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ORIENTATION ABILITY OF THERMOTROPIC LIQUID CRYSTALLINE
COMB-LIKE SILOXANE POLYMERS AS STUDIED BY NMR
SPECTROSCOPY
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WB Polymerphysik, Karl-Marx-Universitdt, Linnéstr.
Leipzig, DDR - 7010, GDR

Sektion Chemie, Martin-Luther-Universitdt Halle-
Wittenberg, Weinbergweg 16, Halle, DDR - 4050, GDR

Abstract Smectically ordered samples of comb-like
siloxane polymers were studied by FT-1H-NMR-method
to get information about the macroscopic order para-
meter varying mainly the chain-end length of the me-
sogenic side group.

INTRODUCTION

Thermotropic liquid crystalline comb-like polymers having
the mesogenic groups in the side chains have been the sub-
ject of a great number of scientific publications in the
last years (for example 1_3, for reviews see Finkelmann,
Shibaev in 4). In > we gave a detailled account of results
on comb-like siloxane polymers, e. g., with regard to the
mesophase and its temperature stability, obtained by FT
wide-line NMR and in 6 we presented micrographs of nematic
and smectic textures of these polymers. In 7 we discussed
questions which arose from the research work on these lc-
polymers. The present paper continues this with proton-NMR
measurements and their discussion with regard to the in-
fluence of mobile chemical groups in the side-chains on the

orientation ability of the polymeric system.
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EXPERIMENTS

The synthesis and X-ray characterization of the comb-like
siloxane polymers are described in 8. They had the follo-

wing structures:

A~
0
)
CH3 - Si - (CH2)3—O—R—OCnH2n+l,
x
where x - 36, R = -phenyl-0CO-phenyl-, with n = 3 - 12.

FT—lH—NMR spectra were taken of the oriented comb-like
siloxane polymers at magnetic fields of 1.4 T. The substan-
ces were oriented in normal NMR tubes (diameter 5 mm, inner
surfaces untreated) in magnetic fields of 2.1 T at definite
temperature/time-cooling down programs, i. e.,

T/t = 0,025 K/min.

RESULTS

We have obtained interesting results for polymers of this
type by variation of the alkyl end group of the mesogenic

side chain: —phenyl—OCO—phenyl—OCnH up to n = 12. NMR

measurements of this homologous serigglunambiguously show
that with growing length of the alkyl chain end (up to a
certain n) the order parameter S 9 increases (Fig. 1, b).
The chain end should not be important for the macroscopic
order parameter, because this parameter covers the orien-
tation of the domains, of the molecules already ordered in
microscopic regions. On the other hand we have to consider
that the viscosity changes in non-ordered regions as the
molecules increase and the moment on the oriented regions
(in consequence of the anisotropic susceptibility) does not
only depend on the magnetic but also on the elastic and

viscous moments.
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Fig. 1. Clearing temperature T (a) and order
parameter S (b) as a function of the
alkyl chain end n.
+ even, @ odd chain end numbers.

S-values at T = Tc - 100 K.
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We think that the increase of the macroscopic order para-
meter is due to a better alignment of the mesogenic mole-
cules within the ordered regions.

Although a greater free volume is necessary for the re-
arrangement of molecules with longer chain ends and although
the conformation possibilities increases with the mobility
of the greater chain molecules the mobility of these alkyl
groups (in connection with a higher axial ratio of the meso-
genic side group) seems to be favourable for the formation
of better-ordered structures, for the decrease of the entro-
py of the polymer system.

According to our experiment a chain end with 8 carbon atoms
has the most favourable size for the formation of liquid
crystalline phases in side chain polymers; the best orienta-
tion was measured (Fig. 1, b, experimental points, the error
is omitted because only the tendency is important).

The continuous curve in Fig. 1, b should demonstrate the ten-
dency of the order parameter change with growing length of
the side chain end. This result corresponds to the behaviour
of the clearing temperature (Fig. 1, a) of this homologous
series. The clearing temperature (Tc) changes as the order
parameter changes with growing side chain end n. Longer chain
ends are adverse (because of their volume) to a maximum
alignment of the mesogenic molecules. The entropy grows
again beginning at a definite chain length, in our case

n = 10.

It is even necessary to prove whether the result shown in
Fig. 1, b is to be interpreted kinetically. If the longer
alkyl chains indeed contribute to a better alignment of the
mesogenic side chains, then it cannot be excluded that the
mesogenic side chains with shorter alkyl ends could reach
the same alignment. The process of the alignment could only
take a comparatively longer time than with the favourable

alkyl chain ends.
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