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Abstract

A T¥2 contribution to the low temperature specific heat of anharmonic
ferroelectric crystal is caculated. This may be based on domain walls
contribution because it is not present in paraelectric and antiferroelectric
ferroelectrics. The variation of low temperature specific heat with temperature
is discussed in PbTiOz and KNbO;3; and, the variation is discussed with defect
concentration in case of Ba;xCaTiO3 ferroelectric perovskites for different
values of ‘x’.The effect of temperature and defect on low temperature specific
heat can be observed in the presence of anharmonicity. Specific heat increases
with increase in temperature in PbTiO; and KNbO3; and, also with defect (for
different concentration) in Bay.xCacTiO3 ferroelectric perovskites.
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Introduction

A well known aspect of ferroelectric perovskites is that, a large number of their
properties result from the temperature dependence of the low lying transverse optic
mode of vibrationg[1,2]. In ferroelectrics the frequency corresponding to the
transverse optic mode of the zero wave vector is imaginary (iwg) in the harmonic
approximation as harmonic forces are not only sufficient to stabilize the system[3-8].
The dynamic properties of ferroelectrics will be affected[9-11] in the presence of
electric field because of the influence of the soft ferroelectric mode in the electric
field. The effects of the defects can, generaly, be expressed by a change in Curie
temperature T, without essentially changing the character of temperature dependence
of the dielectric constant, in other words, the Curie-Weiss law remains valid with
essentialy the same Curie constant. The dependence of specific heat on temperature,
defect and applied electric field is a reflection of soft mode frequency on these
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systems. Lawlesg[12-14] has measured the anomal ous specific heat of pure soft mode
dielectrics experimentally at low temperatures.

In our previous papers 15,16] we have discussed the variation of specific heat
with temperature in and with temperature in PbTiO3; and KNbO3; and defect in Ba;-
«CacTi03 ferroelectric perovskites in paraglectric phase by using modified Silverman-
Joseph Hamiltonian for displacive ferroelectrics and the double time Green’s function
technique[ 2]. In the research paperg 15,16] we have discussed the variation of specific
heat in PbTiOs, KNbOs; and Ba,,CaTiO; and such T¥? contribution to the low
temperature specific heat was untouched.

The aim of the present work is to discuss the variation of low temperature specific
heat with temperature is discussed in PbTiO3 and KNbO;3; and, the variation is
discussed with defect concentration in case of Bay.xCacTiOs ferroelectric perovskites
for different values of ‘x’. The T¥? contribution to the low temperature specific heat is
observed in PbTiO3;, KNbO; and Ba;xCaTiOz ferroelectric perovskites. A
considerable review on specific heat of pure and mixed crystal is available in
literature of many researchers[14,17,18] and references therein.

Theory
The Hamiltonian which includes the anharmonicity up to the fourth order in the
potential energy due to interaction of soft mode coordinates, resonant interaction and
scattering terms are considered. The modified transformed Hamiltonian[11] of a
mixed displacive ferroelectric in paraglectric phase which includes defects and
electric field is used in the present study.

For the study of specific heat, Green’'s function for soft optic mode is used as
follows:

Go (0+ig) = << AL(1); As°(t) >> (w+ic) 1)
G (o+ig) = G'(0) + G () 2

Writing Eq. (1) in the Dyson’s equation form by solving Green’ s function with the
help of modified transformed Hamiltonian and by Fourier transforming, one obtains:

G(0+ie) = 0] (o) ()T ()] (3)

where (v,”)%() is defect and field dependent soft mode frequency and can be written
as.

(0”)*(®) = ~(@0")* + 40,°D(0,0) +
0o EA(9602V—24gD’1)+4 0°g +A.% () (4)

where Ay~ (w) and I'”(w) are shift and haf width of the soft phonon mode with
defects, anharmonicity and electric field, oo is the soft mode frequency of pure
harmonic crystal, D(0,0) is defect dependent term for k=0 (wave vector ) depending
upon changes in the force constants; g is a term from transformation operator [S =
—igEB,’]; V and D’; are electric moment terms. The defect dependent terms in the
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above equation will be zero while considering a pure crystal.
In our previous work[15,16]we have calculated the value of specific heat from the
above mentioned technique as:

Cy = kg (iQnen ks T4 exp (AQaep /KsT)} [exp (7Qaep ks T) —1)° (5)

Also in our previous work[19] for low temperatures the value of the specific heat
for these crystals follow the relation

C=ar’+bT*
or
CT¥?=ar*+b (6)

where a and b are the constants. Since this is absent in the paraelectric and
antiferroel ectric phases and is independent of the presence of the defect concentration
and also on the crystal whether it is displacive type or has H-bond, it suggests T¥? is
due to domain walls.

Variation of specific heat at low temperatures

The value of constants ‘a and ‘b’ for PbTiO3;, KNbO; and Ba.xCaTiO3 are
calculated from the best fit of data from our previous work[19,20]. The values of the
Curie temperature for PbTiO3;, KNbO3; and Bay xCacTiOs3 (for different values of ‘x’)
are taken from the best fit of data from our previous work[21,22]. Specific heat at
constant volume of the crystals taken under consideration has been calculated by
using equation(6) at low temperatures. Variation of specific heat at low temperature
has been given in the Fig.(1) for PbTiOz and KNbOs(both pure crystals) and in Fig.(2)
for Ba;xCacTiO3 (for x= 0.0, 0.05, 0.10 and 0.15).
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Figure 1: Variation of S/pecific Heat in PbTiO3 and KNbOsferroel ectric perovskites at
low temperature with T2,
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Figure 2: Variation of Specific Heat in Bay«CacTiO3 (for x= 0.0, 0.05, 0.10 and 0.15)
ferroelectric perovskites at low temperature with T,

Discussion and conclusions

Figs. (1) and (2) show the T¥? contribution to the specific heat at low temperatures for
PbTiO3, KNbO3; and Bay.«CacTiO3 (for different values of ‘x’). It is evident from the
figure that specific heat at constant volume increases with increase in temperature at
very low temperatures. It is aso clear from the Fig.(2) that it aso increases with
increase in defect concentration in BayxCacTiOg3 (for different values of ‘x’). the trend
is same for all the concentrations. Our results are in good agreement with the
experimental[ 12-14,23, 24] and theoretical [19] results of the other researchers.

Refer ences

[1] U. C. Naithani , N. S. Panwar and B.S. Semwal, Indian J Pure & Appl Phys,
38,196,(2000).
[2] Ashok Kumar, U.C. Naithani and B.S. Semwal, Indian J Pure & Appl Phys,
39, 781, (2001).
[3] E Fatuzzo, Proc Phys Soc London, (GB) , 84, 709, (1964).
[4 RF Shaufele, W Weber and B D Silverman, Phys Lett A, 25, 47 (1967).
[5] JM Worlock and P A Flury, Phys Rev Lett, 19, 1176, (1967).
[6] PIKonsinand N N Kristofel, Sov Phys Solid State, 10, 1773, (1969).
[7] V K Jaiswa and P K Sharma, Physica, 43, 71,(1969).
[8] N Boccara Solid Sate Commun, 6, 211, (1968).
[9] U C Naithani, R P Gairola and B S Semwal, J Phys Soc Japan, 43, 204,
(2977).
[10] U C Naithani and B S Semwal, Pramana (India), 14, 149, (1980); 15, 371,
(1980); 14, 19, (1980).
[11] U C Naithani and B S Semwal, Pramana (India), 11, 423, (1978).



T¥2 Contribution to the Specific Heat of PbTiOs, KNbO; and Bay.CaTiOs 169

[12]
[13]
[14]
[15]
[16]
[17]

[18]
[19]

[20]
[21]

[22]

[23]
[24]

W N Lawless, Phys Rev Lett, 36, 478, (1976).

W N Lawless, Phys Rev B, 16, 433, (1977); 18, 2394, (1978).

W N Lawless, Ferroelectrics, 17, 341,(1977).

Talvinder Singh, Ashok Kumar & U C Naithani, Indian J Pure & Appl Phys,
2009 (Accepted in press).

Dushyant Pradeep, Ashok Kumar and U.C. Naithani, Indian J Puire & Appl
Phys 48, March 2010.

G N Baluni and U C Naithani, Indian J Pure & Appl Phys, 23, 261 (1985); 24,
496, (1986).

| W Shephed, J Phys Chem Solids, 28, 2027 (1967).

Ashok Kumar, U.C. Naithani and B.S. Semwal, Indian Journal of Theoretical
Phys. Vol. 56,No. 1, 53,(2008)

D SLingwal, D.Phil. Thesis Garhwal University (Unpublished), 2002.
Talvinder Singh, Ashok Kumar & U C Naithani, Indian J Pure & Appl Phys,
48, 47,(2010).

Dushyant Pradeep, Ashok Kumar and U.C. Naithani, Indian J Puire & Appl
Phys, 48, 220, (2010).

S.S. Todd and R.E. Lorenson, J American Chem. Soc.(USA), 74, 2043,(1952).
G.Shirane and A. Tokeda, J Physical Soc. Japan, 6, 329(1951).






