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a b s t r a c t

A series of vinyl monomers, 2, 5-bis [(4-methoxy benzyl) oxycarbonyl] styrene (MBCS); 2, 5-bis [(3, 5-
dimethoxy benzyl) oxycarbonyl] styrene (DMBCS) and 2, 5-bis [(3, 4, 5-trimethoxy benzyl) oxycarbonyl]
styrene (TMBCS) were synthesized and polymerized via free radical polymerization. The terminal groups
of the semirigid side chain were systematically varied to investigate the effects of their numbers on the
ability of mesophase formation of the resultant polymers. The chemical structures of the monomers were
confirmed by elemental analysis, 1H NMR and 13C NMR. The characterization of the polymers was per-
formed with 1H NMR, gel permeation chromatography (GPC). The phase structures and transition
behaviors were studied using differential scanning calorimetry (DSC), polarized light microscopy (PLM)
and one- and two-dimensional wide-angle X-ray diffraction (WAXD). The experimental results suggested
that the ability of mesophase formation of the polymers decreased as the rigidity of side-chain group
decreased and increased as the number of the alkoxy terminal group increased, and that all the polymers
with high molecular weight showed stable columnar nematic phase (FN).

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years, liquid-crystalline polymers have attracted
longstanding attention for their potential applications in many
fields, including optical data storage, optic, electro-optic,
nonlinear optic devices, photomechanical, and so on [1–10].
Generally, liquid-crystalline polymers can be divided into main-
chain liquid-crystalline polymers (MCLCPs) and side-chain liquid-
crystalline polymers (SCLCPs) according to the positions of
mesogens [11]. For SCLCPs, the mesogenic groups incorporated in
the SCLCPs can be linked to the backbone via either ‘‘terminal’’ or
‘‘lateral’’ attachment, and the flexible spacers are needed to
decouple motions between the main chain and the mesogenic
side groups [12,13]. However, when flexible spacers are absent,
the phase structures may become more intriguing.

A class of ‘‘mesogen-jacketed liquid-crystalline polymers’’
(MJLCPs) was reported by Zhou et al. in 1987 [14]. In MJLCPs, the
x: þ86 731 58293264.
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side-chain mesogenic units were connected at their gravity center
to the main chain without or with only very short spacers, which
could also show liquid-crystalline behavior [14–20]. In the past
several years, the MJLCPs have been widely researched by Finkle-
mann [21], Percec [22], Pugh [23,24], Keller [25], Gray [26], Ober
[16], and Zhou [15,17–19,27–43]. In these cases, the main chain of
the polymer were forced to adopt a more extended conformation
because of a strong steric interaction between polymer backbones
and bulky side chains, and the conformation of the polymers were
similar to that of main-chain liquid-crystalline polymers (MCLCPs),
which was different from the conventional SCLCPs with long
spacers and their liquid-crystalline behaviors were not absolutely
determined by the mesogenic groups. Therefore, MJLCPs exhibited
some unique LC phase structures and could form hexatic columnar
nematic (FHN) phases [41,43], columnar nematic (FN) [44] and
smectic A (SA) phase [45,46]. Presently, most of the studies are
concentrated on the synthesis of MJLCPs and the investigation of
the chemical structures of rigid or flexible side-chain effect on the
phase structure [27–46]. However, few reposts are found to study
the effects of semirigid side chain on the phase structure and on the
ability of mesophase formation. Moreover, the effects of number of
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the terminal flexible substituents in the semirigid side chain on the
phase structure and on the ability of mesophase formation of
mesogen-jacketed liquid-crystalline polymers have not been
reported.

In this work, we report the synthesis and characterization of
a series of vinyl monomers with different numbers of alkoxy
terminal groups and their corresponding homopolymers. We try to
add one methylene unit between the alkoxybenzene unit and the
oxycarbonyl styrene unit of poly {2, 5-bis [(4-methoxyphenyl)
oxycarbonyl] styrenes} (PMPCS) to break the rigidity of side-chain
mesogen and investigate the effects of the semirigid side chain on
the phase structure and the ability of mesophase formation.
Moreover, we add different number of alkoxy terminal groups to
change spatial steric hindrance, and investigate the effects of the
spatial steric hindrance on the ability of mesophase formation. The
structures of the monomers and the corresponding polymers and
their abbreviations are depicted in Scheme 1. As evidenced by the
results of DSC, PLM, and WAXD, all the high molecular weight
polymers show stable columnar nematic phase (FN), and the subtle
structural change or the number change of terminal groups all lead
to a remarkable impact on the ability of mesophase formation.

2. Experimental section

2.1. Materials

The compound of vinyl terephthalic acid was synthesized using
the method previously reported [47]. Azobisisobutyronitrile (AIBN)
was purified by recrystallization from ethanol. Chlorobenzene was
purified by washing with concentrated sulfuric acid to remove
residual thiophenes, followed by washing twice with water, once
with 5% sodium carbonate solution, and again with water before
Scheme 1. Synthetic route of th
being dried with anhydrous calcium chloride and then distilled.
THF (AR; Beijing Chemical Co.) and Triethylamine (Acros, 99%) were
heated under reflux over calcium hydride for at least 8 h and
distilled before use. 4-Dimethylaminopyridine (DMAP) was
purchased from Aldrich Chemical Co. Anhydrous magnesium
sulfate was used to dry all organic extracts. All other reagents were
used as received from commercial sources.

2.1.1. Synthesis of monomers
The synthetic route of MBCS, DMBCS and TMBCS was shown in

Scheme 1. The experimental details of the monomers synthesis and
characterization are described below.

2.1.1.1. 2, 5-Bis [(4-methoxy benzyl) oxycarbonyl] styrene
(MBCS). An amount of vinyl terephthalic acid (1.92 g, 10 mmol) was
mixed with thionyl chloride (40 ml). The mixture was stirred for
about 4 h at 50 �C till a clear solution was obtained. The excess
thionyl chloride was removed by evaporation under reduced
pressure. The residue was washed twice by petroleum ether, then,
dissolved in dried THF (20 mL). 4-Methoxybenzalcohol (2.76 g,
20 mmol), DMAP (3.67 g, 30 mmol) and triethylamine (4 mL) were
dissolved in dried THF (50 mL). Under intense stirring at the
temperature of the ice bath, the solution of vinylterephthal chloride
was slowly dropped into the solution over a 0.5 h time period. A
vigorous reaction occurred, leading to a white suspension. The
mixture was further stirred at room temperature for 24 h, and then
most of the THF was evaporated under reduced pressure. Then,
water and dilute HCl were added to dissolve the precipitate, and the
product was extracted with CH2Cl2. The extracts were dried over
anhydrous magnesium sulfate (anhydrous MgSO4), and condensed
to give a solid. Afterward, the raw product dissolved in dichloro-
methane was purified first by column chromatography (silica gel,
e monomers and polymers.



Fig. 1. 1H NMR spectra of (a) the monomer MBCS and (b) the polymer PMBCS in
CDCl3–d.
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dichloromethane) and then recrystallized from diethyl ether/ethyl
alcohol to MBCS. 1H NMR (d, ppm, CDCl3): 8.23–7.87 (m, 3H, Ar–H);
7.42–7.36 (q, 1H, ¼ CH–); 7.39–7.36 (m, 4H, Ar–H); 6.93–6.90 (m,
4H, Ar–H); 5.75–5.70 (dd, 1H, ¼ CH2); 5.41–5.38 (dd, 1H, ¼ CH2);
5.31, 5.29 (s, 4H,–OCH2–); 3.82 (s, 6H, –OCH3). 13C NMR (d, ppm,
CDCl3): 55.32 (–OCH3); 67.05, 67.07 (–OCH2–); 114.07, 114.17, 127.77,
127.87, 128.20, 128.41, 129.96, 130.26, 132.49, 133.29, 139.65, 159.83
(Ar); 117.78 (CH2 ¼ ); 134.89 (¼C–); 165.70, 166.66 (C]O). Anal.
Calcd for C26H24O6: C, 72.21; H, 5.59. Found: C, 72.12; H, 5.56.

All other monomers were prepared in a similar way. The spec-
tral data were as follows.

2.1.1.2. 2, 5-Bis [(3, 5-dimethoxy benzyl) oxycarbonyl] styrene
(DMBCS). 1H NMR (d, ppm, CDCl3): 8.28–7.95 (m, 3H, Ar–H); 7.47–
7.40 (q, 1H, ¼ CH–); 6.60–6.57 (m, 4H ,Ar–H); 6.44 (m, 2H ,Ar–H);
5.77–5.73 (dd, 1H, ¼ CH2); 5.44–5.40 (dd, 1H, ¼ CH2); 5.32, 5.30 (s,
Table 1
GPC, DSC, and TGA results and thermotropic properties of PMBCSs, PDMBCSs and
PTMBCSs.

Samplea Mn
b(�10�4) PDIb DPb Tgc(�C) Td

d(�C) Liquid crystallinitye

P1 13.49 2.23 312 52.7 359.6 No
P2 16.17 2.26 374 53.2 371.9 Yes
P3 21.37 2.17 495 55.1 374.5 Yes
P4 5.68 1.72 115 49.8 397.0 No
P5 9.66 2.27 196 51.3 397.5 Yes
P6 24.19 1.96 492 52.9 392.7 Yes
P7 2.82 2.25 51 79.6 364.3 Yes
P8 10.12 2.29 183 82.2 368.5 Yes

a P1, P2 and P3 represented PMBCS; P4, P5 and P6 represented PDMBCS; P7 and
P8 represented PTMBCS.

b Based on GPC measurements.
c Glass-transition temperature obtained from the second-heating DSC experi-

ments and heating rates were 10 �C/min.
d Temperature at which the weight loss of the polymers reached 5%.
e Determined by PLM.
4H, –OCH2–); 3.88 (s, 12H, –OCH3). 13C NMR (d, ppm, CDCl3): 55.39
(–OCH3); 67.03, 67.10 (–OCH2–); 100.23, 100.29, 106.04, 106.22,
128.25, 128.50, 130.51, 132.36, 133.21, 137.87, 137.99, 139.76, 161.06
(Ar); 117.86 (CH2]); 134.90 (]C–); 165.50, 166.45 (C]O). Anal.
Calcd for C28H28O8: C, 68.28; H, 5.73. Found: C, 68.13; H, 5.68.

2.1.1.3. 2, 5-Bis [(3, 4, 5-trimethoxy benzyl) oxycarbonyl] styrene
(TMBCS). 1H NMR (d, ppm, CDCl3): 8.28–7.93 (m, 3H, Ar–H); 7.44–
7.39 (q, 1H,]CH–); 6.68–6.66 (m, 4H ,Ar–H); 5.78–5.74 (dd,
1H,]CH2); 5.44–5.41 (dd, 1H,]CH2); 5.31, 5.29 (s, 4H, –OCH2–);
3.88, 3.85 (s, 18H, –OCH3). 13C NMR (d, ppm, CDCl3): 56.19, 60.82
(–OCH3); 67.40, 67.44 (–OCH2–); 105.71, 105.95, 128.22, 128.44,
130.42, 131.13, 131.24, 132.48, 133.21, 138.23, 139.61, 153.43 (Ar);
117.79 (CH2]); 134.84 (]C–); 165.50, 166.52 (C]O). Anal. Calcd for
C30H32O10: C, 65.21; H, 5.84. Found: C, 65.13; H, 5.81.
2.2. Polymerization

All polymers were obtained by conventional solution radical
polymerization (see Scheme 1). A typical polymerization procedure
was carried out as follows. For example, MBCS (0.5 g, 1.16 mmol),
0.01 M chlorobenzene solution of AIBN (300 mL,) and chloroben-
zene (1.2 mL) were transferred into a polymerization tube. After
three freeze-pump-thaw cycles, the tube was sealed off under
vacuum. Polymerization was carried out at 60 �C for 24 h. The tube
was then opened, and the reaction mixture was diluted with THF
(10 mL), and then reprecipitated in methanol. After purification, the
polymers were dried to a constant weight.
2.3. Measurement and characterization

Elemental analysis was carried out with an Elementar Vario EL
instrument. 1H and 13C NMR spectra were recorded on a Bruker
ARX400 spectrometer at room temperature, using deuterated
chloroform (CDCl3) as the solvent and tetramethylsilane (TMS) as
the internal standard.

The apparent number-average MW (Mn) and MW distribution
(Mw/Mn) were measured on a GPC (WATERS 1515) instrument with
a set of HT3, HT4 and HT5. The m-Styragel columns used THF as an
eluent, and its flow rate was 1.0 mL/min at 35 �C. Calibration was
made with polystyrene standards (PSt). The TGA was performed on
a TA SDT 2960 instrument at a heating rate of 20 �C/min in nitrogen
atmosphere.
Fig. 2. The second-heating DSC curves of all polymers at a heating rate of 10 �C/min
(P1, P2 and P3 represented PMBCS; P4, P5 and P6 represented PDMBCS; P7 and P8
represented PTMBCS).



Fig. 3. Representative textures of (a) PMBCS (P3), (b) PDMBCS (P6) and (c) PTMBCS (P8) at 220 �C with PLM.
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DSC examination was carried out on a TA DSC Q100 calorimeter
with a programmed heating procedure in nitrogen. The tempera-
ture and heat flow were calibrated, using standard materials
(indium and zinc) at cooling and heating rates 10 �C/min. Samples
with a typical mass of 3–10 mg were encapsulated in sealed
aluminum pans.

LC texture of the polymers was examined under PLM (Leica DM-
LM-P) coupled with a Mettler-Toledo hot stage (FP82HT). The films
with thickness of 10 mm were casted from THF solution and slowly
dried at room temperature.

One-dimensional (1D) wide-angle X-ray diffraction (WAXD)
experiments were performed on a Philips X0 Pert Pro diffractometer
with a 3 kW ceramic tube as the X-ray source (Cu KR) and an X0

celerator detector. The reflection peak positions were calibrated
with silicon powder (2q > 15�) and silver behenate (2q < 10�). The
sample stage is set horizontally, and a wtemperature control unit
(Paar Physica TCU 100) in conjunction with the diffractometer was
utilized to study the structure evolutions as a function of temper-
ature. The heating and cooling rates in the WAXD experiments
were 10 �C/min.

Two-dimensional wide-angle X-ray diffraction (2D WAXD) fiber
patterns were recorded on a Bruker D8 Discover diffractometer
equipped with a general area detector diffraction system (GADDS)
as a 2D detector, in a transmission mode at room temperature.
Again, calibrations were made against silicon powder and silver
behenate. Samples were mounted on the sample stage, and the
point-focused X-ray beam was aligned either perpendicular or
parallel to the mechanical shearing direction. Fibers were drawn at
a stretching rate of about 1 m s�1 at 200 �C and quenched to room
temperature for measurements.
3. Results and discussion

3.1. Synthesis of the monomers

As shown in Scheme 1, all the monomers MBCS, DMBCS and
TMBCS were successfully synthesized through multistep reactions.
The structures of the monomers have been confirmed by elemental
analysis, 1H NMR, and 13C NMR. Fig. 1a gave the 1H NMR spectra of
the monomer MBCS.

3.2. Synthesis of the polymers

Fig. 1b showed the 1H NMR spectra of the polymer PMBCS. The
characteristic resonance peaks of the vinyl substituent of monomer
MBCS were presented at 5.75–5.38 and 7.42–7.36 ppm, respec-
tively. After polymerization, these signals disappeared completely,
and the chemical shifts of polymers were quite broad, consistent
with the expected polymer structure.

GPC analysis was performed to determine the apparent MW
and molecular weight distributions of the polymers. Table 1
summarized the results of the characterization of PMBCSs,
PDMBCSs and PTMBCSs. For the three monomers MBCS, DMBCS
and TMBCS, we endeavored to synthesize the polymers via the
atomic transfer radical polymerization (ATRP), and different
ligands and different initiators were used in the ATRP system.
However, we found that it was very difficult to obtain the high
molecular weight polymers via the ATRP, probably because of the
chain transfer reactions with the multi-benzylic protons in the
side groups during atomic transfer radical polymerization. In this
study, we synthesized a series of the polymers with different MWs



Fig. 4. Sets of WAXD powder patterns in both 2q angle region of 2–30PoP. (a) PMBCS (P3), (b) PDMBCS (P6), (c) PTMBCS (P8) all obtained during the heating of the as-cast films.
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by radical polymerization and all the polymers had approximately
the same MW distributions (Table 1).

3.3. Thermal properties and mesomorphic properties

TGA was employed to characterize the thermal stabilities of the
polymers. As could be seen from Table 1, all the polymers were
quite stable with the temperatures at 5% weight loss above 350 �C
in nitrogen atmosphere. The phase transitions of the polymers
were studied by DSC. To eliminate the effect of thermal history, we
first heated all the samples from 0 to 240 �C at a rate of 10 �C/min.
The DSC thermal diagrams were recorded at 10 �C/min during the
second-heating process, of which the DSC traces were shown in
Fig. 2. From Fig. 2, we could observe that each of the polymers
showed only a glass transition, and that the temperatures of glass
transition of PTMBCSs were obviously greater than those of PMBCSs
and PDMBCSs, and the temperatures of glass transition of PDMBCSs
were the lowest. The reason may be that the temperatures of glass
transition are influenced by the situation of the alkoxy terminal
group and the number of the alkoxy terminal group simulta-
neously. Moreover, compared with PMPCS, the glass transition
temperature of PMBCS was obviously lower than 60 �C. For
example, the glass transition temperature of the PMPCS samples
reached a plateau of 116 �C when the Mn exceeded approximately
1.0 � 104 [48]. It indicated that the glass-transition temperature
obviously decreased as the rigidity of side-chain group decreased.

Birefringence of the polymers was observed by PLM with the
samples cast from THF solution and slowly dried at room temper-
ature. For the polymer PMBCS (P1), no birefringence could be
observed under PLM in the consecutive heating and cooling
process, and for the polymers PMBCSs (P2, P3), focal conic fanlike
textures appeared in the heating process and the textures still
retained before decomposed temperature, while, the textures could
be maintained during the cooling process (Fig. 3a). The birefrin-
gence of the polymer PDMBCS (P4) did not appear in the consec-
utive heating and cooling process, and birefringence could be



Fig. 5. (a, b and c) 2D WAXD patterns of the oriented PMBCS (P3), PDMBCS (P6) and PTMBCS (P8) recorded at room temperature, respectively. The X-ray incident beam was
perpendicular to the fiber axis.
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observed in the polymers PDMBCSs (P5, P6), when the samples
were heated to a temperature much higher than Tg (Fig. 3b). For the
polymers PTMBCSs (P7, P8), focal conic fanlike textures appeared
and the textures retained before decomposed temperature, and the
textures remained in consecutive cooling (Fig. 3c).

To elucidate the phase structures and transitions clearly, we
performed WAXD experiments under different temperatures. All
the samples exhibited similar results, although the testing
temperature was different. Herein, we will use the WAXD
measurement results of the typical sample PMBCS (P3) as the
example to elucidate the evolution. Contrast to common MJLCPs, it
was interesting that the PMBCS (P3) obviously exhibited two
scattering halos at 2q ¼ 15.5� (d spacing of 5.7 Å) and at 2q ¼ 22.5�

(d spacing of 4.0 Å) during the heating in the high 2q region in 1D
WAXD patterns (as shown in Fig. 4a). Moreover, with increasing
temperatures, the center of the two halos slightly shifts to lower 2q

angles, then, followed by sudden jump to 2q ¼ 14.9� (d spacing of
5.9 Å) and at 2q ¼ 21.5� (d spacing of 4.1 Å) at 200 �C, respectively.
Above 200 �C, the two center positions continuously and slightly
shifts to lower 2q angles caused by the thermal expansion. At the
same time, the scattering halo of the sample in the low 2q region of
3.0–6.5� was observed when the temperature was below 200 �C.
Upon heating, a diffraction peak gradually developed at the right
side of the scattering halo, of which the intensity increased and the
peak position slightly shifted toward a lower angle. At 200 �C, the
diffraction peak positions were at the 2q ¼ 5.12� with a d spacing of
17.3 Å (Fig. 4a). Further heating the samples led to a substantial
enhancement of the reflection peak intensity, and the peak position
continuously and slightly shifted to lower 2q angles. The low-angle
diffraction evolved during the first heating all remained upon
cooling. Moreover, the similar results could be observed in the 1D
WAXD patterns of PDMBCS (P6, Fig. 4b) and PTMBCS (P8, Fig. 4c).
For the three samples (P3, P6 and P8), the changes and positions of
the two scattering halos in the high 2q region of 10–30� were
similar. However, the d spacing of the polymers in the low 2q region
slightly increased as the number of the alkoxy terminal group
increased, for example, at 200 �C, the d spacing of the polymer P3
was 17.3 Å (2q ¼ 5.12�), but for polymer P6 the one was 18.4 Å
(2q ¼ 4.80�), and for the polymer P8 it was 18.5 Å (2q ¼ 4.77�) (as
shown in Fig. 4). The difference of the d-spacing suggests that the
main chain of polymer may take more extended conformation with
the number of the alkoxy terminal group increased. On the other
hand, all the previous MJLCPs only exhibits one scattering halo in
the high 2q region, however, we can observe two scattering halos at
the high 2q regions of the polymers in the 1D WAXD patterns. This
phenomenon hardly was investigated in MJLCPs. In general, the
halo at 2q ¼ 21.5� (d spacing of 4.1 Å) presented the lateral packing
of the mesogens [18,32,41,46]. However, for the scattering halo at
2q ¼ 15.5� (d spacing of 5.7 Å), we still do not get a reasonable
interpretation about the packing.

To further confirm the structures of the polymers, 2D WAXD
experiments needed to carry out. Parts a, b and c of Fig. 5 were the
2D WAXD patterns of the oriented PMBCS (P3), PDMBCS (P6) and
PTMBCS (P8) samples at room temperature with the X-ray inci-
dent beam perpendicular to the shear direction, respectively. In
these three figures, only the higher angle amorphous scattering
halos are observed to be more or less concentrated on the
meridians with rather broad azimuthal distributions, which shall
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be ascribed to the short-range orders existing along the fiber
direction. On the other hand, a pair of strong diffraction arcs can
be seen on the equators at 2q ¼ 5.12� (d-spacing was 17.3 Å), 4.80�

(d-spacing was 18.4 Å) and 4.77� (d-spacing was 18.5 Å) for PMBCS
(P3), PDMBCS (P6) and PTMBCS (P8), respectively, indicating that
the order structures have developed along the direction perpen-
dicular to the fiber axis on the nanometer scale. Therefore, the LC
phase in PMBCS (P3), PDMBCS (P6) and PTMBCS (P8) shall be a FN

phase, respectively [48].
From all these results, we found that the mesophase formation

of the polymers all showed remarkable MW dependence (see Table
1). Compared with those MJLCPs, the side chains based on a more
rigid and straight mesogen core, the ability of mesophase formation
of the polymers with the semirigid side groups were lower. For
example, when the MWs of the PMPCS samples were higher than
10,200 (DPGPC ¼ 25), the amorphous samples cast from solution
developed into an LC phase above the glass-transition temperature
upon the first heating [31,48]. However, when we added one
methylene unit between the alkoxybenzene unit and the oxy-
carbonyl styrene unit of PMPCS to break the rigidity of side-chain
mesogen, we found the PMBCS samples with MWs higher than
13.5�104 (DPGPC¼ 312) could form LC phase. So, we presumed that
the ability of mesophase formation of the PMBCSs was obviously
lower than the PMPCSs and the ability of mesophase formation of
the polymers decreased as the rigidity of side-chain group
decreased. As could be seen from Table 1 in combination with the
results of PLM, the ability of mesophase formation of the polymers
increased as the number of the alkoxy terminal group increased.
For example, for PMBCSs, PDMBCSs and PTMBCSs, the samples
could show liquid-crystalline behaviors when DPGPC exceeded 312,
115 and 51, respectively. It meant that the samples were much
easier to form liquid-crystalline state with the number of the
methoxy terminal group increased. We presumed that for MJLCPs,
because of the spatial requirement of bulky mesogenic units, the
main chain had to take an extended and stiffened conformation and
the steric hinderance caused by the number of methoxy terminal
group increased. So the ability of mesophase formation increased
with the steric hinderance increasing due to the increase of the
number of the methoxy terminal group. And all the polymers with
high molecular weight showed stable columnar nematic phase
(FN).

It is of interest to further examine the alkoxy length of alkoxy
terminal group effect on the phase structure. We speculate that
increasing the length of the alkoxy tails will gradually increase the
side-chain mobility. Once the steric hindrance can be overcome, the
polymers with long alkoxy tails shall pack into more intriguing
structures. The results will be reported in the near future.

4. Conclusion

In summary, we synthesized a series of vinyl monomers with
different numbers of alkoxy terminal groups. Upon using conven-
tional radical polymerization, we further obtained their corre-
sponding homopolymers. The chemical structures of the
monomers and polymers were confirmed by various character-
ization techniques. The phase transition behaviors were studied
using DSC, and the phase structures and the ability of mesophase
formation have been investigated by PLM and WAXD. DSC results
revealed that each of the polymers showed only a glass transition
and the Tg of PTMBCSs were obviously greater that those of PMBCSs
and PDMBCSs, and those of PDMBCSs were the lowest. Compared
with PMPCS, the glass-transition temperatures of the polymers
obviously decreased as the rigidity of side-chain group decreased.
Moreover, the ability of mesophase formation of the polymers
decreased as the rigidity of side-chain group decreased. For
PMBCSs, PDMBCSs and PTMBCSs, the samples could show liquid-
crystalline behaviors when DPGPC exceeded 312, 115 and 51,
respectively. It indicated that the ability of mesophase formation of
the polymers increased as the number of the alkoxy terminal group
increased.
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