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4-(4′-Cyanobiphenyloxy)butyl methacrylate, MA(4OCB), was copolymerized with 8-(4′-
hexyloxybiphenyloxy)octyl methacrylate, MA(8O6RB), or butyl methacrylate, MA(Bu),
by atom transfer radical polymerization. Phase transition behaviors and liquid crys-
talline properties of the random copolymers with small polydispersity were compared
with those of respective homopolymers. The thermal analysis suggested that both
biphenyl mesogens in the p[MA(4OCB)-co-(8O6RB)] random copolymers were ori-
ented together rather than segregated. In the case of the p[MA(4OCB)-co-MA(Bu)]
random copolymers, the butyl side-chains worked to diminish liquid crystallinity by
disturbing orientation of the biphenyl mesogen due to thermal fluctuation.

Keywords atom transfer radical polymerization (ATRP); biphenyl mesogen; polymer
liquid crystal; random copolymer

Introduction

Side-chain liquid crystalline polymers (SLCPs) have attracted much interest due to their
ability to form oriented structures leading to optical application [1,2]. The thermal behaviors
and liquid crystalline properties are mainly dominated by the chemical structures of the
side-chain mesogen and spacer, as well as the main-chain backbone. Up to date, many
kinds of SLCPs have been synthesized to obtain targeted properties suitable for various
functions. Another approach to adjust the liquid crystalline properties is to copolymerize
monomers to introduce a different side-chain. The latter strategy should give a facile
way to tune a desired property by using a known mesogen. Although there are several
reports on side-chain liquid crystalline random copolymers [3–6], the polymers with large
polydispersity are synthesized by conventional free-radical polymerization. Because the
polydispersity of SLCPs affects their liquid crystalline properties [7,8], it is difficult to
investigate the true effect of introducing randomly different side-chain mesogens on the
liquid crystallinity by removing the influence of polydispersity. Atom transfer radical

∗Address correspondence to Shoichi Kubo. Tel.: +81-22-217-5672; Fax: +81-22-217-5671.
E-mail: skubo@tagen.tohoku.ac.jp
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Figure 1. Chemical structures of random copolymers synthesized by ATRP in this study.

polymerization (ATRP) was developed as one of living radical polymerization methods
to synthesize polymers with small polydispersities [9–11]. Here, we synthesized side-
chain liquid crystalline random copolymers with small polydispersity using methacrylates
containing cyanobiphenyl, hexyloxybiphenyloxy, and butyl moieties by ATRP. The phase
transition behaviors and liquid crystalline properties were compared with those of respective
homopolymers.

Experimental

p[MA(4OCB)-co-MA(8O6RB)] and p[MA(4OCB)-co-MA(Bu)] random copolymers with
various monomer ratios and pMA(4OCB), pMA(8O6RB), and pMA(Bu) homopoly-
mers were synthesized by ATRP, and the chemical structures are shown in Figure 1.
A simple methacrylate monomer or binary methacrylate monomers (1.0 mmol), ethyl 2-
bromoisobutyrate (10 μmol), and 1,1,4,7,10,10-hexamethyltriethylenetetramine (30 μmol)
were dissolved in 2.0 mL of anisole. The solution was put into a 10 mL schlenk tube and de-
gassed through three cycles of vacuum and replace with Ar, and added to Cu(I)Cl (30 μmol).
The mixture was stirred at room temperature for 10 min and at 80◦C for 24 h under an Ar
atmosphere. The reaction solution was passed through an Al2O3 column using chloroform
as an eluent. After evaporation, a polymer was redissolved in THF and reprecipitated into
methanol twice. The copolymer composition was determined by 1H-NMR analysis. The
number-average molecular weight (Mn) and polydispersity (Mw/Mn) were measured by
gel permeation chromatography (GPC) calibrated with polystyrene standards. The thermal
property was characterized using a differential scanning calorimeter (DSC) and a polarized
optical microscope (POM).

Results and Discussion

Table 1 lists feed mole fractions of respective methacrylate monomers and characterizations
of the random copolymers and homopolymers prepared by ATRP. Most of the polymers
except for p[MA(4OCB)-co-(8O6RB)] at x = 0.18 (sample 2) showed a polydispersity
smaller than 1.19. We successfully controlled the polydispersity by ATRP.

Figure 2 shows the DSC thermograms on the second heating processes and POM
images of p[MA(4OCB)-co-MA(8O6RB)] (sample 1–4) and p[MA(4OCB)-co-MA(Bu)]
(sample 1, 5–8). Each phase transition enthalpy (�H/kJ mol−1) from a liquid crystal phase
to an isotropic phase is also shown near the DSC curve. A parenthesized value near the
actual enthalpy means the calculated �Hexpect value under the assumption that the binary
mesogens independently oriented and caused the phase transition. The calculation was
based on the following equation.

�Hexpect = (1 − x)�HpMA(4OCB) + x�HpMA(R)
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Table 1. Characterizations of the copolymers and homopolymers prepared by ATRP

Feed mole
fraction

Obtained R
Sample R 4OCB R mole fraction∗1 Mn [g mol−1]∗2 Mw/Mn

∗2

1 — 1 0 0 29,300 1.14
2 8O6RB 0.7 0.3 0.18 23,400 1.24
3 8O6RB 0.5 0.5 0.45 33,700 1.19
4 8O6RB 0 1 1 43,500 1.14
5 Bu 0.9 0.1 0.07 20,200 1.13
6 Bu 0.7 0.3 0.18 21,000 1.16
7 Bu 0.5 0.5 0.50 30,600 1.15
8 Bu 0 1 1 16,700 1.14

∗1 Determined by 1H NMR ∗2 Determined by GPC with RI detector

Typical focal conic-fan shaped textures were observed for pMA(8O6RB) by POM at
125◦C. This suggested that the phase transition from a smectic phase to an isotropic phase
occurred at 148◦C with �H = 7.1 kJ mol−1. Similarly, the focal conic-fan textures [12]
observed at 100◦C indicated that pMA(4OCB) brought about a smectic → isotropic phase
transition at 108◦C with �H = 1.1 kJ mol−1. In the case of p[MA(4OCB)-co-MA(8O6RB)]
at x = 0.45, the smectic → isotropic phase transition occurred at 145◦C close to 148◦C
observed for pMA(8O6RB). The observed value of �H = 4.8 kJ mol−1 was significantly
larger than the calculated value of �Hexpect = 3.8 kJ mol−1. The results supported that
the binary biphenyl mesogens were oriented together rather than segregated in the random
copolymer, and the phase transition was induced cooperatively. It is probably due to strong
π -π stacking between the similar biphenyl mesogens by undulating the main-chains and
alkyloxy spacers. In the case of p[MA(4OCB)-co-MA(8O6RB)] at x = 0.18, the phase
transition occurred at 116◦C with �H of 2.0 kJ mol−1, which was close to �Hexpect =
2.1 kJ mol−1. This means that the cooperative phase transition was hardly caused and the
8O6RB moiety worked simply as an impurity when the content of the 8O6RB moiety was
small.

Figure 2. DSC thermograms of pMA(4OCB) 1, p[MA(4OCB)-co-MA(8O6RB)] 2–3, pMA(8O6RB)
4, p[MA(4OCB)-co-MA(Bu)] 5–7, and pMA(Bu) 8 on 2nd heating at a heating rate of 10◦C min−1,
with POM images of 1 at 100◦C, 3 at 130◦C, 4 at 125◦C, and 5 at 88◦C.

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
1:

08
 1

3 
O

ct
ob

er
 2

01
3 



Liquid Crystallinity of Random Copolymers Synthesized by ATRP [161]/33

The addition of MA(Bu) at x = 0.07 to p[MA(4OCB)-co-MA(Bu)] decreased a phase
transition temperature to 97◦C in comparison with 108◦C observed for pMA(4OCB). The
observed value of �H = 0.4 kJ mol−1 was smaller than �Hexpect = 1.0 kJ mol−1. The phase
transition derived from a liquid crystal phase disappeared when x was larger than 0.18. A
small amount of butyl side-chains could disturb intermolecular interactions among 4OCB
moieties.

Conclusions

The random methacrylate copolymers containing 4-(4′-cyanobiphenyloxy)butyl moieties
as side-chains were synthesized by ATRP. The thermal analysis in terms of the smectic →
isotropic phase transition revealed that the binary biphenyl mesogens cooperatively caused
the phase transition without segregation in the case of p[MA(4OCB)-co-MA(8O6RB)]
with the mole fraction of 8O6RB (x) was 0.45. In contrast, the slight addition of butyl
side-chains prevented the 4OCB moieties from inducing liquid crystallinity in the case of
p[MA(4OCB)-co-MA(Bu)]. The results indicated possibilities that the strategy of random
copolymerization by ATRP might attain facile way to tune liquid crystalline properties of
polymers.
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