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INTRODUCTION

Interest in liquid crystalline side-chaln polymers has grown

tremendously in recent years because of their theoretical aspects
and their potential applications.Over the past few years, a con-—
siderable research effort has been made in electro-optic display

(1) (2) (3)

using nematic or smectic A mesogenic side-chain po-
lymers., On the other hand, non linear optical effects have been
obtained with a nematic side-chain copolymer doped with a molecule
exhibiting an extremely large molecular hyperpolarizability'ﬁ(h)
and poled with a D.C. electric field.

Difficulty in obtaining good orientation and mechanical
hysteresis related to the semisolid character of the phase have
delayed the use of smectic liquid crystals. Howevér, interest in
the synthesis of chiral materials exhibiting tilted smectic phases
has increased considerably since the advent of a fast switching,
bistable, electro—optical device based on their ferroelectric
properties.

As part of a continuing effort to produce new materials sui-
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table for applications, we have synthesized and studied two
families of side-chain polymers, with the following general

formulae:
-€ cn,—iﬂa-
4 \o-(»cnz);o e (1)

where n= 2-6

-(CH:—?R)—
PN =
° O{CH’}-O_Q—co’@“""?""c"?c”s (m)
n
CH3

vhere n=2, 6, 11
and R= H, CH, C1

From the liquid crystal properties of low molar mass
compounds, we expect nematic mesophases for polymers (1)
and Ch, S

mers (2).

4 end / or chiral tilted smectic phases for poly-

SYNTHESIS

Liquid crystalline side-chain polymers are generally prepa-
red by free radical polymerization of monomers having an
activated double bond (acrylates, methacrylates or Qe~chloro-
acrylates) and bearing a mesogenic unit attached to the po-
lymer backbone by flexible spacer groups.

Another possible way is to modify reactive polymers

(5) (6)
(8)

ble reactive mesogenic compounds (Figure 1),

such as poly(hydrogenmethylsiloxane)
(1)

, sodium poly-

acrylates or sodium polyitaconates by using suita-
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Figure 1. Synthesis of side-chain liquid crystalline
polymers.
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TABLE I

Polymerization conditions

and average molecular weights of polymers (I)
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Polymers (1) and (2) were prepared by free radical poly-
merization in solution with the use of azo-bis-isobutyronitrile
as initiator. Purification was accomplished by two re-precipi-
tations into methanol after which the polymers were dried in
vacuo. Molecular heterogeneities and weight average molecular
weights were determined by GPC using universal calibration (Ta-
ble 1).

Synthesis of the corresponding monomers is described else-

(9) (10) (11)

where

RESULTS AND DISCUSSION

Transition temperatures in polymers were determined by means
of a differential thermal analyser,Du Pont 1090.

The structure of the mesophases was identified both by
optical microscopy (using a polarizing microscope Olympus BHA-
P equipped with a Mettler FP5 hot stage) and X-ray investiga-
tions. X-ray diffraction patterns were recorded on flat films
using Ni-filtered Cuky radiation.Well-oriented samples were
produced by drawing fibers out of the mesophase with a pair

of tweezers.
POLYMERS (1) (TABLE 2)

Polymers of this family are essentially non crystalline in
character. We may observe that Tg decreases as the length of
the spacer increases because the mesogenic group is moved
away from the skeleton and because of the effect of internal
plasticizing.
There is no real evidence for liquid crystal properties

in polymer PO-2. Rather, this polymer resembles typical semi-
crystalline polymers. The D.S.C. trace is characterized by a

marked glass transition at 8U°C and a small endotherm at 113.5°C.
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TABLE 2

Thermal Properties of Polymers (1)

(a) These values were determined from the unresolved peaks
which correspond to the SA/N and N/I transitions.Thus,
the values of [\Hc are lower than those tabulated.

(b) This transition does not appear by D.S.C. measurements

on cooling.
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Below this temperature no fluidity can be detected and no typical
texture can be obtained.Above 113.5°C the polymer gives a clear
isotropic fluid phase. By pressing over the cover slip, however,
birefringence appears. This effect is observable up to 140°C and
may be due to polymer glignment under stress.The X-ray diffraction
patterns obtained with unoriented samples exhibit at large dif-
fraction angles a diffuse broad ring which is related to the
lateral interferences between the mesogenic cores and points out
the lack of lateral periodic order. It corresponds to an average
intermolecular spacing of approximately 4.k X. A second diffuse
ring is seen at small angles.It corresponds to a distance of
about 23 X which is in excess of the length L of the side-chain
in the fully extended conformation (L=16.5 Z) but shorter than
2L.The X-ray diffraction patterns obtained with stretching orien-
ted fibers do not exhibit Bragg reflexions and are similar to
those obtained with nematic polymers.Note that the side-chains
are parallel to the stretching direction.

Polymers PO-3 and PO-4 exhibit 8,4 phase and N phase, res-
pectively.

By cooling down polymer PO-5 from the isotropic state,
threaded and schlieren textures with disclinations of strength
ha 1/2 appear first. Then, at about 120°C, a fan-shaped textu-
re with focal conics is observed. X-ray diffraction patterns of a
powder sample is consistent with a nematic mesophase at high

temperature and a S, . mesophase at lower temperature.These

Ad
results are not in agreement with those reported by SHIBAEV et

(12)
al.

nematic from 40°C to 120°C.

. Indeed, these authors have described polymer PO-5 as

A reentrant polymorphism N, SA’ Nre is observed with poly-
mer PO-6 (9).
As observed with certaln low molar masg cyeno derivatives

having S, phases (13-15) polymers PO-3, PO-5 and PO-6 in the

Ad
smectic A state exhibit a bilayer structure in which the side-
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Figure 2. Thermal evolution of the modulation wave vectors
in polymer PO-6 (-—-—- diffuse rings).
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TABLE 3
Thermal Properties of Polymers (2)

a : Very small increase in heat capacity

b

10n was

Very small endotherm. No transiti

detected by optical microscopy and X-ray

diffraction.
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chains are partially overlapped. In addition, X-ray investigar
tions show a diffuse ring which is related to local monolayer
fluctuations (Figure 2).

Partially bilayer and monolayer fluctuations are also
present simultaneously in the nematic phase of polymer PO-L
and in the reentrant nematic phase of PO-6. When temperature

decreases, only monolayer fluctuations remain.
POLYMERS (2) (TABLE 3)

Some of polymers (2) are essentially crystalline in character
and their glass transition temperature camnot be determined
with accuracy from the D.S.C. traces: only a very small and
diffuse increase in heat capacity occurs. In contrast, dielec-
tric measurements provide a simple and direct method of follo-
wing the Q-relaxation process (Table 4).Al1l three series give
the same type of glass transition vs. flexible spacer plot (
Fig. 3). As for conventional polyacrylate and polymethacrylate
series, lengthening the aliphatic spacer decreases the glass
transition temperature, This behaviour arises from the plasti-
cizing action of the spacer, ef., the similar explanation pro-
posed to explain the decrease of Tg for poly(n-slkylacrylates)
and poly(n-alkylmethacrylates). With reference again to Fig.3,
the glassy to liquid mesophase transitiom is strongly shifted
towards lower temperature as the flexibility of the polymer
backbone is increased.This effect is clearly demonstrated for
polymers (2) with n=2 and the following order of flexibility
is obtained:
H)MezCl

The acrylate polymer with n=2 exhibits both smectic A and

C*phases.The X-ray diffraction patterns are characteristic of

disordered lamellar structures: the outer ring is broad indica-

ting a disordered arrangement of the molecules within the layers.
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Polymer Temperature of & relaxation {glass
y transition) at different frequencies (°C)
n R | 1 Hz (DSC)| 120 Hz 103 Hz 10“ Hz
2 H 65 90 100
6 15 X 35 45
11 32 35 45
2 CH3 110 145 170
6 CH3 4o 70 80
11 CH3 20 58 75
2 ({1 97
6 |1 37 X
1 Cl 20 55 60 65
X not determined
TABLE IV

Temperature of the glass transition of Polymers (2 )

at various frequencies
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Above 110°C, the layer spacings d vary only slightly (Fig.L)
and correspond to a lamellar thickness of approximately 42.6 Z
Thus, it is clear that, in the smectic A state, d is twice the
length of the side-chain calculated from standard bond lengths
end angles under the assumption of an all trans conformation of
the molecule. This implies a form of bilayer structure.At sabout
110°C the value of d decreases with decreasing temperature but
this decrease tapers off and at lower temperatures d =36-37 Z
which is less than twice the side-chain length L. The diffrac-
tion patterns obtained using stretching oriented fibers indi-
cate that the mesogenic side-chains are tilted with respect

to the layer planes, as indicated in Fig. Ub.

If the number of methylene units is n=6 and n=11 only mono-
layer (d=1) smectic A phases are observed.

All the polymethacrylates give smectic A phases. Again, for
n=2, the polymer has a bilayer structure while for n=6 and n=11,
the lamellar thickness corresponds to the length L of the side-
chain in the fully extended conformation. It is worth noting that
the polymer where R=CH3 and n=11 also exhibits smectic C-like
properties between 58°C and 90°C.

In contrast with the acrylate and methacrylate polymers of
structure (2), the @-chloropolyacrylates (X=Cl) with n=2 and 6
show no liquid crystal properties. On the other hand, the member
of this series n=11 gives rise to a tilted smectic phase with a

lamellar structure.

CONCLUSION

The study of liquid crystalline polyacrylates with terminally
cyanobiphenyl-substituted side—chains allowed us to find a re-
entrant nematic phenomenon. Moreover, one of the polymers (PO-k)
exhibiting only a nematic mesophase between 42° and 110°C is use-—

ful as host for SHG experiments.
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Figure 4 Polymer (2) where X=H and n=2.
a. d(&) as a function of temperature.

b. Possible models for the smectic C*-like structure.
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It is to be expected that the .hree side-chain polymers
of structure (2) (X=H, n=2; X=CH3, n=11 and ¥=Cl, n=11) which
exhibit tilted smectic phases possess a spontaneous polariza-
tion and are ferroelectric. Such polymers may possibly be em—
ployed in different forms of application. However, preliminary
experiments on the polymer where X=CHg and n=11 show that the
difficulty is to obtain good orientation.
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