
This article was downloaded by: [Renmin University of China]
On: 13 October 2013, At: 11:09
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl20

Effects of Mesogenic Compound with
High Birefringence on Electro-Optical
Properties of Heat-Cured Polymer-
Dispersed Liquid Crystal Films
Zongcheng Miao a , Dong Wang b , Yongming Zhang a b , Ping Song b ,
Jingjing Wang b & Xiaojuan Wu b
a Xijing University , Xi’an , Shaanxi Province , PR China
b Department of Materials Physics and Chemistry, School of Materials
Science and Engineering , University of Science and Technology ,
Beijing , PR China
Published online: 03 Oct 2013.

To cite this article: Zongcheng Miao , Dong Wang , Yongming Zhang , Ping Song , Jingjing Wang
& Xiaojuan Wu (2013) Effects of Mesogenic Compound with High Birefringence on Electro-Optical
Properties of Heat-Cured Polymer-Dispersed Liquid Crystal Films, Molecular Crystals and Liquid
Crystals, 582:1, 72-78, DOI: 10.1080/15421406.2013.802968

To link to this article:  http://dx.doi.org/10.1080/15421406.2013.802968

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &

http://www.tandfonline.com/loi/gmcl20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15421406.2013.802968
http://dx.doi.org/10.1080/15421406.2013.802968


Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
1:

09
 1

3 
O

ct
ob

er
 2

01
3 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., Vol. 582: pp. 72–78, 2013
Copyright © Taylor & Francis Group, LLC
ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421406.2013.802968

Effects of Mesogenic Compound with High
Birefringence on Electro-Optical Properties

of Heat-Cured Polymer-Dispersed
Liquid Crystal Films
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Addition of mesogenic compound with high birefringence in nematic liquid crys-
tal resulted change in the electro-optical properties of polymer-dispersed liquid
crystal (PDLC) films considerably. The PDLC films were prepared from thermally
polymerization-induced phase separation in heat curable monomers/nematic liquid
crystal mixtures, and the effect of mesogenic compound with high birefringence on
the electro-optical properties of PDLC films was studied. Therefore, when the meso-
genic compound was doped in different concentrations, their quality fraction played
considerable role in deciding the electro-optical parameters of the PDLC films.

Keywords Electro-optical properties; high birefringence; liquid crystal; PDLC; ther-
mally polymerization

1. Introduction

Polymer-dispersed liquid crystal (PDLC) films consist of micron-sized liquid crystal (LC)
droplets embedded in a continuous polymer matrix [1], then the isotropic polymers have a
refractive index near that of the ordinary refractive index of the LC [2–4]. PDLC films are
important materials due to their unique optical and electro-optical properties and can be
applied universally to various electro-optical devices such as flexible large-scale displays,
smart windows, and other devices [5–8]. They can be electrically switched between the
opaque off-state and the transparent on-state. The phenomenon occurs due to refractive
index mismatching or matching between the LC and the polymer matrix [9–12].

Generally, the electro-optic properties of PDLC films depend on the LC concentration,
film thickness, the size and shape of the LC domain, anchoring energy on the boundary
surface, and physical properties of both components, such as the elasticity, viscosity, and
dielectric anisotropy of the LC and the polymer [13, 14]. Depending on the chemical nature
of polymer and LC, the interface of LC and polymer will experience different constraints
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Mesogenic Compound with High Birefringence in PDLC 73

with different effects on the molecular orientation of the LCs inside the droplet [15–17].
It is well known that higher values of �n is favorable to increase the contrast ratio and
decrease driving voltage of PDLC films [18]. But, with the increasing of �n, the viscosity
and dielectric anisotropy of LC in PDLC films will increased, viscosity and dielectric
anisotropy of the LC are the important influencing factors of electro-optical properties of
the PDLC films [19].

In this study, we chose nematic LC of SLC1717 to combine a kind of phenyl-
diacetylenes mesogenic compound 1 (Figure 1) with high birefringence into one composite,
then the PDLC films were prepared with thermally polymerization-induced phase separa-
tion (PIPS) method [20, 21]. The effect of mesogenic compound 1 on the morphology of
polymer network and the electro-optic properties of films were investigated in details.

2. Experimental

2.1. Materials

Mesogenic compound 1 was synthesized according to reference [22]. A nematic LC
(SLC1717, TNI = 365.2 K, �n = 0.201) was purchased from Slichem Liquid Crystal
Material Co., Ltd. (Shijiazhuang, China) and used without any purification. The heat cur-
able monomers used were a mixture of ethylene glycoldiglycidyl ether (EGDE) resin
(Anhui Hengyuan Chemical Co., Ltd., Anhui, China) and 2, 2′-(ethylenedioxy) bis (ethy-
lamine) (EDBEA, Alfa Aesar, A Johnson Matthey Company, Beijing, China). EDBEA is
a polyamine hardener for epoxy resins EGDE. Fig. 1 shows the chemical structures of all
the materials.

2.2. Preparation of PDLC Films

The PDLC samples were fabricated by heat curing procedure. In forming these materials, a
suitable oligomer was prepared by mixing EGDE and hardener EDBEA in the molar ratio
according to na = 0.5 × nb, where na and nb were the mole number of epoxy resin EGDE
and hardener EDBEA, respectively. And then the oligomer was mixed with equal weight
of LC and stirred for 2 hours. After that the homogenous solution was sandwiched between
two pieces of indium–tin–oxide (ITO) coated glass substrates. A group of samples with
different content of compound 1 in the mixture were prepared, and the compositions of

C5H11 CF3

O
O

O
On

n = 3.45

O
H2N O

NH2

1:

I 383 N 355 K (Cooling)

Δn = 0.470

EGDE: EDBEA:

Figure 1. Chemical structure and properties of mesogenic compound 1 and the heat curable
monomers.
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74 Z. Miao et al.

Table 1. The compositions of samples A–F

LC (%)

Sample Total SLC1717/1 Monomer (%)a

A 50 100/0 50
B 50 99/1 50
C 50 98/2 50
D 50 95/5 50
E 50 90/10 50
F 50 85/15 50

aThe monomer was EGDE/EDBEA with the weight of 4/1.

samples A–F were listed in Table 1. All samples utilized 20-μm spacers to obtain uniform
film thickness and were heated in an oven at 363.15 K for 7 hours.

2.3. Measurements

The morphology of the polymer network of the PDLC films was studied by scanning
electron microscopy (SEM, Cambridge S360). The film was first separated, and then dipped
into cyclohexane for 5 days at room temperature to extract the LC molecules, and then the
polymer network was dried for 12 hours under vacuum. After polymer matrix was sputtered
with carbon, the microstructures of the polymer matrix were observed under SEM.

The electro-optic properties were studied using an LCD parameters tester (LCT-5016C,
Changchun Liancheng Instrument Co., Ltd., Changchun, China). A halogen tungsten lamp
(12 V, 75 W; OSRAM, Beijing, China) was used as an incident light source and the
incident wavelength through the sample was fixed with the wavelength filter (632.8 nm).
The transmittance of the PDLC films was recoded with a photodiode, and the response of
the photodiode was monitored with a digital storage oscilloscope. The active area of the
detector allowing the estimation of acceptance angle was 0.36 cm2. An electric field square
wave (1 kHz) was applied, and the distance between the PDLC film and photodiode was
300 mm. The transmittance of air was normalized as 100%.

3. Results and Discussion

3.1. Morphology of Polymer Network in PDLC Films

Figure 2 shows the droplet morphology of PDLC samples A–F. It could be seen that the
mesh size (the LC domain size) of the polymer network in sample A was about 1.0 μm.
Whereas in samples B–F, the mesh size further increased and the cross-linking density
of polymer network decreased in the sequence. It was clearly seen that the LC domain
increased in size with increasing the content of compound 1. For a definite system, the
LC domain size was controlled by the relative content of the polymerizable monomers
and LC, the rate of polymerization, and some physical parameters such as viscosity, rate of
diffusion, and solubility of the LC in the polymer [22, 23]. Therefore, the relative content of
compound 1 in SLC1717 had a great effect on the microstructure of the polymer matrix. One
generally approved explanation was that the increase of compound 1 content decreased the
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Mesogenic Compound with High Birefringence in PDLC 75

Figure 2. SEM micrographs of the polymer networks of samples A–F.

miscibility of the polymerizable monomers and the mixed LC, consequently decreased the
cross-linking density between molecules of the polymerizable monomers [24]. Thus, the
diffusion of LC molecules became difficult with the increase of 1 content, and vice versa.
As a result, the size of the LC domain increased with increasing the content of 1 as shown
in Fig. 2.

Generally, it was convenient to fix the contents of two components and investigate
the electro-optical properties of the system by only changing the content of the third
component. In our subsequent consideration of LC/polymerizable monomers/1 composites,
the contents of the LC and polymerizable monomers were fixed, and the modification of the
LC/polymerizable monomers composites by compound 1 was taken into account. When
the applied voltage increased, the transmittance of the samples reached the saturation level
Ts, and CR = Ts/To was commonly known as the switching contrast, where To was the
initial off-state transmittance. The threshold voltage (V th) and the saturation voltage (Vsat)
were defined as the electric fields required for the transmittance to reach 10% and 90% of
Ts, respectively.
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Figure 3. The applied electric field (1 kHz) dependence of the transmittance of samples A–F.
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Figure 4. 1 concentration dependence of CR and To, respectively.

Figure 3 shows the voltage dependence of the transmittance of samples A–F. As the
mesogenic compound 1 content increased, the gradient of curves A–F were increased
slightly, because 1, which possessed higher dielectric anisotropy [25], would been rapid
orientated under electric field to increase the samples respond speed [26, 27]. In addition,
Ts increased obviously when the content of 1 was less than 5 wt%; however, Ts decreased
significantly for 1 contents increasing from 5 wt% to 15 wt%. Meanwhile, To had the
same change to Ts. These behaviors of To were more evident in Fig. 4, which shows the
content of 1 dependence of To and CR. CR decreased at first for 1 content up to 5 wt%,
and then CR increased when 1 content increased from 5 wt% to 15 wt%, because CR was
strongly influenced by To, which was the denominator of the fraction, and then decreased
dramatically as To increased fast [28].

The explanation was that the changes of the refractive index (nmp) of mixed LC are
formed with doping 1 in LC/polymerizable monomers composites. The refractive index of
the LC doped with 1 (nnp) was a linear function of the content of 1 [29]:

nmp = npϕp + nnpϕnp (1)

where ϕp and ϕnp are the volume fractions of the LC and 1, np was the refractive index
of the LC doped without 1. For PDLC composites, the modification of np might result in
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Figure 5. Compound 1 concentration dependence of V th and Vsat.
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Figure 6. 1 concentration dependence of Ton and Toff.

significant changes of light scattering characteristics caused by the refractive index match
of the coexisting phases. As a result, the matching degree of the refractive index of the LC
and the polymer matrix increased continuously with the increasing of 1 content until the
maximum matching degree was reached. But then the content of 1 further increased, the
matching degree decreased slightly to cause the Ts decrease [28]. When an electric field
was applied to the samples, the light scattering caused by the refractive index mismatch
of coexisting LC and polymer could be reasonably considered as a major factor for the
samples in the transparent state.

Figure 5 shows the content of 1 dependence of V th and Vsat. V th and Vsat both decreased
obviously with increasing the 1 content. It was well known that there was an inverse rela-
tionship between the variety of V th (or Vsat) and the change in LC domain size, because the
polymer–LC interface anchoring energy of polymer network increased with the decrease
in LC domain size, and the LC molecules were in a more difficult orientation along
the direction of the electric field [17]. According to Fig. 2, with the increasing of LC
domain size from A to F, V th and Vsat decreased with increasing the content of 1.

It is shown in Fig. 6 that turn-off time (Toff) increased dramatically, whereas turn-on
time (Ton) decreased simultaneously with increasing the 1 content. It was well known that
the relationship between Toff and Ton was inverse [14], and the increase of Toff leaded the
decrease of Ton. The polymer–LC interface anchoring energy of polymer network is an
important factor to Toff. Toff increased with the decrease of the interface anchoring energy,
which was decided by the LC domain size [17].

4. Conclusions

Obviously, compound 1 played a key role in the variation of the parameters of electro-optical
properties as mentioned earlier. Generally, a mesogenic compound with high birefringence
had higher dielectric anisotropy and higher viscosity. However, dielectric anisotropy and
viscosity of LC were all important factors to electro-optical properties of PDLC films, and
higher dielectric anisotropy and lower viscosity were benefit to improve the electro-optical
properties. In our experiment, with the increasing of 1 content in SLC1717, the dielectric
anisotropy and viscosity of the mixed LC were increased obviously. When 1 content was
less than 5 wt%, dielectric anisotropy of the mixed LC increased rapidly, the electro-optical

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
1:

09
 1

3 
O

ct
ob

er
 2

01
3 



78 Z. Miao et al.

properties was improved expectatively. However, when 1 content was more than 5 wt%,
the viscosity of the mixed LC was enough to affect the electro-optical properties.
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