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Abstract : Several series of side-on fixed liquid crystalline polysiloxanes were synthesized. For the ser-
ies of polysiloxane polymers, the influences of molecular parameters on the mesomorphic, ther-
modynamical and structural properties were investigated. In addition, the conformations of the polymer
backbones under anisotropic forces imposed by the mesogenic pendants through intra- and in-
termolecular interactions were determined by small angle neutron scattering.

Introduction

In liquid crystalline polymers (LCP), the ten-
dency of polymer chains to maximize their en-
tropy is counterbalanced by orientational or-
dering effects resulting from anisotropic
teractions between mesogenic units. In this sense,
the structure and the thermodynamic properties
of LCP are governed by this competition and
strongly depend on the molecular architecture.

Side-chain LCP present basically two classes
depending upon whether the mesogenic groups
are attached terminally (side-end fixed) or la-
terally (side-on fixed) to the polymer backbone
via a more or less flexible spacer. The longi-
tudinal attachment mainly favours the smectic
phases while the lateral attachment promotes the
nematic phase as in main chain polymers.
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Several series of side-on fixed liquid crystalline
polysiloxanes were synthesized. The influence of
several molecular parameters (such as the spacer
length or the proportion of the mesogenic groups
laterally fixed on the polymer chain) on the meso-
morphic, thermodynamical and structural prop-
erties is investigated.

Moreover, the small angle neutron scattering
technique (SANS) is used to determine the con-
formation of the polymer backbone submitted to
anisotropic forces imposed by the mesogenic pen-
dants in terms of intra- and inter-molecular in-
teractions.

Experimental

The polymers under study have the following
general formula with x=a/(a+b): x=1 corres-
ponds to the homopolymers and 0 <x<1 to co-
polymers (or “diluted polymers’). The spacer
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Table I. The Various Chains used. X is the
Proportion of Si-H Groups and DPn is the Degree of

Polymerization
proportion X of Si-H groups DPn (+5)

1 67
0.90 55
0.70 50
0.55 55
0.49 85
0.42 90
0.35 85
0.09 70

length n was varied from 4 to 11, the length m of
the external aliphatic tails from 1 to 12.

The synthesis of these side-on liquid-crystalline
polysiloxanes has already been described": the vi-
nyl derivative corresponding to the side chain is
fixed via a classical hydrosilylation reaction either
on a commercial polymethylhydrogenosiloxane
chain or on home-made poly{hydrogenmethyl-
siloxane-co-dimethylsiloxane) chains. Concerning
these last. ones, peculiar effort has been done to
prepare well defined copolymer chains with com-
parable. To this aim, the classical mode of pre-
paration’ has been optimized using mixtures in
convenient proportions of two commercial poly-
hydrogenomethylsiloxanes chains with different
and octamethylcyclotetrasiloxane. Note on Table
I, that there is no large difference in the average
degree of polymerization of these different poly
(hydrogenmethyl dimethylsiloxane) backbones (50
<DPn<90) used to synthesize the “diluted” poly-
mers and the commercially available polyhydro-
genmethylsiloxane homopolymer (from Petrach,
DPn=67). In addition, the random distribution of
the hydrogenomethyl- and dimethyl-siloxane un-
its has been systematically controlled by ®Si NMR.?’
The proportion of Si-H groups has been deter-
mined by #Si NMR and 'H NMR (within 2%).

Results and Discussion

Homopolymers. As frequently observed in
side-on LCP, these polysiloxanes mainly exhibit
the nematic phase: it is the case for short spacers
(n=4, 6) whatever the aliphatic tail lengths m
and for large spacer (n=10, 11) and short tails. A
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Figure 1. Microscopic textures of the nematic phase (left)
and smectic phase (right) of the homopolymer P10,8,8.

novel feature is the occurrence of a nematic-smec-
tic C polymorphism (see Figure 1) for some spec-
ific molecular conditions combining large spacers
(n=10. 11) and large aliphatic extremities (m=6-
12).45

We can remind that almost all side-on fixed
LCP synthesized hitherto exhibit only the nematic
phase®’® and that the occurrence of smectic
phases remains an exception. Thus, despite sim-
ilar molecular conditions (same long spacer and
same extremities as the polysiloxanes under
study), no smectic mesomorphism has been ob-
served in the corresponding side-on fixed poly-
acrylates.® The first side-on attached LCP ex-
hibiting a smectic A phase has been reported in

T (°C)

120 T T T T T
1 n=10 4
100 [ ]
wl /.\‘\‘\\‘ i

N
60 [ -
40 L 4
SC

20 L o J
a =S e - o o 4

¢« g DR SRR

] ) X 1 1 .

2 4 6 8 Y] 12 14

m

Figure 2. Transition temperature T as a the aliphatic tails
length m in the homopolymer series P10,m.n. (I: isotropic
phase, N: nematic phase, g: glassy state).
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Table II. Nematic-smectic C-Entropy Change as a
Function of the Aliphatic Tails Length

m 6 8 10 12
A
J ur‘iﬁ“K,l 0.5 2 26 3.0

naphtalene-cyclohexyl side-on fixed polymers.’
Besides the polysiloxanes under study,® some new
results announced a smectic C phase in poly-
norbornenes with laterally attached mesogens ter-
minated with perfluorinated segments.” Recently
are also reported side-on polyacrylates with a dif-
ferent position of the attachment of the spacer on
the mesogenic core, showing a smectic A phase
for long spacers and long alkoxy chains or polar
group.™®

As shown in Figure 2 for an homoplymer series
with a large spacer (P10,m,m), increasing the
paraffinic terminal chains stabilizes the smectic C
phase to the detriment of the nematic, as usually
observed for classical rod-like low molar mass
mesogens.

Correlatively, the N-SC entropy change in-
creases with m traducing an improvement of the
smectic C ordering lengthening the paraffinic ex-
tremities (Table II).

Copolymers. Also interesting is another
molecular parameter, peculiar to polymeric sys-
tems, namely the proportion of the mesogenic
groups laterally fixed on the polymer chain. Keep-
ing in mind that in LCP there is a conflict
between the drive towards maximization of the
entropy of the flexible polymer backbone and the
minimization of energy of a liquid crystalline sys-
tem, a suitable synthetic route to modify this com-
petition is to change the proportion of the meso-
genic groups with respect to the backbone. This
can be achieved in polysiloxanes by diluting the
mesogenic content with dimethylsiloxy units.
Some stimulating works have been carried out on
side-end fixed copolysiloxanes' and only few ex-
amples of “diluted polymers” have been briefly re-
ported in the case of side-on fixation.?®*

Note that a systematic study of the influence of
proportion of mesogenic groups is difficult
without preparing well controlled poly (hydrogen-
methylsiloxane-co-dimethylsiloxane) chains with
comparable degrees of polymerization and the
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Figure 3. Transition temperature T as a function of the
mesogenic ratio X in the “diluted” copolymer series P4,4,4
X%. (I: isotropic phase, N: nematic phase, g: glassy state).

wanted proportion of hydrogenmethylsiloxane.
Indeed, commercially available copolymer back-
bones exhibit large difference in the average de-
gree of polymerization and the choice of the pro-
portion of mesogenic side groups is strictly limited.
Thus, the synthesis of well defined copolymer
chains described in the experimental section is
completely justified.

The influence of the proportion X of mesogenic
groups on the liquid crystalline thermodynamic
and structural properties of the corresponding co-
polymers is now described.

First referring to an homopolymer P4,4,4 with
only a nematic phase, the Figure 3 shows that
the nematic phase is thermodynamically des-
tabilized when X decreases, that is to say by a
“dilution” effect of the mesogenic groups. In ad-
dition, we note that the glass transition tem-
perature T, remains considerably higher in these
copolymers than the value for a non substituted
siloxane backbone due to the predominant effect
of the mesogenic groups even for low content
and despite the disappearance of the nematic
phase for copolymer with X=0.09.

The most striking point-is that the “dilution”
does not affect in the same way the nematic and
the smectic C phases. The example of the P10,8,8
X% series is reported on Figure 4: contrary to
the nematic state, the smectic C phase is sta-
bilized decreasing the proportion of mesogenic
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Figure 4. Transition temperature T as a function of the
mesogenic ratio X in the “diluted’ copolymer series P10,8,8
X%. (I: isotropic phase, N: nematic phase, Sc: smectic C
phase, g glassy state).

units. In addition, the smectic arrangement is
preserved for a very low content of mesogenic
groups (9% for P10,8,8 X% series).

Comparison with Dimesogens. At this step,
a tentative comparison with parent side-on fixed
dimesogens can be made. These molecules con-
sist of the same two mesogenic groups laterally
connected through a central flexible spacer, in-
cluding the same aliphatic part n as in polymers
and a central siloxane part:

In these conditions, the ratio “number of meso-
gens (2)/number of Si atoms’, can reproduce in a
certain extent the parameter X used for co-
polymers.

Figure 5 shows the qualitative similar evolu-
tion of the transition temperatures for a co-
polymer series (P11,4,4 X%) and for the cor-
responding dimesogenic series. Especially, in
both cases, the onset of a smectic C phase is ob-
served as X decreases, (i.e. increasing the silox-
ane content).

mesogen

spacer n

siloxane part

spacer n

mesogen

Korea Polym. dJ., Vol. 6, No. 1, 1998

T °C

100 T T T T
copolymers
dimesogena]

90

Lo

80

70

60 F J

50 F

40 F

30 L L
! 038 0.6 .4 0.2 0

Figure 5. Transition temperature T as a function of the
mesogenic ratio X in the "diluted" copolymer series P11,4,4
X%. and in the corresponding dimesogenic compounds
{dotted line). (I: isotropic phase, N: nematic phase, S¢: smec-
tic C phase).

Thermodynamic and Structural Properties
of the Copolymers. As previously mentioned,
the IN and NSC transition temperatures regularly
vary versus the proportion of mesogenic groups
(Figure 4}, but, as shown in Table III, a maximum
of enthalpy change (and entropy change) is ob-
served whereas the IN entropy change regularly
decreases with X. These data suggests the ex-
istence of an -optimum proportion of mesogenic
groups which favours the SC organization.

What about the structure of the SC phase? Fig-
ure 6 shows an X-ray pattern of an orientated
sample which gives evidence for the biaxial SC
structure: the diffuse crescents at wide angles are
the signature of the liquid like order within the

Table Ill. Thermodynamic and Structure Properties
of the P10,8,8 X% Copolymer Series. d Corresponds
of the Layer Spacing and O to the Fit Angle of the

Smectic C Structure

X 1 09 07 055 049 035
AS.IN’ . 33 29 26 1.1 12 06
Jum K
AS’Y,SC a2 1.7 37 47 47 38
Joum K
d(A) 285 38
8° 515 51,5 51 30 52 53
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Figure 6. X-ray pattern of an orientated sample (P10,8,8
49%).

layers and two sets of orders of reflections on the
layers at small angles. From such pattern, the lay-
er spacing as well as the tilt angle can be deter-
mined: a regular increase of the layer spacing is
accompanied by a non monotonous variation of
the tilt angle decreasing the proportion of meso-
genic groups. The minimum of tilt angle cor-
responds to the proportion of the maximum of
the NS¢ entalpy and the optimum organization of
the smectic C structure is directly connected to a
minimum of tilt angle. Thus a modification of the
arrangement of the mesogenic groups cannot be
ruled out and probably the contribution of the
polymer chain is not the same whatever the pro-
portion of the mesogenic entities.

Chain Conformation. The last question rais-
ed is the effect of the smectic C structure at the
scale of the polymer chain. Experimentally speak-
ing, SANS is a suitable tool to determine the glo-
bal backbone conformation.

On the basis of several SANS studies, it is ob-
vious that the side-on fixed mesogenic polymers
can exhibit in the nematic phase a large prolate
anisotropy of the polymer conformation with a
jacketed arrangement of the mesogenic groups
around the polymer backbone.?® This prolate ex-
tension of the polymer chain imposed by the
mesogens is function of the spacer length,”* of
the aliphatic external tails length® and also of the
proportion of the mesogenic groups laterally fix-
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ed on the polymer chain.??

In the case of a nematic-smectic C side-on fix-
ed LCP, an inversion of the backbone confor-
mation is revealed from the nematic phase to the
smectic C phase® in the nematic phase, a weakly
prolate shape anisotropy is observed while a sig-
nificant oblate shape is revealed in the smectic C
phase traducing the chain confinement between
the layers. This new feature can be compared to
the well known situation of the N-SA* or N-SC*
transition for “side-end” fixed liquid crystal poly-
mers. To sum up, for side-on fixation we show a
weak prolate nematic and a rather strong oblate
smectic C arrangement while for side-end fixation
a weak oblate nematic and a rather strong oblate
smectic A or C arrangement were obtained. Thus
in all cases, a strong confinement of the back-
bone between the layers is in a smectic structure.
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