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Liquid Crystalline Polymers from Fumarates Containing Mesogenic

Methoxyphenylazophcnoxy Groups

Kohei SHIRAISHI and Kazuo SUGIYAMA*
Department of Industrial Chemistry, Faculty of Engineering, Kinki University,
Hirokoshinkai, Kure, Hiroshima 737-01

Radical polymerization of three fumarates, ethyl 4-(4-methoxyphenylazo)phenyl
fumarate (1), ethyl 6-[4-(4-methoxyphenylazo)phenoxylhexyl fumarate (2 ), and
ethyl 11-[4-(4-cyanophenoxycarbonyl)phenoxyljundecyl fumarate (3 ) was carried out
in benzene. Monomers 2 and 3 polymerize to give nematic polyfumarates [poly(2),
poly(3)], while monomer 1 gives no polymer.  From the copolymerization of
monomer 2 (M) with styrene (M, ) the monomer reactivity ratios r; and Iy were found
to be 0.60 and 0.06, respectively.  The copolymerization of monomers 2 and 3 was
also carried out in an attcmpt to obtain a gucst-host system [poly(2/3)].  The rate of
isomerization from trans- to cis-azobenzene was found to be 0.038 min”! for poly(2/3).

During the last decade, the side chain type of liquid crystalline polymers (LCPs) has been widely
investigated with respect to their chemical and physical propertics as well as their potential applications. In
these polymers, the mesogenic groups are linked to flexible polysiloxanesl) or to polyethylene chains, e.g. in

polyacrylates,2+3) 2,4) 5,6)

polymethacrylates, and polyitaconates. Few polyfumarates exhibiting mesogenic
behavior have so far been prepared.  On the other hand, it has been established that dialkyl fumarates
polymerize radically to produce non- or semi-flexible rodlike polymers with a high molecular weight.7’8)

Our effort has been directed toward the synthesis of liquid crystalline fumarales,9'1 D in an attempt to obtain a
novel type of LCPs.  In this letter, we report the polymerization of ethyl 4-(4-methoxyphenylazo)phenyl

fumarate (1), ethyl 6-[4-(4-methoxyphenylazo)phenoxylhexyl fumarate (2 ),12) and ethyl 11-[4-(4-

cyanophenoxycarbonyl)phenoxy]undeczl) fumarate (3).13)  The polymerization of the monomers
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1-3 was carried out using a free radical initiator by the method described.!®  The, results in Table 1 shows
that monomers 2 and 3 polymerize to give poly(2) and poly(3) with fairly low intrinsic viscosity, while
monomer 1 gives only trace of polymer.  We believe that the propagation of monomer 1 radical is hindercd
by the steric effect of the bulky mesogenic group directly fixed to the vinylene group.  As the reactivity of
monomer 2 is rather low monomer 2 (Mj) was copolymerized radically with styrene (M;) in order to
determine the monomer reactivity ratio.  Figure 1 shows the composition curve of the copolymers of

15) " From Fig.1, using the curve-fitting melhod,16) the values of styrene (r;) and

monomer 2 with styrene.
monomer 2 (ry) were calculated to be 0.60 and 0.06, respectively.  Otsu et al. clarified that generally, dialkyl
fumarates have a tendency to copolymerize alternatively with styrene.  For instance, n and rpwere found to be

0.29 and 0.02 respectively, for the copolymerization of styrene (Mj) with diethyl fumarate (M2).17)

Table 1. Radical polymcrizationa) and thermal properties of 2

Monomer Comonomer ACNb) Yield [» ]C) Tm Ti Abbr.
(mmol) (mmol) - (mol%) % dL- gl T

1 2.00 -- 10.0 Trace -- -- -- poly(1)

2 2.00 -- 10.0 19.5 0.05 53.8 87.1 poly(2)

3 3.00 - 5.0 68.7 0.08 572 780 poly@3)

2 200 3 2.00 5.0 15.1 0.09 49.1 863 poly(2/3)

a) Polymerized in bulk at 100 °C for 7 days. b) ACN; 1,1'-Azobis(cyclohexanecarbonitrile).
¢) Measured in benzenc at 30 °C.

The copolymer of monomer 2 with styrene seems to be an alternating one as well.  These facts describe that
the reactivity of monomer 2 is identical with that of dialkyl fumarates.

Monomer 1 in which the mesogenic group is bound directly to the polymerizable group exhibits an
enantiotropical nematic phase (K 53 N 160.6 I ).9) On the other hand, it was found that if the mesogenic
group is bound to the vinylene group via a spacer group the monomers show no mesophase.  This suggests
that the spacer group decreases the attractive interaction between the molecules; the spacer might prevent the
molecules from aligning in a liquid-crystalline state. A DSC study showed that poly(2), poly(3), and
poly(2 /3 ) exhibit mesophases (Fig.2). Optical microscopy of the homopolymers reveals a schlieren texture
identified as nematic phase. Though the copolymers of monomer 2. with styrene did not exhibit any liquid
crystalline phases, poly(2 /3 ) was found to be nematic with a wider temperature range of the mesophase than
those of the homopolymers. Poly(2/3) is then taken as polymer guest-host (GH) system for GH
mode.18-20) A progressive spectral change, due to the isomerization from trans- to cis- azobenzene was
found for poly(2 ) and poly(2 /3) during irradiation ( A =253.7 nm).  From the disappearance of the absorption
of the trans- azobenzene chromophore ( A max=365 nm) in THF, the observed first order rate constants were
estimated to be 0.019 and 0.038 min™! for poly(2) and the guest-host system respectively, according to the
method described in a previous papcr?l) These nematic LCPs are believed to be the first representative
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Fig. 1. Composition cruve for the copolymerization
of 2 (M, ) and styrene(St) (M, ) initiated by
Azobisisobutyronitrile in benzene at 60 C.
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Fig. 2. DSC thermograms of poly(2), (A); poly(3), (B); and
guest-host system, (C); heating and cooling rate; 5 “C/min.

examples obtained from 1,2-disubstituted cthylenic monomers and may find application as photoresponsive
membrane materials.
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