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NONLINEAR DIELECTRIC EFFECT FOR STUDYING
ISOTROPIC - LIQUID CRYSTAL PHASE TRANSITIONS

SYLWESTER J. RZOSKA AND JAN CHRAPEC
Institute of Physics, Silesian University,
Uniwersytecka 4, 40-007 Katowice, Poland.

Abstact The pretransitional effect in the
isotropic phase in the viecinity of the nematic,
amectic and blue phase has been studied by means
of the Nonlinear Dielectric Effect. As a research
method the NDE is complementary to the light
scattering, Kerr and Cotton - Mouton effects.

INTRODUCTI ON

On approaching the point of the continuous phase tran-
sition strong, critical, fluctuations of the next phase
appeared. It caused that many physical magnitudes may
be described by a simple power relation with an univer-
sal critical exponent.1 It also permits studying in the
glven phase properties of the next one. In some cases
the critical fluctuations appeared although the phase
transition is discontinuous. Such situation takes place
for the isotropic - nematic transition.

In the isotropic phase it is possible to do measure-
ments of such magnitudes as the light scattering (ID,
the Kerr (K> or Cotton - Mouton (CM) effects. They are
very sensitive to critiecal fluctuations:?

I, K, M ~ —=0, DT, T"= T - AT, €1d

T -T1T"
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where K = An/Ez. CM = An/Bz. E is the intensity of the
electric field, B is the magnetic induction,

An = n"
index n for the completely ordered liquid ecrystal, TE

- nLdefinesthe anisotropy of the refractive

is the clearing temperature, T* is the extrapolated
temperature of the hypothetical continuous phase
transition. The strong pretransitional anomaly,
classically described“{ caused that these effects are
particularly usefull for determining the value of the
phase transition'’s discontinuity AT.

The same type of behavior exhibits also, relative-
ly less known, nonlinear dielectrie effect C(NDED. The
method relied on measurements of the difference of the
electric permittivity CAsE = s"
and in a weak Cg) electric field, respectively. The

- &) in a strong Cs“)
frequency of the weak measurement field is of the order
of a few MHz (5 MHz in our studies). In almost all
tested, up to now, cases As® ~ E? was obtained, so that
the measure of the NDE is the value of As"/E® .*

The same temperature character of the pretransitional
effect for I, K, CM, NDE is not incidental because they

are to a large extent complementary:z‘

be s an e _
NDE = C L, K =¢ LY,
NDE a K a
An Am s he, P
CM = ¢ £ I=c £,
CM a I a

where C denotesconstants connected with the given me-

thod, t= CT - T™~T" is the dimensionless distance from
T*. *a® is the coefficient of the quadratic term in the
Landau free energy expansion”{ Ar and Am are dielectrice

and diamagnetiec anisotropies, respectively. Indices by
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Ar specificate the frequency: the optical CAD, low fregq-
uency limit C0O3 and the NDE's measurement frequency CfD).

RESULTS OF THE NDE MEASUREMENTS

The first measurements of the NDE near the nematie
phase in MBBA® and the next in C4NCSs, CBS, ... confirm
the above, classical, relations. The same temperature
dependence was observed in the vicinity of the blue
phase in cholesteryl oleate C(CO) and cholesteryl oleyl
carbonate ccocd * C(Fig.1). It is noteworthy that for the
isotropic - blue phase transition a numerical analysis
did not exclude that the optimum exponent has a value
little less than 1.

”’\58_ 4~g
= — —".] 2
— 4] 0 42—
w
g
(18} o n:”*‘*r [ 1 [ I l*
RN 2 3 4 5 T-T

o S~ (K)

E ~~.

N>2- \\

k=

Figure 1. Inverse of the NDE versus T - T* for
the transition to the nematic C(MBBA,
crosses), blue phase CCO, open circlesd
and to the smectic in DOBAMBC Cfull

circles).
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A special case is the transition to the smectic
phase. For 6 and 7 DBT® the classical behavior was
observed only for T > Tc + 4 K. Elucidation of this
behavior is not unequivocal. For instance it may be
connected with the value of the measurement frequency.

In all previous research on liquids (i.e. also in
critical solutions of ordinary liquids) fluctuations
always caused positive changes in the electric
permittivity CA£®>0d. For DOBAMBC, on approaching the
smectic A phase, the sign of these changes i1s negative
cAs®<od (fig.1d>. It may be due to the influence of the
ferroelectric smectic* € fluctuations or the influence
of the frequency of the measurement field. Maybe the
dominating mechanism responsible for the critical effect
is of the orientational nature like in the solid state.
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Figure 2. The temperature dependence of the
CNDE> ™ for 6-DBT.

Presented above results concerned pure systems. One

of the most common impurities is, in practice, a
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nonmesogenic dopant. It may cause decreasing of Tc and
the existence of the two-phase region between the
nematic and isotropic phase‘. It takes place for example
in the MBBA - benzene mixture. Measurements of the NDE
showed that also in this case the critical effect
preserves the classical temperature character (eq.1,2).
The addition of benzene changes the value of AT and the
amplitude of the critical effect.a

In our opinion the above results prove that the
NDE may be a very usefull instrument for studying
properties of the isotropic - liquid crystal

transitions.
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