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The synthesis and mesomorphic properties of the side-chain liquid crystalline polymers
(SCLCP) containing a very flexible siloxane bond in the spacer component were investigated.
The introduction of siloxane component resulted in the great decrease of glass transition
temperature of the polymers. The copolymers were prepared by radical polymerization of 4’
cyanobiphenyl-4-oxyhexyl acrylate (CBHA) with a few methacrylate-type comonomers having a
siloxane spacer between the mesogen and the methacryloyl group. The obtained copolymers
exhibited a nematic phase, when the composition of the comonomer was below 40 mol%. Tg and
Ti of the copolymers were decreased with increase of the comonomer component. Also, the
optical switching of the copolymers in the electric field were observed at the lower temperature
range than the case of homopolymer, poly-CBHA.

1. Introduction

Recently, a large variety of side-chain
liquid crystalline polymers (LCPs) has been
investigated, which has become of increasing
interest because of their theoretical and
technological aspects’. In order to obtain the
mesophase of side-chain LCPs, the
introduction of flexible spacer groups
between the polymer main chain and the
mesogenic side chain is necessary to decouple
the motions of the backbone component from
those of the anisotropically oriented
mesogenic group’. In these years, we have
been investigating the synthesis and thermal
properties of side-chain LCPs containing a
siloxane bond in the spacer component®’. In
this paper, the synthesis and mesomorphic
properties of the side-chain liquid crystalline
polymethacrylates and their copolymers
containing a very flexible siloxane bond in
the spacer component are discussed. Also,
the optical response ability of a series of the

copolymers containing siloxane spacer are
disclosed. ‘

2. Synthesis of monomers and polymers

The synthetic diagram of the monomers
containing a siloxane spacer is shown in
Scheme 1. For the synthesis of suitable
monomers 4 and 5, novel silanol compounds 3
carrying mesogenic groups were prepared
from the corresponding mesogenic alkenyloxy
compounds 1 via hydrosilylation with
dimethylethoxysilane, followed by hydrolysis
of the ethoxysilyl group. The monomer 4
having a disiloxane unit was prepared by
condensation of 3 with 3-(chlorodimethyl-
silyl)propyl methacrylate in good yields.

The polymethacrylates were obtained by an
ordinary radical polymerization of the
monomers in the presence of 22
azoisobutyronitrile (AIBN) as an initiator®.
The copolymers were also prepared by the
same manner with comonomers®’.

271



CHs

CH=CH(CH,)qO-Rmmeso + C2H5O—§E—H —_— CzHSO—éKCHz)po-nggo

1{(g=10r2) H3 P

qcm)aéi-c: CHy CHy

EtsN 4 (p 3or4)

04/H,0
KaCOSM, HO-iI(CHz)pO-Rmeso
Ha Ha
2 (p=3or4) 3 (p=30rg
Rmm

O Oon. D OO
-@-N:N—OcN, etc.

Scheme 1 Preparations of monomers containing a siloxane spacer.

3. Thermal Property

3.1 Homopolymers

The thermal properties of the obtained
polymethacrylates having a disiloxane unit
as their spacer component are summarized
in Table 1. The several kinds of mesogenic
groups were introduced to reveal the effect of
mesogenic group on the thermal properties
of homopolymers. When the phenyl
benzoate mesogen was introduced (HP-1),
only glass transition was observed without
mesophase. The azobenzene moiety makes
the polymer easily crystallized, where the
melting point was observed (HP-2). On the
contrary, when the three-rings mesogens
were introduced (HP-3 - HP-6), a stable
smectic mesophase was observed with a wide
range of phase stability. Sx phase in Table

1 is a highly ordered smectic phase. In
addition, the introduction of a chiral group
at the end of the mesogen induced a chiral
smectic phase (HP-4 and HP-6). While, no
mesophase was observed for the laterally
attached mesogen (HP-7).

Therefore, a linear and large mesogen
seems to be necessary to obtain the
mesophase of such LCPs. The bulky
siloxane group would disturb the liquid-
crystalline order, in the case of the small
mesogens. However, incorporation of the
flexible siloxane spacer leads to a decrease of
Tg and broadening of the temperature range
of mesophase, when a mesophase appears.

3.2 Copolymers
The copolymerization of these monomers
was investigated to obtain a nematic phase.

Table 1 Characterizations of homopolymers obtained from monomer 4.

Code Rmeso " a) Mnx104 Mwx10-4 Transition Temp. (°C)
HP-1 -@-go@-cn 3 3.49 6.40 g 71
HP-2  { andDon 8 107 1.45 K 119 1
HP-3 -@-go@-@-cu 3 2.08 3.68 g 26 Sa 235 1
HP4 -@-go@@ojv 3 471 7.96 g 45 SX 90 Sc*127 1
HP5 ) og—@-cu 4 301 441 g 30 SA 202 I
HP-6 '@'@0"@0«\/ 4 2.84 4.34 g 39 SX 53 SC* 120 I
HP-7 c.n,,o-@g 4 161 218 g 81
) General Structure : *C*hggz
Hs CHy
cm»%—@ixcmw-nmo

Hy

Hy
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At first, we prepared the copolymers
containing a biphenyl benzoate mesogen and a
phenyl benzoate mesogen with the same
backbone and spacer structures (CP-a)®>. The
parent homopolymer of x component showed a
smectic A phase between 26 and 235C, and
that of y component showed no mesophase.
Successfully, the copolymer CP-a exhibited a
nematic phase with wide temperature range.
This y component would disturb the
orientation of mesogens in x component to
exhibit a nematic phase. In this case, Tg and
Ti tend to decrease with increase of the
comonomer units. Furthermore, when the y

A~yocro{O-on + )YomHa)s
(o] (o]

CBHA (M)

GHo
~CHCH)CH Yy

$=0 CHy CHy
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component was over 60 mol%, no mesophase
was observed.

Next, the copolymers with a methacrylate-
type monomer containing polymethylene
spacer (CP-b) was investigated’. The parent
homopolymer of x component also exhibited
smectic phases including a highly ordered one.
In this case, however, the smectic phase was
observed in the copolymer of the y component
with around 20 mol%. The nematic phase
appeared only in the composition of x/y =
50/50.  Probably, this long polymethylene
spacer in x component would promote the
orientation of the side chain.

Acrylate/methacrylate copolymers (CP-c, CP-
d and CP-e) were also prepared by radical
polymerization of 4’-cyanobiphenyl-4-oxyhexyl
acrylate (CBHA) with a few methacrylate-type
comonomers having a siloxane spacer, as
shown below. Poly-CBHA has been known as
one of the nematic LCPs'.  The obtained
copolymers exhibited a nematic phase, when
the composition of the comonomer was below
30 - 40 mol%, as seen in Table 2. Tg and Ti of
the copolymers were decreased with increase
of the comonomer component.

Hy CHy AIBN
-O-8i(CH):0~Rmeso
e e

M,

CP-c: Rmeso = —O—go—@-c"

CP-d: Rmeso = CBH‘ISO'G@O_O_CN

CP-e : Rmeso = ch,so—Cg—go-Q-O—CN
8

Table 2 Characterizations of copolymers CP-¢, CP-d and CP-e.

Code M;/M; x/y  Mnx10-3 Mwx10-3 Transition Temp. (°C)
poly-CBHA 100/0  100/0 4.63 7.16 g 32N 1171
CP-cl 90/10 92/8 3.21 4.32 g 13N 821
CP-c2 7525  T1/29 4.52 7.52 g12N 631
CP-c3 60/40  60/40  10.6 13.4 gION 401
CP-c4 40/60  42/58 133 183 g 91
CP-d1 95/5 946 5.74 9.54 g28N 951
CP-d2 92/8  90/10 8.39 16.4 g 24N 851
CP-d3 90/10  81/19 8.06 12.0 g1IN 431
CP-d4 70/30  68/32 9.24 14.8 g 101
CP-el 90/10  89/11 8.56 19.4 g20N 891
CP-e2 70/30 6733  13.2 19.7 g 17N 481
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Fig. 1 Effect of temperature on the response time of polymers (Applied voltage = 200 Vp-p).
¢ poly-CBHA, [: CP-c1, A: CP-d1, O: CP-d2, C: CP-el.

4. Optical switching property

The preliminary study for the optical
switching in the electric field was carried out.
Copolymer samples were placed between the
ITO glass plates (thickness: 9 um), and it was
placed in the hot stage. Then, the
rectangular alternating current of 200 Hz was
applied to the sample, and the transmitted
light intensity through the optical polarizing
microscope = was  observed by  the
photomutiplier. When the nematic copolymer
responds to the current, the mesogens orient
homeotropically. At that time, the
transmittance was recorded on the
Oscilloscope, and the response time from
100 % transmittance to 0 % was determined.
Thus, the effect of temperature on the
switching behavior was investigated.

Fig. 1 shows the effect of temperature on the
response time. Such a well-known nematic
LCP, poly-CBHA, responded to the current
just below the isotropization temperature
(117°C). When the temperature was below
100 °C, the switching becomes very slow,
where the response takes a few seconds. On
the other hand, the response temperature of
the copolymers were lower than that of poly-
CBHA, as Ti’s of copolymers were decreased.
Interestingly, the temperature range of the
first switching was wider than the case of
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poly-CBHA, especially for these laterally
attached mesogens (CP-d1 and CP-el). The
level of switching time was below 100 msec.

In conclusion, the siloxane spacer enables
such LCPs to lower not only the temperature
range of mesophase, but also the response
temperature in the electric field. It would be
due to the high flexibility of the siloxane bond.
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