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Thermal Properties and FT-IR Investigation of Side Chain Type
Liquid Crystalline Copolymers

TAKASHI MIHARA, KAZUNARI MORI, and NAOYUKI KOIDE*
Department of Chemistry, Faculty of Science, Science University of Tokyo,
1-3 Kagurazaka, Shinjuku-ku, Tokyo 162, Japan

In order to investigate the effect of hydrogen bonding formed between car-
boxylic acid groups on thermal properties of the side chain type liquid crys-
talline polymers, we synthesized the side chain type copolymers composed of
a mesogenic monomer and a non-mesogenic monomer with carboxylic acid
group. Hydrogen bonding was examined by thermally controlled FT-IR
measurements. A mesophase was exhibited for the copolymers containing the
mesogenic monomer above 40~65 mol%. The mesomorphic temperature
range{MR) of the copolymers increased in the order of the copolymer with
methacrylic acid monomer, with benzoic acid monomer containing a flexible
spacer and with benzoic acid monomer. This difference in the MR of the co-
polymers was demonstrated by FT-IR quantitative analysis of the area of the
peak assigned to the dimer structure of the carboxylic acid group.

side chain type liquid crystalline copolymer, hydrogen bond-
ing, thermally controlled FT-IR, carboxylic acid dimer

INTRODUCTION

Thermal properties of side chain type liquid crystalline polymer(SLCP)s de-
pended upon the chemical structures of mesogenic groups, flexible spacers
and polymer backbones. Mesogenic groups which have the chemical struc-
ture like low molar mass liquid crystals were attached via a flexible spacer or
directly into the side chain of SLCPs. As a flexible spacer, alkyl chain, oli-
goethyleneoxide, oligosiloxane, etc. were used for SLCPs. It is well-known
that these flexible spacers would decouple the mesogenic group from the
polymer backbone of SLCPs. A smectic phase tends to be exhibited with

* To whom correspondence should be addressed
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increasing flexible spacer length of SLCPs. Polyacrylate, polymethacrylate,
polysiloxane, etc., which have a relative flexible chemical structure were
employed as a polymer backbone of SLCPs. Moreover thermal properties of
SLCPs were influenced by intermolecular interaction like hydrogen bonding.
We already reported that hydrogen bonding among urethane moieties in the
polymer backbones of side chain type polyurethane plays an important role to
exhibit mesomorphic properties.'! The hydrogen bonding between the ure-
thane bonds among the polymer backbones would act like a crosslinking
agent.

Further we paid attention to the hydrogen bonding formed among side
chains compared with that among polymer backbones. In the case of low
molecular liquid crystals, it is well-known that the carboxylic acid dimer
structure of alkoxy benzoic acid compounds was formed through the hydro-
gen bonding of carboxylic acid groups.>**! Mesomorphic properties of alk-
oxy benzoic acid compounds were exhibited when the dimer structure of car-
boxylic acid groups was formed through the hydrogen bonding. We think
that the hydrogen bonding formed among carboxylic acid groups would act
like a crosslinking agent for the side chain type polymers when the carboxylic
acid groups were introduced into the polymer side chain. Therefore we were
interested in what kinds of carboxylic acid dimer affected deeply the thermal
properties of the SLCPs. In order to examine the influence of the hydrogen
bonding of carboxylic acid groups on thermal properties of side chain type
copolymers, we tried to synthesize copolymers containing different carbox-
ylic acid monomers.

Recently Shibaev et al. reported that the intramolecular hydrogen bond-
ing was formed between hydroxy group in acrylic acid moiety and carbonyl
group in a mesogenic moiety or between acrylic acid groups for the acrylate
SLCPs composed of a mesogenic monomer and acrylic acid monomer.®! A
smectic phase was induced for the side chain type copolymers containing
40~50 mol% of the acrylic acid monomers.

In this report, we investigated thermal properties of methacrylate side
chain type copolymers composed of a mesogenic monomer and a non-
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mesogenic monomer containing carboxylic acid group by using of polarizing
optical microscopy, differential scanning calorimetry(DSC) and X-ray dif-
fraction spectroscopy measurements. Further in order to clarify what kinds of
hydrogen bonding is formed, inter- or intramolecular hydrogen bonding,
various kinds of carboxylic acid groups was attached to the polymer back-
bone as one component of the side chain type copolymers and hydrogen
bonding formed among the carboxylic acid groups was examined by ther-
mally controlled FT-IR measurements.

RESULTS AND DISCUSSION

The chemical structures of

the side chain type copoly- CH ?HS\ L CH gHa\
mers were shown in Fig.1. { 2_8=C/)X U2y T
Two kinds of non- : 8[;0

mesogenic monomers con- (gHz)e
taining carboxylic acid group 0 @ @ OCHj3
and the mesogenic monomer

were employed for the syn- R=H Poly(MBO6MA-co-MA)-x

thesis of the side chain type
~Ocoom

copolymers in order to in-
vestigate the influence of the Poly(MBO6MA-co-MABA)-x

chemical structure of the —(CHz)gO'@‘COOH
nON-mesogenic  MONOmers Poly(MBO6MA-co-MABAG6)-x
containing carboxylic acid pgouRg 1.
group on the thermal proper- copolymers.
ties of the side chain type

Structures of side chain type

copolymers. The side chain type copolymers were synthesized by radical
copolymerization of a mesogenic monomer and a non-mesogenic monomer
with a different feed ratio.

Thermal properties of the side chain type copolymers containing
methacrylic acid monomers[poly(MBO6MA-co-MA)-x, x indicates the
mesogenic monomer fraction] are summarized in Table I. A smectic phase
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was exhibited for the mesogenic homopolymer and the poly(MBO6MA-co-
MA)-x above 65.4 mol% of mesogenic monomers. In the DSC curves of the
mesomorphic poly (MBO6MA-co-MA)-x, two peaks were detected on both

heating and cool-

: TABLE . Phase transition temperatures and molecular
ing rums. A ba- L oohic of poly(MBOSMA-co-MA)-x

tonnet  texture

was mainly ob- Mesogenic monomer iti _
y fraction(x) mol%  hase transition MRY M/16°ML/M,
served between Feed Caled® temp./°C
the two transi- 122.5 128.1
. 100 100.0 K—*ji— S===] 56 69 19
tion tempera- 1151 127.8
1200 . 1343
tures. = T30 143 70 200
iso- 107.1 417
The iso 60 654 Kot S2bl 36 68 119
tropization tem- 99.4 138.0
. 0 — 142.0 "
perature in- 5 ] T 46 1
creased with 40 138.7
— K== — )
55 i 53 152

increasing frac-

a)calculated by [R  b)Ti-Tk-s(on heating scan)

tion of the K, solid; S, smectic; 1, isotropic.

methacrylic acid

monomer in the copolymer. On the other hand, the melting points for the co-
polymers decreased with increasing fraction of the methacrylic acid monomer.
Owing to the increase in the isotropization temperature and the decrease in the
melting point, the mesomorphic temperature range (MR) increased with in-
creasing fraction of the methacrylic acid monomer in the copolymer.

Thermal properties of the copolymers containing benzoic acid moieties
[poly(MBO6MA-co-MABA)-x, x indicates the mesogenic monomer fraction]
are shown in Table II. A mesophase was exhibited for the copolymer contain-
ing the mesogenic monomers above 53.9 mol%. In the DSC curves of the
mesomorphic poly(MBO6MA-co-MABA)-x, a shift of the baseline and a
transition peak were observed. The shift of the baseline was assigned to glass
transition temperature, while the peak was attributed to the mesophase-
isotropic transition. The transition entropy change of the isotropization for the
mesomorphic poly(MBO6MA-co-MABA)-x was larger than that of the con-
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ventional nematic SLCPs. By using of polarizing optical microscopy meas-
urements, a batonnet like texture was observed between the two transition
temperatures. A broad peak was observed in the wide angle region by X-ray

diffraction  meas- pAprp 11 Phase transition temperatures and mo-
urements of poly lecular weights of poly(MBO6MA-co-MABA)-x

(MBO6MA-co-
Mesogenic monomer

MABA)-75.0 and  fraction(xymol%  Fhasetransition DT WL
) Feed Caled®  temp./°C MR M10" MM,

53.9.
1225 128.1
As these re- 100 100 K <w=in g =] 56 69 191
, i us1 - 1278
sults, a nematic 100.0 151.9
) 80 750 pg=—=N === 519 83 212
phase was exhib- ? 145.9
ited for poly 0 539 gl NI 40 9 _9
(MBO6MA-co- ! 1642
MABA)75.0 and 50 431 Ke—etol oy 0 2
)-75.0 an 174.7 - - -
i 192.8
53.9. The side 0 305 K = [ _ 9 _9
chain type co- 192.
. 295.6
polymers contain- 0 0 K—" aDecom — — 2
ing benzoic acid a) calculated by NMR  b)Ti-Tk-S o g-N(on heating scan)
monomers exhib- c) A peak can not be detected in the elution curve of GPC
. R measurements.
ited a nematic g, glassy; K, solid; S, smectic; N,nematic; I, isotropic.

phase instead of

the smectic phase for mesogenic homopolymer. An appearance of the nematic
phase can be considered that a steric hindrance of the benzoic acid moieties
would be larger than that of methacrylic acid moieties. Consequently the ben-
zoic acid monomers in the side chain type copolymers would be disturbed the
lateral orientation of mesogenic groups itself.

The isotropization temperature of poly(MBO6MA-co-MABA)-x in-
creased with increasing fraction of the benzoic acid monomers, while glass
transition temperature of poly(MBO6MA-co-MABA)-x decreased with in-
creasing the fraction of benzoic acid monomers. As a result, the MR of
poly(MBO6MA-co-MABA)-x also increased with increasing the fraction of

the benzoic acid monomers.
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The thermal properties of the poly(MBO6MA-co-MABAG)-x were
summarized in Table III. A nematic phase was observed for the copolymers
containing the mesogenic moiety above 40 mol%. No typical texture was
observed for the mesomorphic poly(MBO6MA-co-MABA6)-x. In DSC
curves for the

mesomorphic TABLE iIl.  Phase transition temperatures and
poly(MBO6MA- molecular weights of poly(MBO6MA-co-MABAG)-
X.
co-MABAG)-x, a
. Mesogenic monomer e
shift of the base- fraction(xymol9s  Fhase transition I ——
Feed Calcd?  temp/°C MR” M /10° MM,

line and a transi-

100 100 K222 (AL ¢ 6o 10

tion peak were T151 S 1278

observed.  These 80 792 K% N %—}%‘%1 44.1 158 175

were assigned to a % : -

. 83.1 131.5 ¢ ¢

glass  transition 60 658  Bemep= N1 484 0
95.0 135.6

temperature  and S0 502 B~em=N 1 406 _9 9
clearing tempera- : 133.7

. 93.0 137.5 c) c)

ture, respectively. 40 408 g-—m=N—_mfl 45 — —

The transition 0 185 g 144,2 L 9 9

entropy change of 123(2)
. S . c) c)
the isotropization 0 0 K=——p—1 — — —

for the mesomor- a) calculated by NMR  b) Ti-TK-S ( N) or g-N (on heating scan)
phic poly c) A peak can not be detected in the elution curve of GPC
(MBO6M measurements.

MABAG6)-x was

also larger than

g, glassy; K, solid; S, smectic; N, nematic; [, isotropic

that of the conventional nematic SLCPs. From the results of the transition
entropy change for the mesomorphic poly(MBO6MA-co-MABA)-x and
poly(MBO6MA-co-MABAG)-x, it seemed that the transition entropy change
of the isotropization for the copolymers with benzoic acid groups in the side
chain was larger than that of the conventional nematic SLCPs owing to the
formation of the hydrogen bonding,

A broad peak in the wide angle region was observed for the mesomor-
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phic poly(MBO6MA-co-MABAG)-x by X-ray diffraction spectroscopy
measurements. This result showed that the mesomorphic phase structure was
a nematic phase. A nematic phase was exhibited for poly(MBO6MA-co-
MABAG)-x with the wider range of mesogenic group fraction compared with
that of the poly(MBO6MA-co-MABA)-x. Owing to the introduction of a
flexible spacer into the
noN-mesogenic

monomer, the forma-
tion of dimer structure
of  benzoic  acid
groups would oc-
curred easily. The
dimer structure of

Temperature / °C

E
‘

benzoic acid groups y
would function as a 80 | U\‘j- K

mesogenic core. As a 60 [

consequence, a qgo Lt v v 0t 0y 1

nematic phase was 0 10 20 30 40 50 60 70 8 90 100
Me sogenic monomer fraction(x) / mol%

observed for poly

(MBOSMA-co FIGURE 2. Phase transition temperatures as a
MABAG6)-x with the function of the mesogenic monomer fraction in the
. copolymers [poly(MBO6MA-co-M13—x (A,®)
wide  range  of poly(MBO6MA-co-MABA)-x (M ,@) and poly
mesogenic  moiety (MBO6MA-co-MABAG)-x (C,0)]): g, glassy; K,
solid; S, smectic; N, nematic; I, isotropic.
fraction.

The MR of poly(MBO6MA-co-MABAG)-x was wider than that of the
mesogenic homopolymer. The phase transition temperatures of the copoly-
mers were plotted as a function of the mesogenic content in the copolymers in
Fig. 2. With regard to the MR of the copolymers, the MR of the copolymers
increased in the order of poly(MBO6MA-co-MA)-x, poly(MBO6MA-co-
MABAG6)-x and poly(MBO6MA-co-MABA)-x. The MR of benzoic acid type
copolymers  [poly(MBO6MA-co-MABAG6)-x and  poly(MBO6MA-co-
MABA)-x] was wider than that of the methacrylic acid type copolymer
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[poly(MBO6MA-co-MA)-x]. We thought that the difference in the MR for the
copolymers would occur from the strength of the hydrogen bonding formed
between carboxylic acid groups, because it is well-known that the hydrogen
bonding among benzoic acid groups is easily formed.

In order to
clarify the relationship
between the hydrogen @
bonding among car-
boxylic acid groups of
non-mesogenic
monomers and the
thermal properties for

—_
0
~—

the copolymers, ther-
mally controlled FT-
IR measurements

Absorbance ——— p»
G

1800 1760 1720 1680 1640 1600

‘Wavenumbers / eml

were performed.

Typical FT-IR spectra FIGURE 3. IR spectra, in the range of
of carbonyl group 1820~1580cm”, for  poly(MBO6MA-co-

. MABAG)-x(a), poly(MBO6MA-co-MABA)-
region for the co- x(b)and poly(MBO6MA-co-MA)-x(c).

polymers were shown

in Fig. 3. In the carbonyl region for poly(MBO6MA-co-MABAG)-x, two
peaks were observed. One peak was assigned to an overlapping peak of car-
bony! groups of free benzoic acid group and ester bond in the mesogenic and
non-mesogenic monomers (1730 cm™), and another one is assigned to hy-
drogen bonding formed between carbonyl and hydroxy groups in the dimer
structure of benzoic acid groups(1683cm™).

On the other hand, three peaks were detected in the carbonyl region for
poly(MBO6MA-co-MABA)-x. These three peaks were assigned to carbonyl
group of ester bond in the non-mesogenic monomer(1755cm™), an overlap-
ping peak of carbonyl groups of free benzoic acid group and ester bond in the
mesogenic monomer (1730cm™), and hydrogen bonding formed between
carbonyl and hydroxy groups in the dimer structure of benzoic acid
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groups(1700cm™), respectively.

In the carbonyl region for poly(MBO6MA-co-MA)-x, two peaks
namely an overlapping peak of carbonyl groups of free methacrylic acid
group and ester bond in the mesogenic monomer (1730cm™), and hydrogen
bonding formed between carbonyl and hydroxy groups in the dimer structure
of methacrylic acid groups(1700cm™*) were detected.

In the case of poly(MBO6MA-co-MA)-x and poly(MBO6MA-co-
MABA)-x, a typical peak for the dimer structure of the carboxylic acid moie-
ties through the hydro-
gen bonding was ob-
served near 1700 cm’

B3] The wavenumber
of the peak attributed to

the dimer structure of the N
carboxylic acid moieties 110°C

indicated that the inter-

molecular hydrogen N 3000

bonding was formed G .
1800 1760 1720 1680 1640 1600

Absotbance

among carboxylic acid
groups. I While the peak
attributed to the dimer
structure of benzoic acid

Wavenumbes / cm”

FIGURE 4. Temperature dependence of IR
spectra of the copolymer [poly(MBO6MA-co-

groups  for  poly MA)-65.4].
(MBO6MA-co-
MABAG)-x was observed near 1683cm™. The strength of hydrogen bonding
which formed the dimer structure of carboxylic acid groups for
poly(MBO6MA-co-MABAG)-x was stronger than that of poly(MBO6MA-co-
MABA)-x, because the peak assigned to the dimer structure of the carboxylic
acid groups for poly(MBO6MA-co-MABAG)-x was observed at the lower
wavenumber compared with that of poly(MBO6MA-co-MABA)-x.

The peak assigned to the dimer structure of the carboxylic acid groups
for the copolymers was slightly shifted to higher wavenumber with increas-



Downloaded by [University of Haifa Library] at 20:24 20 August 2012

300 T. MIHARA et al.

ing temperature as shown in Fig 4. These results showed that the strength of
the hydrogen bonding which formed the dimer structure of the carboxylic
acid group decreased with increasing temperature, however the exhibition of
the mesophase needed a stronger dimer structure formed through the hydro-
gen bonding compared with that of the isotropic phase. We can not clarify the
difference of the MR for the copolymers by the shift tendency of the peak
assigned to the dimer structure of carboxylic acid groups. In other words, we
can not explain the
difference in MR
of the copolymers
by  temperature

dependence of the § 2)
53
strength in hydro- ‘g /
gen bonding of % \ A\
N
carboxylic  acid AN
y ) /’// (\C) \\\_ )
groups. ~
1800 1780 1760 1740 1720 1700 1680 1660
So we car-

. . Wavenumbers / cm-1
ried out the quanti-

tative FT-IR

analysis of the FIGURE 5. Least squares deconvolution of carbonyl

group of poly(MBO6MA-co-MA)-65.4 at 110°C: (a)
peak attributed to original peak of carbonyl group, (b) overlapping peak of
) carbonyl groups of free carboxylic acid group and ester
the dimer structure  bond in the mesogenic monomer , (c) hydrogen bonding
of the carboxylic formed between carbonyl and hydroxy groups in the
dimer structure of carboxylic acid groups.
acid groups for

poly(MBO6MA-co-MA)-x and poly (MBO6MA-co-MABA)-x. The peaks
assigned to the carboxylic acid dimer structure for poly(MBO6MA-co-MA)-x
and poly(MBO6MA-co-MABA)-x were observed at same wavenumber. This
result showed that the strength in the hydrogen bonding of the carboxylic acid
groups for poly(MBO6MA-co-MA)-x and poly(MBO6MA-co-MABA)-x was
almost same. Therefore we investigated temperature dependence of the
amount of carboxylic acid dimer structure for these copolymers by the quanti-
tative FT-IR analysis.
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The carbonyl region in FT-IR spectrum was divided into two or three
components as shown in Fig 5. One example of the curve fitting results of the
carbonyl region was summarized in Table I'V. In particular, our attention was
focused to the peak attributed to the dimer structure of the carboxylic acid

TABLE IV.  Deconvolution results for carbonyl group region of the

copolymers.
(a) poly(MBO6MA -co-MA)-65.4
Co® cd®

Temp. ¥V Wiz ... Arad v Win Area 9

€C) (cm?) (enrl) ratio (cml)  (cmr?) ratio

30 17283 25.5 16.7 0.789 1697.5 20.6 4.47 0.211

110 17286 26.0 25.1 0.810 16978 21.2 590 0.190

170 17295 27.7 334 0.880 1698.1 204 457 0.120
(b) poly(MBO6MA-c0-MABA)-53.9

ce? Co? cd®

Temp. ¥ W12 , - Area 9 v VY Area D v W, A

€C){(cm-1)(cm-1) ratio (cm-1) (cnrl) ratio  (cm-1)(cnrl) ratio

30 1756.022.3 8.45 0241 1727.8 2.711.2 0325 1695.923.3 15.2 0434
120 1754.922.8 7.17 0252 1728.4 21.6 8.62 0303 1697.5 25.2 12.7 0.445
170 1754.522.8 6.74 0251 1729.7 22.5 9.12 0339 1699.2 27.911.0 0410

a) overlapping peak of carbonyl groups of free carboxylic acid group
and ester bond in the mesogenic monomer

b) peak of hydrogen bonding formed between carbonyl and hydroxy groups in
the dimer structure of carboxylic acid groups
c) peak of carbonyl group of ester bond in the non-mesogenic monomer

d) Area (Ce, Co or Cd) / Total area( Ce + Co + Cd)

groups. We estimated the amount of the dimer structure from the area ratio of
the hydrogen bonding formed between carbonyl and hydroxy groups in the
dimer structure of carboxylic acid groups and all peaks in the carbonyl group
region.

In the case of poly(MBO6MA-co-MABA)-x, the peak area ratio of the
hydrogen bonding formed between carbonyl and hydroxy groups in the di-
mer structure of benzoic acid groups and total area of the carbonyl region did
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not change in the glassy state and the mesophase, however it decreased in the
isotropic phase. In confrast, the peak ratio of poly(MBO6MA-co-MA)-x de-
creased gradually with increasing temperature. With no decrease in the peak
area ratio of the hydrogen bonding formed between carbonyl and hydroxy
groups in the dimer structure of carboxylic acid groups and total area of the
carbony!l region for poly(MBO6MA-co-MABA)-x, it was shown that the
amount of the dimer structure formed through the hydrogen bonding of ben-
zoic acid groups below a glass transition temperature was preserved in the
mesophase.

On the other hand, with the gradual decrease in the peak area ratio for
poly(MBO6MA-co-MA)-x, it was demonstrated that the amount of the dimer
structure of carboxylic acid groups decreased with increasing temperature.
Temperature dependence of the hydrogen bonding for poly(MBO6MA-co-
MABA)-x was smaller than that of poly(MBO6MA-co-MA)-x. We concluded
that the MR of the copolymers would be influenced by the remained amount
of dimer structure of the carboxylic acid groups.

CONCLUSION

The exhibition of the mesophase depended upon the mesogenic monomer
content in the copolymers. The mesomorphic temperature range(MR) of the
copolymers increased in the order of the copolymers with methacrylic acid
monomers, with benzoic acid monomers containing a flexible spacer and with
benzoic acid monomers. Hydrogen bonding of benzoic acid groups was
stable compared with that of the methacrylic acid groups because temperature
dependence of the hydrogen bonding of benzoic acid groups was smaller than
that of the methacrylic acid groups. The MR of the copolymers would be in-
fluenced by the amount of the dimer structure of carboxylic acid groups for
the copolymers in the mesophase.
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EXPERIMENTAL

Materials
Mesogenic monomer and non-mesogenic comonomers containing carboxylic

acid group were synthesized according to the literature!™®,

4-(6-Hydroxyhexyloxy)-4’-methoxybiphenyl
6-Chloro-1-hexanol(15.0g, 0.110mol), an aqueous solution of potassium
hydroxide(5.7g,  0.12mol), tetra-n-butylammonium  bromide(1.0g,
0.003mol) and a small amount of potassium iodide were added to an ethanol
solution of 4-methoxybiphenol(16.0g, 0.08mol). The reaction mixture was
refluxed for 30 hours. Ethanol was evaporated from the reaction mixture.
And then a white precipitate was obtained by filtration. The white precipitate
was washed with water until neutral water was obtained. Next the precipitate
was washed with methanol. The product was obtained in a 87.9% yield.
IR(Nujol) v (cm™) 3309(OH), 1606, 1500(Ar)

4-(6-Methacryloyloxyhexyloxy)-4’-methoxybiphenyl(MBO6MA)
A tetrahydrofuran solution of methacryloyl chloride(4.2g, 0.04mol) was
added dropwise to a tetrahydrofuran solution of 4-(6-hydroxyhexyloxy)-4’-
methoxybiphenyl(8.0g, 0.027mol) and triethylamine(6.8g, 0.0675mol) in a
chilled reaction vessel. Following stirring at room temperature for 15 hours,
tetrahydrofuran solution was evaporated to dryness. The residue was poured
into HCI acidic water and a precipitate was washed with water. The precipi-
tate was washed with methanol. The product was obtained in a 41% yield.
NMR(CDCL,) & 1.3~1.8(m, 8H), 1.9(s, 3H), 3.8(s, 3H), 3.8~4.3(m, 4H),
5.6, 6.2(s, 2H), 7.0, 7.5(d, 8H) '

IR(Nujol) v (cm™) 1720(CO0), 1639(C=C), 1606, 1500(Ar)

4-Methacryloyloxybenzoic acid(MABA)

p-Hydroxybenzoic acid(33g, 0.24mol) was dissolved in a 10% aqueous so-
lution of sodium hydroxide(240ml). And then methacryloyl chloride(25g,
0.24mol) was added dropwise to the solution at room temperature. Following
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stirring at room temperature, 2N aqueous solution of hydrochloride was
added to the reaction mixture. An obtained white precipitate was washed with
water. The crude product was purified by recrystalization from acetone. The
product was obtained in a2 34.3%. m.p. 181.9°C

IR(Nujol) v (cm™) 2678, 2561(OH, carboxylic acid), 1731(C=0, ester
group), 1681(C=0, carboxylic acid), 1637(C=C), 1606, 1508(Ar)

Polymerization

The copolymers were synthesized by copolymerization of the mesogenic
monomer with non-mesogenic monomer in sealed ampoules with 1.0 mol%
a,c-azobisisobutyronitrile in anhydrous tetrahydrofuran at 60°C for 15 hours.
The copolymers were obtained by reprecipitation from methanol. The co-
polymers obtained were purified by reprecipitation from acetone and metha-
nol. The copolymers obtained were dried at 40°C under vacuum.

Cl o
"H-NMR was carried out with a JEOL JNM-PMX60 NMR spectrometer us-
ing CDCL, as the solvent. 'H-NMR for the determination of the mesogenic
monomer fraction in the copolymer was carried out with a BRUKER DPX
300 spectrometer using DMSO-d, as the solvent. DSC measurements were
conducted with a Mettler 3000 series. WAXS patterns were recorded on a
Rigaku RAD-B system. Polarizing optical microscopy measurements were
performed on a Nikon polarizing optical microscopy equipped with a Mettler
FP80 controller and a FP82 hot stage. Gel permeation chromatography(GPC)
was carried out with a Tosoh HLC-8020 instrument using tetrahydrofuran as
the eluent. The instrument was calibrated with a polystyrene standard.
Infrared spectroscopy data was recorded on a JEOL JIR-7000 spec-
trometer. Spectra were collected at 2cm™ resolution. A minimum of 100 scans
were signal averaged. Elevated temperature spectra of FT-IR were obtained
by placing the cells made from silicone wafer coated with rubbed polyimide
in a temperature-controlled cell(Mettler FP-80 temperature controller with a
FP-82 hot stage). Copolymer films were placed on silicone wafer. Before
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each spectral acquisition the temperature was kept constant for 5 min. to en-
sure complete temperature equilibration along the sample cell. At the end of
the first heating run, the sample was cooled slowly to room temperature, fol-
lowed by the second heating run in a similar fashion. The detailed procedure
of the curve-fitting was described elsewhere.”)
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