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Non-linear dielectric response of a ferroelectric liquid crystal

S. K. PRASAD*, G. G. NAIR and D. S. SHANKAR RAO
Centre for Liquid Crystal Research, Jalahalli, Bangalore 560 013, India

(Received 26 March 1999; accepted 27 May 1999 )

Dielectric spectroscopy is a very useful method for investigation of the structure and dynamics
of liquid crystals. However, with few exceptions, most investigations have been only in the
linear regime. In this note we present a simple method for extraction of the non-linear
contributions to the dielectric constant and as an example give the results obtained for a
ferroelectric liquid crystal.

1. Introduction amplitude of the ® eld is E0 and the angular frequency is
v, then the di� erent components of the displacementThe dielectric behaviour of ferroelectric liquid crystals

has been studied quite exhaustively [1]. However, with can be written as
few exceptions, all these investigations are restricted to
the linear part of the sample response to the applied
electric ® eld. The non-linear response has not been well
investigated. The reasons for this are two-fold: (a) the
signal due to the non-linear part is very small compared
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(1)
with that due to the linear part and therefore di� cult to
extract; (b) there is no commercially available equipment
with which to perform these measurements. Early work
in this ® eld appears to have been started by Rzoska et al.
[2]. Their experiment, based on a principle developed by and so forth. Since the applied electric ® eld is weak, the
Chelkowski [3] for general dielectric materials, employs practice [5± 7] is to neglect the higher order terms on
the application of large pulsed voltages to the sample the right hand side of each expression in equation (1)
and measurement of the dielectric constant with a small and retain only the ® rst terms. As we shall see later, this
probing ® eld. The di� erence between the values obtained assumption is supported by the raw values obtained for
with and without the large pulsed voltage gives a measure the ® rst and third harmonic signals. Hence D1 is con-
of the non-linearity of the response. By applying voltages sidered to be the linear response, and D2 and D3 to be
in the range 200± 1000 V, they were able to study the the second and third harmonic responses, respectively.
temperature variation of the non-linear dielectric con- Correspondingly, e1 is the linear dielectric constant and
stant in the isotropic phase on approaching the nematic e2 and e3 are the non-linear dielectric constants.
phase. But the disadvantage of the technique is the need Using this principle, Furukawa et al. [5] designed an
for application of high voltages. experimental set up to study solid state ferroelectric

A second technique reported in the literature is based samples, which we brie¯ y recall here. The ® eld to be
on Nakada’s phenomenological theory [4] of multi- applied to the sample was digitally synthesized and the
time after-e� ect functions and involves applying a low response of the sample was collected using a charge
amplitude sinusoidal ® eld to the sample and measuring ampli® er. The output of the charge ampli® er was passed
the electrical displacement at past multi-time point. through a Sample & Hold module and an analogue-
Translated to the frequency regime this is equivalent to to-digital converter and transferred to a PC, where the
measuring the displacement response at the fundamental multiple frequency responses were obtained by per-
and harmonic frequencies of the applied ® eld. If the forming a Fourier transform of the data. Although

cumbersome to implement, the technique provides high
precision data. Kimura and Hayakawa [6] adapted
this method to the study of ferroelectric liquid crystals.*Author for correspondence;

e-mail: uclcr@giasbg01.vsnl.net.in They used a storage oscilloscope to performthe functions
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of the Sample & Hold module and the analogue-to- the signal-to-noise ratio; this is seen from the fact that
data up to the seventh harmonic could be obtained. Todigital converter. In this communication we describe a

much simpler method and present results obtained for demonstrate the use of this method, we have measured
the multi-harmonic dielectric response of a commerciallya ferroelectric liquid crystal.
available ferroelectric liquidcrystal, SCE12 (fromE. Merck
Ltd, UK), near its smectic A± smectic C* (A± C*) transition.2. Experimental

A schematic diagram of our set-up is shown in ® gure 1. The sample was sandwiched between ITO-coated glass
plates, separated by Mylar spacers of 30mm thickness.Here the charge-to-voltage conversion is done by a very

low loss, good high frequency performance capacitor The glass plates were treated with a polyimide solution
and unidirectionally rubbed for planar alignment. Thethat was calibrated using a standard frequency response

analyser (Solatron1260). The remaining functions, namely, amplitude of the applied voltage was 500 mV, which was
much smaller than the helix-unwinding or equivalentlywaveform generation, Sample & Hold, analogue-to-

digital conversion and fast Fourier transform to provide polarization-reversal ® eld in the C* phase. The frequency
(11Hz) of the applied ® eld was much below the relaxationthe multi-harmonic responses, are all accomplished by

a digital lock-in ampli® er (EG&G PAAR model 7251). frequency of the Goldstone mode.
The lock-in technique also helps in drastically improving

3. Results and discussion
The electric displacement (Dm ) values obtained at the

A± C* transition temperature for the fundamental (m = 1)
and higher harmonics (m = 3, 5 and 7) are shown in
® gure 2. Because the value of Dm changes over three
orders of magnitude, when m varies from 1 to 7, the data
are presented on a logarithmic scale. The straight line
® t of the [log(Dm ), m] data shows that the non-linear
response decreases exponentially with the harmonic
number. Notice that the data for only the odd harmonics
are shown. In fact, we found that the values for all the
even harmonics, including for m = 2, to be negligibly
small. The reason for this behaviour is as follows. The
thickness of the cell used is much larger than the value

Figure 1. Schematic diagram of the experimental set-up used. of the helical pitch. In the C* phase, each individual
The oscillator output of the lock-in ampli® er is applied smectic layer has the point group symmetry C2 with the
to the cell as a probing ® eld; the sample response is direction of the polarization pointing along the two-foldcollected as a voltage drop across a calibrated capacitor

axis. However, chirality of the molecules induces aand is measured using the signal channel of the lock-in
ampli® er. precession of the molecular tilt direction about the layer

Figure 2. Plot of the electric dis-
placement Dm measured at the
A± C* transition as a function
of the harmonic number m. The
line shows a linear ® t to the data
and indicates that the variation
is exponential.
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1589Non-linear dielectric response of an FL C

normal, resulting in a helix. Owing to the coupling to constants for harmonic numbers > 3. e1 shows a large
increase across the transition and a slower increasethe tilt direction, the direction of the polarization also

precesses around the layer normal. Thus, if the sample inside the C* phase. This is indicative of the presence of
the Goldstone mode, whose presence is expected for thethickness is much larger than the helical pitch, the global

symmetry of the C* phase will be the same as that thick cells used in this study. In contrast, the higher
harmonics show a sharp peak at the transition. Theof the A phase, viz. D

2
, and the system has a centre of

symmetry. Therefore the even harmonics which can trend observed for e3 is quite similar to those observed
in other liquid crystalline materials [6, 7]. The sharpbe present only in non-centrosymmetric systems are

absent here. Similar results were obtained for solid state rise in the A phase followed by a steep drop in the C*
phase has been attributed to the helical pitch variationferroelectric materials when the sample was unpoled [5].

As the amplitude of the applied ® eld is small, Dm is with temperature; the data from our pitch measurements
[8] in the C* phase corroborate this argument. Thealmost proportional to Em

0 and the contributions from
the higher order terms (n > m) in each of the expressions value of e3 observed close to the transition (~1.5 Ö 10Õ

1 9 )
is high compared with the one reported [7] forof equation (1) can be neglected. Hence we can write the

linear and non-linear dielectric constants as e1 = D1 /E0 , DOBAMBC, but is close to that for DOBA-1-MPC.
It may be noted here that the spontaneous polarizatione3 = 4D3 /E3

0 and so on. The detailed temperature depend-
ence of the linear and the non-linear constants thus values for DOBA-1-MPC and SCE12, the material

studied here, are comparable (~17 nCcmÕ
2 ), whereascalculated are shown in ® gure 3. To our knowledge,

these are the ® rst measurements of non-linear dielectric for DOBAMBC it is about three times smaller [9, 10].

(a) (b)

(c) (d)

Figure 3. Temperature dependence of the (a) linear, (b) third order, (c) ® fth order and (d) seventh order dielectric constants e1 , e3 ,
e5 and e7 .
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