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INTRODUCTION

Antiferroelectric liquid crystals (AFLCs) belonging to the class of smectic phase having helical structure and the spontaneous
polarization of them because of helical structure are oriented oppositely from layer to layer [1-5]. Such orientation is inducing the
c-director in the adjacent layers almost antiparallel [6]. Due to the application of electric field there are different types of
configuration geometry can be arranged depending on the magnitude of the applied field [7]. The smectic layers can be rotated
and arranged the molecules with a fixed angle because of the application of a sufficiently large amount of electric field. Since our
work is confined within the region of freedericksz transition in AFLC a very low value of the electric field is required which is
associated with the Freedericksz transition for finite dimensional liquid crystal molecules [8]. It was reported earlier that a
energetic contribution can be introduced in the dielectric nature in the liquid crystals because of the interaction between polymer
network and liquid crystal molecules, surface anchoring strength and volumetric strength of the free volumes [9-10]. We also
reported earlier about the variation of dielectric functions in the region of Freedericksz in AFLCs [11]. In this paper, we are
attempting to provide the information of dielectric functions in PDAFLCs within the region of Freedericksz transition.

Theoretical results

In-phase motion

The expected free energy in our present theoretical model including polymeric cross-link can be written as [10-12]:
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The Landau-Ginzburg equation which gives the connection between the viscosity and the antiferroelectric ordering can be written
as [10-12]:
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Consider the trial solution to find out the solution for the Landau-Ginzburg equation as follows [10-12]:
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The solution is like as [10-12]:
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By comparing the real and imaginary components of dielectric permittivity the real component of the permittivity is
_ () oy 2y B2\ [ 4 202 (200 _16v L awi®) | yir©) w2 (avy) ) _
& _4soy(1+ v (ap)>[1+({A(Eb +3 )(1+ v (ap)) p2 Ep+ pz T peg }+{2Eb (1+ v (ap))
16yVp 1 P2p?
P2 P 1+w27,2 | 6am2ky (8)
The imaginary component of the permittivity is
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Anti-phase motion
The Landau-Ginzburg equation can be written as [10-12]:
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The average polarization is [10-12]:
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The imaginary component of the permittivity is
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Therefore, the dielectric strength is
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In absence of bias field, the dielectric strength becomes as:
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Critical unwinding field

The critical unwinding field for the system of polymer dispersed AFLCs can be obtained from the expression of free energy
reported earlier [10, 13] as given below:
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The critical unwinding field with the region of Freedericksz transition for the system of PDAFLCs can be obtained from the
expression of free energy (Eqgn. 2) as given below [11, 13]:
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DISCUSSION

Figure 1 shows the variation of dielectric constant(e,) with the variation of polymer cross link gradient (G = (%) for both in-

phase and antiphase motion within the region of Freedericksz transition. For both in-phase and anti-phase motion, dielectric
constant is roughly constant with the increase of G. It is clearly indicating that the dielectric constant of both phase motion does
not depend with the effect of polymer cross link chain in the region of Freedericksz transition.
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Variation of dielectric constant (g;) of polymer dispersed antiferroelectric liquid crystals with the variation of polymer cross link
chain strength (G = (aw)) The values are taken for the graphs are A=1, Ey=1V, E,=0.5V, ort,=1, (m:b—l — = 1.125, P~80
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Figure 2

Variation of dielectric loss (&) of polymer dispersed antiferroelectric liquid crystals with the variation of polymer cross link chain
2
strength (G = (aw)) The values are taken for the graphs are A=1, E;=1V, E,=0.5V, 0T=1, (D‘Cb—l — ~ 1.125, P~80 nC/cm?,

Y21.6x10" JIm?, K~2.5x10"* N, PP’ 253 x 10713, A~2.5x10°,
642Ky

Figure 2 shows the variation of dielectric loss (&;) in the region of Freedericksz transition with the variation of polymer cross link
gradient (G = (aw) in PDAFLCs. The in-phase dielectric loss does not vary with the variation of G and the value of it is very
low. But, the anti-phase dielectric loss is slowly increasing with the increase of G and the value of it is roughly greater than 0.055.
Figure 3 shows the variation of dielectric strength (Ae) polymer cross link gradient (G = (aw) in PDAFLCs for both in-phase and

anti-phase motions. The dielectric for in-phase motion does not vary with the polymer cross link chain and it is very low. But, the
dielectric strength for anti-phase motion is slowly increasing with the increase of polymer cross link chain strength and its value is
greater than 1.15. The critical field for PDAFLCs within the region of Freedericksz is strongly depending on the both polymer
cross link chain strength and dielectric anisotropy.
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Variation of dielectric strength (Ag) of polymer dispersed antiferroelectric liquid crystals with the variation of polymer cross link

2

chain strength (G = (aj—:’)) The values are taken for the graphs are A=1, E;=1V, Ey=0.5V, o,=1, ot=L1, 4’:—y ~ 1.125, P~80
0

nClem?, y~1.6x10° Jim?, K~2.5x10°% N, Gf;f;y ~ 2553 x 10-13, 1~2.5x10"

CONCLUSIONS

The theoretical works is clearly indicating that the polymer cross link chain does not make any influence on the relaxation
dynamics of AFLCs within the region of Freedericksztransion of PDAFLCs. But, the crictical field is strongly influenced due to
the polymer cross link chain strength and dielectric anisotropy of the medium of PDAFLCs.
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