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Abstract

frequency of radiation (w) have been calculated at room temperature. The values of the optical band gap
(Eop) have been obtained from the direct allowed transitions in k-space. The width of the tails of localized
states in the band gap (AE) was evaluated from Urbach edges. Both the parameters (£,,) and (AE) vary
with the mixing ratio of dispersed liquid crystals. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Recently, a great effort has been made to study the physical characteristics of liquid crystalline
polymers (LCP). Some recent reports on LCP are polymethylmethacrylate (1], polyamide [2,3],
polyethyene terephthalate (4.5], polycarbonate (6,7], polystyrene (8,9], polyetherimide [10,11] and
polysulfone [12]. These polymeric materials have great significance because of their good dura-
bility and ability to withstand different environmental conditions, and they have a wide range of
applications, especially in industrial and consumer end-products. Because of this, numerous
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reports have been published on the mechanical, thermal and electrical properties of LCP systems.
The most interesting system is a mixture of LCP with isotropic polymers. The interest lies in the
utilization of its optical and electrical properties, such as the width of the optical band of the
energy gap and the width of the energy tails in the forbidden band gap [13-15].

The present work is concerned with the optical properties of a LCP polymethylmethacrylate
system. The present measurements include the transmission, absorption and reflection of electro-
magnetic wave in the wavelength range 300 up to 2000 nm.

2. Experimental
2.1. Materials

The samples used in this study are PMMA/liquid crystals E7, which are in the form of a
polymer dispersed liquid crystal (PDLC) system. The synthesis of this system was carried out as
follows: 10 g of methylmethacrylate (MMA) (used without further purification) and 0.02 g of
dibenzoylperoxide (0.2% wt/wt) are prepolymerized at 90°C until the consistency of a low vis-
cosity liquor is obtained. At this point, 4 g of liquid crystals E7 are added, which immediately
dissolve in the prepolymer. After a few minutes at 90°C, the liquor is poured into a preheated
mold, made up of two mirror-grade glass plates separated by teflon spacers, wrapped with adhesive
tape and held together by a spring. The mold is placed in a controlled oven where curing occurs
(at 70°C for 24 h plus 2 h at 100°C). At the end of the polymerization, all the samples were
transparent independent of the content of E7. The indicative difference is the flexibility of the
product, which increases with the amount of E7. The E7 is a liquid crystalline nematic mixture
supplied by EM Chemical Co. It is an eutectic mixture of four cyanobiphenyls:

H,C — (CH,), — o >—<0 >—cn
H,C — (CH,)s CN_
H,C - (CH,), — O — o >—<o >—on
H,C - (CH,), — O —< o <o >—<0 >

2.2. Optical measurements

Specimens of about | mm thickness were cut from the prepared PDLC sheets of various LCP
concentration (10, 20, 40% by weight). The optical absorbance (A), transmittance (T) and reflec-
tance (R) were taken in at the wavelength range (A = 300-2000 nm) using Perkin-Elmer A-9
double beam UV-visible-near infrared spectrophotometer. All measurements were performed at
room temperature. The absorption coefficient (a) at angular frequency (w) of radiation was calcu-
lated using the formula:

A
a(w) = 2.303 " (1)

where x is the sample thickness and A is the optical absorbance. Also, a(w) is related to the
optical transmission (7) and reflection (R) as follows:
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Fig. 1. The optical absorbance spectra of pure PMMA and (10, 20 and 40%) of DLCP system.
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1
a(w) = N log

and the refractive index was obtained from

4R A R+ 1
{7 - V

where & is the extinction coefficient which is related to the absorption coefficient and the wave-
length as:
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Fig. 2. The function (afiw)® vs. fiw for the data in Fig. 1.

3. Results and discussion

Fig. 1 represents the absorbance spectra for pure PMMA, 10, 20 and 40 wt.% specimens of
DLCP. At high absorption levels the optical energy gap Eop of the system can be calculated using
a relation given elsewhere [13-16]:

a(who = Blhw — Eup)" (5a)
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Fig. 2. Continued
n(whow = Blhw — I (5b)

where Aw is the incident photon energy, B is a constant and r is an exponent which can take
values of 1,2,3, §,3, depending on the nature of the electronic transitions responsible for the
optical absorption. The best value of () can be determined from the slope of the linear part of
(ahiw)" versus hw. When r equals {,2, and ? indicates allowed direct, allowed indirect and
forbidden direct transition, respectively [17,18].

Fig. 2 shows the variation of (ahw)" versus (hw) in accordance with the equations. The values
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Table 1

The optical parameters of polymethylmethacrylate dispersed liquid crystals

LCP (wt%) E (V) Eop (eV)® Eq. . (eV) AE (eV) B (cm™ eV'?)
0 335 - - 0.7 155

10 3.15 3.08 3l 0.2 50

20 3.20 3.08 3.38 0.2 65

40 2.58 2.10 2.15 1.5 98

*Using Eq. (1).

*Using Eq. (2).
“Using Eq. (2) and n = 2.02.

of energy gaps presented in Table | are determined by extrapolating the linear portion of these
lines to zero absorption. The best straight line may be obtained when r = | for all examined
specimens. This suggests that the transition energy for electrons may account for direct allowed
transitions in k-space. Similar results were reported recently on some amorphous composites [17-
21]. Non-direct transitions were observed in studying the optical properties of an epoxy glass
microball composite [15] for (r = 2), while direct transition (r = 1) was assumed in the case of
glass-fiber polyester composite [21] and PEO/salts polymer membranes [22].

The constant (B) in Eq. (5a) and (5b) was determined from the slope of the linear part of Fig.
2. The unit may be given as cm™' eV(! = (16]. The values of (B) and (Eqp) were obtained by
using Egs. (1) and (2) for n = 2.02 and are listed in Table 1. Those values show a relative
decrease of behavior while increasing the LCP content. Previous work on many system shows

that an exponential dependence of the absorption coefficient on the photon energy (fw) follows
the Urbach rule [23]

hw
a(w) = aoexp(a—-ﬁ,)

where o, is a constant and (AE) is the energy width of the tail of the localized state in the
normally forbidden band gap.

Fig. 3 presents the Urbach [23] plot of (Lne) versus (Aw). The values of (AE) may be estimated
from the slope of the linear portions of these curves. The obtained values of (AE) for different
LCP concentrations are listed in Table 1. The high value of (AE) at large LCP content may be
attributed to a certain structure occurring in the polymeric system.

Fig. 4 displays the observed reflectance spectra of the four examined samples in the wavelen gth
range 300 to 2000 nm. The reflectance was used to estimate the refractive index (n) by using Eq.
(3). The calculated values of (n) were plotted as a function of the wavelength as shown in Fig.
5. The plot shows that calculated (n) decreases while increasing the content of the dispersed liquid
crystals in the PMMA polymer. This is expected since the refractive index of E7 is smaller than
that of the pure PMMA. However, the calculated values for (n) are higher than those obtained

by direct optical measurements in the visible region [24], since the formula used in the present
work is too empirical.
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Fig. 3. Urbach plot for the data in Fig. 1.

4. Conclusion

The present work deals with the optical properties of polymer liquid crystals dispersed in poly-
methylmethacrylate matrix. The results indicate that the refractive index and tail width of the
localized states in the band ap vary unsystematically with the filler concentration. However, the
determined optical parameters are in good agreement with previously reported results on similar
polymer composites. .

%e




618 S. Al-Ani et al./Polymer Testing 18 (1999) 611-619

Reflectivity °fo

{.ﬁw—

0.5 0.9 T3 7 2.1 2.5
Wavele ngth (¥m)

Fig. 4. The reflectance spectra of four samples of LCP in the DLPC system.
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Fig.5. The values of the refractive index as a function of wavelength for the data in Fig. 4.
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