
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Polymer network structure and electro-optic performance of polymer
stabilized cholesteric textures I. The influence of curing temperature
I. Dierking; L. L. Kosbar; A. C. Lowe; G. A. Held

Online publication date: 06 August 2010

To cite this Article Dierking, I. , Kosbar, L. L. , Lowe, A. C. and Held, G. A.(1998) 'Polymer network structure and electro-
optic performance of polymer stabilized cholesteric textures I. The influence of curing temperature', Liquid Crystals, 24:
3, 387 — 395
To link to this Article: DOI: 10.1080/026782998207208
URL: http://dx.doi.org/10.1080/026782998207208

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or 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://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782998207208
http://www.informaworld.com/terms-and-conditions-of-access.pdf
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Polymer network structure and electro-optic performance of

polymer stabilized cholesteric textures

I. The in¯ uence of curing temperature

by I. DIERKING² , L. L. KOSBAR, A. C. LOWE and G. A. HELD*

IBM T.J. Watson Research Center, P.O. Box 218, Yorktown Heights, NY 10598,
USA

(Received 18 July 1997; accepted 8 September 1997 )

The e� ect of curing temperature on the electro-optic behaviour and network morphology of
reverse mode polymer stabilized cholesteric textures (PSCTs) has been studied. Scanning
electron micrographs indicate that increasing the curing temperature generally results in a
larger average void size within a polymer network, while the morphology of the individual
strands (which varies signi® cantly for di� erent monomers) remains largely unchanged. PSCTs
with su� ciently large network voids exhibit a two-stage switching behaviour consistent with
a model in which the cholesteric liquid crystal is divided between two distinct environments Ð
one in which the liquid crystal is strongly dominated by the polymer network, the other in
which a bulk-like behaviour, comparable to the unstabilized cholesteric material, is observed.

1. Introduction PSCT device may occur via either a one- or a two-stage
Polymer stabilized liquid crystals are of interest both switching process [5], dependent upon the composition

for their applicability to display devices and for the and concentration of the polymer network. We utilized
fundamental insights they o� er on liquid crystal/polymer SEM to characterize the morphologies of the various
composites [1, 2]. One such system which in recent networks and, comparing SEM and electro-optical data,
years has attracted wide interest is the reverse mode concluded that the observed two-stage switching resulted
polymer stabilized cholesteric texture (PSCT) [3, 4]. At from the cholesteric liquid crystal being divided between
zero ® eld, a cholesteric with a pitch in the infrared two distinct environments. In the ® rst, the liquid crystal
(typically several mm) is oriented in the planar Grandjean is strongly dominated by the polymer network, while in
texture, which is then stabilized by the formation of a the second a bulk-like behaviour, comparable to the
polymer network within the liquid crystal material. This unstabilized cholesteric material, is observed. Depending
planar state appears transparent and exhibits very low on the choice of monomer, the resulting polymer net-
re¯ ectivity for visible light. Application of an electric work was either a ® nely stranded and highly intercon-
® eld in the direction of the helical axis results in a nected network or a coarse network composed of micron
reorientation of the liquid crystal into the focal-conic size r̀ice-grain-like’ particles. For the ® nely stranded
con® guration, a state which is strongly scattering and polymers, the presence of large voids in the network
which exhibits high re¯ ectivity. In this system, the poly- (which accounted for the two-stage switching) appeared
mer network serves two important functions. First, it only at low monomer concentrations, whereas for
in¯ uences the structure of the focal-conic state, and thus the coarser networks these voids were present at all
greatly in¯ uences the scattering properties of the system. concentrations studied.
Second, following the removal of the electric ® eld, elastic To understand more fully the processes which deter-
forces between the polymer network and the liquid mine polymer morphology of PSCT systems, we have
crystal cause a rapid reorientation back to the planar, carried out a detailed study of the dependence of both
non-scattering texture. polymer structure and electro-optical properties on poly-

Recently, we have reported that the transition between mer curing temperature. We ® nd that curing temperature
the planar and focal-conic states of a reverse mode does indeed a� ect the average size of the voids within a

network. For both of the monomers studied, increasing
² Present address: Liquid Crystal Group, Physics

the temperature had the e� ect of increasing the averageDepartment, Chalmers University of Technology, S-41296
void size within the network. This resulted in changesGoÈ teborg, Sweden.

*Author for correspondence. in the re¯ ectivity and transmittance consistent with our
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388 I. Dierking et al.

earlier model [5]. Further, for the case of the ® nely response times were evaluated for a 10 ± 90% change in
scattered light intensity.stranded RM206 polymer network, increasing the curing

temperature resulted in a transition from one- to two- Scanning electron microscope investigations (Hitachi
S-800 SEM) of the polymer networks were carried outstage switchingÐ again consistent with increasingly large

voids in the network. However, the qualitative structure following removal of the liquid crystal from the samples.
To ensure that the polymer network was not alteredof the networks was not signi® cantly altered by varying

the curing temperature, suggesting that there are other during the preparation process, the following novel
sample preparation procedure was developed. Oppositeimportant factors which in¯ uence the polymer growth

and ® nal morphology. edges of the cell were ground o� and the liquid crystal
removed by immersion of the cell in a suitable solvent
(diethyl ether). The solvent was in turn replaced with2. Experimental methods

The nematic matrix used in this study was the mixture liquid CO2 , which was then brought continuously
(i.e. without going through a ® rst-order vaporizationE48 (Merck Industries), doped with 0 5́ wt % of the

chiral agent R1011 (Merck Industries), to produce an transition) into the gaseous state [6]. Following this,
the cell was ® lled with a reworkable epoxy which wasinduced cholesteric with a pitch of 10 mm. The phase

behaviour of the E48/R1011 mixture, as determined by then thermally cured. Part of the cell was then ground
away to expose the polymer, ensconced within the epoxy.di� erential scanning calorimetry (DSC), is given by: Cr

Õ 19 N* 87 I. For each cell, a mesogenic reactive Finally, a thin layer of the epoxy was dissolved away in
a dilute acid to expose the unsupported polymer net-monomer (either RM206² or BMBB-6 [4]) was dis-

solved in the chiral nematic liquid crystal at 6 wt %. A work. The surface was metallized and subjected to SEM
analysis. We note that only when this procedure wassmall amount (2 wt %) of benzoin methyl ether (BME)

was added to the monomer to act as a photoinitiator. followed were we able to resolve a helical structure
within high (>5 wt %) polymer content RM206 net-Addition of the reactive monomers to the liquid crystal

caused a depression of the clearing temperature by a works [5]. We take this as evidence that this procedure
does not signi® cantly disrupt the PSCT network structure.few degrees. The liquid crystal± monomer solutions were

vacuum ® lled into 15-mm-thick cells with low pretilt,
anti-parallel rubbed polyimide alignment layers, where 3. Experimental results

3.1. Di� use re¯ ectivitythe cell thickness was controlled by a dispersion of
cylindrical spacer beads. The cells were sealed and The experimentally determined di� use re¯ ectivity,

measured for di� erent curing temperatures, is shown inirradiated by a UV source at 0 5́ mW cm Õ
2 for 5 5́ h,

with the liquid crystal in the planar orientation. Thus, ® gure 1 (a) and (b) for RM206 and BMBB-6 based
samples, respectively. All of the BMBB-6 samples studiedthe resulting polymer network structure was expected

to follow the local helical order of the liquid crystal. The exhibit a two-stage switching process similar to that
reported previously. In contrast, only those RM206temperature during curing was controlled with an accu-

racy of Ô 1 ß C and the range of curing temperatures samples which were cured above 35 ß C exhibit two-stage
switching, and even in these cases the two-stage switchingstudied was from Õ 10 to 60 ß C. The lower limit was set

by the crystallization temperature of the cholesteric, is less pronounced than that observed in the BMBB-6
data. The two reorientation processes in RM206 sampleswhile the upper temperature was limited by a reduction

in the order parameter. Samples prepared above 60 ß C cured at high temperatures (as well as the single stage
reorientation process in samples cured at low temper-exhibited non-reproducible electro-optic behaviour.

The di� use re¯ ectivity (fraction of back scattered light) atures) can be observed more clearly in time resolved
measurements of the di� use re¯ ectivity ( ® gure 2). Whenand the di� use transmittance (fraction of forward scat-

tered light) were measured on an absolute scale using the electric ® eld is removed at t=50 ms, the di� use
re¯ ectivity reveals the dynamics of the transition froman integrating sphere (Oriel Instruments). Texture trans-

itions were induced by a sine wave voltage of frequency the focal-conic to the planar state. For the sample cured
at 51 ß C (diamonds), a fast reorientation is followed byf=2± 5 kHz at variable amplitude, and the sample was

illuminated with a 633 nm HeNe laser. Depending on a second, much slower process, whereas for the sample
cured at 14 ß C (circles), only a single, fast reorientationthe detection method employed, either the static or

dynamic response of the cell was measured [5]. For process can be observed. Maximum di� use re¯ ectivity
is found, in general, to decrease with increasing curingdynamic measurements the electric ® eld amplitude was

chosen to ensure a saturated switching process and temperature ( ® gure 3). Similarly, the threshold volt-
age for the onset of di� use re¯ ectivity decreases with
increasing curing temperature ( ® gure 4).² RM206 is a mesogenic diacrylate whose exact structure is

proprietary to Merck Industries. PSCT cells have two distinct dynamic responses Ð one
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389Polymer stabilized cholesteric textures: I

Figure 2. Dynamic response of the di� use re¯ ectivity of 6 wt
% RM206 samples. These data show the reorientation
from the focal-conic to the planar state following the
removal of the applied ® eld at t=50 ms. For high curing
temperatures (51 ß C) a two-stage switching is observed,
whereas only a single-stage reorientation is observed for
low curing temperatures (14 ß C).

(a)

(b)

Figure 1. Di� use re¯ ectivity (fraction of back scattered light )
as a function of applied voltage for various curing temper-
atures for (a) 6 wt % RM206 and (b) 6 wt % BMBB-6
polymer stabilized samples.

Figure 3. Dependence of the maximum observed di� use
re¯ ectivity on curing temperature for 6 wt % RM206 ( + )for the transition from the planar to the focal-conic state
and 6 wt % BMBB-6 ( E ) polymer networks.(the rise time) and the other for the switching from the

® eld-induced, scattering focal-conic state back to the
planar, non-scattering texture at zero ® eld (the decay driving voltages of 120 V rms. For the BMBB-6 samples,

the dynamic response of the di� use re¯ ectivity wastime). The former reorientation process is dependent on
the applied electric ® eld amplitude, as dielectric inter- measured for an applied voltage of 60 V rms, whereas

the di� use transmittance was measured with an appliedactions are driving this transition. Thus, rise times can
be compared only if the same voltage can be applied to voltage of 25 V rms. The relaxation process following

removal of the applied ® eld is basically governed byall of the samples. For this reason, all dynamic response
measurements of the RM206 samples were taken with elastic forces between the polymer network and the
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390 I. Dierking et al.

Figure 4. Dependence of the threshold voltage of the di� use
re¯ ectivity on curing temperature for the planar to focal-
conic texture transition for 6 wt % RM206 ( + ) and 6 wt
% BMBB-6 ( E ) polymer networks.

liquid crystal; thus the decay times can, to ® rst approxi-
mation, be considered as electric ® eld independent. Rise
times of the di� use re¯ ectivity of RM206 and BMBB-6
[® gure 5 (a) and (b), closed symbols] are found to be
independent of the curing temperature. This suggests
that lowering the curing temperature does not result in
an increase in the concentration of oligomers remaining
in the liquid crystal, as this would increase the viscosity
which, in turn, would increase the rise times. The decay
times, however, do increase with increasing curing tem-
perature [® gure 5 (a) and (b), open symbols]. This sug-
gests that as the curing temperature increases, the
polymer network plays a less dominant role in the
reorientation process.

3.2. Di� use transmittance

(a)

(b)

The experimentally determined di� use transmittance, Figure 5. Dependence of the response times of the di� use
measured for di� erent curing temperatures, is shown in re¯ ectivity on curing temperature for the planar to focal-

conic texture transition for (a) 6 wt % RM206 ( + ) and® gure 6 (a) and (b) for RM206 and BMBB-6 based
(b) 6 wt % BMBB-6 ( E ) polymer networks. Rise timessamples, respectively. As is apparent from these data, no
are shown with closed symbols and decay times withtwo-stage switching can be detected for the di� use
open symbols.

transmittance; the director reorientation from planar to
focal-conic is observed as a steep increase in the di� use
transmittance over a rather narrow voltage regime. The Also, the threshold voltage of the onset of di� use trans-

mittance decreases as the curing temperature is increaseddecrease in di� use transmittance, which can be observed
for some of the samples as the voltage is further ( ® gure 8 ).

As with the di� use re¯ ectivity, the rise times observedincreased, is due to a partial transition into the homeo-
tropic con® guration. Generally, we observe an increase from the dynamic response of the di� use transmittance

for both RM206 and BMBB-6 are independent of thein the di� use transmittance (forward scattering) with
increasing curing temperature, although this trend is curing temperature [® gure 9 (a) and (b), closed symbols].

Also in agreement with the di� use re¯ ectivity, the decayclearly pronounced only for the RM206 data ( ® gure 7).
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391Polymer stabilized cholesteric textures: I

Figure 7. Dependence of the maximum observed di� use
transmittance on curing temperature for 6 wt % RM206
( + ) and 6 wt % BMBB-6 ( E ) polymer networks.

(a)

(b)

Figure 6. Di� use transmittance (fraction of forward scattered
light ) as a function of applied voltage for various curing Figure 8. Dependence of the threshold voltage of the di� use
temperatures for (a) 6 wt % RM206 and (b) 6 wt % transmittance on curing temperature for the planar to
BMBB-6 polymer stabilized samples. focal-conic texture transition for 6 wt % RM206 ( + ) and

6 wt % BMBB-6 ( E ) polymer networks.

times increase signi® cantly as the curing temperature is
raised [® gure 9 (a) and (b), open symbols]. These behavi- curing temperature of a PSCT system is increased are

the same as those observed as the concentration of theours are reasonable since in both instances the rise times
represent an electric ® eld driven reorientation, while the polymer network is decreased. As the curing temperature

is increased, the di� use re¯ ectivity decreases, the di� usedecay times result from an elastically driven, and thus
polymer in¯ uenced, reorientation. transmittance increases, and the threshold voltages for

both di� use re¯ ectivity and transmittance decrease.
These same trends are all observed for decreasing poly-4. Discussion

The data presented above show that the trends in mer content [5]. Further, as the curing temperature of
RM206 PSCTs is increased, a transition from one- toelectro-optical performance which are observed as the
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392 I. Dierking et al.

in the observed two-stage switching. The present data
are consistent with this model provided that increasing
the curing temperature of a PSCT cell results in larger
voids within the polymer network.

Figure 10 (a) ± (d ) show SEM images of 6 wt % RM206
PSCT polymer networks which have been UV cured at
14, 33, 44 and 51 ß C, respectively. From these images it
is clear that the mean void size within these networks
does indeed increase with curing temperature. Most
notably, ® gure 10 (c) and (d ) reveal much larger voids
than do 10 (a) and (b). In ® gure 11 SEM images are
shown of 6 wt % BMBB-6 PSCT polymer networks
which have been UV cured at Õ 10, 0, 20, and 40 ß C,
respectively. In these images there is no obvious correla-
tion between curing temperature and network void size.
In as much as the BMBB-6 cells exhibited signi® cantly
less change in electro-optic properties as a function of
curing temperature, this is not surprising. In general,
compared with the RM206 structures, the BMBB-6
networks are coarser for all curing temperatures. This
allows a larger fraction of the liquid crystal to experience
a more bulk-like environment and is consistent with the
observation of lower voltage thresholds, as well as two-
stage switching in all of the BMBB-6 samples studied.

The networks shown in ® gures 10 (b) ± (c) and 11 (a) ± (d )
were taken from PSCT cells which exhibited two-stage
switching, whereas those shown in ® gure 10 (a) and (b)
exhibited single-stage switching. As expected, the cells
exhibiting two-stage switching have signi® cantly larger
network voids. Based on estimates from the 6 wt %
RM206 SEM data, we ® nd that an average void size of
0 4́± 0 5́ mm is observed near the transition from one- to
two-stage switching. It is noteworthy that the observa-
tion of voids of this size within the network is correlated
with the observation of the onset of two-stage switching
as the concentration, curing intensity, or UV dose is
varied as well. We also ® nd that the helical structure of
the cholesteric has been more clearly transferred to the
polymer network in cells which exhibit only single-stage

(a)

(b)

switching.Figure 9. Dependence of the response times of the di� use
A comparison of the di� use re¯ ectivity ( ® gure 1) andtransmittance on curing temperature for the planar to

focal-conic texture transition for (a) 6 wt % RM206 ( + ) di� use transmittance ( ® gure 6) data allows for an identi-
and (b) 6 wt % BMBB-6 ( E ) polymer networks. Rise ® cation of the di� erent regions which contribute to
times are shown with closed symbols and decay times forward and back scattering. The di� use transmittance,
with open symbols.

or fraction of forward scattered light, shows an increase
at low voltages and no two-stage switching. Decreasing
the curing temperature, and thus increasing the polymer/two-stage switching, similar to that observed for decreas-

ing RM206 content, is observed. For the case of varying liquid crystal interfacial area ( ® gure 10), results in a
decrease of the di� use transmittance ( ® gure 8). Thispolymer concentration, it was shown that the lower

concentrations of polymer resulted in larger voids within suggests that those regions of liquid crystal material
which are only slightly in¯ uenced by the polymer net-the polymer network. This, in turn, resulted in larger

regions of b̀ulk-like’ liquid crystalline material. It was work contribute mainly to the forward scattering. In
contrast, the di� use re¯ ectivity (which describes theargued that the presence of both b̀ulk-like’ and polymer

dominated regions of liquid crystalline material resulted fraction of light being back scattered ) exhibits increasing
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393Polymer stabilized cholesteric textures: I

(a) (b)

(c) (d)

Figure 10. SEM photographs of the polymer network structure of 6 wt % RM206 formed at di� erent curing temperatures: (a)
14 ß C, (b) 33 ß C, (c) 44 ß C and (d ) 51 ß C. The dimensions of the regions shown are 14 4́ Ö 17 2́ mm2 .

values for decreasing curing temperature, indicating that becomes favoured. If the polymer dominated liquid
crystal material is characterized by smaller average focal-those liquid crystal regions which are strongly dominated

by the network structure contribute primarily to the conic domain sizes than are observed for bulk-like
material, this would account for the relative intensitiesback scattering. This is consistent with scattering theory,

which predicts increased back scattering as the size of of forward and back scattering observed with increasing
network density.the scattering objects, in this case the focal-conic

domains, decreases towards the wavelength of the incid- The structures of the RM206 and BMBB-6 PSCT
networks shown in ® gures 10 and 11 are fundamentallyent light. As the scattering objects become increasingly

larger than the incident wavelength, forward scattering di� erent. For all curing temperatures, the RM206
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394 I. Dierking et al.

(a) (b)

(c) (d)

Figure 11. SEM photographs of the polymer network structure of 6 wt % BMBB-6 formed at di� erent curing temperatures: (a)
Õ 10 ß C, (b) 0 ß C, (c) 20 ß C and (d ) 40 ß C. The dimensions of the regions shown are 14 4́ Ö 17 2́ mm2 .

networks consist of a highly interconnected, tight net- fundamental morphology of the polymer strands, it
simply a� ects the size of the polymer voids; that is, itwork of ® ne polymer ® bres. In contrast, the strands

in the BMBB-6 network are thicker and appear to be a� ects the spacing between strands.
For PSCT polymer networks composed of discretecomposed of individual r̀ice-grain-like’ particles with

dimensions between 0 2́ and 1 mm. Over the temperature particles, such as the BMBB-6 networks shown in
® gure 11, Rajaram et al. [7] have suggested that the sizerange studied (Õ 10± 60 ß C), the morphologies of the

BMBB-6 and RM206 networks remained fundamentally of the discrete particles is determined by a cross-over
from reaction limited to di� usion limited growth. Theirdi� erent. These results suggest that the temperature of

the polymerization process does not determine the model predicts that the particle size should scale as
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395Polymer stabilized cholesteric textures: I

absolute temperature to the one-third power. Over the the network, thus accounting for the two-stage switching,
low thresholds and long decay times. Decreasing thetemperature range we have studied, this would corre-
curing temperature results in a formation of polymerspond to a change in size of about 8%. Our SEM data
network structures with smaller average mesh sizes indo not allow the observation of changes this small;
which a single-process reorientation is observed, as wellvariations of this magnitude would be lost within the
as higher threshold voltages and faster decay times. This¯ uctuations between di� erent regions. Also, we note that
follows from the fact that in all regions the liquid crystalwhile Rajaram et al. reported changes in the morphology
material is strongly dominated by the network.of BABB-6 PSCT networks as the curing temperature

was varied, they associated these changes with a trans-
Referencesition to the smectic state within the monomer. As we
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