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diSp_ers§d liquid crystals depends on the separation of the
the liquid crystal domains depends on the nature of the
s work discusses the two-phase morphol-

: (develops during polymerisation-induced phase separation. The effect
the dopant nano-graphite on the polymerisation and electro-optical properties arepdiscussfd‘ UV/VIS and tim?:

resolved Fourier transform infrared spectroscopy is used fo
dispersed liquid crystals. The electro-optical properties of the
using a polarimeter (PerkinElmer Model 341), The morpholo
is probed by polarising optical microscopy and Fourier tra

voltage of the polymer-dispersed liquid crystals is drama
the polymer matrix on doping by nano-graphite.

T monitoring the polymerisation of the polymer-
polymer-dispersed liquid erystal films are measured
gy of the liquid crystal droplets in the polymer matrix
transform infrared spectroscopy images. The threshold
tically decreased because of the increased conductivity of
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1. Introduction

Polymer-dispersed liquid crystals (PDLCs) are polymer/
liquid crystal (LC) composite materials proposed for
applications in switchable windows and imaging tech-
nology due to their unique electro-optical performance
characteristics [1-25]. Since the original reports of these
materials, researchers have extensively examined PDLC
formation, seeking optimised performance. Much of
this work has focused on correlating PDLC morphol-
ogy to performance parameters such as on-state trans-
mittance, off-state scattering and switching voltage.
PDLCs are often formed through polymerisation-
induced phase separation (PIPS), a one-step fabrication
technique, in which a polymerisation initially occurs in
an isotropic mixture of L.Cs and monomers. The for-
mation of PDLCs is t Ily induced by photo-poly-
merisation (UV-cur 1. On polymerisation, the LCs
loge solubility in the mer and separate into a dis-
t phase through r liguid-liquid or liquid-gel
ixing. Upon phase separation, PDLCs take one of
morphologies: <

plets (‘Swiss cheese’) or inter-

nected (polymer ball) [26]. PDLCs form droplets

gor an interconnected morphology based on LC concen-

gon, polymerisation mechanism, polymerisation
tics and polymer composition [26].

E=AThe electro-optical performance characteristic is an

ortant factor in optimising the performance of

PDLCs. To optimise the electro-optical performance

PDLCs, nano-composites, surfactants and dyes

e been used as dopants in PDLCs [27]. The dielectric

constant and morphology of PDLCs are important
parameters to optimise the electro-optical performance.
On increasing the dielectric constant, the threshold vol-
tage is decreased and the energy consumption is
reduced. In typical PDLC systems, the sizes of the LC
domains are of the order of micrometres. These cause
an intense scattering of light in the visible range and the
values of the switching voltage are of a few tenths of
volts [28]. By increasing the efficiency of the phase
separation process, which depends on the component
concentration and UV-curing parameters, submicro-
metre (nano-sized) droplets can be obtained. As a con-
sequence, the PDLC samples are characterised by low
light scattering and high optical (ransmission.
However, by applying a suitable voltage, it is possible
to affect the orientation of the LCs, thus changing the
average refractive index of the medium. It has been
demonstrated that phase-only modulation is possible
without any important dependence on the light polar-
isation [28]. This occurs when light impinges at normal
incidence, since in this case the light wave vector has the
direction of the external applied field, i.e. of the optic
axis of the medium. Under this propagation condition,
the light travels into the medium as an ordinary wave
regardless of its polarisation state. For this reason,
nano-size PDLCs are potentially of strong interest for
the development of innovative devices for optical com-
munication technology.

In this article, we report a detailed investigation
performed on micro-size PDLCs obtained by using a
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= m’ﬁﬁh@s more closely with that of the polymer.
'ﬁ?hmshold voltage (Vi) decreases with increasing
nano-graphite ratio. This result is related to the fact
that the increased conductivity of the polymer matrix
leads to decrease of threshold voltage. ¥V, is remark-
ably reduced with the increasing of conductivity of the
polymer matrix. The magnitude of the electric field in
the LC phase is strongly dependent on the conductiv-
ity of polymer matrix. The distribution of the external
electric field can be imposed effectively to LC phases
when a polymer with large conductivity is used. Thus
the polymer matrix with larger conductivity led to
reduction of Vy,. The electro-optical property of sam-
ple D is not discussed because the aggregation of the
nano-graphite dopant disarranged the dispersion of
LC droplets in a non-homogeneous manner. The
PDLC film D is broken down for the higher nano-
graphite concentration in the polymer matrix under
the applied voltage. The upper and lower ITO sub-
strates were electrically short-circuited by aggregation
of nano-graphite.

3.3. The morphology of PDLCs

It is widely appreciated that the electro-optical activity
in PDLCs depends on the separation of polymer and
LC phases. Since the phase structure develops in a
non-equilibrium system, the morphology of the LC
domains depends on the details of the chemical and
physical processes active during domain formation.
The nature of the interface between polymer and LC
phases is of particular interest. In most cases, the two-
phase morphology that results falls into one of two
categories: a ‘Swiss cheese” morphology, where sphe-
rical LC droplets are embedded in polymer matrix, or
a ‘reverse morphology’, where a continuous LC phase
is embedded in polymer bead-like matrix [27, 53]. In
the latter case, the LC phas: not have droplet
character. Controlling LC in morphology is
important since it modulates the electro-optical prop-
erties of PDLCs [54-55].

Thesrformance of PDLCs sirongly depends on
the fiffilnorphologies, sizes, distribution and shapes
of phase-separated LC domains. The size can be con-

trolle djusting the kinetics of polymerisation and
the p separation of LCs during the polymerisa-
tion, ¥hich depends on experimental conditions (such
as ex e beam intensity and exposure time), con-
centr and physical properties (such as viscosity of
LCs he chemical structures of reactive diluents)

[56]. factors are estimated to determine the

ymerisation-induced phase separation of an LCs
ystem [57). The first factor is the increase
in thegraction of large molecules during polymerisa-
tion [g&yinduced phase separation). Second is the
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difference in the interaction parameters between
monomer and polymer. When cross-linking is formed
during polymerisation, the elasticity of the formed
network is the third driving force for phase separation.
’I"his effect becomes strong by the increase of gel frac-
tion and the number of cross-links.

The clearly phase-separated morphologies of peri-
odic polymer-rich domains (bright region) and LC-
rich domains (dark region) could be observed by
POM observation for the PDLCs film. Figure 4
shows optical micrographs of the observed morphol-
ogy after photo-polymerisation of 60/40, 70/30 pre-
polymer/LCs blends in the two-phase region at
130°C. The LCs is etched by methanol for 24h. A
heterogeneous texture with unevenly distributed LCs
droplets can be discerned. If these blends were to be
used for display or control devices, the orientation of
LCs in the smaller domains would obviously respond
differently to an applied electric field from that of the
larger LCs domains. The non-uniformity in the LC
droplet sizes would result in inferior electro-optical
switching performance.

We restricted the phase separation experiment to
photoinitiation in the isotropic phase, as this affords
pre-polymer/L.C composites with more uniform mor-
phology. The phase separation process presumably
occurs through spinodal, but it has already advanced
to the intermediate and late through coalescence. The
coarsening process is particularly pronounced in the
60/40 pre-polymer/LC blends because of the high
mobility of LC molecules. When the cross-linking
reaction starts, a polymer network is formed in the
polymer-rich regions, The formation of polymer net-
works presumably impedes the growth of these
droplets, thereby virtually ceasing the growth. As a
consequence, these droplets impinge on each other,
resulting on a change of the domain topology form a
spherical shape. The smaller droplets are obtained in
the 70/30 pre-polymer/LC blends because of the high
mobility of the pre-polymer molecules. The polymer
network is rapidly formed for starts of the trifunc-
tional cross-linking reaction. The LCs do not coalesce
and grow into larger droplets, as shown in
Figures 4(a2), (b2) and (c2).

With the nano-graphite dopant, the polymerisa-
tion is accelerated because of the reflection and scat-
tering by the nano-graphite in curing light. The speed
of phase separation is accelerated by the rapid poly-
merisation of pre-polymer and the LC droplets are not
grown into larger than nano-graphite undoped mix-
ture as shown in Figures 4(b1)~(c2). The dispersion of
the LC droplets is damaged by the aggregation of the
nano-graphite in the polymer matrix, as shown by the
big black domain in Figures 4(d1) and (d2). The elec-
tro-optical property of the PDLC films is influenced









XMicrometers 20510

Figure 5. Fourier transform infrared spectroscopy images of polymer—dispersgd liquid crystals as the area of nitrile group
dispersion and intensity (a) 60/40, prepolymer/liquid crystal (LC), 0% nano- graphite dopant; (b) 70/30 prepo lymen‘LC_ . 0% nano-
graphite dopant; (¢) 70/30 prepolymer/LC, 0.05% nano-graphite dopant; (d) 70/30 prepolymer/LC, 0.1% nano-graphite dopant.

dispersion of LC droplets. The heights and dispersions
of peaks are uniformed and smoothed as shown in
Figures 5(b)-(d). As shown in Figures 5(a), (b), (c) and
(d). the intensity of peaks is decreased from 0.700 to
0.547. The area of peaks is also minimised. The disper-
sion of peaks is uniformed due to the effect of nano-
graphite. The 0.2% nano-graphite in PDLC film sample
is not discussed due to its poor electric-optical property.
The above analysis shows that the size and dispersion of
LCs are decreased and uniformed due to effect of the
nano-graphite. The same effect of the nano-graphite
dopant on the morphology of blend 60/40 polymer/LC
is not discussed. The solubility of LCs in the polymer
matri be detected from the FTIR image and the
phase ation does not occur significantly.

4. ion

The apparent reaction kinetics in double band conver-
sion locurable monomers were measured via
FTIR tra. Good agreement was found between
the ape==nt reactions kinetics from UV/VIS spectro-
meter [ IR measurements. Further experiments
in samples of different ratios of pre-polymer/LCs
revealg=iat apparent kinetics in double band con-
versiof@ ] not only time dependent but also concen-
tration@d@pendent. The kinetics of double band

conversion were accelerated by the nano-graphite in
the mixture. The sizes and dispersion of LC droplets
were influenced by different ratios of nano-graphite.
The threshold electrical field was measured for differ-
ent nano-graphite concentrations. The PDLC film was
broken down at the ratio 0.2% of nano-graphite for
the aggregation, but the ratios of 0.05% and 0.1%
dramatically reduced the threshold electric field at
0.9 Vpum™ and 0.5 V ym™", respectively. The opti-
mised PDLC film was obtained at 0.1% nano-graphite
in the polymer matrix, The morphology of PDLC film
was studied by POM and FTIR imaging. The effect of
the nano-graphite on the sizes and dispersion of LC
droplets in polymer matrix was depicted. The uniform
sizes and dispersion of L.C droplets were obtained
using appropriate nano-graphite dopant levels, but
the upper and lower 1TO substrates were electrically
short-circuited by 0.2% nano-graphite. The PDLC
films were fabricated by polymerisation-induced
phase separation via nucleation and growth or spino-
dal decomposition.
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