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V.E.Yurkevich, B.N.Rolov
Latvian State University (Riga, USER)

THE PHENOMENOLOGICAL THEORY OF FERROACTIVE
SOLID SOLUTIONS®

Ferrosctive solid solutions have acquired special impor-
tance amon~ ferroelectrics, for they sre quite an extraor-
dinury object open to investigation. Indeed, a charge in ad-
mixture concentration only makes it possible to vary the pha-
se transition (PT) temperature within a rangs of a hundred
degress. ’

In the general case all the PT in ferroactive solid solu~
tions can be roughly divided into two groups: sharp PT or
close to them ones, and diffuse PT, when the PT process does
not occur at a single pointed out temperature, but it is sx-
tended in a certain temperature interval. Nnturallj. this
imposes certain constraints on the methods of theoretical
analysis, 4.e. in the firet case is capable to use the ap-
paratus of thermodynamic formalism, but to describe the se-
cond one it is necessary to involve statistic or model con-
cepts. 7

Unlike pure crystals, a solid solution is characterized,
spart from common parameters, by some specific ones, i.s.,
by concentrations of admixture components, describing new,
additional degrees of freedom, which have to be taken into
account for building the solid sclution thermodynamics.We
shall dwell upon FSS of the paro:fstito type, which are de-
scribing by the formula AEC.. The following fact is of im-
portance: the A ion being replaced in a-aystem, the crystal-
line quantitative characteristics are changing in the wicl-
nity of the PT peint, but the gquantitative behavio. ' of the
process and PT rewains unchanged. :

Xlloxnan, npencrasrernuit ¥a 1 mMeXuyRapoxHOfl mMKOJ® N0 CerwaTo-
BJEKTpERaM, r. Tmedemesmns ([IHP), mums IS78 r.
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In case the B ion replacement takes place, the character of
PT is changing: sharp PT transforms into diffuse one.We are
going to start the analysis with a simple case of sharp PT.

As it has been already said the change in admixture con—
centraticn of & system causes a conlinuous change of the
craystalline basic physical characteristics. To describe the
concentration dependence of the system main properties we may
use the selfconsistent: field theory in the I~G-D form,
which a one of the simplest, most convenient and vivid met-
hods of a theoretical analysis. Within the framework of this
theory all system properties are umequivocally determined by
the thermodynamic¢ expansion coefficients. Therefore, it is
clear that every admixture concentration will have its own
thermodynamic expansion coefficients, characterizing a cry-
stal at a certainconcentration. Thus the FSS thermodynamics
may be built on the analogy with the classical L-G-D theory,
but in thermodynemic potential expansion the expansion coef-
ficients should be & continuoias function of admixture con =
centration. In extrege cases they ought to coinside with the
expansion coefficients for the pure first and the pure second
componeat when a system is no longer a solid solution.

The system thermodynamie potential, and therefore, any
cbaracteristic of a crystal in a certainway is a superposi-
tion of each component's physical properties for admixture
concentration within the interval from zero to unity. Confi-
ning ourselves to guadratic approximation with respect to ad-
mixture concentration (when describing thermodynamic expan—
sion coefficient at ordering parameter square) and to linear
approximation for the rest parameters we have obtained the
analitical correlation of main physical characteristics beha-
viour. The number of adjusting parameters depends on the PT
character: there are two adjusting parameters for PT II, a.ngl
three = for PT I. The reason for this lies in the fact that
the thermodynamic expansion coefficient at the ordering para-
meter square right at the PT 1 point does not turn intn zero,
‘as this happens at PT II, but it adopts a finite value. Besi-
des, there exists analyvical interrelation between the ther—

modynamic expansion coefficients at the PT I point. This in-
)
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terrelation determines the concentration dependence of a
thermodynamic expansion coefficient via the rest ones.

The comparison between the obtained analytical correle-
tions and the experimantal data has shown quite good sg-
reement. It is useful to note that in a pleanty of cases the
adjusting parameters may be equal to zero, and for the con~-
centrational degeription of a system it is necessary to know
only the values of the pure first and second component.Fur-
thermore, sometimes solid solutions cannot exist at any ad-
mixture concentration, they exist only in cert ain concentra-
tional intervals. In this case the pure second componeat pe~
rameters lose their initial physical meaning and play the
role of conventional adjusting parameters. Taking into ac =~
count that the dielectric permeability bebaviour, is uniequi-
vocally determined by Curie-Welss constant and PT temperatu=
re we may conclude on the basis of &nalysis that theoreti-
cal and experimental curves of dielectirie permeability coln-
side. Precise determination of the concentration dependeace
of some characteristics is sometimes quite tomplicated. As
an example we tske Curie-Weiss constant. To investigate its
concentration dependence it is necessary to measure dielec=
tric permeability in distant paraphase, i.e.i for tempera-
tures which are much higher than the PT temperature. That is
why it is so important to obtain simple vivid analytical cor-
relations permitting to determine this behaviour on the basis
of regularities near PT temperature. In terms of the proposed
gselfconsistent field theory this problem has quite an ‘.easy
solution. For this purpose it is necessary only to measure
dielectric permeability at the PT point ab a certaln admixtu-
re concentration and to delermine the value of PT temperatu~-
re shift under the influence of admixture concsntratiug. The
comparison of these simple snalytical results with experimen-
tal data bas proved their validity.

Ferroelectric—semiconducting crystals represent a more
complex system compared to ferroelectrics, for they have se-
veral quasi—indsiaandant subsystems at once. For the dercripe
tion of the electron subsystem the thermodynamical potential
of a ferroelectric subsystem formally must be added with a
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term determining semiconducting properties of a crystal.Ilt
is assumed that the electron subsystem is quite wmigidly con-
nected with the system ordering process, and the width of
the forbidden zone is the function of ordering parameter.
Naturally, in F888 all the parameters of the electron sub-
system are the function of admixture concentration as well
as the paremeters of ferroelectric subsystem. Thus, thermo-
dynamic DPotential of this complex system can be transfor-
med into the clasasical type of L-G~I expansion. Thermodyna-
mic expansion coefficients in this case include the depen=
dence on both ferroelectric subsystem and electron one.
‘Yhey are the function of admixture concentration. The in-
fluence of admixture concentration cam be reduced to the wa-
riation of each subsystem contribution to the variation of
each subsysatem physical property of a crystal. This influen-
ce can vary the degree of interaction between the subsystems.
It is possible that admixture concentration can affect the
PT character, and PT I transforms into PT II and vice versa.
The analysis of different disturbances plays a special role
for the investigation of ferroactive crystals. The greatest
interest is focused on the constant electric field and mec-
hanical stregsses. It should ‘be emphasized that all compo -
nents of mechanical stresses tensor may influence the ferro-
electric PT. However, practical investigation at high stres-
ses, producing a noticeable effect, may be performed only
when multilateral,or hydrostatic, pressure occurs. Theref o—-
re we confine to the consideration of this particular cass.
The hydrostatic pressure influemce on the erystalline physi-
cal properties in the vicinity of PT II is similar to the
admixture concentration influence and is revealed in the
framework of I-G-D theory through the coefficient of thermo-
dynamic potential. The influence of hydrostatic pressure 1is
regarded as a disturbance, which does not change the general
character of PT - :he process remains sharp. This approach-
can be applied both for FS5 and FS88. The only remark would
. be appropriate here. The inclusion of the hydrostatic pres-
srre effects to the selfconsistent field model increases the
number of adjusting paraweters. This certainly is the draw-
1
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back of the theory proposed.
The ilnclusion of hydrostatie pressure to thermodyna—
mic potential of FSS and FSSE leads to the change in the
PT character - it transforms from PT I to PT II and vice
versa. This especially reveals on the example of F888. On
the grounds of the I~G-D modified theory it is easy to show
that Kearn-Harbeke effect manifests itself in the existance
of typical inclination angles for the variables being ana -
lysed at conventional PT I and PT II. These angles can prin-
cipally characterize the procesa belonging to PT I and PTII,
and as the theoretical analysis shows, they are changing un-
der the influence of hydrostatic pressure and admixture .con-
centration., This allows to set forth a hypothesis that in
some cases the process of crystalline structural reconsatrie -
tion possesses features both of PT I and PT II. The PT pro-
cess in this case can be presented as a superposition of PT
I and PT IIs Finally; it sbould bes noted that admixture may
diffuse the process of PT in the system. There is the whole
integrity of reasons stimulating this phenomenon. We sghall
start the acalysis with consideration of admixture concenl =
tration fluctuations. A reserve should be made at once that
a similar effect can be observed not only in ferroactive so-
lutions but in all binary systems as well. For instance,
Ehachaturyan's works prove the periedical distribution of
admixture concentration in the general case. Our case assu-
mes the statistical distribution of ions of different kinds -
in identical crystallographic positions. This im its turn
allows to make an assumption about the existence of fluctus-
tions in a compound. The fact suggests the diffusion of a
ferroelectric PT. The method described, allows to repressnt
the behaviour of all physical characteristics of the system
in the vieinity of the PT point as a function of adm:xture
concentration and hydrostatic pressure. Therefore, the in-
clusion of admixture concentration fluctuations in this mo-

del is reduced to the formel operation of aver «In tiis
case the main question is to determine the probability of

distribution of sdmixture concentration fluctuations. For
this purpose it 1s convenient to apply the results of
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Eanzig's regions modelwhich will be touched upon a bit la=
ter. For the sake of simpliciiy we shall confine to the
linear approximation in describing the concentration de-
pendence of PT temperature. After'simpla mathematical trans~
iformations which are not given here we may determine
the influence of admixture concentration fluctuations on
the main physical cbaracteristics of FS6 and FSG65 in the
vicinity of the PT temperature. The increase of admixture
concentration causes the growing diffusion of FT in the
system. The calculation has been carried out in reauced
(dimensionless) variables irrespective of a concrete crys—
tal.For every particular crystal the picture will be chan=-
ged due to the change in the scale along the both axes.The
scale coefficients of transformation are the funetion of
thermodynamic expansion coefficients for this particular
crystal. ;

Systems with several ordering parameters are of great
interest among ferrocactive crystals. These are antiferro -
aleétrica. ferroelectric crystals with ferromagnetic orde~
ring, and finally, ferroelectrics or ferromagnetics having
superconducting properties at superlow temperatures. The
extraordinaiy interest, however, is focussed on their so=-
1id solutions, which allow to change purposefully guanti-
tative and qualitative behaviour of every ordereu subsys—
tem. The analysis of concentration dependence of this be-
haviour along w'th the hydrostatic pressure influence may
be performed on the grounds of modified I-G-D theory, as
‘At has been done for FSS and FSSS. The system thermodyns-—
mic potential may be presented in the geenral form as a
superposition of ther iodynamic potential of all subsystems,
paying attention to the subsystems anistropy, and some
term characterizing their interaction. The general thermo-
dynamic analysis shows that the system in this case can
be in sixteen defferent phases, It is seen that the stabi-
lity conditions for every phase depend not only on the
thermodynamic expansion coefficients, but - and quite es~
sentially - on the degree of interaction between the sub-
systems. The analysis indicates the possibility of PT

Y
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between different stable states not only due to temperature

or hydrostatic pressure changes, but salso dus to changes in
the interaction degree between subsystems. This is especial-
1y exposed just in ferroelsctric-ferromagnetic selid solu-
tioms. Basing on the above presented thermodynamic potenti-
al in the framework of modified I~G-D theory, it is easy to
see that due to admixture concentration it is possible to
shift the PT points along the temperature mxis. Hence it
follows that not only the absolute value of the distance
between the subsystema PT temperatures ia changing but also
the sign of this distance can be changed to opposite. This
theoretical supposition has found its complete experimental
proof in Venevtsev and his group's work. The results obtai-
ned for ferroelectric~-ferromagnetic solid solutions can be
applied to the ordered systems having superconducting pro-
perties in case thersare no external fields. If the magne-
tic field is applied it is necessary to take into account
the specific character of field effect on the supercondue-
ting subsystem. In this case thermodynamic potential as
compared to the one presanted earlier, has to include some
additionel terms, describing the field energy co_n.nectbd
with the existence of gradient of superconducting slectron
density; the energy of interaction between the constant ex-
ternal magnetic field and the current, whichis induced by
the presence of gradient of superconducting electron den-
sity) and, at last, the esergy connected with the polariza- .
tion gradient. The theoretical analysis of such a systenm
shows that the field influence iB revealed only near the
crystalline surface, but within a crystal itself, at a cer—
tain depth, this influenceé can be neglected. In this case
the behaviour of the system is analogous to that of an ore
dinary system with 2 ordering parameters. Superconductivity
in ordered systems is of special interestin solid solutions
The fact is that by changing the sdmixture concemtratiom it
is possible to vary the PT temperature of each subsystem.
This enasbles to ‘prove theexistence of a considerable exten-'
sion of superconducting phase temperature interval. 1he fu-.
ture will show the experimental realization of this pheno-
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menon. In this field intensive research is being performed
by Aloriean scientists, especially by the group of prof.
Matthias.

Antiferroelectric crystals form a broad class of com—
pounds with sponteneously polarizsd chainlets of ilons,neigh-
bouring chainlets being polarized in opposite directions.
On the whole it should be stressed that antiferrocelectric
erystals are a specific case of the system with two orde-
ring parameters, when subsystems forming a crystal are ri-
gldly cocnnected. Naturally this imposes additional const-
raints on thermodynamic expansion coefficients as compared
to systems with two ordering parameters. Omitting the de—
tails we can state that the analysis of antiferroelectric
solid solutions can be also perfurmed when concentration
dependence of thermodynamic expansion coefficlents are ta-
ken into account. In the framework of this approach it can
be easily shown that the influence of admixture concentra-
tion not only changes the quantitative behaviour of the
main orystalline properties in the vicinity of FT but also
changes the PT character, i,e. antiferrophase-parafase
PT transforms into antiferrophase-ferrophase PT and vice
versa. Bes¥des, the PT may be changed from PT I to PT II
and vioce véersa. '

The development of microelectronics set forth the
problem of geometry and size anmlysis of ferroactive solid
solutions. While the influence of temperature, mechanical
stresses, external fields and admixture concentration are

- in a way traditional fields of investigation into ferro-
electrics, then the analysis of geometry and size effects
in ferroelectrics is a relatively new branch. A finite
crystal is characterized by inhomogeneity of the whole sys-
tem's characteristics distribution over its volume due to
the influence of surface effects. The principal problem
lies in determination of this influence. Plentiful experi-
mental Investigations by Fesenko and his team have shown
the existence of specific surface layer in ferroelectric
thin films. The surface layer differs by its physical cha-
racteristics from the internal layers of a crystal. This
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‘allows to present the thermodynamic potential of such a
system as a sum of volume and surface terms. In this case
the problem is egain reduced to the modified I~G-D theory.
Thermodynamic expansion coefficients now will be the func-
tion not only of temperature, hydrostatic pressure and ad-
mirture concentration, but also will depend on the system
size and geometry. If to neglect inhomogeneity of ordering
parameter distribution in the cxrystal,tnen by this approach
for the system with PT II it is easy to get some essential
conclusions: Firast the orystal size along with admixture
concentration and hydrestatic pressure can very the PT
temperature, and second a crystal has the extreme size.It
is energetically irrstional to have the ordered state for
the systems having theo size less than this extreme siz-e.
As far as thermodynamic expansion coefficients include at
such approach the dependence on crystal size, the physicfal
characteristics of the system have the evident analytical
dependence on system's size. Calculations of the most ener-
gotically rational size of ferroelectric spheric particle
in the PT region for different temperatures are the object
of interest. Theoretical analysis has shown that this sise
right at the PT point tends to infinity for PT II, and it
is finite for PT I. This naturally leads to the fact that
in the case of ideal crystal in ideal conditions the PT
always occur in the whole crystal simultaneously; if this
transition is PT II. In the case of PT I the phase tran-
sition can occur in parts. This fact reveals the princi-
pal possibility of PT diffusioms Inclusion of inhomogene-
ous distribution of polarizatlion only complicates the
problem mathematically and leads to the system of diffe-
rential equations,but it does not give essentially new
results. Buch calculations have been realized and the
agreement between theoretical and experimental data &as
regards ferromagnetic thin films has been obtained. Now-
days a number of experiments is being carried out desling
with thin films of ferroactive solid solutions. The re -
sults of these experiments will allow to check up in de-
tail the theoretical findings. In addition tha under -
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ntnndins of the role of ferroactive particles' geometry

and size may help tremendously to solve the problem of
proanoins materials with pre-assigned properties. The pio-
neers in this experimental research were prof. Xinzig and
his team. The ferrcelectric colloidal solutions were the
object of their research..Using Kinzig's conception it

is possible on the grorads of tharmodynémic and statisti-
cal formalism to show the possibility of manufacturing
ferroactive systems with desirable characteristics. It can
be realized by puttiug ferroactive particles into nsutral
medium. By varying particle size, their composition,shape,
a8 well as their distribution over the system volume,it is
easy to obtain the pre-assigued physical characteristics
of material. The obtained system resembles a piece of good
cheese, where instead of holes there are ferroelectric
particles. Such a system is readily described in terms of
statistical p@ysies and thermodynanmnics formalism. The ob=
tained analytical correlations sllow to connect the charac-
teristics of an individual ferroactive particlc and the
propertiss of the whole system.

The behaviour of the ordered system in the vicinity
of the PT peint is strongly affected by external electrie
field. This changes the process of the system structural
reconstruction and turns sharp PT into diffuse omes. The
behaviour of the main physical characteristics of the
system, i.s. %the ordering paremeter, is determined on
the basis of the differential equation. We have to admit
that this problem has been decided, but mostly for the
special case of weask external electric field, when the po-
larization value cen be found as a series with respect to
electric field« Howaver the problem can be solved analyti-
cally in the general form for any value of the electric
field in the came of PT II. Thus it ir possible to take
into account several degrees of freedom in a system simul-
taneously, i.e. temperature, hydrostatic prensnra.'ad-
mixture concentration and the electric field. A detailed
analysis of this equation and theoretical correlations
obtained on its basis allows to get some principally ori-
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ginal results, for instance, the PT temperature shifts to
the right under the influences of eleotric field. However
the dielectrie permeability velue in this new P? peint is
twice less as compared to that in the same pohﬁ. if the-
re is no electrio field. As a result we have quite an ori~
ginsl law of twofold decreamse of dielectriec permeability
in the PT II case. Here 8 reserve should be made that the
law of twofold decrease has been obtained on the basis of
2 suggestiem that the transition is PT II, Fer P¥ I the
law is invalid. Therefore; the velidity of this law in &
certain way characterises the belonging of a process to
PT I or PT II. Finally, an important fact should be noted
that the influence of different degrees of freedom is dif-
ferent, both in the stremgth of influence and in guality.
For example, the PT temperature essentially depends on
hydrostatic pressure, admixture concentration and exter—
nal electric field. Therefore it is possible to achieve
their annihilation for any physicel property by combining
the effects of dififerent disturbances. Let this physical
property be temperature. However, in spite of remaining
the temperature unchanged, the wery process of PT has
changed from sharp to diffuse ome. Thus, the opportunity
arises to change deliberately snd purposefully =ll the ne-
cessary crystalline charaoteristics and to® obtain materl-
als with pre-mssigned properties basing on the simple plain
correlations deduced in the framework of the I-G-D modified .
theory. For PT X in the general ocase i% is imwpossible to
determine the influence of a field and %o obtain analytical
correlations characterizing the dependence of the basic
system physical properties on the electric field. Therefo-
re the numerical calculations analysing this relationship
in the general case, has been performed, irreapeciive of
a8 particular crystal, and tables and diagrams have been
made. To enalyse the particular erystel it is necessary to
change the scale of these disgrams. The acaling coeffici-
ents are the functions of the thermodynanic potential ox-
pansion coefficients.

Howeveg we have to note that the PT diffusion in sys-
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tem 1. an often encountered phenomenon. This bebaviour
may be caund by the fellowing factors. These are:the pre-
sence of adnixtnra, inhomogeneity of physical state, fluc~
tuations of different crystalline physical parameters, the
influence of external electric an’ magnetic fields,geomet—
ry and slze effects. Some of these reasdéns have already
been dascribed and analvsed by us. However the complex ana-
lysis of these reasons seems to Dbe indispenssble. Indeed,
in a real crystal the diffusion occurs as a result of the
integral influence o1 disturbances, however their simulta-
neous description on the basis of thermodynamic and statis-
.tical formalism is next to impossible. For this reason we
have proposed the model version of the diffuse PT theory.
The general mathematicel theory of diffuse PT 1s based on
the conception of a certain, most typical system's functi-
on, which is called the switch function. The main assumpti-
on in the framework of this theory is the following: at
temperatures close to PT temperature the crystal is divi-
ded into separate regions, which are called Kauzig's regi-
ons, where spontaneous polarization fluctuates. In this
spproach the switch function is the major characteristic
of a systemy characterizing the phase state of the whole
system, for it determines the guantity ratio of system re-
glons being in a new phase to the whole number of these re—
gions in the aystem. On the basis of the proposed model in
the framework of statistical formalism it is possible to
show that the switch function can be presented by simple ex—
pression vividly demonstrating its dependence on admixture
concentration and hydrostatic pressure. An essential para-
meter in the switeh function behaviour is the Kanzig's re-
glon volume, which determines the minimal volume of a crys—
tal where the PT occurs. Basing on the experimantal data
on heat capacity it i1s poseible to a cortain extent to
conceive the crystal structure changing as the function of
~ temperature, hydrostatic pressure or admixture concentra-
. tion. The ulculo.tion results based on experimeatal
data 1llustrate the behaviour of the correction function
of the Eanzig's region volume. The following remark would
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bé relevent here: the proposed model, in spite of a good
agreement of theoretical and experimental deta on polari-
zation béhaviour. heat capacity, thermal expansion coef = °
ficlent and a good deal of other properties, has still a
drawback« The matter is that the proposed medel regards
Kinzig's regions as separate, non-interacting objects.Na=-
turally this is not juatified from the physical point of
view. In general the question of interaction among Kanzig's
regions is quite complicated snd it depemnds on the indivi-
doual crystal being consldered. Still it is possible to ane-
lyse the problem from thé general viewpoint and to obtain
some typical regularities. Thus in the framework of the
proposed model we may assume that the interaction among
Eanzig's reglons depends on the switch function. It is
easy to show that the increase in the degree of interac =
tion among Kanaig's regions leads to the considerable in-'
crease of PT diffusion. The derivative of the switoch func=
tion with respect to temperature, coinsides with the sye-
tem heat capacity with & precision up to multiplying coef-
ficient. Taking into account the fact that the interaction
coefficient also is an admixture concentration function we
may relatively simply trace the influence of admixture con-
centration on the PT process.

Bumming up we can say that on the grounds of therwo=
dynamic and statistical formalism with inclusion of some
physical models in the framework of modified I-G-D theory
it is possible to obtain relatively simply and vividly ana-
lytical description of the ferrcactive materials behaviour
in ‘the vicinity of BT point as the function of the follow-
ing varisbles: temperature, admixture concentratiocm,hydro-
static pressure and extermal electric field. Of course, :
this is the first microscopic stage of investigation,which
may be used as a foundation for the development of +iero-
scopic, more profound conception and theories. As an exam-
ple of this next step it is worthwhile to mention the re-
search on the basis of scaling theory. This establishes the .
additional relations between the critical coefficients.Eve~
ry critic.al.indez has its own correction coefficient which
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describes the concentration dependence of this oriticel in-
dex. This,correction coefficient has some analytical inter—
relation with other correction coefficlents. Lack of complex
experimental investigations prevents the detailed compariseca
of theoretical results and experimental data. The matter is
that the experimental determination of critical indices is
extremely laborious procesa, because it requires superpreci-
_8e mearurements in the nearest vicinity of the PT point.
Therefore the problem of experimental checking of the re=
ported theoretical results is the task for the future. -

B.S.l0presuq, B.H.Ponos

GEHOMEHOJIOTUYECKAR TEOPUA CETHETOAKTUBHNX TBEPZNX
PRCTBOPCB

Peswoume

PaccuaTpuBaRICA BONMPOCH NOCTPOSHMA TEPMOAMHAMUYECKOM
T80PUM CETHETOBNEKTPUYECKUX, COTHeTONONYNPOBOAEMKOBHX M
certe70)e PPOMBTEN THNX TBEDANX PACTBODOB, BIAKAHUE pasuep-
Hax 3QPexTo® Ha CErEeTOSNSKTPUIBCKUS XADAKTEPUCTMKE, TOp-

. MOZMHAWUYBCKAR ¥ MOZENBHAH TEODUA DaSMHTHX (as3oBHX mnepe-
XOZOB B CEIHETORKTYBHNX Kpucraazax. [loxasaho, UT0 MOBefe~
EXE OCHOBHHMX (DU3MUBCKMX XaDAKTEPUCTHK CEIHeTOAKTHBHEX
TBEPAHX PACTBOPOB, B TOM Yucle M 5PPexTOB pasuuTud faso-
BOPO NEPeXokd, B COOTBSTCTBMM C BKCNEDUMEHTANBHHME ZAHHHMA

- ONMCHBAETCA MOIYYCHHHMM SHANMTHYGOKMME BHDAKSHUAMU, 34Bu~
CAMUME OT TEMNepaTypH, KOHNEHTPAIMA NMpuMeced, TUAPOCTATE-
Y2CKOr0 AABAGHMA M HANDAXSHHOCTH BHEWHEr0 SAGKTPUYECHOTO
nomA.
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THE ORDERING PARAMETER RELAXATION IN SOLID BOLUTIONS
WITE A FERROACTIVE BUBST

Summary .
The paper analyses the process of ordering parameter
relaxation in ferroelectrie, ferroelectric-semicondncting
and ferroelectric-ferromagnetic solld solutions nesr the
phase transition point. The influence of admixture concen-
tration and hydrostatic pressure has been considered. The
enalysis has been porformed in the terms o”® self-consistent
field modified theory.

INTRODUCTION

The intent of this paper is to consider the effects related
to relaxation processes occuring at the ultrasonic absorb>
tion in solid solutions with a ferrocactive lqbsyntu (1.e.,
in ferroelectric-semiconducting, and ferroeleztric-ferro -
magnetic solid solutions) in the vicinity of the phase tran-
sition (PT) point. Considering these effects we take into
account the influence of hydrostatic pressure. We carry out
the research by means of classical thermodynamics om the
grounds of self-consistent field modified theory. It is
supposed that coafficients of thermodynamic potential ex-
pansion depend both on admixture concentration x upd on
hydrostatic pressure p.

FERROELECTRIC SOLID SOLUTIONS »

Regarding /1-3/ we present the thermodynamiec potemtial ot
ferroelectric solid solutions as follows:

9T p.x) = ‘P,*o&{?px)p 4 peT. p, )p‘°+ !'(Tp,xJ

P 563 aaf:P (1)
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where 2 is the electrostatlo socefficient, # is the elas-
tic coefficient. In the case of the second erder PT (PT
II) the term with p‘ may be neglected in expansion (I),
and the first term of thermodynamic potential may be, ac-
cording to /1, 2/, presented as

o (Tp, ) = ol (=T, (12, p tol K)ok ProlgXtal, DK, (2)

where 7, 'is the PT temperature of a orystal at p = O and
x = 0y oy olp, o, o, and Ly describe the o (T, p, x)
dependsnce on p and x. Having introduced the generaliszed
Curie~Weiss const nt

Cop (PiX) = BT/t (41 prat XY, € (TiX)= 2T/ [+ kg X vl g%, (T-T5) ]

C(Tp) = W/ [t gt oy Ptotyolg(T-To)], (3)

as well as temperature, admixture concentration and hydro-
atatiec pressure, at whioch the T occnr.

8(pa)«Ty- SoiPt

(-a,p G+l p), p.('fﬂ- fﬂ‘e(’r Ty Xtostg)-sgx] »

K«(’Hﬂ"-c""( i R0 T)(H-t.p) -&ipl> )
we may present polarization induced by a sound wave as
follows

P(T.px) =~ a?i_ R, (T,p.%)>»

Cw(pX) Cw(T s) Cw(Tp)
KT VG(px)-T \Jp.(rn -p Vx.(Tp) X 2
Relaxation time may be presented in the similer way
: 4 CwlpX) 4 Cw(x) 1 Cw(Tp)
T(Tpx)= o o e At )
BYL B(p-T "L Po(T)-p “OFL Xo(T, p)-X (6)
where 1. is the kinetic coefficient, having no peculiari-

ties at the PT point. The ultrasonic absorption coeffici-
ent may be presented in the same way

KT V_' | gt 2T w?

e ecrpm [wh S ] 6
where £ (T, P, x) :ll the dielectric permiability curve,
@ 1s the ultrasenic freguency, P is crystal density.

In the case of the first order PT (PT I) the first
tera of thermodynamic potential may be, according to
/2, 3/ presented analogously to (2)

K(T, P.X) k(1 X 4ol X 4 g P+ g PX) 4oL, (T-Ty ) (4 4 PrLgX) L, P

: (8)

+ Xt L yph,
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the first ters desoribing the behaviour of o (T) p, ®) n-ﬁ-
ficient, the latter omes describing the PT temperature shift.
Teking into account the relationship betwesm thermodynsuie em-
pansion coefficients (I) at the PT point /&7 we mey preseat
sound wave induced polarisation, relaxation time end ultyase -
nic nbnorbtion coefficient o the PT I surve ss followm

3CaC R 1 Cwinx)
FHP-"J‘T' n'fr;a(p.x » WA ER “ate)

" 2 e[ _A( T8 Wﬂi(“., &)
o (iF it or B 1 o [ 20 ]}

where 4 (p, x) determines the interval betweenm the erystal PT
temperature and its Curie-Welss temperature:

Cw(pX) 2
A(pA) = 55— o (14X + KyK + Ly P ¢ &Ly PX) - o)
FERRUELECTRIC-SEMICUNDUCTING BOLID SOLUTIONS !

When considering ferroelectrig-semiconducting solid solutiony
we have, according to /5/, to add thermodynsmie potentlel (I)
with a term characterising the electron subsystem: a(p, x)
E(p, x) where n(p, x) is concentration of non-equilibrium car-
riers, and E(p,x) is the width of the forbiddeam sone. Thess
ars presented as follows /6/1

n(px)=n,+ Nx4+ Nypx + N, 0,

Eg (P Egq + Eg X+ gy puE’,p*(u.w.vu.pha,p)!". b
al{pyx) is the coefficient of electron-phonon coupling. The ob-
tuined thermodynsmic potential can be redused to (1), but the
first term of thermodynamic potential coefficient should be
snothert A(T, p, x)s For PT Il we get

ATipx)=A + Ax+ A px+Ap,

Aoy (1+agx+ayp)(F-T) 40,1, , A =0 N 40,1, +d,,

Ag= N0y + 7,01, 417,05 + N0 4oy, Ag™ N0,y + 11yl + oy - iu)
By introducing the generalised Ourie-Weiss constants
er : or
SRR s ey yoery AL AN it % Prowry e WA 6 1)

(¢, (p» t) concides with (3) ), as well as temperaturs, pres-
sure md adnixturs eoncenttatiom at which PT oocurs

8(p,X)=T,- fnJ c.ma [, D+ en)-(24)

(aqns+A xddgpx +A,p} PalTX) = —5—

- A.x-a,n.]'xo(r,p) . [xL(T.-*rJ('-un.p)- Asp-Tof, ] 5
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we obtain correlations (5), (8) and (7) for the case of PT II
in ferroslectric-semiconducting solid solutions. These are ca-
pable te evaluate the electron subsyatem influence on the fer-
roelectric one. For the case of PT I the first term of thermo-
dynamiec potential (it is designated as A'(T, p, x) can be pre-
sented according to /6/ as follows:

AT ) = (e + AL1,) A +a X+ ok o X b kgD algPX) + A (T, pX) (15)
where a.'n' determines the influence of non-equilibrium ear -
riers comantratim uron orystelline properties at the PI
point. This alg.ow.. similarly to (10), to intronduce

A(px)= M(‘i*ﬂ n, o) (1 X+l g X +ur.,p4o¢,px) (16)
for torrodoctrio-anioonduoting, solid solutions and thus to
describe the behaviour of relaxation time and ultrasonic ab-
sorption coefficient with the behaviour of sound wave induced
polarization on the PT I line by correlation (9).

FERROELECTRIC-FERROMAGNETIC SOLID SOLUTIONS

When considering ferroelectric-ferromegnetic solid solutions
thermodynamic potential is presented, according to /7, 8/, in
form (I) plus the following mathematical expression

«, (T, p,xf M2 %'_ M4 PPN @, O M5 EP- HM, an
where 22, 1s the magnetostriction coefficient, R is the coef-
ficient of interreslation between the electric subsystem and
the magnetic one, E and B are the electric field and the magne-
tie one, respsetively. Now the coexistence regiom of both sub-
systems is going to be considered. We assume that

P=F+ AP, APKP, , M=Ms+4AM, AMQ:M,,,

where P and M, are the equilibrium velues of spontansous po-

luiutim apd napotintion. when there is no sound wave;
a.nd M, are uu: oquil:!.bx ~am values of spontaneous poluimtion :

P and M ars sound wave, induced polarization and magneti- 3
gation. We are able to determine their aquilibrium value.
[8M2(R=,-p,®)-2M 2] Ped
(E+4pp,](n+4p,ﬁ’)-16R‘P’N’ (18)
(8P (R=-pa) - 2Ex, IM: 8
(empv‘)cmep. M3)-16 IQ‘P’H’
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This gives rise to a question of determining the relaxation -

time of determining parameters. When deviatiom from the
equilibrium value takes place the rate of polarisation and
magnetisation approximstion tc these equilibrium values is
determined by the system of m-.tu squations /9, 10/

99. 2y dM o9 09
at “bar tlaw ! Frclegmtlae a9
where L, I‘]. mdll.a dre kinetic coefficlents having nc pecu~
liarities at the PT point. Fading out of both ordering pa-
rameters is described by one and same equation
2
S A ey, (20)

w—— A= 2L, ("""‘2PP‘)+BL!(!—“- +9P|H )*GLRE MI L/

B=4(lilg~ LJ[(—J-QpP )(_'1+ep,u.) 4R"Py M, ') (21
and variable T = P or Y =M !I!h.rcfor.. rolmtiua times
for both induced polarisation and induced magnetization &re

oqual, and this will be relaxation time of the system
> -
T - Sovitaad (22)

Ultrasonic absorption coefficient is expressed analogously:
[(B+w®)C-A(D+ D) ] Vp »
T TI(BraEe A wi] TS (23

Where
D=4 My(L, L,~L") [2R2P}-2, (%“ op P, )],Cx 2[R, (L+ L)+ 2, My (L )] >

H
02‘4 po(l.| Lg*Lz)[2RZ'H:-8(F.+291 M: )] ' (aJ

P is substance density.






