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Preliminary communication

Induction of the smectic phase in comb-shaped liquid crystalline

ionogenic copolymers by hydrogen bond formation

by E. B. BARMATOV, D. A. PEBALK, M. V. BARMATOVA
and V. P. SHIBAEV*

Chemistry Department, Moscow State University, 119899 Moscow, Russia

(Received 10 March 1997; accepted 9 April 1997 )

Using a radical copolymerization of 4-(4-cyanobiphenyl-4 ¾ -yloxy)butyl acrylate and acrylic
acid, a number of new liquid crystalline ionogenic copolymers capable of hydrogen bonding
were synthesized. The formation of hydrogen bonds results in an invariant temperature
interval of existence for the LC state (up to 52 mol % of acrylic acid) and a rather sudden
replacement of the nematic phase by the SmA phase with increase in content of acrylic acid
(>35 mol %) in copolymers.

Introduction methyl acrylate) in absolute THF, using the initiator
DAC (2%); the average yield was 70± 80%. The cyanoac-Considerable recent attention has been focused on a

new type of polymer liquid crystalline (LC) system in ryl monomer was synthesized according to [11]. The
copolymers obtained were boiled for a long time inwhich formation of the LC phase is the result of speci® c

non-covalent interactions in the polymer chains and methanol until complete removal of unreacted monomer
and low molecular weight products was achieved andmesogenic fragments [1 ± 10] due to electrostatic [7],

donor± acceptor [6], and also hydrogen bonding inter- further precipitated from solution in chloroform by
methanol. The resulting copolymers were dried underactions [1, 4, 8]. On the other hand, the study of iono-

genic LC copolymers is of considerable interest because vacuum. The copolymers synthesized dissolve readily in
chloroform and THF.such polymers can combine the highly ordered structure

of LC polymers and the very interesting properties of The compositions of the copolymers were determined
by elemental analysis and by UV spectroscopy by meas-
uring the optical density of the absorption band of the
biphenyl group at l=285 nm. The main hydrodynamic
characteristics (di� usion coe� cients and intrinsic viscos-
ities) of solutions of the homo- and co-polymers in THF
are presented in the table. Phase transition temperatures
and glass transition temperatures were measured using
a Mettler TA-4000 microcalorimeter (heating rateionogenic polymers. One of the possible ways to incorp-
5 ß C min Õ 1 ) and a polarization microscope (Polam-orate ionogenic groups capable of hydrogen bonding
P-112) equipped with a Mettler hot stage. X-ray di� rac-into the macromolecule of an LC polymer is by the
tion patterns were obtained with a URS-55 set-up usingradical copolymerization of a mesogenic monomer with
a ¯ at-® lm camera and CuK a radiation.a non-mesogenic unsaturated acid. This paper deals with

the synthesis of new LC ionogenic copolymers and a
study of their phase behaviour. Results and discussion

A phase diagram of the copolymers A4CB-AA with
Experimental part di� erent concentrations of acrylic acid (2 ± 80 mol %) is

LC copolymers of the structure given below were presented in ® gure 1. The whole range of compositions
synthesized by radical copolymerization of 4-(4-cyanobi- in the phase diagram can be divided into three separate
phenyl-4 ¾ -yloxy)butyl acrylate with acrylic acid (or parts. In the ® rst range of compositions (2± 30 mol % of

acrylic acid ) all copolymer samples are characterized by
a nematic mesophase. Figure 1 shows that on increasing*Author for correspondence.
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448 Preliminary communication

Table. Some hydrodynamic characteristics of homopolymer A4CB and copolymers A4CB-AA and
A4CB-MA in THF solutions.

A4CB-AA copolymers, A4CB-MA copolymers,
mol % AA mol % MA

Homopolymer
Characteristics A4CB 9 34 52 11 22

[g]/dl/g 0 0́58 0 0́58 0 0́59 0 0́58 0 0́58 0 0́60
D Ö 107/sm2 /s 18 5́ 24 5́ 28 0́ 26 6́ Ð Ð

Figure 2. DSC curves for copolymers A4CB-AA with di� er-
ent concentrations of acrylic acid (AA). 1 9 mol % AA; 2
52 mol % AA.

Figure 1. Phase diagram of the copolymers A4CB-AA.

Figure 3. X-ray pattern for copolymer A4CB-AA (AA,the fraction of acrylic acid, a slow rise in the glass
42 mol %) oriented in a magnetic ® eld (H=2 1́ T).transition temperature is observed while the temperature

interval of existence of the nematic phase is unchanged.
With further increase of acrylic acid concentration group is 17 AÊ , one can assume that a bilayer packing of

the mesogenic groups occurs.(30± 52 mol %; the second range of compositions) the
appearance of SmA phase is observed. In the third range Let us consider the phase diagram of the copolymers

with acrylic acid which is characterized by the unusualof compositions, no LC phase is formed and the copoly-
mers are amorphous. form in ® gure 1. In these copolymers the nematic phase

is replaced by a smectic phase with increasing concentra-The phase state of all copolymers and the temper-
atures of the phase transitions N± I and N± SmA were tion of acrylic acid. Since the acrylic acid does not

possess any mesogenic properties, then in the copolymersdetermined by polarization microscopy, DSC and X-ray
di� raction. Figure 2 shows the DSC curves of samples synthesized it must play the role of a d̀iluent’ of the LC

phase, and, as a consequence, the acrylic acid shouldof two LC copolymers of di� erent compositions which
are characterized by di� erent phase behaviour. In lead to a decrease in mesophase thermo-stability.

However, in fact an increase in concentration of acrylic® gure 3 the X-ray di� raction pattern of a smectic copoly-
mer pre-oriented in a magnetic ® eld is shown. The layer acid in the copolymers leads to a more ordered meso-

phase structure and formation of a SmA phase. Suchparameters obtained from the X-ray di� raction experi-
ments were: D=5 0́ AÊ , d1=33 9́ AÊ , d2=17 1́ AÊ . Taking unusual behaviour of LC ionogenic copolymers is appar-

ently the result of inter- and intra-molecular hydrogeninto account that the calculated length of the mesogenic
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449Preliminary communication

in the copolymers results in a decrease in thermal
stability of the nematic state. Moreover the composition
range in which the copolymers formed an LC phase was
signi® cantly narrower (30 mol %) as compared with the
acrylic acid copolymers (52 mol %).

Figure 5 shows a schematic representation of intramo-
lecular hydrogen bond formation for copolymers
A4CB-AA built up by a h̀ead± tail’ type of monomer
connection in the polymer chain. Hydrogen bonds can
be formed in two di� erent ways: (1) between two free
carboxyl groups of acrylic acid; (2) between the carboxyl
group of an acrylic monomer unit and the carbonyl
group of a mesogenic monomer unit. In both cases, the
formation of such hydrogen bonds is possible from a
geometric point of view; however, intermolecular hydro-
gen bond formation must not be ruled out.

As can be seen from ® gure 5, the existence of hydrogen
Figure 4. Phase diagram of the copolymers A4CB-MA. bonds leads to formation of stable 8-membered alicyclic

rings resulting in a decrease in kinetic ¯ exibility of the
polymer backbone. This in its turn leads to hindrancebonds between the free carboxyl groups of acrylic acid
of movement of mesogenic side groups and probablymonomer units. The formation of hydrogen bonds in
stimulates their layer packing due to the straighteningthe copolymers is con® rmed by data from IR spectro-
out of the backbone, with the result that the SmA phasescopy. In the IR spectrum of the copolymers there is an
is formed. The decrease in kinetic ¯ exibility of theabsorption at 1710 cm Õ 1 , corresponding to a carbonyl
polymer chain is displayed also by the tendency of thegroup [nc=o] of a dimer (± COOH)2 , and also a group
glass transition temperature to rise with increasing con-of associated bands [no Õ H] at 2500± 3000 cm Õ 1 .
centration of acrylic acid in the copolymers. A maximumTo understand the in¯ uence of the hydrogen bonding
increase in glass transition temperature takes place whenon the phase behaviour of the LC ionogenic copolymers
the polymer chain is su� ciently enriched by acrylic acid,we have synthesized a second series of copolymers which
and that becomes possible starting with 50 mol % ofcontained the same mesogenic group A4-CB and methyl
acrylic acid in the copolymers. The copolymer containingacrylate MA ( ® gure 4). In these copolymers, hydrogen
52 mol % of acrylic acid is characterized by a consider-bonds cannot be formed and due to this fact, only the
able jump in glass transition temperature and formationnematic phase without smectic phase formation was

observed. An increase of concentration of methyl acrylate of a p̀ure’ SmA phase. The increasing structural order

Figure 5. Schematic representation of di� erent types of hydrogen bonds in copolymers A4CB-AA.
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450 Preliminary communication

Figure 6. The temperature depen-
dence of the order parameter
S for copolymers A4CB-AA.

is best demonstrated by a study of the order parameter backbone and predetermines the phase behavi-
our of the acrylic acid copolymers.S of the copolymers as a function of temperature.

Figure 6 clearly shows that the S values in the nematic
The authors express their gratitude to Dr. A. B.mesophase of the homopolymer of A4-CB and the

Melnikov and Dr. A. V. Lesov for determining thecopolymers containing between 7 and 19 mol % of AA
hydrodynamic characteristics of the copolymer solu-are essentially lower compared with that in the copoly-
tions, and Prof. E. I. Ryumtsev for assistance in discus-mer containing 42 mol % AA, which forms a smectic A
sion of this work. This research was supported by thephase. Further increase of acrylic acid content in the
Russian Foundation of Fundamental Research (Grantcopolymers leads to a larger decrease in kinetic ¯ exibility
96-03-33820) and a Program of the EC Commissionof the polymer backbone. This is con® rmed by both the
(Contract ERBCITDCT 940062).increasingly high glass transition temperatures (>70 ß C)

and the disappearance of the LC phase which has
occurred at 64 mol % of acrylic acid. Formation of
amorphous copolymers is also caused by the decreasing
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