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PREFACE

The present report follows the first and second
issues, JAERI-M 7408 (Nov., 1977) and JAERI-M 800%
(Dec., 1978) and documents the current research activ-
ity in neutron scattering at Tokal Research Establish-
ment in the period of the last twelve months from
September 1, 1978 to August 31, 1979.

The report incudes 51 papers prepared by indi-
visual authors on the research done during the above
period by the use of the neutron beam facilities in
JRR-2 and 3. Considerable numbers of contributions
are products of full activity assisted by the steady
operation of the JRR-2 and 3.

The issuance of this report is not intended to

. constitute a publication in a usual sense. Final

results will be submitted for publicatioh in regular
journals. Papers published during the period covered
by this report are listed in the alphabetical order
of the first authors at the end of this report.

M. Iizumi (JAERI)

and Y. Endoh (Tohoku Univ.),

Editors
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I1 The Existence of the Order Phase and the Structure

of Superionic Conductor AgssBr
Takashi Sakuma* and Sadao Hoshino**

* Department of Physics, Faculty of Science, Ibaraki University ,

** Institute for Solid State Physics, The University of Tokyo.

The ordered phase (Y—phase) concerning the Ag distribution of super-
ionic conductor AgSSBf was discovered below 128 K. The transition heat
and the entropy change were measured to be 0.23 Kcal/mol and 1.77 cal/mol.
deg. respectively. ‘

The crystal structure of the newly found y-phase and the room temper-

ature phase (B-phase) were studied by X-ray and neutron diffraction meth-

ods. The neutron diffraction measurement was performed with the ISSP
ND-1 diffractometer at JRR-2 and ISSP ND-2 diffractometer at JRR-3. The
space group of y-phase may be Déﬁ, different from that of Y-AgSSIl). The

lattice constants were measured to be a(=b) = 9.423+0.008A and ¢ = 9.711+

0.009A at 118 K. Details will be submitted to J. Phys. Soc. Jpn.

a-phase B-phasez) v-phase
AgSSBr :  (dissociation) v 430C Oi-PmSm JL2sk DéE-Cmcm
. 9 246°C 1 157K 4
AgESI : Oh-ImSm ------- Oh-PmSm ------- C3 R3

Table I Phase transition schemes for AgSSBr and AgSSI.

References
1) S. Hoshino, T. Sakuma and Y. Fujii : J. Phys. Soc. Jpn. 47 (1979}
2) B, Reuter and K. Hardel : Z. anorg. allgem. Chem. 340 (1965} 168.
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I2 Refinement of the Structure of BthD-

by Single Crystal Neutron .Diffraction

Isao Okada*, Hajime Asano*#* and

Makoto Hirabayashi®**

* Graduate School, Tohoku University, ** The Research Institute for Iron,
Steel and Other Metals, Tohoku University, Now at Institute of Materials
Science, Universify of Tsukuba and #*** The Research Institute for Iron,

Steel and Other Metals, Tchoku University.

Deuterium atoms in B—VZD occupy preferentially one set of the
octahedral z-sites (Ozl) in a pseudotetragonal vanadium lattice with the
axial ratio cfa = 1.1 (Fig. 1)1?2). With increasing temperature, the
deuterium atoms rearrange from the ordered occupation of Ozl—sites to the
random occupation of tetrahedral (T) sites at the B-o transition
temperature Tc = 130°C. It is noted, hoﬁever,'that the arrangement is not
perfectly ordered at room temperature but the T-sites are fractionaIly
occupied. The purpose of the present study is refinement of the B—VZD
structure by the Fourier anlysis; the distribution of deuterium can be
readily determined taking advantage of the fact that vanadium is an almost
perfect incoherent scatterer bf.thermal neutrons.

Two sections of the three-dimensional Fourier synthesis of the neutron
scattering density are shown in Fig. 2. The deutrium atoms at Oz1 sites
exhibit appreciable peaks of the positiﬁe density with ellipsoidal
contours, but the vanadium atoms are hardly seen. The deuterium distribu-
tion is extended to the neighboring T sites along the {010] direction,
and seems to be almost continuous to the next neighboring Ox-sites. A
similarly extended distribution appears around a small peak at the Ozz-
site. This result suggests jumping passes of deuterium in the sequences
of 0x-T~021

The occupation probabilities of deuterium,pl, Pys Pg and Py for the

-T-0x and T-OzZ-T sites.

Ozl, Oz2, Ox and T-sites, respectively, are evaluated from analyzing the
observed intensities taking account of the anisotropic Debye parameters
and the static displacement of vanadium U, = 0.12 A:”- The results
of Py = 0.84, P,y = 0.03, Py = 0.01 and P, = 0.12 are obtained for the
minimun of R = %||Fobs| - |Fcall|/I|Fobs| = 0.08.

In addition to the Fourier analysis at room temperature, the tempera-

ture dependence of superlattice reflection intensities was measured at
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temperatures up to 140°C. The long range order § = P] - Pp as a function

4)

of temperature agrees well with the previous result of powder diffraction ‘.

Fig.l Structure of B-V,D, o:V, :D at Oz1

sites, X:0z9 sites. Uz is the displace-

ment of V along the c axis.

47/

0o 75}

b R L D N ~
‘/__\_ ___0__/

B R S S A

e P - 1
\L/o‘_-"\_’_/
25 5 _/”/u‘-\"‘——
“—"'—-—T*”—"égzzz"“—"‘r—\‘—
a a

Fig.2 Sections of Fourier synthesis parallel to the (010) plane.

References

1) V. A. Somenkov, I. R. Entin, A, Yu. Chervyakov, S. Sh. Shil'shtein and
A. A. Chertkov; Sov. Phys.-Solid State 13 (1972) 2178

2) H. Asano and M. Hirabayashi: phys. stat. solidi (a) 15 (1973) 267

3) H. Metzger, H. Jo, S. C. Moss and D. G. Westlake; phys. stat. sol. (a)
47 (1978) 631

4) H. Asano and M. Hirabayashi; 2nd Intern. Congr. Hydrogen in Metals,
Paris 1977, 1D6
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I3 Static Displacement of Ta. in Ta2H

by Single Crystal Neutron Diffraction

Hajime Asano*, Kazunori Kishi** and

Makoto Hirabayashi®#*

* The Research Institute for Iron, Steel and Other Metals, Tohoku
University, Now at Institute of Materials Science, University of Tsukuba,
%% Graduate School, Tohoku University and *** The Research Institute for

Iron, Steel and Other Metals, Tohoku University.

The ordered structure of TazH has been studied by single crystal
neutron diffraction to determine the static displacement of tantalum atoms
caused by the ordered distribution of hydrogen. The structure of TazH is
described by an orthorhombic unit cell (space group C 222) having

A= a{2(1+cosY)}l/2, B=aand C= a{2(1—cosY)}l/2,
where a = 3.30 A is the lattice constant of the metal cell and v 2.90;5°
is the monoclinic deforﬁation (Fig. 1)1’2’3). The atomic coordinates are
given as

(0, 0, 0; 1/2, 1/2, 0) +

4 Ta in 4 k: 1/4, 1/4, z; 1/4, 3/4, z with z = 3/4 - A

2 Hin 2 a: 0, 0, O, '
where A is the tantalum atom displacement.

A single crystal of pure tantalum (5 x 3 x 0.3 mm?) Was sealed in an
evacuated glass tube together with an apprbpriaté amount_of a powdered

sample TaH kept at 350°C for 1 month and then feollewed by slow

727
cooling toorgom temperature. During the above treatment, hydrogen was
transferred from the powder to the tantalum crystal to form a single
crystal of TazH.

Neutron diffraction experiments were made for reflections on the
reciprocal lattice section HOL. The crystal was proved to be composed of
multiple domains with six orientations of the orthorhombic axes. We
choose one domain and gathered the intensity data of superlattice reflec-
tions. After the correction of absorption effect and Lorentz factor, the
observed structure factors are compared with calculations taking A as
an adjustable parameﬁer.‘ A variation of R-factor which is given as
5||Fobs| - |Fcall|/Z|Fobs! is shown in Fig. 2 as a function of 4 in

4)

comparison with the X-ray diffraction results It may be safe to
determine A as 0.016 * 0.002, although the R-factors for neutron and

X-ray diffraction take minima at slightly different values of A. This

— 4 -
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value is a little larger thanm that (0.012) for_Tale). It is not clear at
present whether the discrepancy is owing to the isotope effect or the
degree of order attained in the crystals. . A comparison of |Fobs| and

IFcal[ with A = 0.016 is given in Table 1., Agreement is satisfactory.

e .
$' % Table 1 Comparison of |Fobs| and |Fcal|
Ny r,/f// ' Neutron X-ray
”";E%;/U HKL  |Fobs| [Fcall |Fobs| |Fcall
' 1200 | 167 212
A 400 192 153
001 10.8 10.1 20 23
1q DY oo 201 5.4 4.4 27 21
® y-17s ®y=1/2 401 9.1 8.8 18 15
: 601 4.0 2.5 .
Fig.l Structure of TazH 002 164 208
202 185 180
03 402 152 137
' ' 003 1.3 1.2 59 54
- F . 203 15.2 14.3 56 48
| 403 1.7 1.9 44 38
\ , 004 171 140
ozh "\ * 204 134 129
\\‘ ﬂ /,/// _ 404 : 114 106
5 oln® 005 18.7 18.0 115 62
g gp 205 6.7 6.7 80 58
T 405 12.6 16.4 :
i
0! -
o neutron
e X-ray
1 1 1
008 002
A
Fig.2 Variation of R-factor
with A
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I4 Lattice Location of Deuterium Dissplved in Vanadium

Sadae Yamaguchi*, Hajime Asano**,

Masahiro Koiwa*** and Makoto Hirabayashi*#*¥*

* Department of Nuclear Engineering, Tohcku University, ** The Research
Institute for Iron, Steel and Other Metals, Tohoku University; Now at
Institute for Materials Science, University of Tsukuba and *** The Research

Institute for Iron, Steel and Other Metals, Tohcoku Univérsity.

Vanadium dissolves a large amount of hydrogen (deuterium) and oxygen
in the interstitial sites of the bce metal structure. It is important to
know the behavior of hydrogen in the host metal in coexistence with other
impurities such aé oxygen atoms, since many kinds of interstitial °
impurities usually coexist in commercial metals. Since vanadium is an
almost perfect incoherent scatterer of neutrons, neutron diffraction has a
great advantage for determination of occupation sites of such interstitial
atoms in the host lattice. Actually single crystal neutron diffraction
studies have been performed to determine the occupation sites of carbon,
nitrogén and oxygen atoms in vénadiuml).

In the present study, it is aimed to determine the location of
deuterium in vanadium using single crystals of vD_ and VDXOO.OZ with
x = 0.01 - 0.04. The occupation probabilities of octahedral (0) and
tetrahedral (T) sites are determined by analyzing the diffraction intensi-
ties. In ternary alloys VDXOO.OZ’ neutron diffraction cannot determine
uniquely these probabilities unless the location of oxygen is known, The

2) 3)

O-site occupation of oxygen in VDxOO.OZ as well as VOO.OZ was

previously determined with the aid of ion channeling technique using the

2)

same crystals 7.

The structure factors for the random occupation of 0 and T-sites are
listed in Table 1, where bv and_bD are the scattering amplitudes of
vanadium and deuterium atoms, respectively. The occupation at T or O-sites
can be distinguished from tﬁe.intensity of reflections other than 110, 310
and 400. Actually the T-site occupation of deuterium in VD0.013Can be
concluded from comparison of the observed data with the calculations.

For the ternary crystals VDXOO.OZ’”the deuterium atoms are found to

occupy statistically both T and O-sites as a result of the interaction with

oxygen. The observed intensities are fitted with calculations taking the
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occupation prebability, p, of the O-sites as an adjustable parameter. In
Fig.l is shown a variation of R-factor with the probability. It is seen
that the octahedral occupancy increases with the increase of deuterium
content; p = 0.1, 0.2 and 0.5 for x = 0.02, 0.03 and 0.04, respectively.
This may be connected with the fact that the terminal solubility of
deuterium in vanadium increases with the addition of oxygen, which has been

4)

interpreted in terms of the trapping effect

Table 1 Structure factors of VDX

0'10 I ) 1 T
Index Structure factor [F|/2
h k1 O-site T-site 0.08 VDx0o.02
.08 L R -
X X
110 bv__B_bD bv—-_:,;bD o
0.06 -
200 b + xb b +—b $
v D - v 3D 5 x=0.03
v 0.04 - -
X x x
211 bv-3bD bv+?fbD ! 0.04
0.02. A ~
220 b + xb b -Xp \'/'002
v 3D
0 ] 1 i 1]
0 02 04 06 08 10
310 b.-—=b SR N '
v 3D bv 3D Occupation Probability, P
222 bv+ xb b - be
Fig.l Variation of R-factor with the
3921 b - X b +X4 occupation probability of O-sites,
v 3D v D
400 b + xb b + xb
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I11 Neutron Scattering Study of
the Phase Transition in AgssI

Sadao Hoshino* and Takashi Sakuma**

* Institute for Solid State Physics, The University of Tokyo ,

** Department of Physics, Faculty of Science, Ibaraki University.

In the phase transition from the superionic B-phase to the pyroelec-
tric y-phase in AgSSI at 157 K, slight atomic displacements for S and I
atoms and an order-disorder arrangement for the position of Ag atoms take
place simultaneously.

In order to investigate a dynamical behaviour of atoms at the struc-
tural as well as the order-disorder phase transition in AgSSI, neutron
inelastic scattering measurement has been carried out with the ISSP-ND-I
spectrometer at JRR-2. Quasi-elastic central component and phonon peaks
were measured at various temperatures between 120 K and 290 K. Up to
the present, no soft modes were observed. However, a low energy mode
with about 2 v 2.5 meV was found to appear below the transition tempera-
ture, which is similar to those found in RbAg4I5 and Agl at low tempera-
ture, and may be the one due to the local vibrational mode for Ag atoms.
Details of the phonon dispersion relation and its temperature dependence

are now under investigation.
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I12 Incommensurate-Commensurate Phase Transitions

in KESEOh-TYPE Ferroelectric Crystals
Kazuo Gesl and Masashi Iizumi
DPivision of Physics, Japan.Atomic Energy Research Institute

Studies have been continued on incommensurate-commensurate phase tran-

sitions assoclated with ferroelectricity in the K SeOh—type erystals, ' In-

2
addition to previously reported RbEZnClh and RbEZnBrh,l the incommensurate
phases in K,ZnCl) and {N(CH3)h}2anlh were studied by neutron scattering.
Ferroelectricity in K22n01h was recently discovered by one of the present

authors (KG),e) and the reported superlattice structure3) suggested: that

the ferroelectricity in this, material is triggared by an incommensurate-
L) 1,5)

commensurate phase transition as in the cases of KZSeOh’ :RbEZnClh,

and Rb ZnBrh.l’B)

Ii K22n01h, neutron scattering - o5 | o L.
study reveraled that. there is an in- ¢ ' ) S ‘
commensurate phase in a temperature 2.4 . ““r"f'dw-—fo_f_o_
range from the ferroelectric Curie 2+;: - ©
temperature of 130 °C to about 280 +
°C, where the satellite reflections 7 [
appear at incommensurate positions 24ﬁ2 N oo o
of {h,k,£ +(1/3 - 8)) (8§ # 0). The
parameter 8§ which describes the de- y = ; = y
viation of the lattice modulation £L2 ! /45”'JL— (2,0,¢)
period from the commensurate one of
3c, is about 0.027 at the normal LT F
commensurate-incommensurate transi- 1.0
tion temperature of TcI' It almost
lineraly decreases with decreasing (oA=]
temperature and reaches to about o8 - ﬁh‘ﬁm_ﬁ___________

0.012 just above the ferroelectric ° Py >
Curie temperature Tc. At Tc 8 vanished 07 I]II A .H I . I
discontinuously. The variation of § o] 0 20 30

(-]
with reduced temperature T/TcI is TEMPERATURE ¢c)

shown in Fig, 2 together with results

of other K,Se0) -type ferroelectrics. Fg. 1

- 10—
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The temperature variation of 0
for K. ZnCl, is quite similar to 006
2777 | ol - RbeZnCl,
that found for K SeOh. —
2 0.04 Rb,ZnBr, /
In {N(CHB)h}QZn01h, the .
temperature dependence of the B
satellite positions which are 002
found in the (h,0,z)-scans. In I
’ 0 ' 4
the lower portion of the figure /
the ranges of the successive -0.02 F s KeSeO,
phases are denoted by I, I, III, - KaZnCly
IV,*. The phase T takes B—KESOh -0.04
type structure, and ferroelec- [~
tricity is observed in phase I, Q.06 [ - "
In phase II the primary satel- i [N(CHy) ), 2ne,
. . -0.08 r _
lites are observed at incommensu-
rate positions of ¢ =2 + (1/3 - 0.0
§) (8 # 0). In the ferroelectric L 1 1 1 L —
o
phase ITI, they are observed at 04 05 06 07 0'87_/?_’” Lo
!
commensurate positions of ¢ = 2 ¢
Pig, 2

+ 1/3. Relatively intense third
order harmonics are observed in the (2,0,C)-zone as shown in the lower part
of the figure. The reduced temperature T/TCI dependence of the parameter 6
of {N(CH3)h}22nClh is shown in Fig. 2. Opposite sign of the parameter § and
large absolute value of it in comparison with other KESeOh-type ferroelec-
trics characterize the incommensurate structure of {N(CH3)h}22nClh. Fur-

ther investigation is now in progress by using a deuterated crystal{N(CD3)£

}QZnClh .

1) Y. Hamaguchi, M. Iizumi, and Y. Fndoh {eds.): Annual Report on Neutron
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(1977) L392. :
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- 11 -



JAER]I — M 8719

II3 Incommensurate to Commensurate Phase Transition in sz‘ZnBr4
Masashi Iizumi and Kazuo Gesi
Division of Physics, Japan Atomic Energy Research Institute

Incommensurate (IC) structures in the family of compound with
general formula AZZnX4 with A = K,Rb or N(CH3)4 and X = C1 or Br have been
studiedl_é) by the neutron diffraction method. The incommensurate structures
are characterized by the wave vector given by q; = (1/3 - ¢)c* where § indi-
cates deviation from the commensurate (C) structure characterized by qc=c*/3.
The temperature dependence of § shows different behavior from one compound
to anotherB). Among them the one for,Rb?ZnBr4 is very peculiar: the parameter
¢ keeps the same value of 0.04 for an e#tremely wide temperature range from
70°C down to about -80°C and then § suddenly starts to change and jumps to
zero (the commensurate structure) within about 10°C. The intensity of satel-

1

lite reflections also shows a break here. Therefore we have suggested™” that

this is another phase transition from cne IC phase to another, namely from
a clamped IC phase to a released and rapidly changing TIC phase.

Recently we carried out more detailed measurements of this IC to C
change in RbZZnBra. In these measurements we observed closely the third
order satellite reflections h k £+38. By this we could investigate the tempe-
rature change and splitting of the satellites three times more precisely
than by observing the primary satellites. Diffraction profiles of both types
of satellites are compared in Fig. 1, where those for the third ordef ones
are shown by reducing the wave vector scale to one third and by taking the
origin of the wave vector axis at the commensurate point for each type of
satellites. The good resolution for the third order satellites are clearly
indicated in this figure. Therefore what we had observed by loocking at the
tirst order satellitesl) were resolution-smeared profiles of the true satel-
lite structure disclosed now by observing the third order satellites. The
temperature change of the peak positions in the satellite structures are
shown in Fig. 2, where the peak positions are supplemented by those of the
primary satellites in the wave vector - range where the peaks in the third
order satellites merge into intense fundamental Bragg reflections.

These results indicate that apart from the original lattice modula-
tion persisting from high temperature the second kind of lattice modulation
appears below ~70°C with the distinct wave vector given by § = 0.03 and this
latter modulation becomes gradually dominant with the wave vector of modula-

tion changing rapidly towards the commensurate value. The original modulation
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Fig. 1. Temperature change of diffraction profiles of the primary (2011) and

third order (2013) satellite reflections.

becomes less and less dominant keep-

ing the constant wave vector. More-
o)} COOLING
1 over the third modulation is also
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Fig. 2. Temperature change of peak positions of satellite structure.
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II4 Incommensurate Intermediate Phase in Rubidium_

Trideuterium SeleniteERbD3(8e03)2
Kazuo Gesi and Masashi Iizumi .~
Division of Physics, Japan Atomic Fnergy Research Institute

Rubidium trihydrogen selenite RbH (SeO ) undergoes fefroelectric
phase transition at about 150 K. 1) The crystal symmetry is orthorhombic
P212121 in the pareelectfiehphase and monoclinic I?l 1n_the‘ferroelectr1c
vrhase. The transition parameter is not the macroscopic polarization but
belongs to a two dimensional irreducible representatlon of the space group
P212121 at k= b /2 Thus, thls materlal is classified intc the group of
’1mpr0per ferroelectr;cs. A group theoretical analysis predicted that
there might be an incommensurate intermediate phase between the ferrcelec-
tric and paraelectric phases. Recent stud&'of elastic propefties of this
material by Gladkll et al.g)

pliance s 55 exlsts at about 2 K above the ferroelectrlc Curle temperature

showed that an anomaly in the elastlc com—

Tc' They attributed the anomaly to the paraelectrlc-to-lntermedlate phase

transition, but reproducibility of the ' — T

result seemed not.to be very_good. We L 10* (2.0, ¢)-Scan
tried to detect the intermediate phase 4 r

: ' T-144.7 K
in the deuterated crystal RbD3(SeO3)2

A prellmlnary dlelectrlc constant

W

measurement along the b-dlrectlon
showed that there are very siight
breaks at about 146 K and 148 K.

These anomalles should eorrespond to

h

the intermediateetoeferroelectric

NEUTRON COUNTS -{Arb. units}

transitions. Figufe'l shows the line
profile of the satellite reflection
at around (2,0,0.5) in the (2,0,z)-

scan at different temperatures around

- 0.54

the Curie temperature Té.-In'the
ferroelectric phase (T <1L6 K), the
peak position exists just at g = 0.5.

‘Fig;‘i

On the other hand, 'in the intermedi-

—14 —
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ate phase (146 K < T < 148 K), the peak position shifts from £ = 0.5 by

§ (# 0). Above the paraelectric-to-intermediate transition temperature

('I'c = 148 K), the reflection becomes diffusive.

I
The above results indicate that there is an incommensurate intermedi-

ate phase in a temperature range of about 2 XK above the ferrcelectric Curie

3(Se03)2.

meter & is shown. In the figure the two transition temperatures are de-

point in RbD In Fig. 2, the temperature dependence of the rara-

noted by Tc and TC together with vertical arrows. It should be noted that

I

above TC the parameter & corresponds to the diffuse scattering peak. In

the inteimediate phase, the parameter § i1s about 0.003 at TcI’ it decreases
slightly with decreasing temperature and discontinuously vanishes at the
Curie point. A marked characteristic of the incommensurate structure of
this material is the smallness of the incommensurate parameter & ; it is
one order of magnitude smaller than the one typically found in (NDh)EBth§)
Also the range of the incommensurate phase is very narrow. It would be a
problem to be solved in future to determine what is the microscopic mecha-

nism which stabilizes the structure very slightly deviated from a commensu-

rate one.

1) L. A. Shuvalov, N. R. Ivanov, N. V. Gordeyava, and L. F. Kirpichikova:
Sov. Phys.-Crystallogr. 1b (1970) 554.

2) V. V. Gladkii, V. A. Kirikov, V. K. Magataev, and L. A, Shuvalov: Sov.
Phys.-Solid State 19 (1977) 167.

3) M. Tizumi and K. Gesi: Solid State Commun. 22 (1977) 37.
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II5 Quasielasfic Neutron Scatterjing fromFezTiO4

Y. Endeoh and M. Kataoka#*

Department. of Physics, and *the Research Institute for Iron, Steel and

Other Metals, Tohoku University

exhibits a giant magnetostriction below its mag-

@

Ulvospinel, FezTiOA,

netic phase transition temperature, Tn The giant magnetostriction

arises from the cooperative Jahn Teller effect (CJTE) of ferrous ions in
A sites through the lattice vibrations(z). Since the fictitious Jahn Teller
transition temperature, Tt*, seems to be lower than the magnetic phase tran-
sition temperature, the Jahn Teller transition disappears. Instead, the
Jahn Teller distortion behaves as if it were the giant magnetostrictiom.
The diffuse scattering due to the local displacements produced by a single
JT ion, being a typical example of the Huang effect, exhibits the critical
behavior near above Tt*. Indeed, there have been reported such experimental
results from many examples which show CJTE(3). However in this FeZTiO4
case, these two cooperative phenomena, the magnetic ordering and the JT
distortion, interfere with each other. Thus it may not be clear whether
the critical like behavior can be observed. Note that Fe2+ in the tetra-
hedral sites have electronic ground orbitals of doublet. Measurements were
performed on the TUNS spectrometer from a single ecrystal of FeZTiOA, which
was grown by the floating zone melting method. The quasielastic scans
around (400) reciprocal point, where both nuclear and magnetic amplitudes
appear, show the double peak with respect to temperatures, one is a sharp
peak at 135K corresponding to Tn and anothér is a rather broad one around
80K. This fact indicates clearly that the intensity of diffuse scattering
due to CJTE diverses critically near Tt* as was seen in NiCr204 for in-
stance(3). This fact also means that the interference should not be strong,
and that the theory based on the static JT effect, which is reasonable for
the orbital triplet case of NiCrZOA, can be applicable even in this doublet
case.

We compared the experimental results of quasielastic neutron scattering
with the calculated correlation functioéfjderived.from the appropriate micro-
scopic Hamiltonian for the lattice vibrations coupled with the localized

(2)

electronic states Actually the latters are expressed in terms of the

Pauli spin operators, and furthermore the static approximations as mentioned

before were used in this calculation. A typical example of results is



illustrated in the figure.
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One can see from figure that agreement between

observed and calculated contours is satisfactory, although we have encoun-

tered some difficulties in the resolution corrections.
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I16 Neutron diffuse scattering by 'molecular polarons'
in Magnetite :

vasusada Yamada*, Masahiro Mori*, Yukio Noda* and Masashi Iizumik#*

* Department of Physics, College of General Education, Osaka University,

** physics Division, Japan Atomic Energy Research Institute

In this paper, we report the results of neutron diffusé'scatteriné ex—
periments on magnetité abqve its Verwey trénsitio; temperature (va. The
obtained results are discussed in connection with a proposed modéi which
describes the properties of valence fluctuations at the B-gite Fe-ions.

Neutron diffuse scattering primarily gives informations on the prop-
erties of atomic fluctuations. 1In 19275, Fuiii et al.l) reported the
observation of diffuse scatterings and analyzed the results in terms of the
instability of the phonon modes with wave vector k={l/2, a, 0)2). Later,
Shapiro:et a1.3) performed more precise observation. They reported a new
type of diffuse scattering which has different characteristics from the
previously reported cne due to soft phonons. It is widély spread in momen-—
tum space with its maximum at the ['-points (the Brillouin zone center) and
hag a remarkable anisotropy in the reciprocal space. Moreover, its inten-
sity is dependent on temperature only slightly, being still observable even
at T~Tv+80K. Cbservation of the same type diffuse streak patterndin an
electron diffracticn experiment was also reported by Chiba et al. These
characteristics does not allow the convensional interpretation as the 'crit-
ical diffuse scattering’ at strucfural phase transitions. The critical
diffuse scattering 1s usually interpreted as due to correlated fluctuations
of an order parameter. Hence, it should have its maximum intensity at the
position. where the new Bragg reflections (superstructure lines)} appear in
the ordered phase. In the present case, the new Bragg reflections appear
at (1/2, 0, 0) corresponding to the doubling of the unit cell along one of
the cubic principal axes. Nevertheless, the maxima of the diffuse scatter-
ing are at the I'-points. The origin éf this type diffuse scattering has
not been clarified yet.

In this paper, we tried to elucidate the origin of this diffuse
scattering based on a model which describes the'propefty of fluctuating
valence electrons above Tv. ' ]

The model assumes the existence of 'molecular polarons' in the temper-

ature region T>TV. The 'molecular polaron' is a complex composed of two

excess electrons and a local displacement mode of oxygens within the fcc
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primitive cell. At sufficiently high temperatqres, there are random dis-
tribution of molecular polarons, which are fluctuating independently by
making hoppings through crystal or dissociating into smaller polarons. The
life time of each molecular polaron is long enough to induce instantaneous
strain field around it.

Based on this model, neutron diffuse scattering cross section due to
independent dressed molecular polarons are calculated. 1In order to verify
the model, a precise measurements of quasi-elastic scattering of neutrons
have been carried out at 150 X making use of a triple axis neutron spectrom-
eter installed at JRR-2 in JAERI. The experimental results éhow the charac-

teristics predicted by the model.
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I17 Phonon Dispersion Relations of BCC Thallium

Masashi Tizumi

Division of Physics, Japan Atomic Energy Research Institute

Thallium undergoes a ﬁartensitic transformation at 230°C (TM) taking the
body-centered cubic (bcc) and hexagonal close-packed (hep) structure above
and below the transition temperature respectively. Although the phonon dis-
persion relations in the hep structure have been mesured and their relation
to the transition has been investigated by approaching the.temperature from

1)

below ', with a negative result, those in the bcc structure have not been
studied,

We grew a single crystal of bee thallium on the sample table of a triple
axis neutron spectrometer and measured the phonon dispersion relations in the
bcec phase maintaining the temperature of the crystal above TM. Because the
material is poisonous, grains of raw material were put in an alumina crucible
and vacuum~-sealed within a quartz tube and the latter was placed in a vacuum
furnace for neutron diffraction. The upper and lower heaters of the furnace
were controlled separately and the crystal was grown by the Bridgeman method.
Melting point was 330°C (Tm). Neutron scattering measurements were carried
out on the grown crystals leaving the crucible and gquartz tube within beam.
Quality and size of the grown crystal were checked by the standard neutron
diffraction and polaroid photograph of the diffracted beam., About 5 cc single
crystal of a certain orientation was obtained for each trial. Although the
crystal orientation is accidental, it was not difficult to bring any one of
the [100], [110] and [112] zone axes perpendicular to the scattering plane
of the spectrometer by a moderate tilt of the furnace on a goniometer. Most
of the measurements were carried ocut at 250°C by using incident neutroms of
14 meV. Mosaic spread of the crystals were always less than 0.3°. A brief
test of the stability of the bec structure below the martensitic transition
temperature indicates that the single crystal is destroyed below TM and then
it was unable to restore the original crystal by raising temperature again
above TM’ even though temperature was changed very slowly around TM'

The dispersion relation were measured aleong the three principal direc-
tions of the cubic crystals. Two kinds of transverse phonon propagating along
[110] with different polarization vectors (T1 and T2) were observed for the
proper orientations of the crystals. The results of the measurements are
summarized in Fig. 1. The most conspicuous feature of the results is thé

existence of a dip in the longitudinal branch along [111]. It occurs at
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Fig. 1 Phonon dispersion relations of bec Tl at 250°C
222 ' .
around (33333). This kind of a pronounced minimum has been noticed for most

2)

of the bcc metals ” and it has been related to the intrinsic instability of

the bce structure against the so-called w-phase structure. Recently a strik-

ing dip of the similar nature was disclosed in zirconium in the bec strue-

3)

ture”’, Another conspicuous feature is the existence of anomaly at N in the

Tl branch of transverse phonon (e//[110]) propagating along [110] which

retains low energy from the zone center to the boundary. The elastic constant

cli ) corresponding to this branch is also very small. All the elastic
constants derived from the initial slope of the acoustic branches are tabula-

ted and compared with those of Pb,

The energies of some of the zone Table ! Elastic constants of T1
boundary phonons were difficult to compared with those of Pb.
determine by the measurements with (lolzdyne/cmz)
relatively high resolution. Their bee Tl fcc Pb
measurements are going to be undertaken ¢y ' 0.43 0.48
by the use of higher incident energy. %{Cll_clz) 0.020  0.035
Further measurements including the Chs 0.12 0.14

-temperature-dependent behavior are

now in progress,.

1) T. G. Worlton and R. E, Schmunk, Phys. Rev. B. 12(1971) 4115.

2) For example, A.D.B.Woods et al., Phys. Rev. 128 (1962) 1l1l2.

3) C.Stassis J.Zarestky and N.Wakabayashi, Phys.Rev.Lett. 41 (1978) 1726.
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. IT8 Acoustic Phonon Dispersion.in NiTe2

® * %
Masatoshi Sato and Katsuhiko Abe

-, .
Institute for Solid State Physics, Tokyo University, Tokyo,
* ®
Device Developement Center, Hitachi Ltd, Kodaira, Tokyo

Main Part of this work has already been published in J. Phys.
Cl12 (1979) L613 and the detailed results can be seen in fhat paper.
The acoustic phonon dispersion.curves and the elastic constants
are given in it. There can be seen some signs that suggest the
existence of quasi-two dimentional character in the_[EQO] mode,
which has a transverse out of plane character. It implies that
the interlayer interaction is stll sufficiently weak in NiTez,
even given the small value of c/a, for a tendency. towards two-
dimentional character to e seen. (a,c : ﬁsual notations of the
lattice constants in the'hexagonal type cell.} |

The small kink in the LA phonon branches in the direction
{£00} and [§§0] at a q.value slightly smaller tha 0.3a*{(a*=4%/{3a).
It is interesting that this small kink, reminiscint of a Kohn
anomaly,has been observed near the same region of the reciprocal
space in many materials of similar structure such as 1T-Ta521).
Here we would like to refer to the recent developement of the
understandings of the anomalies of the transition metal carbide
and nitride. The¢ work by Terakura emphasised the importance of the
q dependence of the electron-phonon interactions. This q dependence
is known to be mainly determined by the geometricalalignment of
the atoms in a cnit cell. Although this is studied for the metallic
compoﬁnds with NaCl type structure, it is tempting to connect this
jdea to the present layer structure matallic compounds. Further

experiment using a compound with the same structure and the larger

electron phonon coupling is now planned.

1) K. R. A. Ziebeck, B. Dorner, W. G. Stirling and R. Schollhorn,
J. Phys. F7 (1977) 1139
2) K. terakura, J. Phys. Cll (1978) 469

h

®Main Part of this work was done at Harwell. However, many prelimi-
nary experiments were carried out at JRR-2, at Tokai. '
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IT9
Phenon Dispersion Relation of a Precipltation Alloy A1980u2

¥ * "
Nobuhiko Kunitoml, Hiroshl Shiraishi, Yorihiko Tsunoda,
®¥
Mitsuzo Osamura
¥ Department of Physics, Faculty of Sclence, Usaka University

#%  Department of Metallurgy, Faculty of Engineering, Kyotc Unlwersity

An Al alloy with the dilute concentration of Cu is one of the well-
lnown precipitation alloys and has become a subject of the physical and
metallurgical investigations. In the early stage of the precipitation, a
precipitate with the two dimensional shape called as the Guinier-Preston
zone (G-P zone) is formed by the room temperature anneasl. This precipi-
tate produces lattice distorsion around 1t and may cause a characteristic
change of the phonon dispersion relation, In order to observe this effect,
we previously made a measurement of phonon dispersion relation on Alggcul
and found some varlation before and after the aging. (1) However, more
accurate measurement made by using HFIR at Ozk Rldge Natlonal Laboratory
has revealed that the phonon variation observed once 1s a fictitiocus one
probably due to the imperfectness of the single crystal specimen which was
grown by the Bridgeman method. In thls note, we report a new result ob-
talned by using a single crystal specimen with Cu concentration of 2 at.%
which was grown by strain armeal method. In order to dissolve Cu into Al
the specimen was annealed at 55000 for 1 hr. and quenched into water. How-
ever, as will be mentioned later, a complete solid solution specimen could
not be obtained and a trace of the formation of the G-P zone was cbserved

even though the specimen was kept at the dry lce temperature until just
3K s . ]L - . before the phonon neasure-

..... o9, CT e | TS

odg) " e T v ~7ZhratRT The phonon dispersion

2K . + . -_ relation was measured at

. room temperature on the

.. . . ‘ Triple Axis Spectrareter

K E s 1 . TUNS installed at JRR-2.

‘ In Fig.l are shouwn iine pro-
e files of the (200) Bragg re-

-+ I : : flection observed by the -

h———> ' specimen kept in rocm tem-

Flg. 1. perature for 17 and 72 hrs.

COUNTS /3min
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During this period, the neutrcn inelastic .
scattering measurement was made. Although - SN
the intensity of the scattered neutron is ) ’
very lowcompared to the peak intensity of
the (200) Bragg reflection (about 5,000

ke/min. ), a typlcal evidence of the deve-

tarbitrary units |
- T
. Yo, b
<

lopment of the G-P zone that the stronger
diffuse tail appears in the positive 4’ -
rection from (200) is found even in the
case of the 17 hrs aging. This G-P zcne
formation may be attributed both to the

INTENSITY

effect of the room temperature aging and
to the limited speed of the quenching.

In Flg. 2, the intensity spectra of scat- FREQUENCY (THz]
Fig, 2

tered neutrons for the measurement of
[€00]T phonons are shown, where one can see the double peak structue typl-
cal to the existence of the resonance mode. As shown in this figure and
in Fig.3 the resonance mode appears at around E 2.5 THz or at  0.35. In
Fig.3, the dispersion relation of the [{001T branch is drawn which almost
agree with that for pure Al except the apparent double branch structure

at the resonance. In this figure is also shown the thecoretical disper-
sion relation of the mass defect model calculated under thé dilute appro-
ximation. Since the impurity concentration is very low, the theoretical
result indicates only a small variation
of the slcpe of the dispersion curve

at the resonance which can hardly be ob-—

6 ) {f served by the usual experimental me-

st / thod. It has been known experimentally
/

I THz}

in variocus mass defect substances such
as Au(Cu), Ni(Pt) and Ni(P&) that the
| = catcuaren doserved magnitudes of the energy gap

2L { MEASURED

observed at the resonance agree with

Frequency

ik . . : the calculated values quantitatively.

) AT DS Therefore, we can conclude that the
resonance effect found in this Al(Cu)
alloy with the G—i" zone is extraordi-
Fe.3 | narily strong in [500]T brench.
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The dispersion relation was also cbser-
ved for [6$0]T branch and the results are
shown in Pig.4 together with the theoretical
one. In this branch, the rescnance mode was
hardly detected as expected the retically.
These experimental results imply that the
phonon dispersion relation and the beha-
vior of the resonance mode in this specl- L pﬁ E'Zfzﬁfu
men is anisotropic. N

{ THz)
tn

Fregquency

(1) N.Kunitomi, M.Hamada, Y.Nakal; Am. L —
Report Neutron Scatt. JAERI, 1977, p29
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IT10 Resonance-like Phonon Mode in a Force Constant Disorder

System PdyoAgas
Yorihiko Tsunoda and Nobuhiko Kunitomi
Faculty of Science, Osaka University

Since an atomic mass and a force constant have dual symmetry in the
formulation of the lattice vibration, it will be expected- in principle that
the introduction of the impurities with large difference of‘the force
constant also leads to the resonance or the localized phonon modes.
Recently, Katayama and Kanamori' developed the CPA theory of the lattice
vibration in a substitutional disordered alloy with the forcé constant
disorder within a single site approximation. Present measurements were
carried out on the basis of their prediction about the possibility of the
existence of resonance-like phonon anomaly in the Pd-Ag system.

The Pd-Ag alloy seems to be the best sample for the study of the
resonance phonon mode associated with the force constant disorder from the
following reasons. 1) The atomic force constant in Pd metal is about 1.3
times larger than that of Ag metal for the nearest neighbor pairsz’s,
whereas the mass difference of these atoms is only 1.4%. 2) Both have a
f.c.c. structure and form a continuous series of solid solutions. Since
the existence of atomic superlattice structure has not been reported, we
need not bother about the contamination by the short range order. 3)
General shape of phonon dispersion curves for both of the metals has almost

233 Ve can anticipate that the atomic force

perfect similarities
constants will change homogeneously in this alloy. 4&) The difference of
the lattice parametérs between Pd and Ag metals is rather small compared
with the systems for which the resonance phonon modes have been investi-
gated. The increase of the lattice constant has linear dependence to Ag
concentration. 5) The experimental noise caused by the incoherent scatter-
ing of neutrons is very small because the coherent scattering amplitudes
for Pd and Ag atoms are almost the same.

The sigle crystal specimen with the volume of about 0.5 cc was cut
off from an ingot which was melt in an alumina crucible by the Bridgeman
method in an Ar atmosphere, The measurements were carried out by using

TUNS triple axis spectrometer installed at JRR-2 reactor, JAERI, Tokai.

Constant-Q mode of operation was used throughout the course of the
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{2001 T E =40 meV 0T E, = B0maV
T T T T T Ty — T T
: - =0.42

{Arbitrary Units}’

Intensity

Fig. 1 Scattered neutron groups of constant-Q scan for the

{2001 Tand the [ £ T 0] T, branches. Data were taken

by Ep = 40 meV for the former and 60 meV for the latter.

Dashed lines are estimated backgrounds and solid 1ines are
* drawn for guides to the eye.

experiments,

Phonon- perturbation was measured for both transverse (T} branch in
the [ T 0 0 ] direction and T; branch in the [ £ £ 0 ] direction. A
portion of the experimental results obtained for several wave vectors is
shown in Fig. 1 for these two symmetry directions. Asymmetric phonon line
shapes which seem to have double peak structure were observed around [ =
0.45 ~ 0.55 for the [ L 0 0 ] T branch and £ = 0.35 "~ 0,40 for the [ 2 T 0 ]
T; branch. Anomalous behavior for the [ £ 0 0 ] T branch was checked for
different crystal settings and incident neutron energies. The first one
was carried out by using 60 meV incident neutrons and the scanning was made
in the ( 0 0 1 ) reciprocal plane, thus the polarization of phoron lies
along [ 1 0 0] direction. The second was made by 40 meV neutrons and
scanning was made in the ( 1 10 ) reciprocal plane, thus the polarization
vector lies along [ 1 1 0 ]. The consistent results were obtained for both
crystal settings. In Fig. 2, observed FWHM of the phonon peaks for the
[ 200 ] T branch is shown. - Increase of the phonon line width suddenly
takes place around 11 meV. These changes of the observed phonon profile
with the wave vectors are quite similar to those of the resonance mode
observed in mass defect alloys, Further evidence that the unusual phonon

peaks observed here seeﬁ_certainly to be the resonance-like behaviors
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associated with the force constant dis-

‘ ) (20017
order is the phonon energy at which the — T } —
_ o Eo=40meV, 8401101
anomaly takes place. These roughly o E;=60meV. 5 7[100]
agree with the value calculated from 5h : 4

the CPA theory in which the appreciable

(meV)
f ol
T
-

energy shift and line broadening are

expected to appear at around 10 meV,

(7}
T
———
—_——
—.—
i
o
o

Since the present experiments %2_
> —
were performed under the conditions w
with rather poor energy resolution in r 7]
order to obtain the strong scattering IR T S NI SN T T
. . : ] 6 & 10 12 14 16 18
intensity, the quantitative comparison Phonon Energy (meV])

with the theory was not made here, Fig. 2 Observed FWiM for the [ £ 0 0 ] T

Qualitatively, however, the agreement  Cfanch plotted against the phonon peak enmergy.

between the experimental results and the theoretical calculations by
Katayama and Kanamori! is satisfactory.

In the concentrated alloy, especially for the force constant disorder
system, it is not so easy to picture out what happens in the specimen as in
the case of a dilute alloy because the atomic force constant in metallic
system is generally considered to extend to rather long distance. Actually,
6—-th or 8-th neighbor force constants have to be taken into account in
order to reproduce the observed phonon dispersion curves satisfactorily.
However, to point out the followings may be worthwhile. In the present
case, the first nearest neighbor force constans for both Pd and Ag metals
are more than 10 times larger than those of the second nearest neighbor.

The phonon perturbation will be mainly determined by the first nearest
neighbor force constants and may spatially localize even for the system
with the force constant disorder.

Acknowledgement - The authors are indebted to Prof, J.Kanamori and Dr. H.
Katayama for valuable discussions. We also appreciate to Profs. Y.Ishikawa

and Y.Endoh for providing their spectrometer to our experiments.

1) H.Katayama and J.Kanamori, J. Phys. Soc. Japan 45 1157 (1978).
2) A.P.Miiller and B.N.Brockhouse, Can. J. Phys. 49 704 (1971).
3) W.A.Kamitakahara and B.N.Brockhouse, Fhys. Lett. 29A. 639 (1969).
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I111 Inelastic Neutron Scattering from Fe2T104

Y. Endoh, Y. Noda**, H. Takei*, S. Saito, and Y. Ishikawa

Department of Physics, and *the Research Institute for Tron, Steel and Other

Metals, Tohoku University, and **Sendai College of Radio Technology.

The sound velocity of the transverse mode propagating 110 direction in
FezTiO4 decreases substantially upon cooling from room temperature towards
Tn (v 135 K)gl)The anomalous slowing down of the sound velocity might be
associated with the structural transition from cubic to tetragonal due to
the cooperative Jahn Teller effectgz)However the developinngf the magnetic
long range order interfere with the CJTE transition. In fact, the soft
mode transition at which sound velocity approaches zero does not occur,

The inelastic neutron scattering experiments have been carried in order
to clarify the soft mode behavior in this crystal. Since the frequency
difference between ultra sound and thermal neutrons is as large as v lO5 H,,
two results concerning to the velocity of sound do not necessarily coincide
with each other. 1In fact, phonon velocity detected by INS experiments from
many JT crystals is much larger than sound velocity detected by ultrasound
measurements in the vicinity of CJTE transition. The criterion of this
difference should be related to the relaxation speed of the local electronic
entropy through phonons with respect to the velocity of probes,

We are also much interested in the dynamical response in this par-
ticular case of CJTE for the doublet electronic orbitals, because the elec-
tronic states even in the tetragonal field are of the mixed orbitals of
deublet, and thus unique axis is not specified. ‘The unique axis of FezTioé
in the tetragonal phase rotates with the quantized axis of the magnetic
moments in A siteﬂ3)

Measurements have been performed on TUNS spectrometer using large sin-
gle crystals which have been grown by zone melting technique with the image
focuss of xenon lamp by gold reflectors. The phonon velocity at various
temperatures has been detected by the derivative of the phonen dispersion
at small EJ Scans have been made for three acoustic modes of [100] T, L
and [110] Tl.

agrees with the ultrasonic measurements. However the difference of two

Anomalous softening is seen clearly for [110] Tl mode, which
values enlarges upon cooling down to Tn.

The temperature variation of phonon velocity is found to be due to the

temperature shift of the dispersion relation with temperature independent
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zone boundary energy. The similar effect was observed in the phonon disper-
sion relation in FeNi Invar alloyga)lt must be emphasized that the spoon
like dispersion relation which shows a broad dip in the dispersion curve
implies either E dependent effective electron-phonon coupling or thermal

effects, which should be clarified by further studies.

Fe,Ti0, _ The phonon dispersion relation of
T T r i [110] T,, mode at several tem-—
K¢OITy A
. peratures below 300 K,
10'0- . E/ ]
s o/ -
[} £
£ | 1
> ¥
o | ’I -
= 4 ¥
L rd
Z - P E
w 7 o 293K
% 50~ 4 -
z | 1 s 175K
£ 'g’ v 110K
) ‘f e 79K
| o A
/|
I P TR i n s 1
0 2 & .b .B 1.0
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References
(1) Y. Syomo, U. Fukai and Y. Ishikawa. J. Phys. Soc. Japan 31 (1971) 471
(2) M. Kataoka. ibid 36 (1974) 456
(3) Y. Ishikawa and Y. Shono. ibid 31 (1971) 461
(4) Y. Endoh, Y. Noda and Y. Ishikawa. Solid State Commun. 18 (1976) 509
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1112 Phonon Density of States in FeNi Invar Alloy
Y. Endoh and Y. Noda%*

Department of Physics, Tohoku University and Sendai College of Radio

Technology.

Lattice dynamics of Invar alloy of Fe65Ni35 have been studied extensive-
ly by inelastic neutron scattering experiments(l)A remarkable aspect in the
lattice dynamical property is the unusual temperature dependent dispersion
curve particularly for [110] Tl mode. This fact reflects softening of the
sound velocity or the unusual temperature shift of the sheaf modulus in the
Invar alloys.(z)

We could interprete phenomenologically the temperature shift of the
elastic modulus by introducing the spin dependent electron-phonon coupling,
which seems to be proportional to the order parameter of the magnetization.(l)

Now we tested the effect of the temperature dependent phonon disper-
sion relation on the phonon density of states, which must be an important
basis for the thermodynamical quantities such as Debye Waller factor, lat-
tice specific heat and so on. We have been carried out the phonon density
of states computation from the observed phonon dispersions at several tem-
peratures., We have found the shift of the density towards low frequency
upon cooling, due to the dominant contribution from the temperature depen-
dent [110] T mode in the small frequency region. Typical demonstration is
illustrated by the change of the phonon density of states with temperatures.

E (meV)
0 5 10

T T T T T t T T T

; Fig. 1. Phonon density of states

‘ in the low frequency region.
n . S50lid line is in the paramagnetic
/ state 500 K, while dotted line,

; the ferromagnetic state at 300 K.

/ References

e (1) Y. Endoh. JMMM 10 (1979) 177
/ (2) G. Hausch and H. Warlimont,

s Acta Met. 21 (1973) 401
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III1 Magnetic Structure of VSSS

Satoru FUNAHASHI*, Hiroshi NOZAKI#** and Isao KAWADA#*

#Physics Division, Japan Atomic Energy Research Institute

**National Institute for Researches in Inorganic Materials

The compound VSSS has a monoclinic crystal structure derived from
metal deficient Ni-~As type structure. It has been considered from

NMR1,2) 3)

and magnetic measurements that only the vanadium atoms in the
metal deficient layers, called type 1, have magnetic moments in the
magnetically ordered state.

We measured neutron diffraction of a single crystal of the mass of

4)

a few milligrams grown by chemical transport. Superlattice reflec-
tions were detected at low temperature at the positions defined as

hi% k 2 with even k and 2. Integrated intensities along the 8-29 scan-~
ning were measured in detail for the reflections in the a*-b* plane as
well as in the a*-c* plane. Square root of the integrated intensity
corrected for the Lorentz factor(i.e./]rgzﬁfg) is shown in Fig.l as a
function of sin6/X for the diffractions in the a*-b* plane. The result
is proportional to the form factor of V2+(denoted by fV2+) calculated
by Watson and Freeman. This means that /TEEEEEVf&2+ is constant in the
a*-b%* plane. On the other hand, this quantity changed greatly in the
a*-c* plane as a function of angle ¥ between the scattering vector and
the a*-axis as shown in Fig.2. The solid curve in the figure represents
a function asin|?—?0| with the best fit value of g and Y,. The direc-
tion W=WO is 8.9° deviated from the c*-axis toward the a*-axis and coin-

cides with the easy direction observed in the torque and the magneto-

3)

resistance experiment’ The magnetic structure is considered to be col-
linear because the susceptibility along the direction described above
becomes very small at low temperature. Therefore, possible magnetic
structure which satisfies the following assumptions were examined.
1)Only type 1 vanadium atoms have magnetic moments. 2)Magnetic moments
are aligned collinearly along the easy direction described above.
3)Magnetic periodicity along the a*-axis is twice as the periodicity of

the crystal. 4)The structure factor is equal for all superlattice re-

flections. 5)The structure factor vanishes unless both k and 2 are even.
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The structure which satisfies them is shown in Fig.3. The magni-
tude of the moments was estimated to be l.%upg per type 1 vanadium atom
by comparing the magnetic reflection intensities with the nuclear ones,

In addition to this general feature, a fine structure as showﬁ in
Fig.4 was observed around the %00 and %00 reflections.{In the analyses
described above, the integrated intensity over the fine structures was
taken into account.) The side peaks were not so clearly resolved at
higher scattering angles. Therefore the magnetic structure will have
a small incommensurate modification if we look into the strqéture in
further detail.

Another question left unresolved is that the magnitude of the mo-
ment of the present result is too large compared with the value of about
0.3up estimated by Kitaoka from NMR experiment.s) The disecrepancy can-
not be explained on the basis of the present neutron results unless we
abandon the assumptioun that only the type 1 vanadium atoms have the mo-

ments,

The temperatuve dependence of the square root of the %OO scattering

intensity shown in Fig.5 is similar to that of NMRS) and seems to indi-

cate the localized magnetic moments character.

Feferences

1) De Vries A.B. and ilaas C., J.Phys.Chem.Solids 34,651(1973).

2) Silvernsgel B.G.,Levy R.B. and Gamble F.R., Phys.Rev.B 11,4563(1975).

3) Nozaki H., Umehara M., Ishizawa Y., Saeki M., Mizoguchi T. and
Nakahira M. J.Phys.Chem.Solids 39,851(1978).

4) Saeki M., Nakano M. and Nakahira M., J.Cryst.Growth 24/25,154(1974).

5) Kitaoka Y. and Yasuoka H., Private communications.
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Fig.2 The values of
Vﬁ[sinZB/fV2+ for the
scatterings in the a*-c*
plane are plotted as a
function of the direc-
tion of the scattering
vector,

" The curve represents
asin|¥y-¥o| with the
best fit g and ¥Yo.

The direction Y0 is
8.9° away from the c¥*.
{i.e. 10.4° away from
the ¢ axis.)

VIsinZB/fv2+ {arb. scll)

" 2000

-1000

|
3
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L
Intensity (arb, unit)
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Fig.3 Schematic picture of magnetic 4
structure of VgSg. Only the type 1 26 (degree)
vanadium atoms are drawn. The easy Fig.4 Profile of 9-28 scanning
direction is inclined toward the a- through %OO. Sid? peak positions
axis at an angle of about 10.4°, are described as §i0.0&1 0 0.

Fig.5 Temperature
%o dependence of the

% square root of the
peak intensity of EOO'
S0lid curves represent
molecular field mag-
netization for S=1/2
and 1.
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ITI2 Magnetic Structure of)Fel_XO
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Masako Akimitsu , Jun Akimitsu , Tadashi Mizoguchi and
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Shigeyuki Kimura
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¥Department of Physics, Gakushuin University, Department of
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Physics, Aoyama Gakuin University, National Institute for

Researches in Inorganic Materials. o

A non-stoichiometric Fel_XO has a defect NaCi type
structure which is stable above 570°C. From X-ray diffraction
studiesl) on the quenched samples of 1ron content 1-x=0.92 to
0.88; there exist the defect clusters which include 13 Fe site
vacancies and 4 interstitial ferric irons (Koch-Cohen cluster),
and the cluster forms the superlattice with periodicity of
about three times longer than that of the basic unit cell.

The stoichiometric ferrous oxide is antiferromagnetig below
its Néel temperature of 198K. The magnetlc structure in the
Koch=-Cohen cluster of Fel_xo has not been reported for the
lack of the large single crystal. We report in this note the
possible magnetic structure of Fel_xo using the neutron
diffraction technique.

The single crystal used in the present experiment was
deoxidized from magnetite by changing the oxygen partial pressure
at 1250°C. Neutron diffraction measurements were performed by
a double axis spectrometer at the JRR-3 reactor of JLA.E.R.I.,

(ﬁ%) % B (ﬁﬁ:;esmopq Tokai.. The intensities of
70} 0901 both fundamental and super-
600} (%% ' 77K lattice magnetic reflections
500¢ 20000 were examined at 77K. Fig 1
400y . is a typical example of
zz'wj ' 10000 TaBwes magne?ic reflections. The
- 3 N - . experimental resul?s as well

‘ *J as the calculated intensi-
T 1z B % B 7 18 1 20 ties assuming the different

! >, :
Fig.1l Typlcal example of magnetic magnetic structures are shown
ref;ections at 77K. in Table. The experimental
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values are situated inbetween

the calculated value of model 1 hy modet 1 [modst 2 Imedel 3 laxperimental
and model 2. The spin configu- Ti4s|100 | 100 | 100 |1000:002
rations of both models are shown EE?*'QMQ 0ose | o.om [0052:00T

. . . T T55| 0056 | 0069 [ 0.030 {053:0007
schematically in Fig 2. Flg e ¢+ ¥ | 0070 | 0.030 | 0.026 JA73s0024
shows that the magnetic moments 5594 02:5 | 096¢ [ 0.05 [opssscor

of three interstitial Fe3+ ions
(Nspins) ordered ferromagneti-
cally, and the up and down spin

3t interstitial

in the one Fe
site (M spin) correspond to

the model 1 and model 2, respec-—
tively.

ponent of the magnetic moments in

The ferromagnetic com-

the cluster are arranged anti-
ferromagnetically with the peri-
odicity of twice that of the

atomic superstructure.

Fig.2 The possible magnetic struc-
ture of Koch-Cohen cluster in Fe, .0,
So0lid and open circles

show octahedral and tetrahedral inter-
stitial Fe ions, respectively. Arrows
indicate the spin configulations [+ 8
discribed in the main text.

References
1) F. Koch and J. B. Cohen:
2) W. L. Roth:

Table The experimental and

cgluculated intensities of the
magnetic satellites. >
ues are normalized to (Z.'/a%‘é)

(111) PLANE LAYFCR STRUCTURE
OF KOCH-COHEN CLUSTER

o]
S S——— 7
e

- - -—----Fe, vacancy
-—-~— Fe intersti tial
v}

* ------------------ Fe, vacancy

Acta Cryst. B25 (1969) 275.
Acta Cryst. 13 (1960) 140.

The val-
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IT1I3 Neutron Diffraction Study of MnSe,
Katsuya Kikuchi, Tomonac Miyadai and Hiroki Ito
Department of Physics, Faculty of Science, Hokkaido University
MnSe, has the cubic pyrite structure, isomorphous with NiS; etc..
Neutron diffraction study by J.M.Hastings et al%)has shown that this com-
pound exhibits a complicated antiferromagnetic ordering with the magnetic

unit cell which is equal to three times the chemical unit cell along one

of <100> axes. sﬁch a structure, however, can not be stabilized by the

Heisenberg type interaction.Z) C (100 A'-ws.]o
The maghetic susceptibility and the éx A
thermal expansion were measured by H. Ito1cxxj__ SK
and S. Miyahara, and showed discontinuous

3), indicating a

changes at Ty (=47.4 K)
first order transition.
In order to investigate the magnetic

structure and the properties of the phase

transition, we performed neutron diffrac-
tion measurements on the powdered
specimen used for measurements of the
susceptibility and the thermal expansion.

The measurements were performed using
the neutron diffractometer of ISSP
installed at JRR-3.

Neutron diffraction pattern was taken

Q
at 5 K and at a wavelength of 1.851 A,

The observed magnetic pattern is the same
as that observed by Hastings et al.l) ’ C
and also a fit is obtained between /f 1 o © _
. L Wl 25%0%, 110K
calculated and observed intensities, if a o0 3100 o
. . . . %0
spin direction 1s assumed to be parallel scx)_ od%i%f
to the long axis of the magnetic cell. It 16 1®
is interesting what mechanism stabilizes ":KS 15
such a magnetic structure. Fig.l. The diffracted
The {(010), (101} and (210)magnetic peaks at various temperatures.
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reflection*)were measured-frém 5 K to 110 K. Typical diffraction peaks are
shown in Fig.l. Up to 48 K, the diffraction peaks are similiar to that
obtained at 5 K. Above 48 X, a broad peak was observed, instead of sharp
Bragg reflections. Ty(=48 K) determined by neutron diffraction agrees well
with that determined from the magnetic susceptibility. The line-width of
the broad peak increases gradualy with increasing temperatures, and it
could not be observed at 110 K. A simple calculation from the observed
linewidth suggests that there are at 49.5 K regions with the magnetlc
short range order extending over about 50 A

In Fig.2, the temperature variation of the sublattice magnetization
is shown; the experimental points were taken from the (1l0l)reflection and
the solid curve is a Brillouin function for J=5/2. As can be seen, the
sublattice magnetization varies anomalously with temperatures and disap-

pears sharply at Ty. The transition seems to be of the first order, being

consistent with the results of the susceptibility and the thermal expansion.
1 17 1 1T 17T 1 11

*) The index is referred to 11)
{3a,a,a)cell, where a is the

chemical cell.

The authors would like to 05
express their sincere thanks
to Prof. K. Hirakawa and Dr.
M. Sato for the measurement

of neutron diffraction.

Fig.2. Temperature variation of

the sublattice magnetization.

1) J.M.Hastings, N.Elliot and L.M.Corliss: Phys. Rev. 115 (1959) 13.
2) Y.Yamamoto and T.Nagamiya: J. Phys. Soc. Japan 32 (1972) 1248.

3) H.Ito and S.Miyahara: J. Phys. Soc. Japan 42 (1977) 470.

4) L.M.Corliss and J.M.Hasﬁings: J. Phys. (France) 25 (1964) 557.
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III4 Antlferromggnetlc Structur§ of Fel;TBMnl-25Sl

Masayoshi Ohashi, Fumiski Chwe, Yasuo Yamaguchi and Hiroshi Watanabe

The Research Institute for Iron, Steel and Other Metals,

Tohoku University, Sendai

(1)

Aceording to Yoon and Booth on the basis of the neutron diffraction

and magnetic measurements, the ferromagnet Fe_Si and the antiferrcmsgnet

30,51, (except at

x=0, and x=1.0) with L21 structure which consist of four interperietrating
f.c.c. sublattices A,B,C and D with the origins at the points (0,0,0),
(l 1 l) 1 L l), and (3/4,3/4,3/4). 1In this structure Mn atoms strongly

2°2°2 2 2°2
favour the B site with Si atoms favouring the D site. The alloys with Mn

3
MnSSi conbine to form a serles of solid solution, Fe

concentration less than 0.75 were found to be ferromagnetic with a bulk
magnetization and a Curie tempersture, Tc’ decreasing monotonically with
increasing Mn concentration. The alloys in the range 0.75<x<1.75 exhibited
the complex magnetization, as shown in Fig. 1, which showed a decrease as
temperature fell below TR~68K. In addition the slope of the high field
part of the magnetization curve increased below T_,. The neutron diffrac-

R
tion of powder sample suggested not only g ferromagnetic but also anti-

ferromegnetic components.(g)

In order to determine the magnetic structure, neutron diffraction was
carried out by using TOG diffractometer installed at JRR-3. The single
erystal of Fe3_anxSi, which took the composition x=1.25 as the B sites were
almost cccupied by Mn atoms, was grown by the Bridgeman method from a
homogenized powder sample. ' The

structure characteristics were

obtained by the nuclear reflections Favm Va5 -

H = B.BKOe
Tez 178K

at R.T. (paramegnetic state},

using the values, 0.96, -0,36 and

0.42 in units of 10712 em for

MAGNETIZATION {emurg)

nuclear scattering amplitudes of Fe,

Mn and Si atoms, respectively.

The fraction of the B sites occupied o 36 W6 60 B0 W6 10 W0 0 1806 o 50 240
. TEMPERATURE {K)

by Mn atoms take the value 98%,

on the assumption that the D sites

are occupied by Si atoms only and Fe and remains Mn atoms have statistically
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the A and C sites.

The magnetic scattering due to antiferromagnetic components observed
at L4.2K, shown in Table I, are indexed using a unit cell doubled in each
direction with the antiferromagnetic components being arranged in [111]
direction. The magnetic moments of B and A(C) sites which take the values
2.3 [ and 0,16 ¥g respectively are obtained from the intensity analysis

using the [777] model in which the antiferromagnetic components of the A(C)

The magnetic

sites points to the opposite direction of that of the B sites.
2+
)

+
form factors for the B site (Mn2+) and the A{C) sites (Fe3 ‘and Mn
calculated by Watson and Freeman were used.

The temperature dependence of

of the %{113) antiferromagnetic and

(111) ferromagnetic reflection.

References

(1) S. Yoon and J.G. Booth, J. Phys. F:
(2) K.R.A. Ziebeck and P.J. Webster, Phil. Mag., 34 (1976) 973.

the (1/2,1/2,3/2) antiferromagnetic 5 5
> . . . h k
reflection as shown in Fig. 2, 1 FObs Fcalc
are in close agreement with the / p
1/2,1/2,3/2 6
Brillouin function for S=1 and take / ’ ; >3/ >0 6953
. 1/2,1/2,1/2
TR=68K. Fig. 2, also, shows the / ’ / 1/ \ 0 0
3/2,3/2,1/2
temperature variation of the (111) »3/2,1/ 336 hh31
. . 3/2,3/2,3/2 0 )
reflection due to the ferromagnetic
1/2,1/2,5/2 1308 1hgo
component. :
3/2,3/2,5/2 1622 2128
5/2,5/2,1/2 257 549
1/2,1/2,7/2 2329 2195
0 ———
% W{ - 5/2,5/2,3/2 626 910
o -
b \-}FW 5/2,5/2,5/2 0 0
o o
oal a 3/2,3/2,7/2 193 253
oul g e N 1/2,1/2,9/2 688 507
(113> 5
oz-
o % T o 9 80
Table I. Comparison of the calculated
and observed antiferrcmagnetic
Fig. 2. The temperature variation intensities.

Metal Phys., 7 (1977) 1079.
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IIIS Two Dimensional Spin Ordering in YFe204

% * %%

Jun Akimitsu , Youichi Inada , Kiiti Siratori ,
RER FE¥

Isamu Shindo and Noboru Kimizuka

¥Department of Physics, Aoyama Gakuin University, ¥¥Department
of Physics, Osaka University, ¥¥¥National Institute for

Researches in Inorganic Materials.

In this note, we report the observation of completely two
demensional magnetic long range order in an Ising system YFezou,
a new compound systhesized by Kimlzuka and Katsural). The
crystal has a hexagonal layered structure, a = 6.0903 c = 24.7883
at room temperature, R3m2). As is shown in Fig 1, Fe sites form
triangular nets in planes perpendicular to the ¢ axis and two
adjacent layers form a honeycomb lattice. These honeycomb nets
are separated by a triangular net of Y3+ ions. The lattice of
spins is similar to that of ilmenite and two dimensional spin
correlation is expected3).

Single crystals were grown by the floating zone melting
method under controlled oxygen partial pressure. Details were
reported alreadyu). As grown single crystals were not stolchio-
metric but were found slightly reduced. Measurements of elastic
scattering of neutrons were performed by a double axls specfro—
meter at the JRR-3 reactor of J.A.E.R.I., Tokai.

Measurements in (h, h, 1) reciprocal plane at 77K showed
that the magnetic reflections at (n/3, n/3, 0) (n % 3m) spread
parallel to the ¢ axis. The line profile of (1/3, 1/3,,2 ) along
the ¢ axis is shown in Fig 2. There is no fine structure except
the slow decrease due to the magnetice form factor. When the
measurement was made across the line, the width of the magnetic
scattering was the same as that of the nuclear reflectiocns.

The continuous magnetic scattering spikes observed in this
speclimen of YFe204 are, thus, due to spin ordering in two dimen-
sions. No magnetic scattering other than (n/3, n/3, £ ) was
observed by the scanning in (h, h, £ ) and (h, 0,,2 ) reciprocal
planes. Strong anisotropy of spins being considered, such é
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spin structure in the (0 0 1) plane of

diffraction pattern suggests that the . E%
YFezou is commensurate sinusoidal with ﬂ

wave vector [1/3, 1/3, 0] and there is 2QH*T{ Y
A : . S > Fe
no spin correlation along the ¢ axis. A _,‘L T S
The two dimensional long range c r+ﬂT_ v
]
order cannot be expected in a perfect B ﬂLhii - < e Fe
— ‘ A= >
three dimensional lattice. In the pres- ; }_HT& > e
o . ¥
ent case, inhomogeneities due to the non- A q_ﬁ' W Fe
stoichiometry seems to be responsible. B - I > e Fe
The crystal used in the present study A Ulhii ' Y
was kneown to be non-stolchiometric. 0=6.09A
¢ =26794

Studies on the effect

of the stoichiometry
Fig 1 Crystal structure of YFejO(y.

are now in progress. Oxygens are omitted in thilis figure.
0 (530

£ <

> |

@ 3

£

=2

S 2t

packGROUND

Fig 2 (1/3, 1/3, £) 1
reflection scanned along

L=
3
w

the ¢ axis at 77K. o ] 2 3 PR

References

1) N. Kimizuka and T. Katsura: J. Solid State Chem. 15 (1975)
151, '

2) N. Kato, I. Kawada, N. Kimizuka and T. Katsura: Z. Krest.

141 (1975) 314.
3) J. Akimitsu and Y. Ishikawa: J. Phy. Soc. Jpn 42 (1977) 462.

4) I Shindo, N. Kimizuka and S. Kimura: Mat. Res. Bull. 11
(1976) 637. ‘



JAERI - M 8719

1116 Magnetic Phase Diagram of a Cr Alloy
with Dilute Concentration of Be
Tsutomu Sano, Shuzo Kawarazaki, Satoshi Iida, Nobuhiko Kunitomi
Department of physics, Osaka University, Toyonaka, Osaka, 560

In recent years, the magnetic properties of dilute Cr alloys con-
taining non-transition elements such as Al, Si, Ge, S5b and Ga were sﬁudied
extensively by many investigators(lq—(5) In these alloys, the magnetic
structure changes from incommensurate to commensurate antiferromagnetic
structure with increasing concentration of the impurities. 1In all alloys
except Cr-Si, the Néel temperature tends to increase with the impurity
concentration. Akai and Kanamori theoretically discussed the effect of
vacancies or non-transition element on the energy bands of Cr and on the
antiferromagnetic susceptibility. According to them, the introduction of
these kinds of lattice defects into a Cr lattice causes the modification
of the bonding band as the density of states near the Fermi level increa-
ses.(ﬁ) As the results of this band modification due to the decrease of
Cr atom pairs, the antiferromagnetic susceptibility, magnetic moment and
Néel temperature increase. They, therefore, have explained the experi-
mental results above mentioned as well as the increase of TN in a cold
worked Cr and in thin Cr films, comprehemnsively.

The purpose of the present work is to examine the general applica-
bility of their theory to Cr alloys containing any kind of non-transition
element. Be seems to be a suitable candidate as a solute atom for this
purpose because it has a quite different atomic nature compared to all the
other elements examined hitherto. It belongs to IIla series without p-
electron while the others to IIIb-Vb series with 1-3 p electrons.

Since the solid solubility of Be into Cr has been reported as 2.8
at.%Z at 1160°C, the specimens containing 0.5, 0.92, 1.3 and 2.4 at.% Be
were prepared by melting proper amounts of 99.996% pure Iochrom and 99.9%
pure Be in an argon arc furnace. Single crystals with the dimensions of
about 1.5x1.5%2 mm3 were cut from the ingots. The powder samples for
neutron diffraction were prepared by crushing the ingots into powders with
the particle size of about 0.3 mm in a Cu-Be piston and cylinder unit.

The Be contents were determined by means of chemical analysis. The neu-

tron diffraction experiment was performed on the TOG neutron diffracto-

meter installed at JRR-3, JAERI.
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The observed magnetic phase dia-
gram of the Cr-Be alloy is shown in
Fig.l. The N&el temperature TN was
determined by the measurements of
neutron diffraction (shown by open
circles) and electrical resistivity
The both results
The

(solid circles).
agree well with each other.
transverse to longitudinal spin flip

temperature T_ obtained by neutron

f
diffraction is also shown in the fig-

ure but it falls down below the lig-

uid N2

containing Be more than 0.92 at.ZX,

N and Tf

decrease monctonously with Be concen-

temperature for the specimens

It is apparent that both T

tration.

Fig.2 shows the temperature
dependence of the magnitude of
the wave vector Q=1-§ expressed
in the unit of (2m/a). The val-
ues of Q were estimated from the
position difference of two satel-
lite reflections (1+6,0,0). As
the temperature raises up, the
values of Q@ in Cr-Be increase
similar to the behavior of Q ob-
served in pure Cr. As the con-
centration of Be increases, the
magnitude of Q decreases. This
fact indicates that the magnetic
structure of Cr-Be goes far away

from the antiferromagnetic structure,

The maximum amplitude of the magnetic moment umax
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Fig. 1. Magnetic phase diagram

in Cr-Be

i

iGU 200 TOUIKG

Temnerclure

Fig. 2. Temperature dependence

of the wave vector Q

in Fig.3 was ob-

tained from the intensity ratic of the magnetic scattering around (1,0,0)

and the nuclear (2,0,0) intensities obtained by powder neutron diffrac-

tion.

Powder specimens were used in order to avold the errors due to the
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secondary extinction effect and
to the inhomogeneous distribution
of the magnetic Q-domains.

It was found by the present
investigation that the magnetic
structure of the Cr-Be alloy has
sinusoidal antiferromagnetic
structure up to 1.3 at.%Z Be. The
effect of the addition of Be to Cr
is to decrease TN,Tf,Q and Max®
This behavior is quite different
from that observed in Cr alloys
with the other non-transition ele-
ments in which antiferromagnetic
structure appears and ¢ increases

by increasing solute concentration.

Magnetic moment
[o»]
g-.,.-m

0 10 Be({at %)

Fig. 3. Maximum amplitude of mag-
netic moment in Cr-Be at

the liquid N2 temperature

it can be considered, therefore, that

the properties of Cr-Be cannot be explained by the general theory of Akai

and Kanamori even in qualitatively, although Be forms a magnetic void in

Cr.
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III7 Phase Relation between Primary and 3rd Harmonies

of Spin Density Wave
Satoshi Iida, Yorihiko Tsunoda, Yutaka Nakai and Nobuhiko Kunitomi
Department of Physics, Faculty of Science, Osaka University

Pynn, et.al.l) observed the existence of the 3rd harmonics of the spin
density wave (SDW) in pure Cr, and determined its amplitude and the tempera-
ture dependece. But they did not discuss the phase relatién between the
3rd harmonics and the primary SDW. In this report the experimental investi-

gation about phase relation is

presented. The possible phase ﬂmm:mmmnhmw¥n15:&3mrmmmﬁm
relations make the envelope of E——— ' e

the SDW to be antiphase (Fig.la) ' & ////i o

or triangular type(Fig.lb). e e e _ 4—**“W“1;j—-”—*"*
The 3rd harmonics of SDW make e — R
the satellite peaks at the (1£38 ',’ o

0 0 ) position in the reciprocal e ////

lattice space, where § means the

(1-Q) and Q is the wave number (a) (b)

of SDW in units of 27/a. The Fig.l. The envelope of the SDW in the
phase modulation of the primary antiphase (a) and the triangular {(b)

SDW by the strain wave (sinusoi- type phase relation.

dal periodic lattice distortion)

also produces a diffraction harmonics at the same position (1£38 0 0 ).

The phase relation can be determined by the interference effect between the

3rd harmonics of SDW and the diffraction harmonics which were neglected by

the previous authors(l). Two models for the SDW state are considered when
the strain wave is existing. The first one is as follows;
0
= -R,
Slj Slcos Q i

_ 0
5347 Syc08 3QURy,

R.=R9 - Asin 2Q'R9,
1 1 J

where S, and S, is the maximum amplitude of primary and 3rd harmonics of SDW,

1 3
respectively. Rj is the jth atomic site, A is the strain wave amplitude
and Rg is the equilibrium lattice position without strain wave. In this

model the magnitude of the magnetic moment at each atomic site is not
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affected by the displacement due to the straip wave. Hereafter we refer
this model as the rigid spin model. In this case the satellite intensi-
ties observed at (1136 0 0 ) can be written as follows;

I1(1-38 0 0 ) « IF(K)|2|i83+81(1—35)w&/a|2'L°e_2W,

I(1436 0 0 ) « |F(K)Iz[i83—51(1+36)ﬂA/a|2'L-e_2W.

The magnetic form factor F(K) for primary and 3rd harmonics of S$SDW are assumed
to be the same, and K is the scattering vector, L is the Lorentz factor and
e-ZW is the Debye-Waller factor. The plus sign of 83 corresponds to the
triangler type phase relation and the minus sign to the antiphase type.

The second model is that the magnitude of the magnetic moment at each site
varles so that its sinusoidal envelope is held unchaﬂged when atoms displace
from their equilibrium positions due to the existence of the strain wave.

This model will be referred as the deformable spin model. In this case,

the SDW and the atomic position for the jth atom can be written as

S1j = Slcos Q'Rj,
S3j = Sscos 3Q'Rj,
R, = Rq - Asin 2Q'R?.
J | J
The satellite intensities at (1+38 0 0 ) can be written as
I(1-36 0 0 ) « |F(K)|2|i53—81(26)WA/a]2*L'e_2w,

T(1438 0 0 ) = |F(K)|2|£S4-8, (2428)mA/a| 2 Lee 2",

Since 8./S, is estimated as (ZL.6.’>"_'O.05)><10—2 LY

3751
(1.320.3)x10"°> 1) or (1.620.3)x107° 2

raction harmonics) to the first term (3rd harmonics of SDW) of the scatter-

and Afa is reported to be

, the ratio of the second term (diff-

ing amplitude is about 10% and the phase relation can be determined by com-
paring the scattering intensities of I{(1~36 0 0 ) and I(1+38 0 O ).

The experimentswere carried out by using the triple axis neutron spec-
trometer TUNS installed at JRR-Z in JAERI. Two single crystals were grown
by arc-melting Iochromium. One composed of multi Q domains was measured
at 144K and another of nearly single Q domain at 200K. The diffraction
pattern at 144K is shown in Fig.2. The observed intensity I(1+38 0 O ) has
almost the same magnitude as I{1-38 0 0 ) in spite that the magnetic form
factor and the Lorentz factor make the former appreciably less than the
latter. In order to make the difference between two {(1£38 0 0 ) satellite
intensities clear, the observed scattering intensities are devided by the

square of the magnetic form factor, the Lorentz factor and Debye-Waller
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factor. These reduced intensities normalized at the value of (1-6 0 0 )
are given in table.l.

Comparison of the reduced Table.l.

intensities at (1%#3§ 0 0 ) 1°= /72 L e~
indicates that the minus (1-§ 0 0 ) 1.00 1.00

sign for 83 is wvalid in (146 0 0 ) 0.8920.02 0.90+0.01
either rigid or deformable (1-38 0 0) (1.810.2)X10_4 (1.8%0.2)x10°
spin model, i.e. the phase (1436 0 0) (3.610.3)><10_4 (3.720.4)x10°

2W

4
4

relation between the 3rd (T=144K)  (T=200K)
and primary SDW is antiphase
type. This phase

relation in pure Cr

x
e
(o)

.
L}

may be reasonable by x1

considering that the ' TeisK

o~
1
-

o

%
counts/ 0-2min.( 1st Scitel lite]

1
L

lite)

antiphase type phase
relation is expected
theoreticallyB) near
the commensurate-

incommensurate tran-—

IS

sition observed in
the Cr alloys with

small amounts of Mn

“counts/30min [ 3rd satel

or other elements.

The reduced intensi-
ties for the two K(27T/a)

different tempera-

ture have almost Fig.2. The scattering intensities of the primary
the same value within and 3rd harmonics of SDW.

the experimental error.

This results are consistent with the previous report in which the change of

1)

the 3rd satellite intensities is small at low temperature. From the
reduced intensity ratio of I'(1-386 0 0 )/I'(1-§ 0 0 ), SB/Sl is estimated
to be (1.6i0.1)XIO_2 and A/a to be (0.940.2)x107° within the rigid spin
model. On the other hand the deformable spin model is adopted, 53/Sl and
Afa are calculated to be (1.310.1)X10_2 and (0.9t0.1)X10_3, respectively,
It was not determined definitely whether the SDW wifh the strain wave was
rigid spin type or deformable spin type in this experiments.

(1) R.Pynn, W.Press, S.M.Shapiro and S.A.Werner: Phys. Rev. B13 (1976) 295.
(2) C.F.Eagen and S.A.Werner: Solid State Commun. 16 (1975) 1113.
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1118 A Neutron Study of Spin Density Wave in CrGe Alloys
Satoshi Iida, Shuzo Kawarazaki and Nobuhiko Kunitomi
Department of Physics, Faculty of Science, Osaka University

In order to study the magnetic properties of Cr alloys with nonmagnetic
impurities, we carried out neutron diffraction measurements for several
CrCe alloys in single and polycrystalline forms. The polycrystalline
samples were made by arc-melting 5N electrolytic Cr and 4N Gé, and the
ingots were annealed at 1200°C for 20 hours. These samples were used for
the determination of the amplitude of the magnetic moment by the powder
diffraction method. The single crystals with the dimension of about 4X4X4
mm3 were cut from the ingots made by melting 4N iodide Cr and 4N Ge. The
magnetic phase diagram and the temperature dependence of the wave number Q
of spin density wave (SDW) were determined using these single crystals.

The experiments were done by using the double axis neutron diffractmeter

TOG installed at JRR-3 in JAERI.

T i T T

Magnetic Phase Diagram 1500 i
05 at%Ge

The temperature dependence
of the (100) peak intensity for

the 0.5 at% Ge sample is shown

O
o
O
T
9/%90
\c
~
o
o~
|

in Fig.l, where one can see

typical changes of the intensity

counts/ 275sec.

at the temperature of longitudi- 5001 Qﬁﬁ‘_
nal- transverse S5DW (TSF), in- A 1 #
commensurate-commensurate SDW Top Te1 Ty
(TCI)_and antiferromagnetic— 1 | . '
paramagnetic (TN) phase tran- 0 100 200 300 400
sitions. The magnetic phase TWl()

diagram of CrGe alloys deter-—

mined by the present experiments Fig.l. The temperature dependence of
is shown in Fig.2{(a) by the the (100) peak intensity of
closed circles, where data ob- the 0.5 at.% Ge alloy.

tained from the thermal expan-

sion measurements are also shown by open circles. " As seen in the figure
TN increases with Ge cpncentration. TCI decreases with Ge concentration



e v

and is lower than the
1liq. N2
for the 1.0 at.% Ge

temperature

sample. TSF also
decreases by the addi-
tion of Ge. This

phase diagram is al-
most consistent with
the phase diagram
determined by thermal
expansion experiments
by Suzukil).

Temperature and
Concentration Depen-—
dence of g

The concentra—
tion dependence of
the wave number QG of
the SDW is shown in
Fig.2(b).

of § was determined

The value

at the temperature
just above TSF for
0.25, 0.5 and 0.75
at.% Ge samples, and

at liq. N, temperature

for 1.0, i.S and 3 at.
% Ge samples. The
temperature dependence
of Q for the 0.5 at.Z
Ge sample together
with that for pure Cr

is shown in a small

ingert in Fig.2(b).

JAERI — M 8719

T ’fﬂf*ﬂ_——Om—
Para . g/a““ (a)
LOO = 0/. -
e |
. 300 @8 AF, _
< AN
- 200 8\ —
T-S0OW i
100 %% ~e. '\ -
L-SDW
0 ] }
(b)
— 100 - ® [ T ._------4
o r i
\ - — 1 = —
g 0-98 . o
9 I
o 0o b o om| 0%
e :
-0
0w | 096F 000"
pure Cr
1 \ ! |
' 0 100 200 300 | ()
o 06 z- + § 30— -
3 £t
= 04 b o AFo .
o SDW
02 | -
O | |
G 1 3
Ge at%
Fig.2. The magnetic phase diagram (a), and the

concentration dependence of Q (b) and

magnetic moment (c¢).

The increase of Q and the discontinuous jump to 2r/a

(commensurate SDW state) can be seen when Ge concentration or temperature

is increased.
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Magnitude of the Magnetic Moment

In Fig.2(c) the magnitude of the magnetic moment of CrGe alloys is
shown against concentration, where the closed circles and the open circles
indicate the amplitude of magnetic moment in the incommensurate SDW and

in the commensurate SDW, respectively; the former was determined just

above TSF’ and the latter was determined at the ligq. N2 temperature for
the 1.0, 1.5 and 3 at.% Ge samples and just above TCI for 0.5 and 0.75 at.
% Ge samples. In Fig.2(c), one can see that the magnetic moment increases
with Ge concentration and at the commensurate- incommensurate transition
the amplitude of the incommensurate SDW (not the average value of the mag-
netic moment) is almost equal to the magnitude of the magnetic moment in
the commensurate SDW. This is also the case for the C-I transition in
CrMn alloys.

Remarks

The present results are compared with the experimental results for
CrSi alloysz). For CrGe alloys both the magnetic moment and the Néel
temperature increase with increasing Ge concentration, while in the case
of CrSi alloys, the magnetic moment increases and the Néel temperature

decreases by the addition of 8i. On the other hand, the concentration

dependence of @ is similar in both alloy systems.

References
1) T.Suzuki: J.Phys.Soc.Jpn. 45 (1978) 1852,
2) J.W.Cable: J.Magnetism.MagneticMaterials., 5 (1977) 112.
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ITiQ Magnetic Phase Diagram of Dilute IrCr Alloy
Yorihiko Tsunoda, Satoshi Iida, Shuzo Kawarazaki and Hiroshi Shiraishi*

Faculty of Science, Osaka University and Software Kaihatsu Company*

The Néel temperature of Cr is drastically affected by the addition
of a small amount of 5d-transition elements which locate at the right hand
side of Cr in the periodic table(Re, Os, Ir and Pt). For the IrCr system,
the concentration dependence of the Néel temperature has been reported by
means of electrical resistivity' and magneto-volume effect? measurements,
though these results contain some discrepancies. In order to determine
the magnetic phase diagram of IrCr system, neutron diffraction studies have
been made by using the single crystals of dilute IrCr alloy with the Ir
contents of 0.2, 0.4 and 0.6 at. Z. These specimens have been prepared by
arc-melting method. Measurements were performed by using TOG conventional
double axis diffractometer installed at JRR-3, JAERI, Tokai and at the
temperature range between 78 K and 530 K.

The magnetic phase diagram determined by the present measurements is
shown in Fig. 1 with the previous works of electrical resistivity and

1s2, Data points at 0.3 Z Ir in this figure were

magneto-volume effect
determined by means of thermal expansion measurements by present authors
in order to clarify the discrepancies in the previous authors. The triple
point in this system is found to bé around 305 K and 0.2 % Ir. One
characteristic behavior is that the Néel temperature at the triple point
is lower than that of pure Cr by an amount of 5 v 6 K, This feature
was confirmed also by the temperature dependence of satellite intensity
of second harmonic wave in SDW ( strain wave ) by X-ray measurements.
In contrast to IrCr case, the Néel temperatures at the triple point for
ReCr?® and PtCr* alloys are higher than that of Cr. In the latter case,
magnetic properties have been successfully explained from the standpoint
of rigid band model, i.e., these 5d-transition elements act on Cr as an
electron doner just as the case of MnCr alloy. However, for the IrCr
alloy, present measurements indicate that we cannot stand on the same
viewpoint as ReCr and PtCr systems.

Neutron satellite intensity at ( 1 - §, 0, 0') for 0.2 % Ir shows

an abrupt change at the Neel temperature indicating a first order phase
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TIT10 Pressure Effect of S$.D.W. in, Cr Alloys
J. Mizuki, Y. Endoh and Y. Ishikawa
Department of Physics, Tohoku University

We have extended the high pressure neutron diffraction studies using
the conventional clamped method to investigation of the S.D.W. in several
Cr alloys. We have been much interested in the empirical relation between
the pressure derivative of Neel temperature (Tn) versus that of the §.D.W.
wave vector (Q). ‘

We made numbers of experiments with different pressure, different alloys
as well as different concentration. Numbers of plots were thus obtained in
the pressure derivatives of Tn and those of ¢ diagram. It turned out that
a simple universal curve could be drawn for most of data except for data
from Al-Cr alloys. (Fig. 1.)

The pressure derivatives of §.D.W. wave vector are found to be depen-
dent on the alloy comcentration for Fe- or Si-Cr alloys. When the solvent
elements are dilute such that ordered states are only incommensurate to the
lattice, 1/Q (dQ/dp) has same value as that of pure Cr. However the wave
vector changes larger with increase of the pressure when the commensurate

states appear in these zlloys.

1
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IIT1l Neutron Experiment on a Randomly Mixed
Antiferromagnet with Competing Spin Anisotropies

Koichi Katsumata*, Makoto Kobayashi*+ and Hideki Yoshizawa**

*Research Institute of Applied Electricity, Hokkaido University,
Sapporo 060, and **The Institute for Solid State Physies,
The University of Tokyo, Roppongi, Minato-ku, Tokyo 106

In a previous paperlz two of the present authbrs(K.K.
and M.K.) et al. have reported the concentration versus tran-
sition temperature phase diagram of a random mixture of two
antiferromagnets with competing spin anisotropies, FeClz-ZHZO
and CoCl,-2H,0. The phase diagram was determined from the
measurements of specific heat and susceptibility on single
crystals of Fe(1¥x)coxC12°2H20’ and exhibited three kinds of
ordered phases, namely, the Co-rich and Fe-rich antiferro-
magnetic phases and a new phase.

We report here a neutron diffraction experiment on the
mixture. This experiment clearly demonstrates a decoupling
of the spin componentsz) near the tetracritical point which
occurs in the concentration versus transition temperature
phase diagram. It is also shown experimentally that the
new phase observed in the intermediate concentration region
is the '"mixed ordering" phasez)(or equivalently the "oblique
antiferromagnetic" phase3)).

The experiment was carried out by using the ISSP spec-
trometer installed at JRR~3, JAERI, Tokai. The single
crystal used was about 5><5><20mm3 in size. The long dimen-
sion, which was the c-axis, was set perpendicular to the scat-
tering plane.

In Fig.l are shown the temperature dependences of the
intensities of the magnetic (100) and (010) peaks for x=0.568,
which is close to the tetracritical concentration. The

+Present address: Nippon Telegraph and Telephone Public

Corporation.
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arrows in Fig.l indicate the

transition points determined ‘I(wzqnd

from the specific heat meas- 4000~

urement%’a) This figure

shows clearly that the spin ’

components off the b(b*)-axis 300017 fee ::;?:
diminish rapidly with temper- °

ature around TL’ while the :°°%o

components away from the a*- 2000 " °°n

axis survive above TL, and : % -

become zero. around the higher R'. %ln
transition temperature, Ty. 1000 = o E

Thus, the decoupling of the " 1

spin components near the o : L iﬁu ) %% TIK
tetracritical point is demon- 7 & 3 lo'?l >
strated experimentally.

The transition regions in Fig. Fig.l. Temperature dependences
1 are rather broad, corre- of the intensities of the mag-
sponding to the broad peaks netic (100) and (01l0) peaks
occurring at the transition . for x=0.568. Backgrounds
points in the specific heat coming from the harmonics of
measurement%'4) It should the nuclear peaks are sub-
be noted that the homogeneity tracted.

of the single crystals was
examined by x-ray diffraction on powdered samples, and that
clusters with a macroscopic size were not observed.

A random mixture with competing spin anisotropies has
been studied in the mean-field approximation?’5-7) Matsubara
and Inawashiro3) have predicted the existence of a new type
of ordered phase called '"oblique-antiferromagnetic(OAF)" phase
in the random mixture of two anisotropic antiferromagnets.

The OAF phase, in which the directions of antiferromagnetical-
ly coupled spins are at an angle from the easy axes of the
pure substances, corresponds to the "mixed ordering'' phase

of Aharony and Fishmanzz in the sense that the inclination of
the sublattice magnetization both from the‘easy axes of the.
pure substances means the simultaneous ordering of the spin
components which are associated with competing spin anisotro-
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pies. From Fig.l we see that the sublattice magnetizations
make an angle both with the a* and b(b*) axes at temperatures
below ;. The sudden change in the (010) intensity with

temperature in Fig.l represents, in terms of the OAF model,
a reorientation of the spin direction towards the b-axis.

An antiferromagnetic ordering of the spins in the new
phase of Fe(l_x)CoXClz-ZHZO is clearly demonstrated in the
experiment under a magnetic field. When we apply an ex-
ternal magnetic field along the c-axis, which is near the
direction of the sublattice magnetizations, a spin-flopping
transition occurs as in the case of pure antiferromagnets with
weak anisotropy. In this experiment we have observed, for
the first time, that the metamagnetic transitiong) which is ob-
served in the pure substances does not occur in the new phase,
and a spin-flopping transition takes place instead. A com-
petition of the strong anisotropy energiess) of CoC12-2H20 and
FeC12-2H20 causes the anisotropy in the new phase to be very
small.

The authors wish to express their thanks to Prof. K.
Hirakawa for his many helpful discussions and encouragements.
Thanks are also due to Dr. Y. Tsunoda and Dr. M. Kohgi for
their many helpful discussions and advices.
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ITI12 Magnetic Field Effect on Neutron Diffraction of Ni82

Tomonac Miyadai, Katsuya Kikuchi and Koichi Takizawa
Department of Physics, Faculty of Science, Hokkaido University

Ni52 has a complicated magnetic structure at low temperatures; there
coexist both the 1'st kind-and the 2'nd kind~an£iferromaghetic (AF) order-
ings of fcc Lattice, and further a wéakferromagnetic (WF) moment appears
in addition to them. We have investigated, for a few years, the spin
structure and the mechanism of WF in NiSz. We proposed a non-ccllinear
spin structurel) which can explain the neutron diffraction intensities,
results of polarization analysis and also the Mossbauer study. As for the
mechanism of WF, we also presented an experimental_evidencezéupporting

3)

Yoshimori's theory in which four spin interactions play an essential
role. According to this mechanism, the direction of WF moment should
couple with the direction of the AF domain. So that the distribution of
AF domains is expected to change when we change the distribution of WF
domains by applying a magnetic field. We have tried to observe the change
with magnetic field in the intensity of AF reflections. This will present
a dirct evidence for the coupling of AF and WF. Indeed, we observed4) a
small decrease in the intensity of (200)M1 reflection when a magnetic
field was applied along [001] and also [010] directions (perpendicular to
the scattering vector).

Here, in order to obtain further information on the effect of the
magnetic field, we measured at about 5K the change in intensity of sever-
al M1- and M2-reflections on application of the magnetic field along
various directions. The measurements were made at a wave iength of 1.0A
by means of PANSIspectrometer at JRR-2. The measured reflections .and the
directions of the magnetic field used are given in Table I, in which
predictions from our spin structure modell) are also given. Since our
model allows six kinds of AF domains, we assumed the random distribution
of them. As seen in Table I, the agreement between the cbserved and the
calculated changes in the intensity is not good. However, the observations
given in Table I are not conclusive at the present stage. We measured the
hysteresis for the application of magnetic field; at 5K the change by an
initial application of a field remained unchanged after switching off the

eﬁiFing current of the magnet. Further, the change still remained after
c
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the sample crystal had been heated ﬁp to abbup 60 K (above TN) and again
cooled down to 5K under a remanent field of the magnet. At present, we
cannot completely exclude such a possibility that the observed change be
apparent. It is, however, sure that the change by a magnetic field is not
larger than 20 to 30 % and that the line profile is scarcely affected by a
magnetic field. Further experiments are necessary for establishing the
magnetic fieid effect on AF reflections of NiSz.
The present authors would like to express their sincere thanks to

Prof. Y.Ito and Dr. M.Nishi for neutron diffraction measurements.

1) K.Kikuchi et al., J. Phys. Soc. Japan 44 (1978) 410

2) K.Kikuchi, J. Phys. Soc. Japan 47 (1979) 484

3) A.Yoshimori and H.Fukuda, J. Phys. Soc. Japan 46 (1979) 1663
4} K,Kikuchi, T.Miyadai and Y.Ito, Proc. ICM'79 (Munich)

Table I

Intensity Change in %

hkl WF—domain Field Direction observed Calculated
(200)M1 X [100] +16 -13
z [o01] (-15) -13
Y2 [011)] +24 + 7
(220)M1 X ~ [100] -6 426
z ' [001] -6 -12
{022)M1 Y2 [011] -2 "+ 6
(111)M2 V.2 ~ [111] +13 0
(311)M2 x [311] -3 0

Ml= the 1'st kind, M2= the 2'nd kind.

hkl is referred to twice the chemical unit cell.
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III13 Single Domain Formation of Magnetic Screw Structure
by Magnetoelectric Cooling ‘

* ¥ % # * %%
Kiiti Siratori, Jun Akimitsu , Eiji Kita and Masakazu Nlshi

_ * % o
¥Department of Physics, Osaka University, Department of physics
%% ¥
Aoyama Gakuin University, Institute for Solid State Physilcs,
University of Tokyo. : ' '

The screw spin structure has two types of domains: right-
handed and left handed screw. The effect of unequal domain
population in a helimagnet to the polarization of neutrons was
discussed theoretically as early as 1962. Experimental attempts
of finding unequal domain population were, however, made with
little successzl, sincé no method had been found to control
screw domains. In this note, we report the flrst success of
screw domaln control by the magnetoelectric cooling, i.e.,
cooling of the specimen through the Neel point in simultaneously
applied magnetic and electric fileld. )

In the case of incommensurate conical spin structure,
linear magnetoelectric effect is expected from its magnetic
symmetry and was really observed in ZnCrESeu.3) In such a case,
antiferromagnetic domains
can be controlled by thi)

magnetoelectric cooling.

This was directly

Hleoot)

Hicool)

confirmed by the polar- )y
ized neutron diffraction J

s Spin Flipper O1F
» Spin Ftipper On

o Spin Flipper Off
* Spin Flipper On

COUNTS (s}
COUNTS (7 mon.)

technique. Experiment

was carried cut at
PANSIS ) of I.5.8.P., —2a0) (@) Bz (b)

installed at the JRR-2 Fig . Polarization dependence of
reactor at J.A.E.R.I., = 0,0,k_reflection at 8k, after the
Tokal y magnegoelectric cooling.
) (a): The cooling electric field was
Single crystal of along [110].

{b): The cooling electric field was
ZnCPESeu used in the along [170].

present experiment takes

the proper screw spin
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strugture alons[l 0 0] below its Néel polnt of approximately
20K. )
Polarization dependence of the diffracted neutrons at

(0,0, k) in zZaCr,Se, is shown in Fig 1 after the magneto-
electric cooling with the electric field of 2.5 kV/cm along
[310] (a) and [110] (b) and a horizontal magnetic field of
12k0Oe, 40° tilted from [001] to [110].

The intenslty of ??e satellite observed in the present

experiment is glven as

9 - aFl2f2 - 258G 00Y .

A : A | A
Here, e is the unit scattering vector, K is kO/LkJ , 5 is the
polarization of the incident neutrons and F is the structure
factor. The cross sectlion 1s zero when‘ﬁ and'g are parallel
and 1s 4A\F|2 when they are antiparallel. Figure 1 indicates
that X is antiparallel to ‘®, or screw is left-handed, in
approximately 95% of the specimen in case (a). The situation
was reversed in case (b). This means that diffracted neutrons
are 95% polarized if the incident neutrons: are unpolarized.

This result suggests that single domain screw magnet can
be avallable as a neutron polarizer.
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IITI14 Magnetization of Ferromagnetic Metals

at the Interface to Other Materials
# * ’ ok + 4
M. Sato , K. Abe , Y. Endoh , J. Hayter and R. D. Lowde

#Institute for Solid State Physics, Tokyo University, Tokyo,
*Institute for Solid State Physics, Tokyo University, Tokyo, present
address, Device Developement Center, Hitachi.Ltd, Kodaira, Tokyo,
**Department of Physics, Fuculty of Science, Tohoku University,
Sendai, Japan, *Institut Laue Langevin, 38042 Grenoble, France,

++Mate_rials Physics Divisidn, AERE Harwell, OXON, United Kingdom

The problem of the surface magnefization'of the ferromagnetic

1),2)

metals has been a subject of many works. It is one example

of many interesting basic problems in surface physids. The experi-
mental result of Liebermann et al.s) that the surface layer(s) of
Ni has n0'magnetic moment {"dead layer'") stimulated the active

studies on tﬁis'subject. From the theoretical side Fulde et al.z)’

4), for example, suggested the possibility of the '"dead léyer" for
Ni by their simple discussion which'gave us the interesting physi-

5)

enhancement of the surface susceptibility or the surface magnet-

cal insights on this problem., Teraoka et al. suggested the

izationof the bec transition metals.

To measure the surface magnetization, there are many techniques

which are reviewed in ref. 2. Gradmann6) studied the surface magnet-

ization of Ni48Fé52 illoy by't?§ magnetization measureméﬁt“of
epitaxial films. Shinjo-et al. studied thid problem by Mossbauer
spectroscopy. Here we report experimental results on the interface
magnetization of Fe-5i0 and Ni-5i0 multilayer films and of Co
particles precipitated in Cu. These were studied by the neutron
small angle scattéring technique. As was shown in the previous
papers,s)’g) both the nuclear and thé magnetic moment distributions

‘can be known independently by this method. Its important merit is

that we can extract the information of the gurface magnetization

by using only the difference of these two kinds of distributions.
In the present case,we observed only the interface magnetization,

which we believe , gives us useful information on the surface
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'problem.

In the present experiment, we observed no anomalous surface
effect at the Fe-Si0 and Co-Cu interfaces at room temperature and
a certain reduction of the magnetization at the Ni-8i0 interface
at 9 °K. |

The detailed data and analyses can be seen in the ISSP
reportlo) and the paper which will be published somewhere else.

It should be noted that some part of this experiment were

carried out at Institut Laue Langevin, Grenoble, France.
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IITI1S Polarized Neutron Diffraction Study of CoMnP Single Crystal
H. Fujii, 8. Komura, T. Takeda, T. Hokabe* and T. Okamoto

Faculty of Integrated Arts and Sciences, Hiroshima University, Hiroshima
730, Japan, *Faculty of General Education, Kagoshima University, Kagoshima

890, Japan

The system (Col_anx)zP exhibits only ferromagnetism for 0.1< X < 0.55
in all ordering temperature ranges, shows both ferromagnetism and metamaghe-
tism with decreasing temperature for 0.56 < X % 0.66 and shows only antiferro-
magnetism for 0.66 < X < 0.8. The Curie temperature increases with X to a
maximum of 583 K at X = 0.5 (CoMnP) and then decreases to about 240 K at

X = 0.661). We have carried out polarized neutron diffraction measurements
on CoMnP single crystal in order to obtain information on the origin of the
various magnetisms in the system (Col_anX)zP. The crystal structure belongs
to the orthorhombic C23 type with two nonequivalent metal sites in which Co
atom occupies the tetrahedral site and Mn atom the pyramidal site. Spin

flipping ratios were measured at room temperature for 45 different (h0l)

reflections up te sin 6/A~ 0.70 A-l in a field of 5.2 KOe with an incident
neutron wavelength of 1.00 A. 'Three single crystals used are in a form of
rectangular pillar with the dimensions 0.2 x 1 x 10 mm3, 1x1 x.lo mm3 and
2 x 2 x7 mm3.

For the determination of magnetic moments of Co and Mn atoms, a least-
squares fit to the observed ratios of the magnetic to the nuclear structure
factors was made. The atomic positicnal parameters presumed to be close to
those of C02P were also optimized. 1In the analysis, as trial form factors
for Co and Mn, we used the spherical form factors for the various atomic states
calculated by Watson and Freemanz) and compared the least sguares errors for
various combinations. The final values for the moments were 0.06 + 0.02 UB
and 2.66 + 0.02 uB for Co and Mn, respecti#ely. These values are in good
agreement with the presumed values from the composition dependence of the
saturation magnetizationa). The averaged magnetic form factor was determined on the
basis of the values of the magnetic moments oh Co and Mn atoms. The magnetic
form factor obtained is found to be close to that for Mn2+ atom in the range
of sin 6/A < 0.4 but that for Mn3+ atom for sin 6/)X > 0.4 as shown in Fig. 1.
This fact suggests that the unpaired 3d-elctrons are guasi-localized on the
atoms. In addition, the form factor scatters fairly in the range sin E/A > 0.4.

This means that the asphericity of the form factor is observed.
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The above experimental results suggest that the spontaneous ferromagnetism
in the range of 0.1 < X < 0.55 is associated with the ferromagnetic exchange
interacticn between Mn moments on pyramidal sites. The metamagnetism in the
interval of 0.56 < X < 0.66 seems to be originated from an existence of

antiferromangetic interaction between Mn moments on tetrahedral and pyramidal

sites.
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Fig. 1 Magnetic form factor common to Co
and Mn atoms.
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ITT16 Magnetic Form Factor of Ni-Pt Allpy Systemf++

* *4  ddefed k%
Yutaka Nakai , Izumi Tomeno , Jun Akimitsu and Yuji Tto

*Faculty of Science, Osaka University, **The Institute for Solid State

Physics, The University of Tokyo.

It would be interesting to know the behaviors of Ni and Pt magnetic
moments in the Ni-Pt alloy system, which is believed to be a homogeneous
ferromagnet near its critical concentration region. This should be
contrasted to the Ni-Pd alloy system, which is known as a system of
heterogeneous ferromagnetism,

In view of this, we measured the magnetic form factors of the Ni-rich
Ni-Pt alloys by means of the polarized neutron diffraction to determine the
atomic magnetic moments of Ni and Pt, using form factor analysis technique.
For the theoretical treatment of the problem, we rely on the Coherent
Potential Approximation (CPA) developed by Hasegawa and Kanamoril), in
which we used a Hartree-Fock Hubbard Hamiltonian with suitable parameters,
in order to describe the magnetic moments of Ni and Pt, obtained by the-
present experiment. Partial state densities of d-electrons for Ni and Pt
atoms in the alloy near the critical concentration were also calculated.

The measurements of the polarization ratio were performed by using
I8SP and POLTO polarized neutron diffractometers situated at JRR-3 and
later using PANSI spectrometer at JRR-2 in JAERI. The polarization ratios
were corrected for the secondary extinction, incomplete polarization of
incident neutrons and incomplete flipping efficiency. Magnetic structure

factors for each specimen were analyzed, using the following formula by

means of least squares method.
WE(R) = ey e (27 MGy + Appg € 5/20vy = 1) <§>y4)
. N O
tegy Cyy = 20/ 8y Hg<do™mt
+ocpe Hpel <dpPpy F A (3/2evp - 1 )<3>pet

where fitting parameters Upgs Hppo Yni and Ype are magnetic moments and. the
proportions of Eg state for Ni and Pt atoms, respectively, The best-fit

[=

parameters are seen in Fig. 1, where the conduction electron contribution,

U , was calculated by

cond

Heond = Uﬁag_- ( °Ni MNi * Cpe Vpe )

with pmag,.the bulk magnetization of the corresponding specimen.
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Next we employ the CPA for
the Ni-Pt and the Ni-Pd alloysz)

O
(6]
C—

to explain the experimental

(]
N
1
O
Z
[x8g!

results, assuming that the

Hamiltonian has disorder only on oLk
’ Pt

%J‘Pt . ‘["kNi | HB/GtCm)

the diagonal term. We used the

ters, in order to describe the

present experimental results. In

T
Hamiltonian with suitable parame- 0.2 - : T

L—J
the vicinity of the critical T

Meend
o
O
-
—
—O

o
concentration, the partial state ~32L

-
{0
O

densities of Ni and Pt atoms in .20
the Ni-Pt alloy were calculated to v &1£

be almost the same with each other,
as seen in Fig. 2, while the
partial state densities of Ni and
Pd atoms in the Ni-Pd alloy turned

Fig. 1. Concentration dependence

out to be quite different. This

of lyys Hpes and Yy, -

fact must have relevance to the cond

homogeneous ferromagnetism of the
Ni-Pt alloy in contrast to the
heterogeneous ferromagnetism of the

Ni-Pd alloy.
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ITT17 Magnetic Moment Distribution in FCC Co-V Alloys -
Yoshihira Acki, Yasuo Yamaguchi, Noriaki Kazama and Hiroshi Watanabe

The Research Institute for Iron, Steel and Other Metals,

Tohoku University, Sendail

The present work has been undertaken to know the magnetic moment dis-
tribution in the discrdered fcc Co-V alloys by means of the polarized-
neutron elastic diffuse-scattering technique at room-temperature. In the
Co-rich Co-V alloy system, the disordered fcc state is difficult to be
stabilized at room~temperature in the composition range of less than 10 at.%
V, because of the martensitic transformation of fce to hep (2). In addi-
tion, the composition of the fee alloys which have a ferromagnetic Curie
point above room-temperature is limited up to about 20 at.% V (3). From
these situations, three specimens containing 13.8, 15.6 and 17.5 at.% Vv
were prepared.

The polarized-neutron elastic diffuse-scattering was measured at
room-temperature by means of the POLTO polarized neutron diffractometer
with a neutron wavelength A=1.03 K. The magnetic field vertically applied
was 12.5 kOe. The absolute value of cross-sections was calibrated by the
use of a standard V metal with a dimension of 25%25x1 mm3. The correcticns
such as absorption, imcomplete incident beam polérization and sample
depolarization were made, but the multiple scattering correction for both
spin states was neglected because no appreciable difference in the spin-
dependent transmission was observed. The bulk moment was measured at
room-temperature by means of a sample-vibrating magnetometer. -

On the basis of the method used by Shull and Wilkinson (1)}, the
magnetic moment of the iﬁdividual atoms, ﬁbo and ﬁ%, was calculated from
the difference cross-sections and the bulk moments, both of which were
obtained at room-temperature. Thé obsefved difference cross-sections are
shown in Fig. 1 for three alloys containing 13.8, 15.6 and 17.5 at.% V.
The average magnetic moment of the individual atoms is given in Fig. 2,
together with the bulk moment of Y. Solid curves in Fig, 1 indicate the
difference cross-gsections calculated by the use of ﬁbo end ﬁ& ir Fig. 2.
Statistical errors are shown by bars in Figs. 1 and 2.

As seen in Fig. 2, the V atoms have a negative magnetic moment at the

Co-rich side of the compdsition range covered. - The absolute value of the
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V moment decreases rapidly with increasing V content and vanishes in the

composition range of about 16 at.% V or more. The V moment which is
negative with respect to the Co moment may be expected in connection with
the appearance of empty virtual bound states above the Fermi level (4,5,6).
The Co moment also decreases monotonously with increasing V content in the
similar manner to the composition dependence of the bulk moment. The
decrease in the Co moment with increasing V content may be explained on

the assumption of the negative moment disturbances produced by the V atoms

on their Co neighbours (7).
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Fig. 1. Difference cross-sections observed Fig., 2. The composition
-at room-temperature by means of polarized dependence of ﬂ; ﬁbo and ﬂ§
neutron technique for three alloys observed at room-temperature
containing 13.8, 15.6 and 17.5 at.% V. in the Co-V alloys.

S0lid curves were calculated from

the values of uCo and uv given in Fig. 2.
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II118
Magnetic Disturbance around the Interstitial-Site Mn Atom in MnSb

Yasuo Yamaguchi and Hiroshi Watanabe

The Research Institute for Iron, Steel and Other Metals,

Tohoku University, Sendai, Japan

Antimonides of 3d-transition elements with NiAs crystal structure are
typical Berthollide compounds with wide single phase regioné on the cation
1) Magnetic properties of these antimonides varies with the
-4

) l+68b (0<8<0.22), the magne-

tization decrease with increasing the cation concentration:

rick side.

. . 2 .
cation concentration. For ferromagnetic Mn

= (3.55 - 2.78 x &) by / formula
5)

The excess Mn atoms, which occupy the interstitial sites at random,”’ have

been shown to have no magnetic moment with themselves,6) but have an effect
t0 decrease the magnetization pef formula.
In the present study, we measured intensity of the diffuse scattering

of polarized neutrons from Mn 8b in order to study the spatial distribu-

tion of the magnetic disturbaiéi around the interstitial Mn atom in MnSb.
With incident neutrons polarized parsllel and antiparallel to the sample
magnetization and perpendicular to the scattering vector, the magnetic dis-
ordered scattering from interstitial stoms in a ferrcmagnetic ecrystal is

given by o
: +

%—— = 6(1-8)- AFN(k)iO.2TO-AFM(k) (1)
in barns per formula unit, where § is concentration of the excess atoms,
AFN(k) and AFM(k) are respectively the alterations of the nuclear and mag-
netic structure factor introduced by an excess atom on the interstitial site,
and k is the scattering vector.

The difference of the intensities of the diffuse scattering between
spin up and spin down of the incident neutrons have been measured at 293K
along two different directions of the scattering vector, [0.2,0,1] and
[1,-0.6,0,T7]. The experimental results are shown in Fig. 1 compared with
the calculations for three different models. The interstitial Mn atom has
been reconfirmed to have no magnetic moment by itself, mesgnetic moment of
the first neighbouring'Mn atoms around the interstitial Mn is found to be

reduced about 13%, and the magnetic disturbance arcund the interstitial Mn
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atom is cloged within the first neighbouring regular-site Mn atoms.
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II119 Atomic Magnetic Moments In a Ternary Alloy Fe-Co—Ni*

Noboru Schibuya, Yutaka Nakadi, Katsuhito Yamasaki and Nobuhiko Kunitomi
Department of Physics, Osaka University, Toyonaka, Osaka 560

Recently, theoretical treatments based on the coherent potential
approximation (CPA) have successfully explained the physical properties
of non-dilute random substitutional alloys. Jo et al. have applied this

1) As a method of

method to a fece ternary ferromagnetic Fe-Co-Ni alloy.
the experimental verfication of CPA, the study of the ternary alloy
system Fe-Co-Ni has two significances compared with the Study of the
binary alloy system. First, in the ternary alloy system we can investi-
gate series of specimens with the same numbers of 3d-electrons per atom
and different compositions of constituent atoms. According to the rigid
band approximation (RBA) the magnetic properties should be the same for
specimens with an equi-electron number, whereas by the CPA treatment the
magnetic moment of‘individual atoms were calculated to be different even
in a series of specimens with equi-electron number. Second, we can
prepare the specimens with the same concentration of Co varying the
concentration of the other two constituent atoms. One of the main
features of the CPA analysis in the Fe-Co-Ni may be the conspicuous
variation of the magnatic moment of Co in the series of specimens with
constant Co concentration. Since the magnetic moment of Co in a Fe-Co-Ni
alloy can almost uniquely be determined from the diffuse scattering cross
section of polarized neutrons and the bulk magnetization, we can directly
compare the results of CPA calculation with those of experiment.

Because there exists a contingent condition that the coherent nucle-
ar scattering amplitudes of Fe and Ni, bFe and bNi’ are nearly equal, the

difference cross section is expressed as,

) = 4a[c ) (u- “Heo )+c (b ) (up - -m1.

Ni Co Fe N1

If bF is exactly equal to b i only the first term remains and the atomic
magnetic moment of Co, uCo’ can be determined accurately. In the actual
case of Fe-Co-Ni, bFe and bNi are slightly different, so the contribution
from the second term should be estimated. But this term usually much
smaller than the first term, we calculated it as a correction.

The measurements were made at room temperature by using a conven-

tional type polarized neutron diffractometer POLTO at JRR~3. The differ-
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ence cross section was obtained by
flipping the spin direction of
neutrons. The background noise EQUI-3d ELECTRON SERIES CONSTANT Co SERIES
due to multiple scattering was ™
calculated by the computer simula- 2 L :i: [
tion method. The magnetic ' rap
moments of Co are shown in Fig. 1
arranged along the equi-electron 16 ;/>;

density line and along the con-

stant Co line. w8b .

Along the equi-electron line e L;;;,f oo T
the experimental values of Yeo
increase graduaily with the Co 8- .

—

16 -
concentration rather than being -t b

constant, This fact suggests

R S P
Q2 04 05 08 10 oL 03 02 01 OO

that the CPA explains the exper- FRACTION OF Co ATONM X TN o e
imental results better than the

RBA, because the latter predicts

a constant Co moment along equi-

electron line, Along the con- Fig. 1. Magnetic moment of Co atom.
stant Co line the characteristic The full and open circles indicate
variation of Heo is clearly seen present and other experimental

in the region of dilute Co concen- results, respectively.2’3) The
tration. Increasing the Fe con- solid curves are calculated.

centration from Ni side, the theoretical and experimental values of Meo
decrease rapidly. In the intermediate concentration range of Ni and Fe,
the experimental values increase after passing a minimum, whereas the
theoretical values are almost unchanged. Near the o-y phase boundary UCo

decreases again with increasing Fe concentration in both experimental and

theoretical cases.
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IVl - Neutron Scattering Investigation .

of the Magnetic Excitations in CoBr2
Hideki Yoshizawa, Koji Ubukoshi and Kinshiro Hirakawa
The Institute for Solid State Physics, the University of Tokyo

-Although anomalous magnetic properties of 2D XY ferromagnets have
fascinated many theorists, it is rather difficult to find experimental
papers on such systems, because few materials which behave iike the
~good 2D XY ferromagnet have been discovered so far. Recently, José et
al.l) investigated 2D XY model with symmetry-breaking field and have
shown that the XY system with six-fold symmetric aniéotropy may possibly
have a temperature region in which the susceptibility diverges but
accompanying with no spontaneous magnetizations. Thus the study of
substances with the hexagonal layer structure is of great interest in
finding the peculiar characteristics of the 2D XY model.

We studied the magnetic excitations in CoBr2 by inelastic neutron

technique and checked the two-dimensionality and the planar anisotropy.

: hQ. I Fig. 1
10} ( 05bl) l0.75(h01) (hhi) | Fig

The observed spin wave
dispersion relation at T=
5 K, where the curves are

r calculated using the dis-

persion formula derived

from the spin Hamiltonian

(1.

04 02 0 02 04 04 02RO

The spin dynamics of CoBr can be described by the following anisotropic

2)

exchange Hamiltonian w1th an effective spin S=1/2

H=-§;{Jlsis 15558 jx O 51(325153 D,S; .S Jx) Zj(JSSISJ osslstx)

-¥'(3'S;5 -D'S; S ). (1)

nn
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" By fitting the dispersion curve given by (1) to the observed spin wave
energies, the coefficients are determined as follows,
intraplanar exchange J1=2.01, J2=0.019, J3=-0.338 mev,
interplanar exchange J'=-0.97 meV,
planar anisotropy Dl=1.14, D'=-0,06 meV, DZ=DS¢=O.
As shown by these numerical values, CoBr2 has fairy strong XY characters
(Dl/J1=0.567), but the two-dimensionality is definitely poor (—J'/J1=
0.483).

Another interesting feature of CoBr, is the removal of the degeneracy

of the excitation spectrum. Loveluck andzLovesey 3) have shown that the
planar anisotropy removes the degeneracy between the 'in-plane' correla-
tion and the 'out-of-plane' correlation in the case of a antiferromagnetic
chain. We have peinted out, however, that in a 3D pianar antiferromagnets,
the easy plane anisotropy should also remove the degeneracy between the

two correlation modes. In fact, we have succeeded to observed these excita-
tions separately in CoBrz,‘which correspond to the non-degenerate spin

2)

wave derived by Lines

E
(00L) | Fig. 2
3 o 52 iPC {a) The non-degenerated dispersion
2t relations observed (a) along
1t _ the [001] direction and (b) along
0 the [101] direction.
’é 0.5 1.0 15 |
T3, 208 e (101
.‘!o.o. .o'..-‘. "..‘... (b)
2f . o .
. o 8
1+ .
055 1.0 15 L
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Iv2
Observation of Condensation of Magnons in Quasi-2D, Planar Ferro-

magnet KZCuF4

Kinshiro Hirakawa and Hideki Yoshizawa

Institute for Solid State Physics, The University of Tokyo,
Roppongi, Minatoku, Tokyo

KZCuF4 is a good example of 2D,planar ferromagnetl)z). It is mostly
of Heisenberg type with the intraplane exchange J = 11.4K] )but a litt-
le (~1%) XY-like anisotropic exchange JA gives rise to an easy planar
anisotropy in the c-plane. The inter-plane exchange J' is,however, ex-
ceedingly smaller than the J, JyJ being 6~8x10_4. It undergoes a tr-
ansition at TC=6.25K below which ferromagnetic order is observed by
neutron scattering.

We examined carefully the intensities of both ferromagnetic Bragg
scattering as well as the off-Bragg diffuse scattering due toc magnons
in the direction of c*-axis as a function of magnetic field applied
parallel to the easy plane. Though this system is very nearly Helsen—
berg type, the fluctuations at such a low temperature as kT < (8%) J
are very nearly of XY-like , where ¥ 1is the correlation length in
the 2D plane measured by the a-unit. So, this system might give us
important informations about the phase transition of the 2D XY system
with S = 1/2.

As the spin wave dispersion curve along the c*—axis is so flat and
the frequency is so low, one can expect a high density of magnons
which is inversely proportional to the dispersion frequency. This
magnon density as a function of qc(stq) can be observed as a quasi-
elastic diffuse scattering. The observed g dependent intensity is
well explained by the XY-like ( sinusoidal ) dispersion curve rather
than the Heisenberg one. The linear temperature dependence of the
intensity and very sensitive behaviour against the applied field also
confirm that the diffuse scattering is of the magnon scattering seen
as Quasi -elastically. There seems no energy gap at q = 0 showing
very good easy plane type as indicated by the divergent nature toward

q = 0. The diffuse scattering intensity falls down remarkably by the
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magnetic field. But, the field dependence of the Bragg scattering
is gquite striking. It decreases once as shown in Fig.l and slowly
increases again. After careful examination, it was proved that the
Bragg intensity fallen off corresponds to the conventional one, i.e.
it goes up at OK to the one for the full length of the spin magnetic
moment gﬁBS with 8 = 1/2 as shown in Fig.2. Thus the difference
from the zero field int-

x 16 COUNTS M100sec
ensity as indicated by 06

B.52K
the shade is the anom-

alous extra intensity

625K
Tc

which has not been .
found before. We att-

ribut it to a condensed

state of maghons whose

wave vectors are q and

-g because at the Bragg

point the resultant g
should be zero. Contra- RN 5.57K
ry to the off-Bragg un-

condensed magnons whose

number is proportional 0 so¢ - 000 1500 2000 0e

5 *10% COUNTS 7100 se¢

to the temperature, the

LNK

condensed magnons 1nc- 1
reases with desreasing
temperature in the ma-

nner proportional to

the square of the spon-

taneous magnetization.

it can be erased by
very weak internal
fields, as is evident
from the fact that for '

higher external field

than the demagnetiza- . . 0
tion field for the

0 500 1000 1500 2000 Ce

Fig. 1 A series of the field dependence of the Bragg
intensity at (004) at various temperatures. The
nuclear scattering has been subtracted. The arrows
indicate the calculated demagnetization field which
varies being proportional to M(T) at H, =0.



saturation, the giant fluctuation is completely erased.

that field self-shielding by the infinite susceptibility occurs.
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Below

We think that this occurence of giant fluctuation is the so-called

" Stanley Kaplan transition'" discussed so far.
to note that the temperature dependence of the fluctuation is
very nearly the same form with the Monte Calro simulation for
the 2D plane rotator model worked out recently by Miyvashita et al?)

1)
2)
3)

4)

{( For details,
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IV3 Fe-Fe Interaction in KFeS, — a Linear Chain Antiferro-

magnet and a Spin Analoguz of Two Iron Ferredoxins —
by Neutron Inelastic Scattering
Masakazu Nishi,Yuji Ito and Satoru Funahashi*
Institute for Solid State Physics,University of Tokyo,
*Physics Division,JAERI
Following the previous magnetic structure determination of
KFeSzi? spin analogue compound for the active sites of ferred-
oxins™’ ,we have carried out measurements of the spin wave exci-
tation of this compound in order to study the Fe-Fe interaction
specifically. Experiments were performed with using PANSI
and ND-1 triple axis spectrometer of ISSP as well as CTNS tri-
ple axis spectrometer of JAERI,all situated at JRR-2 reactor.
Measurements were done with the constant-Q mode of (4,0,1),
(0,%,1),(0,0,1+5) and (0,0,3+Z) using various incident neutron

energies at temperatures 77K and 150K. In fig.l examples
of the observed spin wave intensities at Z=+0.08 along c*-axis
are shown. The apparent peak shifts towards the higher
energy position as the scattering vecter Q increases. This
is due to the resclution

effect convoluting the large %Omin Ei=800meV T =77K
resolution elipsoid with the 300y ° (0,0.092)

steep spin wave dispersion ° & '

surface along c*-axis indi- 2008 o %i, SQ%ﬁn
cative of the strongly qf :%Q:

coupled intra-chain iron 1001 . 100
atoms. Calculation of *. (00,08)

neutron intensity with the o- . %o hoo
assumed dispersion relation Voorin %oy0

shows that the peak position 200} ot OQM:JQB b
observed at larger Q value dﬂfo %@o

is closer to the true spin ool & %

wave energy than that meas- (QQBDB) qﬁﬁh
ured at smaller Q. ol 1 I 1 L  E

As a preliminary step,the 8 6 24 32 40 4BmeV

observed dispersion relation Fig.1
was fitted with the Heisen-

berg Hamiltonian with few
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chain nearest neighbor(n.n.)
iron atoms,Jo,inter—chain
exchange between n.n. iron
atoms along the a—axis,Jz,
that of inter-chain n.n.
iron atoms along the face
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tropy field,g}}4H, -

In fig.2 and fig.3 the meas-
ured dispersion relations
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with the curves given by
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solid lines fitting by the least square procedures. They
were determined using the above mentioned parameters by this
fitting aS‘J0=-18.83 meV,J2=—0.22 mev,J4=O.09 meV and g H,=
-0.12 meV. The ratio of the intra-chain coupling constant
to that of the inter-chain is about hundred indicating a one-
dimentional character of interaction. The fitting was not
so satisfactory along the a*-axis. Better agreement could
be obtained by taking into accounts the proper resolution cor-
rection and also by increasing the number of coupling constants.
The obtained value of intra-chain n.n. coupling constant for
KFeSz,J0=152 em™ ! should be compared with that of the oxidized
spinach ferredoxin,J= 183 cm_l determined from the magnetic
susceptibility measurementsz). Good agreement of these

values confirms KFeS. as being a spin analogue compound for the

active site of the téo iron oxidized ferredoxins,and lends
support for the similar electronic structure for the FeS,
cluster of these two substances.

To clarify the electronic structure of KFeS2 further,the
magnetic form factor of iron atoms is now tried to be extracted
out from the measured integrated intensities of observed spin

wave excitations as was done in ref.3).
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Iv4 Magnetic Excitations in ?bZn
Yoshikazu Hamaguchi, Hifoshi Betsuyaku and Satoru Funahashi
Physics Division, Japan Atomic Energy Research Institute

The magnetic excitations in TbZn were measured at several temperatures
by using the triple-axis spectrometers in JRR-2. A single crystal was grown
by the Bridgman method and cut into the shape of 30x10*10 mm. Incident
neutron energies of 14.8, 24 and 35 meV were chosen suitable for the expect—
ed transfer energy and resolution. Measurements were made with constant-Q
mode with fixed incident energy. Dispersion curves observed at 10K are shown
in Fig. 1. At theT point the energy gap is 2 meV and the dispersion law is
initially quadratic in scattering vector g and isotropic. At larger values
of q the dispersion curve separate in two branches. Upper branch shows the
usual behaviour of the ferromagnet coupled with long range oscillatory
exchange interactions and the single-ion anisotropy. The intensity of both
branches is almost the same. Temperature dependence of the energy spectrum
was studied at both T and X points. At the ] point the energy gap decreases
linearly with increasing temperature and tends to zero at Tr {about 60K in
our sample). At the X point the intensity of upper branch decreases almost
linearly with increasing temperature and tends to zerc at Tf, but the energy
decreases slightly. The energy of the lower branch remains up to Tr but the
intensity increases with increasing temperature. Near Tr sudden change of
the energy spectrum has been observed. 'I‘r is a spin-rotation temperature.

The dispersion relations

at 78K are shown in Fig. 2. _
Cue to the broadening of the ! $ 1 L i .

iy
L]

energy line width an energy
accuracy is not so good in

the high energy region. They

Energy {meV}
o

were analyzed within the

[+
y

dynamical susceptibility

formalism of Buyers et all). PR RV S I 171. M YA S - 1'1

For the CEF (crystalline

electric field) Hamiltonian Fig.l: Dispersion curves for TbZn at 10K

we used the values of W=1.0

K/atom and x=-0.30 which
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2)

were determined from Tr

Magneto-elastic term and
quadrupolar couplings were - — [

neglected for simplisity.

ey
T

The single-ion Hamiltonian

was diagonalised self-con-

Energy(mey)

sistentently to obtain the

ﬁ

)
eigenvaiues and the eigen- <]
vectors as a function of e
temperature. The solid curves X r M R r

drawn in Fig. 2 were obtained Fig.?2: Dispersion curves at TEX.

by using the most probable Thecretical eurves are drawn with

J{q), the Fourier transform solid lines as explained in the text.
of which gives the interion interactions. A slight disagreement between
J(q=0) (0.50 meV) with J(0) deduced from T, {0.63 meV) is due to neglecting
the quadrupolar couplings. We calculated the dispersion relations at 10K
under the assumption that the interion interaction and the CEF parameters
were not strongly modilied by spin rotation, but the agreement with the
experimental data was poor. At 10K we observed several very weak incommensu-
rate magnetic peaks besides the fundamental ones. Some of them are consist-
ent with the presence of the small TbZn2 single-crystal inclusions, oriented
with thier C axis along the 001 of TbZn. Some modifications of the simple
ferromagnetic structure may be the origin of unusual dispersion relations
below Tr'

In conclusion the CEF parameters obtained from Tr and oscillatory
Heisenberg exchange interactions can explain the magnetic excitations in
TbhZn above Tr fairly well, but it should be necessary to introdece additio-
nal terms to explain those below T . The behaviour of magnetic excitations
in TbZn is not similar to that in HoZal™>).
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V5 Spin Wave Excitations in FezP

* *
S. Komura, K. Tajima , H. Fujii, Y. Ishikawa and T. Okamoto

Faculty of Integrated Arts and Sciences, Hiroshima University, Hiroshima,
Japan * Department of Physics, Faculty of Sciences, Tohoku University,

Sendai, Japan

FeZP becomes ferromagnetic below Tc = 209 K by the first order tran-

. . . [1

sition and has a large magnetic anisotropy with easy axis along the c-ax1s[ ]
The crystal structure is of hexagonal €22 type with two non-equivalent Fe

[21]
sites; tetrahedral FeI is surrounded by four P atoms and pyramidal Fe__ by

11
five P atoms, both tetrahedrons and pyramids forming canal pairs along the
c-axis.
. . . [3] X
A polarized neutron diffraction study has shown that magnetic moment

of FeI is 0.9 uB and that of FeI 1.7 UB and that the magnetic form factor

of4£eI is very close to that of ; free iron atom and that of FeII close to
Fe . A recent neutron diffraction study has revealed that an incommensu-
rate spin structure with propagation vector along [110] is established in
a 3% Mn substituted FezP.

For the purpose o£ clarifying the mechanism of the first order transi-
tion as well as the substantial change of the magnetic structure by the Mn
impurities, we have measured the spin wave dispersion relations with a
triple axis spectrometer TUNS using 13.7 meV incident neutron energy. The
spin wave and phonon dispersion relations along [100] = a*—axis, [110] =
b*—axis and {00l1] = c*—axis were obtained for several temperatures from
77 K to above Tc., The results for [001] and [100)] are shown in Fig. 1, the
latter being very similar to those for [110].

The phonon dispersion relations are temperature independent, whereas
the spin wave dispersion relations are strongly temperature dependent,
especially for [100] and [110]. The spin wave energies along [l00] and
[110] are not only much less than those along [001], but heavily softened
with increasing temperature. It is interesting to note that even at 227 K
which is above Tc over-damped spin wave excitations were observed aleong
[100] and [ilO] with finite but very small excitation energies of the order
of 0.2 meV.

The above experimental results strongly suggest that the configurations
of one-dimensional ferromagnetic chains along [001] are little affected by
temperature and would persist even above Tc¢, whereas the two-dimensional

ferromagnetic order in the {00l) plane is perturbed significantly by
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temperatufe below Tc and it collapses the three-dimensional ferromagnetic
crder above Tc.

It seems that the magnetic interactions in the (00l1) plane is rather
favourable for the antiferromagnetic (presumably incommensurate) spin
ordering and that the ferromagnetism is realized by the strong ferromagnetic
interactions along [001]. This point of view would consistently explain
the first order transition of Fe_P as well as the experimental cbservations

2

that an addition of small amount of Mn impurities in Fe P stabilized the

2
incommensurate structure with the propagation vector along [110] as a
result of weakening the ferromagnetic interaction along [001]. Further

experiments are however required to verify this conjecture.

6 /, .
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IvVé Spin Wave Scattering Studies of Ferro tp Spiral Transition in MnP
Keisuke Tajima, Hisashi Obara and Yoshikazu Ishikawa

Department of Physics, Tohoku Univérsity

Manganese phosphide MnP is a ferromagnetic intermetallic compound below
291K but it transforms into a double spiral state at Ts=47K[1-5]. The crystal
structure is of a distorted orthorhombic type {(a>b>c) and the c-axis 1is the
direction of the easvy magnetization in the ferromagnetic state. The spiral
structure below 47K was investigated in detail by neutron diffraction [2-4]
and it has been found that the spins rotate in the b-c plane with a propagation
vector 0.117(§E) along the a-axis. The magnetic phase diagraﬁ under magnetic
field was also determined by neutron deffractions [4,6] and magnetization measure-
ments [5].

In order to investigate the mechanism of the ferro-spiral transition in
MnP, the neutron spin wave scattering experiments were performed with a triple
axis spectrometer (TUNS). Spin wave dispersions have been measured along the a-
and b-axis mainly around the (200) reciprocal lattice point at the several tem-
peratures below and above TS and results obtained are shown in Fig.l. In the
ferromagnetic state, the dispersion in the b-axis exhibits a quadratic relation
E0+-Dq2 which changes little with temperature. The dispersion in the a-axis,
however, shows a strong temperature dependence. At 77K, which is 30K above TS,
dispersion curve has a minimum at ZM0.1 and this minimum is accentuated at 50K.
In the spiral state at 38K, the Brillouin zone center splits into two positions,
Q=i0.ll7(§ﬂj and the dispersion curve becomes linear at small q region. The
dotted curve with square marks in Fig.l is the dispersion curve from the Brillouin
zone center of Q=—0.117(§£).

The analysis has been made based on the Heisenberg model by assuming a single
spiral structure. The Hamiltonian is given by

H=-27 3,55 +DZ52+D35(s2-572), (1)

i>5 ijivJd li iz Zi ix iy

where Jij is the effective inter planer exchange interaction parameter and D1 and
D, are the axial and inplane one ion anisotropy constants respectively. The spin

2
wave dispersion relation was obtained by diagonalizing the eq.(l),

hw = zs{[J(O)-J(q)-anz][J(O)—J(q)+Dl—2D2]}l/2, ' (2)
(ferromagnetic state)
or,
bw = 25{[J(Q)- 37(Q-q)- 2I(@+a) 113 (@-I(@)+p, 112, (3)

(spiral state)
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where J{(q) is the Fourier transform of Jij' D2 is neglected in the calculating
process of the eq.(3). The energy gap at =0 in the ferromagnetic state at

77K was estimated to be (0,.5%0,.3)meV. The exchange parameters were determined
by a least squares fitting of the egs.(2) or (3) tb the experimental data of
150K, 77K and 38K, Only a nearest interplaner parameter was taken into account
for the analysis of the dispersion curve along the b-axis, whereas.for the a-

axis, the nearest and 2nd nearest exchange parameters Ji and J2 respectively

were found to be sufficient to reproduce the experimental datazin the measured
q range (60% of the Brillouin zone boundary). The exchange parameter along the
b-axis was found to be almost constant through the transition. The temperature
dependence of the exchange parameters along the a-axis is displayed in Fig.2.
Positive J? is almost constant between 38K and 150K, while negative Jz decreases

1
smoothly by increasing temperature. In the Heisenberg model, the spiral struc-

1 20
below TS as is marked by a chained line in Fig.2. From this analysis, we can

ture becomes stable when J2 < —4J; ; |J;| > 3,2 = 2.6meV. This relation hold

make a conjecture that the free energy of the ferromagnetic state of MnP is
quite close to that of the spiral state and the transition is caused by small

change of J;.
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Fig-.l. Spin wave dispersion relations along tl_'lé a- and b-axis at various
temperatures below and above Ts' S80lid lines are the results of a least

squares fitting

MnpP : by using eqgs.(2)
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Iv7 : Neutron Scattering from FeSi
M. Kohgi and Y. Ishikawa

Department of Physics, Tohoku University

l. Introduction The intermetallic compound FeSi is known as a material

which exhibits the anomalous behaviors in magnetic and thermal properties;
a pronounced maximum of the susceptibility in the neighborhood of 500°K and

1}

an anomaly of the specific heat near 280°K™", in spite of lack of long range

magnetic orderingz). Recently, Takahashi aﬁd.Moriya3) have proposed a model
which takes account of the effect of spin fluctuations in a nearly ferro-
magnetic semiconductor. According to the theory, the amplitude of local
spin density increases strongly with temperature up te saturation where the
spin fluctuations may be regarded as a set of local moments interacting with
each other.

The purpose of this work is to explore any evidence of the existence of
the local magnetic moment in FeSi at high temperatures by means of neutron
inelastic scattering techniques.

2. Experimental results The neutron scattering experiments were carried

out on a triple axis spectrometer TUNS at JRR-2. The sample is a large sin-
gle crystal (v20mm¢x40mm) made by Czochralski method at Institute for Iron,
Steel and Other Metals, Tohoku Univ. The incoming neutron energy was fixed
at 40mev.

In order to see the temperature dependence of the scattering, constant-
K scans were carefully performed at T=77°K, 300°K and 600°K with K=(0.6,"
0.6, 0), where the contribution from phonon scattering is negligible up to
the energy transfer of E=18mev. The observed spectra are composed of a peak
around E=0 and a nearly constant background. The profiles of the peaks agree
with that obtained with the same scan for a vanadium standard sample within
the experimental errors at all the experimental temperatures. The temper-
ature dependence of the intensity and the half width of the peak and the
magnitude of the background are shown in Fig.l by open circles, triangles
and squares, respectively. The intensity of the nuclear incoherent scatter-
ing component at 0°K of FeSi estimated from the vanadium measurement is also
shown in the figure by an arrow with an error bar. Note that the observed
peak intensity at 77°K agrees with the calculated nuclear inccherent compo-
nent within the experimental errors. These facts indicate that the central
peaks of the constant-K scans come almost only from the nuclear incoherent

elastic scattering.
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| N FeSi xz(660)
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0). The solid line shows —l——— B s b
the best fit Debye-Waller . 7
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Scans along the [00l], [110] and [111] directions arcund the (110)
reciprocal lattice point with E=0 were performed at T=300°K. Their inten-
sities are constant within the experimental errors except near (110} and
the zone boundaries where the strong contamination of the Bragg reflections
exists. Therefore it can be said that there is no evidence of the wave-
length dependence of the scattering along the principal axes at least at
T=300°K.

3. Discussion and conclusion As the high temperature susceptibility of

FeS5i obeys the Curie-Weis law with peff=2.1uB per Fe and Op=~340°K, it is
reasonable to expect that the '"induced local moment" has the magnitude of
order of 8=1/2. The integrated intensity of paramagnetic scattering in this
case is evaluated to be about 3.5 times that of the nuclear incoherent elas-
tic scattering of FeSi.

Qur experiments]l results has shown, however, that the intensity of the
incoherent elastic peak rather decrease with increasing temperature up to
600°K as shown in Fig . 1. The decrease in intensity can be explained only
by the nuclear incoherent scattering component, if we assume the Debye tem-
perature QD of Fe atom is 70°K. The solid line in Fig.l shows that the
calculated Debye-Waller facter using this parameter. We also estimated the

contribution of the multi-phonon scattering to the background by the Gaussian
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approximationA) with Gp=70°K and using the obs?rved peak intensity. The
broken line in Fig.l is calculated in this way, which agrees reasonably
with the observation. Therefore if may safely be said that there is no
appreciable contribution of paramégnetic scattering to the observed scatter-
ing peak, in another words, in order that the observed spectrum contains
the paramagnetic scattering from the local moment system with $=1/2, the
energy spread of the scattering should exceed 200mev, which would be too
large for the local moment system with the magnetic interaction of order
of 340°K,

In conclusion our experimental results suggest that thé paramagnetic
state above 600°K in FeSi cannot be interpretated in terms of the simple
localized spin model with S=1/2, not in accordance with what Takahashi and

Moriya has anticipated in their theory.
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Ive Magnetic Excitations in An Amorphous Invar Alloy F986B14

Y. Ishikawa, K. Yamada, K. Tajima and K. Fukamichi*
Physics Department, Tohoku University and #The Research
Institute for Iron, Steel and Other Metals, Tohoku

University Sendai

Amorphous ferromagnetic alloys Fe

1)

l—xBx have been reportgd to exhibit

the Invar properties™”; the thermal expansion becomes very small below the
Curie temperature. Previous neutron scattering works have revealed that the

spin dynamics of the crystalline Invar alloys, Fe65Ni35 and Fe3Pt are common

and are quite anomalous compared with non Invar ferromagnetic alloys as Fe50N150

2,3)

or Pd MnSn . The temperature dependence of the magnetization is much faster

2
than what is expected from the observed spin wave excitations by neutron

scattering, instead of the fact that no other excitations have been detected.

2’3)¥ The
2

. . , , o
magnon line width I varies with wave vector q and temperature T as I'=q'T

Therefore the presence of the "hidden excitation" was anticipated

with a<l, in contrast with the non Invar alloys where a relation F¢q4T
predicted by the classical spin wave theory really hold52’3). We have then
anticipated that these anomalous dynamical properties would be closely re-
lated with the Invar mechanism.

In order to get a further conclusive result on this point, we extended
our studies to the amdrphous Invar alloys, and the spin wave excitations in
Fej_yBy have been measured by neutron scattering.

The sample used in the experiment was prepared by splat cooling tech-

1l to reduce the neutron absorption. A bundle. of

nique with 95% enriched B
ribbons 1-2mm wide were encased in a thin aluminum cylindrical tube 20mm in
diameter and 30mm in height and the neutron scattering experiments were
carried out on a triple axis spectrometer TUNS at JRR-2, Tokai. Pyrolytic
graphite (002) crystals were used as both monochromator and analyzer and
the scattering around the (0, 0, 0) reciprocal lattice point was observed
using an incident neutron energy of 14,5mev and 60'-10'-10"-30" collimation.

with the Curie temperature

The sample has a norminal composition of Fe86B14

Tc=570K.

Examples of energy scans at q=0.08:;~‘_l at dtfferent temperatures are
displayed in Fig.l, which shows that rather well defined spin waves persist
even at T/Te=0.8. After making correction for instrumental resolution

(though it is still in a stage of preliminary calculations), a quadratic
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. o
Telation huh=Dswq2 was found to hold to q=0.12A l. In Fig.2 is shown the
temperature dependence of the spin wave stiffness constant Dgy(T) which

was found to obey a relation to T/Tec=0.8

/2

Dgw(T)=Dg(1-a(1/Tc)>’ %) L

with D0=12214mevA2 and a=0.74%0.05. The value of Dy obtained is nearly in
agreement with that obtained for a similar amorphous alloy F683B16.55i0.5
(D=125mevaZ)*)

Previous magnetic studies of this alloy system have also shown that
the spin wave stiffness constant Dy obtained from the magnetization measure-
ments is about 65mevz for this'compositions). Therefore the descrepancy
between Dg,, and Dy is quite significant for this material.

It has been reported that in some ferromagnetic amorphous alloys (Co,P,
Fe,sP15C100 (FegsaMy o7

a material for which Dy nearly accords with Dg,, and no conclusive inter-

)80B10P10) Dy is smaller than Dgy , but there is also
pretation has ever been proposed on this phenomenons). It is noted, However,
that no amorphous alloys cited above show such a large descrepancy in D by
two methods as found in this sample and we may safely conclude that the
descrepancy is at least partly due to the Invar mechanism. We have also

no data to prove that the first class of amorphous alloys menticned above
have no Invar properties. 1In this connection the study of the magnetic

excitations in non Invar alloys is now highly required.
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Ive SPIN WAVE EXCITATIONS OF AMORPHOUS FERROMAGNET
FELoN140Pe4Be
Kiyoichiro Motoya*, Masakazu Nishi*, Yuji Ito* and

Tadashi Mizoguchi**

*Institute for Solid State Physics, The University of Tokyo

**Department of Physics, Gakushuin University

Spin-wave excitations in an amorphous ferromagnetic metal
Fe40Ni4OP14B6 were measured by means of a pseudorandom spin modulated time
of flight neutron scattering technique.

The amorphous metal ribbons @:2mm wide, 230mm long and se40um thick were

arranged to make a square sheet and then 73 sheets were piled up. The total
sample thickness %3mm was determined taking account of the large thermal
neutron absorption cross section of 103. The sample sheets were mounted in
a frame, the effective area of which was 20mm x 20mm. The measurements were
made using PANSI spéctrometerl) installed at JRR-2. The experimental
arrangement is shown in Fig.l. A mono-

chromatic unpolarized beam reflected by

a P.G. monochrometer was successively "" Soll it (40"
oller slit
reflected and polarized by a Heusler

polarizer. This "double monochrometer" P.G.
arrangement was necessary for the present _ J%V Soller stit{20")
measurements because of the small scat- _ Heusler

tering angle. The neutron spin polari-

zation was pseudorandomly r'eversed by a T—¢ Mezei tlipper

Mezei spin flipper which was driven by a Solter slit(10")

transistorized current source. The sample
length of the pseudorandom code was
chosen as 31 units and the unit pulse
duration was 5 usec. The neutron

counting time was 1 usec. The magnetic

field of 3 kOe was applied to the sample
” Soller stit(20)

3He detector

parallel to the scattering vector, In
this configuratioﬁ, gither the spin-wave

creation or the spin-wave annihilation

scattering process can be observed Fig.1. Sketch of the experimental

depending upon the neutron polarization arrangement.
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2)

reduced by the cross correlation technique. For a fixed incident neutron

direction The influence of various back ground noises was highly
energy and a scattering angle, the data were collected over about 20 hours.
Measurements were made at room temperature with the incident neutron energy
of 13.7,16.9,20.5,31.4,41.7 and 56.8 meV with the scattering angle 26s
being fixed at 0.55"0r at 0.95 . Figure 2 shows the cross correlation

value of the measurement taken with Ei=31.4 meV and 265=0.95°.
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Fig.2. Cross correlated spectrum of the measurement taken
with Ei=31.4 meV and 295=0.95? The arrow indicates the

time channel corresponds to the elastic scattering.

Positive and negative cross correlation value correspond to the magnon
creation (flipper ON) and magnon annihilation (flipper OFF) process,
respectively.

The observed spin-wave dispersion is shown in Fig.3, in which open

circles and solid circles are the points obtained from the spin-wave

annihilation and spin-wave creation process, respectively. The curve
represents the best fit equation
E=4A+D q2 with

D = 111 meV-A2 and A = 0.044 meV.
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Fig.3. Spin-wave dispersion of amorphous Fe4ONi40P14B6
at room temperature. Open circles and solid circles are

the points obtained from the spin-wave annihilation and

spin-wave creation process, respectively.
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vl The Neutron Diffraction Study of Liquid GeTe and As,Te,
0. Uemura, M. Tsushima, T. Kamikawa and T. Satow
Faculty of Science, Yamagata University

The radial distribution analyses for GeTe and AszTe3 are made at tem-
perature above the melting point by the neutron diffraction technique. Fur-
thermore, the local order in amorphous(a-) GeTe is determined by analyzing

the intensity data of the electron diffraction of its thin film. The struc-
ture factors S(K) and radial distribution functions(RDF} of .these liquids
were compared with those of amorphous states.

S{K) for both the amorphous and 1iquid states of GeTe are given in

Fig. 1. The S{K) of a-GeTe is characterized by an apparent small-angle pre-
peak which does not exist in the S{K) of the amorphous state of either pure

Ge or pure Te and the strongest second peak. The S(K) of 1-GeTe is some-
what different, either in the position or in the height of peaks, from that
of the amorphous state. In particular, the corresponding second peak be-
comes extremely low when melting. The S(K) of 1-GeTe is alsc quite differ-
ent from that of typical liquid metals which follows the hard sphere model
where the first peak in the S(K) is remarkably high[1].

Values of the interatomic distance(ID) and the coordination number(CN}
evaluated from the RDF are listed in Table 1, which suggest that the local
order in the amorphous and the liquid states is not like the distorted rock-
salt structure of GeTe which possesses a relatively jonic character[2]. It
seems that the amorphous material is more covalentic than crystalline GeTe.
Furthermore, it can be expected from the value of CN 3.7, that fourfold-co-

ordinated Ge atoms and four-fold or less than four-fold coordinated Te at-

‘oms exist in a-GeTe, although an exact coordination relationship between

constituting atoms cannot be determined only by a single diffraction exper-
iment. The CN in 1-GeTe cannot be determined exactly due to the broadening

and asymmetry of the first peak in the liquid RDF, but it seems to be near-
er to the value of the amorphous state and to be much smaller than that of

typical Tiquid metals. _

S{K)s for']-AszTe3 at 424 and 625°C are shown in Fig. 2, together with
the X-ray diffraction result on As45Te55 glass by Cornet and Rossier[3].
The general characteristic of functional form of the S(K), i.e. either in
the height or in the position of peaks, is nearly equal in the amorphous
and liquid states. The nearest-neighbor shell of the RDF shows a relative-
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Fig. 1 The S(K) of Tiquid(770°C)
and amorphous GeTe.
Table 1 The ID and CN of GeTe in

Fig. 2 The S{K) of 1-As,Tes at 424
and 652°C and a-AS45T655[3].
Table 2 The ID and CN of AszTe3 in

the 1iquid and amorphous states.

the 1iquid and amorphous states.

Specimen g s CN Specimen r ro CN
1-GeTe 2.83| 4.15 | 4.1* 1-As Te3(424°c) 2.66 | 4.02 | 2.7
3.6%* 1-As Te3(652 C) 2.66, §.02 | 2.6

a-GeTe 2.67 | 4.15 | 3.7 a-AszTe3 2.66 | 3.98 -

* (bserved area of the first peak.
** Twice the area of the left segment of the first peak.
1y sharp and symmetrical form in both the 1iquid and amorphous states.

Table 2 lists the result of radial distribution analysis, together with
the corresponding data of c-AszTeB. The results of structural analysis
shown in Table 2 suggests that the amorphous structure of AszTe3 within the
first two coordination spheres has the local order which would be expected
when the sample was cooled to toom temperature while maintaining it in the
liquid state. It is also shown in Table 2 that in AszTe3 the short-range
order in the disordered state {the amorphous and 1iquid states) is differ-
ent from that in the crystalline state. c-AsZTe3 inciudes As atoms sur-
rounded octahedrally by Te atoms and threefold-coordinated As atoms[4].
Therefore, it has a longer mean interatomic distance and a larger CN than
those in the disordered state, different from A5283 and A525e3 which show
a similar local order in both the disordered and crystalline states.

[1] N.W. Ashcroft and J. Lekner: Phys. Rev. 145 (1966) 83.

[2] J. Goldak and C.S. Barrett: J. Chem. Phys. 44 (1966) 3323.
[3] J. Cornet and D. Rossier: J. Non-Cryst. Solids 12 (1973) 85.
[4] G.J. Carron: Acta Cryst. 16 (1963) 338.
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V2 The Neutron Diffraction Study of Liquid As,Se; and GeSe,
 Osamu Uemura, Daisaku Muno and Tsuneo Satow
Department of Chemistry, Faculty of Science, Yamagata University

Neutron diffraction experiments were performed on liquid A528e3 and
GeSe2 at high temperatures. The structure factors S{(K) and radial distri-
bution functions(RDF) of these liquids were compared with those of amor-
phous states.

The S(K) for liquid GeSe2 at 771°C are shown in Fig. 1, in which the
S(K} of amorphous(a-) GeSe2[1] is also plotted. There is no difference be-
tween the general forms of both S(K). As in the amorphous state a clear
pre-peak is observed in the 1iquid(1-) G9592 around K=1.05 3'1 correspond-
ing to the strongest diffraction line in the orthorhombic GeSez. Height
of the first peak maximum in the liguid state is considerably low compared
with that in the amorphous state. This result is often seen in covalent
bonded 1iquid semiconductors such as 1-Se[2]. On the other hand, in the
case of e.q. 1-Sb2593 which has rather high electrical conductivity, the
first peak maximum of the 1iquid S{(K) becomes much higher than the second
one compared with the case of the amorphous state[3]. It seems from these
results that hte distorted tetrahedra of GeSe4 in the solid GeSe2 in which
one Ge atom is bonded to four Se atoms, each Se atom being shared between
two tetrahedra, are scarcely destroyed in the liquid state.

The peak positions and the coordination number(CN)} of nearest neighbor
atoms evaluated from the RDF are listed in Table 1 together with the result
of a-GeSez. The result of radial distribution analysis also suggests that
the covalent bond between unlike atoms wiakens 1ittle on melting.

Fig. 2 gives the S{K) for 1-As,Se, at 400, 515 and 630°C together
with amorphous data[4]. The peak maxima of the S{K) in the liquid state
diminish and their widths broaden slightly with increasing temperature.
These trends are found to be evident in the first peak maximum. This re-
sult corresponds to that of Crozier et al.[5] obtained by the EXAFS tech-
nique that the disorder term in A528e3 increases with the increase of tem-
perature in the 1iquid region. A similar conclusion to the case of 1-GeSe2
“can be decuced from the following characters of the S(K) in 1-A523e3. 1)

Its functional form is similar to that in the amorphous phase. 2)Pre-peak
is distinctly observed at thesame position as that in the amorphous S(K).
3)The ratio of the first and second peak maxima is considerably small. 4

)
1 45 shallower than the second one near 4.6 Al

The first minimum near 2.9 Rf
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Fig. 1 The S(K) for a- and 1-GeSe,.
Table 1 The interatomic distance(ID)

=1

and the CN of 1-A52§e3 and 1-GeSe2. N \\// e
Specimen ID(A)] CN | Ref.

1-GeSe,(771°C) | 2.40;| 2.8 ot s

a-GeSe2 2.365| 2.6 [1]

1-A525e3(400°c) 2.410 2.7 Fig. 2 The S(K) for a-AsZSe3 at room

1-A525e3(515°0) 2.434| 2.7 temperature[4] and the liquid one at

1-ASZSe3(630°C) 2.435 2.6 400, 515 and 630°C, respectively.

a-A525e3 2.43 { 2.4 | [4] '

The nearest neighbor distances and the CN obtained from the RDF are
also described in Table 1, as well as the data of a-AsZSe3[4]. There is
little difference in the ID between both states if the increase of thermal
motion in the liquid state is taken into consideration.

It is also observed that the RDF of both materials are characterized
by the well-defined first neighbor shell because of the deep minimum on its
right-hand side although in the 1iquid state. These results indicate that
strong covalent bondings between unlike atoms in the solid state still re-
main when melting.

[1] 0. Uemura, Y. Sagara and T. Satow: phys. stat. sol.{(a) 32 (1975) K91.
[2] Y. Waseda, K. Yokoyama and K. Suzuki: Phys. Cond. Mat. 18 (1974) 293.
[3] T. Satow, 0. Uemura, S. Akaike and S. Tamaki: J. Non-Cryst. Solids 29

(1978} 215.

[4] Y. Sagara, 0. Uemura, S. Okuyama and T. Satow: phys. stat. sol.(a) 31

{1975) K33.

[5] E.D. Crozier, F.W. Lyte, D.E. Sayers and E.A. Stern: Canad. J. Chem.

55 (1977) 1969.
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v3 Neutron Diffraction on Liquid Binary Alloys with Miscibility Gaps.
TiTI. Ga-Pb System

Yoshimi Tsuchiya*, Shin'ichi Takeda¥*¥*, Keiichi Iida¥*#*

Koji Hormae*¥* and Hideo Okazaki¥®##¥

*Department of Physics, Faculty of Science, Niigata University,
¥%¥College of Bio-Medical Technology, Niigats University,

¥#¥%College of General Education, Niigata University.

1)

ions of liquid Zn-Bi and Bi-Ga systems have anomalous temperature dependence.

In the previous reports, we have shdwn that the interference funct-
From the concentration-concentration fluctuation, SCC(Q) of Bi-Ga, it is
inferred that this anomalous behaviour of interference function is connected
with the temperature dependénce of concentratioﬁ fluctuation. To make sure
the above results, we have measured the interference functions for liquid
Pb.Ga system as a function of temperature and concentration.

Pu-Ga system at 50 at% of Ga has the critical point of the!two liquid

2) The 1iquid specimen was confined in guartz

separation, TC; at 606° C.
tube. The system was heated by nickrome

wire heater and its temperature was

controlled within + 1° C using the so
called PID regurator. The neutron

diffraction measurements were carried out

using ISSP-ND IT diffractometer at JRRE-3 ] imh 800 *C
025 et
[
reactor with Ge single crystal monochro- S
T ool—
meter, & N & 730 ¢
s . Q25 me
After correction due to the quartz
tube, background counting, absorption, o l 670 °C
ete, the results were analyzeéd under the i
assumption that each partial interference 0;— l 630 °C
. S i S e
function has only weak dependence on the 2 =
. - 3) [
constituents of the alloys. Then 33 58 iz
according to Bhatia and Thornton, ' the Sta)
concentration-concentration fluctuation, Fig. 1, Temperature dependence

Scc(s), s = Q/2m, was obtained. In Fig. 1, of Scc(s) for liquid PbSOGaSO

the temperature dependence of Scc(s) for
50 at% Ga alloy is shown. scc(s) has a

alloy.

— 103 -



JAERI - M 8719

typical s-dependent characteristic; namely
it has a small peak at about s = 0.k N
and approaches to c(i1-C) = 0.25 (C; Ga
concentration) in the higher momentum
region. As the temperature is approached
to the critical temperature, the pesk
position shifts towards low momentum
region. In Fig. 2, the peak position is
plotted against the reduced temperature,

(T—Tc)/Tc. This result may suggest that

the anomalous temperature dependence of

the interference function for immiscible
liquid alloys is due to the temperature

dependence of a concentraticn fluctuation.

O———T—— T
Tc =606 °C
R
0 +{,,
o4
038 —— M T
) ol lo.a e
Te

Fig. 2, Temperature depéhdénce

of the pesk position of Scc(s).

However, a more sophisticated consideration will be required to connect the

observed temperature dependence of Scc(s) to the critical opalescence at the

critical temperature.
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VIl NEUTRON DIFFRACTION TOPOGRAPHIC OBSERVATION
OF LAYER-SUBSTRUCTURE IN COPPER ALLOYS

Hiroshi Tomimitsu, Kohji Kamada and Kenji Doi
Physics Division, Japan Atomic Energy Research Institute.

Neutron diffraction topography was applied to the direct observation of
the texture in some Bridgman-grown Cu-alloy crystals. The texture in a Cu-5%
Ge crystal with 3 cm in diameter and 10 em in length, the growth direction
being nearly parallel to [110], was found composed of a layer-substructure:
layers parallel to (001) were arfayed with the spacing of sbout 1 mm, and
extended throughout the crystal nearly parallel to the growth direction. The
{001)-layers were attached on its both sides with plates parallel to (100)-
and (010)-planes, with the thickness, the interplaner spacing and the height
of about 0.5 mm, respectively. These layer-substructures corresponded to the
arrayed striations visible on the crystal surfaces. The (001)-layer substr-
ucture as revealed with the Cu-5%Ge crystal was also observed in other Cu=
based alloys, such as Cu-Ni, Cu-Si, Cu-Al, etc., and it seems to be quite
different from both of the cellular- and lineage-substructures hitherte pro-
posed to explain the texture of Bridgman-grown crystals. The model seems to
suggest a new type of growth mechanism in Bridgman-grown crystals. The novel
techniques of neutron diffraction topography were applied, viz. the succes-
sive topographic observation with varying crystal settings and the simulta-
neous edge-on view of the two of the {lOO]—planes with Bragg angle exactly
set to 45 degree. The image contrast of the topographs was explained with the
diffraction theory of the secondary extinction.

This work is going to be published very soon, of which preliminary ac-

)

counts were published alreadyl .

Reference

(1) H.Tmimitsu, K.Kamada and X.Doi: Phil.Mag. A38(1978},483.
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VI2 A New Result with a Two Crystal Gomponent

Neutron Interferometer

Seishi Kikuta, Toshio Takahashi, Kan Nakayama*

Yasuhiko Fujii** and Sadao Hoshino**

Institute of Industrial Science, University of Tokyo, * National Research
Laboratory of Metrology, ** Institute for Solid State Physics, University

of Tokyo.

In the paper publishedl) previous-
ly, the construction of a two-crystal
component interferometer was reported

450

with preliminary reuslts of the in- r .
= H-beam

terference effect. The interference I

fringe pattern given in the paper “or

shows a rather poor contrast. This I

reports on the interference fringe

pattern, with a higher contrast, which

{ NEUTRONS / 16.7min )

is obtained by constructing another

interferometer.

8
o
™ T T T T

INTENSITY

A neutron interferometer com- ,
=11}

posed of two components having the

same type as shown in the previous
200

LA T A s e e S

paper was newly made from a single

crystal of silicon grown by the i
150

floating zone method, which is free

from dislocation and of high purity.

1 1 1 1 J 1 1 | L
. 00 63 64 65 66 & 6B 63 0 W 12 7
Both the first and second crystals THICKNESS OF PHASE SHIFTING MATERIAL { mm ) ?

1 L

r.

have the equal thickness of 11.7

mm and a gap between two crystals . . . .
Fig. 1. Intensity oscillations

is 14.2 mnm, The s etric 220
1 ymm of the 0O-beam and H-beam with

Laue-case diffraction was used with .
the thickness of the phase

o
A =2.44 A. The beam having the . . .
) _ shifting material of aluminum.
angular deviation of W = 0.5 was se-
lected by means of the slit system,
the slit width being 2 mm. A phase
shifting material, an aluminum paral-

lel plate of 4.980 + 0.002 mm thick,
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was inserted in the path I between the first and second crystals shown in
Fig. 1 of the previous paper and rotated in a step of 0.216°. Other ex-
perimental conditions are the same as those in the previous paper. As
shown in Fig. 1, the intensity oscillations of the O-beam and H-beam ex-
hibit visibility higher than those in the previous report, probably be-
cause a crystal of higher quality was used. The observed points were
fitted by the curve having a form of a-sin bt + ¢, as shown in Fig. 1.

As a result, the material thickness producing a phase shift of 2r was de-

termined as 0.125 + 0.001 mm and the coherent scattering amplitude of

0.02) x 10713 cm.

+
aluminum as (3.45 +

Reference
1) S. Kikuta, T. Takahashi, K. Nakayama, Y. Fujii and S. Hoshino :
- J. Phys. Soc. Japan 45 (1978) 715.
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VI3 POLARIZED NEUTRON DIFFRACTION FROM DYNAMICALLY
AND STATICALLY POLARIZED PROTONS

Kiyoichiro Motoya, Masakazu Nishi and Yuji Ito
Institute for Solid State Physics, The University of Tokyo

If proton nuclei are polarized to some extent, a large spin dependence
of scattering amplitude can be advantageously utilized to get informations
on protonic positionsl) as well as their collective motions. _

We measured the neutron spin dependent scattering of Nd?+ doped .
LazMg3(NO3)12-24H20 single crystal with dynamically polarized protons. with
known proton polarization enhancement monitored by NMR, and this was compared
with the one under the static brute force proton polarization method.

In the case of centrosymmetric crystal and lfN[«;l, the flipping ratio
R, which is the Bragg intensity ratio upon reversal of the incident neutron

polarization, is simply given by

R=1+46f; / (f; b+ F 1),
where 8 = (1/4) b, ., b, =5.818 x 10712 cm, b_=-0.374 x 10712 cm,
¥ is the unit structure factor for protons, Foth is the structure factor
for others except protons and fN is the mean proton polarization.

The polarized neutron diffraction measurements were made with PANSI
spectrometer installed at JRR-2. A polarized neutron beam of A = 1.2ZA
reflected by Heusler alloy was used. Data were collected for (0,3,0) and
(0,3,12) reflections with several polarization conditions. The results are
summarized in Table 1. In selecting the Bragg reflection(0,3,0), we chose
it because the proton structure factor Fp (=f; bc) was substantially larger
than Foth' This means that the flipping ratio R is rather insensitive to
the actual value of £, In order to determine the protonic positions
accurately, we need to measure flipping ratios of reflections for which
IFpl:ZIPothi . On the other hand, the observed good agreement between the
experimental values and the calculated ones for both brute force method
and for the dynamic polarization method indicates that the proton polariza-
tion value estimated from the observed NMR enhancement factor indeed gives
the mean polarization of protons in the unit cell.

The small angle scattering experiment with much higher proton polari-
zation in combination with the pseudorandom neutron spin modulation technique

to observe proton polarization distribution is currently undertaken by us.
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h,k, 1 polarization temperature field proton R b R 1
method {K) (x0e) polarization Lok cale
0,3,0 dynamic 2.27 2.74 -4,84x1073 1.078(7) 1.075
0,3,0 dynamic 2.22 2,74 +4.28x1072 0.923(8) 0,927
0,3,0 static 1.68 40.0 +2.43x1072 0.965(9) 0.958
0,3,0 static 4.21 2,79 +6.67%x107° 1.001(8) 1.000
0,3,12 static 1.63 40.0 +2,43x107% 0.997(6) . 1.000
Table 1, Summary of experimental results. Robs is the measured

flipping ratio. RCalc
polarization value and the atomic positions determined by the X-ray

2)

diffraction experiment

References

is the calculated flipping ratio from the proton

Numbers in the parentheses are standard errors.

1) J.B.Hayter, G.T.Jenkin and J.W.White, Phys.Rev.Letters 33 (1974) 696

2) A.Zalkin, J.D.Forrester and D.H.Templeton, J.Chem.Phys. 39 (1963) 2881

This work will be published in Solid State Communications.
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VIid Utilization of Pseudo-Bent PG Monochromator in DMNS

Masashi Iizumi and Wobuaki Minakawa

Division of Physics, Japan Atomic Energy Research Institute

DMNS, the double monochromators neutron spectrometer of triple-axis
type (Fig. 1) was originally designed to utilize a bent monochromator for
one of the pair of monochromator. A pair of flat PG monochromator of 75 mm
%x 75 mm has been used because a suitable bent monochromator with large area
had not been available. Recently a pseudo-bent monochromator was fablicated
and brought into use from October, 1978. This report describes the perfor-
mance of this monochromator.

This pseudo-bent monochromator consists of 7 pieces of flat PG crystals
of strip shape (11 mm x 75 mm x 1.6 mm) which were purchased from the Union
Carbide Co. and are of the ZXC grade (mosaic spread: 0.8%c.2° FWHM). These
pileces were placed on a aluminum frame. The part of the frame receiving the
pleces had been machined so as to make a cylindrically concave curvature
with radius of 75 cm. The PG pieces-were then fixed by thin aluminum plates
with screws (Fig. 2). Although we had provided an adjusting mechanism for
each piece of graphite in order to allign the (002) planes of the composite
crystals with in a tolerable horizontal mosaic spread, the rocking curve
with width of 0.9° with no noticable structure was obtained without any
adjustment.

This monochromator was then utilized as the second monochromator of
DMNS and the performance was checked by various measurements. The energy of
neutrons was 14.8 meV and collimation was all 40'. As is shown in Fig. 1,
this spectrometer employs an air-cushion drive mechanism in translating back

and forth the spectromater part as a whole. This enable one to set the

’,///1GONOCHROMATOH
SHIELDING

1 15T MONOCHROMATOR

GRAXNITE FFLOOR-

ATR CUSHION PADS
SAMPLE TABLE

JRR-2

AYE
~ MONOCHROMATOR

CQUNTER SHIELDING

Fig. 1. Plan of DMNS
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Fig. 2. Pseudo-bent moncchromater

position cof the sample table approximately at the image position of the bent
monochromator (140 cm from the monochromator). Size of the neutron beam at
the sample position was measured by a small fission counter and the result.
was about 3.5 cm in height and 2 cm in width. The overall efficiency was
compared by measuring the one-phonon scattering of a Cu single crystal.
Intensity gain turned out to be a factor of five as compared with the flat
monochromator previously used. Part of this gain was attributable to the
removal of a redundant collimator of 40' placed between two monochromators
before the present modification. However most of the substantial gain was
brought about by the use of the bent monochromator. The gain was enhanced
by the beam channel designed sc as to take full advantage of the bent mono-
chromator. As shown in Fig. 3 the cross section of the beam channel indicated
by a pair of numbers in the lower part of the figure was designed to be un-
usually large in height compared with its width; the height was taken to be
the same as the vertical size of the monochromator (75 mm).

The gain in intensity at the center of the image position is given appro-

ximately by

Ibent - LO + Llnﬁg
Teiat Ly By

where L0 is the distance from the source to the monochromator and L1 is that
of the monochromator to the sample. Also hS is the height of the source,

while hm is that of monochromator. For a certain value of the focussing dis-
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Fig. 3. Vertical cross section of the beam path of DMNS, which was
designed to take full advantage of the bent monochrmator and
vertically divergent neutron beam. Pairs of numbers at the bottom

indicate cross sections of beam path.

tance which is taken in such a way that the source image is generated in the
vicinity of the sample position with a practical monochromator-to-source
distance, it is most effective to make the monochromator height as large as
practical and make the whole part of the monochromator be illuminated by the
neutron beam. Sofar as the authors know the present attempt is the first to
try to deduce full advantage of such a beam chammel design.

Large cross section of beam channel is liable to cause the increase of
background. But in the present spectrometer a careful design of a beam stop-
per of direct beam and shielding suppress the background at fairly low
level (0.8 counts/min).

In order to match the relaxed vertical resolution of the monochromator
system by the use of bent monochromator the vertical resolution of the ana-
lyzer system was also relaxed by collecting divergent scattered beam by the

vertical arrangement of a He3 counter with 50 mm in diameter and 90 mm in
effective height. Effective angular divergence of the neutron beam in the

vertical direction was approximately the same for both the monochromator and

analyzer systems and is 1.6° in FWHM.
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