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Abstract

A series of siloxane based side chain liquid cltypalymers have been prepared with a
systematic variation in spacer length. All the pody exhibited a smectic phase, for which the
smectic-isotropic transition temperature increassdthe spacer length increased. Infrared
dichroism and x-ray scattering procedures have bhé&kred to determine the orientational order
parameters for this series of polymers and theeserelated to the measured electrooptical
properties. It is found that with increasing spdeagth (n) of polymer the threshold voltage is
lowered with a functional from of hand that the variation of the threshold voltagsesr from
changes to the intrinsic curvature elasticity ratten to differences in orientational order. A
simple model is used to indicate the origion of dfiects observed which appear to arise from
the constraints offered by the coupling of the ngesac units to the polymer backbone.

LA

sl el sall 038 ZAS ¢ Jualdl) Jola yuiy (and) Lgaany (e CAliAS ALuS LUl ¢l el sl (e Al juas
A sl 48y 5l aladiiad o3 Jualdl) Jsha 33 ) ae 30 35 o9 555 50Y) ) SSand) skl 3 ja da o o) 5 SiSadl ) hall
oalbadlly ile muag K5 Gljeadall LAVl dole gV Ll 228V ol ool jeall cad dxdY
ol o) (%) AV s Aall Al il ) 53 e sall()dealill sk B35 4 aa L Aliall & a5 s
s aladind a3 Aalas¥) Jale sl i€ 5 Alladl Jalee & daalad) sl ) g0 Ll 33 8y Jualal)

Sealdll a5 (5 il 03 g ) el sall ALl de ganall cp o )l 8 58 ey L ) 5 ) shall 038 Jual i 5l

I ntroduction

Side chain liquid crystal polymers are a compoSiten of macromolecule built up from three
basic types of molecular unit. These are the poltybaekbone, the mesogenic units, and the
coupling chains which link the mesogenic unit te grolymer chain. A large number of side-
chain polymers in which the nature of these thremponents and their interconnection are
varied have been synthesised and studied [1,2d&mental to understanding such materials is a
guantitative knowledge of the interactions betwetttose three normally incompatible
components for which the inherent connectivity bé tpolymer system inhibits large scale
segregation. It is now clear that the relativelgrsthength of coupling chains will result in some
interaction between the mesogenic unit and therpety backbone chains. A variety of nematic
phases have been proposed [3,4], in which the @lighe coupling may favour a positive or
parallel arrangement simply because of the nenfiett, or the bias may be to a perpendicular



or negative arrangement of the side group and ¢hgmner chain due to the particular geometry
of the coupling chain. Small angle neutron scatterexperiments have shown that for
polyacrylate and polysiloxane based side chainidiquystal polymers both positive [5] and
negative coupling [6] are possible, although theelleof coupling in either case is relatively
small. Studied involving cross-linked systems [Adé&fibres [8] have shown that there is a
regular alternation in the sign of the coupling #omparticular polyacrylate and polysiloxane
based systems as the length of the coupling ckaimcreased. This contribution focuses on the
influence of this coupling between the mesogerde-giroup and the polymer backbone on the
resultant electro-optic properties of such matsria particular we centre our attention on the
influence of the coupling chain upon the curvatalasticity which determines the ease with
which the director pattern may be modified usindemxal electric fields . A number of
contributions concerned with these properties regy@eared, for example [9,11] although none
has considered the systematic variation of progestiith changing coupling chain length for a
series of polymers. We shall considered a serigmlyisiloxane based side-chain liquid crystal
homopolymers in which the coupling chain lengthsistematically varied. The state of
orientational in these homopolymers is obtainedugh the use of infra-red spectroscopy and x-
ray scattering techniques. Carefully programmedctedeoptic measurements are used to
evaluate the threshold voltages for this seriepadymers. Comparsion is made with existing
models of curvature deformation in low molar magsitl crystal systems.

Experimental

An electro-optic experiment involves the measurenod changes in the optical properties of
thin film of liquid crystal polymer induced thronghe application of an electric field. The
experimental arrangement used for these electiic-opll (described below ) was held inside a
temperature controlled stage providirrguniform temperature environment within fluctuaso

of 0.25°C. The optical system consisted of a 5mW heliumarleser with crossed polarizer and
analyzer configuration and a photodiode with anmaliffor light intensity measurements.
Electric fields were provided by means of a powapkfier (HP 6827A) driven by a function
generator (Thandar TG501), an arrangement whiciidgorovide waveforms in the frequency
rang 0.05 to 30 KHz with peak to peak voltageshmrange 0 to 240 volts. In this study a fixed
frequency of 500 Hz was used throughout. The sitgf transmitted light through this optical
system was recorded as a function of time usimgcaocomputer system based around an IBM
compatible PC. Through the use of a specially amitsoftware system,EOCS, sophisticated
electo-optical experiments could be performed oocoatinuous or cyclic basis, involving
temperature control, data recording, field switghand analysis [17]. Electro-optic cells with
predefined director orientation were constructemmfrpatterned tin oxide coated glass slides
(Baltracon Z20). The cell electrodes, after clegnman ultrasonic bath and drying, were coated
with a thin layer of a polyimide precursor congigtiof a 5% solution of Rodehftal 322 in
dimethylformamide using a spin coater. These coatetts were then subjected to thermal
cycles and a mechanical treatment using a clotle. §élected polymer sample was carefully



applied onto one of the treated glass electroddgtecomplete assembly was heated above the
clearing point of the polymer in order to allow th@pped air to escape. The second glass
electrode was then mounted above the first eleetuminhg 0.025 mm thickness Kapton sheet as
spacers . The quality of the prealignment treatmeag confirmed through examination of each
cell with a polarizing microscope. Complete andfamn director alignment was obtained by
holding the completed electro-optic cell at a terapge 1°C below the measured clearing point
for 10-24 hours. This technique was successfuh@ducting a uniform director alignment within
the electro-optic cells prepared for all the materused in this work. In all cases the predefined
director alignment was parallel to the electroddase and to the direction of rubbing.

The orientational order parameter S for the peignn the series with n=4,5,6 was measured as
a function of temperature using infra-red dichroigmploying a Perkin-Elmer 580B
spectrometer fitted with a wire grid polarizer ahdating stage [18]. The order parameter
measurements were made at a variety of temperatisieg monodomain samples prepared as
prealigned cells similar to those used for the tedbeoptic measurements but using crystals of
potassium bromide as the cell windows [18]. Forheamasurement care was taken that the
prealigned cell had sufficient time to reach edpuilim and successive measurements over a time
period were taken to ensure this was the caseofliéetational order parameter for the polymer
CBZ3 was measured using x-ray scattering technifll@20]. The measurements were made
using monodomain samples prepared by holding inagnetic field (0.6T) at a variety of
temperatures. The x-ray scattering measurements made at room temperature on quenched
glassy samples using a computer controlled 3-eciddifractometer [19]. It was not possible to
prepare monodomain samples of polymer CBZ2 usitigeeithe prealignment on potassium
bromide discs or by means of the available magrfetids. As an alternative approach an
estimate of the order parameter as a functionmpé&gature was made by utilizing data obtained
from a similar cross-linked liquid crystal systelsbd on a copolymer with n=2 and 4 mol%
hydroxyethylacrylate [7]. For this liquid crystdhstomer, monodomain samples can be prepared
using a stress field, and the orientation measumesneere made using X-ray scattering
techniques [19].

Results

Static Electro-Optic Properties

This study is concerned with evaluating thdistalectro-optic properties for the range of
liquid crystal polymers shown in Table 1 as a fiorc of temperature. By using the
experimental arrangement described in the preveagion it was possible to determine the
threshold electric field required to distort thefaoe prealigned director orientation. For all
polymers the dielectric anisotropy is positive. Hbectric field deforms an initial planar surface
alignment and in this case of the geometry is dateth by the splay component of the curvature
elasticity Ky, for small deformations. The threshold voltage, 19 related to the curvature
elasticity, assuming strong anchoring by [21]:
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K11

Uth=

Whereaes is the anisotropy of the dielectric permittiviiguation (1) suggests that evaluation of
K11 should be a relatively straightforward procedurmwever for a polymer system there are a
number of particular problems involved in the ewadilon of U, , each of which relates to the
high viscosity of the polymer. The most importahwhich is ensuring that before starting any
measurements the sample is in a complete equilibstate. For each of the samples considered
and for each temperature of measurement we haeablish the real relaxation time of the
polymer system through the use of a cyclic eleopte procedure [17,18]. This type of
experiment ensures that the relaxation times medswtate to response of the complete system
by using a probe, the response time following tpelieation of an electric field [17]. All
threshold voltage measurements were made afterséimeple had been held at required
temperature for a period of time at least threesirthe relaxation time. As the response time
following the application of small voltages is peutarly long we determined the threshold from
a plot of the change in the transmitted opticaémsity as a function of the applied small voltage.
By extrapolation this method allowed both the ttheeshold voltage to be estimated and any
dynamic effects to be excluded. To ensure thateady state was reached following each
voltage step the sample was left for a period betw® and 5 hours. During this time the
transmitted light intensity was monitored to ensutkat the steady state had been achieved.
Typically at each stage the sample was held foe@og of time ten times longer than the
response time.

The threshold voltages obtained in thisnnes may be related to the curvature elastic
constant only if it is valid to assume strong angtwof the director at the cell wall. The nature
of the anchorarge may be assessed by measurirgréstold voltage for a series of equivalent
cells with differing cell thicknesses. A plot dfe reciprocal of the threshold electric fielgh E
against the cell thickness should be linear anggdésrough the origion only if the surface
anchorage is strong and hence Equation 1 appligsire=2 shows the results of such an
investigation, this is the case for CBZ6, and itlsar that the conditions for strong anchorage
have been met.

Figure 3 shows the experimentally determirfeddhold voltages for the series of polymers
described in Table 1 measured as a function opéeature. It was not possible to make reliable
and measurements at temperature lower than thpseted in the figure. There is a marked
reduction in the threshold voltage for both incregsemperature and spacer length. A similar
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trend in terms of the of temperature behavior hesnbobserved in the study of a series of
copolymers with n=6 [18]. The increase in the shid voltage with decreasing spacer length is
shown more clearly in figure 4. The variation bktthreshold voltage with systematically
changing coupling chain length correlates with sparariety of values for similar polysiloxane
based polymers reported in the literature [8,22-24]

Discussion

The variation of the coupling chain lengthtims series of siloxane based side chain liquid
crystal polymers has impact upon both the phasavwahand upon the electro-optic properties.
The increase in the smectic-isotropic transitiongerature with increasing spacer length mirrors
similar behavior found in homologous series of lmalar mass liquid crystalline materials [15].
In these cases the increase is attributed, at ieasfirst approach, to the increasing degree of
anisotropy of the mesogenic unit. Of course tiisaiso true of side-chain liquid crystal
polymers, but for such materials there is the adaedplications arising from the constraints and
interactions provided by the polymer chain. It Wbibe reasonable to assume that as the
coupling chain shortened, so the coupling betwéennesogenic unit and the polymer chain
would increase. If ordering increases as a resuthis coupling, it is natural to expect the
transitions to rise. In practice as shown in Tabkle opposite is observed. This suggests that
the emphasis on the role of the polymer chain shbelone of constraint than enhanced ordering
through coupling. Clearly there is a subtle batatetween these possibilities and small
variation can lead to marked effects. In termsthe variation of the smectic-isotropic
variation transition temperature with spacer lengtis appears to have some element of the
well-known odd-even effect observed in low molarsméquid crystalline materials [15] and in
main —chain liquid crystal polymers [16]. The ingzse in the glass transition temperature with
decreasing spacer length follows expectations basethe restricted motions of the polymer
backbone segments.

Clear trends are observed in the thresholthgelvariation as a function of both temperature
and spacer length. It is emphasized that condtlei@are and effort has been taken to exclude
from these experiments the time dependent effettthe high viscosities associated with
polymeric liquid crystal systems. In part the gese of the threshold voltage with decreasing
temperature is expected on the basis of an incrgasider parameter. The origin of the
variation of the threshold voltage with spacer tanig not so clear. If we make any correction
for the slight increase in the dielectric anisoyropth decreasing spacer length, then this will
simply enhance the rapidly increasing thresholdagd at low values of n. Figure 6 shows
that this rapidly rising threshold voltage with olgang coupling chain length arises in part from
factors beyond those related to the varying opgameter. In the spirit of the approach of
Nehring and Saupe [27,28] we may relate this toesantcrease in the intrinsic curvature
elasticity of the system. Of course this type afdel only fits the data in the most general way
and it is inappropriate to attempt to extract gitative information from this approach.
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