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Dielectric Relaxation Modes in Ferroelectric 
Liquid Crystal Mixtures 

JASJIT K. AHUJA, ARVIND K. GATHANIA and K.K. RAINA* 

School Of Basic Applied Sciences, Thapar Institute of Engineering and 
Technology, Patiala - 147 004 (India) 

Dielectric measurements in the frequency range 50 Hz to 1 MHz at varying bias and temper- 
atures have been carried out in three ferroelectric liquid crystal mixtures in the SmC* and 
SmA phases aligned in planar orientation. The sample cells are in volume stabilized and sur- 
face stabilized geometry. Here we report the observation of relaxation modes namely New 
Relaxation Mode “NRM”, Surface Stabilized Domain Mode “SSDM” and Bulk Domain 
Mode “BDM”. The relaxation frequency f, and dielectric strength AE corresponding to these 
modes has been evaluated. 

Keywords: Dielectric Relaxation; Goldstone Mode; Soft Mode; Domain Mode; New Relaxa- 
tion Mode 

I. INTRODUCTION 

Dielectric spectroscopy studies on ferroelectric liquid crystals (FLCs) 

gives useful information about the static and dynamic properties of these 

systems [ 1-21. The well-known relaxation modes in FLCs are Goldstone 

mode “GM’, Soft Mode “SA4” and the Polarization mode “PM” (usually 

* Author for correspondence. E-mail: rainam tietp.ren.nic.in 
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appears at very high frequencies >SOOMHz). These modes occur due to 

the fluctuations of the order parameter and the molecular rotation around 

long axis of the molecule [3-41. The GM appears in the SmC* phase due 

to the fluctuations of the azimuthal angle and has a characteristic 

frequency <lOkHz. The SM appears near SmC* - SmA phase transition 

temperature (TCIA) due to the tilt angle fluctuations as near TC*A the 

system becomes soft against these fluctuations. This mechanism is usually 

observed >lokHz with a strong temperature dependence [5-71. 

In this paper, we shall present the experimental results of dielectric 

relaxation modes studied in three different FLC mixtures as a function of 

field frequency, temperature and the bias field. We report the appearance 

of New Relaxation Mode “NRM”, Bulk Domain Mode “BDM” and the 

Surface Stabilized Domain Mode “SSDM” in addition to GM and SM. The 

effects of surface interactions on dielectric properties have also been 

discussed. 

11. THEORETICAL BACKGROUND 

It is known that due to the presence of chirality in SmC* phase the in- 

plane polarization perpendicular to the direction of the tilt is given by 

P = PX X + P y  Y. The order parameter (5 )  and the polarization (P) can be 

written as: 

El = 8 0  cos (42) -----( 1 ) 

Px = -PO sin (qZ) -----(2) 

Where Z is the co-ordinate axis normal to smectic layer plane, q = 27dpo is 

the wave-vector of helical pitch (PO). 80 and PO are the molecular tilt angle 

and spontaneous polarization respectively [3-41. 

c2 = en sin (42) 

P y  = Po cos (qz) 
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In the absence of an external dc bias, GM appears in the low 

frequency region ( 4 0  kHz) whereas in the high frequency (>I0 kHz) 

region SM is observable near Tc*A. The dielectric response in terms of 

dielectric susceptibility of these two modes is related to the dielectric 

strength as x = is the absolute permittivity of free space 

and AE = €0 - E, , EO and E, are the static and infinite frequency dielectric 

constants respectively. 

AE; where 

The external dc bias applied to the sample disturbs the helix in two 

ways. Firstly, in weak fields, the helix is disturbed due to the linear 

coupling between polarization (P) and the electric field (E). The net 

induced polarization thus increases. The dielectric response in that case 

will be x = XGM + XSM, where XGM and XSM are the dielectric susceptibility 

of GM and SM respectively. Here GM appears with suppressed dielectric 

response. The dielectric response x is given as 

-43) 

where Pi is the average induced polarizations and E is the magnitude of 
the applied static electric permittivity [3-4, 8-93. 

Secondly, we believe that in presence of both strong dc and ac 

field, the coupling between P and E becomes so strong that the helical 

texture breaks up into the modulated domain structures. It reduces the 

electro-static energy. The dielectric response to the susceptibility would 

then be come x = XDM + XSM, XDM and XSM are the Domain Mode “DM” 

and SM susceptibilities respectively [3-91. 
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111. EXPERIMENTAL 

The frequency and temperature dependence of the complex dielectric 

permittivity has been studied in three novel ferroelectric liquid crystal 

mixtures namely FLC-6430, SCE-13 and FLC-6980. Their phase 

transition temperature, helical pitch PO and tilt angle 8 values are given in 

Table 1. 

TABLE I: Phase transition temperature and the material 

parameters of the mixtures studied 

In order to study dielectric relaxation mechanisms, the mixtures 

were sandwiched in 5pm thin cells between two IT0 coated glass 

substrates. The substrates were pre-treated with polyimide coating 

(parallel rubbing direction). The liquid crystal mixture was filled in these 

cells by the capillary action above isotropic temperature of the samples 

and then cooled at O.l0C/min. in presence of an ac electric field (-1OHz 

and 1OVpp) in a LINKAM temperature programmer cum hot stage (model 

TP90 and THS-600). The optical textures of different liquid crystalline 

phases were observed through GETNER polarizing microscope. The 

complex permittivity was measured using Hewlett-Packard Impedance 
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Analyzer (model HP4192A) in the frequency range 50Hz to lMHz at 

different temperatures and dc bias upto 2.OV/pm. The effects of bias field 

and temperature on various relaxation modes was then investigated. The 

detailed measurement technique is given elsewhere [ 101. 

IV. RESULTS AND DISCUSSION 

IV.l MicroscoDic Studies 

We considered three mixtures LC-I, LC-I1 and LC-111. As in LC-I the 

ds<<po i.e. the surface forces are weak enough to suppress the helix but 

strong enough to generate the bookshelf geometry. We consider LC-I in 

the volume stabilized ferroelectric liquid crystal (VSFLC) state, while LC- 

I1 and LC-111 (p,p>ds) are considered in the surface stabilized ferroelectric 

liquid crystal (SSFLC) geometry. In the SSFLC geometry, the bounding 

plates suppress helix and the surface interactions are strong enough to 

unwind it. Application of an alternating electric field E perpendicular to 

the helix axis gives two bistable states with opposite polarization +P and 

-P [ 113. 

Plate 1 (a) shows the optical texture of LC-I under the crossed 

polarizers at room temperature, while the textures of LC-I1 and LC-111 

confined in SSFLC geometry are shown in Plates l(b) and I(c). The 

sample of LC-I is considered in VSFLC whereas LC-I1 and LC-111 are 

considered in SSFLC configuration. The ferroelectric domains +P and -P 

are clearly visible in SSFLC cells with comparable brightness. The 

domains are separated by walls, which show up dark regions because in 

going from +P to -P, the director n rotates through an extinction angle 

with chevron texture. 
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Plate 1: Microscopic texture of a) LC-I b) IX-I1 c) LC-111 under 
crossed polarizers at room temperature in absence of an external dc bias. 

IV.2 Dielectric Relaxations 

Effects of frequency 

The relaxation modes observed in three FLC mixtures are shown in Figure 

1 in the form of Cole-Cole plot. We notice that LC-I shows large 

dispersion as compared to LC-I1 and LC-111 due to the higher values of Ps. 

In LC-I, CM appears due to the phase fluctuations of azimuthal angle 

while in LC-I1 and LC-111 the GM is probably caused by anchoring at both 

the substrate surfaces and the chevron interface. Figure 1 -[Inset] shows the 

high frequency relaxation mode defined as NRM. We believe that it has 

resulted &om the tiny surface domains, which contribute to the helix 

unwinding due to the pinning effects [ 1 1 - 131. 

See Color Plate IX at the back of this issue. 
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Figure 1: Cole-Cole plot of GM and NRM in VSFLC (LC-I) and SSFLC 
(LC-11, LC-111) cells at 3S0C in the absence if an external dc bias. Inset: 
appearance of NRM in three FLC mixtures. 
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Figure 3: Temperature dependence of the relaxation frequency of NRM in 
the absence of an external dc bias. 

Effects of external bias 

The effects of external bias on the ferroelectric liquid crystals gives rise to 

several interesting relaxation processes. It was observed that in all the 

three FLC mixtures, the dielectric increment decreases with increase of dc 

field due to the suppression of helix. It suppresses the GM but still there 

can be a residual part of GM, which could not be suppressed completely. 

We define the residual part of GM as Domain Mode “DM” We believe 

that it appears due to the formation of the modulated domains with 

different periodicities in the layers in presence of electric field. The 

formation of the different periodicities is connected with the distribution 

of the density of charge carriers within the layers. In addition, at this stage 

the coupling between P and E becomes so strong that the helical structure 

could break up into the modulated domains to reduce the electrostatic 

energy. The length of domain period In depends upon the value of 

spontaneous polarization (io - pi2) [I I]. 
Figure 4 shows the bias dependence of the fr(iM and f&M at room 

temperature. It is seen that ffiM increases with the increase of bias and 
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then its value rises abruptly. This abrupt rise in relaxation frequency 

perhaps hints at the appearance of DM. In VSFLC cell configuration, we 

call it a Bulk Domain Mode “BDM” which occurs due to the modulated 

domains in the bulk sample. On the other hand in SSFLC cells, the mode 

could be surface stabilized domain mode “SSDM”. It is seen from Figure 

4 that with the increase of bias the frNRM in VSFLC increases with bias and 

then saturates beyond l.OV/pm. It could be due to the strong coupling of 

surface domains with the external electric field and the ionic contribution 

of the multi-component mixture. 

1.4 

1.2 

1 .o 
0.8 $ 0.6 
0.4 

0.2 

0.0 

r 

450 

400 

250 

0 2 4 6 8 10 
Applied Voltage (volt) 

Figure 4: Bias voltage dependence of the relaxation frequency of GM, 
NRM, BDM, SSDM for VSFLC (LC-I) and SSFLC (LC-11, LC-111) cells at 
room temperature. Solid symbols represent the f&M while hollow symbols 
represent frNRM. 

The dielectric parameters of the various relaxation modes in three different 

FLC mixtures studied in our experiment k e  given in Table 2. 
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Table 2: Material Parameters of LC-I, LC-I1 and LC-Ill Mixtures 

* *  Measurements taken at 3SoC, O.OV/pn 
' Measurements taken at 35'C 

Measurements taken at O.OV/prn # #  

CONCLUSIONS 

0 Dielectric Relaxation studies have been carried out in three FLC 

mixtures differentiated on the basis ,of their Ps values and the helical 

pitch. We considered LC-I mixture in the VSFLC geometry (dp>po), 

while LC-I1 and LC-I11 have been considered in the SSFLC geometry 

(ds<<po). Five relaxation modes have been noticed. 

*:* GM appears in the SmC* phase in the absence of an external dc bias. 

*:* NRM appears in all the three FLC mixtures above 1OOkHz due to the 

surface anchoring effects. NRM relaxation frequency increases with 

bias in VSFLC perhaps due to the strong coupling of surface domains 

at higher bias while it remains nearly constant with bias in SSFLC cell 

configuration. It indicates strong surface anchoring energy in SSFLC 
as compared to VSFLC. 
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03 BDM appears in LC-I due to the formation of the modulated domains 

in bulk while SSDMappears in LC-I1 and LC-I11 due to the formation 

of the modulated domains in the bookshelf interface. Both these modes 

are the residual parts of GM and appear due the suppression of GM in 

presence of an external dc bias. 
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