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ABSTRACT Side-chain liquid-crystalline copolymers containing a mesogenic (carbazolylmethy1ene)aniline 
group as an electron donor and a mesogenic (4-substituted benzy1idene)aniline group with various 
electronegative groups were prepared. The copolymer prepared by copolymerization of 4-[[6-(methacryl- 
oyloxy) hexylloxy] -N- [ (9-methylcarbazol-2-yl)methylene] aniline with 4- [ [ 6-(methacryloyloxy)hexyl]oxy] -N- 
(4'-nitrobenzy1idene)aniline exhibited smectic phases when the proportion of the mesogenic carbazolyl unit 
was in the range of 0.26-0.68, though the smectic phase did not appear in both homopolymers prepared from 
the individual monomers. The copolymer with the proportion of the carbazolyl group of 0.53 exhibited a 
wide smectic phase from 63 to 185 OC. For the copolymer containing mesogenic carbazolyl and nitrophenyl 
groups, the X-ray reflection at 30.4 A corresponded to the thickness of the smectic layer and the broad peak 
centered at 4.34 A was assigned to the distance between the layers formed by the mesogenic side groups. The 
same tendency on thermal behaviors was observed for the copolymer containing mesogenic carbazolyl and 
cyanophenyl groups, while this tendency was not seen in the copolymer having carbazolyl and (4'- 
methoxybenzy1idene)aniline units both of which were of electron-donating nature. For the copolymers 
containing both an electron-donating carbazolyl group and an electron-accepting nitrophenyl or cyanophenyl 
group, the appearance of the smectic phase and the enhancement in thermal stability might be caused mainly 
by interactions between pendant electron donor and acceptor mesogens. 

Introduction 

In typical side-chain liquid-crystalline polymers, me- 
sogens are attached to the polymer backbone through a 
flexible spacer using covalent bonding.' Recently, novel 
families of liquid-crystalline polymers were constructed 
by making use of intermolecular hydrogen bondings24 and 
ionic bondingS5p6 Intermolecular electron donor-acceptor 
interactions have also been utilized to form liquid  crystal^^^^ 
and liquid-crystalline polymers?JO From the viewpoint 
of fundamental research and of potential applications such 
as photo- and electrofunctional materials, the electron 
donor-acceptor interaction has lately attracted some 
attention.11J2 Ringsdorf and co-workers have reported 
that the mixing of discotic liquid-crystalline triphenylene- 
containing polymers with electron acceptor trinitrofluo- 
renone derivatives caused an increase in isotropic tem- 
perature, probably because the disk-shaped portions were 
arranged in a more thermally stable state by charge- 
transfer c ~ m p l e x a t i o n . ~ ~ J ~  

For side-chain liquid-crystalline copolymers, polyesters 
containing both 4-methoxyazobenzene and 4-cyanoazo- 
benzene units exhibited thermal stabilization and forma- 
tion of a smectic phase.15 In addition, copolystyrene 
derivatives which were substituted by both electron- 
donating 4-methoxyazobenzene and electron-withdrawing 
4-nitroazobenzene groups through flexible spacers showed 
smectic phases appearing within a wide range of tem- 
perature.16J7 

Making use of an electron donor-acceptor complexation, 
miscible blends of polyacrylate containing a carbazolyl 
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group as a donor with polymethacrylate containing a 
dinitrophenyl group as an acceptor were prepared.l8 The 
blends underwent a phase separation by heat treatment 
and exhibited photoconductive properties different from 
those of polymers containing a carbazole group. 

In our previous paper, side-chain liquid-crystalline 
polyacrylates containing an alkylene-spaced carbazolyl 
group in the mesogenic unit were prepared.lg The 
polyacrylates exhibited a mesophase when the number of 
carbons in the alkylene spacer was from 2 to 11. Since the 
content of the carbazole chromophore in such liquid- 
crystalline polymers is lower than that in a photoconduc- 
tive polymer such as poly(vinylcarbazole), it  was assumed 
that an enhancement in efficiency of the carbazole 
chromophore was needed in order to obtain photo- and 
electrofunctionalliquid-crystalline polymers. Thus, it was 
attempted to synthesize liquid-crystalline carbazole- 
containing copolymers with electron donor-acceptor in- 
teractions. 

We report the synthesis and the thermal properties of 
side-chain liquid-crystalline copolymers containing a me- 
sogenic (carbazol-2-ylmethy1ene)aniline unit as an electron 
donor and (4'-nitrobenzylidene)- or (4'-cyanobenzy1idene)- 
aniline units as an electron acceptor for the purpose of 
controlling the mesophase. The polymers were character- 
ized by 1H NMR spectrometry, polarized optical micro- 
scope observation, differential scanning calorimetry, and 
X-ray diffraction measurement. 

Results and Discussion 
Thermal Properties of Low Molecular Weight 

Compounds and Homopolymers. The thermal proper- 
ties of CzH6, H6N02, HGCN, HGOMe, and H6B, having 
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Table 3. Polymerization and Thermal Properties of 
Poly[4-[[(6-(methacryloyloxy) hexylloxyl- 

N-[ (9-methylcarbazol-2-yl)methylene]aniline] (PCzM6) and 
Poly[ 44 [6-(methacryloyloxy)hexyl]oxy]-N-( 4I-substituted 

benzy1idene)anilinel (PM6R). 

Table 1. Thermal Properties of 44 (6-Hydroxyhexyl)oxy]- 
N-[ (9-methylcarbazol-2-yl)methylene]aniline 

(CzH6) and 4-[(6-Hydroxyhexyl)oxy]-N-(4'-substituted 
benzy1idene)anilines (H6R's) 

compd terminal phase transition 
designation aromatic ~ T O U D ~  tempb ("C) 

CzH6 cz K 126 N 142 I 
H6N02 PNOz K 118 I 
H6CN PCN K 102 N 127 I 
H6OMe POCH3 K 121 I 
H6B PH K 82 I 

a Cz: 9-methylcarbazol-2-y1 group. PN02: 4-nitrophenyl group. 
PCN: 4-cyanophenyl group. POCH3: 4-methoxyphenyl group. PH: 
phenylgroup. Transition temperature ("C) determined by the DSC 
measurement at  a scanning rate of 10 "C/min on the second heating 
and by optical polarizing microscopic observation. K: crystalline. 
N: nematic. I: isotropic. 

Table 2. Thermal Properties of 4-[[6-(Methacryloy1oxy)- 
hexylloxy ]-N-[ (9-met hylcarbazol-2-yl)methylene]aniline 

(CzM6) and 4-[[6-(Methacryloyloxy)hexyl]oxy]- 
N-(lf-substituted benzy1idene)anilines (M6R's) 

compd terminal phase transition 
designation aromatic growa t e m d  ("C) 

CzM6 c z  K 51 N 62 I 
M6N02 PNOz K 9 9 I  
M6CN PCN K 114 I 
M6OMe POCH3 K 72 I 
M6B PH K 72 I 

a Cz: 9-methylcarbazol-2-y1 group. PN02: 4-nitrophenyl group. 
PCN: 4-cyanophenyl group. POCH3: 4-methoxyphenyl group. PH: 
phenyl group. Transition temperature ("C) determined by the DSC 
measurement at  a scanning rate of 10 "C/min on the second heating 
and by optical polarizing microscopic observation. K: crystalline. 
N: nematic. I: isotropic. 

(carbazol-2-ylmethylene)aniline, (4'-nitrobenzy1idene)- 
aniline, (4'-cyanobenzylidene)aniline, (4'-methoxyben- 
zylidene)aniline, and benzylideneaniline, respectively, are 
shown in Table 1. CzH6 and H6CN exhibit nematic phases 
from 126 to 142 "C and from 102 to 127 "C, respectively. 
The isotropic temperature of H6Rs shows a tendency to 
increase with increasing size of the terminal groups. This 
tendency is also observed for the alkyl terminal compounds 
containing the same mesogens.20 For H6R's with a similar 
size of terminal groups, only H6CN with a cyano group 
gives a nematic phase, while other Schiff bases H6N02 
and H6OMe do not form a mesophase. Since the cyano 
group can participate in intermolecular hydrogen bonding 
with a terminal hydroxy group,21 the formation of the 
mesophase may be attributed to this interaction. The 
phase transition behaviors of H6N02 and H6CN are almost 
the same as those reported by Griffin and co-workers.22 

CzH6 and H6R's were reacted with methacryloyl 
chloride in the presence of triethylamine to give five 
methacrylate monomers, Le., 4-[[6-(methacryloy1oxy)- 
hexyl] oxy] - N -  [ (9-methylcarbazol- 2-yl) methylene] - 
aniline (CzM6) and 4- [[6-(methacryloyloxy)hexyl]oxy]- 
N-(4'-nitrobenzylidene)aniline (M6N02), -N-(4'-cyano- 
benzy1idene)aniline (MGCN), -N-(4'-methoxybenzyli- 
denelaniline (MGOMe), and -N-benzylideneaniline (M6B). 
The thermal properties of the methacrylate monomers 
are given in Table 2. Only CzM6 exhibited a nematic 
phase from 52 to 62 "C, while other monomers did not 
show a mesophase. These results suggest that the car- 
bazolyl group substituted by a N-methanylylidenephen- 
yleneamine group in the 2-position functions as a more 
potent mesogenic group to form liquid crystals than other 
groups examined in this experiment. Taking into account 
the mesophase temperature range of the three compounds, 
Le., methacrylate, hydroxy, and alkyl terminal groups, the 

polymer phase 
polymer yield transition ~ ~ i e  

designationb (%) anc X lo4 M w c  X lo4 tempd ("C) (kJ/mol) 
PCzM6 94 2.55 7.68 g 79 N 172 I 0.34 
PM6N02 84 1.62 4.25 g 4 5 N  111 I 0.37 
PM6CN 92 5.47 13.6 g 53 S 146 I 1.42 
PM6OMe 88 3.40 7.47 g 56 N 123 I 0.58 
PM6B 90 9.71 48.4 g35 I 

a Radical polymerization in a benzene or DMF solution using 3 
mol % AIBN as aradical initiator at  70 "C for 20 h. b PCzM6: poly[4- 
[[6-(methacryloyloxy)hexylloxyl-N-[(9-methylcarbazol-2-yl)meth- 
ylenelaniline]. PM6N02: poly[4-[ [6-(methacryloyloxy)hexyl]oxy]- 
N-(4'-nitrobenzylidene)anilinel. PM6CN: poly[4-[[6-(methacryl- 
oyloxy)hexyl]oxyl-N-(4'-cyanobenzylidene)aniline]. PM6OMe: 
poly[4-[[6-(methacryloyloxy)hexylloxyl-N-(4'-methoxybenzylidene- 
)aniline]. PM6B: poly[4-[[6-(methacryloyloxy)hexyl]oxy]-N-ben- 
zylideneaniline]. Determined by GPC using THF as an eluent and 
standard polystyrene as reference. d Transition temperature ("C) 
determined by the DSC measurement at  a scanning rate of 10 "C/ 
min on the second heating and by optical polarizing microscopic 
observation. g: glassy. S: smectic. N: nematic. I: isotropic. 
eMeasured by DSC. A&: enthalpy change from mesophase to 
isotropic. 

methacrylate monomer had the lowest liquid crystallinity, 
which was attributable to the steric effects of the bulky 
methacrylate group. 

All polymethacrylates were prepared by solution po- 
lymerization with AIBN as the radical initiator. An 
acrylate monomer containing a nitrophenyl group was 
hardly polymerized by AIBN, while the methacrylate 
monomer containing the same nitrophenyl group was 
polymerized by AIBN in high yields, probably because 
more stable polymer radicals were formed from the 
methacrylate double bonds. Since the intensity of the 
C-H proton peak of the Schiff base linkage in 'H NMR 
spectrum of the polymer corresponded to that expected, 
the relatively labile C=N bond in the polymer was not 
decomposed during polymerization. In addition, the 
aromatic proton absorptions due to carbazolyl groups and 
phenylene groups showed the existence of the designed 
mesogenic unit. The thermal properties and molecular 
weights of homopolymers (PCzM6 and PM6R's) are 
summarized in Table 3. Number-average molecular 
weights of the homopolymers were more than 1.6 X lo4. 
Except for PM6B without para-substitution, PCzM6, 
PMGOMe, and PM6N02 exhibited nematic phases which 
were confirmed by the observation of threaded textures 
by optical microscopy, and no peaks corresponding to the 
smectic layer were observed in the X-ray measurements. 

On the other hand, for PMGCN, focal-conic and ho- 
meotropic textures characteristic of the smectic phase were 
observed with the polarized microscope. In the X-ray 
diffraction of the quenched PM6CN film, a sharp peak a t  
2 8  = 2.20" (layer distance = 40.1 A) appeared as well as 
a broad peak a t  28 = 19.7". These results suggest that 
PMGCN had a smectic A phase. 

For similar liquid-crystalline polymethacrylates con- 
taining such mesogenic groups as phenylbenzoate, azoben- 
zene, and biphenylene groups with the same terminal 
groups such as nitro, cyano, and methoxy groups, smectic 
phases d0minated.1~~3~~4 However, the liquid-crystalline 
polymethacrylates containing the benzylideneaniline group 
with the exception of the (cyanobenzy1idene)aniline group 
all exhibited nematic phases, probably because interactions 
between mesogenic side groups were weak. 
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Table 4. Copolymerization of 44 [6-(Methacryloyloxy)hexyl]oxy]-N-[ (9-methylcarbazol-2-y1)methylene)aniline (CzM6) with 
44 [ 6-(Methacryloyloxy)hexyl]oxy]-N-(4'-methoxybenzylidene)aniline (MGOMe) and Thermal Properties of Copolymers 

[Copoly(CzM6-M6OMe)s la 

I 
- 

proportion of CzM6 polymer phase transition 
in feed in copolymerb yield (% ) Mnc x 104 M w c  x 104 tempd ("C) mi@ (kJ/mol) ASIRf 

9 
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Table 5. Copolymerization of 4-[[ (6-(Methacryloyloxy)hexyl]oxy]-N-[ (9-methylcarbazol-2-yl)methylene]aniline (CzM6) with 
44  [6-(Methacryloyloxy)hexyl]oxy]-N-(4f-cyanobenzylidene)aniline (MGCN) and Thermal Properties of Copolymers 

[CO~O~~(CZM~-M~CN)S]~ 
proportion of CzM6 

in feed in copolymerb 
0.0 0.0 
0.15 0.16 
0.30 0.27 
0.50 0.44 
0.60 0.54 
0.70 0.68 
0.85 0.85 
1.0 1.0 

polymer 
yield ( % ) 

92 
90 
92 
92 
92 
94 
90 
94 

M , , c  x 104 

5.47 
3.05 
3.15 
2.80 
2.92 
2.89 
2.35 
2.55 

M w c  x 104 

13.6 

10.1 
6.42 

6.94 
8.18 

6.37 
7.68 

13.7 

phase transition 
tempd ("C) 
g 53 S 146 I 
g 55 S 154 I 
g 55 S 162 I 
g 60 S 172 I 
g 64 S 175 I 
g 71 S 181 I 
g 75 N 175 I 
g 79 N 172 I 

Mie (kJ/mol) 
1.42 
1.24 
1.09 
1.09 
1.11 
1.06 
0.70 
0.34 

ASSIRf 
0.41 
0.35 
0.30 
0.30 
0.30 
0.28 
0.19 
0.09 

Radical polymerization in a benzene or DMF solution using 3 mol % AIBN as a radical initiator at 70 "C for 20 h. Determined by lH 
NMR. Determined by GPC using THF as an eluent and standard polystyrene as reference. Transition temperature ("C) determined by 
the DSC measurement at a scanning rate of 10 "Cimin on the second heating and by optical polarizing microscopic observation. g: glassy. 
S: smectic. N: nematic. I: isotropic. e Measured by DSC. mi: enthalpy change from mesophase to isotropic. f ASIR  entropy change from 
mesophase to isotropic. 

Table 6. Copolymerization of 4-[[6-(Methacryloyloxy)hexyl]oxy]-N-[ (9-methylcarbazol-2-yl)methylene]aniline (CzM6) with 
4-[[6-(Methacryloyloxy)hexylloxyl-N-(4f-nitro~nzylidene~aniline (M6NO.d and Thermal Properties of Couolymers . . . . . - . - 

proportion of CzM6 polymer phase transition 
in feed in copolymerb yield (% ) M n c  x 104 Mwc x 104 tempd ("C) AHie (kJ/mol) ASIRf 

0.0 
0.15 
0.30 
0.50 
0.60 
0.70 
0.85 
1.0 

0.0 
0.16 
0.26 
0.44 
0.53 
0.69 
0.85 
1.0 

84 
84 
86 
90 
94 
92 
92 
94 

1.62 4.25 
2.10 5.51 
2.51 6.97 
2.27 5.67 
2.42 5.86 
2.75 6.27 
2.40 6.48 
2.55 7.68 

g 45 N 111 I 
g 50 N 140 I 
g 53 S 164 I 
g 57 S 180 I 
g 63 S 185 I 
g 71 S 188 I 
g 75 N 178 I 
g 79 N 172 I 

0.37 
0.86 
1.13 
1.26 
1.28 
1.09 
0.64 
0.34 

0.11 
0.25 
0.31 
0.33 
0.34 
0.28 
0.17 
0.09 

a Radical polymerization in a benzene or DMF solution using 3 mol % AIBN as a radical initiator at 70 "C for 20 h. Determined by 1H 
NMR. Determined by GPC using THF as an eluent and standard polystyrene as reference. Transition temperature ("C) determined by 
the DSC measurement at a scanning rate of 10 "Cimin on the second heating and by optical polarizing microscopic observation. g: glassy. 
S: smectic. N: nematic. I: isotropic. e Measured by DSC. AHi: enthalpy change from mesophase to isotropic. f ASIR: entropy change from 
mesophase to isotropic. 

CzM6 proportion was in the range from 0 to 0.68 (Table 
5). The copolymer had the nematic phase when the CzM6 
proportion exceeded 0.68. Since the homopolymers of 
M6CN and CzM6 had the smectic and nematic liquid 
crystallinities, respectively, it is reasonable to consider 
that the smectic phase in the copolymers with intermediate 
compositions was induced by electron donor-acceptor 
interactions between the two different kinds of side groups, 
Le., the electron-donating carbazolyl group and the 
electron-withdrawing cyanophenyl group. 

In Figure 2B, the phase transition temperatures of the 
copoly(CzM6-M6CN)s are plotted against the proportion 
of the CzM6 unit. Although the glass transition tem- 
perature was linear with the copolymer composition, the 
isotropic temperature showed a significant positive devia- 
tion. For instance, in the copolymer with the CzM6 
proportion of 0.54, the isotropic temperature (175 "C) was 
15 "C higher than the calculated value based on the 
copolymer composition (160 "C). 

Copolymerizations of CzM6 with a nitro-substituted 
monomer M6N02 as well as thermal properties of the 
copolymers are summarized in Table 6. In the copoly- 
(CzM6-M6NOz)s, the induction of a smectic mesophase 
explicitly took place. The DSC thermograms of copoly- 
(CzM6-M6N02) and individual homopolymers demon- 
strated the existence of the glass transition at 40-70 "C 
and of the nematic-isotropic or smectic-isotropic transi- 
tion a t  100-180 "C (Figure 3). In addition, upon observa- 
tion by a polarized optical microscope, the homopolymers 
PCzM6 and PM6NO2 exhibited the threaded textures that 
are characteristic of nematic phases, while the copolymers 
having the CzM6 proportion of 0.26-0.68 showed focal- 
conic fan textures characteristic of smectic phases (Figure 

Ti 
I 

0 100 200 

Temperature ("C) 

Figure 3. DSC thermograms of homo- and copolymers on the 
second heating runat ascanningrate of 10 "C/min: (A) PM6N02; 
(B) copoly(C~MG-M6NOz) ([CZMGI = 0.44); (C) PCzM6. 

4). Accordingly, it was revealed that the smectic liquid 
crystallinity was induced by the existence of electron 
donor-acceptor interactions in the copoly(CzM6-M6NO~). 

Stabilization of the smectic phase was also caused by 
the electron donor-acceptor interaction. As shown in 
Figure 2C, the mesophase temperature range of copoly- 
(CzMG-MGN02)s was enlarged to a considerable extent 
in the smectic region. A copoly(CzM6-M6NO~) with a 
CzM6 content of 0.53 had a smectic phase from 63 to 185 
"C (=Ti). The Ti was 42 "C higher than the calculated 
value (143 "C) for a copolymer without the electron donor- 
acceptor interaction. A similar increase in the isotropic 
temperature was observed for a side-chain liquid-crystal- 
line copolystyrene derivative containing methoxyazoben- 
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Figure 4. Optical polarizing rnicrophotugraphof cupoly(CzM6- 
M6NO2) (lCzM6I = 0.44) at 170 "C on cooling. 

I J 
1.2 10 20 30 

2R 

Figure 5. Wide-angle X-ray diffraction patterns of quenched 
homo- and copolymer films: (A) PM6NOI; (B) copoly(CzM6- 
M6N02) ([CzMGI = 0.53); (C) PCzM6. 

Table 7. Results of X-ray Measurements of Homo- and 

polymer designation d P ( A )  dzb(A) P ( A )  
PCzM6 4.64 28.0 
PMGNO? 4.63 25.5 
PM6CN 40.1 4.50 26.1 
copoly(CzM6-MGNO1) (ICzM61 = 0.53) 30.4 4.34 
copoly(CzM6-MGCN) ([CzMGI = 0.54) 30.4 4.46 

a Thieknessofthesmecticlayer. * Distancehetweenthemesogenic 
sidegrouplayer. c Calculated fully-stretched conformation,including 
the backbone 

zene and nitroazobenzene  group^.'^,'^ In addition, the 
entropy change (ASIR) from the smectic phase to the 
isotropic melt was about 3 times as high as that from the 
nematic-isotropic in the homopolymers (Table 6). An 
analogous smectic phase induction was found in the 
mixtures of low molecular weight compounds containing 
the carbazolyl and nitrophenyl groups.20 However, in the 
present study, it was assumed that the incorporation of 
the carbazolyl and nitropbenyl groups into the side-chain 
mesogenic units might enhance interactions between the 
two groups, because the mesogenic groups had planar 
structures which easily overlapped. 

For copoly(CzM6-M6NOz) ([CzMG] = 0.53) and the 
two homopolymers, X-ray diffraction patterns are shown 
in Figure 5. The results obtained by X-ray measurements 
are summarized in Table 7. I t  was revealed that, in the 
X-ray diffraction of the copolymer, a sharp reflection at 
20 of 2.90" (d = 30.4 A) was close to  molecular lengths of 

Copolymers 

V' - V 
30.4 A- 

Figure 6. Schematic illustration of a proposed mesophase 
structure in copoly(CzM6-M6NOP). 

the fully-stretched CzM6 and M6N02 molecules which 
were calculated to be 28.0 and 25.5 A, respectively. 
Accordingly, i t  was concluded that the copolymer had a 
smectic structure. A broad reflection at 20 of 20.4O (d = 
4.34 A) was assignable to  the distance between layers 
formed by the mesogenic side groups. The distance for 
copoly(CzM6-MfiNOz) ([CzMGI = 0.53) was approxi- 
mately 0.3 A shorter than that for the homopolymers. The 
X-ray diffraction data indicated that the copoly(CzM6- 
MfiCN) ([CzMGI = 0.54) had a smectic structure almost 
equivalent to that of the copoly(CzM6-M6N02) ([CzMfiI 
= 0.53). 

Thus, the thermal stability and the induction of the 
smectic phase in the copolymer containing a (carbazolyl- 
methy1ene)aniline group as an electron donor and a (4'- 
nitrobenzy1idene)aniline group as an electron acceptor 
were caused by interactions between the electron donor 
and acceptor mesogenic side groups, because both me- 
sogenic side groups easily formed the planar structures, 
as shown in Figure 6. 

Experimental Section 
The monomers were prepared according to the route shown 

in Scheme 1. 4-Nitrobenzaldehyde (Wako Chemical Industries, 
Ltd.), 4-cyanohenzaldehyde, 4-methoxybenzaldehyde, and ben- 
zaldehyde (Tokyo Kasei Kogyo Co., Ltd.) were used without 
further purification. 4-1(6-Hydroxyhe~yI)oxylaniline,'~ (9-meth- 
ylcarbazol-2-yl)carbaldehyde." 4-1(6-hydroxyhexyl)oxyl-N-l(9- 
methylcarhazol-2-yl)methylenelaniline (CZHG),'~ and 4-1 16- 
(methacryloyloxy)hexyll oxy1 -N-[ (9-methylcarbazol-2-yl)meth- 
ylenelaniline (CzM6)19 were preparedaccordingto the procedures 
described in the literature. 

4-[(6-Hydroxyhexyl)oxy]-~-(4'-substituted benzylidene). 
anilines (H6Rs). 4-1(6-Hydroxyhexyl)oxylaniline (6.23g,0.03 
mol) was dissolved in 30 mL of ethanol. After an equimolar 
amount of a corresponding para-substituted benzaldehyde (0.03 
mol) was added to the ethanol solution, the mixture was heated 
at 70 "C for 2 h. The product was purified by recrystallization 
from ethanol to orovide H6Rs. Yield H6NO.. 93%: H6CN. ~ . . ~ ~  . . ~  ~~~ 

91%; HGOMe.889;; H6B, 83%. Mp: H6N02, 118.3T; HGCN: 
101.8 "C: HGOMe, 121.1 O C ;  H6B, 81.6 'C. IH NMR (CDC13): 
H6N02. 6 1.35 (1H. t). 1.51 (4H. m). 1.63 (2H. m). 1.83 (2H. m). 
3.68 (TH, m). 4.00 (ZH, t). 6.95 (2H, d), 7.30 (ZH, d), 8.05 (2H. 
d), 8.31 (ZH, d), 8.58 (lH, s); HGCN, 6 1.35 OH, t), 1.50 (4H, m), 
1.62 (ZH, m), 1.83 (2H. m), 3.67 (ZH, m), 4.00 (2H, t). 6.94 OH, 
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Scheme 1. Synthetic Route of Copolymers 

A I A'BN 

d), 7.28 (2H, d), 7.75 (2H, d), 7.99 (2H, d), 8.52 (lH, 8); HGOMe, 
6 1.33 (3H, t), 1.51 (4H, m), 1.64 (2H, m), 1.82 (2H, m), 3.68 (2H, 
m), 3.88 (3H, s), 3.99 (2H, t), 6.92 (2H, d), 6.98 (2H, d), 7.20 (2H, 
d), 7.84 (2H, d), 8.41 ( lH,  8); H6B, 6 1.36 ( lH,  t),  1.50 (4H, m), 
1.63 (2H, m), 1.82 (2H, m), 3.67 (2H, m), 4.00 (2H, t), 6.93 (2H, 
d), 7.23 (2H, d), 7.47 (3H, s), 7.90 (2H, d), 8.49 ( lH,  8). 
44 [6-(Methacryloxyloxy)hexyl]oxy]-N-(4'-substituted ben- 

zy1idene)aniline (MGRs). A methacryloyl chloride (5.2 g, 0.05 
mol) solution in 40 mL of chloroform was added to  a solution 
containing H6R (0.034 mol) and triethylamine (10.4 g, 0.1 mol) 
in 130 mL of chloroform a t  0 "C. The reaction was continued 
for 12 h. After the work-up procedure, the product was purified 
by recrystallization three times from ethanol to  provide M6R. 
Yield: M6N02, 52%; MGCN, 52%; MGOMe, 45%; M6B, 43%. 
Mp: M6N02, 98.7 "C; MGCN, 113.6 "C: MGOMe, 72.3 "C; M6B, 
71.7 "C. lH NMR (CDClS): M6N02, 6 1.53 (4H, m), 1.75 (2H, 
m), 1.83 (2H, m), 1.96 (3H, s), 4.01 (2H, t), 4.18 (2H, t), 5.56 (lH, 
s), 6.11 ( lH,  s), 6.95 (2H, d), 7.30 (2H, d), 8.06 (2H, d), 8.32 (2H, 
d), 8.59 ( lH,  s); MGCN, 6 1.52 (4H, m), 1.73 (2H, m), 1.83 (2H, 
m), 1.95 (3H, s), 4.00 (2H, t), 4.17 (2H, t), 5.56 ( lH,  s), 6.11 ( lH,  
s), 6.94 (2H, d), 7.28 (2H, d), 7.75 (2H, d), 7.99 (2H, d), 8.53 ( lH,  
s); MGOMe, 6 1.51 (4H, m), 1.73 (2H, m), 1.82 (2H, m) 1.95 (3H, 
s), 3.89 (3H, s), 3.98 (2H, t), 4.17 (2H, t), 5.56 (lH, s), 6.11 ( lH,  
s), 6.91 (2H, d), 6.98 (2H, d), 7.20 (2H, d), 7.83 (2H, d), 8.41 ( lH,  
s); M6B, 6 1.51 (4H, m), 1.72 (2H, m), 1.82 (2H, m), 1.96 (3H, s), 
3.99 (3H, t), 4.18 (3H, t), 5.56 ( lH,  s), 6.11 ( lH,  s), 6.93 (2H, d), 
7.23 (2H, d), 7.47 (3H, t), 7.90 (2H, d), 8.49 ( lH,  s). 

Polymerization. Polymerizations of CzM6 and M6R were 
carried out in a benzene or DMF solution with azobis(isobuty- 
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ronitrile) (AIBN; 3 mol %) as an initiator at 70 "C for 20 h under 
vacuum. The resulting polymer was purified by reprecipitation 
using a chloroform-diethyl ether system. 

Characterization. A 400-MHz lH NMR spectrum was 
recorded on a GE Omega 400WB NMR spectrometer in a 
chloroform-d solution. The molecular weight of the resulting 
polymer was obtained with a HLC-802A (Tosoh Co.) using 
tetrahydrofuran as an eluent and standard polystyrene as 
reference. A differential scanning calorimeter (Perkin-Elmer 
DSC-7) was used to  determine phase transition temperatures at 
the heating and coolingrates of 10 "C/min. For the low molecular 
weight compounds, the onset point of endotherms was taken as 
the transition and melting temperatures. For the polymers, the 
peak temperature of endotherms was taken as the transition 
temperature. An optical polarizing microscope equipped with a 
Mettler FP-82 hot stage and a temperature programmer FP-80 
was also used to observe phase transitions. X-ray diffraction 
was measured with a Rigaku RINT 1500 X-ray diffractometer. 
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