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Scheme 1 The synthesis route of monomer 1
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Scheme 2 The synthesis route of monomer 2
1.2.1 4- 6- -4'- 1 1458 .
500 mL 4 4'- 1.2.2 -2- 2 500 mL
11.184 ¢ 6- -1- 13.800 ¢ KI 1.495 22.224 ¢ 2-
¢ KOH 5.100 g 36 mL 420 12.127 ¢ DMAP 0.957 ¢ CH,Cl, 300 mlL
mL 24 h. 10 min DCC
500 ml. 34.154 ¢ 10 min
60C 3 h.
24 h . 2 / Viv =1/8
7.08 g 41.2% . m 26.82 g 84.9% . m 35.6°C. '"H-NMR
152.1<C 152°C"  ."H-NMR DMSO-d, cDCl, & 7.73 d J =16.14 Hz 1H —CH =

0 7.37~7.50 m 4H Ph 6.93 ~6.97 m 2H
Ph 6.80~6.83 m 2H Ph 3.98 t J=4.11 Hz
2H —Ph—O0—CH,— 3.39 t J =7.08 Hz 2H

—CH,—OH 1.70 ~ 1.74 m 2H —Ph—0—
CH,—CH,— 1.31 ~ 1.45 m 6H — CH, ,—
CH,—OH . IR em™' 3369 —CH,—OI 3132
—Ph—OH 2937 2860 1475 CH, 1608 1502

CH—Ph 7.52~7.56 m 2H Ph  7.37~7.39 m
3H Ph 6.47 d J=15.81 Hz 1H —CH = CH—

Ph 4.46 t J=5.82 Hz 2H —O—CH,— 3.75
t J=5.82Hz 2H —CH,—Cl .IR em™" 2960
2886 CH, 1716 C = 0 1637 Ph—CH =

CH— 1578 1497
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9.507 g DMF 250 mL
100C. 48 h.
24 h. / v/
V=112 6.78 g 64.0% . mp
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2 mol% 0.06 ~ Sy peC
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Table 1 Molecular weight and thermal properties for all polymers
Proption of M, Phase transition
Name of polymer M, M, M, x107* g/mol ]
In feed In polymer® temperature® C
P, 0% 0% 2.8 2.45 G 47 N not sure I*
P, 10% 12% 2.7 3.43 not sure
Ps 15% 17% 3.0 4.35 G52 N781
P, 30% 45% 3.6 7.23 G56.7N83.51
Ps 50% 62% 2.1 2.04 K94.4N103.8 1
Ps 70% 849 4.9 14.02 K96.7S123.41
P; 80% 89% 3.2 2.47 K103.6 S127.7 1
Py 90% 93% 1.9 2.81 K109.7S115.9S138.11
Py 100% 100% 1.4 0.42 K122.78126.6 1

# Molar ratio  determined by ' H-NMR " Determined by gel permeation chromatography —polystyrene standands
heating of differential scanning calorimetry 5 K/min

smectic 1 isotropic ¢ The phase transition temperature can not be exactly determined.

polarized optical microscopy and X-ray diffraction G glass

3
30 T 67
H,C-C 17 13

4

H,C-C13t
AR OO

THF as eluent ¢ Determined by second

transition K crystal N nematic S

92 310

114 512

20 32
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1 6=6.46 7.69 9~12
M, 1 13
2 0=4.55 &6=4.17 3 e s
14~17 5
=3.93 3 18 ~ , 1
Fig. 3 "H-
20 3 6=6.87 M,
8 5=7.38
5 M, M,
8
M, 1. M,

0
5

NMR spectrum of Py
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Fig. 4 FT-IR spectrum of P,
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Fig. 5 The DSC thermograms of M, at a rate of 5 K/min on

the second heating
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- 6  Optical polarizing micrographs of M, under

crossed polarizers
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Fig. 7 WXRD patterns of M, samples quenched at different

temperatures
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M M
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- 8 Optical Polarizing micrographs of polymers under crossed polarizers
a Second heating of P, 90°C 160x b P, Cooling from the isotropic phase 74°C 160x ¢ P, Cooling from the isotropic phase 68°C 160 x
d Ps Cooling from the isotropic phase 93°C 160 x e First heating of Ps  115°C 160 x f Third heating of P; 110°C 500 x g Second heating
of Py 118°C 500x h Second heating of Py 125°C 320 x

PZ P2 .P3
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. . Fig. 10 SXRD patterns of quenched samples of P; 119°C
Fig. 9  WXRD patterns of quenched samples of P, 78°C  and
Pg a 112C Py b 123C and Py 124°C
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Fig. 11  WXRD patterns of quenched samples of P; 119°C

Pg a 112C Py b 123°C and Py 124°C
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METHACRYLATE-BASED SIDE-CHAIN LIQUID CRYSTAL COPOLYMERS
CONTAINING BIPHENYL MESOGENS AND CINNAMATE GROUPS

WANG Huaqin HE Yaning LIAN Yanqing WANG Xiaogong
Institute of Polymer Research  Department of Chemical Engineering
School of Materials Science and Engineering — Tsinghua University — Beijing 100084

Abstract Liquid crystal LC polymers have been extensively investigated for their unique properties and many
potential applications. Introducing cinnamate functional groups into the polymers can combine the mesogenic
properties of LC polymers with the photo-crosslinking ability of the photosensitive groups. In this work a
methacrylate-based monomer M; functionalized with mesogenic biphenyl and cinnamate groups was synthesized via
nucleophilic substitution and DCC esterification reactions following a newly designed synthetic route. The overall
yield was much higher than that reported before . Another methacrylate monomer M, functionalized with mesogenic
biphenyl and n-butyl end group was also synthesized in the same way. The homopolymers of the two monomers and
a series of new liquid crystalline copolymers have been synthesized by solution radical polymerization with different
feed ratios of the two monomers. The structures of the monomers and the polymers were characterized by ' H-NMR
and FT-IR. '"H-NMR results revealed that the contents of M, in all of the copolymers were higher than the
corresponding feed ratios which indicateded that M, was more reactive than M, . The liquid crystalline LC phase
behavior was investigated by differential scanning calorimetry DSC  polarized optical microscopy POM and wide
angle and small angle X-ray diffraction WAXD and SAXD . The monomer with cinnamate group as its end M,
exhibited no L.C behavior while the monomer with n-butyl as end group M, showed smectic L.C behavior. The
homopolymer of M; P, and the homopolymer of M, P, showed weak anisotropy and thermotropic smectic LC
phase respectively. The copolymers P, ~ P; with increasing ratio of M, to M; all showed thermotropic LC
behavior. The copolymers P, ~ Ps exhibited characteristic features of nematic LC phases and Py ~ Py showed smectic
phase behavior. With the increase of the content of M, in the copolymers the glass transition temperature the melting
point and the clearing point increased. As the cinnamate functional groups in the LC polymer can be crosslinked
through photo-induced 2 +2 cycloaddition reaction the polymer can be used to prepare LC elastomers.

Keywords Liquid Crystal Polymer Cinnamate Synthesis Characterization





