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STRUCTURE OF POLYMER LIQUID CRYSTALS
AND ELECTRO-OPTICAL PROPERTIES

SEIJI UJIIE, NAOYUKI KOIDE

AND KAZUYOSHI IIMURA

Department of Chemistry, Faculty of Science,
Science University of Tokyo, Kagurazaka,
Shinjuku-ku, Tokyo 162, JAPAN

Abstract Electro-optical properties of the
comb-like and the main chain type 1liguid
crystalline polymers were investigated in
terms of the molecular weight and the polymer
structures., The comb-like polymer has acrylic
or methacrylic skeletal chain with 4-
cyanobiphenylbenzoate as a mesogenic pendant
group. The response time on application of
DC field was longer for the methacrylic poly-
mer owing to its less mobility of the skeletal
chain. The main chain type polymer with & -
cyanostilbene as a mesogenic moiety exhibited
a relatively short response time as low as

200ms. This is likely originated from a
large dielectric anisotropy of the mesogenic
moiety.

INTRODUCTION

Since electro~optical property of low mass nematic
liquid crystals was first described by Heilmeir et
alj), their applications have been extensively
investigated and have led to fruitful success.
Recently, various kinds of thermotropic liquid
crystalline polymers have been synthesized, and
their electro-optical properties were also

2-5)

reported by many research groups .
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Although the liquid crystalline polymer is not
necessarily suitable for a high speed display
device, the basic study on the relations between
the structure of liguid crystalline polymers and
electro-optical properties 1s important to bring
about possibility for new applications.

In this report we describe the electro-optical
properties of the comb-like polymers with
mesogenic group attached to acrylic or methacrylic
polymer backbone through different lengths of
alkyl spacer, and of the main chain type polyester
and polycarbonate with mesogenic group
alternatively 1linked with flexible alkyl or
oxyethylene spacer. The influence of
polymer structure and molecular weight on the

electro-optical properties are discussed.

EXPERIMENTAL

Substances

The structure of 1liquid crystalline ©polymers
investigated are shown in Figure 1, and their
thermal properties are listed in Table 1.

Acryl or methacryl monomer was prepared by
reacting 4~ w-acryloyloxyalkoxy+benzoyl chloride
or 44w -methacryloyloxyalkoxy+benzoyl chloride
with 4-hydroxy-4'-cyanobiphenyl, respectively, and
polymerized using AIBN or BPOé).

Polyester was obtained by reacting 4,4'-
dihydroxy- a-cyanostilbene with 8, w -dodecane-
dioyl chloride®).

Polycarbonate was obtained by reacting 4,4'-

dihydroxyazoxybenzene with triethyleneglycol- g,y -
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dichloroformate7).

The samples with different molecular weight
were obtained by changing polymerization
conditions for the comb-like polymers, and by

fractional precipitation using the mixed solvent

R
“CHi;SE‘oﬁLCHﬁ 04O)-c0-0-O)-e

R=H; A-n (n=2 or 6)
R=CH3; MA-n (n=2 or 6)

—+ 0—@»8;0H—©—O—CO—@CH2-)W co —-]—y—

Polyester; PE-10

—%—O4<:>LN%N4<:>»O—CO—%OCH20H2+3-O-CO—%§—

Polycarbonate; PC-3

FIGURE 1. Structures of polymers.

TABLE 1. Thermal properties of polymers

Sample Mn [N](dl/g) Transition temp.1)(°C)
A-2 6200 - g (95.0)N(303.0)1I
11300 - g(100.0)N(315.0)1
A-6 14100 - g (60.0)5(332.0)1I
MA-2 9000 - g(113,0)N(296.0)1
21500 - g(145.0)8(312.0)1
MA-6 10300 - g (60.0)8(328.0)1I
PE-10 20000 0.37 K(134.0)N(198.0)1
PC-3 7200 0.13 K(10.4)S(47.0)N(130.1)1
13500 0.20 K(13.0)8(57.0)N(147.4)1
23000 0.27 K(16.5)S(66.0)N(150.4)1

T)g,glassy state;K,so0lid phase;N,nematic phase;
S,smectic phase;I,isotropic phase.
Numerals in parentheses indicate the
transition temperatures.
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system of THF(good solvent) and methanol(poor
solvent) for the main chain type polymer, PC-3,

Measurement of Electro-optical Effect

The sample was sandwiftched between conductive
glass plates coated with In203/Sn02. The cell
maintained at constant temperature on the Mettler
Hot Stage FP52 with the control unit FP5. The
response time( rise timejn, and decay timejry ) was
determined by recording the change in transmitted
birefringent light intensity through the sample
cell kept at the mesomorphic temperature.

On application of a DC voltage above the
threshold a dynamic scattering texture appeared
and the transmission of light was inhibited. On
removal of the DC voltage the transmittance of
birefringent light was recovered quite slowly.
The rise time on application of a DC electric
field of 60V is defined as the time required for
the transmission of the sample between cross
polars to drop from 907 to 10%Z of its initial
light intensity. The decay time was obtained from
the reverse process of the transmittance.
Transmitted light intensity was monitored with a

photo-diode, and was recorded.

RESULTS AND DISCUSSION

As shown in Figure 2, ms observed at a reduced
temperature(T/Ti=0.82 for the comb-like polymers
and 0,94 for the main chain type polymers) are
decreased with increasing applied voltage and

reached to a constant value. Inverse of Tr
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was found to be

linear against V2 in

10

Ty/s

a similar manner as
observed for low
mass liquid crystals.
Decay times(t)

on removal of the
electric field were
several ten times
of Tr for the
comb-like polymers(4
and MA), however, 4
those of main chain

type of polymers(PC

and PE) were several 2
hundreds times of

Tr. The large Td

amounting to several 0

tens or hundreds Voltage/V
seconds 1s likely

originated from FIGURE 2. Relation

between rise time{ Tp

{oh ; ;
higher viscosity of and applied voltage:

the polymer melt. O ,A-2(Mn=11300);e,

. MA-2(Mn=9000); & ,PE-

Figure 3  shows 10(Mn=20000); & ,PC-3
(Mn=7200).

the temperature
dependence of Tr
for the comb-like polymers in the mesomorphic
temperature region. At a temperature near the
isotropization point shorter response times as
low as 200ms have been observed,

Comparing with the polymers having the same

backbone structure and spacer length, Tr becomes
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longer for the

higher molecular 0.90 0.80 T/Ti
weight polymers. Ty/s| ' ' K

The smectic poly- 10.0kL g
mers{ MA-6, A-6 ) - 3
exhibit longer Tp 5.0[ ]

in comparison with

4

T 1
1

T of the nematic
polymers{(MA-2,A-2),
and a steep 1.0

increase in Tr

0.5

TTTYIT
[

with Jlowering

1
1

temperature 1is

observed for the

smectlic polymer.

These data would be 0'11.1 1.‘2 113 1'4

resulted from a Ti/T

higher orienta-

tional order in the FIGURE 3. Temperature
. dependence of Tr for the

smectic phase. comb-like polymers; m ,
Th th 13 A-2(Mn=6200); O ,A-2(Mn=
¢ methacry.ic 11300); 4( ,A—6(Mn)=1410§)

1 MA- Mn= ; @ yMA-2(Mn=9000); O ,MA
polymers(MA-6, Mn 12(Mn=21500); & ,MA-6{Mn
10300 and MA-2, =10300): T , measuring

temperature; Ti , iso-
Mn=9000) always tropization temperature.
exhibit a longer Ty
than the acrylic
polymers(A-6,Mn=14100 and A-2,Mn=11300) with
higher molecular weights. The difference

in Ty should be ascribed to the mobility of the
polymer backbones. 0 -Methyl group in the
methacrylic backbone hinders rotational motion of

the skeletal chain. Measurement of threshold



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:11 19 February 2013

STRUCTURE AND ELECTRO-OPTICAL PROPERTIES 197

voltage(V,,) supports the above interpretation.
Vips of the acrylic polymer(A-2,Mn=11300) and the
methacrylic polymer

T/Ti
(MA-2,Mn=9000) at a 1.00  0.95 0.90 0.85
reduced temperature Tx/s
of T/Ti= 0.82 were 10-0f 3
determined to be [ ]
11.0 and 15.0V, 5-0r ]
respectively. These - .
data well reflects B T
the polymer chain
mobility. 1.0p .
Figure 4 shows C ?
0.5¢
the temperature L 1
dependence of Tr B 7]
for the main - ‘A_Ak,a—a—ly i
chain type of poly-

0.1 1 1 1
mers. Both Poly- 1.00 1.05 1.10 1.15 T4/T
ester(PE-10) and
Pol b te (PC- FIGURE 4. Temperature
olycarbonate( 3) dependence of T for the
exhibited nematic main chain type poly-

mers: ® ,PC-3(Mn=7200);
phase. ® ,Pc-3(Mn=13500); o ,
Values of Tp Pc-3{Mn=23000); & ,PE-10

. (Mn=20000).
for PC-3 change in

the order of
several seconds

TABLE 2. Activation energy
depending on 1its

molecular weight. Sample Mn Fa(KJ/mol)

The higher molecu- PC-3 1;?88 22:8
lar weight polymer 23000 48.0
shows longer Tr, PE~-10 20000 33,0

which becomes short
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with raising temperature.

In spite of the large molecular weight,
Tr of PE-10 is in the order of several one-tenth
seconds and its temperature dependence is small.
Apparent activation energy of orientation for PE-
10 1s smaller than that of PC-3 (Table 2).

This can be understood as the difference
between their dielectric anisotropies(& ),
Mesogenic groups for both polymers have a negative
dielectric anisotropy, and Ac for PE-10 and PC-3
are estimated as -5.5 and ~0.2, respectively, from
the data of the corresponding low mass liquid
crystalsS). Tpr is inversely proé%tional to bE |,
Accordingly, Tr becomes shorter for the polymer
with large A€, assuming that the melt viscosities
of these polymers have the same order in magnitude.
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