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Abstract The dielectric relaxation processes in
1iquid crystalline side chain polymers are dis-
cussed by chemical and physical variation of
the respective substances, Furthermore, the die-
lectric data are related to possible technical
applications,

INTRODUC TION

The increasing interest of many scientists on polymer
liquid crystals originates in the relations between
the new synthetic possibilities and the respective
physical properties.1

Especially the combination of our knowledge about low
molecular liquid crystals and polymers gives ideas
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which are also important for new technical applica=-
tions, Here one has to differentiate between "static"
processes, for example anisotropic glasses, and dyna-
mical ones in which a smaller or bigger part of the
polymer has to be modified by external fields (elec-
trooptical switching, storage effects). All of these
dynamical processes are conmected with the mobility of
different molecular units which need a different free
volume for the respective change of the molecular
arrangement, A survey about these processes and the
approximated dielectric reorientation times T are pre-
sented in Table I,

TABLE I Classification of the reorientation

processes,
Process Molecular T Glassy
unit beha~
(s) viour
1a rotation around atom, small |< 10~7 -
a bond group of
atoms
b cis-trans bigger group -
isomerization of atoma 5
2a segmental segment >107 +
motions 7
b rotation of the|side chain >107 +
8ide chain
around IMA 5
¢ reorientation |[side chain >107 +
of the side
chain around
SMA
3 rotation of the| polymer chains| >1 +
volume phase

IM%: long molecular axis, SMA: short molecular
axis

A sketch of the different dielectric relaxation pro-
cesses of side chain polymers according to the measu-
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rements by Kresse et a142’3 Haase and coworkers
455 as well as by Parneix et al, 6 is given in
Fig. 1.

ln T

FIGURE 1 Dielectric rclaxation processes in side
chain polymers Tg-glassy temperature,
To-Vogel-Fulcher temperature.
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There are dielectric active processes on a level of
one or few atoms (J’ ,ﬁ) and on bigger molecular units
(X) which produce at first a dielectric anisotropy in
the volume phase and after that the reorientation of
the bulk (process 3) can take place, If we compare the
relaxation time of the process 2c and the switching
time at U = 5U, (process 3) of an oligomere 5 K below
the phase transition into the isotropic phase
(t~10"% 7 ,T(50,) ~10s T ) we obtain a factor of
about fife decades, In order to improve the electro=
optical switching behaviour one hag at first to de-
crease the time which is necessary to produce the die-
lectric anisotropy. Therefore, we will study now the
influence of the chemical variation on the relaxation
time ¥ (2c).

CHEMICAL VARIATION OF THE POLYMERS

If we separatly regard the main and the side chain one
can obgerve two glassy temperatures, one of the main
chain polymer T _(P) and a second one of the pure li-
quid crystal Tg%LC). The glassy temperature of the
liquid crystalline part is more than 100 K lower
but it can be increased by chemical variation of the
gsubstance, Recently dlielectric measurements on an
oriented low molecular liquid crystal gave strong hints
for the existence of a common Vogel=Fulcher temperature
for both relaxation processes, 2b and 2c reepectively

9 « Therefore, we should assume similar behaviour in
the Arrhenius plot and a common freezing in process
(dashed line in Pig. 1).
Because of the corresponding behaviour of all polymers
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with respect to the freezing in process 10 one can

never obtain both, a high mobility and a high glassy
temperature. Due to the coupling of the main and the
side chain via the spacer one should expect at least
one common glassy temperature T_ between TS(IC) and

Tg(P).

g

The influence of the spacer

Increasing spacer length gives decreasing Tg-values
and e shorter relaxation time as demonstrated in the

139

case of substituted polyacrylates with nearly the same

mean degree of polymerization X.

TABLE II Glassy temperature of polyacrylates.11

‘E(')H-CH 2'}x

coo-(cnz)n0©>-coo-@-cm

Polymer n x Tg/K TN/I/K

1 2 50 348 388
2 6 54 306 406
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1 1 L 1 1 |

25 26 2.7 28 29 3.0

1000
TIK

FIGURE 2 Arrhenius plot of the relaxation time
% (2¢) of the polymers in Table II.

An increasing spacer length allows a faster reorienta=-
tion of the CN dipole which is coupled with the stiff
part of the side chain, On the other hand the absorp-~
tion intensity can be only explained if & complete re-
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orientation of the side chain takes place, 3 There-
fore, the reorientation mechanism should be a common
complex motion of the spacer (by conformational
changes) and of the stiff liquid crystal part., An
elongation of the spacer decouples the main and side
chain from each other due to the dynamics of the
spacer,

The influence of the degree of polymerization

The reorientation of the side chain must depend on the
flexibility of the main chain because both parts are
coupled, If the main chain is relatively enlarged and
the mean degree of polymerzation times the length of
one monomer unit is higher than the correlation length
in the main chain one should expect no influence of
the degree of polymerization on the relaxation time 7
(2¢).

An example for this is given in Table III and Fig., 3

TABLE III Characteristic data of the used poly-

methacryla.tes.12
-EC(CH )~CH }
i 3 2] x

COO-(CHZ)S-ON

Polymer X Tg/K TSA/I /K
1 600 313 393

2 250 313 392

3 120 313 390
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2,5 2.6 2.7
1000

FIGURE 3 Dielectric relaxation times of the

substances given in Tab, III,

Similar results have also been obtained for polyacry-
lates,
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TABLE IV Relaxation times of polyacrylates.13
{(EH-CHZ} .

COO-(CH2)5-ON

Polymer x Tgy /K T(2c)/ms (333K)
1 1000 391 10

2 200 391 3,2

3 20 360 2,7

TCl-phaae transition temperature into the
isotropic phase

From the data can be concluded:

i

ii

Generally there is a slight decrease of the mobilie-
ty of the side chain with increasing mean degree of
polymerization,

In all cases given in Tables III and IV the corre-
lation length in the main chain is smaller than the
lowest x value. Even for X = 20 in Table IV, in
which a drastical change of the clearing tempera-
turre has been found, the relaxation time decreases
only slightly.

The influence of the main chain

The variation of the relaxation time for the reorien-
tation of the liquid crystalline unit by changing of
the main chain and nearly constant chemical structure
of the side chain is given in Table V,
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TABIE V Relaxation time by variation of the main
chain.

Polymer main chain side chain x 7T/ms(345K

1 ~0-S1(CH4)~ ~(CH,),C0-R 36 0.013%
2 -0-Si(CH3)-  =(CHp),,CO-R 36 0.00814
3 ~CH=CH, - ~C00(CH, )R 240 0.2153
4 ~C(CH3)=CHp,=  =COO(CH,)sR 200 160

From Table V the increasing mobility by elongation of
the spacer from polymer 1 to 2 can be seen again. But
the difference in the mobility seems to be smaller in
the case of the very flexible siloxane main chain in
comparison with the polyacrylates in Table II,
Generally the reorientation time T(2c) of the side
chain increases if the siloxane main chain is replaced
by acrylate. The methacrylate main chain effects a
further increase of the relaxation time,

Furthermore the chemical structure of the liquid crys-
talline part, its length~to-width ratio 16 and the
structure of the liquid crystalline phase 17 should
play a similar role as observed on low molecular li-
quid crystals.

The influence of combined structures

In main chain polymers we can observe only the mecha-
nism 2b if there are dipole components perpendicular
to the main chain. 18 Combined polymers of the geo=
metry
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(-—)

should show & relatively free mobility of the
longitudinal dipole of B, Recently Rotz et al.

have synthesized such polymers in which

Az -CH2-COO(CH2 )m-OO-(CH2 )n-OOC -CH2-
and

Bi 06H13-©-coo-@-ooc-©-cm.

For m>1 a strong decrease of the absorption intensity

19

due to the formation of cybotactic groups has been
found.20 The phase transition temperature from the
nematic into the isotropic phase TN/I and the reorien-
tation time of the CN-~dipole are given in Table VI:

TABLE VI Relaxation time by variation of the
gspacer length m

m 2 3 4 5 6 11
TN/I/K 430 368 420 368 396 356

v(357K)/ms 48 1.8 13 0,32 9.5 0.09

The alternation of the clearing temperatures and of
the relaxation times is in the same direction as it
has been observed already for low molecular liquid
crystals, 21 In comparison with the relaxation times
in Teble V measured at a 12 K lower temperature the
mobility of the group B is too low,
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PHYSICAL VARIATION OF THE POLYMERS

The influence of plasticizers

The influence of plasticizers has been investigated
by Tennstedt et al.??2 The substance 1 in Table II
was given for 240 h in CHClB. After this chloroform
was evaporated (2'103Pa. 333K). The substance has had
the same transition point into the isotropic phase as
before but it containas about 0.5 mass % CHC13. Relaxa-
tion measurements in a sandwich cell which allows a
slow evaporation of CHCl3 gives at first a strong
decrease of 7V(2c) and after this a slow increase
with time (Fig. 4)

From these data can be concluded that the dynamical
behaviour of side chain polymers can only be compared
if the sample was dryed before at high temperatures
in & good vacuum,

The influence of low molecular liquid crystals

Mixtures of low and high molecular liquid crystals
have been investigated in order to study the plastici-
zer effect and the influence of the polymer matrix on
the mobility of the low molecular compound. 23’24 The
general behaviour should be demonstrated for the ab-
sorption curves of two different mixtures, Instead of
€" the imaginary part of the capacity,(?.=(2IfR)'1 is
presented here.,
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1()1 1 | 1 1 1

0 100 200 300 400
t
days

FIGURE 4 The change of the relaxation time
T (2c) during the evaporation of CHCl3

Similar to low molecular liquid crystals the relative
position of the relaxation frequencies of L and P
depends on the molecular shape. The relaxation time
of the low molecular compound increases with its ine-
creasing length-to-width ra.tio.1 The relaxation
time of the pure low molecular compound is much lower
as in the mixture - an evidence for a molecular
disperse solution in the polymer. The decrease of the
relaxation time of the polymer in Fig. 6 (process 2c)
for T = 333 K is given in Table VII
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60 . : :
lac
nF
20
0
10 107 100 10’
f -
kHz

FIGURE 5 Dielectric absorption curves of a
mixture of 70 mole %

‘EfH"’Hz‘} 100
COO-(CH2)5-ON (P) and
30 mole %

c 8H170-©-coo-@-m=n-@-cn

TABLE VII Relaxation time of the polymer with
increasing concentration of the low
molecular compound

x/mole % 100 90 80
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15— . , .

107 10" 10° 10’ 10

FIGURE 6 Dielectric absorption curves of a
mixture of 80 mole %

fonecrydse,
COO-(CH2)6-OCN (P) and
20 mole %

06H13-OCN (L) at 329.8 K
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In the same direction in which we increase the mole-
cular mobility of the polymer by addition of a low
molecular compound we will lose the advantages of the
polymers in relation to the low molecular liquid
crystals.

CONCLUSIONS

If we discuss the technical applications in the light
of the possibilities to decrease the time necessary
for the production of the dielectric anisotropy we
have to point out: from the dynamical point of view
low molecular substances are quite faster for
switching processes in the bulk., Under extrem con-
ditions (high temperatures and voltages) polymers can
be switched with times lower than 1 s, The de=-
creased mobility with respect to the low molecular
liquid crystals can also be found for the switching
process in ferroelectric polymers,

These limitations are also important for writing in
and erasing processes of optical memories.27 If one
want to store an information in a quite shorter time
one hae to take mechanisms of the first group in
Table 1. First investigations in this direction has
been done by Eich et al, 28

At the end should be pointed out that liquid crystal=-
line side chain polymers are substances with such
interesting properties that they will find a propor-
tiomate place in the technique.
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