1: Number of extra spin precession as a func-
tion of rocking crystal angle around (200) Bragg con-
dition.

of O-wave through the ferromagnetic crystal. The
delayed precession shift may correspond to longer
dwelling time of T spin neutron.

In this experiment, though the effects of beam di-
vergence is not yet extrapolated to zero limit, and
even the crystal is mosaic one, the T and | neutrons
always only couple with their parallel component af-
ter multiple Bragg reflection of T spin O-wave. This
is a new principle to observe dynamical diffraction
phase by spin precession using even imperfect crys-
tal.

This work was supported by a Grant-in-Aid for Sci-
ence and Culture of Japan under the program number
10440122.
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1-8-3 Influence of rear face reflections on scattering appearing in the

tail of the rocking curve of channel-cut crystals

M. Hashimoto. K. Sumitani. S. Nakatani. T. Takahashi

The Institute for Solid State Physics, The University of Tokyo,
Roppongi, Minato-ku, Tokyo, 106-8666 Japan

Channel-cut crystals made of perfect crystal such
as silicon and germanium are wused for
monochromator and analyzer of neutrons in the
measurement requiring high angular resolution.
This is because they provide tailless beam. For
instance, they are used in high resolution
measurements in angle and energy using the triple
crystal arrangement. Thus we carried out the
experiment on inelastic scattering at the beam line
C1-3 of JRR-3M. However, in our experiences
the rocking curves observed without sample in the
double crystal arrangement show deviations from
the calculated curves based on the dynamical
theory at the tail parts. Those deviations appearing
at the tail parts do not give any significant
disturbance in usual measurements, so that special
attention has not been paid to the discrepancy. But
they give crucial influence on the high resolution
measurements in angle and energy using the triple
crystal arrangement at the extremely small
scattering angle comparable to the Darwin width.
In this study we found that the main cause of the
extra scatterings appearing in the tail parts of the
rocking curve is attributed to rear face reflection
of neutrons by simulations based on the
dynamical theory, as shown dotted line in
Fig.1.[1] Furthermore we discussed designs of

JRR-3M, ULS, 8.Fundamental Physics &Neutron Optics

channel-cut crystals to reduce such scattering. By
using such channel-cut crystal the measurements
with higher resolution will be performed.
However the cause of the extra scattering of the
rocking curve appearing at the region of larger [WI

is not yet understand.

NORMALIZED INTENSITY

ANGLE(SEC)

Figl: Circles mean the observed intensity for five-
bounce Si 111 channel-cut crystals in the (+,-)
parallel setting. Solid line is calculated based on
the Darwin curve and broken line is calculated by
taking into account the back surface reflections.

(1] M.Hahshimoto,T.Takahashi; ISSP7°98
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1-8-4 Measurement of transverse coherent separation of spin precessing neutron
using spin splitters
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Let us consider Larmor precessing neutron reflected
by a pair of spin splitters as shown in Fig.1. The spin
splitter consists of a magnetic layer on top, followed by
a gap layer and a nonmagnetic layer[1, 2]. At the inci-
dent angle 8, as shown in Fig.1(a), the transverse sep-
aration with the (+,—) arrangement is canceled out.
On the other hand the separation with (+, +) arrange-
ment, as shown in Fig.1(b), the transverse separation
is doubled. The transverse coherency of T and | spin
neutron waves can be estimated from loss of visibility
of the spin precession as a function of the gap thickness.
When the 1 and | spin neutron waves propagate par-
allel to each other as shown in Fig.1, we can estimate
a maximum transverse coherent separation.

\

()

>l |-
-
\

Gap D /7y L
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v
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Figure 1: Schematic view of transverse separation and
convergence of T and | spin neutron wave by a pair
of spin splitters with (a) (+,—) and (b) (+,+) arrange-
ments.

N

N

(b)

The first experiment has been performed with the
neutron spin interferometer installed at MINE at JRR-
3M in JAERI. We observed transverse coherent sepa-
ration of a neutron with wavelength of 12.6A(6\/) =
3.5). The experiments, however, did not show con-
vincing the existence of an intrinsic maximum co-
herent separation of a neutron. Therefore we have
installed a neutron spin interferometer at ULS in
JAERI in order to use better monochromatic inci-
dent neutron beam reflected from Si-perfect crystal.

JRR-3M, MINE, 8, Fundamental Physics & Neutron Optics
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Figure 2: Typical NSE signals reflected by a pair of
multilayer spin splitter with (+,—) configuration, in
the spin interferometer in ULS.

ULS provides the cold neutron beam with a wave-
length of 473 A (6A/A = 1.1%). The strength
of guide magnetic field was 0.86 mT and the diver-
gent angle of incident beam was 2.3 mrad. The po-
larizer and analyzer which consist of Supersendust
(FesgNiz2SigAly;9nm)/germanium(Ge;8nm) [30bilay-
ers] has been used to magnetically saturate in the lower
magnetic field. Figure 2 shows the NSE signal of T and
| spin neutron waves reflected by a pair of the spin
splitters for the gap thickness of 0.2 um with (+,-) ar-
rangement shown in Fig.1(a). The visibility of NSE
signal is estimated to be 0.51. Since the incident di-
vergent angle was not small, the visibility was not so
good for precise measurement of the coherent separa-
tion. Even then, this result shows the feasibility of the
measurement of the transverse coherent separation.
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1-8-5 Larmor precession of bounded neutron spin in multiply coupled magnetic

Fabry-Perot film
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Quasibound states of neutron were ob-

served for the first time with ultracold neu-
tron by Steyerl and co-workers{l] and Mazza
estimated neutron lifetime in quasibound
states[2], However, we measured Larmor pre-
cession angles of neutron spins transmitted
through double-hump or triple-hump poten-
tial barriers for | spin neutrons[3] including
the tunnpeling region. Recently, Hino reported
precise measurement of tunneling phase shift
through ferromagnetic thin films of permalloy
using Larmor precession [4].
This time, we have connected multiply
coupled magnetic potentials created by
a sequence (permalloyFe;;Niss(PA)—Ge)*-PA
films deposited on flat silicon wafer. Here
an ] spin neutron wave feels multiply cou-
pled bound state potential wells and a |
one feels almost a small rectangular poten-
tial. These multilayers are called multi-
ple Fabry-Perot magnetic thin film resonator,
and the layer thickness of each films was
measured by a quartz crystal oscillator dur-
ing deposition. The measured thicknesses
of permalloy45(Fe;sNiss) films for n=10 were
2004 and and the thicknesses of all germanium
films were 400A.

By inserting the multiple Fabry-Perot res-
onator into the second spin precession field
of a neutron spin interferometer(NSI)[5] in-
stalled at the cold neutron guide tube(C3-1-
2) of the JRR-3M reactor at JAERI, we could
observe quasibound states of | spin neutron in
the Fabry-Perot resonator using Larmor pre-
cession, which is shown by the shift of neu-
tron spin echo(NNSE) signals. In this experi-
ment, the NSI is considered as a miniature of
a transverse NSE instrument, and the wave-
length resolution and the divergent angle are
12.6A+0.44A(FWHM) and 0.7x1073rad, re-
spectively.

As shown in Fig.1, the number of Larmor
precession versus the incident angles show si-
nusoidal oscillations and the oscillation is well
reproduced by the theoretical phase difference
of [ and | spin neutron wave functions calcu-

1 JRR-3M, MINE, 8, Neutron Optics
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Figure I: The number of precessions(closed circles
and solid line) and transmission probability(broken
line) of T spin neutron through the multiple (PA-
Ge)!C-PA Fabry-Perot resonator as a function of in-
cident angle.

lated with one-dimensional Schrédinger equa-
tion for multiply coupled potential barriers.
The smaller the incident angles, the bigger the
amplitude of sinusoidal oscillations are. The
sinusoidal amplitude of the number of Larmor
precession seems proportional to the number
of coupled quantum wells, though the trans-
mission probability seems to be constant.
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1-8-6 Measurement of spin precession angle of neutron transmitted through magnetic
thin film with absorption
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Recently, we have succeeded in measuring
spin precession angles of zeutrons tunneling and
non-tunneling through Permalloy45 (FessNiss)
ferromagnetic film as a function of incident
angles{1]. The spin precession angle is well re-
produced by the theoretical phase difference
of 1 and | spin nmeutron wave functions based
on one-dimensional Schrodinger equation using
optical potential model[2]. In this report, we
present spin precession angle and transmission
probability of neutron through PA/Gd mag-
netic thin film for non-tunneling case, where the
PA/Gd film consists of Permalloy45(FessNiys
and gadolinium atoms, the total thickness is
1100A and the ratio of PA and Gd is 10:1. The
film were evaporated on a polished silicon wafer
in an applied magnetic field of 14mT in order
to saturate the magnetic film under lower mag-
netic field. Here we assume that the value of
potential barrier in the magnetic absorber is
represented as V = Vyuq £ uB + iV, for T and
| spin, respectively, where Vi, Vap and uB is
the average coherent nuclear potential, absorp-
tion one, magnetic one, respectively[3].
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Figure 1: Transmission probabilities of T (¢) and | (o)
spin neutron transmitted through the PA/Gd film.

As shown in Fig.l, the experimental trans-
mission probabilities of { and | spin neutrons
are well reproduced by the theoretical lines.
The theoretical lines are calculated from one-

JRR-3M, MINE, 8, Fundamental Physics & Neutron Optics
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Figure 2: The shift of NSE signals through the PA/Gd
film.

dimensional Schrédinger equation using the op-
tical potential barrier with absorption including
effects of the incident wavelength distribution.

The angles of additional spin precession are
directly observed as a shift of neutron spin
echo(NSE) signals by inserting the film in one
of the Larmor precession fields of a trans-
verse NSE spectrometer. As shown in Fig.2,
the additional spin precession angles were well
reproduced by the relative phase difference
between { and | spin neutron wave func-
tions which were derived with solving one-
dimensional Schréodinger equation for the op-
tical potential with absorption. From these re-
sults, it is clear that the optical potential model
with absorption is acceptable for non-tunneling
case.
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1-8-7 Modified Spin Echo Method UsingF(%.old Neutron Spin Interferomtry with RF
ippers

T. Ebisawa, D. Yamazaki}, M. Hino, T. Kawai, S. Tasaki, N. Achiwa? and Y.Otake3

Research Reactor Institute Kyoto University
Department of Nuclear Engineering Kyoto University!
Department of Physics, Kyushu University2
SPring8 The Institute of Physical and Chemical Research?

We have been developing a modified spin echo
method using a cold neutron spin interferome-
try with radio frequency flippers (RF flipper)[1],
which is similar to Mieze spectrometer{2]. A ba-
sic system of the modified method is shown in
Fig.1[3]. The guide coil supplies a uniform low
magnetic field of a few Gausses to the whole
system. The low field is enough to avoid neu-
tron depolarization and saturate the magneti-
zation of the magnetic mirrors of the polarizer
and analyser we developed[4]. The first and
second RF flippers with high frequency are op-
erated as w/2flipper and wflipper,respectively.
The third flipper with low frequency functions
as 7 /2flipper.

Polariser RE 7 Detector

iser Aralyser
l_F]ﬂ Guide Coil ﬁ} Sample
e 1 0 “l)i‘"!) I
I ] - i
(2) REW1 -I\M;W
T8 TR Leflected Companent

= * S

- h:k / "1)/ h\?
= L "’) 1 JAUJ_L J
(b) } L fe- | >e——L; —>

Figure 1: (a) An arrangement of a modified
neutron spin echo method using cold neutron
spin interferometer with RF flippers. (b) I-
lustration of splitting and superposing of a po-
larized neutron.

Assuming the resonance condition for the RF
flipper and expressing the oscillating field as
B, sinw,t, the frequency of the oscillating field,
w; is given by the magnetic field applied to the
RF flipper B,,

hw, = 2uB, (1)

where p is the neutron magnetic moment.

JRR-3M, MINE, 8, Fundamental Physics

We consider the case of the following condi-
tions as regards the magnetic fields of the sys-
tem,

Bz,l = Bz,2 =B, > Bz,3 = Bg (2)
where B, ; are the magnetic field in z axis of the
¢t th RF flipper and B, the guide field, respec-
tively.

The polarized neutron is split into the two
spin eigenstates with energy difference with Aw,
by the first RF = /2-flippers. The spin state and
energy difference of these partial waves are re-
versed by the second RF x-flippers. The third
«[2-flipper superposes them in the {1 and |}
spin states. The analyzer mirror reflects the pair
of the 1T spin states and the phase difference
between them is measured by the neutron inten-
sity. The above behaviors of the partial waves
are illustrated in Fig.1(b).

The phase difference ®, at the detector is cal-
culated as a function of detection time of the
neutron t, neglecting B, for B,, [1, 3]

®, = wzt+kz(L1—L2—L3) (3)
Li-L;-L

= wzt+{wz(1—:_5*)} (4)

t = to+ti+ta+ts (5)

where t, is the time which the neutron is inci-
dent on the first RF x/2-flipper, k, the wave
number difference between the two spin compo-
nents given by w./v, L; the length between the
first and second RF flippers, Ly the length be-
tween the second RF flipper and the sample, L3
the length between the sample and the detector,
and t; is the neutron flight time given by L;/v.

The phase shift given by the first term of
Eq.(3) oscillate as a function of neutron detec-
tion time with frequency w,. The second term
is a dispersive phase difference caused by the
momentum difference. Measuring a time spec-
trum, we can obtain a neutron intensity with
time dependent oscilation from the first term.
On the other hand, the second term induces a
dispersive phase shift depending on the velosity
resolution of the incident neutron, which is in
quite analogous situation to Larmor precession.
Accordingly, in order to observe an interference
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pattern varing with the neutron detection time,
the following condition is required, [1, 2, 3]
Ly—Ly—L3=0 (6)

Then the phase difference is given by as a func-
tion of the neutron flight time t,
(pt = wzt (7)

Figure 2 shows a time spectra measured for a
frequency of 200 KHz and Ly = L2+ L3z = 80cm.
This visibility of the time spectra disappeared

for a deviation of the detector position from the
best position owing to the second term of Eq(2).

Neutron Counts

0 . 20 ‘ ‘ 40
Time(psec)

Figure 2: Time spectra measured for a frequency
of 100 KHz.

Change of neutron velocity by the inelastic
scattering with the sample gives rise to a change
A® of the phase difference given by Eq.(3),
which can be calculated,

Ad = szt;;—Ak‘ng (8)
A

Aty = thv (9)
Av

Akz = wz—l-)'? (10)

where Av, Atz and Ak, are the change of the
neutron velocity, the neutron flight time and the
wave number, respectively, after the scattering.
Phase shift at a same detection time (At3=0)
changes by the second term in Eq.(8). Thus the
neutron velocity change after the scattering is
related to the change of the phase shift A® as
follows;

Av

AP = -—wZL;;F (11)

(12)

= —WThnse

w and 75, are the energy transfer corresponding
to the velocity change and the spin echo time,

respectively. They are given by,

w = —Tg‘vAv (13)
hw,L
Tnse = mv33 (14)

These discussions show that this spectroscopy
is similar to conventional spin echo method in-
spite of different spin interferometry. The typi-
cal characteristics of this system as a spin echo
method can be evaluated from these equations
and is shown in Table 1.

Table 1: Energy resolution and 7,,. of a mod-
ified spin echo method using RF flippers as a
function of neutron wavelength for three fre-
quencies of the time interference, assuming L3 =
1m. The energy resolution corresponds to phase
shift of 2r.

wavelength(A) 6 12 24

Frequency : T0KHz

energy resolution(pzeV) 2100 - 267 33

Tnse(Ns€C) 0.002 0.016 0.12

Frequency : 100 KHz

energy resolution (peV) 210 26.7 3.3

Tnse(nseC) 0.019 0.155 1.24
“Frequency : 1 MHz

energy resolution{peV) 214 267 033

Tnse{DsEC 0.194 155 124
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1-9-1 An Upgraded Neutron Diffractometer (BIX-III) for Macromolecules
with a Neutron Imaging Plate

1. Tanaka, K. Kurihara, T. Chatake, Y. Nishimura, Y. Haga, Y. Minezaki, S. Fujiwara, S.
Kumazawa', Y. Yonezawa®, N. Niimura, R. Bau’, A. Suzuki*, E. Otani*

Advanced Science Research Center, JAERI, Tokai, Ibaraki 319-1195, Japan
! Neutron Scattering Laboratory (KENS), KEK, Tsukuba, Ibaraki 305-0801, Japan
2 Tsukuba College of Technogy, Tsukuba, Ibaraki 305-0821, Japan
? Dep. of Chemistry., Univ. of Southern California, Los Angeles, CA 90089, USA
* Faculty of Science, Tohoku Univ., Sendai, Miyagi 980-8578, Japan

An upgraded diffractometer” with a neutron
imaging plate (NIP)? dedicated to protein
crystallography (Fig.1) has been constructed at

JRR-3M. Thanks to the NIP for covering large
scanning area, upgraded elasticcally bent perfect
Si monochromator” and shifting of the sample
position to upstream for shielding effectively
against neutrons and y-rays®, finally we obtained
an improvement factor of 40 in comparison to
different aspects of an old diffractometer BIX-I”
(table 1). Till now we have already taken data for
several challenging samples and succeeded as in
Fig.2-4. All experiments were carried out using
A=235A.

Fig.2 Diffraction pattern of HEW-Lysozyme in
D,0. The sample size was 2.0x2.0x3.5 mm’, the
exposure time was about 15 hrs, and still. About
2A spots could be observed.
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Table 1 : Current specifications of BIX-III and BIX-I; geometrical comparisons (a) and practical
crystallographic comparisons (b).

(a)

Parameter BIX-II BIX-1

Monochromator (M.) EBP-Si(111)/ (311) EBP-Si(111)/ (220)

M. Dim. [mm] W250 x H40 x T10 W250 x H40 x TS
Wavelength [A] 2.35/1.23 .73/ 1.06

M. to Sample Dist. 2250mm 3100mm

Camera Constant 200mm 600mm

Detector Neutron Imaging Plate (cylindrical) 2 Gas Proportional Counters [ilat]
Detector Shielding B,C+resin=T50mm, Pb=T50mm(with Imm thick Pb cover) B,C+resin=T20-110mm
(b)

Parameter BIX- BIX-I Gains
Intensity at Sample Position {10*n/cm?/sec] 6/- 371 2.0
Maximum Cell Const.[A] 90/ 50 90 /50 -

Solid Angle (4x[rad}=1) 0.595 0.028 21.5
d-min{A] 12706 15708 -

Total Gains 43

Fig.3 Diffraction pattern of Rubredoxin in D,0. The sample size was 2.5x2.0x1.0 mm cube, the
exposure time was about 23 hrs, and 0.4 deg oscillation. The minimum d-spacing spot was 1.6 A..

Y—

Fig.4 Powder diffraction pattern of a kind of minerals. The sample size was lmm cube, the exposure
time was about 11 hrs, and the image was read by a reader of Fuji Co. Ltd.

[FF45 : JRR-3M &l : BIX-lII(1GA) nH: (7)) &E
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1-9-2  Miniature High Pressure Cell for Neutron Scattering

A.Onodera, F.Amita', Y.Ishii*> and Y.Morii?
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There has been a growing interest in the study
of physics of pressurized condensed matters by
means of neutron scattering. Magnetic scatter-
ing, for instance, can now be carried out at pres-
sures greater than 10 GPa on conditions that the
sample under study is as small as 0.1 mm?, it is
enriched, and supermirror is installed along the
beam incidence. It should be noted that the state
of the art of high-pressure technique does not al-
low simultaneous attainment of both high pres-
sure and large volume.

A prerequisite to generate pressures higher
than about 3 GPa is the employment of opposed
anvil design. With the opposed anvil, however,
the sample volume is very small. Enlarging the
volume within this system is to prepare a hollow
space on top of the anvil. Along this line, we
have developed hollowed anvils made of sap-
phire, sintered alumina, and tool steel.

Figure 1 shows sketch of the hollowed anvil.
When two anvils are set opposed, a space whose
shape is a flying saucer is achieved. A gasket
holding the sample to be studied is placed into
this space.

Fig. 1. Hollowed anvil (s:sample, g:gasket).

The pressure generated with the anvils was
calibrated by the changes in the electrical resis-
tance of HgSe and HgTe. Figure 2 shows typical
examples of the resistance measurements with
the steel or sintered alumina anvils using
polyethlene as the gasket, demonstrating that
pressures exceeding 2.5 GPa is attained.

~1 GPa ~2.5 GPa
s ' t
10° e
10° | > ° -
-. DDDmD [®]
z 100} 0 i
a
= ) 3
S 10t} o .
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g 10" | o .
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§ o ong
-
10 " -
1021 * ‘HySe(steel anvil) -
0 :HgTe(alumina anvil)
10‘3A...|.AL.1.LA.
0 05 1 1.5

Load (tons)
Fig. 2. Electrical resistance of HgSe and HgTe.

The pressure can be locked by use of a minia-
ture device as shown in Fig. 3. The device is 90
mm in height and 70 mm in width. An angle of
148° is available for neutron scattering.
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1 -9-3 Performance Test

of a System for Simultaneously

Generating

Triple Extreme Conditions for Neutron Scattering Experiments III
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As previously reviewed, we have newly
developed a cryomagnet system with a high
pressure  cell”  which can  simultaneously
controlling three extreme conditions such as low
temperature-7, high magnetic field-H and high
pressure-P.  Now we have carrying out some
tests to demonstrate the performance of the
system by neutron scattering experiments. In
the test, magnetic transition of the compound
TbNI,Si,, which undergoes multi-step
metamagnetic transition involving six long
modulated structures in the c-axis magnetization
process up to ST at 4.2K?, have been observed
under three extreme conditions. In our previous
study under P=0.7GPa at T=1.7K in H=0~5T?,
we reported that the pressure effects on the field
induced structures of the compound were found
above H=4.0T. The present issue represents the
result of the study for an additional pressure up to
1.2GPa.

Neutron diffraction patterns were collected in
the a*-b* reciprocal plane using the TAS-2 at
JRR-3M of JAERI. The spectrometer was set
up to be 2-axis mode with an incident wavelength
of 2.44A. The sample set-up is the same way as
described in Ret.3).

Figure 1 gives the representation of the
magnetic Bragg peaks in the a*-b* reciprocal
plane at 1.7K under 0.0GPa, 0.7GPa and 1.2GPa.
In the external field of 3.3T, no significant
differences in magnetic structures exhibit
between under 0.0GPa and under 0.7GPa, while
for the phase at 1.2GPa the peaks related to the

wave vectors Q=(1/211,1/2+1,0) with 1=0.000,
0.125 no longer appear along the (1-10) line.
This magnetic phase at P=1.2GPa under H=3.3T
can be described as the same vectors with the

phase at P=1.2GPa under H=3.3T?. Thus an
additional pressure 1.2GPa causes the great
change of the magnetic structure in lower field.

I=17K
H=3.3T H=4.0T
L0 T ' % ’
I :
P=00GPa = ® .
Y
02 + ’
a0 02 04 0:6 08 10
a* (r.lu.)
4 -9
.
P=0.7GPa e
i 4+ 9
i -
P=1.2GPa o
®
Fig. 1 Schematic representation of the magnetic Bragg

peaks in the a*-b* reciprocal plane at 1.7K under 0.0GPa,
0.7GPa and 1.2GPa.
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Improvement of Neutron Spin Echo Spectrometer

at C22 of JRR-3M

T. Takeda, H. Seto, Y. Kawabata, S. Satoh!, M. Furusakal, M. Naga02, H. Yoshizawa?
Faculty of Integrated Arts and Sciences, Hiroshima University, Higashi-Hiroshima 739-8521
1 KENS, KEK, Tsukuba, Ibaraki 1305-0801, Japan

2 Institute for Solid State Physics, University of Tokyo, Tokai, Naka Ibaraki 319-1106

We have been improving a neutron spin
echo spectrometer(NSE) at C2-2 cold neutron
guide port of JRR-3M, JAERI!-3). In order to
measure the scattered neutrons efficiently, we
replaced the spiral coils with wider area one.

The spiral coils for the beam cross section of S

= 50%mm were set at both the entrance and the
exit side of the first precession coil and also at
the entrance side of the second precession coil,
and the coil forS = 70®mm at the exit side
of the second precession coil for the general
We also installed a new
detector system with an assembly of 8 (which
will be increased to 16 in the future) one-
dimensional position sensitive detectors(1D-
PSDs) of 1/2 inch in diameter and 60 cm long.
Each 1D-PSD is set vertically in parallel. The
PSD is made by Reuter Stokes specified as RS-
P4-0424-206. We can observe each NSE

signal, that has a different spin precession

users at present.

phase corresponding to the different field
integrals, by means of the PSD which specifies
the different
the use of PSD loosens the

divergent neutron paths.
Therefore,
condition of the homogeneity of the field
integral D. Thus, we can use the scattered
neutrons with large angular divergences for the
NSE experiment using the PSD.  Especially,

in this NSE spectrometer, the detector system

with an assembly of PSDs is very effective to
upgrade the performance by specifying each
particular neutron path, since the magnetic
substance of other instruments disturbs the
precession field and causes the deviation of the
field integral from the axial symmetry which
cannot be corrected for by the spiral coils.

In the preliminary NSE experiment using the
new detector system, the neutron intensity
observed at the detector increased 9 times the
old detector system when the beam collimation

at the entrance of the first precession coil and at
the sample position was 309mm and the
collimation at the exit of the second precession

coil was 70¢mm.
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1-9-5 Production and Neutron Reflectivity of Replica Supermirrors
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Placing a neutron guide tube very
near the cold neutron source in a reactor core
or an accelerator target system allows one to
extract more very low energy neutrons.
However, this requires that the guide tube
should be extremely radiation resistant.
Neutron mirrors enduring a hard
environment are essential for VCN
extraction. Therefore, we developed a
metal-based neutron supermirror to be used
in high radiation environments. As a new
technique of very low energy npeutron
transportation, it is demonstrated that a
replica supermirror can be produced. They
were fabricated as follows. A conventional
(Ni-Ti) supermirror is deposited onto a float
glass substrate and Cu is electroplated on top
of the mirror. The glass is then removed,
leaving the replica supermirror on the
copper.

The surface precision of the fabricated
replica mirrors was measured by optical
methods. The values of surface roughness
(peak to valley) of two samples were 22 and
200 nm, respectively, and the arithmetic
mean values of the roughness (Ra) were 1.3
and 2.0 nm. These values show that the
surface of the replica mirrors is almost as
good as that of float glass.

The neutron reflectivity of a replica
supermirror was measured by cold neutrons.
The reflectivities of a replica supermirror, a
supermirror on a glass plate and a nickel
mirror are shown in the figure. The
calculated reflectivity of the deposited layers
is also shown. The wavelength in the figure
is the neutron wave component perpendicular
to the mirror surface. The measured results
show the possibility to realize a good replica
supermirror.

JRR-3M, MINE, 9.Instrumentations

The roughness of replica supermirrors
is very good, but the flatness is not so good
because of the thinness of the base metal. It
is important to support it correctly to keep it
flat for the practical use. This measurement
shows it possible. As the critical angle of the
VCN on the supermirror is much larger than
the order of the flatness, the effect of surface
flatness will be relatively small for VCN
extraction.

References
[1] Y.Kawabata et al., Nucl. Instru. and
Meth. in Phys. Res. A420(1999)213-217.

ty

Reflectivi

. 1 A |
40 60 80 100
Neutron Wavelength (nm)
o Replica Ni-Ti
4a Plate Ni-Ti
v Ni Mirror
——Calicutation

Figure Neutron reflectivity of a replica
supermirror, a supermirror on a glass base
and a nickel mirror.
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The magnetic neutron devices for cold neutron
optics are required to satisfy the following con-
ditions:(1)the stray fields from the magnetic de-
vices should be small enough not to give mag-
netic effects to the nearby devices,(2)they should
control the neutron spin states easily and pre-
cisely. In order to fulﬁpll these conditions, a mag-
netic neutron mirror must be magnetized to satu-
ration under a very low external magnetic field. A
multilayer magnetic neutron mirror placed in the
pulsed magnetic field is called a cold neutron pulser
and produces the pulsed polarized neutrons. We
have developed the Permalloy(FessNigs)/Ge mul-
tilayer(PGM) magnetic mirror working as a cold
neutron pulser in the pulsing magnetic field of 15

auss{1]. This magnetic mirror is used also as a po-
arizer working under low external field of several
gauss and a device generating stationary magnetic
optical potential for studying spin interference phe-
nomena. Such a magnetic mirror allow us to set
the neutron optical instrument compactly in a re-
stricted space.

When the magnetic mirror is used as a high-
frequency(HF) cold neutron pulser generating dy-
namic optical potentials, an external magnetic field
for magnetizirg to saturation need to be as low as
possible. We measured the coercive force of the
PGM magnetic mirror for developing HF cold neu-
tron pulser.

The PGM((Permalloy:QOA/Ge:SOA)x20(layers%)
mirror is fabricated by vacuum evaporation onto Si
wafer(75mm in diam. and 3mm in thickness) in
a magnetic field of about 130 gauss. The evap-
orating rate is about 1A/s. The hysteresis loop
was measured using the cold neutron spin interfer-
ometer installed at the C3-1-2 of JRR-3M which
supplies 12.6 A neutrons with FWHM band width
of 3.5%. The polarizer, = flipper and the ana-
lyzer(PGM sample mirror) are set in the guide field
of about 9 gauss. The strength and direction of
she external magnetic field for the PGM mirror is
controlled using additional coil.

The reflectivity is shown in Fig. 1 and the mea-
suring hysteresis loop in Fig. 2. The calculated re-
flectivity shown by the solid line assumes 1.6 T for
the saturation induction of the mirror. The coer-
cive force was 15 gauss. The PGM magnetic mirror
could be used as a neutron pulser under the low-

- external magnetic field of 15 gauss. However the HF
cold neutron pulser for investigating non-stationary
spin interference phenomena might require a cold
neutron pulser working under much lower external
field.

The Supersendust(FessNiz2SigAls) magnetic mir-
ror of which coercive force is 5 gauss has been de-
veloped [2]. So we are now developing the HF cold
neutron pulser using these magnetic mirror. The
range of frequency is expected to be IMHz.

JRR-3M, MINE, 9, Instrumentations
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Figure 1: The measured reflectivity of the Permal-
loy/Ge multilaﬁer magnetic mirror. The calculated
reflectivity is shown by the solid line.
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Figure 2: The measured hysteresis loop of the
Permalloy/Ge multilayer magnetic mirror. The
closed circle(e) is for T spin component and open
circle(o) for | spin component.
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1-9-7 Enbancement of reflectivity of multilayer neutron mirrors by ion polishing

K.Soyama, W.Ishiyama' and K. Murakami'

Japan Atomic Energy Research Institute, Tokai, Naka, Ibaraki 319-11
1 Nikon Corporation, Nishi-ohi, Shinagawa, Tokyo 140

Multilayer neutron mirrors are now widely
used at many neutron sources for neutron
control devices. A multilayer with smaller 4-
spacing is desirable to lead greater angles of
reflection for most applications. One of the
most important problems in producing the
small d-spacing multilayers is the reduction of
the interface roughness which becomes larger
with the number of bilayers deposited.

We have applied ion polishing in
combination with ion beam sputtering
deposition to smoothen the layer. We have
carried out the investigation on Ni/Ti
multilayers from the viewpoint of the ion
polishing time, ion acceleration energy and
incident angle, in order to optimize the Ar" ion
beam parameters.

Ni/Ti multilayers (d=120A, N=10bilayer)
with either Ni layers or Ti layers ion-polished
were deposited.  The ion polishing was
applied immediately after the deposition of a
layer to smoothen the layer. The condition of
the sputtering deposition were fixed for all
multilayer mirrors, on the other hand,
conditions of the ion polishing were scanned.
The d-spacing and interfacial roughness of
multilayers were evaluated with X-ray grazing
angle reflectivity measurements, which were
performed in a 6-26 mode between 0° and 10°
using Cu K, radiation (A=1.54A).  The
measured reflectivity was fitted with the
reflectivity which is calculated using the
Fresnel’s formulae and the interface roughness
considered in terms of the Debye-Waller factor
o, assuming the optical parameters of the

material in bulk.

In the study of optimization of the Ar" ion
polishong time, the evaluated interface
roughnesses ¢ of the multilayers are shown in
Fig.1, which illustrates the ion polishings (in all
cases) to be very effective for the reduction of
c. In case of ion-polished Ni layers, ¢ value
of 6.5A without ion-polishing decreases to a
minimum value of 3.5A by an ion polishing of
69 sec. On the other hand, a constant
reduction of ¢ value of 4.5A was observed over
every polishing time in cases of ion-polished Ti
layers.

It was observed that the neutron reflectivity
and the interface roughness of multilayers are
clearly improved and the best condition of the
ion polishing have been determined.
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Fig.1 Evaluated interface roughness ¢ of the
multilayers for various ion polishing times.
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1-9-8 Prelimiary measurement of neutron reflectivity and
transmissivity from a multilayer mirror

S.Tasaki
Research Reactor Institute Kyoto University

Interface roughness is one of the main
cause of reduction of neutron reflectivity
and transissivity from multilayer mirrors.
Usually reflectivity reduction due to the
interface roughness is taken into account
to the calculated reflectivity by multiply-
ing the ideal reflectivity by a Debye-Waller
type reduction factor. The calculation is
based on a model that reflected wave is
scattered by the interface roughness. This
model gives us the result that the sum of
the reflectivity and the transmissivity be-
comes less than unity at the Bragg angle.
On the other hand, there is another expla-
nation for the reduction of reflectivity that
the optical potential which neutrons ‘see’ in
the multilayer is effectively lowered due to
the roughness and/or density reduction of
the evaporated materials. This latter model
gives us that the sum of neutron reflectiv-
1ty and transmissivity is unity except for the
absorption and incoherent scattering by the
materials.

In this study, we made measurements on
reflectivity and transmissivity of neutron
from a multilayer mirror,

The multilayer, fabricated using the vac-
cum evaporation in Research Reactor In-
stitute Kyoto University[1], consists of Ni

and Ti with d-spacing of 100A, and the
number of layers of 100. The multilayer is
evaporated on a 130mm x60mm x0.6mm-Si
wafer. The measurements were performed
with the neutron reflectometer installed at
C2-1 beam port of JRR-3M reactor in Japan
Atomic Energy Research Institute.

For the transmissivity data, absorption
by the Si substrate should be corrected by

the factor
o T
- %0\ Nt
f=exp (/\Q Ns'sin@)’ (1)
where o,(= 0.145b), Ng(= 5.0175 x

102/cm®), T(= 0.6mm) are absorption
cross section, atomic number density of Si,
and the thickness of the substrate. Ao(=
1.79A) is the neutron wavelength at which
absorption cross section is given by o,. A\(=
6A) and 0 are neutron wavelength and inci-
dent angle of neutron to the substrate.

The results are shown in Fig.1. The trans-
missivity T in the figure is Si absorption cor-
rected. In the ordinal roughness scattering
model, the sum (R+T) should be less than
unity at the Bragg position (8 = 1.1deg)
and very close to unity else where. The fig-
ure shows, however, that there is no such re-
duction of the sum around Bragg condition.
This result implies that neutrons ‘see’ mean
structure of the multilayer and the scatter-
ing induced by the roughness is very weak.

In the last comment, we hope that mirror
holding system and beam collimation sys-
tem ot the reflectometer will be improved.
They were rather rough for the precise re-
flectometry.
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Fig.1 Reflectivity(R) a%(gqransnﬁssivity(T)
and their sum(R+T) from a Ni/Ti multi-
layer. The sum is very close to the unity at
the Bragg peak.
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1-10-1 VAMASTWA20 Project
Me as wement of Residual Stre s s

Keisuke TANAKA, Yoshiaki AKINTWA, Makoto HAYASHI'
Shinobu OHKIDO", Nobuaki MINAKAWAZ, and Yukio MORIF

Na%oya University, Nagoya 464-8603, Japan
Hitach 1.td., Ibaragj, 300-0013, Japan
], apan Atomic Energy Research Institute, Tokai, Ibaragi 319-1195, Japan

Versailles Project on Advanced Materials and
Standards (VAMAS) is an international project for
the standardization of advanced materials. TWA
20 was started in 1995 by G. A. Webster, Imperial
College, London, in order to standardize the
measurement of residual stress. It has the
following four objectives: (1) To establish accurate
and reliable procedures for making non-destructive
residual stress measurements in crystalline
materials by neutron diffraction. (2) To make
measurements on single phase and multiphase
materials containing residual stresses which have
been introduced by a variety of facbrication
techniques and in-service loads. (3) To conduct
inter-laboratory comparisons to determine the
extent to which reproducible results can be
obtained. (4) To assemble the necessary technical
information for the preparation of a suitable
standard for the non-destructive measurement of
residual stress by neutron diffraction. Five task
groups are working to achieve the objectives. Task
group 4 deals with the round robin specimens.
Four specimens are now being circulated. They are
ring-and-plug aluminum assembly, composite of
alumina and silicon carbide, shot-peened nickel
super alloy, and welded steel sample.

We started the measurement of residual stress by
neutron diffraction at JRR-3M, JAERI in 1992.
Dr. M. Ono, KURR], attended the first meeting of
TWA 20 to the fourth, and we became active
members of TWA 20 from the third meeting in
1997. Now JAERI takes the responsibility for the
project of TWA 20 in Japan.

We joined the group of round robin
measurements of two kinds of samples: rning-and-
plug aluminum alloy and composite. The

distribution of the residual strains in radial, hoop,
and axial directions were measured by RESA
(REsidual Stress Analyze equipment) across the
assembly of shrink-fit ring and plug. The residual
stresses in three directions were computed from
the measured strains by using diffraction elastic
constants which were determined in a separate
experiments with loading device installed in RESA.
The measured distribution of residual stress agreed
well with computational prediction by the finite
element method [1].

The round robin composite sample is «a -
alumina (ALO,) mixed with 25 vol. % of silicon
carbide (SiC) which is 95% hexagonal. The
sample is a disk with a diameter of 20mm and a
thickness of 3mm. The lattice constants of each
phase is obtained from the measurements of
monolithic samples. The mean strain in ALO,
determined by 113 and 116 diffractions was tensile,
and that in SiC by 102 and 110 diffractions was
compressive. TAS 2 was used for the composite
measurement. Since the thermal exapansion
coefficient is larger for ALO, (85X 10¢) than for
SiC (3.3X10%), the thermal residual strain is
tensile in ALO, and compressive in SiC. The
experimental results agree at least qualitatively with
the prediction. The magnitude of measured
residual strains, however, are smaller than the
predictions. The influences of the gage volume and
positioning on the measured phase strain need to
be studied in the future.
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1-10-2 Measurement of Residual Stress in Al;04/SiC and Al,03/ZrO, Composites

Keisuke TANAKA, Yoshiaki AKINIWA,
Noriaki MINAKAWA and Yukio MORIIL

Nagoya University, Nagoya 464-8603, Japan
1japan Atomic Energy Research Institute, Tokai, Ibaragi 319, Japan

Discontinuously reinforced ceramics matrix
composites have some advantages such as high
fracture toughness and strength. Since the
coefficients of thermal expansion of the filler is
different from that of matrix, residual stresses are
induced. The residual stresses affect the
mechanical properties. Evaluation of residual
stress is very important to develop the composites.

The neutron and X-ray diffraction methods can
detect separately the stress in each constituent
phase of the composite. The neutron diffraction
methods was used to measure the phase stresses in
composite ceramics of zirconia mixed with various
volume fractions of alumina (ZrO,/Al;O3) and
alumina mixed with silicon carbide (ALOy/SiC).
The measured phase stresses were compared with
the results measured by X-ray diffraction methods.

The experimental materials used were
composite ceramics of zirconia mixed with various
volume fractions of alumina (ZrOy/ a -Al,O3) and
alumina mixed with silicon carbide (a -AlLOy/ 8 -
SiC). For the composite of ZrO,/Al;O3, volume
fraction of alurnina is 0, 27.6, 50.4, 69.6, 85.9 and
100%. The materials were hipped at 1450°C for
1hr under 98MPa in Ar gas. The composite has
equiaxed grains for both phases. Coefficient of
thermal expansion of monolithic ceramics is 10.9 X
10-6 and 8.5% 10-6 for ZrOjand a -Al,03,
respectively.  For the composite of a -Al;Oy/ 8 -
SiC, volume fraction of silicon carbide is 0, 3, 7, 14,
26 and 100%. The materials were hipped under
40MPa. The temperature was determined at 1300
to 1900°C to obtain the maximum flexural strength.
Coefficient of thermal expansion of monolithic £ -
SiCis4.7X1096.

The neutron residual stress measurement was
performed for Al,O5 113, Al,O5116, AlyO5300,

Zr0,202, Zr0,222, ZrO,400, SiCl11, SiC220,
and SiC311 with the RESA (REsidual Stress
Analyze equipment) at JAERI. The wave length
used was 2.0995A. The strain was calculated on
the basis of the lattice spacing of monolithic ZrO,,
monolithic Al,O5 and SiC powder.

The X-ray diffractions from Al,Os3 146 by Cu-
Ka and Zr(,133 by Cr-K a radiation were used
for X-ray stress measurement in ZrO,/Al,O4
composite. On the other hand, Al,O32.1.10 by
Fe-Ka radiation was used in Al,O4/SiC
composite. The stress was evaluated by the 20 -
sin2y method. Stress constant calculated by
Kro ner's model from the elastic constants of
single crystals is -1206 and -666 MPa/deg for Al,O3
146 and ALOz 2.1.10,, respectively. For the case
of Zr0,133, stress constant of -277 was measured
from monolithic ceramics.

For ZrO,/Al,O3 composites, the residual stress
in Al,O3 phase measured by the neutron method
was compression, and decreased linearly with the
Al,O5 volume fraction. On the other hand, the
tensile residual stress was observed in the ZrO,
phase, and increased linearly with the Al,O3
volume fraction. For Al;O4/SiC composites, the
residual stress in SiC phase was also compression,
and decreased linearly with the SiC volume
fraction. For both composites, the change of the
residual stress with volume fraction is similar to
that obtained by X-ray method.

References

[1] K. Tanaka, M. Matsui, R. Shikata and T.
Nishikawa, J. Soc. Mat. Sci. Japan, Vol. 41, No. 464
(1992), 593.

[2] J. Otsuka, S. Tio, Y. Tajima, M. Watanabe, K.
Tanaka, J. Ceramic Soc. Japan, Vol. 102, No. 1
(19%4), 29.

J&F4F : JRR-3M

g RESA(T2-1)

SYEF - P TREL (TEMED



JAERI—Review 2000004

HET —~ : LERMEIOREICH & EH RGO
8 . B 40mm OFAEDOERZOTHORE (1)

1-10-3 Residual Strain Measurements of 2 Round Steel Bar with a diameter of 40 mm (II)

KINOUE, THORIKAWA, HNAKAMURA, NMINAKAWA,' YMORIL' NIKEDA'and RUDIONO?

Fac. i & Tech Rykok Univ Seta, Otsu 520-2194, Jagan
\apan Atomic Fnergy Research Instinute, Tokai-Miea, Tbaraki - 319-1195, Japan
*Dep. Materials Sci. Eng. Ibaraki Univ. Hitachi, Ibarakd 31 0033, Japan

By neutron difffaction, we have measured the
diametrical dependence of the three dimensional strain on an
annular circular notch root of a fatigued S15C steel round bar.
The diameter of the notch root was 40 mm and the factor of
stress concentration, &, was 1.05. |t was amnealed at 700°C
for 2 hours and cooled down to room. temperature in a
fumace to exclude the strain caused by machining. The 7.5
Hz altemating load fitipue test with a stress ratio of -1 was
done. The stress amplitude was 203 MPa and the
repetition was 2.1 X 10° cycles. As this repetition number is
about 60% of the fatigue lifg the oocumence of stress
redistribution on the notch root is expected because of the
repetition of the plastic deformation at the sample surface.

The residual stress analyzer RESA of JRR-3M was used.
The wave length of the neutron beam was 2.0996 A, For the
measuremerts of lattice spacing of (110) planes of radial and
hoop directions, the bar was set up, where 2< 15mm’ slits
were used for incident and reflected beams. For the axial
direction, the bar was reclined, where both 2 X8mm?’ slits
were used,

InFig 1, the observed (110) peak from the axial plane at
a position of 16 mm fiom the center of the notch root and its
Gauss fitting are shown.. For figure (a), it took 180 s to
obtain one measuring point and for figure (b), it took 1800 s
Because of the atterusation of the neutron beam intensity due
to the long path length in the material, which is about 70 mm
for an axial plane, the data points scatter widely for 180 s
for 1800 s measuing time In Fig2, the diametrical
dependence of the strain for three directions at a 1 mm step is
shown. The empty marks were obtained with 180 s
measuring time. The black dircles comespond to 1800 s
measuring time. The axial strain with 1300 s measuring time
was obtained at only 10 positions, because of limited

machine time of 5 days. But, flom these improved data
represented by black circles, we see that for the axial direction
the strain is tensile near the surface of the bar, then it becomes
compressive as approaching to the center of the notch root
and again changes to tensile near the center of the notch root
This phenomenon is consistent with that observed in case of
8mm¢@ notchroot ofa fatigned SSSC steel round bar.”
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1-10-4 Neutron Stress Measurement using Neutron Imaging Plate

T Sasaki, N Niimura', YMorii', N.Minakawa', Y.Tsuchiya', Y. Yoshioka’, Y Hirose and S.Takago

Kanazawa University, Kanazawa, Ishikawa 920-1192, fapan
'Japan Atomic Energy Research Institute, Tokai, Ibaraki 319-1195, Japan
“Musashi Institute of Technology, Setagaya Tokyo, 158-8557, Japan

Neutron has an ability to penetrate material
much deeper than x-ray, so that the method of
neutron stress measurement is given attention as
a tool for nondestructive measurement of
internal stress profile in industrial materials. An
imaging plate was developed recently as an area
detector for neutron experiment, and is expected
to be utilized to the stress measurement. So, this
study was performed to develop the method for
determining stress in polycrystalline materials
with the neutron diffraction using the neutron
imaging plate.

In this study, a fundamental investigation
with a x-ray imaging plate was also performed.
The neutron experiment was made using the
reactor named JRR3M at Japan Atomic Energy
Research Institute to determine stress in steel
under tensile load.

A brief outline of the principle of the
neutron stress measurement is as follows; From
Debye-Scherrer ring detected with IP, strain can
be obtained through the image processing and
Bragg’s equation. Then stress is calculated
based on the elasticity. This method has been
studied using the x-ray imaging plate, and was
showed to be practical

The specimen used for the neutron
experiment was steel with a thickness of 2 mm.
Mean grain size of the specimen was 10 um.
Main neutron diffraction conditions were as
follows; wave length of neutron is 0.209 nm,
diffraction is Fe 211 for the specimen and Cu
311 for standard material (Cu plate), incident
angle of neutron beam is 24 deg, diameter of
neutron beam is 1 mm, exposure time is 60 min
for both the specimen and Cu plate. Applied
strain to the specimen is 0, 400 and 800 (X 10%)
respectively.

Fig 1 shows change in Debye-Scherrer ring
due to the thickness of the specimen, in case
that the incident angle of neutron beam is =0
deg. Fig 2 shows the similar one as Fig !
without the incident angle =45 deg.

Fig 3 shows neutron Debye-Scherrer ring in
applied strain of 800 X 10°. There are two rings
which diffracted from the specimen (Fe 211
diffraction, outer ring) and the Cu plate (311
diffraction, inner ring). The reason why the left
part of Fe ring is broken off is due to Gd
painting on the tensile loading equipment which
shut off the neutron beam. The diffraction image
data were analyzed on the computer and
diffraction profile in the direction of the radius
of the ring were calculated for the whole ring,

“p()=0’ deg

IR SRR AN %
Fig.1 Change in Debye-Scherrer rings due to thickne:
material.(incident angle 1,=0,deg)
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Fig.2 Change in Debye-Scherrer ring due to thickness of
material. (incident angle ,=45,deg)

from which the radii of the ring and the strain
were determined. Finaily, the stress was
calculated according to the cosa method. Fig 4
shows stress which were obtained from the
specimen through the procedure mentioned
above. The figure shows mean stress of two
measurements as a function of applied strain. A
line in the figure indicates the theoretical
relation which was calculated with applied
strain and Young’s modulus. It is seen that the
stress obtained by the present method agrees
well to the theoretical value. The result shows
that it is possible to determine mean stress in the
material with neutron diffraction using a neuron
imaging plate.

Though the experiment was performed in
the case of uniaxial and uniform stress
distribution along the cross section of the
specimen, most materials have generally
multiaxial stress state as well as nonlinear depth
profile. It is necessary to clear these problems at
the next stage. In x-ray range, however, these
are already investigated and some approaches
are proposed.

2000—004

Fig.3 Debye-Scherrer rings in
X 10°¢
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Fig.4 Result of stress measurement and comparison to
theoretical value
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Fig. 2 One horizontal line of video signal
with shot noises
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Fig.2  Testrig for the molten metal-water
interaction experiment.
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Table 1 Summary of experimental conditions and the results.

RUN [ Metal Water Result
No. Material Temp. | H,Oor | Temp. (Atm: atomization)
[C] D,0 [
0 Wood’s metal 100? H,0 20? no Atm: disc- or donut-shaped droplets
1 Pb-Bi 638 H,O 15 Atm: irregular fragments + powder
2 Wood’s metal | 298? H,0 15 Atm: smooth surface fragments + powder
3 Wood’'s metal | 330? H,0 16 Atm: smooth surface fragments + powder
4 Wood’s metal] | 300 D,0 22 no Atm: deformed droplets
3 Wood’s meta] | 650 D,0 22 no Atm: deformed droplets
6 Wood’s metal | 560 D,0 19 no Atm: deformed droplets + small spherical
particles
7 Wood’s metal | 650 D,0 10 Atm: deformed droplets + powder
8 Wood’s metal | 640 D,0 14 Atm: fractal-like fragments + powder
9 Wood’s meta] | 560 D,0O ? Atm?: irregular fragments + small particles
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Photo 1. Gas entrainment due to the impact
by a molten metal drop (RUNS).
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Photo 2. Molten metal jet penetrating into
heavy water pool (RUNS).
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Photo 3. Binary value transformation of
Photo 2.
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Photo 4.  Images of molten metal and bubbles
obtained by combining the binary-
value transformation and the Laplacian
filter, and their original images.
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Photo 5.

Break-up of a jet delineated by
combining the binary-value trans-
formation and the Laplacian filter.
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Fig.3 Contour map of cross-sectional average
void fraction against the distance from
the liquid surface and passage time.
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Photo 6.  Consecutive images of hot stainless-steel particle and heavy water
interaction (recording speed: 500fps; frame interval: 8ms; initial
particle temperature: 1000 ° C; particle diameter:12mm).
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Fig.4 Temporal variation of volume average Fig.5 Temporal variation of volume average
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as a parameter. parameter.
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Development of high spatial resolution neutron radiography system
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Abstract
This paper describes effect of base profile for precise
measurement of photon energy in prompt gamma-ray
analysis (PGA). The base profile has been examined in
the vicinity of full energy (FE), single escape and double
escape peaks. Major origins of step-wise base profiles
are single and double escape events for triple photon
annihilation and single and double Compton escape
events for double photon annihilation in the detector in
addition to general events for the FE peak. A formnula
has been proposed for the quantitative characterization

of the base profile.

1. Introduction
Deviation of photon energy values between data
obtained by photon spectrometry, i.e., the prompt-
gamma ray analysis (PGA) and the decay gamma-ray
analysis with Ge or Ge(Li) detectors, and those obtained
by crystal diffraction spectrometry, has led that the
"conventional” method of energy calibration for the
photon spectrometry is not adequate to the precise energy
assignment. A "new"” method has solved this problem
by introducing the concept of an instrument function,
which is the transfer function between an input signal-

shape function, as summarized in ref. 1.

General relationship of the input signal-shape
function E(E,x), the instrument function I(x) and the
output (measured) signal-shape function M(E,x) can be
described as follows based on convolution nature of
these functions:

M(E,x) = [ I(x) H(E,x-u) du = [(x)*H(E,x) (1)
where x is the channel number appeared in the
spectrometer and the symbol ' indicates the convolution
integral. Equation (1) implies that if the input signal-
shape function is the delta function, then the output
(measured) signal-shape indicates the same shape as
the instrument functional shape. If the inputsignal-shape
function is, on the other hand, the step function, then
the output (measured) signal-shape shows the sigmoid
shape. Detailed description of the instrument function
can be seen elsewhere [1].

The instrument function is different from the
normal distribution (ND) due to distortion caused by
the random losses of charge carriers in a Ge detector.
The instrument function is a probability density
distribution function in which the ND function is
convoluted by the random escape probability density
distribution (REPDED). The ND folded inthe instrument
function never appears in the spectrum, though it is the

key function in the peak shape analysis. General

R ERE
JRR-3M BENRS v 7R FTER
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prospects of the instrument function are as follows: (1)
precise measurement of incident photon energy, because
of the centroid of ND being the energy reflecting
parameter, and (2) precise measurement of photopeak
intensity, because of an integration of the instrument
function multiplied by the frequency (i.e., the count
rate) giving the intensity of photopeak.

For these prospects, how-ever, it is indis-
pensable to examine the feasibility of base profile
subtraction from overall photopeak profile. Commonly
used, pre-base profile subtraction methods for spectral
analysis are insufficient for the precise measurement of
both the photon energy and intensity. The general profile
of a measured, full energy (FE) photopeak is an overall
function of the individua! input-signal shape functions
convoluted with the instrument function:

(FE peak profile) = (Fe peak shape)

+ (base profile)

= (FE peak shape)

+(SAS + LE + RS + CO shapes)
where SAS is the small angle scattering, LE is the edge
loss, RS is the random summing and CO is the continuum
(which is the shape due to photons coming from sources
and Compton events produced by the more energetic
photons). Schematic diagram of the FE peak profile is
shown in Reference 3. By the method of pre-base
subtraction, definite quantity of the base components is
remained in the subtracted photopeak shape which cause
one of origins of the deviation of the precise energy, as
well as the uncertainty of precise photopeak counts.
Therefore, non-base subtraction method [3] for the
spectral analysis is the promising way of parameter
estimation to obtain the centroid of ND. The key signal
shapes are those of the single escape (SE) peak and the
double escape (DE) peak, besides the FE peak shape,
for the precise energy measurement by the PGA with
photon energy higher than 1.02 MeV, because the energy
difference of both the FE and SE and the SE and DE
are 0.511 MeV and that of the FE and DE is 1.02 MeV.

However, the profiles of the SE and the DE are both
completely different from that of the FE, as shown in
Fig, 1. While the base profile of the Fe indicates a
step-down profile, that of the SE seems to show no
step-wise profile and that of the DE, a step-up profile.
The goal of the peak shape analysis (with prompt as
well as decay and transition photons) [1] is, essentially,
to estimate the parameters of the instrument function.
This paper aims at describing interaction events in the
Ge detector, formulating the relative energy spectrum
functions of the base components in the vicinity of
both the SE and the DE for either- analytical shape
parameter estimation or Monte Carlo simulation of the

spectral response.

2. Theoretical
2.1 Gamma-ray interactions in the detector

Here, we consider higher energy photon with
energy E > 1.022 MeV. Major processes in the detector
are the photoelectric absorption process, the Compton
scattering process and the pair production process.

The input signal function for the full energy
photopeak has the delta functional distribution function
which is resulted from the following three processes:
(1) the direct photoelectric absorption, (2) the
photoelectric absorption of Compton scattered photon
with diffused Compton electron in the detector, and (3)
the photoelectric absorption of annihilation photons
generated from pair creation partner of a positron with
diffused, counter pair of an electron.

The input signal function for the Compton
electron can be given by the probability density
distribution function with E .being the Compton electron
energy. The differential cross section of Compton
scattering is given by the Clein-Nishina equation.

The pair production occurs in the detector, if
E is higher than twice of the electron rest mass energy

(=1.022 MeV).



JAERI—Review 2000—004

22 Interaction of positron in a medium

When an energetic positron (create by the pair
production) transmits in an appropriate medium, then it
loses its kinetic energy by successive collisions with
orbital electrons. Finally the positron forms a positron-
electron pair. Then it undergoes either the double-photon
annihilation (DPA) or the triple-photon annihilation
(TPA) If the positron-electron pair formsa positronium,
the DPA or the TPA is allowed according to the state
being singlet or triplet. Ore and Powell [2] derived the
energy spectrum function of the TPA based on the QED
(quantum elcctrodynamic) theory with
E,, being the TPA photon energy.

The TPA relative emergy spectrum is a
continuously rising distributionin the energy range from
zero 1o Ee ( : = 0.511 MeV), because of the multiple

character of the three-photon process.

2.3. Escape events of annihilation photon(s) from

the detector

In the case of DPA the single escape peak
(SE/2A) and the double escape peak (DE/2A) appears
atenergy of respectively,E.,, =E-E, and E ), =
E- 2E,,. Both the relative energy spectrum functions
of SE/2A and DE/2A processes, i€, Py, (Eg,,)and
P opa Epgna ), Tespectively, are in the form of delta
function, because both the incident photon and
annihilation photon are monoenergetic.

In the escape event with the TPA process, on
~he other hand, there are three types of escape processes:

the single escape with energy E, ., the double escape

1A
with energy E,, , +E,, , and the triple escape with energy
Ei1 + By + Epy = Eqgay = 2E where suffixes
3A,1, 3A,2 and 3A,3 are the first, the second and the
third TPA photons, respectively. Figure 2 shows
schematic diagrams of relevant photon interactions with
the TPA in ~he detector. The relative energy spectra

for the TPA escape processes are rather complicated as

follows:
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)] Relative energy spectrum function of single
escape for the TAP process (SE/3A):

In the case of single photon escape as a result
of event coming after positron-electron pair creation,
the two TPA photons undergo the photoelectric
absorption. The photoelectrons marked 3A,2 and 3A,3
in Fig. 2(A) generates change carriers in the detector to
give the input signal function. As three body nature of
TPA process, the absorbed photon energy has continuous
energy spectrum with the detected energy:
=E-2E +Ey,,
=E-2E +E,,, +Ey; ©))

Ed-.!ec

where E,,, is the sum energy of the second (3A,2) and

third (3A,3) TPA photons.

According to the well known probability
theory, on the other hand, if two probability variables
have linear combination and two probability density
distribution functions with those of the variables
independent each other, then the overall function of
these two functions can be obtained by the convolution
integration of these functions. Therefore we obtain the
relative energy spectrum function of single escape for
the TPA, Pgp . (B o..00)*

PSBJA(Ede(cc) = Pm(Em) * P}AJ(EM_]) 4

2 Relative energy spectrum function of double
escape for the TPA procecs (DE/3A):
Contrary to the case (1) in the previous

paragraph, the double escape for the TPA process

undergoes photoelectric absorption with the single TPA
photon. Therefore, the shape of relative energy spectrum
function is identical with that TPA probability density
function:

P en Bee) = PoaEsan)

«P ,(E,) ©)
with E_ = E - 2E_+ E,,, where Eg,, is the energy of
absorbed TPA photon in the detector.

(3) Relative energy spectrum function of triple escape
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for the TPA process (DE/3A):
Since the sum energy of the triple escape photons for
the TPA is the same quantity as that of the double
escape photons for the DPA, the observed energy is:
Edetec =E ~ ETE/3A =E- 2Ee ©6)
and, therefore, the shape of relative energy spectrum
function, PTE/3A(Edetec) is identical with that of double
escape signal of the DPA.
Figure 3 shows the relative energy spectrum
functions of single, double and triple escape for the

TPA process.

24. Compton escape events with double photon
annihilation in the detector
Since the Compton scattering happen for the

annihilation radiation as a result of interaction of
annihilation photon with the detector material, escape
events of the scattered annihilation photon takes place
in the detector. In the DPA process there are three
types of escape events concerning the Compton
scattering.

t)] Relative energy spectrum function of single
Compton escape and single annihilation
absorption with the DPA (SCE/SA/2A):

In this process a Compton scattered DPA
photon escapes from the detector while the counter part
of DPA photon undergoes the photoelectric absorption.
So we obtain the relative energy spectrum function:

Pocpsana@Eac) With By, =E +E, +E..

(2) Relative energy spectrum function (if single
Compton escape and single annihilation escape
with the DPA (SCE/SE/2A):

In this process a Compton scattered DPA
photon escapes form the detector while the counter part
of DPA photon also escapes from the detector. So we
obtain the relative energy spectrum function
PSCE/SE/2A (Edetec) with Editec = E + 2Ee + Ec.

3) Relative energy spectrum function of double

Compton escape with the DPA (DCE/2A):

In this process, a similar probability relation
to the former section (1) can be established, since these
two Compton processes are independent each other.
Therefore we obtain the folded relative energy spectrum
function as:

PoceoaBane) = Py Beaar) * PesBonns) ()
withE,, =E-2Ee +E_,, , +E,

G Compton escape with the TPA photons:

Similarly the Compton escape with the TPA
photons happen with the TPA photon. The relative
energy spectrum of both single and double Compton
escape with the TPA are complicated, because the
relative energy spectrum of single and double escape
for the TPA processes, respectively, Py . (E,,.) and
PenaEqe.)» have continuous spectrum. We omit to
consider these events, here. Figures 4 and 5 shows,
respectively, the interactions events of ~*rays and the
relative energy spectrum function with these processes

SCE/SA/2A, SCE/SE/2A and DCE/2A in the detector.

3. Experimental

PGA measurements were performed at the JRR-3M
thermal (port T1-4-1) and cold (port C2-3-2) neutron
beam guides in Tokai Establishment, JAERL The PGA
system

consist of a closed-end high purity (HP) germanium
detector (HPGe) surrounded by bismuth-germanium
oxide (BGO) scintillation crystals and a multi mode-
operation spectrometer. A precision pulser, BNC PB-4

was used for non-proportionality correction.

4. Results and discussion
General input signal function. H(E ), of the
corresponding relative energy spectrum function,
P(detec), described in the previous subsections can be
given by introducing frequency term n to the relative

energy spectrum function:

HE,.)=nPE,.,) 8
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Overall input signal function for the detection events
described in the former sections (3) and (4) are the

summation of all the individual input signal functions:

HonE o) = NP ) + MppPep(E o)

+ nDEP DE (Edem: ) +1 SCP/SA/ZAP SCFJSA/I.A(Edemc )

P

+1 SCE/SERA (Edemc)

SCE/SERA

+ nSEﬂAPSE/BA(Edemc) + nDF}JAPDMA(Edder)

* HTMAPMA(Edmc) (9)
where n's are the frequency term (i.e., the count rate) or
individual processes. Ore and Powell [2] derived the
cross section ratio of the DPA to TPA being
sDPA/sTPA=)/370  for free  positron-electrons
annihilation. However, if the annihilation undergoes via
positronium formation, then the fraction of TPA depends
on physicochemical nature of the material (i.e., Ge of
the HPGe detector in operation). Therefore the n's should
be treated as estimation variables when the output peaks
for FE, SE and DE are subjected for the parameter
estimation. Typical example of a heaping up pattern of
the overall input signal function with appropriate n's
values (n = I for every n) for the single mode operation
of the Ge/BGO detectors is shown in Fig. 6. All of the
FE, SE and DE peaks accompany the SAS, the LE, the
RS and the CO shapes in their vicinity as quoted in the
introducing section. Therefore we have to add up these
terms for the practical cases. Even if we take these
shapes into account, the partial spectrum of input signal
functions remarkably demonstrates the step-wise base
profiles around the FE and DE peak regions, and the
non-step wise base profile around the SE peak region.
According to the instrument function, the distortion of
ND is caused by the trapping event of charge carriers
forming the REPDED. That is, the position reflecting
energy is not the position of peak maximum, namely,
the peak position x [channel, but the centroid x . Of the
ND. [f the peak position of energy E (keV), the x (E) is
proportional ~o0 energy then the quantity Xo(E) ¢ E
must be unity [i.e. =1, with c_being the channel width

in units of (keV/channel)}. If the peak position, on the
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other hand, is not the energy reflecting position, then

the quantity would be x,(E) ¢ JE = I + O, (E) where

0. 4(E) X #0) is the deviation indicating term (which
is [ to be the peak index). The variation of the peak
position with energy has been remarkably demonstrated
by the ™Fe(n,Y) prompt photons. Therefore, the energy
differences of Eg; - E, Epp - Eg; or E; - E; should
be, - Yjusted for the centroid of ND convoluted in the
instrument function. The energy differences of
annihilation photons are, essentially, the self containing,
intrinsic measure of energy in every samples. For this
reason, the formulation of base profile provides strong
tool for the de-convolution of Eq. (1) in the measurement

of photon energy.

5. Conclusion
This work clearly demonstrates the importance of
formulating input base-shape signal functions in the
vicinity of full-energy, single-escape and double-escape
peaks, particularly when they are subjected for the
precise energy analysis. The result of this study
demonstrate that major origins of the base profiles are
(1) the escape of photons for the triple photon
annihilation, (2) the escape of Compton scattered
photons for the double photon annihilation and (3) the
escape of Compton scattered photons for the triple

photon annihilation.
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Fig. 1. Typical example of neutron capture gamma-ray spectra

obtained by activation of natural iron plate at the single mode

operation of BGO/Ge spectrometer installed at the JRR-3M

neutron beam guide hall. Doublet peaks of 7631-and 7645-keV

Fe capture gamma-rays are shown; FE: full energy peak, SE:
single escape peak, DE: double escape peak
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Fig. 2. Bscape of photons after the triple photon annihilation

(TPA) in the Ge detector. (A) single photon escape of TPA,

(B) double photon escape of TPA, (c) triple photon escape of
TPA, PP: pair production, PA: photoelectric absorption
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Fig. 3. Energy spectra of triple photon annihilation (TPA) in

a Ge detector. TE/3A: triple escape of TPA. FE: full energy

peak of photon energy 5000 keV, DE/3A: double escape of
TPA, SE/3A: single escape of TPA
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Fig. 4. Escape of photons after the double photon annihilation
(DPA) in the Ge detector, (A) single Comnpton escape -
single photoelectric absorption of DPA, (B) single Compton
effect - singleescape of DPA, (C) double Ccmpton escape of
DPA, PP: pair production, PA: photoelectric absorption
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Fig. 5. Energy spectra of double photon annihilation (DPA)
in a Ge detector, DE/2A: double escape of DPA, SE/2A:
single escape of DPA, FE: fun energy peak of photon energy
5000 keV, SCE/SE/2A: single Compton escape with single
escape of DPA, SCE/SA/2A: single Compton escape with
single absorption of DPA, DCE/2A: double Compton escape
of DPA

Dg SE FE

4

g lutiow wilensity
i
s
v

=l
H
<4 l ]
3300 40CO 1200 4400 43CD 4800 8000 5200
Energy, xaV

Fig. 6. Calculated overall input signal function with appropreate

K's-values ( = 1 for every k) of the BGO/Ge spectrometer at

the single mode operation. Aoconlpanying SAS, LE, RS and

CO for the FE, SE and DE peaks, together with the Compton

spectrum of FE are not considered (see text). The photon
energy is 5000 keV
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4-8 BHELSWIEIBEIROEINDT MEEMO LSRR
Biosynthetic Study of Halogenated Compounds from Marine Algae
by Activation Analysis
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Table 1. 82Br#EE T THEE LY S5V Y ("laureatin race”) D
Ay ) —)ViEic BT 5 RFECEYORSIEEE

Compound PSL *t
1h 2h 4h 6h 8h
10-bromo-cat-chamigrene (3) 379 8.9 1067 1099 2445
(bromophenols) *2 1487 4738 4921 9142 18454
isolaureatin (2) 352 469 652 724 96.5
laureatin (1) 405 806 817 1090 1733
unknown 328 593 1375 854 2717

A PSLIZEBREICHHAT A A VL — hETERIN S B4,
EOXKEIL/NY 752 B (1.213 PSL/mm2) % 3|\ /- {E.
*2 bromophenoliETdH 5 = ENRE I N/ MRFEE,

Table 2. 82Br#HHE T TEE L= TV ("laurencin race”) D
A%y ) =)V BT B BEE LAY O K TEEE

Compound PSL *!
1h 2h 4h 6h 8h
2,10-dibromo-3-chloro-a-chamigrene (6) 0 0 11.8 208 455
(bromophenols) 2 63.8 70.7 93.9 1444 3622
laurencin (4) 345 561 64.5 680 1722
deacetyllaurencin (5) 43.1 39.6 46.6 49.1 203.6

A PSLIZMEBEICHATRAA—T T — METHEA I NS B,
ZOREIINY 745> ¥ (1.376 PSL/mm?2) % Bl W= .
*2 bromophenol i TH 2 Z EWURM T N7 KRR E.

Br.

[ trneg o‘““,...v

\ V".,"'I \ Br\\"’.r
[ Br I
2 3
8r D 0 %
— OR N
4: R=COCH3, 6
5.R=H
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Development of synthetic multi-element reference material with pseudo-biological matrix

and its application

4-9

(EMEELE TR S REENADRRE L ITR)

Y. Iwata and A. Nakamura

Department of Chemistry, College of Education, Akita University
FEXFEEFEH)

Abstract

A new type of synthetic multi-element reference material (SyRM) with pseudo-biological matrix was prepared by co-

polymerization reaction ofhomogenate aqueous solution of acrylamide and acrylicacid containing known amount ofthe

elements. SyRM has the excellent homogeneity and the quantitative retention of major and trace elements. Elemental

composition can simulate the biological samples to be analyzed. SyRM can be used for same purpose ofconventional

certified reference material with high accuracy and precision. SyRM was applied as a comparative standard for non-

destructive photon and c-particle activation analysis. Selective preconcentration methods combined with NAA were

proposed and the SyRM containing some fifty elements with known amounts was prepared. In order to evaluate ofthe

reliability ofpresent methods, 3d transition elements and rare earth elements in the SyRM were determined. It was clearly

observed that these methods have good accuracy and precision in trace analysis for biological materials by comparing

analytical results with the original contents in the SyRM. The SyRM suppoted multi-element anaysis of marine

macro-algae as comparative standards and quality assuarance of analytical techniques, and then 35 elements could be

determined.

Introduction

Analytical standards are indispensable to the
calibration of apparatus and the evaluation of the accuracy
and precision of analytical techniques. Several
organizations have been making certified reference
materials (CRM) of biological material and many kinds of
standard materials have been prepared and issued, however
utilities of such CRM, i. e. number of certified element,
reliability of certified value and kind of CRM are limited.
These CRM are prepared from biological materials and the
certified value for each element is given by actual analysis.
Several types of the synthetic reference materials have been
introduced, fr example, phenol-brmaldehyde resin'’,
gelatin™*, and silica*® but accuracy and homogeneity of
elements doped in these matrix materials were not

examined in detail. In addition, there was no synthetic

reference material having a variable range in concentrations
of major, minor and trace elements.

We proposed a new type of synthetic multi-element
refrence material (SyRM) with polyacrylate-acrylamide

gel matrix™’. SyRM was applied as a comparative

9-11

standard for non-destructive activation analysis™ andalso

was applied forthe evaluation ofthe accuracy and precision

of analytical techniques'>"

. In this paper, characteristics
and utilities of SyRM r activation analysis are
summerized, and results of activation analyses, which were
supported by SyRM, to marine macro-algae are also

shown.

JRR-3 &iEE. JRRA TN 7 SN 7 KB, BHE{LAR
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Experimental
Preparation of SyRM

A recommended procedure is outlined in Fig. 1. To
an aqueous solution containing 10 g of acrylamide and/or
acrylic acid together with 05 g of NN*-
methylenebisacrylamide as a linking agent was added
citric acid. The molar concentration of citric acid was
adjusted to be ten times the sum of the molar
concentrations of transition elements and Al. A known
amount ofa multi-element standard solution were added.
Afier the addition of 2 ml of 5% NNN N-
tetramethylehylenediamine solution as a stimulator, the
pH was adjustedto 3.4-4.7 with | M aqueous ammonia or
| M nitric acid, then the volume of the solution was made
up to 96 ml. After deaeration, 2 ml of 0.5% ammonium
sulphite solution and 2 ml of 2.5% ammonium
peroxodisulphate solution were added and the mixture was
kept under reduced pressure. We had been used sodium

5 In order to

hydrogen sulphite in previous papers®
make metal-free matrix, ammonium sulphite was used.
After complete gelification (ca. 12 h), the gel was broken

into small pieces and lyophilized for48 h. The SyRM was

dried for 4 h at 85°C just before use.

Results and Discussion
Characteristics of SYRM

Easy preparation and handling The well known

gelification reaction for poly-acrylamide gel, often used for
the electrophoresis, was modefied for SyRM. About 13 g
of SyRM could be obtained by the present procedure with
one day for mixing solutions and gelification, three days
for lyophilization. We prepared standard solutions of
elements by dissolving high purity metals, oxides, halides
and carbonates in nitric acid or pure water because we often
need to control the concentration of Cl accurately. When
the exact Cl determination is unnecessary, commercial
standard solutions for AAS and ICP based on hydrochloric
acid are also acceptable.

SyRM looks like powdered milk and is easy to
make a pellet which is suitable for activation analysis.
SyRM is more stable for heating and radiation than
ordinary biological materials. No decomposition of

SyRM stored more than 10 years in an ordinary refrigerator

at 4°C was observed. On the other hand, it is decomposed

Aqueous solution of monomer(s) (Total 10%)
Acrylamide (CH,=CH-CONH,) + Acrylic acid (CH,=CH-COOH)

4+——— Linking agent: Methylenebisacrytamide (0.5%)

«4+—— Masking agent: Citric acid (ca. 1%)
<+—— Multi-element standard solution
<«——— Stimulator: Tetramethylethylenediamine (0.1%)

PH 3.4-4.7 (aqueous ammonia or nitric acid)
< Starting agent: (NH4),S,05 (0.05%)

+ (NH,),S0; (0.01%)

Keep under reduced pressure for 12 h

(Gelification)

Lyophilization for 48 h

v

Synthetic Multi-element Reference Material (SyRM)

Fig. 1. Preparation of synthetic multi-clement reference material: Numerical values in parentheses show the concentration
(in % w/v) of each reagent just before gelification
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easily by dry ashing at 500°C or wet digestion with
HNO;-H,0-.
Excellent homogeneity and quantitative recovery ofadded

elements

The homogeneity and recovery of added
elements such as Na, Cr, Mn, Zn, As, Se and I in SyRM
were ascertained by using corresponding radiotracers (Na-
22, Cr-51, Mn-54, Zn-64, As-74, Se-75, 1-126)"%. Inthe
preparation Jf SyRM, each radiotracer was added to
standard solution. Affer an ordinary lyophilization, the
radioactivity of 200-500 mg potions of SyRM was
measured. The homogeneity and recovery were calculated
ffom specific activities (cps/mg SyRM) and comparing
with the initial radioactivity, respectively. The relative
standard deviation (RSD) of specific activities of 5-14
portions taken arbitrarily fom the prepared SyRM were
0.4-1.1% fr all radiotracers. The recovery Pr each
element was 98-102%. The retention during the air drying
for As, Se and I, which have been recognized as volatile

elements, are examined. No loss of these elements was

observed on the airdrying at at 85°C for 6h. The sameis
practically true for a very trace level of 10ng/g Hg labeled
by Hg-197°. Homogeneity of smaller portions (of 100 mg)

was also examined for Se as an example, where an RSD

value of 1.1% was observed for ten portions. In ordinary

CRM made by biological materials, the minimum
sampling size is 250-500 mg and the certified values for
trace elements are given with several or more than ten
For SyRM, the elemental

contents can be accurately calculated fom the dry weight

percent of uncertainty'* ",

and the quantities of added elements, since the elements,
including volatile trace elements, added initially are
quantitatively and homogeneously retained.

Variability of regulation for_matrix, elements and its

content Contents of N and O in SyRM can be regulated
simply by changing the mixing ratio of two monomers,
acrylamide  (CH.=CH-CONH.)
(CH.=CH-COOH). The matrix composition of SyRM in

the region of high weight ratio of acrylic acid is quite

and acrylic acid

Table 1. Elemental composition of SyRM for a comparative standard to & particle activation analysis (A)
and SyRM to evaluate rare earth determination by NAA after separation (B)

mg/g ue/s ng/g
Element A B Element B B
H 45 61 v 5.49 Sc 13.4
c 395 369 Cr 0.908 Y 26.0
N 9.2 7} Mn 211 La 666
o 253 481 Fe 86.6 Ce 1090
Co 0.0201 Pr 228
Na 317 0.141 Ni 0.524 Nd 1070
Mg 10.1 5.65 Cu 17.1 Sm 936
Al - 0.0852 Zn 292 Eu 481
P 3.24 0.997 As 111 Gd 644
) 1.2 2.36 Br 122 To 92.0
ca 114 0.394 St 95.7 Dy 559
K 126 17.6 cd 0.0349 Ho 62.6
Ca 9.38 30.8 Cs 0.103 Er 55.8
Hg 0.0553 Tm 376
1 2.19 0.00165 Pb 14.1 Yb 82.7
Lu 13.5
u 40.3

A: Matrix and major clements similar to marine macro-algae.
B: Containing all rare earth elements in matrix and coexistent elements similar to NIST Citrus Leaves.
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similar to that of the botanical samples which are O rich,
and in the region of weight ratio of 50-100% ofacrylamide
is similar to that ofthe muscle, liver or blood sample from
animals.

Elemental composition of 2 kinds of SyRM are
shown in Table 1. Their matrix are based on 100% of
acrylic acid as monomer. The elemental composition of
SyRM A and SyRM B aresimilar to that of dried marine
macro-alga and leaves of fruit trees, respectively. SyRM A
includes 8 major elements because it was prepared fr a
comparative standard for non-destructive a-particle
activation analysis for P, Cl, K and Ca''. It has simple
component, however, it contains high concentrations of
inorganic elements (total 30%). Content oftotal salts in
marine plant is richest in biological materials. SyRM
could be simulated such a salt rich sample. SyRM B
includes all rare earth with similar matrix and coexistent
elements to NIST SRM 1572 Citrus Leaves in order to
evaluate of the reliability of rare earth determination by
NAA after separation by coprecipitation”. There is no
CRM ofbiological material having certified values for all
rare earth and even up-to-date CRMs have less than 30
certified values fr elements'>. SyRM B contains known
amounts of 41 elements in a pseudo-botanical matnx.
Variability fr matrix composition, kinds and
concentrations of elements in SyRM is satisfactory to
many type ofanalytical methods and biological sample to
be analyzed.

Utility of SyRM

Because of similar or superior characteristics, SyRM
can be used ©r same purpose of conventional CRM with
high accuracy and precision. We have been interested in
the elemental abundance of marine macro-algae. Thereis a
CRM made by marine macro-alga, however, it has certified
values only for 5 minor elements and 11 trace elements'®.
We used SyRM for multi-element analysis of marine
macro-algae, and analytical methods and results for 35

elements are summerized in Table 2.

Use as comparative standard foractivation analysis SyRM
was applied as a comparative standard r non-destructive
photon'® and at-particle activation analysis''. We prepared
SyRM contains known amout of interesting elemens with
major coexistent elements in simular matrix to the alga
sample. The SyRM and dried alga samples were
complessedto a cylindical pellet with a diameter of |Omm.
The SyRM and alga irradiated

simultaneously by bremsstrhlung of 30 MeV electron form

samples wué

a LINAC or 18 MeV of a-particles fom a cyclotron. y-
Rays from the SyRM and alga samples were measured at
same geometry. For a-particle and also other charged
paticle actvation analysis, similarity of the elemental
composistion of analytical samples and comparative
standard is important because the range of incident charged
particles is highly inflenced by elemental composition of
target. Compareing Table | and 2, it is fund that the
composition of matrix, major and minor elements are
closely similar to eachother. Hence, no specal correction
was needed due to the difference in the range of at-particle.
Coupling the two kinds of non-deatractive activation
analysis using the SYRM, 9 kinds of alkali metals, alkali
earth metals and halogens, and P and As could be
determined with good reproducitivity.

Use for evaluation of accuracy and precision of analytical

techniqgue CRM are indespensable for the evaluation of
analytical techniques, especially in trace analysis
combined w'th chamical separation. We applie