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ABSTRACT: The synthesis of new chiral smectic A (SA) side-chain liquid crystalline
polysiloxanes (LCPs) and ionomers (LCIs) containing 4-allyloxy-benzoyl-4-(S-2-ethyl-
hexanoyl) p-benzenediol bisate (ABB) as mesogenic units and 4-[[4-(2-propenyloxy)phe-
nyl]azo]benzenesulfonic acid (AABS) as nonmesogenic units is presented. The chemical
structures of the monomers and polymers are confirmed by FTIR spectroscopy or
1H–NMR. Differential scanning calorimetry (DSC), optical polarizing microscopy, and
X-ray diffraction measurements reveal that all the polymers PI–PIV and ionomers
PV–PVI exhibit SA texture. The results seem to demonstrate that the tendency toward
the SA-phase region increases with increasing sulfonic acid concentration, and the
thermal stability of the SA phase is determined by the flexibility of the polymer
backbones and the interactions of sulfonic acid groups. © 2001 John Wiley & Sons, Inc. J
Appl Polym Sci 80: 2335–2340, 2001
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INTRODUCTION

In 1975 Mayer1 presented theoretically and then
proved experimentally that the chiral smectic me-
sophase was probably ferroelectric. A bistable,
fast switching electro-optical device, which used a
chiral smectic liquid crystalline polymer, was
demonstrated a few years later by Clark and La-
gerwall.2 Although a number of studies concern-
ing low molecular weight chiral smectic liquid
crystalline materials were previously reported,
there have been only a few reports on polymeric

chiral smectic liquid crystalline materials. How-
ever, some successful investigations on the syn-
thesis and characterization of chiral smectic side-
chain liquid crystalline polysiloxanes were re-
cently reported.3–7 Therefore it would be both
necessary and useful to synthesize various kinds
of liquid crystalline polysiloxanes to explore their
potential applications.

For improving the transverse properties of liq-
uid crystalline polymers (LCPs) and their adhe-
sion with other polymers, ionic groups were intro-
duced. Ionic interaction will promote interchain
interactions and improve the interfacial adhesion
between polymers. In previous studies, we re-
ported the synthesis of two main-chain thermo-
tropic LCPs containing sulfonate groups. The
side-chain LCPs have recently attracted in-
creased attention and interest, mainly because of
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their special optical, mechanical, and ferroelectric
properties.8–10

In this study, the syntheses of some new chiral
smectic liquid crystalline polysiloxanes and iono-
mers containing 4-allyloxybenzoyl-4-(S-2-ethyl-
hexanoyl) p-benzenediol bisate (ABB) as meso-
genic units and 4-[[4-(2-propenyloxy)phenyl]azo-
]benzenesulfonic acid (AABS) as nonmesogenic
units are discussed. Their characterizations by
differential scanning calorimetry, optical polariz-
ing microscopy, and X-ray diffraction are pre-
sented. The effect of ionic aggregation on the me-
somorphism, thermal stability, and textures are
discussed.

EXPERIMENTAL

Materials

Polymethylhydrosiloxane (PMHS, Mn 5 700–
800) was obtained from Jilin Chemical Industry
Company (China). (s)-2-Ethyl hexanoicacid, a
commercial product, was obtained in Shenyang
(China) and used as received. Toluene used in the
hydroxylation reaction was first refluxed over so-
dium and then distilled. All other solvents and
reagents were purified by standard methods.

Experimental Techniques
1H–NMR spectra (300 MHz) and FTIR spectra
were recorded on a Varian WH-90PFT spectrom-
eter (Varian Associates, Palo Alto, CA) and on a
Nicolet 510 FTIR spectrometer (Nicolet Instru-
ments, Madison, WI), respectively. Polymer sam-
ple films used for measurements were obtained by
casting on a KBr table. Thermal transitions and
thermodynamic parameters were determined by
using a Perkin–Elmer DSC (Perkin–Elmer, Fos-
ter City, CA) equipped with a liquid nitrogen cool-
ing system. Heating and cooling rates were 10°C/
min. Thermal transitions reported were collected
during the second heating and cooling scans. A
Leitz Microphot-FX (Leitz, Wetzlar, Germany)
optical polarized light microscope equipped with a
Mettler FP82 hot stage and an FP 80 central
processor were used to observe the thermal tran-
sitions and analyze the anisotropic textures. X-
ray diffraction measurements were performed
with a nickel-filtered Cu-Ka radiation with a
Rigaku powder diffractometer.

Synthesis of Monomers

The synthesis of olefin monomers is outlined in
Scheme 1. AABS was synthesized according to
procedures in the literature.10–12

4-Allyloxybenzoyl-4-(S-2-ethyl-hexanoyl) p-
benzenediol bisate (ABB)

In a flask, 1.6 g (0.011 mol) of 2-ethylhexanoyl
chloride (laboratory-synthesized) was dissolved in
15 mL of tetrahydrofuran. This solution was
added dropwise to a solution containing 1.5 g
(0.0056 mol) of 4-hydroxyphenyl-4-allyloxybenzo-
ate (laboratory-synthesized), and 20 mL of pyri-
dine. This mixture was then stirred for 10 h at
25–30°C, and was neutralized with 6M hydrochlo-
ric acid. The resulting precipitate obtained by
pouring the solution into water was recrystallized
from ethanol. The white crystals obtained: mp
5 45°C; yield 5 57%.

IR (KBr) cm21: 3074 (ACOH), 2800–3000 (CH3O,
OCH2O), 1735 (CAO), 1605, 1512 (ArO), 1255
(COOOCO); 1H–NMR (CDCl3, TMS) d ppm: 0.93 [t,
3H, O(CH2)2CH3], 1.01 (t, 3H, OCH2OCH3), 1.37 [m,
4H, O(CH2)2CH3], 1.60 [m, 4H, OCH2(CH2)O], 2.27
[m, 1H, OCH(C2H5)O], 4.36 (d, 2H, OCH2OO), 5.24–
5.35 (m, 2H, CH2O), 6.00 (m,1H, ACHO), 6.92–8.05
(m, 8H, ArOH).

Synthesis of Polymers and Ionomers

The synthetic routes of the polymers and iono-
mers are outlined in Scheme 1. All polymers and
ionomers synthesized are listed in Table I. A gen-
eral procedure is described below.

The monomers AABS, ABB, and PMHS were
dissolved in dry, freshly distilled toluene. The
reaction mixture was heated to 50–60°C under
nitrogen, and then a proper amount of THF solu-
tion of hydrogen hexchloroplatinate(IV) hydrate
catalyst was injected with a syringe. The reaction
was kept for 72 h. The polymers were separated
by precipitation into an excess amount of metha-
nol, purified by repeated precipitation in toluene
with excess methanol, and then dried under vac-
uum.

IR (KBr) cm21: 2800–3000 (OCH3, OCH2O), 1740
(CAO), 1606, 1508 (ArO), 1265 (COOOC, SiOCH3),
and 1000–1150 (SiOOOSi).

RESULTS AND DISCUSSION

Optical Micrograph Analysis

The textures of the monomers and polymers ob-
served with optical polarizing microscope under
nitrogen atmosphere are shown in Figure 1.

When the monomer ABB was heated to about
45°C, it exhibited mesophase as shown in Figure
1(a), which is an optical polarizing micrograph of
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typical smectic mesomorphism. DSC thermo-
graphs and small-angle X-ray diffraction patterns
are shown in Figure 2 and Figure 3(a), respec-
tively. The monomer AABS did not show any
melting point; when it was heated to higher tem-
perature (T . 300°C), it decomposed and no me-
sophase was observed. The polymers PI–PIV ex-

hibited mesomorphism of SA textures. PIII is
shown in Figure 1(b) as an example. The iono-
mers PV–PVI also exhibited SA mesomorphism, as
shown in Figure 1(c). The ionomer PVII was not
mesomorphic, as demonstrated by DSC and opti-
cal polarizing micrograph. The small amount of
ionic units enhanced the thermal stability of
the mesophases, broadening their temperature
range. In the smectic layer of the polymers, sul-
fonate groups independently aggregated to form
the sublayer. We think that the aggregation of
sulfonate groups in the polymers is useful for
forming the smectic layer structure, and the sul-
fonate groups are regarded as one of the smecto-
gens, but when the amount of ionic units is large,
it would destroy the mesomorphism of the poly-
mers and make the mesomorphism of the poly-
mers disappear.

Thermal Analysis

Results of the thermal analyses of the samples
are summarized in Table I. Representative DSC
traces of the monomer ABB and the polymers are
presented in Figure 2.

Scheme 1 Synthetic routes of monomers, polymers, and ionomers.

Table I Polymerization

Samples

Feed

Yields
(%)

PMHS
(mmol)

ABB
(mmol)

AABS
(mmol)

AABSa

(mol %)

PI 1 1 0 0 87
PII 1 3 0 0 84
PIII 1 5 0 0 85
PIV 1 7 0 0 89
PV 1 5 0.5 7.7 71
PVI 1 5 1.0 14.3 69
PVII 1 5 1.5 20.0 66

a AABS (mol %) in aqueous phase (i.e., based on PMHS
1 ABB 1 AABS).
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The glass-transition temperature (Tg) is an im-
portant parameter in connection with structures
and properties of polymers. In general, the factors

of chain flexibility, molecular weight, and inter-
chain interactions, for example, will affect the Tg.
Figure 4 shows that the Tg’s of the polymers PI–
PIV increase with an increase in the concentration
of mesogenic units (ABB) in the polymers PI–PIV.
As we know, Tg involves the mobility of chain
segments in polymers, increasing with the de-
crease in the mobility of chain segments. In poly-
mers PI–PIV, with an increase in the concentra-
tion of mesogenic units, the space steric hin-
drance increases, which made the chain flexibility
decrease; thus, the mobility of chain segments
decreased and the Tg increases. Figure 5 shows
that the Tg’s of polymers PIII and ionomers PV–
PVII increase with increasing concentration of sul-
fonate groups, which is most likely the result of
the sulfonate ionic associations in the ionomers
PV–PVII that act as crosslinks in the polymer and,
hence, restrict the mobility of the molecular back-
bone.

From Table II and the DSC curves (Fig. 2), it is
seen that the glass-transition temperatures of the
polymers PI–PIV are 26.8 to 23.6°C. The reason
for such low glass-transition temperatures is the
better flexibility of polysiloxanes’ backbone and
the terminal group of mesogenic units. Tg’s of the
ionomers PV–PVII are 19.2–63.8°C. Compared
with the Tg’s of polymers PI–PIV, the Tg’s of the
ionomers PV–PVII are much higher, the possible
reason for which is that a broad distribution of
the sulfonic acid composition of the polymer
chains and the existence of the ionic groups will

Figure 1 Optical polarizing micrographs of three
samples (3320). (a) Monomer ABB at 48°C; (b) polymer
PIII at 80°C; (c) polymer PV at 100°C.

Figure 2 DSC thermographs (10°C/min).
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affect the movement of the soft segments for both
the main chain and the side chain.

The monomer ABB exhibits a melting transi-
tion at 46.9°C and SA-to-isotropic phase transi-
tion at 55.6°C. The polymers PI–PIV and ionomers
PV–PVI have a clearing point (Tc) at 100.3–
146.7°C, but have no melting point (Tm), which
respectively show an enantiotropic SA phase. The
ionomer PVII exhibits only Tg and does not have
either Tc or Tm, considering that large amounts of

ionic units have destroyed the mesomorphism of
PVII.

Upon comparison of the thermal transitions
and corresponding enthalpy change data of the
polymers PI–PIV and ionomers PV–PVI, a flexible
polymer backbone can be seen here to have a
tendency toward having a lower glass transition,
wider mesomorphic range, and enthalpy changes.
The most important tendency is that the flexible
polymer backbone also leads to a wide tempera-
ture range of the SA phase.

X-ray Diffraction Analysis

X-ray diffraction studies were carried out to ob-
tain more detailed information on both the me-
sophase structure and the crystalline structures
of the polymers. Figure 3 reveals the X-ray dif-

Figure 3 Temperature-dependent X-ray diffraction
curves of the powder samples: (a) small angle (b) wide
angle.

Figure 4 Tg versus ABB concentration of the poly-
mers PI–PIV.

Figure 5 Tg versus –SO3H mol % of the polymers PIII

and PV–PVII.
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fraction diagrams of the quenched samples of the
monomer and the polymers. A broad reflection at
wide angle (associated with the lateral packing)
and a sharp reflection at low angle (associated
with the smectic layers), respectively, are shown
by all the curves. The monomer ABB exhibits a
sharp peak at 3.76° at 48°C. This is the evidence
that ABB exhibits SA mesophase. The polymers
PI–PIV and ionomers PV–PVI give a sharp peak at
low Bragg angle below 3° (Table III), derived from
the corresponding d-spacing of smectic orienta-
tions of mesogens.The optical polarizing micro-
graphs [Fig. 1(b) and (c)] reveal a fan texture at
this temperature range. Both results are consis-
tent with an SA structure. The ionomer PVII has
no sharp peak in a lower or higher Bragg angle
region, which implies that PVII has no mesophase.

CONCLUSIONS

A series of new chiral side-chain liquid crystalline
polysiloxanes and ionomers containing ABB and
AABS were prepared. The polymers PI–PIV ex-
hibit chiral smectic A texture. Flexible polymer
backbones enhance the coupling of the motions of
the side chains and the main chains; therefore,
they tend to give rise to a higher thermal stability
of the mesophases, including the smectic phase.
The ionomers PV–PVI also exhibit SA texture, al-
though ionomer PVII does not. The small amount
of ionic units will increase the thermal stability of

the mesophases and a wider temperature range of
the SA phase, but a large amount of ionic units
will completely destroy the mesomorphism of the
polymers.

The authors are grateful to the National Natural Sci-
ence Fundamental Committee of China and the Science
Committee of Liaoning Province for financial support of
this work.
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Table II Thermal Analysis Results

Samples na

Temperature

DHc

(J/g)
Tg

(°C)
Tc

(°C)
DTb

(°C)

PI 0 26.8 101.3 108.1 9.9
PII 0 26.6 101.6 108.2 5.2
PIII 0 25.5 100.5 106.0 4.9
PIV 0 23.6 100.3 103.9 8.7
PV 0.5 19.2 141.4 122.2 8.3
PVI 1.0 22.1 146.7 124.6 10.5
PVII 1.5 63.8 — — —

a The mole fraction of sulfonic acid.
b The mesomorphic temperature range (i.e., Tc 2 Tg).

Table III Small-Angle X-ray Diffraction
Analysis of the Samples

Samples Temperature (°C) 2u/° d (nm)

ABB 48 3.760 23.5
PI 80 0.370 238.6
PII 80 0.470 187.8
PIII 80 0.430 205.3
PIV 80 0.610 144.7
PV 110 0.470 187.8
PVI 110 0.410 210.6
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