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Dielectric properties of a polymer-dispersed liquid crystal (PDLC) film comprising of liquid erystal,
octyl cyanobiphenyl (K-24) and polymethyl methacrylate (PMMA) are reported as a function of fre-
quency (100 Hz-1.0 MHz) in the temperature range of 25°C to 45°C. A dielectric dispersion in the
low frequency region (~1 KHz) was observed while no such dispersion was seen in either pure PMMA
or pure K-24. The dispersion is due to Maxwell-Wagner polarization mechanisms. The temperature
variation studies show (i) a discontinuous jump in the dielectric permittivity at the nematic-isotropic
and smectic-nematic transitions and (ii) also a lowering of the transition temperatures, suggesting some
contamination of liquid crystal by the polymer. Simple dielectric theories of composites have been
applied to estimate the molecular alignment of liquid crystal (LC) molecules inside the micro-droplets.

. INTRODUCTION

Polymer-dispersed liquid crystals (PDLCs) are emerging as an important class of
composites which are very interesting both from basic as well as application!~3
points of view. In a PDLC film, a liquid crystal material of positive dielectric
anisotropy and large birefringence is imbedded in an isotropic polymer matrix in
the form of very fine droplets of micron and sub-micron sizes. The PDLC film is
highly scattering, giving rise to a milky white appearance in the ‘off’ state and
becomes transparent on application of an electric field. The electro-optic perform-
ance characteristics of such a film, i.e., the threshold electric field and its sharpness,
the scattering properties etc. are dependent on a variety of parameters such as the
refractive index, dielectric permittivity, conductivity etc. of the polymer as well as
of the liquid crystal and on the shape, size and density of the micro-droplets and
the molecular alignment inside the droplets.

In the present paper, dielectric properties of a PDLC film are reported as a
function of frequency (100 Hz-10 MHz) in the temperature range (25°-45°C).
Simple dielectric theories of the composites*> have been applied to estimate the
molecular alignment of LC molecules inside the micro-droplets.
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il. EXPERIMENTAL

The PDLC film was made using liquid crystal compound K-24 and polymer (PMMA)
by a solvent-induced phase separation technique.®” PMMA and K-24 were obtained
from M/s Polysciences Inc., USA and M/s B.D.H. Ltd., U.K. respectively and
were mixed in the weight ratio of 1:1.5. The thickness of the casted film was
measured by a surfometer SF-100 (M/s Planer Industrial Co., U.K.). The PDLC
film was sandwiched between patterned conducting glass plates at elevated tem-
peratures under pressure. The dielectric cells for determining the dielectric per-
mittivity of K-24 were made using mylar spacers to control the cell thickness. The
necessary planar and homeotropic alignment of the LC molecules for measuring
g, and &, respectively, was promoted by suitable surface treatment of the electrode
surfaces. The cell constant was determined by measuring the capacitance of the
standard liquids i.e., benzene, carbon tetrachloride and cyclo-hexane etc. The
dielectric measurements were carried out by a Hewlett-Packard 4192A Impedence
Analyzer. The temperature of the cell was controlled by a water circulator (Julabo
HC-40, W. Germany) to an accuracy of =0.1°C.

lll. RESULTS AND DISCUSSIONS

The dielectric properties of pure polymer PMMA, liquid crystal K-24 and PDLC
film comprising of PMMA and K-24 in a weight proportion of 1:1.5 have been
studied as a function of frequency in the whole liquid crystalline temperature range
of K-24. Figure 1 shows the frequency dispersion of the dielectric permittivity, and
the dissipation factor (dielectric loss), D of PMMA, K-24 (both ¢ & € ) and PDLC
film at room temperature (27°C). It is seen that PMMA does not show much change
in the dielectric permittivity up to 1 MHz and shows a very small dielectric loss in
the studied frequency range. It is also seen that g and &, of K-24 do not show any
significant variation up to 10 KHz and 50 KHz respectively, and show dispersion
only at higher frequencies. The loss parameter D shows an exponential increase
beyond 100 KHz and corresponds to dipolar relaxation. In contrast, the dielectric
permittivity of the PDLC film shows a considerable decrease with increasing fre-
quency in the low frequency range (<1 KHz), apart from showing a dipolar dis-
persion beyond 100 KHz. The loss parameter D also shows a small shoulder in the
low frequency region, although a complete loss peak could not be seen due to
instrumental limitation. The dispersion in the low frequency region may be due to
the Maxwell-Wagner polarization mechanisms.* In the case of spherical inclusion
in a nonconducting medium, the relaxation time 7 is given by*:

2ep + 10 + V(Cp — Cr()
oc(l = V)

ey

T = g

where g, is the permittivity of free space = 8.85 X 10 E —12F.m™!, ¢ (=3.18)
and £, - (=7.8) are the dielectric constants of the polymer and of the liquid crystal
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FIGURE 1 Variation in the dielectric permittivity and loss parameter ‘D’ as a function of frequency
of (i) PMMA, (i) K-24 and (iii) PDLC at 27°C.

respectively, V (=0.6) represents the volume fraction of the liquid crystal in the
polymer matrix and 6, ., (=2.6 X 1078 mho/m) its conductivity. Substituting the
respective values at 1 KHz (25°), T was found to be 9.1 x 10 E —3. This value
does suggest that the Maxwell-Wagner polarization mechanism should be associated
with PDLC in the low frequency region. It may also be mentioned here that the
conductivity of the polymer matrix is lower (6, = 9.9 X 10~° mho/m) than that
of the liquid crystal, which is also a necessary condition for Maxwell-Wagner po-
larization to occur. The loss peak corressponding to dipolar relaxation in PDLC
film is essentially similar to that observed in pure K-24 but it is somewhat shifted
to higher frequency.

The dielectric properties of pure PMMA, K-24 and PDLC as a function of
temperature have also revealed interesting results. Figure 2 shows the variation in
the dielectric constant of PMMA, K-24 and PDLC as a function of temperature.
It can be seen that the increase in the dielectric permittivity of PMMA with tem-
perature is small compared to the corresponding increase in K-24 and PDLC film
in the nematic temperature range. Dielectric permittivity in PDLC film also shows
discontinuous jumps at SmA-N and N-Isotropic transition temperatures. This result
clearly shows that the dielectric behaviour of the PDLC film is qualitatively very
similar to that of K-24. However, one thing of interest to be noticed here is that
the corresponding transition temperatures SmA-N (34°C) and N-I (41°C) observed
in pure K-24 are considerably lowered in the case of the PDLC film. The corre-
sponding transition temperatures were 31.5 and 39.5°C respectively (Figure 3). The
lowering of the transition temperature is probably caused by the contamination of
the liquid crystal by the polymer.
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FIGURE 2 Temperature variation of the dielectric permittivity of PMMA, K-24 and PDLC at 1 KHz.
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FIGURE 3 Temperature variation of the dielectric permittivity of PDLC at (i) 100 Hz (ii) 1 KHz
and (iil) 10 KHz.

An attempt has also been made to estimate the molecular alignment of LC
molecules inside the microdroplets by using simple dielectric theories of composites
for a heterogeneous system given by Boettcher, Bruggeman* and Hashin and
Shtrikman® respectively. These theories were also used to calculate dielectric con-
stant of PDLCs.®% According to these theories, the dielectric permittivity of a
heterogeneous mixture at high enough frequencies where the space-charge effect
could be considered to be insignificant is given by

€, = €p + 3Ve,(eq — £p)2(e,, + €7) [Boettcher] . . . (2)
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1/3
1oy="24a"¢%m, (ﬁ) [Bruggeman] . . . (3)
€4 — Ep Ep
e, = ep + 3V - ep(es — €p) [Hashin and . . . (4)
ey + 2ep — V(ey — €p) Shtrikman]

where V represents the volume fraction of the dispersed spheres, and ¢, and ¢,
represent the dielectric permittivity of the droplets and of the polymer matrix
respectively. Dielectric permittivity of the PDLC film was calculated using the
above formulae and the measured values of €, and ¢, at 1 KHz in smectic, nematic
and isotropic phases respectively. For ¢, values €, ¢, and &,, values of K-24 from
Figure 2 were taken. Table I shows the measured and calculated values of the
dielectric permittivity. It can be seen that there is a satisfactory match between
measured and calculated values using €, of LLC for calculation in the smectic phase,
but the difference between them increases in going to nematic and isotropic phases
respectively. These results do suggest that the LC molecular alignment inside the
droplets is essentially tangential and all the three formulae give similar results.
Similar results have also been reported®® using the various formulae mentioned
above for a few PDLCs. However, this observation seems to be somewhat strange
considering the generally known fact that the molecular orientation inside the
droplet is essentially tangential, but the bipolar axis may lie in an out of the plane
in case of a spherical droplet. If this were true, then the measured dielectric
permittivity of a PDLC should closely match the calculated value, where &,, instead
of g, is taken for calculation. This discrepancy may be due to inadequacy in the
present available theories concerning composites. There are several factors, which
have not been taken into account such as (i) modified dielectric permittivity of the
polymer due to the plasticizing effect of LC, (ii) change in the volume fraction, V,
of liquid crystals due to a finite solubility of LC in the polymer which is found to

TABLE 1

Comparison of the dielectric permittivity of a PDLC film with theoretically calculated values using
different theories of heterogeneous mixtures

Emes at 1 KHz e PDLC (Cal.)
Hashin and
Boettcher’s Bruggeman’s Shtrikman’s
T (°C) £PMMA ELc £ppLC formula formula formula
25 3.18 5.15(¢,) 4.09 4.28 4.28 4.27
7.85(.,) 5.66 5.59 5.52
13.25(¢y) 8.19 7.81 7.43
35 3.20 5.35(¢,) 4.40 4.40 4.39 4.38
8.03(¢.) 5.76 5.69 5.61
13.04(¢y) 8.27 7.80 7.50
42 3.25 8.9(z,) 5.5 6.21 6.11 6.0

PDLC = PMMA: K-24::1:1.5.
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be ~10-20%? (iii) change in dielectric permittivity of LC due to contamination by
the polymer, (iv) droplet non-uniformity and coalition of droplets. It is, however,
difficult at this stage to account for the change quantitatively for all these factors
and this question is still open.

Another important feature of the present studies was the effect of the droplet
sizes on the dielectric properties of the PDLC film. The PDLC film, prepared
under different cooling rates from the isotropic melt, give rise to very large variation
in the droplet sizes. Typically, a film prepared with a slow cooling rate from the
isotropic melt showed droplets of a few microns size while the one prepared by
rapidly cooling it from the isotropic melt had droplets a few tenths of a micron.
Figure 4 shows the dielectric dispersion behaviour of the PDLC film prepared
under different cooling conditions. The dielectric permittivity values showed only
a very small variation in PDLCs with bigger droplets as well as with smaller droplets
and the dispersion characteristics remain essentially the same. This observation
clearly indicates that the droplet size does not affect the dielectric properties of
the PDLC film in any significant way.

CONCLUSION

A low frequency (~1 KHz) dispersion in PDLC is due to Maxwell-Wagner inter-
facial polarization mechanisms. In PDLC with high concentration of liquid crystals
(1.5 times by weight to that of the polymer), mesophase transitions are also ob-
served but with a reduced temperature. The lowering in transition temperatures is
due to the contamination of liquid crystals by the polymer. The dielectric theories
developed so far for composites such as a PDLC are inadequate to give information
about molecular-orientation inside the micro-droplets.
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FIGURE 4 Variation in the dielectric permittivity and loss parameter ‘D’ as a function of frequency
of PDLC films in smectic, nematic and isotropic phases prepared under different cooling conditions.
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