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Abstract - The synthesis, structure and some properties of
thermotropic liquid crystalline polymers with side mesogenic
groups are discussed. Approaches towards the synthesis of such
systems are presented, as well as the data revealing the
relationship between the molecular structure of the liquid-
crystalline polymers and the type of mesophase formed. The
structure of smectic, nematic and cholesteric mesophases as
well as models of chain packing in them are analyzed. The
possibility to affect the structure of a liquid-crystelline
polymer by an electric field is demonstrated.

INTRODUCTION

A new scientific trend related to the synthesis and study of thermotropic
liquid-crystalline (LC) polymers was formed and extensively developed in
the field of chemistry and physics of high molecular weight compounds in
the past decade (refs. 1-5).

The general approach towards the synthesis of such systems is incorporation
of mesogenic fragments into macromolecules with formation either of linear
systems (A), or branching (comb-like) macromolecules (B), when mesogenic
groups are found in the side chains:
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where x’ and x” are the lengths of flexible and rigid fragments, res-
pectively, x, is the distance between points of branching, e is the
attachment bridge.

An important role in the both cases belongs to the length of flexible frag-
ments (spacers) -x’/, linking either mesogenic groups with each other (A) or
separating mesoganic groups from the main chain (Bg. This above-mentioned
pathway was the first time used in refs. (6-8) for the synthesis of LC comb-
like polymers (refs. 6-7) and linear systems (ref. 8), it is currently
universally adopted (ref. 5)*.

Liquid-crystalline side chain polymers are obtained either by synthesis of
monomers containi LC (mesogenic) groups with their subsequent homopoly-
merization (Fig.1a) or by copolymerization with non-mesogenic (Fig.1b) or
mesogenic compounds (Fig.lc), or by attachment of molecules of low molecular
weight liquid crystals to the polymer chain via polymer-analogous reactions
(Fig.1d). These methods open in fact unlimited possibilities for combi-
nations of different mesogenic fragments within macromolecules (ref. 11).

Among synthesized LC comb-like polymers, those of acrylic and methacryliec
series, containing various types of widespread mesogenic fragments of low-
molecular weight liquid crystals (Schiff's base, cyanobiphenyl groups,

*There are some other pathways of obtaining linear LC polymers when
"foreign" units distorting the initial regular structure of the polymer
chain are incorporated (refs. 9,10).
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Fig. 1. Synthesis of LC polymers with mesogenic side groups
1-mesogenic groups; 2-main chain; A and B -functional groups.

esters of alkoxybenzoic acids, cholesterol esters etc.) occupy the central
position. A great number of copolymers of mesogenic monomers with alkyl-
acrylates and methacrylates were synthesized (ref. 12). Organoelemental LC
compounds (linear and crosslinked polysiloxanes) (ref. 13), LC polymers with
discotic molecules (ref. 14) as well as LC polymers containing a number of
mesogenic groups in each monomer unit (ref. 15) were obtained.

Recently already several hundreds of ILC comb-like polymers have been
obtained and the possibilities given by synthesis are quite evidently far
from being exhausted.

Therefore the number of "synthetic" papers increases, while that on studies
of the structure and regularities of physico-chemical behavior of LC poly-
mers is still very small, in particular, in comparison with the papers on
studies of physical properties of low molecular weight liquid crystals.

This situation is, probably, explained by two reasons. The first is that the
synthesis of thermotropic ILC polymers is still more difficult than that of
low molecular weight liquid crystals. Hence, small amounts of substances
are available for researchers, The second is the consequence of the first -
most synthesized LC polymers are available for polymer chemists and
"synthesis" chemists. Without disparaging the merits of this group of
researchers, it should be said that, this fact, naturally, restricts the use
of the wide arsenal of physical methods of studies conventional for the low
molecular weight liquid crystal researchers.

This paper presents the result of comb-like polymer structure studies and of
some other studies carried out in general at Moscow State University; some
of the data have been obtained in collaboration with the scientists of Kiev
I?stitute of Chemistry of High Molecular Compounds of the Ukranian Academy

of Sciences.

PECULIARITIES OF MOLECULAR STRUCTURE OF THERMOTROPIC
LIQUID CRYSTALLINE SIDE CHAIN POLYMERS

Let us start from the common peculiarities of the structure of ILC polymers
containing side mesogenic groups. The macromolecules of these polymers are
of dual nature. On the one hand, they are carriers of "polymeric" properties
determined by the main chain. On the other hand, the side mesogenic groups
are carriers of mesomorphic properties. More complicated structure of ILC
polymers in comparison to that of low molecular weight crystals hampers
gtudies of their properties and especially the interpretation of their
physico-chemical behavior. As low molecular weight fragments are
simultaneously carriers of liquid and crystal properties they are figu-
ratively called centaurs, and then attachment of these centaurs to the
polymer chain transforms them into peculiar polycentaurs and the behaviour
of these complicated hybrids cannot be always predicted and cannot be
always explained.

First let us consider briefly the role of each of the fragments of the
macromolecule, i.e. of the main chain of the spacer, of the attachment
bridge and of mesogenic fragments in LC state formation.
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The main chain

It is natural to start from the role of the main chain since it distin-
guishes polymer liquid crystals from low molecular weight liquid crystals:

a) First of all attachment of low molecular weight liquid crystals to the
macromolecular chain increases the thermal stability of mesophase as it is
seen in Pig.2. The interval of LC state, determined by the glass transition
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temperature (T;) (the low limit) and the clearing temperature (T ), is
much wider in the case of polymers than that in low molecular analogues.

b) The clearing temperature rises with increasing degree of polymerization
(DP). It should be indicated that there is some critical value of DP
starting from which T¢l does not depend on DP (Fig.3) (refs. 19-21). It is
seen in figures 3a and 3b that beukonly slightly depends on the nature of
the polymer main chain.

¢) The main chain in LC polymers provides much higher viscosity of polymer
mesophases which is 3-4 times as high as that of low molecular liquid
crystals (refs. 13,22), This results in slowing down of all structural

{130} oj/_o_o_— 2 150}
S
Tec 3 . ay Toec A
' (240) 2000 Yot
110 (2000) Few-cH¥ g
0= - -y~
ool (10) ol C-0-(CHy)yo g o-C
x
G WA I Mo
0 005 045 025 "% 6 10 & 18 22

Fig. 3. Clearing points of biphenyl-cyano-containing polymers
%a) and cholesterol-containing polymers (b) as a function of
molecular weight: 1-PA-5; 2-PMA-5; 3-PA-11 (see symbols in
legend to Fig.1) (in parentheses: P, for fractions of PA-5)
(refs.19-21).
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rearrangements in thermotropic LC polymers. It is clearly seen in the
table where the time of orientation, T, in the electric field is given for

polymer fractions with various degree of polymerization P, (ref.21).

[-CH,-CH-]
C00-(CH,) c=0~(O)~CH=N-O)-CN (1)

Pv 5-10 250 350 1200
T,s 4 18 25 510

d) Just retardation of all structural and relaxation processes results in
the appearance of a great number of nonequilibrium (metastable) states
which may be often erroneously interpreted as equilibrium states. Reachi
the equilibrium for ILC polymer often requires a very long time (oxr T rise).

On the other hand, it is one of the most interesting specific features of
LC polymers, allowing to affect the anisotropic liquid LC phase and to
control its properties and to fix (by cooling below Tb) LC structure with
inherent anisotropy of mechanical, optical, electric and other properties
in a solid material (refs. 3-5,11—13?.

e) The importance of the chain length is manifested at the studies of orien-
tation of LC polymers. Recently at least two quite opposite orientations of
mesogenic groups for one and the same polymer, depending on DP, were found
(ref.23). Using the method of IR spectroscopy, authorsn%ref. 23) have
calculated the value of the dichroic ratio Rxy for a number of the characte-
ristic absorption bands of different polymer fractions in the process of

the mechanical orientation.
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unction of Pw and schemes and relaxation time, T, of dipole
of mesogenic groups polarization in solution for
arrangement in PA-5 (ref. 23). cholesterol-containing polymers

(refs. 28-29)

It is seen in Fig.4 that at small DP mesogenic groups are oriented in the
direction of the force action, i.e. in the same direction as the molecules
of low molecular weight liquid crystals. If some value of DPy is exceeded,
quite opposite orientation is observed. Different orientations of mesogenic
groups are, evidently, determined by the ratio of the rates of rearrangement
of mesogenic groups and main chains under the action of the mechanical
field affecting different structural elements of a polymer sample at
different DP,.
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TABLE 1. Influence of the main chain flexibility on LC temperature
interval for polymers with identical mesogenic groups (refs.
13, 18, 20, 24).

(o}
. 4
R=0~(O)~0)-CN 16,°C Ty1°C R=-o—@)c-o-((_3)-00}13 75,0 13,0

i3 3
Fer, - ¢ -] 55 8 100  [-CHp-C-] 96N121
0CO(CH,) (-R 0C-0(CH,) ,-R
[-CHZ.—(l!H—] [—CH2-—(l3H—] .
0CO(CH,) ¢-R 35 8 125 0C-0(CH,) ,-R 4TNTT
o e
[—s|1-o-] 14 S 166 [—S,i-O—] 15N61
(CH,) c-R CHy-(CH,) ,-R

f) It should be noted that the main chain flexibility affects the tempera-
ture range of LC phase (Table 1), As is seen from Table 1 when flexibility
of the polymer backbone increases from polymethacrylates to polysiloxanes
(a drop of Tg), an elevation of clearing temperature for polymers with oxy-
cyanobiphenyl groups is observed, while for polymers with methoxyphenyl-
benzoate groups T decreases, Different phase behavior of the two groups
of polymers is, probably related to different types of mesophases formed by
these two groups of polymers, however, the problem of the importance of the
main chain flexibility in the formation of 1LC state of polymers and its
effect on mesophase type and TC[ cannot be considered as completely
elucidated.

Spacer-groups

a) The main function of a spacer is to provide autonomy in the behavior of
side mesogenic groups. There is certain correlation between the main and
side chaing for polymers without spacers. This correlation disappears for
comb-like polymers, especially when spacers become longer. That is clearly
shown by the data of studies of birefringence in solutions and by the
comparison of the values of optical anisotropy (ha-ok;) and Kerr constant,
K, (characterizi in fact the degree of binding of various structural
units) (Table 2)n%ref. 25). It is seen that "separation" of a mesogenic
fragment from the main chain by "polymethylene bridge" consisting of 10
methylene units results in a drastic decrease in the correlation of side
groups and backbone orientation.

b) The other not less important function of spacers is related to their
plasticizing effect on polymer. Figs. 2 and 5 show that an increase in the

TABLE 2. Segmental anisotropy (0(.4-&2), the Kerr constant K and
the number of monomer units in the Kuhn's segment vV (ref.25).

No  Structure of the monomer unit (is‘d*a)-1023m3 K-1O10

(solvent) (cm5 g1) V
v/ 300%-2
1. [—CHZ-l(CHB)-ﬂ 0 -3100(¢€C1,) -10 24
0C-0~(B)—0C~0)—0C, cH 5
2. Monomer of polymex1 - +0.21 -
3. fery-clomy o -2700(CC1,) -(8.0+ 25
0C-0-{Q)—C-0~O)~C ¢H19 3.0)
4. [cH,-C(CHy-] 0O 0 -90 -(0.8: 26

oc':-o-(cH2 ), Oc';'-o@.'(';.o.@c 4Hg  (dioxane) 0.2)
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gpacer length results in the Tg shift towards lower temperatures.

c¢) The mesophase type can be greatly affected by the spacer group length.
More than 4-6 methylene units in a spacer group give a possibility to trans-
form the nematic mesophase to smectic one under other similar conditions.

d) The flexibility of a spacer group considerably affects the formation of
LC mesophase (Table 3).

TABLE 3. Influence of the main chain and spacer flexibility on
the phase state of polymers with identical mesogenic
groups (R=—QO)—~0O)-CN) (refs. 16,20,26)

No Main chain Side chain Temperature of phase
transitions °C

1. E’CHE"?(CHB)'] -(CH,) ,-0-(CH,) ,~OR Tg=65° No mesophase
0C-0-
3 -(CH,) ,~0-(CH,) ,-OR T =35° No mesophase
FCHQ'(‘}H-] 272 2’2 g
0C-0~
4. -(CH2)5-OR ’.l‘g=40° S120 1
5 ?HB -(CH2)2-0(CH2)2-0R Tg=5° LC phase 60 I
[-41-0-]
6. CH2- -(CH2)5-0R Tg=14° 5166 I
The attachment bridge

The attachment bridge connects a mesogenic group through a spacer with the
main chain. It would have seemed that this small fragment is of no
importance for the physico-chemical behavior of a macromolecule. Let us
demonstrate, however, its importance by two examples only.

a) Below two polymers with identical mesogenic groups, but with different
directions of ester groups are presented:

ECHQ-?H—] [-cHz-gH-]
(11) (I11)

Polymer II forms a smectic mesophase withf%e=200°, polymer III does not
exist in LC state (ref.27).

b) The other example (Fig.5) shows the effect of the formation of hydrogen
bond between attachment bridges on transition temperatures and molecular
mobility (refs. 28,29).

Thus, we attempted to show the role played by each of the structural ele-
ments of the macromolecule of LC polymer without considering the role
played by a mesogenic group. But actually the situation is more complicated
and the mutual influence of different structural elements and their contri-
bution to the structure and behavior of macromolecules essentially aggra-
vates the finding of general regularities in the properties of LC polymers.
However, some theoretical studies concerning orientational ordering in the
melt of linear and comb-like polymers with mesogenic groups (see types A
and B macromolecules on the first page of this paper) and finding of the
certain correlation between molecular structure (Xo ,x’ and x” ) of these
polymers and their properties are already being developed (refs. 30=31).

Let us consider now the structure of smectic, nematic and cholesteric
mesophases,
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SMECTIC MESOPHASES

Most LC comb-like polymers form smectic mesophases. Previously, in struc-
tural studies of LC polymers, researchers considered that only A, B and C
mesophases exist in polymers. Recently E,F,G mesophases and chiral smectics
C*have been obtained (refs. 32-37). Examples of some types of mesophase
polymorphism are listed in Tables 4 and 5.

TABLE 4. SB and 8y - polymorphism of LC polymers
[—CHQ-(‘)(X)-] CH

3
0G-0-(CHy) ~0-D)-CH=N-O)C By  [-§170)5 @
(refs. 17,32) (CHp) 5-0~O)—0C~O)R (ref, 24)

Sg— Sp S;—I Sa—Sq Sa—1I
No X =n T,3C aH, ,3/3 T.$C AH,?/% No R Tg T,$C ¢H1'3/3 T.$C AH'Z/g
o
1 H 6 76 4.2 15 8.4 5 -O0CH, - 46(Sg) 10.7 169 4.4
2 H 11 90 6.7 149 11.3 6 -0CHy 65 79 7.7 179 5.2
3 CHy 6 77T 3.3 15 7.9 T -0CgHyy 43 52 1.0 177 6.0
4 cHy 11 86 5.0 140 12.5 8 -0CcH,3 175 115 2.7 176 10.8
9 =-0CgH,, 67 82 3.1 156  10.7
TABLE 5. Some types of smectic mesophases (refs. 19, 35-36)
No Polymer R Type of mesophase and
phase transitions, ©C
1. -C.H S, 60 S, 95 N 116 I
ECHz-?HJ 377 G&\S“;»C
C00-(CH,) 5=C00~(B)—C00~D)-O0R F 40
2. -CyHy Sp 60 Sy, 145 I
3. -C-H 60 N 120 I
Fot,-0-) 3 °r
€00~ (CH,) 5=C00~O)—00C—~O)—OR
4. -C4Hy Sp 70 N 135 I
5 -0C-H Sm, 80 S, 139 I
Bom,-c(cH;)-] 0 5 ¥ ¢
; 0C-0-(cH,), o-c—-o—@—oco-@—R . o
. Ui wl 3
—Cm0- , S*% s, 8
co(cnz)zgn % 75 S, 85 I

Csz

The character of the arrangement of mesogenic groups in mesophase (Fig.6)
may be displayed by X-ray diffraction analysis. Side groups of adjacent
macromolecules in smectics A are arranged, as a rule, parallel or anti-
parallel to each other; packing with partial or full overlapping of side
groups is also possible (Fig.?%. Mesogenic groups form a one-layer or a
two-layer packing. Depending on ordered or disordered arrangement of meso-
genic groups in layers there are ordered smectics (B,E,I,F and G) and dis-
ordered smectics (4,C). .

A specific feature of smectics A and C is the presence of a wide diffuse
halo in X-ray diagrams at wide angles and ordered smectics are characterized
by a narrow reflex at wide angles (Fig.8a). The transformation of an
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Pig. 6. Schemes of side chains packing of macromolecules in
Sp -mesophase of oriented LC polymers. 1 - main chain; 2-
spacer; 3 - mesogenic group.

(a) (b)

Fige. 7. Molecular models of layer packings of macromolecules
in Sp-mesophase with partial (a) and full (b) overlapping
of side branchings (ref. 33).

ordered state to disordered one is manifested as the first order transition
with a small heat effect.

In tilted smectics (S¢ and Sp) mesogenic groups are arranged at some angle
to the main chain of macromolecules, in such a way that either dense hexa-

gonal packing of side groups (Sp) or their disordered arrangement (S¢) can
?e gor?eg in the plane perpendicular to the long axes of mesogenic groups
ref, 19).

The most ordered character of arrangement of mesogenic groups is typical of
Sg and Sg mesophases (Table 4, Fig.8 b,c). There are two-three distinct
reflexes at wide angles in their X-ray patterns. Polymers of Sg type form
an orthorhombic cell with the orthogonal arrangement of mesogenic groups
(Table 4, polymer 5), while monoclinic cell of S¢ phase is characterized by
tilted arrangement of side branches (Table 5, polymer 1) (refs. 19,38).

A specific feature of LC polymers is coexistence of various types of meso-
genic group packing (one layer, two layer and with partial or full over-
lapping of mesogenic fragmentss within a smectic mesophase (ref. 5).

The analysis of intensity, I, of small angle periodicity for smectic poly-
mers makes possible the calculations of one-dimensional correlation

functions (x)
1 Ss2l(s) cos(sx) ds
Ssz I(g) ds

X,] (x) =

where - s=2sin®/ 1, © is a half of the scattering angle, A is the wave-
length (ref. 34).

That permits to estimate the thickness of the smectic layer, d, sizes of
smectic ordered regions (llayer packs"), L, and the parameter of disordering
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Fig. 8+ X-ray diffraction curves of LC polymers (a,b) and X-ray
diagram of polymer 5 (Table 4) (c¢) (refs. 19,38).

of layer packing:

g = d/ﬁz[ 2xp - 1/L2]1/2

where Jﬁgxp is the integral width of the diffraction maximum, 4 - is the
thickness of a smectic layer.

The correlation function {i1(x) decreases with increasing x due to accumu-
lation of paracrystalline distortions by an exponential law:

¥i(x) = Xoexp(-2x/§)

where % is the correlation length characterizing the distance at which the
correlation of arrangement of layers is practically constant. Fig.9 shows
one-dimensional correlation function for smectic polymers without spacers.

The values of L, g and g and of long spacings d for some LC polymers and
low molecular weight analog are listed in Tables 6 and 7.

As is seen_from Fig.9 and the data listed in Table 6, the sizes of ordered
regions ( ¥y ) in the direction of the long axes of mesogenic groups of
comb-like smectic polymers are in the range 300 to 500A. Thesge values of ?
are much smaller than those for low molecular weight liquid crystals. At
the same time the short lateral packing of intralayer mesogenic groups(?a)of
LC polymers is very similar to that for low molecular weight smectics.

A specific feature of polymer smectics is the presence of LC microregions
of some hundreds of nanometeres in size. That follows from the analysis of
curves of small angle scattering. In addition to sharp small angle mexima,
corresponding to layered structure, powerful zero-angle scattering is
observed (ref. 34). Its intensity is 2 to 4 orders higher than that of the
small-angle peaks. Above mentioned microregions are aggregates of some
layered packs without positional order between them. The layered packs
themselves consist of a number of closepacked planar layers with positional
order in their packing.

Among polymer smectics the chiral smectics, C*, are of greatest interest,
since they manifest ferroelectric properties (Table 5, polymer 6) (Fig.10a).

In this case an ordered state of dipoles is formed due to the presence of
chiral centres in side groups and tilting of mesogenic fragments to the
plane of the smectic layer. This ordered state leads to a spontaneous pola-
rization. At the transition from Sp phase into Sg phase sponteneous pola-
rization Pg appears and is retained in the polymer at cooling lower than
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Fige. 9. a- One-dimensional correlation functions ¥ (x); b- small angle X-ray
scattering curves (ref. 34

(b) PglO®cm? ¥1o7emZk™

0.5

20 40 T, °C'60 80

Fig. 10. & - Schemes of dipole ordering of side mesogenic groups for chiral smectic S*.
b - Temperature dependence of spontaneous polarization, Ps¢, and pyrocoefficient, ¥
for chiral polymer 6 (Table 5) (refs. 35,36).

TABLE 6. Some structural parameters of LC polymers (refs. 34,37)

No Polymer Type of 4,k L,R ?,K g,%
mesophase small
angles
1. CHy Sg 38 230 40 16
[-cnz-c-] d n=9 :
2, coo-@-o ~0)-oc oHonet 1o Sy 41 200 42 17
7+ feHy-gcHy)-) n=16 S, 46 550 130 11

4. C00~{CHy) 4 ,~C00~O)-C00~0)—0C , Hg s

B 32 680 160 6

TABLE 7. The comparison of some structural parameters of low
molecular weight liquid crystels and LC polymers (ref. 38).

No 1C compounds Type of D,A wide &,A 3

mesophase  angles small i.\f n
angles
1. CgHy30-O~O)—0oN N 4.51 22.0 28 80
2. CgHy,0-O—O)-CN Sy 4.49 32,6 29 500
3. BoHy-e(0)) X=H Sy 4.49 32.0 27 500
000~ (CHy) 5-0~B)—~(D)~CN X=CHj S, :.ig 3:.0 zg igo
s . 31.0 Y
4. [—éi—O-]

(CHy) 5=0-(CHy) -0~B)—~B)—CN
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Tg (ref. 36) (Fig.10b).

NEMATIC MESOPHASE

This type of mesophase is typical of LC polymers with short alkyl substi-
tuents in a mesogenic fragment and shorter (than in smectics) spacer length
(Table 5, polymers 1,3,4). Nematic polymers form characteristic optical
textures as marble, schlieren etc. X-ray patterns of nematic polymers show
only one diffuse meximum in the range of wide angles and, as a rule, small
angle reflexes are absent. The presence of the main chain, however, often
leads to the appearance of some weak elements of layers ordering, showing a
sibotactic character of nematic polymers., The short lateral packing of
mesogenic group (#)) of nematic polymers is much smaller as compared  to
smectics and usually presents 12-14A, It is interesting to note that
increasing the DP of nematic polymers leads to the formation of optical
textures resembling to a greater extent the fan textures of smectic phases.

Rather an unusual structural nematic type was recently found for a polymer
(ref. 19): [cH,-CH-]
2 (Iv)

0 0
06-0-(CH,) 5-3-05-0-0(:1{3

The X-ray pﬁttern of this polymer shows only one sharp reflex at wide
angles (4.4A) and no small angle reflexes., This type of pattern indicates
an ordered hexagonal ordering of mesogenic groups and the absence of the
translational ordering in the direction of their long axes. This type of
megsophase is designated as Np phase which precedes the conventional nematic
phase Np according to the following scheme:

N 60 N 120I

BT AT

In nematic polymers mesogenic groups are arranged along the orientation
axis by the action of mechanical orientation, i.e. a coordinated rotation
of LC domains formed by mesogenic groups takes place. This differs nematiec
polymers from smectics where smectic layers are arranged along the orien-
tation axis and mesogenic groups are positioned either perpendicularly to
them (smectics Sp,Sp,Sg) or at an angle (smectics Sg Spg.
The fact that nematic and some smectic polymers are readily oriented upon
application of electric and magnetic fields is used for controlling LC poly-
mer stiructures in mesophase and for obtaining polymeric materials with the
required optical properties (refs. 39-41), This is demonstrated below by
two examples,

a) Orientation in the mesophase upon application of an electric field of
various frequency permits to obtain polymeric films with various structures
by cooling the polymer below Tg. The initial and final (homotropie) orien-
tations of mesogenic groups aré shown in Fig.11a (A and B).

100

60 120 180 240
Time, s

Fig. 11, a - Optical transmittance as a function of time upon
application of an electric field (U=80V) of various frequency
50Hz (1), 1KHz (3), 5KHz(4), 7 KHz (5), 20KHz (6) and
relaxation upon switching the field off (2) for polymer 4
(Table 3); b - domain structure of a nematic polymer obtained
upon application of an electric field (refs. 39-40)
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b) Using the regime of electrohydrodynamic instability (EHD) in polymer LC
phase, polymeric films can be obtained with "frozen" regulan and controlled
domain structure (of the type of Williams domains) (Fig.11b). This reveals
interesting perspectives for controlling the structure and optical proper-
ties of polymeric films.

CHOLESTERIC MESOPHASE

Cholesteric mesophase is observed in cholesterol containing homopolymers or
in polymers containing chiral groups in side branches (ref. 42) (Table 8).

A convenient method for obtaining a cholesteric mesophase is copolymeri-
zation of chiral and nematogenic monomers. In this case a nematic mesophase
is "twisted" and as a result a broad range of copolymers with varied choles-
teric helix pitch can be obtained (refs. 4,5,13,43-45).

X-ray patterns of cholesterol containing polymers (golymers 1-4, Table 8)
display a wide diffuse halo at wide angles (5.8-6.2A) and a number of in-
tensive small angle reflexes showing the formation of layer structures.
Depending on the spacer group length (n2 10) one-layer packing may be
formed, where mesogenic groups of adjacent macromolecules are antiparallel
(Fig.6a). In the case of short spacer groups (n<«5) two-layer packing is
observed (Fig.6c); an intermediate type of packing with overlapping of ali-
phatic fragments of cholesterol tails is also possible (Fig.Gd?. The types
of layer packing considered actually correspond to smectic mesophase,
formed at temperatures lower than that of smectic-cholesteric transition
(Table 8). Elevation of temperature, however, does not cause considerable
changes in the character of packing of mesogenic groups. It is seen in
Fig.12, where temperature dependence of structural parameters of polymers
2 and 4 (Table 8) are shown. The small angle reflexes d; - d3 are retained
(though their intensity I, - Ij decreases dramatically) 'and simultaneously
the distances between side branches D are increased. The correlation
lengths #, have sufficiently high values, comparable with the similar
values of #) for smectics, showing a high degree of ordering of mesogenic
fragments within layer structures, even in a cholesteric mesophase. And
only above T a complete disturbation of the layer ordering is observed.

TABLE 8. Cholesteric homopolymers and copolymers (refs. 44,45).

No Polymer n Phase transitions,°C
1. -CH,~0(CH,)-]) 5 Tg855190 Chol 210

2. 0C-0( CH2 ) nCOOChol 10 Tgb0 S124 Chol158

3. b CH,- CH-) 5 1g55 S*~ Chol218

4. 0 -O-(—CHe)nCOOChol 10 Tg35 S140 Chol148

mo_l%A amq:n,nm“

5 ?H2 /;) 28 SA’IOO Chol118 I 710
6. §H-0-0-(CHy),5=CO0Chol(A) 31 5,98 Chol110 I 510
Te '(-:;;12 ”o 40 SABO Chol96 I 480
8. lCIiI"I—C-O— ( CHB) S-COO- -C00- -OC3H7 55 SA85 Chol104 I 420

*Polymer 3 forms monotropic mesophase; *"at T =Ts-thol +10°C

A helical structure of cholesteric megophase determines its unique feature,

namely, selective light reflection ( fAmax) in an IR-, UV- or a visible part
of the spectrum. Varying the composition of cholesteric copolymers, it is
possible to control the value of Amax which is related to the helix pitch,
E, b{ th§ relationship P=nRyex Where n is the average refractive index
Table 8).

If a copolymer forms only a cholesteric mesophase then, as a rule, the
helix pitch has a weak temperature dependence over the whole temperature
range. A drastic temperature dependence of P, (determining the high selec-
tivity of cholesterics) is observed near the cholesteric-smectic transition.
Since cholesterol containing polymers are characterized by layer ordering,
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Fig.12. Temperature dependence of structural parameters calculated
from X-ray diffraction curves at wide (a) and small (b) angles of
polymers 2(1) and 4(2) (Table 8).
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Fig. 13. a - Temperature dependence of jlmaxfbr copolymer cholesterics
consisting of a nematogenic monomer and cholesterol containing (Chol)
monomer units with different contents of Chol. b - Kinetic curve of

two-stage process "untwisting" of cholesteric helix of LC polymer
cholesteric.

the introduction of cholesterol containing monomer units into macromolecules
of a nematic polymer, increasing the trend to the formation of layer struc-

tures, results in the appearance of strong helix pitch temperature depen-
dence (Fig.13a).

Sgecific macromolecular nature of LC polymers permits to"freeze the colour"
of polymeric cholesterics by cooling their films below Tg. Using an elec-
tric field it is possible to deform and untwist the cholesteric helix and
as a result the colour of polymeric films is changed (Fig.13b).

Thus, LC polymers with side mesogenic groups behave in many respects as low
molecular weight liquid crystals. Simultaneously the specific polymer
nature of these compounds permits to obtain and fix a number of new (or
intermediate) structures due to the action of external fields on the mobile

anisotropic LC phase with the following freezing of these structures in a
solid state.
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