Uy, M. Hocking and K. Stewartson, Proc. R. Soc. London Ser.
A 326, 289 (1972).

12y, Kuramoto and T. Yamada, Prog. Theor. Phys. 56, 679
(1976).

13N, R. Pereira and L. Stenflo, Phys. Fluids 20, 1733 (1977).

14y, E. Zakharov and A. B. Shabat, Zh. Eksp. Teor. Fiz. 61,
118 (1971) [Sov.vPhys. JETP 34, 62 (1972)].

151,. A. Ostrovskii, Izv. Vyssh. Uchebn. Zaved. Radiofiz. 17,
454 (1974) [ Radiophys. Quantum Electron. 17, 344 (1974)].

16, A. Gorshkov, L. A. Ostrovskil, and V. V. Papko, Zh.
Eksp. Teor. Fiz. 71, 585 (1976) [Sov. Phys. JETP 44, 306
976)]. .

17G, M. Zaslavskii and N. N. Filonenko, Zh. Eksp. Teor. Fiz.
57, 1240 (1969) [Sov. Phys. JETP 30, 676 (1970)] .

18y, Bloembergen, Nonlinear Optics, Benjamin-Cummings,
Reading, Mass., 1965 (Russ. Transl., Mir, 1966).

195, A. Akhmanov and R. V. Khokhlov, Problemy nelinefnoi

optiki (Problems of Nonlinear Optics), Nauka, 1964 (Eng.
Transl. publ. under title “Nonlinear Optics, ” Gordon Press,
New York, 1972).

2M, 1. Rabinovich and A. L. Fabrikant, in: Fizika kosmiches-
koi plazmy (The Physics of the Cosmic Plasma), Nauka,
1979, p. 147. .

Hya, G. Sinai, in: Nelineinye volny (Nonlinear Waves), ed. by
A. V. Gaponov, Nauka, 1979, p. 216.

2D, Reille and F. Takens, Commun. Math. Phys. 20, 167
1971).

23M. Henon, Commun. Math. Phys. 50, 69 (1976).

4R, M. May, Nature, 261, No. 5560, 459 (1976).

%E, Abu-Asali, B. A. Al’terkop, and A. A. Rukhadze, Zh.
Eksp. Teor. Fiz. 63, 1293 (1972) [Sov. Phys. JETP 36, 682
@1973)].

Translated by A. K. Agyei

Concentrational ferro-antiferromagnetic transitions in systems

based on Fe

V. I. Goman’kov, B. N. Mokhov, and N. I. Nogin

I M. Bardin Central Scientific Research Institute of Ferrous Metallurgy

(Submitted 4 October 1978; resubmitted 3 April 1979)
Zh. Eksp. Teor. Fiz. 77, 630639 (August 1979)

The method of small-angle magnetic scattering of neutrons is used to study the magnetic states that
occur during concentrational ferro-antiferromagnetic transitions. Subcritical neutron scattering, caused by
the fluctuations of spin density that accompany the concentrational transitions, is observed. The

concentration dependences of the magnetic transition temperatures and of the scattering cross sections
are found, and the critical concentrations of the transitions are also determined. A cluster model of the
transition is proposed; it enables one to calculate the concentration and the mean total value of the
fluctuations of the spin density. It is shown that the production of an antiferromagnetic state in a

ferromagnetic matrix is due to the y-Fe atoms.

PACS numbers: 75.25. + z, 75.30.Kz, 75.50.Bb

INTRODUCTION

The deviation of the values of the mean magnetic mo-
ment 1, in systems based on Fe, from the Slater-Paul-
ing concentration dependence is interpreted by many
investigators'™ as a decrease of & caused by formation
of an antiferromagnetic state in a ferromagnetic ma-
trix. This implies the existence of a concentrational
ferro-antiferromagnetic transition at some critical con-
centration c,, where the Curie temperature T,=0 K. A
complete concentrational ferro-antiferromagnetic tran-
sition, with replacement of long-range ferromagnetic
order by long-range antiferromagnetic, is observed in
the system Feg(Ni,_ Mn, ),;.! Here the magnetic state
near c, is found to be two-phase: antiferromagnetic
clusters in a ferromagnetic matrix for cy;>c, (Ref. 4)
and ferromagnetic clusters in an antiferromagnetic ma-
trix for cy;<c,.° But the reasons for production of an
antiferromagnetic state and the mechanism of the
change of magnetic order still remain unclear. Fur-
thermore, near c, and on the periphery of the clusters,
where a change of sign of the exchange interaction oc-
curs, the conditions arise for formation of a “spin
glass,” which has recently been the object of intensive
study.®
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In the system Fe-Ni, investigation of the magnetic
properties near the postulated values c, is made diffi-
cult by the martensitic transformation, which occurs
below 77 K when cy;<34%. Nevertheless, the method
of small -angle critical scattering of neutrons enables
one to study the magnetic structure of the y phase,
which remains after the martensitic transformation.

In the present paper, this method is used to investigate
the magnetic states of the systems Fe-Ni and
Fe,;(Ni,., Me,),; (Me=Mn, Cr, V) and to determine the
parameters of the concentrational transitions and the
mechanism and causes of the formation of an antiferro-
magnetic state.

Earlier,”*® diagrams of the magnetic states were con-
structed for the trinary systems Fe -Ni—-Mn and Fe-Ni-
Cr over the whole range of concentrations of the y
phase. In these papers, the concentration dependence
of the small-angle neutron scattering was studied, but
its temperature dependence was not studied, and there-
fore the origin of the subcritical scattering® during
formation of the new magnetic phase and the basic phys-
ical parameters of the concentrational transitions re-
mained unclarified.
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1. TECHNIQUE OF THE INVESTIGATIONS, AND
SPECIMENS

The temperature dependence of the intensity I of
small-angle scattering of neutrons was measured, over
the temperature range 4.2-500 K, on a neutron diffrac-
tometer with wavelength A =1.59 A. The procedure for
obtaining the magnetic-scattering cross section (do/dQ2),
at angle 6 =0° and the spin-correlation parameter » at
4,2 K was described in a previous paper.?

~ The measurements were made on cylindrical poly-
crystals of diameter 8 mm and height 70 mm. In order
to obtain a sufficient amount of the y phase, the speci-
mens of the Fe -Ni system were subjected to a stabiliz-
ing heat treatment. The volume fraction of the y phase
obtained after the final quenching to liquid helium was
from 20 to 70% in various specimens, and it did not
change over the measured temperature range. The
smallest Ni content at which it was possible to obtain
the required amount of the y phase in the specimen was
16%. In specimens of the systems Feg,(Ni,. Me,);;
(everywhere at.%), except for the composition with
14.8% V, the martensitic transition does not occur at
4.2 K.

Figure 1 shows the temperature dependence of I for
several speciments of the systems Feg,(Ni,-.,Me,)s;
at angle 26 =45’, Similar curves were obtained in in-
vestigation of all specimens. In curves 1 and 2, maxi-
ma of the critical neutron scattering are evident; their
positions determine T,. The decrease of I when T<T
<T, reflects an increase of the degree of long-range
ferromagnetic order, which decreases the magnetic
nonuniformity of the alloy. At the same time, there is
observed on curves 1 and 2 at T<T, an increase of I
that is due to subcritical scattering and indicates an in-
crease of fluctuations of the spin density clear down to
4.2 K.* Thus at T, a process begins that prevents the
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FIG. 1. Temperature variation of the intensity I of neutron
scattering at angle 20= 45'. 1, 7.5% V; 2, 10.3% Cr; 3, 10.9%
Cr; 4, 9.8%Mn.
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establishment of complete ferromagnetic order at 4.2
K.

Comparison of curves 1 and 2 and the results of a
previous paper? show that decrease of cy; leads to a
drop of T, and a rise of T,. These changes are ac-
companied by an increase of the values of I at 4.2 K as
compared with the values of I at T,; this indicates a
concentrational increase Ap of the fluctuations of spin
density. In an alloy in which T, and T, disappear (T,
=T,), the fluctuations prevent altogether the formation
of long-range ferromagnetic order; and from the con-
centration dependence of the values of T, - T, one can
determine the value of ¢,. The temperature dependence
of I for such an alloy is shown by curve 3; the value of
T, is O K.

When cy;<c,, in the system containing Mn, formation
of long-range antiferromagnetic order is accompanied
by a range of decrease of the small-angle scattering,*
while the temperature variation of I acquires a “step”
form (curve 4). Here T, characterizes the local or
short-range ferromagnetic order in regions that remain
in the antiferromagnetic matrix after the transition.

Since the para-antiferromagnetic transition is not ac-
companied by a change of 1,° it is difficult to identify T,
directly with the temperature of establishment of short-
range antiferromagnetic order. The values of T, are
above the lower limit of the values of Néel temperature
T, obtained from data on exchange anisotropy.’*: !
Therefore the values of T, may be regarded as an upper
bound for the existence of short-range antiferromagnet-
ic order. Moreover, at the periphery of fluctuations of
the spin density there occurs a change of sign of the ex-
change interaction, and then the values of T, may re-
flect the beginning of a “freezing” of the spin glass.
Thus Fig. 1 demonstrates a systematic change of the
magnetic states during concentrational ferro-antiferro-
magnetic transitions.

Il. LOW-TEMPERATURE MAGNETIC STATES

1. The system Feg(Ni,. . Mn,),,. Figure 2 shows the
concentration dependence of T,, T,, and Ty. From the
concentratioh dependence of the values of the difference
(T, -T,) we find ¢,=27%; the minimum value of T ob-
served in this system is 150 K. The concentration de-
pendence of T, plotted from the data of Refs. 1 and 5
and extrapolation of the values of T to T =0 K give a

Tk

400

200

at. % Ni

FIG. 2. Concentration variation of T,, To, Ty, and T for
the systems: ® and O, containing Mn; &, O, and A, Fe-Ni.
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FIG. 3. Concentration variation of magnetic-scattering cross
sections (do/d), for the systems: @, containing Mn; O,
Fe-Ni; O, containing Cr; B, containing V.

second value, c¢,=25.6%. Thus is determined in Fig. 2
a critical range of concentrations (cross-hatched) where
there is neither ferro- nor antiferromagnetic long-
range order. In Ref. 7 the bounds of such a region were
determined less definitely, and the region itself was
called a region of “micromagnetism.” For cy; =25.2%,
the temperature for formation of local ferromagnetic
order in an antiferromagnetic matrix was given (curve
4 in Fig. 1).

Figure 3 shows the concentration dependence of
do/ds),, which reflects the change Ap during the fer-
ro-antiferromagnetic transition. It is seen that the
transition is accompanied by a peak in the concentra-
tional critical scattering. In the critical range (Fig. 2),
the specimens have maximum magnetic nonuniformity,
which decreases the discontinuity upon appearance of
long-range antiferromagnetic order.

The cross section (do/df2), can be expressed in terms
of the concentration C of spin-density fluctuations and
of Ap (Ref. 3):

(do/dQ) ,=0.0486 C (1—C) [M(0) ], (1)

where M (0) = [, Apdr. Therefore the increase of the
values of (do/d), as cy;—~c, in Fig. 3 is dependent on
the increase of C and of |M(0)|. The values of [#1(0)|
increase with increase of the spin-fluctuation dimen-
sions 1/x, and the concentration dependence of » at 4.2
K is shown in Fig. 4. It is seen that the values of 1/%
increase as cy;—~c, and have a maximum value in the
critical range. Therefore at the critical values of C
and 1/« there occurs a “flow” of spin-density fluctu-
ations to large volumes, and a destruction of the long-
range order.

Since the long-range antiferromagnetic order ob-
served® at ¢y;<25.6% is formed from spin-density fluc-
tuations that are increased in size and accumulated in
the ferromagnetic matrix as cy; -c,, the magnetic state

FIG. 4. Concentration
variation of spin-correla-
tion parameters % for the
systems: @, containing
Mn; O, Fe-Ni.
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of such fluctuations must be recognized as short-range
antiferromagnetic order. Then the range of coexistence
of the short-range orders in Fig. 2 is the range in which
the conditions for formation of a spin glass are most
fully realized.®

From Figs. 2 and 3 it follows that the concentrational
ferro-antiferromagnetic transition is a phase transition
of the first kind.

2. The system Fe-Ni. The concentration dependences
of T, and T,, with inclusion of values of T, for compo-
sitions cy;>32%,* are shown in Fig. 2. The value of T,
for cy;=35% is taken from measurements of the ex-
change anisotropy.'? It is seen from Fig. 2 that for cy;
<28% the values of T, are constant, while the concen-
tration variation of T, deviates from the variation that
occurs at cy;>28%. Similar “breaks” of smooth curves
are observed also in the concentration dependences of
(do/dQ), (Fig. 3) and of » (Fig. 4).

A trivial cause of the “breaks” might be a change of
the content of ¥ and & phases in alloys with cy;<28%,
occurring as a result of the stabilizing heat treatment.
Then the value of cy; in the ¥ phase of alloys with cyy
<25% would increase by 4-10%. But a micro-x-ray
spectral analysis of the phase content, carried out on
“Comeca MS-46" apparatus, showed that after this heat
treatment the vy and a phase contents differ in each
specimen by no more than +2%, which is within the
limits of liquation of the content.

Comparison of the concentration dependences of T,
and of T, (where T, is the temperature of the marten-
sitic transformations'®) in Fig. 2 shows that the devi-
ation of the curves occurs at compositions at which T,
<T, and a change of the kinetics of the martensitic
transformation occurs.'* Therefore a possible reason
for them may be the influence of the martensitic trans-
formation, intensifying the ferromagnetic state of the
residual ¥ phase.

Figure 5 shows the temperature variations of I ob-
tained, under strictly identical conditions, on the alloy
with cy; =30% before the martensitic transition (curve
1) and after the stabilizing heat treatment (curve 2). It
is seen that after the stabilizing heat treatment the peak
of the critical scattering was somewhat smeared out,
and the value of T, was increased by 25°. A still larger
effect in the increase of T, is observed on the alloy

-t

FIG. 5. Critical scatter-
ing of neutrons in the al-
loys FeqNig, (1,2) and
Feg;sNigCus (3,4): 1 and 3,
before the martensitic
transformation; 2 and 4,
after the martensitic
transformation.
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Feg;Niy,Cu, (Fig. 5), where curves 3 and 4 were ob-
tained, respectively, before and after the martensitic
transformation, without stabilizing heat treatment. The
broadening of the peaks of critical scattering after the
martensitic transformation indicates intensification of
the dispersion of the values of T,, averaging of which
apparently gives an increased value of T, in the resi-
dual y phase. Thus the martensitic transformation ac-
tually increases the T, of the y phase.

It is impossible by this method to follow experiment-
ally the increase of the values of T, in the alloys with
cn; <28%, since for them T .<T,. But in these alloys
also there is observed a broadening of the peaks of the
critical scattering as compared with curves 1 and 3; the
broadening is the more pronounced, the smaller the
volume fraction of the residual y phase in the specimen.
Apparently in these alloys the increase of the values of
T. in Fig. 2 is also due to the influence of the marten-
sitic transformation. .

Consequently, in the Fe-Ni system, because. of the
influence of the martensitic transformation, it is not
possible to produce an alloy in which T, =T, (Fig. 2),
and the transition to long-range antiferromagnetic or-
der is absent. Linear extrapolation of the values of
T, - T, to zero for the compositions with cy; >28% leads
to a value close to ¢,=25%, which agrees with the value
of ¢, from Ref. 15 and is a virtual value.

The behavior of the concentration dependence of
(do/dR), and » in Figs. 3 and 4 attests to the influence
of the martensitic transformation on the static fluctu-
ations of the spin density in the vy phase. Thus the val-
ues of (do/dR), do not reach the values characteristic of
the critical range of compositions in the system con-
taining Mn, and the peak in the concentrational critical
scattering is absent. The values of %, in turn, despite
the increase of the values of C, do not insure “flow” of
the fluctuations and formation of long-range antiferro-
magnetic order, no reflections of which are in fact ob-
served in the neutron-diffraction patterns of the speci-
mens at 4.2 K.

According to Fig. 3 and equation (1), the values of C
and |[M (0)| increase with decrease of cni, and conse-
quently it is the Fe atoms that are responsible for the
statistical fluctuations of the spin density. The general-
ity of the concentration dependences in Figs. 2, 3, and
7 for the Mn-containing and Fe~Ni systems shows that
even in the latter, the fluctuations of the spin density
are due to short-range antiferromagnetic order. There-

FIG. 6. Concentration de-
pendence of T, and T, for
the systems: B and O,
containing Cr; @ and O,
containing V.
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fore the magnetic structure of the y phase of the Fe-Ni
system at cy;<40% is inhomogeneous and is represented
by a ferromagnetic matrix in which there exist regions
of short-range antiferromagnetic order.

3. Systems containing Cr and containing V. Figure 6
shows the concentration dependences of T, and T, for
both these systems, which differ practically only at cy;
<24%. In the system containing Cr, c,=23.2%, where-
as in the system containing V, c,=18.4%. Since in
these systems the concentration of Fe atoms remains
constant, the increase of T, (Fig. 6) and of (do/d®), in
Fig. 3 is effected by spin-density fluctuations that in-
clude the Cr and V atoms. The values of T, and of
(do/dR), in the system containing Cr agree well with the
data of Ref. 8, although in it the value of ¢, estimated
from magnetic measurements was 21.6%. As Figs. 3
and 6 indicate the transition to long-range antiferro-
magnetic order is not realized. This means that, in
contrast to the system containing Mn, not all the spin-
density fluctuations take part in the development of
antiferromagnetic order, but some of them represent
paramagnetic states. Although according to Fig. 6 a
concentrational ferro-paramagnetic transition formally
occurs in the system containing.Cr, in specimens with
cni<23.2%, when antiferro- and ferromagnetic short-
range orders coexist, formation of a spin glass is pos-
sible.

In the system containing V, the maximum of inhomo-
geneity in Fig. 3 does not coincide with ¢,, as is ob-
served for the systems containing Mn and Cr. It is pos-
sible that this is also affected by a martensitic trans-
formation, which is observed in the specimen with
14.8% V.

Ill. CLUSTER MODEL OF A FERRO-
ANTIFERROMAGNETIC TRANSITION

In order to explain the nature of the production of the
antiferromagnetic state in a ferromagnetic matrix, we
shall determine C and M(0) by using the experimental
concentration dependence of i1, plotted from the results
of Refs. 1, 2, and 16 (Fig. 7). From the definition of C
and M(0), Eq. (1) and from Fig. 7 it follows that they
can be connected with 1 by the relation

we—B=C| M (0)|, @)

on the assumption that there is no overlapping of the

Fo Fs

1 1 1 1 1 1 —
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w w 17

I/4
at.% Ni

FIG. 7. Concentration dependence of magnetic moments of the
systems: @, containing Mn; O, Fe—Ni.
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fluctuation ranges. Here L, is the linear continuation
of the Slater-Pauling relation to compositions with cy;
<40%. The concentration dependence of C, obtained
from the solutions of equations (1) and (2) for all the
systems, are shown in Fig. 8. In view of the effect of
the martensitic transformation, values of (do/dQ), for
the Fe-Ni system at cy;<28% were not included for es-
timation of C. The values of i for the systems contain-
ing Cr and V were interpolated according to the data of
Ref. 17 and are estimates, and the values of C are il-
lustrative. The solid curves in Fig. 8 show the cal-
culated concentrations of clusters containing no Ni atom
in the first coordination sphere around the Fe, Mn, Cr,
and V atoms (curve 1) and containing only one Ni atom
in the first sphere (curve 2). The calculation was made
by the formulas of the binomial distribution of short-
range atomic order in the Fe-Ni system for specimens
with ¢y;>30%.3

From Fig. 8 it follows that only clusters consisting
exclusively of Fe, Mn, Cr, and V atoms act as centers
of static spin-density fluctuations. They are formed by
fluctuations of composition in the first coordination
sphere. The value of C corresponding to ¢, for the sys-
tem containing Mn is 1.8%. This value, together with
the value of » in Fig. 4, insures flow of short-range
antiferromagnetic order to large volumes and conse-
quent formation of long-range order. In the Fe-Ni sys-
tem, the virtual value c,=25% corresponds to the value
C =2.4%, which is not attained in the compositions in-
vestigated in Fig. 8.

It is evident from Fig. 8 that the values of C in the
systems containing Cr and V at cy;<25% exceed the
value necessary for formation of long-range antiferro-
magnetic order. This means that not all the clusters
containing Cr and V take part in the development of
short-range antiferromagnetic order. As is mentioned
in Ref. 8, for realization of a ferro-antiferromagnetic
transition in the system containing Cr it is necessary to
raise the Fe content. Thus for the composition
Fe,(Ni,.Cr,,, long-range antiferromagnetic order is
observed.'®

The concentration dependence of |M (0)| for the Mn-
containing and Fe-Ni systems is shown in Fig. 9 (curve
1). The values of |M(0)| increase with decrease of cy;,
and therefore the similar increase of (do/df), in Fig. 3

c

0.0¢ -

Yy an FIG. 8. Variation of the
cluster concentration C
with composition of the al-
loy for the systems: @,

2.07 containing Mn; O, Fe-Ni;
0O, containing Cr; M, con-
taining V. Curves 1 and 2:

a0 b calculated cluster concen-
trations.

Vi 1
20 b/ 40
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is caused both by increase of C and by increase of
|[M(0)|. In the systems containing Cr and V at cy;>23%,
the values of |[M(0)| remain constant and equal to 70 1g;
this again indicates slight development of short-range
antiferromagnetic order in them.

Since the value of C depends only on cy;, its value in
alloys of the Fe-Ni system, where an influence of the
martensitic transformation has been noted, can be de-
termined from curve 1 of Fig. 8. The concentration de-
pendence of |M(0) | in this case is found from the con-
centration dependence of (do/dR2),, Fig. 3, and is also
shown in Fig. 9 (curve 2). For these alloys, the in-
crease of C with decrease of cy; is accompanied by a
decrease of |M(0)|, which correlates with some de-
crease of 1/» according to Fig. 4. Thus the slowing
down of the increase of (do/df2), at cy;<28% in Fig. 3
i® connected with a decrease of [M(0)|, and the influ-
ence of the martensitic transformation on the static
spin-density fluctuations manifests itself in a decrease
of their size and dimensions. This fact leads to a de-
crease of the magnetic inhomogeneity of the v phase
and impedes the transition to long-range antiferromag-
netic order, despite the increase of the values of C. It
is natural to suppose that the decrease of the magnetic
inhomogeneity, in turn, is the cause of the slowing
down of the drop of T, and rise of T, in Fig. 2.

These results do not reveal the mechanism of the in-
fluence of the martensitic transformation on the anti-
ferromagnetic state of the magnetic structure of the
residual y phase, and the ambiguity and insufficient
conclusiveness of the possible mechanisms prevent the
making of even a qualitative choice.

The relations in Figs. 7-9 indicate that the antiferro-
magnetic state of the clusters is determined by the val-
ue of the magnetic moments p , of the Fe atoms that
form a cluster. Figure 7 shows the concentration de-
pendence of the mean antiferromagnetic moments ., of
specimens of the Mn-containing system at cy;<27%,
plotteq,ffom the results of Refs. 4 and 19. Comparison
of the values of p, with the value 1.85u, for the com-
position FegMny;,* where pp,=115,% and with the value
L g=0.7Tug for puré y-Fe?' shows that in specimens
with long-range antiferromagnetic order, p<0.Tug.
Hence it may be supposed that in the Fe -Ni system also,
short-range antiferromagnetic order is formed by clus-
ters of y~Fe with p =0.Tupg.

IV. CONCLUSION
Study of concentrational ferro-antiferromagnetic tran-

sitions has shown that the production of an antiferro-
magnetic state in a ferromagnetic matrix occurs as a
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result of a fluctuation of composition in the first coordi-
nation sphere. Fluctuations of concentration produce
spin-density fluctuations, which develop into long-range
antiferromagnetic order with increase of the Fe content.
The basic nuclei of the antiferromagnetic state are
clusters composed solely of Fe atoms. These results
agree well with Sedov’s paper,? where it was shown that
the magnetic state of the Fe atom in the y phase is de-
termined by its nearest environment and that for cer-
tain neighborhoods the value of p ., tends to zero.

Atoms of Mn promote the development of the antifer-
romagnetic state and accelerate the ferro-antiferro-
magnetic transition. But only a part of the Cr and V
atoms participate in the formation of clusters with
short-range antiferromagnetic order, and this leads,
at insufficient concentrations of Fe, to a concentration-
al ferro-paramagnetic transition.

The martensitic transformation that occurs in the
Fe-Ni system affects the antiferromagnetic state in the
residual y phase and slows down the ferro-antiferro-
magnetic transition. Since the production of an anti-
ferromagnetic state begins in the Invar range of com-
positions, it causes so-called Invar anomalies of the
properties, one of which (a decrease of 1) is described
by the proposed cluster model.
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micro-x-ray spectral analysis of the specimens, and
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sions of the results of the research.
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Dilatometric investigation of critical phenomena in the
ferroelectric phase transition in antimony sulfoiodide SbSI

A. N. Zisman,” V. N. Kachinskii, V. A. Lyakhovitskaya, and S. M. Stishov

Crystallography Institute, USSR Academy of Sciences
(Submitted 19 December 1978)
Zh. Eksp. Teor. Fiz. 77, 640-651 (August 1979)

A capacitive dilatometer is used to investigate in detail the ferroelectric phase transition in single crystal
antimony sulfoiodide SbSI at pressure up to 5 kbar. The coordinates of the polycritical point were found
to be T =23345 K and P = 14304100 bar. An analysis of the experimental data yielded within the
limits of the experimental accuracy a value 0.5 for the exponent a, in agreement with the Landau theory

for the case of the tricritical point.

PACS numbers: 77.80.Bh, 64.60.Kw

At first shown by Landau,! the line of first-order
phase transitions can terminate at a critical point of
a singular type, wherein the phase does not vanish
at all, as in the case of the critical point on the evap-
oration curve, but becomes a second-order phase
transition. The possibility of the existence of crit-
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ical points of this type follows from the Landau ex-
pansion

O=0,+An*+Bn*+Dn*+..., (1)

a second-order phase transition occurs at B>0, a
first order transition at B<0, and the critical point
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