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In BaTiO strong Rayleigh scatter1ng near the paraelec
tric to 3ferroelectr1c phase transition was observed for 
(z,y) geometry. In a static external electric field this 
peak strongly increases in intensity and shifts to higher 
temperatures as weIL. These results can in principle be 
explained by the Ginzburg theory. However, other scatter
ing mechanisms can not be excluded. 

As outlined by Ginzburg in 19551 addi
tional light scattering should be ob
served in solids near second order 
phase transitions and, in particular, 
near critical Curie points. This 
scattering is due to fluctuations 
in the order parameter. In the last 
years extensive experimental and theo
retical work was performed in connec
tion with critical Phenomen, near 
phase transitions in solids • 

In 	this note we report on some preli 
, 	 minary light scattering experiments 

near the paraelectric to ferroelec
tric phase transition in BaTi03' This 
phase transition is known to be of 
first order. Consequently, in the re
gion of the transition temperature, 
no additional light scattering due to 
fluctuations is expected. However, as 
shown by Meyerhofer 4 and DeBrette
ville5 the first order paraelectric 
to ferroelectric phase transition 
nearly becomes second order under the 
influence of an external static elec
tric field. Furthermore, for many 
,years BaTi03 served as a "model" 
ferroelectric, and therefore many in
dependent experimental data are avail 
able3 . 

For the light scattering experiments, 
single crystals grown from the KF flux 
by the Remeika6 method were prefered 
to the available melt grown crystals, 
because of their better optical quali 
ty and poling properties. These crys

tals were selected for minimum inter
nal strain and an optical axis could 
be definitively determined uSing co
noscopical microscopy. Care was taken 
that only a single domain was passed 
by the light. The temperature of the 
symple was varied linearly by 1 K/ 
minute. All experiments were per
formed in back-scattering or forward
scattering geometry. 

Flg. 1 shows typical results for x(z,y) 
x geometry. The electric field was 
applied parallel to the ferroelectric 
axis (z-axis) of the crystal. The most 
remarkable feature i8 a strong peak in 
the integrated scattering intensity, 
shich shifts to higher temperatures 
and increases in intensity with in
creasing field strength. Qualitatively, 
such a behaviour was fou9d as weIL by 
Romanovskis and Zvirgzde • In Figs. 2 a 
and 2 b the temperature at which the 
peak occurs, and the peak height norma
lized to the height at zero field, re
spectively, are plotted as a function 
of field strength. 

Similar results were obtained in z(x,y)z geometry, while for z(x,x)z only a 
steep rise in the scattering intensity 
occurred at the phase transition. Such 
a behaviour was expected from the 
selection rules. 

In spite of the fact that we can not 
definitively exclude that inhomoge
neities, e.g. phase boundaries, 
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internal strain, domain or defect re
arrangements etc., are responsible for 
the "anomalous" scattering near the 
phase transition, we now try to com
pare these results with the predic
tions based on the theory by Ginzburg 1 

and Krivoglaz and Rybak8 . The reduced 
equation of state can be written in the 
form 

(1) 

with 	 e = E/E c ' p = PIPe' 

t ';(T-T )/(T -T ) (2)
o c 0 

where T , and E are the criticalP c
values for temperature, polarization 
and electric field. A plot of equation 
(1) is shown in Fig. 3 in order to 
illustrate the strong analogy to a van 
der Waals equation. From this diagram 
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Figure 3: 	Temperature dependence of 
the polarization in an 
electric field according 
to equation (1). t = 0 
corresponds to the super
cooling temperature for 
zero field case, t = 1 
corresponds to critical 
temperature. 

the transition temperature can be cal
culated. This temperature can, within 
0.05 reduced temperature units, be 
approximated 	by 

8 7
tp~T5e + 15 (3) 

Equation (3) can be derived for the 
limiting case e, p, t -7! (second 
order transition). It should be point
ed out that equation (l)reflects 
pytte's9 self-consistent calculations 
for the lase of zero field. FOIIO~ing 
Ginzburg and Krivoglaz and Rybak , 
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Figure 2: a) Shift of peak position 
Tp as function of elec
tric field. 

b) Inverse of maximum 
scattering intensity 
as ftinction of electric 
field. 
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Figure 	1: 

T[K]-

Temperature dependence of 
integrated rayleigh 
scattering intensity in 
BaTiO near the paraelec
tric-lerroelectric phase
transition. 
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and neglecting supercooling or super reasonable agreement with the data 
heating effects (the extremal cases derived from the birefringence mea
for the light scattering intensity are surements of Meyerhofer 4 , the,mea
indicated in the inset of Fig. 3), the surements of ~olarization by 
maximum scattering intensity at the DeBretteville , and the calculations 
phase transition is given by by Kulwicki 10 which are based on 

dielectric data. 
I (E)/I (0) <1-e)-j (4) 

The systematic deviation of our exper~
From Fig. 2 b together with equation mental results at low field strength
(4) we can estimate the critical field i.e. below the coercitive field 
to Ec~j5.4 kV/cm. In analogy, from strenth of about 1 kV/cm (see Fig. 3) 
Fig. 2 a and equation (3) we obtain may be either due to hysteresis effects 
for the critical temperature T z or due to inhomogeneities as mentioned 
394.4 K and for the Curie tempirature above. 

To~381.4 K. These data are in 
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