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on phase transition in ferroelectrics of
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Within the phenomenological theory of phase transitions the temperature
change in electrostriction coefficients has been shown to lead to Curie-
Weiss constant pressure dependence, non-linearity of phase p, T -diagram
and change in phase transition character in ferroelectrics of displacement

type.
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As it is known, in ferroelectrics of displacement type the order of magnitude
of Curie-Weiss constant C,, is ~ 10° K and the decrease in phase transition tem-
perature (PT) under the action of external hydrostatic pressure is typical for it. In
some works [1,2] within the phenomenological theory, the change in temperature and
character of PT in ferroelectrics of displacement type at an all-sided compressibility
has qualitatively been explained. However, at quantitative calculations of tricritical
point coordinates and pressure coefficients of shift of PT temperatures for specific
ferroelectric crystals, there takes place an essential discrepancy with experimental
results [3-6]. It should be mentioned that the authors of these works do not pay
attention to the experimentally known fact — Curie-Weiss constant pressure depen-
dence. This dependence is experimentally established for practically all the known
ferroelectrics [7] and bears an anomalous character in the vicinity of polycritical
points in the constitution diagrams.

In the given work at a phenomenological level the attempt is made to find out
the cause of Cy,(p) dependence and to consider all probable cases of the change in
PT temperature in ferroelectrics of displacement type under the action of external
hydrostatic pressure.

Let us consider an isotropic model of a crystal with the second-order PT. Fol-
lowing the work [2] the density of thermodynamic potential for proper uniaxial
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ferroelectric will be given in the following form

By = o+ 2p2p Opr Ipo (1)
2 4 6
Let’s add an elastic part to it in the form of
1 1
o, = écu2 + guP? + §hu2Ps2 — up, (2)

in which p is the hydrostatic pressure, c¢ is the tensor of elastic modulus, u is the
tensor of deformations, ¢ is an electrostriction coefficient, h is a quadratic elec-
trostriction coefficient. Taking into consideration the condition of the thermody-
namic potential minimum ® = ®; + &), that is 0P /Ju = 0, we find

1 h h
u%—[p— <g+—p> P3+g—P§]- (3)
c c c

The substitution of the relationship obtained into (2) with the account of (1) gives
the following expression for the thermodynamic potential

& B A 1
O=0q,+ P>’ +pPr+LpPS+ 4 —p? 4
o+25+4s+6s+ +2Cp, (4)

where overnormalized coefficients are dependent on p

a _ a g h o 3 B . B
2 2 P AT T e @ 576 e
In the work [1,2] the magnitudes g and h are taken as independent of temper-
ature and pressure, and o = ap(T — Tp), where ag = 1/(g,Cy0) . The magnitudes
Ty and Cy are respectively, the temperature and Curie-Weiss constant under the
atmospheric pressure. In this case 3 is dependent on p only if & non-linearly de-
pends on p (that is A # 0). Taking into account that experimental dependences
e Y(p) = a(p) for ferroelectrics of displacement type have a linear character [3-6]
it becomes doubtful how § coefficient may change with the pressure at h = 0. Sec-
ondly, ag as well as Cyo are independent of the pressure. These two consequences
from the analysis of relationships (5) contradict the experimental results and do not
require quantitative estimates.
Let us consider the case when electrostriction coefficients g and h depend on
the temperature. In the linear approximation we shall present these dependences as

- 2 h
&= aor(T = T) + =p + 50" (6)

where agr = [ao + m%er Hc—é”)pﬂ. So, temperature dependences ¢(7T") and h(T)
cause the dependence of pressure of a07" coefficient as well as the Curie-Weiss con-
stant C, = (ebaoT)_l. In general case this dependence may have a non-linear char-
acter. To simplify the further analysis the dependence aor(p) may be given in the
form

aor(p) = [6Cw(p)] ™ = [Cwo(1 + fp + 2p%)] 7 (7)
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Figure 1. Pressure dependences of Curie-Weiss constant Cy,, coefficient cgr and
Top PT temperature of a ferroelectric for cases: 1 — f > 0, 2 = 0; 2 - f <0,
z2>0;3-f<0,z=0.

Such a choice is conditioned by the fact that Cy(p) dependence for the majority
of the known ferroelectrics of displacement type is experimentally established, in
contrast to dependences ¢g(7') and h(T'). That is why coefficients

1 0Cy 1 9°C,

T Cw Op | Cwo 0P

may be numerically defined for a specific crystal from the experiment.

In figure 1a three variants of Cy,(p) dependence are given in relative units, which
agree well with the experiment. The first case is typical for SnyPsSes incommensu-
rate ferroelectric, the second — for SnyPySg and SbSJ, the third — for ferroelectrics of
perovskite type (BaTiOg, SrTiOs, PbTiO3) [7]. In figure 1b the corresponding pres-
sure dependences of agr coefficient for these cases are given. Under the condition
such that &(p,T) = 0 and taking into consideration (6) the pressure dependence of
PT temperature (7p,) may be written in the following form

%p = % — gogzcwo < gOi)CWO r 05;)2CWO> 2
2(] 13 C h 19 C
< O:j) w0 0 ;)2 w0 F) 3. (8)

The Ty, dependences calculated in accordance with (8) are given in figure lc. As
we see for all the three variants considered, there occurs a non-linear behaviour
with the pressure of PT temperature 7p,. For the second case at the value of pres-
sure that is assigned to extremuma in dependences C'y(p) and agr(p) the inflection
(02Ty,/0p*) = 0 depending on Ty,(p) is observed. Taking into account that ex-
perimentally established [3—6] p,T-diagrams of ferroelectrics (except for ShSJ) have
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a linear character, it was of interest to estimate the value of non-linear pressure
coefficient of PT temperature shift (9*T,/0p?) for different ferroelectrics.

In accordance with these relationships using the results of works [3-6] the val-
ues of linear and quadratic PT shift temperature coefficients for different ferro-
electrics are calculated. They, respectively, make up for BaTiO3: —48 K/GPa and
+4,2 K/GPa?; for SrTiO3: —17K/GPa and +3,4 K/GPa?; for PbTiO3: —71 K/GPa
and +16 K/GPa?, for SnyP»Ses: —178 K/GPa and —160 K/GPa?, for SnyP,Se:
—221K/GPa and +139K/GPa? for SbSJ: —371K/GPa and +727K/GPa® The
values of (07T0,/0p) coefficient obtained for different crystals agree well with the re-
sults of direct experimental measurements [3-6]. The value of (9*T;,/0p?) coefficient
for all crystals except SbSJ are within the error of the experimental determination.
That is why their phase diagrams have a linear character being experimentally deter-
mined. For SbSJ ferroelectric at pressure of 500 MPa the quadratic PT temperature
shift in accordance with the given calculations makes up about 180 K, that agrees
with the results of the works [5].

Thus, the analysis carried out indicates that within the phenomenological theory
of PT, the dependence C, of pressure may be explained by the temperature change
in electrostriction coefficients of a crystal along its phase p,T-diagram. Secondly, the
change in C, with the pressure testifies to a non-linear character of baric dependence
of PT temperature. Thirdly, linear and baric coefficients of PT shift temperature may
be calculated from the results of investigations conducted regarding the dependence
of Cy(p). Fourthly, as it was shown earlier in work [7], the temperature change in
electrostriction coefficients of a crystal also causes the change in 3 coefficient along
its phase p,T-diagram and is responsible for the appearance of polycritical points.
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Bnnue rigpoctatn4Horo Tucky Ha ¢pasoBui nepexipy
cerHeTtoenieKTpukax Tuny 3mileHHs

O.l.CnuBka

®diznyHmin dakynbTeT, YKropoaCchbKunin Aep>KyHIBEpCUTET,
294000 Yxropog, Byn. A.BonowwuHa, 32

Otpumano 1 nuctonaga 1999 p.

B pamkax ¢peHOMEHOMOoriYHOoi Teopii pa30Bux NepexoaiB NokasaHo, Lo
TemneparypHa 3MiHa enekTPOCTPUKLINHNX KoediliEHTIB NpUBOANTL A0
3anexHocTi KoHcTaHTu Kiopi-Bencca Biag, TUCKy, HERiHIMHOCTI ¢a30Boi
p, T -piarpamn Ta 3MmiHM xapaktepy DI y cerHeToenekTpuky Tumny
3MiLLEHHS.

KniouoBi cnoBa: cerHetoenekTpuku, ¢pasosi nepexoau,
rigpocTaTtuyHui TUCK

PACS: 77.80.Bh, 64.60.Fr
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