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Dielectric properties of perovskite crystals 
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A~traet. The soft mode dynamical model has been used to study the dielectric properties 
of Perovsklte-type crystals. The model Hamiltonlan propo~d by Pytte has been modified 
and designed in terms of creation arm annihilation operators. The correlations appearing 
in the dynamical equation have been evaluated using double time thermal retarded Green's 
function and Dyson's equation. Without any decoupling the higher order correlations have 
been evaluated using the renormalized Hamiltonian and thus, all possible interactions among 
phonons have been taken into account. The expressions for phonon frequencies and widths 
have been.calculated, Using appropriate parameters the softening of different modes at 
different transition temperatures give rise to a series of transitions from cubic to tetragonak 
orthorhomhic or trigonal phases. The significantly temperature-dependent modes are 
considered responsible for damping eonstanL dieleetric constant, tangent loss and attenuation 
constant for these crystals, The dielectric properties are directly related to the optical phonon 
frequencies and widths and acoustic attenuation to the acoustic and optical phonon widths. 
Using suitable approximations, the model explains the experimental results on dielectric 
properties and acoustic attenuation reported for LiNbO3, SrTiO~, BaTiO 3 and LaAIO3, 

Keywords. Soft mode; frequency shift and width; dielectric constant; loss tangent; acoustic 
attenuation, 

1. lntrodaction 

The oscillations of atoms in a solid are responsible for different characteristics such 
as specific heat, optical, dielectric and electrical properties. The anharmonicity in 
solids is responsible for the existence of thermal expansion, temperature dependence 
of elastic constants, lattice thermal conductivity, variation of specific heat at different 
temperatures, etc. Many attempts have been made theoretically and experimentally 
to explain these phenomena in terms of anharmonicity. Extensive reviews (Sernwat 
1972; Sernwal and Sharma 1972, 1974) are available discussing the contribution of 
anharmonicity in various properties of crystals. 

In displacive dielectrics, the transitions are associated with the displacement of a 
whole sublattice of ions of one type relative to another sublattice. The atomic 
displacements at the transition point are small compared to the unit cell dimensions. 
In displacive compounds the phonon coordinate is the order parameter and the 
critical fluctuations of the ordering quantity are carried by the soft phonons--the 
phonon modes which are significantly temperature-dependent and cease at the 
transition temperature. In the other types of transitions, which are called order- 
disorder type, as KH, PO4, the transition is associated with the tunnelling of proton 
through a barrier between two positions of minimum potential energy in the double 
well potential in the hydrogen bond at the transition temperature (Kobayashi 1968). 
The displacive-type crystals with ABO3 structure (where A is a first, second, fourth 
or even fifth group of ions of appropriate valency and B is a transitional metal ion 
such as Ti, Nb, Ta, Zr) in which the transition occurs due to the rotation of BO6 
octahedra are known as perovskite type, e.g. SrTiO3, PrAtO~, KMnF3, LaAlOa, 
BaTiO3, PbTiO3 and various solid solutions. These transitions are associated with 
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a phonon instability (Cochran 1959; Anderson 1960) more specifically with the 
condensation of different sets of modes at the Brillouin zone centre (at q----0) in the 
ease of ferroelectrics e.g. BaTiO3 or at the zone boundary (at q = (1,/2, 1/2, 1/2)) in 
the case of antiferroelectrics e.g. SrTiO3. One may use a set of three basic modes 
corresponding to rotations of BO 6 octahedra around the three cube axes. In SrTiO3, 
one of the triply degenerate modes condenses (Cowley et al 1969) and in LaA103 a 
linear combinatio~ of all three modes (Cochran and Zia 1968). The rotation of BO a 
octahedra about different cube axes give different structures in the distorted pha~e. 
For example, in Srq-iO3, the cubic high temperature structure undergoes a tetragonal 
distortion at the transition temperature (106~ corresponding to the rotation of 
TiO6 cctahedra about a cube axis. In LaA1Os it undergoes a trigonal distortion, 
described by the rotation of oxygen octahedra about the cube diagonal. In some 
materials a series of transitions from high- to low-symmetry structures are observed, 
e.g. BaTiO 3 undergoes a ferroeleetric transition at 121~ from cubic to tetragonal 
structure and goes further to the orthorhombic (5~ and trigonal structure ( -  80~ 

It is revealed experimentally and theoretically that the soft mode plays a 
fundamental role in perovskite crystals because the dielectric constant, loss tangent, 
acoustic attenuation and Curie temperature depend explicitly on the soft mode 
frequency. 

In the present study, the model Hamiltonian proposed by Pytte (1972) and designed 
in terms of creation and annihilation operators was modificd by considering alt 
possible interactions among different vibrational modes. The correlation functions 
were evalt~ated using the Green's function technique and Dyson's equation. The higher 
order correlations appearing in the dynamical equation were not decoupted but 
evaluated using a renermalized Hamiltonian, expressions for phonon frequencies and 
widths and hence the dielectric constant, loss tangent and acoustic attenuation were 
obtained. Pytte 0972)deeoupled the correlations in the very beginning and could 
~ot obtain the frequency shifts and widths and hence the related properties. 

2. The model Hamiltoaian and Green's function 

The model I--Iamiltonian in the operator form is obtained as 

1 1 
tt =~,Z aj. (ql)B~,(q.,)Ba, (q,) + ~ %,(qt)B~(ql )B~,(ql) 

+ E~S~(q,)S~,(qt) + ZflS~,(ql)Sa,(q,) + ~?]S,~(q~)Sz,(ql) 

+ ~ ~ Sx,(q:)S~,(qt)S,~(q~) + EdpSu(q2)S~,,(q~)Sa, (q,) 

+ ~OSu(q2)S;., (q,) + ~,~S~, (q~)Sx, (ql)S~.,(q2)Sz~(q~) 

+ ~ tlg(q2)S,(q2)S~, (q~)Sa, (qL), 
where 

(1) 

(2a) 
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(ql)b~,(ql) t x biz,(qi)bz~,(q,)/~a,(qt)-I- Z Gczz'ei b~;" 
~x~'zlq. 2flal(ql) 

E )5L"(q~)b~'~'(q') 1 (zb) 

(2c) 

+ ~'gti~ eJa'(~q2) btz;" (q ' )b z2t (q t ) ) / (8f~' (q i )oJu(q 2) )l (2d) 

-- / F  "" Azb;'a~(q2)b~"(ql)bax'(ql) 
Z = L ,DI.=t, 2 L ~'~1 " , (2-~l(ql)~z,(q2)) 112 

F1 X" A ~b~(q2)b~';', (q I )b~z' (q' )-], (2e) 

~_ e--[i~(gu;.Aao~,O2qz)~/(#q2)bxzi(qt))t(So)~(q2).Qt,(qt))itzl, (2f) 

L J . l z ~ l . l q ~ \  z., , I .  "" 

)/ ] + T y ,  ' , ~g / . "  

(2g) 

S~(q) = [a~(q) + g ( -  q)], B~(q) = [a~(q) - g ( -  q)], 

where the symbols are the same as used by Pytte (1972). 
The correlations appeariag in the phonon  response function can be evaluated using 

the double  time thermal retarded Green's function (Zubarev 1960) 

(;(t - t') = ((s~(q~),:sL(q,),,)) 
= --jO(t -- t') ([.Sz,(q~),:S~,(q,)r]), (3) 

where the angular brackets denote the average over the large canonical ensemble and 
0(O is the Heaviside step function having properties 

0(t)--- 1 for t > 0  and 0 for t < 0 , j : - - ( -  1) ~s', 

Differentiating (3) twice with respect to t, using the Hamiltonian (1) and taking 
Fourier  transformation, one obtains 

(co z - ~,(q3))G(r~) = Oa~(q~)ba~x,6,~,, + ~,(qa)F(r~), (4) 
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where 

~ ( q 3 )  = { (  f~~ 3F t~  A / +  2Fa a,a' ~ A]'+ ux~guaete~]b~(qa)ba~(q3)/ 

+(4F2a~:.AzAa'+2~Gi,;.'ei-;va~'(q3))b~:_,(q3)ba'~3(q3' }, 

(s) 

and the higher order Green's functions 

r ( t _ t , ) =  ((f~dq3~ . , .S;,,(q,),, )), (6) 
with 

fa,(q3) = n[vlS~,(q~) + [YlSz,(ql)Sz~(ql)+ #zS~,(qa)Sx,(qt) 

.+ r s,(ql)sz,(q3) + o,s~(q,)G(qd + ~ &~(q3)SL (q ~)sz~ (q,) 

+ n~G(q~)G(q~)Sz,(q~)]. (7) 

~'~, 0~, etc. are the corresponding values of 7, 3, 0, etc. from (2) obtained Here, Yl, 
by evaluating the respective commutations appearing in the Green's function (3). 

F(w) is calculated by differentiating (6) twice with respect to t' using Hamiltonian 
(1) and then taking Fourier transformation, one obtains 

t ( F  + Da.~q,~) IF(co)), (8) r(m) = [.wz _ fi~,(q.)] 
where 

and 

coth(fl~z,(q4)/2) rl ,r 

• fi~,(q,) 

* 2~ coth (f l~,  (ql)/2) +F~ ~ ]b;.;.,(q,t)ba,:q(ql)] 
~*~' / D~(q,) 

/ I _ . ~ eoth(fl&u(qt)/2 ) 
(9) 

02)  

using the renormalized 

F(t- c) = ~A,(q~),:fL(q,),. >>. (10) 

Substituting the value of P(o) from (8) in (4) and using Dyson's equation (Gairola 
and Semwal 1977) one obtains 

where the renormalized frequency is 

i lL(q , )  = i lL(q , )  + F. 

The higher order Green's functions F(m) are calculated 
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H a m i l t o n i a n  

/ 'L ~ 2  1 

+ cG(q ) G t~  ~ -, 

and (11) can be written as 

O(~o) = n~4(q.)/,r [co ~ - nl , (q,d - p~.(q., co)]. 
where 

? 

P,t,(q'*,~) = Z G~(q,..co). 
and 

03) 

( 1 4 )  

05) 

- p,,(q4,<a)]~, (16a} • Igi(lxq.)b~(q.)[2/Ec02 - r 
J 

( . q t  \ ~.  " " 

+2r2  ~.x~ A~b!a,(q,)b1,>., (q,)ba,z,(qt)) 2 

(1 6b) X 
[0 )  2 - 4a~,(q, ) ]na,  (qt) 

+ 2 F 2  a*a'  y '  Aabl;"(ql)b~"~4(q'*)br~'(q4)) 2 

1 [E(na4(q,,)-)-n@q~))(l~,,(q,)+~'la,(q,,)) 

(ts:)  

2 1 
+ ~.O,j~eje,(#q~ )bla. (q~.)baz,(q4) ] -. 

(nz4(q.~) 4- n.(qt))(~a~(ql )=1: ~)a4(q,L)) 

X 2 ~ 2  ' r176 --  4r  ) 
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3 Ft b b 2 a,z, * b )[2)2//. 

~ , (q~)~x , (q , ) [~(1  + 2n z, {qt )nx,(qs.22 + n~, (qt) )(~)x, (q,) +_ 2fiz(q~)) 

+~&!q*).(l+2na'(qt)nz'(q')+nZ'(q~))l} (16I") 
[ o'2 - ilL(q+)] 

r,,++ \q~ ] / 

r + l ,  + +,,,,(+.,.)+ .+ ++.(q,>) 
x L~ [++- (~j,(q+) _+ 2,~,,(#,))+] 

+ 2~z.(q'*)(1 + 2n~'(~ )nz"(q~---~)+nz"(q')) ]}+ (16g) 

E~" - nL(q+)] 

Using these expressions the value of the Green's function (14) can be written in a 
convenient form 

where 

and 

Lira G(w q-je) = G'(o~)-jG"(co) (17) 

2 " 2 G'(c+o) = I'~x,(q+)(r 2 -- ,~ ~,[q4))/7~[ {0J 2 -- S~,a2.(q,+)} z + f~z,(q+)F~,(q,, o&], 
08a)  

2 2 G"(w)=n~.(q4)ra,(q+,w)/r[{o 2- ~ . (q . ) }2  + ~,(q+)r~.(q+,~)], (18b) 

where Aa,(q+,o~} and Yz,(q,,o~) represent phonrn frequency shift and width rezpectively 
and ~x+(q,) is the soft mode frequency which is given by 

S~,Iq4, ~) = ~z (q,) + flz,(q+)Ax,(q,~, r (19) 

The phonon frequency shift and width are given by 
7 

n~,(q+)a~,(q,, o~) = ~. G~(q+,o+), (~o} 

and 
7 

n~,(q,)rMq+,o+)= ~ G"(q+,~), (2~) 
i ~ l  

where Gia(q+, co) ,,z and G, (q,. r the real and imaginary parts of G.a,(q,, .w) are obta ined 
by using the formula 

1 1 
l i r a - -  = - -T-jrc~ (x). (22) 
+-ox +j* x 

The phonon frequencies and widths are obtained for different modes in different 
phases by using the parameter values given by Pytte (1972). Here, for example,  the 
tetragonal phase has been taken. 
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3. Optical phonon frequencies and widths in tetragonal structure 

For the tetragonal distortion corresponding to a static displacement of ions along 
cube axis, only one of the components of the soft mode coordinates isAifferent from 
zero and  one sets 

A z  = ASa~ 

where 3-axis has been chosen as the c-axis 

e l = 0  for i >  3 and ez =e2  ~e3 .  

F rom (12) and the form of the interaction potential vg~,(q), it follows that pure 
longitudinal and transverse modes are obtained for the propagation vector in 1, 2 plane 
and a long  the 3-axis. For g •  there are two different transverse modes ~txl'E(T0)3 
and K~s.r [At  (T0)] and one longitudinal mode ~ L [ E ( L 0 ) ] .  For ff II S there is a doubly 
degenerate mode f~a.r[E(T0)'l and one longitudinal mode ~3L[AI(L0)]. 

The free energy is given by 

F = ( H )  - TS,  (23) 
where ( H )  is the average Hamiltonian and 

S = kB~[(1 + n~(q))ln(t + nx(q) ) -- n~(q) Inndq)]  (24) 
LI/ 

is the en t ropy  of the system and n~(q) the Bose occupation number. In the extremum 
condi t ion the derivatives of free energy with respect to order parameter A and strain 
coefficients are zero. Using this condition, the normal mode frequencies from (12) for 
te t ragonal  structure are obtained as 

~at-r =(2Fz - F1)A 2 + (2F2 - 3Fz)(A s - A~)+ 2(e s - e, )(G, : - Gil ) 

+ ~(g;j,  -gu3)(e ,  ej + O~), (25a) 
U 

with 

and 

DU -~ Z ~-~-~02q)~176176 l'(q)/2) 
ua 2r 

~ ' r  = 2F~ A 2, with a a = (2fin)- ~ coth(flfia/2), 2 = 1, 3. (25b) 

I t  can be noted that Air  has a complicated temperature dependence whereas ~2ar 
is p ropor t iona l  to A and thus the polarization, which is proportional to ( T -  T,) 11= 
(Pytte t972). Using parameters given above the phonon frequency shifts and widths 
for different modes can be calculated from (20) and (21) respectively. 

4. Acoustic phonon frequencies and widths 

The acoust ic  phonon frequency widths and shifts which lead to the expressions for 
acoustic attenuation, are obtained analogously from acoustic phonon Green's function 

G,,(t - t') = ((Su~(qa)t:S~, (q4),, >) , (26) 
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which gives 

- o ) ~ ,  ( q ~ )  - pu,(q,~, t o ) ] ,  

where 

w~,,(q4) = cb,,.,(q 4) + 2 t:.~:~,~ gi2aa~(~q'~)%(l~q4)b~')"(q ~)b;~, (q t) 

L f r  3 '  

{27) 

(28a) 

and 

with 

(2~b) 

4- 

p,,.,(q,,,., r --  ~ G~'(q,,~) (28o) 
i ~ l  

G~(q, ,~)~ 4 Oiax, Az.+ gli;~A:~ej l%(lsq4`)b;~;t,(q4)]2/ 

l-co 2 - ~ , ( q , )  - pz,(q,, co)] ~, (29a) 
9 

f 
L q~ \ l~.,a" 

§ Zg,,aejo:,(l.~,,)b~,.,(ql)b,aa,(q,)) 2 n~'(ql) . ~, 

~. ,~, ,,,:, : ~,,(q,,,) .~, ( q , )  
'X /1 z 

L E,:-It%(q:) • JJ 

k~t k s  / [  

I~ (I + 2n~.,(q~) n~,(q,,)+n~.,(q~))((~,(q.~) + 2~,(q~.)) 

[o~ z - (~a.(q.) 5: m: , ,  (q~))2] 

" " 1}  
4 2to~(q.)(l + 2n#(q4)n~(q~) + n;,. (qt)) (29d) 

( 0 ) 2  ~ 2 " 
- ~,(q.,.)] 

where n~. the phonon occupation number 

nk = -r coth(/kokn) 
O) k 

and 

k~ being the Boltzmann constant and T the absolute temperature. 
The real and imaginary parts of p,. (q4, co) are obtained by using (22) and the 
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acoustic phonon widths are obtained as 

7~ 
Fj,(q,, ~) = o),,(q.) Im po(q.,  co), (30) 

The expression for acoustic at tenuation constant is given by 

uu(q, ea) = F,(q, :~)/C,,(q), (3 I) 

where Cs,(q) is the velocity of acoustic wave,# = L for longitudinal and Tfor transverse 
' w a v e .  

5. Comparison with experiments and discussion 

5.1 Dielectric constant and tangent loss 

Following Kubo (1957) and Zubarev (1960) the real part of dielectric constant is given 
by 

k'(~) - 1 = - 8~zZ N~_ZG'(~), (32) 

where u is the effective dipole moment per unit cell and N is the number of cells in 
the sample, 

The  dielectric loss (tan 6) is defined as the ratio of imaginary and real parts of 
dielectric constant and can be written as 

tan 6 = a" (~)/G' (~), (33) 

Thus  the retarded one-phonon Green's function is enough to determine the dielectric 
constant  and loss tangent. Using (32) and (i8a), the real part of the dielectric constant 
can be writ ten as 

k'(e~) - 1 = - 8rcN_~2 f~(q)(o~ -" - g/,~ (q))tE(w 2 - g~(q))~ + f~.(q) r~(q, a,)]. 
(34) 

Fo r  the perovskite crystals the microwave or lower frequency is much smalier than 
the optical soft.mode frequency SZ~~ = 10 -3) and no relaxation effects are 
observed. Due to this appreciable difference between o~ and the optical soft mode 
frequency, (34) can be written as 

= as  k ' ( w )  >> 1, (35) 

In the vicinity of the transition temperature (25b) with the shift term gives 
SL,on ec( T -  T,) ~z, and (35) becomes 

k'(e~) = cor ts tant / (T-  T~). (36) 

This is the Curie-Weiss law_ 
The tangent  loss is given by 

tan 6 = Fz( q, c~)/[a) 2 - S2,](q)], (37) 

where F~.(q,~o) is given by (21). For o)<< ~a(q), (37) becomes 

tan6  = - Fz(q,w)/SZ~,(q,o~) = ~(~ + f i T +  ?TZ)/(T - To), �9 (38) 
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where a is harmonic arid defect contribution, fl and y are due to three and four phonon 
anharmonic interaction terms of the lattice. 

Thus a possible explanation of the origin of temperature dependence of microwave 
and lower frequency loss tangent and didectde constant is possible if the paraeleetridty 
of Ago3 perovs•hes is regarded as originating from the temperature dependent 
optical soft phonon frequency. A transverse radiation field derives the soft transverse 
optical mode of the material on the forced vibration. Energy is transferred from the 
electromagnetic field to this lattice mode and is degraded into other vibrational modes. 
Equations (36) and (38) describe the behaviour of SrTiO~ and BaTiO3 (Rupprecht 
and Bell 1962; Benedict and Durand I958) quite well. Paletto a al (1974)measured 
the variation of perrnittivity and tan 6 of BaTiO3 with temperature. The anomaly 
near the transition temperature can be explained by the fact that the optical mode 
frequency softens near the transition temperature giving a large value of dielectric 
constant and loss near the transition points (36) and (38). 

Similarly, the phonon frequency and damping constant in the first approximation 
comes out to be 

~](q)  = ct + f iT+ yT: (39) 
and 

Fz(q) = s + f l 'T + ?' T 2, (40) 

which on fitting with the experimental results obtained by others for BaTiO3 (Lupsin 
et at 1980), SrTiO3 and LaAIO3 (Feder and Pytte 1970) give the values of 0r fl and 
,/s [or different modes in different phases as listed in tables 1 and 2. 

The Curie-Weiss behaviour of tangent loss in SrTiO3 and SrTiO.~ doped with 
impurity (Rupprecht and Bell 1962) shows that this contribution is due to the 
temperature-independent term ~ in (38). This suggests that imperfections cause 

Tsble 1. Values ofa. fiend ? obtained by fitting (39) with experimental results (figures 1, 2, 3). 

BaTiO s SrTiO 3 

Cubic phase q'etragonal Cubic Tet ragonal  

F, dsoft mode) E(TO) F , ,  E(T0) AtIT0) 

~,cm- 1 - 63.2 - 76.48 - 53'59 17"59 43,-79 
fl era- 1 K -  t 0.2865 0.57 0.737 - 0.0915 0-048 
y e m - t  K -~ - 8 ' 4  x 10 "5 -6 .12  • 10 -'~ - 1 4 9 x  10 -a  3.26 x 10-'* --2"5 x 10 - 3  

Tabt~ I. (Cominuea~ 

LaAtOj 

Cubic TrigonaI 

G. ~fro) A~ (TO) 

~ c m -  ' - 101.82 128.05 37'03 
pern "1 K -  1 0"2096 0-0534 - 0.009 

~ c m - '  K - :  -6"31 x 10 "~ t.87 x 10-* - 4 - I  x I0  - s  
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damping. The imperfections couple the soft mode to other modes and provide a 
mechanism for scattering energy out of the driven mode, At higher temperatures the 
loss deviates strongly from the Curie-Weiss type behaviour and increases linearly 
with temperature. This assumes that at higher temperature lattice, anharmonicity is 
responsible for the observed loss. This discussion also applies to BaTiO3 in the 

t 

-~180 
I 

55 - -  BoTiO3 

,~ 50- ~ ." / 

40 

55 / F1 u t 100 

30 ' ~  t 60 
293 335 

I ] I__  I t,.~ 

300 700 1100 "1500 
Temp. ( ~ ) 

Figure i. Temperature dependence of E(T0} and Fj.  me)des for BaTiO 3, qSand O points 
represent experimental results and the solid lines represent (39) with c~,/~, y from table 1. 
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E 

a.)  
r  

c -  

o 

0 
t- 

O_ 

4 

_ ., SrTi03 

^J l _ , 

I . . . . .  L 0 �9 
0,5 1.0 1.5 2.O 

T/Tc 
lrtga~ 2, Temperatur~ del~ndence of optical phonola frequency for SrTiO~. The point~ o, 

and ~, are exp,~rim~ntal results (o, Floury et al; , Shirane and Yamada; z~, Cowley 
et al) ~nd the solid curves represent (39) with ~, fl, , / from table t, 
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2 0  " 

~ ~ ~ A ~ ( T O )  L~ 

g l  0 
~ , 
_ E[T0) Flu 

O O,5 1,O 1.5 2.0 
"r/Tc 

Figure 3. Temperatare dependence 9f optical phonon frequencies for LaA10~. O and 6 
repr&~nt experimental results (e, Axe et at; O, SGott) and solid curves represent (39) with 
~, ~, '/from tabte 1. 

Tal~ 2. Values 0t" =', ~', 7' obtained by tatting (40) with experimental 
results, figures 4, 5, for BaTiO~. 

FI, (soft mode) A i (TO) E(]'O) 

Er ~ 13'475 t959 93.84 
~'em -I K -x 9"31 - 11.784 -0.34 
7'cm -j K -2 -9"75 x 10 -~ 0.0t9 1.25 x 10 -3 

3,00 

T•200 

100 

B~ / 

L, I 
20 60 100 

Temp. (~ 

i , 

140 

Figure 4, Temperature dependence of width of A~(T0) mode in BaTiOa. I show 
experimeztd results and the solid curve is reprea~nted by (40) with ,,', //', 7' from 
table 2. 

paraelectfic phase. The observed loss tangent of BaTiOs, however, is some o rde r s  o f  
magnitude larger than the SrTiO~ value (Benedict and Durand 1958; Stern and L u r i c  
1961), The temperature dependence of toss tangent is a reflection of  t e m p e r a t u r e  
dependertee of frequency of  the transverse polafizadon m o d e - - t h e  optical soft m o d e .  
The kigh loss of polycrystaltine samples of(Ba-Sr)TiO 3 mixture and single c rys t a l l ine  
samples of BaTiO 3 (Stern and Lufic 196t) exhibit the toss tangent represented b y  
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200 - 

t E 

e-- 

ok .... 

Figure 5. 

Ba Ti 0 3 Flu 

�9 / g "  E(TO) 
1 ~ 0  - , ~ / I r  

_ l  . L ~  
293 353 373 

I 1 I I I 
500 "r~ 900 "LSO0 

Temp. (':'K] 
Temperature dependence of damping of Fl~ and E(T0) modes in BaTiO~, 0 

and �9 represent experimental results and solid curves are represented by (40) with 
a', ~', 7' from table 2. 

(38). Other perovskites, e.g., CaTiO 3 (Linz and Harrington 1958), KTaO3, KTaO3: 
NaTaO 3 (Agrawal and Rao 1970) also exhibit the same behaviour. 

The frequency dependence of loss tangent for perovskites is linear and so is the 
temperature dependence at higher temperatures. The resultant increase in loss is not 
due to the bulk electronic semiconduction because this would in turn lead to a 
reciprocal frequency dependence of loss tangent. The temperature dependence of loss 
does not appear to be exponential. Thus, third and fourth order anharmonicity may 
be responsible for the observed behaviour of loss tangent. 

5.2 Acoustic attenuation 

Expression for acoustic attenuation coefficient is given by (31). In the vicinity of the 
transition temperature fGa, ~c ( T -  7",) t/2 and the temperature dependence of damping 
constant of the acoustic wave near the transition temperature, can be expressed as 

E { A"~ F~.(q.~)--- .41(o)}+ A2(ro)4 i T -  T,) 1/2-t (T----~} ~/2 T 

{ A~(~) A,(~)) } ] 
+ A#)) + (7-- %)*** i (f-- ~)2 T2 , (41) 

where At(o~) are temperature independent terms. 
Acoustic wave velocity decreases anomalously (Naithani and Semwal 1980) in the 

vicinity of the transition temperature. This also contributes to the anomalous increase 
of the attenuation constant near transition temperature of the displacive ferroelectries. 
These results agree with the results of Tani and Tsuda (1969), At the temperature 
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which is away from the Curie temperature,  the soft m o d e  frequency is heady 

tempera ture - independent  and  so is the acoustic wave velocity. Thus ,  the acoustic 
a t t enua t ion  constant  can be written as 

F~(q ,m) - -  a' t  (q,o~)+ A'2(q, co ) T +  A3(q, ~o) T 2, (42) 

This type of behaviour  has been observed for L i N b O  3 ( L e m a n o v  et al 1969), BaTiOa 
(Hueter  and  Neuhaus  1955) and SrTiO3 (Nava et  al 1969) exper imen ta l ly  which 
confirms that higher order anharmonic i ty  domina tes  at higher  t empera tures .  Thus 

the experimental  and theoretical results reveal that  the b ind ing  forces be tween  atoms 

do not  show the ideal spr ing behaviour and  consequent ly  the res tor ing forces are 
propor t iona l  to higher powers of displacement as well. 
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