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The reduction in Curie constant of single-crystal barium titanate under hydrostatic pressure has been
explained by a weak temperature dependence of the electrostrictive constant Qu+2Q». The magnitude of
the temperature coefficient of Qii+2Qie computed from Samara's data is 1.2 X10 e 'K '.

WEALTH of data is available in the literature on
.L the dependence of the dielectric properties of

BaTi03 under hydrostatic pressure. ' ' In all these
papers there is a general agreement that the Curie
point of SaTi03 decreases with pressure. Using a
phenomenological thermodynamic approach, Goswamis
satisfactorily explained these data.

More recently, Samara' has extended the range of
dielectric measurements to significantly higher pressure.
While in general agreement with the previous work, his
data also show that the Curie constant, as deduced
from the behavior in the paraelectric phase, decreases
significantly with increasing pressure.

In the following, it is shown that this reduction in
Curie constant may be explained by a weak tempera-
ture dependence of the electrostrictive constant Qii+
2Qis. The magnitude of this temperature dependence is
too small to be observed in the rather imprecise meas-
urements of the Q's by direct methods, and thus
Samara's data provide the 6rst direct proof of this
phenomenon.

The elastic Gibbs free energy for barium titanate may
be written in the form
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where X„F„,Z, are the normal stress components,
I „Z„X„arethe shear stress components, s~~, s1~, s44

are the elastic compliances, P, P„,P, are the com-
ponents of polarization, and Qii, Qis, Q4e are the electro-
strictive coeKcients. A, J3, C, D, G are the constants
of the free energy function and GM is the free energy of
the unstressed, unpolarized crystal.

For hydrostatic stress,

X,= F„=Z,= —r,

Xy= I',=Z, =O,

where o is the stress in dyn/cm'.
The isothermal dielectric inverse susceptibility (di-

electric stiffness) may be deduced from Eq. (1) for
any stressed or polarized state since

x*.= (ft'Gi/8P*') ~, xyy= (8'Gi/spy') r i

x„=(8'G,/bpe')r, x.„=(O'Gt/apeopy)r. (3)

For the cubic paraelectric phase, under a constant
hydrostatic stress, the crystal is dielectrically isotropic,
and it is clear from Eqs. (1)-(3) that

xxe=xyy=xzz=x=4sr/e= 2A+2(Qii+2Qis) ai
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With zero stress, the crystal is known to follow a Curie-
Weiss law in the paraelectric phase, i.e.,

so that

e= Co/( T To), —

2A = (4w/Co) (T—T,),

where eo is the value of e corresponding to zero stress.
If the combination of electrostrictive constants Qu+
2Qis is weakly temperature-dependent, Eq. (3) may
be rewritten in the form

x= 4sr/e= (4sr/Co) ( T To) +2a(Qu+2Qis) o(1+ix—T),

(6)



550 A. K. GOSWAMl AND L. E. CROSS

where (Qrr+2Qu) o is the value of the striction constants From Eq. (7),
at zero temperature and n is the temperature coefficient.

Equation (6) has the form of a Curie-Weiss law, i.e., or

with

and

e= C/(T To),—

4~Co

4~+2~~(Qu+2Qu) oCo
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(8)

a= —2n. (Qu+2Q]o)o '(1/C') bC/bo.

Using Samara's tabulated data for 1/C' and 8C/5o.
for single crystals (Table I of Ref. 6), we may deduce
a value of n~+1.2&& 10 ' 'K '.

This temperature dependence is much too weak to
detect from direct measurements of the striction con-
stants, which are at best accurate to &10c7o, but pro-
vides a very simple explanation for the observed change
in Curie constant with hydrostatic stress.
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The proposed model is capable of reproducing, with no adjustable parameters, the substitution dependence
of the magnetic moment at O'K of various substituted rare-earth iron garnets. Maxima in the temperature
dependence of the moments are predicted and agree with experimental observations. The model also predicts
that the hyperfine Geld in these systems has a different temperature and substitution dependence from
that of the corresponding sublattice magnetization.

INTRODUCTION

UBSTITUTED rare-earth iron garnets (IG) show
~ ~ ~

~

~

a wide variety of interesting magnetic properties. ' '
Theoretical models for these systems, one based on
Neel's model, another suggested by de Gennes based
on Vafet and Kittel's model, ' and one suggested by
Gilleo, ' show little agreement with experimental ob-
servations. In this paper, an extremely simple statistical
local-molecular-field model is suggested, which is capa-
ble of reproducing the substitution dependence of the

*Research sponsored by the Air Force Office of ScientiGc
Research, Office of Aerospace Research, U.S. Air Force, under
AFOSR Grant No. AF-AFOSR-1258-67.

t Present address: Physics Department, The Hebrew Univer-
sity, Jerusalem, Israel.' S. Geller, H. J.Williams, G. P. Kspinosa, and R. C. Sherwood,
Bell System Tech. J. 43, 565 (1964).

2 S. Geller, J.H. Williams, R. C. Sherwood, and G. P. Espinosa,
J. Appl. Phys. 38, 88 (1965).' S. Geller, J. Appl. Phys. 37', 1408 (1966).'R. L. Streevers and G. A. Uriano, Phys. Rev. 139, A305
(1965}.' B.Luthi, Phys. Rev. 148, 519 (1966).

6 L. Neel, Ann. Phys. (Paris) 3, 137 (1948).
7 P. G. de Gennes, Phys. Rev. Letters 3, 209 (1959).
8 V. Yafet and C. Kittel, Phys. Rev. 8V, 290 (1952).' M. A. Gilleo, J. Phys. Chem. Solids 13, 33 (1960).

magnetic moment at O'K of many substituted rare-
earth IG systems. At O'K, the theory has no adjustable
parameters, although certain inequalities have to be
fulfilled among the various exchange parameters. The
theory predicts maxima in the temperature dependence
of the moments of certain systems, in complete agree-
ment with experimental observations. The model also
predicts that the hyper6ne field in these systems has a
different temperature and substitution dependence from
that of the corresponding sublattice magnetization.

MODEL

The formula unit for the system in which we are
interested is customarily written as

I Cc,Ro,}LA„Fes~j(D,Feo ) Ou.

Cc is a diamagnetic substitute for the magnetic rare
earth E, located in the dodecahedral "c"site. 2 is a
diamagnetic substitute for the iron in the octahedral
"a" site. D is a diamagnetic substitute for the iron in
the tetrahedral "d" site. In Table I, the number of
equivalent nearest neighbors and exchange parameters
for the various sites are given.


