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Determination of the Landau’s Coefficients for a
Liquid Crystal Showing a De Vries Phase
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A ferroelectric liquid crystal showing a de Vries phase is studied by the mean of
dielectric and electro-optical measurements. Due to a strong electro-clinic effect
close to the smectic A*-smectic C* phase transition, a non linear electrical response
is observed. The non linear dielectric characterization of this compound and the con-
frontation with a theoretical model allow us to extract the Landau’s parameters of
this material. The results are discussed on the basis of other data obtained by differ-
ent measurement techniques. As an example, we confirm the second order smectic
A*-smectic C* phase transition.

Keywords de Vries phase; electro-clinic effect; Landau’s parameters; non linear
dielectric spectroscopy

1. Introduction

Several measurement techniques have been developed to characterize liquid crystals:
Dielectric Spectroscopy, Electro-optical measurements, Differential Scanning Calor-
imetry, X-ray diffraction...[1,2]. For many years, Non Linear Dielectric Spec-
troscopy technique (NLDS) has paid attention for supplying information about
various materials [4,5]. In liquid crystal materials, non linear effects can be observed
within some phases and near the phase transitions [3]. The study of the non linear
dielectric response coupled with a theoretical model can give access to some intrinsic
parameters of many liquid crystals. For example, the use of this measurement tech-
nique in the SmC* phase has already been used to determine some physical para-
meters: macroscopic polarization, viscosity and elastic energy [8]. In the case of
SmA* phase, the phenomenological model developed by Kimura links together the
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non linear dielectric response and the Landau’s expansion development coefficients
[9]. Due to a strong electro-clinic effect, the SmA* de Vries type phase does not
require a high electric field to exhibit non linear effects. So, this phase should be a
good candidate to compare experimental data with the theoretical model of Kimura.
In this work, we have studied the FOOPP antiferro-electric liquid crystal to probe
the non linear dielectric properties of the SmA* de Vries type phase.

2. Theortical Background
2.1. Non Linear Dielectric Permittivities

When a strong sinusoidal electric field E(7) induces non linear effects in a dielectric
material, we can see a distorted shape of the circulating current /(¢). A Fourier analysis
can give the frequency harmonics of the spectra in terms of amplitude 7, and phase ¢,,.
Thus, the current /(¢) and the resulting electric displacement D(z) can be written as follows:

n=oo

=Y I, cos(nwt + @,) (1)
n=1

= ﬂio:c D, cos(nwt + ) (2)

n=1

Using the complex notation /;; and D}, respectively complex amplitude of the n,;, current
and displacement harmonics are linked together taking account the area .S of the sample:

I*
Dy =" 3
" nws (3)

For the electric field £(¢) and the electric displacement D(¢) are no more in proportion, then
D(f) must be expressed into a power series of E(¢) with exponent m:

m=00

Z o - E cos(wt)) 4)

m=1
The non linear permittivities ¢, ,, are finally defined when the terms of Egs. (2) and (4) are
identified by their same frequencies:

* * 3 * 3
Di=¢ E+ 181_3E + o
5
&sE St (3)

16
Di=¢eisE>+.........

D =& 3E + =

From an experimental point of view, the main non linear permittivities &,,, are evaluated if
the curves D}, versus E” show a linear dependence. Only in these conditions, the ny,-order
non linear dielectric permittivity associates the ng,-harmonic of the electric displacement
D; to the ny, power of the electric field £” and the higher order inter-modulation
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contribution terms ¢, ,, can be neglected. Let us notice that the first order non linear permit-
tivity ¢, ; is the same as the classical complex dielectric permittivity ¢* in the linear regime.

2.2. Theoritical Model

A phenomenological phase transition kinetic is described with the well known Land-
au’s mean field model. The application of this model to the SmA*-SmC* phase tran-
sition gives the free energy density g. The tilt angle 0 of the molecules in the smectic
layers is the first order parameter and each FLC liquid crystal is identified in accord-
ance with their own Landau’s expansion coefficients as follows:

b P?
—0* +
4 2&0 0

1
g=g0+=(T—T)0"+ ~ CPO— PE — SaE? (6)

2

where go represents the free energy density without electric field, 7, the SmA*- SmC*
phase transition temperature, P the polarization, E the electric field, C the
polarization-tilt coupling coefficient, « and b the Landau expansion coefficients, ¢y
and yo the vacuum permittivity and the dielectric susceptibility.

By minimizing the free energy density from Eq. (6) respectively with 6 and P, it
leads to a set of equations traducing the electro-clinic effect as follows:

A0+ B0’ = E (7)

where, 4 = (T —T')/Ceoyy, B=b/Ceoyy, T.= T.+ C*ayy/e. T. traduces the
temperature shift of the phase transition because of the chiral contribution.
Referring to the above mentioned definitions of the non linear permittivities and
assuming that the electric field is weak enough to neglect the higher order terms of
Eq. (5), the theoretical expressions of ¢, ,, can be established on the basis of the fol-

lowing relations:

Enn = SOJ{OC}}%@ (8)
This leads to the phenomenological model established by Kimura [9] traducing the
non linear dielectric response by the mean of the first, third and fifth order non linear
static permittivities.

. C?ely?
&1 :80(1+XO)+<>¢(T7—T;) 9)
6bc4 4.4
£, = ——— 0k (10)
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3. Experimental Results

The measurement set-up depicted in Figure 1 has already been used to characterize
non linear spectra of a ferroelectric liquid crystal in the SmC* phase [§]. A sine wave
generator (Agilent 33210A) provides the applied sinusoidal electric field E(z) across
the cell measurement and the current /() is obtained via a current amplifier (Keithley
428A). A voltage amplifier provides high level voltage if necessary. Both signals are
digitalized and recorded with an acqusition board (PCI-DAS 4020/12) then dis-
played on a storage oscilloscope (HP 54600). The temperature is regulated with a
heat stage Oxford IT 601. An HP VEE software has been developped to handle
the complete set-up measurement and data collection in an automatic mode. The cell
measurement has ITO electrodes of area S =23 mm?” with rubbed PVA alignement
layers. A gap provided by 13 um spacers gives an empty cell capacity Cy of 16 pF.

3.1. Linear Dielectric Measurements

First, a typical dielectric characterization has been performed in the linear regime
and in a large temperature range. The classical soft mode has been studied in the
SmA* and SmC* phases. As it can be seen in Figure 2, the frequency relaxation F.
and the inverse dielectric strength A¢~! are linearly decreasing as predicted in the
theory of the SmA* phase [11] with a sharp increase of Az~ on approching 77.
The breaking of the slopes indicates the SmA*-SmC* phase transition at a measured
temperature corresponding to 77 = 81,9°C. This result is in accordance with the
phase sequence given in Table 1.

3.2. Non Linear Dielectric Measurements

The I(¢) current’s waveforms are reproduced in Figure 3 showing the influence of a
growing electric field inside the SmA* domain. The temperature is stabilised at
T=2382,2°C and the frequency F of the applied sinusoidal voltage V(¢) is set to

HP 4284A
Olympus BX 60 O oo
5 58 |«
o000
HP 33120A 428-A
| | 0N _D I(t)
38 O = oo L*ES‘
|- te 2 |~
oy | S—— vy || %
Heat stage
HPVEE
RS 232 Bus IEEE
> I_Il
> €

Figure 1. Experimental set-up used to measure the non linear dielectric response of the studied
liquid crystal (FOOPP). (Figure appears in color online.)
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Figure 2. Variation of the frequency relaxation F, and the opposite dielectric strength Ae ™! as a
function of temperature in the vicinity of the SmA*-SmC* phase transition in the linear regime.

Table 1. Phase sequence of the compound FOOPP. (Transition temperatures in °C)

Cr.-SmI* SmI*-SmX* SmX*-SmC* SmC*-SmA* SmA*-1

Heating 64,3 69,3 73,3 80,8 87,2
Cooling 53,5 70,0 73,6 82,1 87,7
14 0
é V()
50 \
5
Q
a) E=1,7 V/um
14
70 )
g V(t)
g0 N
g
O
b) E=8,5 V/um
-70
70
- I(t)
Bl V()
£0 ' N
¢) E=11,3 V/M
-70 . . .
1 2 3 4

Time (ms)

Figure 3. 1(t) current and E(t) electric field waveforms measured at growing voltage levels. The
suitable voltage level involves that D3 and E> are in proportion.
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F=500Hz. The non linear behaviour is clearly identified for /(¢) is no more sinus-
oidal. Note that the distortion of the current /(z) in the SmA* phase requires a higher
electric field (~8 V/um) compared with the one used in the SmC* (~0.3V/um) [8].
Both signals E(f) and I(¢) are nearly in phase which suggest a high conductivity
effect.

In Figure 4, we give an example of a non linear dielectric spectrum & 5(F)
obtained at a given temperature 7 — 7. = 1,9°C. The conductivity effect is observed
at low frequencies. We can see the relative constant value of the real part of &) 5 in a
frequency range of 500 Hz-2 kHz. In order to reduce the influence of the conduc-
tivity, non linear static permittivities are measured at =800 Hz for each tempera-
ture. This frequency is consistent with the bandwidth of the set up measurement [8].

The first, third and fifth order non linear permittivities have been measured fol-
lowing the previous procedure. Nevertheless, the seventh order non linear permit-
tivity could not have been evaluated with significant accuracy because of the
set-up measurement’s noise floor. The permittivities &} |, &35 and &5 5 are not suf-
ficient to determine the different parameters in Eqgs. (9), (10) and (11). For this rea-
son, non linear dielectric measurements have been completed by the characterization
of the electro-clinic effect which can be described on the basis of the same theoretical
model [12].

3.3. Electro-Optical Measurements

The experimental electro-optical measurements for the same compound FOOPP are
depicted in Figure 5 and have been performed by A. Mikulko [12]. We can see the
induced tilt angle 0 plotted versus the applied electric field E for two temperatures
in the SmA* phase (77 =283,1°C and 7,=286,1°C). The shapes of these curves are
rather consistent with the predicted trend of Eq. (7) and lead us to determine the
two parameters A and B which are linked to o, b, C and y,. The transition tempera-
ture 7’ was evaluated using the texture observation by the mean of a polarizing

(&

microscope. In Figure 5, the best fit of the E(0) plots is given for two different

N
t

g, €7, (10 Fm/V?)

T-Tc =1,9°C

0 9
N
e
1+ RN TR W e g - u 8’33
2 :
100 1000 10000

Frequency (Hz)

Figure 4. Third order non linear dielectric permittivity &} ; in the low frequency domain. The
straight line indicates the evaluated static value of the real part of &3 ;.
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Figure 5. Electro-optical measurements for two reduced temperatures (T — T.). The straight
lines indicate the best fitted curves.
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Figure 6. Temperature dependence of the static non linear permittivities ¢; 5, €33, €55 on a
Log-Log scale. The solid lines represent the fit relative to Eq. (13).
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temperatures in the vicinity of the phase transition: £ = 2.107(7 — T7)0 + 8, 2. 108¢0°.
The main influence of the parameter B traduces the strong electro-clinic effect.

3.4. Results Exploitation and Discussion

As mentioned before, the Egs. (9) to (11) show a temperature dependence of the sta-
tic non linear permittivities. These equations can be transformed into a more suitable
form expressed by the following power law where Y., 1s the theoretical value of the
denominator’s exponent:

/ Pn
g =" 12
nn (T _ Té)l//llm). ( )

The measured values of &) |, &5 and & 5 versus temperature are shown in Figure 6
on a Log-Log scale and the value of 7" previously determined (T}, =81,9°C) was
used to fit the data. In order to probe the influence of 7" on the fitted data, another
value of T/(T., = 81,7°C) has been also used. The logarithmic scale shows a linear
trend which is in accordance with Eq. (12).

Table 2. Comparison between theoretical and experimental values of the (T — T,)
exponent term for two different temperature values near the SmA*-SmC* phase
transition

Non linear wn’l(‘s.b @ lpn’l(‘s.h @
permittivity Vineo T, =81,7°C T, =81,9°C
&, i 1 0,84

&, 4 4,96 4,16

s 7 8.41 7,17

“The term 7§, is used in Eq. (13).
®Theo. and mes. denote respectively theoretical and experimental values.

24
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Figure 7. Evolution of &} | versus |s§3|1/4.
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Table 4. Landau expansion coefficients obtained for FOOPP liquid crystal

Coefficients «a (Nm2rad K'Y bMNm2rad® CHVm  y
Numerical values 0,65 - 10* 2,67-10° 0,16-10% 2,29

The slopes of the logarithmic curves give access to the experimental exponent
Y,... and the best fit parameters are resumed in Table 2. Let us notice that for
the experimental transition temperature 7, = 81,9°C, the gap between ¥,,,., and
Y, je0. 18 more important with the first order parameter 31 | but seems to be in good
agreement with the theoretical expressions for &, ; and & 5. On the other hand, the
use of 77, = 81,7°C corresponds with the theoretical expressions for ¢, but not
for the other non linear perm1tt1v1tles Another way to exploit the data consists in
using the relatlonshlp lmkmg :;1 ; and &; ;. Equation (13) predicts a linear evolution
between ¢ ; and |€3 3| which is in accordance with the experimental plot (Fig. 7).

e0vnC 1
&1 = (1 + 1) +(°/— ¢ 5 (13)

6b)

The fit of the data in Figures 6 and 7 using Egs. (7) and (13) gives access to the
different constants (Table 3). In Table 4, the corresponding numerical values of the
Landau’s expansion coefficients are presented. The estimated values are of the same
order with other data coming from different measurement techniques [14]. The nega-
tive sign of the second Landau’s expansion coefficient b traduces a second order
phase transition. This in accordance with DSC analysis already done on the same
material [13].

4. Conclusion and Perspectives

A non linear dielectric spectroscopy has been carried out to determine the Landau
coefficients of a ferroelectric liquid crystal showing a de Vries phase. Significant
results have been found in connection with a theoretical model and with other values
published in the literature. Further experiments will be performed with a new set up
measurement including a lock-in amplifier in order to improve higher harmonics sen-
sitivity selection. In doing this, a better harmonic analysis performance will probably
be obtained. Only using a non linear dielectric spectroscopy, the recording of all non-
linear permittivities till the seventh order with sufficient accuracy may contribute to
obtain the Landau’s parameters regardless other measurements techniques.
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