This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:51

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 Science

and Technology. Section A.
Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

A Novel Study of the
Polymerisation Process
Involved in the Formation

of the Network Component
of Polymer-Stabilised Liquid
Crystals Within Electro-Optic
Cells Using High Performance
Liquid Chromatography

Mark Brittin ® , Geoffrey R. Mitchell # & Andrew
Gilbert ?

& polymer Science Centre, J.J. Thomson Physical
Laboratory, University of Reading, Whiteknights,
Reading, RG6 6AF, UK

Version of record first published: 24 Sep 2006

To cite this article: Mark Brittin, Geoffrey R. Mitchell & Andrew Gilbert (2001):
A Novel Study of the Polymerisation Process Involved in the Formation of the
Network Component of Polymer-Stabilised Liquid Crystals Within Electro-Optic
Cells Using High Performance Liquid Chromatography, Molecular Crystals and
Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid

Crystals, 357:1, 99-115



http://www.tandfonline.com/loi/gmcl19

Downloaded by [University of California, San Diego] at 02:51 16 August 2012

To link to this article: http://dx.doi.org/10.1080/10587250108028247

PLEASE SCROLL DOWN FOR ARTICLE

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

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.

The publisher does not give any warranty express or implied or make
any representation that the contents will be complete or accurate or

up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher
shall not be liable for any loss, actions, claims, proceedings, demand, or
costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://dx.doi.org/10.1080/10587250108028247
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 02:51 16 August 2012

Mol. Cryst. Lig. Cryst., Vol. 357, pp. 99-115 © 2001 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

A Novel Study of the Polymerisation
Process Involved in the Formation
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Within Electro-Optic Cells Using High
Performance Liquid Chromatography
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Polymer-stabilised liquid crystals are systems in which a small amount of monomer is dissolved
within a liquid crystalline host, and then polymerised in situ to produce a network. The progress of
the polymerisation, performed within electro-optic cells, was studied by establishing an analytical
method novel to these systems. Samples were prepared by photopolymerisation of the monomer
under well-defined reaction conditions; subsequent immersion in acetone caused the host and any
unreacted monomer to dissolve. High performance liquid chromatography was used to separate and
detect the various solutes in the resulting solutions, enabling the amount of unreacted monomer for a
given set of conditions to be quantified. Longer irradiations cause a decrease in the proportion of
unreacted monomer since more network is formed, while a more uniform LC director alignment
{achieved by decreasing the sample thickness) or a higher level of order (achieved by decreasing the
polymerisation temperature) promotes faster reactions.

Keywords: Polymer-stabilised liquid crystals; high performance liquid chromatography;
photopolymerisation; network formation

INTRODUCTION

Polymer-stabilised liquid crystals (PSLCs), materials originally described as ani-
sotropic gels,(1’3) are composite systems formed by dissolving a small amount of
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a monomer (typically, less than 5 wt % of the system) in a L.C host, and then pho-
topolymerising the monomer in situ within the LC phase. The monomer must
have more than one reactive group (e.g. a diacrylate) in order to produce a
cross-linked network, as opposed to discrete polymer chains.

The state of the network in a PSLC is dependent on the phase of the LC host
during polymerisation. Once formed, the network is permanent and exerts align-
ing forces on the host, despite being present in low concentration. The aligning
forces can be overcome by a sufficiently strong external field, but once the field
is removed, the director pattern returns to the original orientation due to the pres-
ence of the network. Hence, these materials have attracted much interest with
regard to display applications since they were first developed by Hikmet.®
However, there remain fundamental questions regarding the nature and forma-
tion of these materials. For example, there are relatively few publications which
concentrate on the polymerisation process, which is central to determining the
nature and properties of a PSLC.

The general practice for making a PSLC has been to irradiate a suitable mix-
ture of host, monomer and photoinitiator for several minutes. However, since the
development of the network has not been studied to any great extent, in the
majority of the work reported it is unclear how much of the monomer does not
react due to an insufficient irradiation time. Of the work which has looked at net-
work development, irradiation time has been shown to be an important factor,®~
® with larger and more complicated cross-linked structures resulting when a
longer irradiation period has been used. This can be attributed to the polymerisa-
tion of greater numbers of molecules over longer irradiation times.

Monitoring of the polymerisation process using UV-modified differential scan-
nmg calorimetry (DSC-UV) has revealed that for a UV intensity of 0.2 mW
cm™ <, and using similar materials to those in the current work, it takes several
minutes for the bulk of the monomer to polymerlse.(g) However, in these experi-
ments, the detection limit of the machine was such that the reaction could not be
followed beyond ~70% monomer depletion, and the orientation of the LC direc-
tor was not well-defined. We present a new approach for studying the progress of
the polymerisation reaction. This involves measuring the amount of monomer
which remains unreacted after irradiation of samples under a series of
well-defined experimental conditions. Possibly the most important aspect of this
method is that the reactions being studied take place within treated glass cells,
within which the alignment of the L.C director is well-defined throughout. This is
typical of the environment in which PSLCs are formed for use in their primary
application, LC displays. Employing this technique has made it possible to
deduce the amount of monomer present within the network structures produced,
and therefore to determine how the amount of monomer which polymerises
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influences these structures. In addition, the effect of varying the reaction parame-
ters (e.g. irradiation time, polymerisation temperature, surface alignment, sample
thickness) on the progress of the polymerisation can be deduced.

The particularly challenging feature of any analysis is that the residual mono-
mer is present in low concentrations (a fraction of 1% of the original mixture) in
a large excess of a chemically similar material, the LC host. As a consequence,
direct spectroscopic analysis of samples is not feasible, and separation of mono-
mer and host is required prior to analysis. Since the quantity of the residual mon-
omer is small, any realistic analytical procedure will involve separation from the
network. This can be achieved by dissolving the soluble material (host and unre-
acted monomer) by immersion of samples in an organic solvent. This method
was originally described in the literature for the preparation of networks for eval-
uation by SEM;'? it has been further developed in the present work to include
analysis of the resulting solutions. This was achieved using high performance
liquid chromatography (HPLC). The information obtained through analysis
allowed the stated objectives to be achieved, i.e. to follow the progress of the
polymerisation process within the environment of an electro-optic cell, and to
quantify the effect of changing the polymerisation conditions.

EXPERIMENTAL

PSLCs were prepared from mixtures comprising the nematic host BLO87 (a
cyanobiphenyl and terphenyl-based mixture of high birefringence), the terphe-
nyl-based LC diacrylate monomer RM60 (see Figure 1) and the photoinitiator
Irgacure 651. Both the monomer and host were supplied by Merck R&D UK,
while the initiator was supplied by Ciba-Geigy. The monomer concentration was
1.00 wt %, while the initiator concentration was 0.20 wt %. The homogeneous
mixture, which had a nematic-to-isotropic transition temperature (T,;) of 87.8°C,
was introduced into glass sandwich cells, the internal surfaces of which had been
coated with rubbed polyimide layers to promote uniaxial director alignment par-
allel to the glass surfaces. The glass was separated by Kapton spacers, the thick-
ness of which was varied from 12.5 to 50 pm. Prior to polymerisation, the mass
of mixture inside each cell was measured; samples were then irradiated for given
periods of time using a mercury lamp (Blak-Ray B100 AP, UVP Inc.) emitting
strongly (~25 mW cm™2) over a wavelength region centred around 366 nm. The
samples were held in a temperature-controlled stage during irradiation, which
allowed the polymerisation process to be performed at constant temperatures (to
+ 0.5°C). Following reaction, the irradiated samples within their glass cells were
immersed in sealed jars containing 35 cm? of acetone for four days. During this
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time, the unpolymerised material was dissolved, while the network was left
behind on the glass surfaces. The cells were then removed from these acetone
“baths”, and fresh acetone was added to the resulting solutions, giving each a
volume of 100 cm®. The dilute nature of the solutions meant that possible detri-
mental effects (such as complexation of solute molecules) in the subsequent
analysis, carried out using reverse phase HPLC, were eliminated. The separated
network material obtained by this route can be used to provide a detailed view of
the network structure and morphology.(1 L12)

CH,
0 o

I I
CHF=CH—C—0—(CH,);—0 O O O O—{(CH,);—0—~C—CH==CH,

FIGURE 1 The molecular structure of the LC diacrylate monomer RM60

HPLC was carried out using a variety of columns and eluants in order to estab-
lish a suitable set of conditions for separating out the various materials present in
solution. Eventually, baseline separation of the solutes was achieved using a
5 pm particle size column (HI-5C18-250A, Hichrom Ltd.) of 25 cm length and
4.6 mm internal diameter, along with an eluant consisting of 80 vol % HPLC
grade acetonitrile (Aldrich Chemical Co.) and 20 vol % demineralised water. The
eluant and the acetone-based test solutions were completely miscible. Samples
(0.02 cm?) were introduced using a sample loop, and the pump unit was a Gilson
302, pumping at 1.0 cm? min~!. Solutes were detected by their ultraviolet (UV)
absorptions, using a Pye-Unicam LC3 UV detector set to 273 nm,; this corre-
sponds to the A, of both the host and monomer. Retention times and peak areas
were recorded on a Hewlett-Packard 3390A plotter/integrator.

Standard solutions containing known amounts of the host or monomer were
prepared and analysed by HPLC, in order to establish the retention times of each
solute (see Figure 2 and Table I), and to calibrate the response of the detector to
the amount of material (see Figures 3 & 4). Thus, the amount of unreacted mate-
rial after the formation of a PSLC could be accurately determined, and as the
mass of material present before polymerisation is known, the proportion of unre-
acted material could also be determined.

Reproducibility in peak areas was tested by running a standard sample three
times. There was some variation between the peak areas for each run; this was
estimated to be (x 3%). Therefore, a maximum error of (+ 3%) was associated
with all peak areas in subsequent calculations. The other main source of uncer-
tainty was in the calibration graphs (Figures 3 & 4). Linear regression lines were
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FIGURE 2 HPLC trace for an unpolymerised mixture (1 wt % RM60 in BL087), using an HI-5C18-
250A column and a mixture of 80 vol % acetonitrile: 20 vol % water as the mobile phase. The num-
bers shown are the retention times of each component in minutes. The identity of each peak is given
in Table |
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FIGURE 3 HPLC calibration graph for RM60, obtained by analysing standard solutions using a
detection wavelength of 273 nm
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FIGURE 4 HPLC calibration graph for BLO87, obtained by analysing standard solutions using a
detection wavelength of 273 nm. The labels A, B and C relate to different components of BLO87, as
denoted in Table I

fitted to the data, with 95% confidence intervals used to represent the uncertainty
in the gradient of the “best fit” lines. The total uncertainty in calculating the
amount of material present in test samples can be observed in the error bars for
each point in Figures 5 t0 9.

TABLE I Table to show the identity of each peak in the HPLC trace shown in Figure 4

Stated retention time / minutes Substance
X Acetone
5.88 BLO087 (component A)
7.16 BLO87 (component B)
9.19 BLO87 (component C)
14.06 RM60

16.40 BL087 (component D)
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RESULTS

Using the HPLC parameters described in the previous section, a solution of the
nematic host material in acetone was analysed. Of all the various compounds
present, four major components were detected, each giving a significant peak.
The monomer was a single component, and in mixed solutions with the host was
sufficiently separated to be determined with an acceptable degree of accuracy
(see Figure 2 and Table I).

Variation of irradiation time

A series of samples was examined using a cell thickness of 50 um and a polym-
erisation temperature of 39°C, with different irradiation times. The reaction tem-
perature ensured that polymerisations occurred in the nematic phase of the
mixture. These results are presented in Figure 5. Those for the LC host show that
for each component, the results for each particular sample are very similar. The
results are also similar between samples, with approximately 100% (within
experimental uncertainty) detected for each experiment. This was expected since
the host molecules do not contain polymerisable groups, and so should in general
be completely removed from samples by their immersion in acetone. However,
there is the possibility that a small fraction of the host could be “locked in” to the
network, which cannot be completely discounted by these experiments. Another
possibility is that some of the host molecules may have hydrogen atoms
abstracted from them by radicals present in the system, thereby altering their
structure. This would mean that these molecules would not be identified as host
because they would have a different retention time.

The results obtained for the monomer differ from those relating to the host.
The proportion of unreacted monomer decreased with increasing irradiation
time, following the trend shown in Figure 5. This gradual decrease is due to the
incorporation of more monomer into the network as the irradiation time
increased. The data were fitted to an exponential decay function of the form
y=yg+ ae b, where y represents the proportion of unreacted monomer, x repre-
sents the irradiation time, a is a proportionality constant and b is the rate con-
stant. For the purposes of data fitting, the proportion of unreacted monomer for
an irradiation time of zero was assumed to be 100%. The fit to the data was rea-
sonable, but not exact. Nevertheless, it provides a good approximation to the
observed trend, and allows comparison with data acquired using different polym-
erisation conditions. For the particular set of data shown in Figure 5, the rate
constant, b, was (2.5 = 0.6) x 1072571,
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FIGURE 5 Graph of proportion of material detected against irradiation time for samples formed in
the nematic phase using a polymerisation temperature of 39°C and a cell thickness of SO pum. The
curve through the data for this and subsequent figures is an exponential decay curve approximating
the pattern of monomer depletion over time

Variation of cell thickness

Two further groups of samples were investigated, also using a polymerisation
temperature of 39°C, but using cell thicknesses of 25 and 12.5 pm (see Figures 6
& 7 respectively). In addition, a limited number of samples were prepared using
an intermediate cell thickness of 37.5 um. Similar results were obtained com-
pared to the 50 pm samples, but the depletion of monomer occurred faster, and
higher rate constants were calculated. A summary of the rate constant values is
presented in Table II.

Variation of polymerisation temperature

A series of samples was examined using a cell thickness of 50 pum, with a polym-
erisation temperature of 96°C, and different irradiation times. The temperature
was such that samples were in the isotropic phase during each irradiation.
Results (see Figure 8) were similar to the previous sets of samples formed in the
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FIGURE 6 Graph of proportion of material detected against irradiation time for samples formed in
the nematic phase using a polymerisation temperature of 39°C and a cell thickness of 25 pm
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FIGURE 7 Graph of proportion of material detected against irradiation time for samples formed in
the nematic phase using a polymerisation temperature of 39°C and a cell thickness of 12.5 pum
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FIGURE 8 Graph of proportion of material detected against irradiation time for samples formed in
the isotropic phase using a polymerisation temperature of 96°C and a cell thickness of 50 pm

nematic phase, although the reaction was considerably slower, with a rate con-
stant of (1.2 + 0.6) x 1072 57! (c.f. the corresponding nematic series, which gave
a rate constant of (2.5 £ 0.6) X 1072 s_l).

TABLE Il Table summarising the rate constant values and estimated uncertainties obtained from data
sets acquired from samples prepared using different cell thicknesses

Cell thickness / um Rute constant /10 =% s~/
12.5 32206
25 4006
37.5 3306
50 25+0.6

A further series of samples was prepared using a cell thickness of 50 pm and
irradiated for 1 minute at different polymerisation temperatures. Irradiation for
1 minute was chosen since, on the basis of the previous experiments, there was a
significant amount of unreacted monomer remaining after this period. These
results are presented in Figure 9. As for the previous sets of data, the proportion
of the host detected was ~100% for each sample. In terms of the monomer, the
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FIGURE 9 Graph of proportion of material detected against polymerisation temperature for samples
formed using an irradiation time of | minute and a cell thickness of 50 um

proportion detected was appreciably less than 100% since most was polymerised,
leaving around 20-40% unreacted in these samples. The variation in the amount
of unreacted monomer between different samples was small, but there was a
slight and continuous increase with increasing polymerisation temperature. This
increase continued into the isotropic phase, but there was no marked discontinu-
ity at the T,;;. The results suggest that for a given time interval, less material pol-
ymerises at higher temperatures and, therefore, that the reaction is faster at lower
temperatures. However, the lack of any significant discontinuity at the T; means
that the temperature, not the phase of the host, is important. Previously, enhanced
reaction rates have been reported for polymerisations within mesogenic hosts
compared to isotropic ones, 13 and also in the bulk polymerisation of mes-
ogenic acrylates‘(]s'”) However, as pointed out by Broer et al,"® decreased
polymerisation rates have also been reported in LC phases, meaning that each
particular system must be treated separately.

In addition to the 50 um samples, two samples of 25 pwm thickness were irradi-
ated for 1 minute at 39 and 96°C. For these samples, the increase in the amount
of unreacted monomer with polymerisation temperature was more marked than
for a cell thickness of 50 pum, since the sample irradiated at 39°C had less mono-
mer remaining when using the thinner cell (~10% compared with ~20%). The
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sample irradiated at 96°C gave similar results with both thicknesses, suggesting
that sample thickness is only an important factor in the nematic phase, not the
isotropic phase.

DISCUSSION

The purpose of the work described in this paper was to establish a technique for
determining the proportion of monomer which is used to form a network for a
given set of conditions. This proved to be a challenging task, since the initial
mass of monomer in a typical sample was of the order of 107 g, and this was
present as a 1 wt % concentration within a LC host which was chemically similar
to the monomer. Furthermore, after a polymerisation, the amount of monomer
remaining was significantly less than that originally present. Using HPLC as the
analytical technique, the separation of materials prior to their detection solved
the problem of chemical similarity. In addition, the high sensitivity of the tech-
nique allowed detection of the monomer at low concentrations.

In order to perform an analysis, the soluble component had first to be separated
from the network. Therefore, this is an ex sifu technique. This has the disadvan-
tage that the removal of the LC host and unreacted monomer by acetone causes
significant changes to the network."') However, the technique serves its
intended purpose, to quantify the unreacted material.

Within experimental uncertainty, the proportion of host detected was 100% of
the original amount used for all samples investigated. It should be noted that the
uncertainties present mean that the possibility that some host molecules could be
trapped within the network, and hence not extracted into the analyte, cannot be
ruled out from these measurements. However, transmission electron microscopy
studies of sections taken from the network have revealed solid fibrillar structures,
with no evidence for trapped host material. ' For samples which were irradi-
ated, the proportion of monomer remaining was less than 100%, since some had
polymerised to give a network; the actual amount remaining depended on the
reaction conditions. As would be expected, increasing the irradiation time caused
greater numbers of molecules to be polymerised, which concurs with the
DSC-UV experiments reported in the literature,®13-1419.20) 5pg morphological
studies which show that the networks produced are more extensive for longer
irradiations.®-® This demonstrates that the polymerisation requires a finite
period for most of the molecules to react. If the irradiation is stopped after a time
t, the free radicals present, which are responsible for building up the network, are
quickly terminated. Any unreacted monomer present at this time will remain
unreacted, not becoming part of the network. Therefore, to polymerise as many
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units as possible, the irradiation must continue in order to produce new radicals
to replace those which have been terminated.

The proportion of monomer which remained unreacted decreased over time,
but the decay pattern could not be fitted exactly to an exponential decay curve, or
indeed to any simple Kinetic process. This is due to the complicated nature of the
reaction: the ability of each monomer molecule to react twice, the phase-separa-
tion of the growing network from the LC medium, and local increases in viscos-
ity occurring around areas containing network are all factors which can markedly
affect the process. However, the curves fitted to the data were useful guidelines
for comparing the various sets of experimental data.

The reaction studied at 96°C (in the isotropic phase) gave a much lower rate
constant than those at 39°C (in the nematic phase). This decrease in the polymer-
isation temperature, promoting a faster reaction, was confirmed by determining
the amount of unreacted monomer after an irradiation period of 1 minute over a
series of temperatures. The variation in the amount of unreacted monomer over
the temperature range studied was relatively small, but revealed that as the tem-
perature increases, the polymerisation takes longer to complete. The lack of a
discontinuity at the T,; suggests that temperature is also important in determining
reaction rate in this system. The observations indicate that, at lower tempera-
tures, the more anisotropic arrangement of the monomer molecules makes reac-
tion more likely, and overcomes any possible increase in reaction rate which
might be expected to occur due to an increase in thermal energy.

Reactions at 39°C using various sample thicknesses revealed a general feature of
slower reaction for increasing sample thickness. This trend was, however, not appli-
cable for a polymerisation temperature of 96°C (in the isotropic phase), where sam-
ple thickness did not significantly affect the overall rate. These observations can be
related to the director pattern of the system, since material inside thicker cells is, on
average, further away from the aligning surfaces. Therefore, for a nematic sample,
there will be a broader distribution in director alignment for increasing cell thick-
ness, leading to increased light scattering, a decrease in UV absorption, and a slower
reaction. This feature does not apply in the isotropic phase, since the molecules are
disordered throughout a sample, irrespective of cell thickness.

The results obtained have made it possible to quantify for the first time how
much monomer goes into forming the network component of PSLCs under vari-
ous experimental conditions, and reveal how long an irradiation period is
required for the polymerisation process to go to completion. As well as being
interesting from a fundamental point of view, this information is also important
with regard to applications. The central function of PSLCs is their use in LC dis-
plays. It is therefore very useful to know how long an irradiation is required
under a particular set of conditions to polymerise a certain amount of monomer to
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give a material with well-defined and reproducible electro-optic properties. For
example, when a relatively large proportion of monomer is polymerised, more net-
work is obtained and the threshold voltage for electro-optic switching will tend to
be larger, while the decay time on removal of the switching voltage will tend to be
shorter. The amount of monomer which polymerises also affects the morphology
of the network. For example, relatively low irradiation times produce a network
consisting of isolated droplets, while longer irradiations produce greater numbers
of droplets, which aggregate into fibrillar structures. A detailed study on network
morphology will be presented in a forthcoming paper.(zl)

The ideal way of monitoring the polymerisation process in PSLCs would be to
use an in situ technique, so as not to disturb the material. DSC-UV is such a tech-
nique, the basis of which lies in measuring the heat evolved from a reaction as a
result of UV irradiation at constant temperature.(g) There are relatively few
reports in the literature dealing with the polymerisation process, and those pub-
lished have used DSC-UV. Results obtained have given important insights into
the polymerisation reaction, but the main drawback of the technique is that sam-
ples are formed in aluminium pans. This is a very different environment to the
glass cells in which PSLCs would be generated for use in displays (the primary
application of these materials), and one in which the sample thickness cannot be
accurately controlled. The most important difference is that the enforced global
director alignment produced inside cells would not be reproduced inside the alu-
minium pans. For a nematic sample, this would mean that a polydomain texture
would exist instead of a monodomain, and this could affect the polymerisation
behaviour in a similar way to that seen for the glass cells when their thickness is
increased. For example, the broader distribution of director alignments may pro-
duce a slower reaction rate, while light scattering from domain boundaries would
have the same effect by scattering UV radiation out of samples, leading to an
effective decrease in UV intensity.

In addition to DSC-UYV, another in situ technique which has been applied to
PSLCsis IR spectroscopy.(9) However, the amount of monomer used in such exper-
iments was 10 wt % or more, significantly greater than the 1 wt % used for the
experiments in this study. As part of the work described in this paper, FTIR spectra
of the host/monomer mixture were taken, and the monomer could not be detected
due to the very small amount present relative to the host. The use of multiple inter-
nal reflectance spectroscopy (MIRS) could potentially improve the situation, but the
host may still obscure the monomer, especially when very little monomer remains
after an irradiation. Another factor is that samples for IR spectroscopy tend to be
formed between salt discs since glass does not transmit in the infrared region of the
spectrum. To date, no in situ techniques have been applied for monitoring the
polymerisation process of PSLCs in their “natural environment”.
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The main advantage of the procedure developed in this work using HPLC is
that, while being an ex situ technique, it does allow monitoring of the results of a
polymerisation in a treated glass cell, which DSC-UV cannot. Furthermore, in
the DSC-UV experiments reported by Hikmet,® the progress of the polymerisa-
tion could not be followed beyond ~70% monomer depletion, while the maxi-
mum conversion reported by Guymon et al*> was 90%. In the study
described here, HPLC has been used to monitor the polymerisation beyond these
limits.

Recently, DSC-UV experiments performed by Guymon ez al13:14.1920) pave
concentrated on ferroelectric PSLCs. This work has involved the nematic phase,
however, and comparisons can be made between these results and the HPLC data
generated in this study. In the earlier studies, a variety of diacrylate monomers
was investigated, and the general trend was for the polymerisation rate to
increase with decreasing temperature, as observed in this work. The rate
increases were attributed to enhanced orientation and segregation of the polym-
erisable bonds. However, one monomer exhibited the opposite behaviour,“g)
possibly due to factors such as molecular bulkiness and steric hindrance over-
coming the orienting effects of the LC host. Maximum polymerisation rates for
the nematic phase reported by Guymon were ~107 57!, which is an order of
magnitude lower than those calculated from the present study. This difference
may be explained by the factor of ten difference in UV intensity between the two
sets of experiments (2.5 mW cm™2 compared to ~25 mW cm™? for the experi-
ments presented in this paper). Furthermore, the difference in reaction rate
between the nematic and isotropic phases was found to be much greater than pre-
viously reported.

The various differences between results from the HPLC and DSC-UV experi-
ments are probably due to the use of different materials with somewhat different
properties. It should be noted that there have been no previous reports on the par-
ticular chemical systems of the current work. Thus, attempts to draw exact com-
parisons between the different systems will be subject to a considerable degree of
uncertainty. For example, C6M (see Figure 10) is a common LC diacrylate used
in many literature studies; this has notable structural differences from the diacr-
ylate used in the present study. Differences in chemical structures are even more
marked for the LC host: while BLO87 contains simple cyanobiphenyls and ter-
phenyls, the ferroelectric materials used by Guymon et al are considerably more
complex in composition. Hence, the phase behaviour of the systems is different,
and this would lead to variations in the polymerisation behaviour.

Ultimately, HPLC has been shown to be a useful and valuable tool for monitor-
ing the polymerisation process in PSLCs, and provides a realistic alternative to
the DSC-UV method.
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FIGURE 10 The molecular structure of the diacrylate monomer C6M

CONCLUSION

The progress of the polymerisation reaction in which the network component of
PSLCs is formed was successfully monitored by HPLC, which, for the first time,
has been established as a viable technique for studying these materials. In addi-
tion, this method made it possible to monitor the polymerisation process inside a
realistic environment, i.e. an electro-optic cell. Results showed that the propor-
tion of monomer which was consumed by the process was crucially dependent
upon the reaction conditions. Longer irradiation times caused greater numbers of
molecules to polymerise, while the reaction was found to be faster for lower
polymerisation temperatures. Sample thickness was unimportant for samples
polymerised in the isotropic phase, but in the nematic phase, the reaction was
faster in thinner cells. This can also be attributed to the director pattern of the
host, with material in the nematic phase having a more uniform director pattern
within a thinner cell, while material in the isotropic phase always shows a ran-
dom arrangement, regardless of cell thickness. Monitoring of the polymerisation
process showed that the kinetics were complicated, with no simple kinetic
scheme being applicable.
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