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Side group functionalized liquid crystalline polymers and blends
VII. Phase behaviour and elastic constants K, and K, for
hydrogen bonded blends of a functionalized LC copolymér with a
low molecular mass non-mesogenic dopant
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04103 Leipzig, Germany

(Received 7 December 1999; in final form 29 February 2000; accepted 13 April 2000)

New hydrogen bonded blends of LC copolymers containing functional carboxyl groups with
a low molecular mass pyridine-containing dopant were obtained and the orientational, optical
and elastic properties of the blends were measured using the Fréedericksz method of threshold
transitions in a magnetic field. The averaged order parameter S of the hydrogen bonded
blends is found to be lower than that of the initial functionalized LC polymers. Furthermore,
a considerable increase in the K3/K; ratio is observed caused by an increment in the average
‘effective’ length of the hydrogen bonded mesogenic group. For the first time it is proven that
LC blends with hydrogen bonded mesogenic groups obey the same main relationship of
orientational elastic deformations as common nematic LC polymers with covalent bonding

of mesogenic side groups.

1. Introduction

Self-organization and molecular recognition have
recently drawn much attention in the field of liquid
crystalline (LC) polymers [1-16]. This is based on
new possibilities for controlling the properties of LCs
and designing novel types of supramolecular structures
as a result of hydrogen bonded [1,11,12,14-16],
electrostatic (Coulomb) [4-9, 13] dipole—dipole [1,4]
or donor—acceptor [ 1, 10] interactions.

In this connection the important role of hydrogen
bonds should be pointed out. Because of the relatively
high stability of hydrogen bonds, they have been very
extensively studied and applied in the chemistry of low
molecular mass and polymeric liquid crystals. The use
of non-covalent interactions provides great advantages
for the preparation of functional LC polymer materials.
The incorporation of functional (e.g. photochromic [1]
or chiral [1,14]) molecules of low molecular mass
compounds (so called, dopants) into various parts of LC
polymers by hydrogen bonding leads to the creation
of new polymeric compounds. An essential advantage of

*Author for correspondence e-mail: Iep@libro.genebee.msu.su

hydrogen bonded blends is the convenience of preparation
and the absence of microphase separation [14].
Moreover, the physical and technological performance
of blends advantageously combine the properties and
characteristics of both blended components (polymer
and dopant).

Although there are many publications in this field,
many specific propertiecs of these hydrogen bonded
polymer blends have not yet been established. There
have been investigations of the orientational behaviour
of blends in a magnetic field, and of the temperature
dependences of the order parameter [ 12, 16], as well as
of the orientational elastic deformations [ 15, 16]. These
investigations are significant because the exploitation
of most polymer materials in technology is based on
the application of oriented, highly anisotropic films
in optics, optoelectronics, holography and optical data
storage. Before considering the study of the orientational
behaviour of hydrogen bonded blends of functionalized
LC polymers and dopants in a magnetic field, complete
information should be available about the properties of
the initial polymer matrix which is capable of forming
hydrogen bonds.

Liquid Crystals ISSN 0267-8292 print/ISSN 1366-5855 online © 2000 Taylor & Francis Ltd
http://www.tandf.co.uk/journals
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In our previous publications [14-16], the so-called
functionalized LC polymers with the following chemical
structure have been investigated (P1-P6):

o

CH2 Pl (m=3, n=4);

| 6 A

HC-COO-(CH 2)5-CO0 @ooc —@ocnﬂzm P2 (m=6, n=4);

P3 (m=9, n=4),

| oo P4 (m=3,n=3)

m=3, n=3);

CHy P5 (m=6, n=3);

' P6 (m=9, n=3);
HC-COO-(CH 2)m -O COOH

L_'_J x=30 1mol%

X

The functionalized LC polymers contain mesogenic
groups (alkoxyphenylbenzoate) and acid groups which
are derivatives of n-alkoxybenzoic acid with spacers of
different length m. The presence of acid groups enables
the polymer to form hydrogen bonds. The character of
these bonds depends on the length of the spacer separating
the acid group from the main chain. It was shown that
in copolymers with a short flexible fragment (m = 3),
mostly intramolecular hydrogen bonds were present
(between the acid group and the ester fragment of the
mesogenic group). In contrast, in the LC polymer with
a longer spacer (m= 6 and 9), intermolecular hydrogen
bonds were formed. The character of the hydrogen
bonds affects the values of the order parameter S, the
birefringence An and the orientational elastic constants
K, and K. In the latter case, one may even speak about
the hydrogen bonded LC ‘quasi-network’.

The aim of the present work was to study the
orientational behaviour in a magnetic field of hydrogen
bonded blends of polymers P1-P3 with a low molecular
mass dopant PyR.

Functionalized LC

r_'_\ copolymers, P1, P2, P3

CHjp
| / x=30 1mol%
HC-COO-~(CH 2)5-COO @ 00C @ 0C4lg

LHOO_X Dopant PyR

— / (20 mol % in the blend)
CHy

| 7
HC-COO-(CH 2) m-(»@ COOll e oe NC\> coo @om 3
| X

Blends: P1-PyR; P2-PyR; P3-PyR

The presence of the pyridine ring in the molecule PyR
allows the formation of hydrogen bonds of the donor—
acceptor type (pyridine is the proton acceptor and the
n-alkoxybenzoic acid is the proton donor). The pyridine
dopant was chosen because the molecule is optically
anisotropic and this is convenient for studying the blends
by optical methods. Moreover, since the dopant is
crystalline, it is a good model for studying miscibility
by applying such standard methods as DSC and XRD.

The principal method used in this investigation was
the Fréedericksz method of threshold transitions in a
magnetic field. This enables information to be obtained
about the value and temperature dependence of the
birefringence An, the orientational order parameter S,
and the splay K, and bend K; elastic constants. The
study of orientational elastic deformations permits us to
establish differences and similarities between the physical
characteristics of the nematic phases of classical polymers
(with covalent attachment of the mesogenic side groups)
and of this same phase formed by hydrogen bonding
between the LC polymer and dopant molecules.

2. Experimental

All the materials, 4-(6-acryloyloxycaproyloxy )phenyl
4-butyloxybenzoate (M1), 4-(6-acryloyloxypropyloxy)-
benzoic acid (A3), 4-(6-acryloyloxyhexyloxy)benzoic
acid (A6), 4-(6-acryloyloxynonyloxy)benzoic acid (A9)
and the dopant, 4-methoxyphenyl pyridine-4-carb oxylate
(PyR) were synthesized according to procedures described
earlier [16].

Copolymers (P1-P3) were obtained by free radical
copolymerization of M1, M2, A3, A6 and A9 monomers
in absolute THF; AIBN was used as initiating agent.
The as-synthesized copolymers were purified by repeated
precipitation from THF solutions by hexane. The com-
position of the copolymer was determined by 'H NMR
spectroscopy. The blends of copolymers with the PyR
dopant (20 mol %) were prepared by dissolution of the
components in THF and vacuum drying.

Phase transitions in the LC copolymers were studied
by differential scanning calorimetry (DSC) at a scanning
rate of 10 K min~ ! and by polarizing optical microscopy.
All experiments were performed using a Mettler FP90
thermal analyser and a Zeiss polarizing microscope.
X-ray diffraction (XRD) analysis was carried out using
a URS-55 instrument (Ni-filtered CuK, radiation).
Infrared spectra were recorded on a Biorad FTS 6000
Fourier transform infrared (FTIR) spectrometer at a
spectral resolution of 4cm~! and an uncertainty < 5%
in absorbance. For the absorbance measurements, the
sample was contained between KBr windows. A standard
GRAMS program was used for the separation of over-
lapping bands. Relative molecular masses (M,, and M,)
of the polymers were determined by gel permeation
chromatograph y (GPC) using a GPC-2 Waters instrument
equipped with an LC-100 column oven and a Data
Modul-370 data station (see the table). Measurements
were made by using a UV detector, THF as solvent
(1mlmin~ !, 25°C), a set of PL columns of 100, 500
and 1000 A, and a calibration plot constructed with
polystyrene standards.

Orientational elastic deformations were studied by
the Fréedericksz method of threshold transitions in a
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Table. The transition temperatures and molecular mass
characteristics of the functionalized LC polymers and
the blends.

Phase transition

Sample M, MM, temperature/°C

P1 7200 1.54 N 109 I

P2 8600 1.60 SmA 93N 110 I

P3 8400 1.44 SmA 94N 1111
P1-PyR SmA 65N 103 I
P2-PyR SmA 68N 107 I
P3-PyR SmA 92N 106 T

P4* 5800 1.35 N971

P5? 5100 1.31 N 941

P6* 6300 1.27 SmF 44 SmA 73N 100 I

2 Data from ref [16].

magnetic field [17]. Application of this method to
polymer nematics has been described in detail previously
[18-20]. The liquid crystal under study is placed
between a spherical and a plane surface of quartz glass.
It was possible to obtain entirely homeotropic alignment
for the LC blends (the director is perpendicular to the
support plane). To achieve this, the surfaces of lenses
and glasses were successively etched in sulphuric acid
and washed with distilled water. The LC sample was
observed using a polarizing microscope and a parallel
light beam normal to the layer plane. The temperature
T of the sample was controlled to within 0.5°C.
Measurements were carried out in magnetic fields with
strengths up to 26 000 Oe.

On exposure to the magnetic field applied normal to
the director, orientational elastic deformations appear
in the nematic phase. They are of the threshold type: a
minimum critical thickness z, of the LC film exists in
which deformation in a magnetic field with a strength
H is possible. According to the Fréedericksz law [17],
the product z H is constant and determines the ratio of
the elastic constant K, to the diamagnetic anisotropy
Ay for a unit volume of nematic:

z.H = n(K;/Ay)'? (1)

In the plane—concave nematic films deformed in the
magnetic field (where the layer thickness z > z_), one can
observe a system of concentric interference rings. For a
given thickness z, the birefringence An(z)= n,(z)— n,
may be ecasily determined using the following equation:

An(z)=ml/z (2)

where m is the interference ring number and /4 = 546 nm
is the light wavelength. The An(z) value depends on the
layer thickness. The decrease in birefringence in thin
layers reflects the incomplete reorientation of the director
in such films. According to the Saupe theory, this
dependence may be used to determine the value of the

ratio of the elastic constants K;/K; [20]. On the other
hand, the limiting value of the birefringence An(z)
attained in the region of large thicknesses z>>z_ gives
the birefringence An = n, — n, of the completely oriented
nematic at a given temperature.

As mentioned, it was possible to obtain only homeo-
tropic orientation for the LC blends studied, and in
summary, investigation of the orientational deformations
in this geometry has made it possible to obtain the
values and temperature dependences of the birefringence,
the ratio of the bend elastic constant K5 to the specific
diamagnetic anisotropy K;/Ay and the ratio K;/K;.

3. Results and discussion
3.1. Phase behaviour of functionalized LC polymers and
blends

Functionalized LC copolymers P1-P3 with M, =
7200—8600 and a polydispersity of 1.44-1.60 (GPC,
polystyrene standards) were used to prepare the blends.
The phase states of the LC copolymers and the blends
were investigated by polarizing microscopy, DSC, and
XRD. The nematic phase forms a characteristic marbled
texture. The SmA phase forms a fan-shaped texture. The
XRD patterns of the SmA phase after orientation in the
magnetic field exhibit small and wide angle reflections
split in mutually perpendicular directions. The DSC
curves (figure 1) show a single endothermic peak with a
heat of melting AH=13-19J g L

As can be seen from the table, formation of the
hydrogen bond (see § 3.2) between the acid group A3 of
the functionalized nematic LC polymer P1 and the
dopant molecule PyR leads to changes in the phase
behaviour of nematic polymer P1. The P1-PyR blend
forms a SmA phase. For blends P2-PyR and P3-PyR,
only slight decreases (2-6°C) in clearing temperature
and in the temperatures of the transition SmA «<>N are
observed. Prolonged annealing of the blends in the LC
phase and in the isotropic melt (at 130°C) does not lead
to phase separation or to changes in the transition
temperatures of the blends. The DSC curves show only
transitions corresponding to the clearing points. The
individual melting peak of crystalline PyR dopant at
89-90°C was not detected on the DSC curves. None of

\ PyR
P2-PyR

exo

mW/ ru.

| | 1 1
20 60 100 140

T/°C

Figure 1. DSC curves of the functionalized LC polymer P2,
the blend P2-PyR, and the dopant PyR.
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the numerous reflections characteristic of the crystalline
PyR structure was present in the XRD patterns of the
blends. Consequently, blends formed as a result of
hydrogen bonding represent individual compounds.

This conclusion is in good agreement with the results
of investigations by Kato and Frechet [1]. They have
shown that hydrogen bond formation between the acid
group and the pyridine fragment by the donor—acceptor
mechanism leads to new extended mesogenic frag-
ments exhibiting mesomorphic properties. The formation
of these mesogenic-like groups is accompanied by an
increase in the clearing temperatures of the blend and
the appearance of more ordered phases than the initial
components used for its preparation.

Figure 2 (c) shows the new extended mesogenic core
constructed through hydrogen bonding between the A6
units of functionalized LC polymer P2 and the dopant
PyR. It should be noted that the effect of the formation
of the new hydrogen bonded group is most pronounced

Functional group A3

for the blend P1-PyR (functional monomer A3 has the
shortest spacer m= 3). An induction of SmA phase is
observed for this blend. For blends P2-PyR and P3-PyR,
a slight decrease in the clearing temperature is observed.
For the polymers with the spacer length m= 6 and 9 in
the functional monomers, the effective length of the new
hydrogen bonded group slightly exceeds that of the
phenylbenzoate mesogenic fragment M 1. This probably
leads to a more defective mixed packing of the side
groups. The expected improvement in thermal stability
of the blends owing to formation of the new mesogenic
group is probably compensated however by destabilizing
steric effects [ 14-161].

3.2. IR spectroscopic study of the hydrogen bonding in
the functionalized LC copolymers and blends
Figure 3 shows the IR spectra of the dopant PyR, LC
polymer P1 and blend P1-PyR. It can be clearly seen that
the range 1550-1850cm ™! contains several overlapping

Mesogenic group M1 of
functionalized LC
copolymer

New Extended
Mesogenic Group

Functional group A6

Figure 2. Different variants of hydro-
gen bonding in functionalized
LC polymers and blends. For
simplicity, the polymer main
chain is not shown. c)

Functional group A6

Intermolecular
Hydrogen bond

Molecule of the dopant PyR
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Figure 3. IR spectra for the dopant PyR, functionalized LC
polymer P1 and blend P1-PyR.

bands assigned to the stretching mode [vq_o] of the
carboxyl groups. We assign the band at 1685cm™! to
COOH groups bound by a hydrogen bond and the
band at 1761cm ™! to free COOH groups [ 1, 16].

Figure 4 shows the temperature dependences of the
parameter = D([ve-olfree)/D([ve-olbonded) corres-
ponding to the ratio of the optical densities D of the
stretching vibrations, [v._ ], of free and bonded carboxyl
groups for P1 and the blend P1-PyR. The temperature
dependences f have a characteristic shape reflecting
hydrogen bond breaking with increasing temperature.
The dependences (T ) for all functionalized LC polymers
and blends that have been investigated have this same
character. The B(T) curve exhibits two characteristic
portions with different slopes, corresponding to the
liquid crystalline and the isotropic phases.

Before analysing the state of hydrogen bonding in the
blends, the main relationship for the hydrogen bonding
in the initial functionalized LC polymers P1-P3 should
be considered [16]. The values of the parameter B

A
20 —o—P1 {2
’ -
——P1-PyR  _J
P +
161 ¥ /I/I/
g j/i
>
pa
12k y /Y
¥
=
50 100 150

T/°C
Figure 4. Temperature dependence of the parameter =

D([vc-olfree)/D([ve-olbonded) for the functionalized
LC polymer P1 and the blend P1-PyR.

reflecting the relative band intensity of the free acid
groups at 40°C are given below.

Sample: P1 P2 P3 P1-PyR P2-PyR P3-PyR
p: 1.28 1.89 1.62 095 1.44 1.25

It is clear that in polymers P2 and P3 the increase in
spacer length m in the A6 and A9 functional monomer
units leads to an increasing probability of the formation
of intermolecular hydrogen bonds: f(P2)> p(P3)t, see
figure 2 (b). At the same time, in polymer P1, favourable
steric conditions are fulfilled for the formation of intra-
molecular hydrogen bonds (between the A3 acid group
and the carbonyl group of the ester group binding the
spacer to the aromatic ring of the mesogenic group M1),
see figure 2 (a). This is reflected in a smaller fraction of free
acid groups: f(P1)< B(P3)< f(P2), and in the specific
character of the dependence of the elastic constant ratio
K;/K, on spacer length [16].

A similar relationship is observed for the polymer
blends: f(P1-PyR)< B(P3-PyR)< f(P2-PyR). The same
character of the change in f and the decrease in this
parameter in the blends indicate that the formation of
new hydrogen bonds between the acid fragment and
the PyR dopant is due not only to the redistribution
of existing hydrogen bonds, but also to the formation of
new bonds. In fact, if new hydrogen bonds were formed
only at the expense of the old bond distribution, the
increase in intensity of bound carboxyl groups would
not be observed. It might be supposed that new hydrogen
bonds with the dopant molecule are possible even in
those portions of the macromolecule in which hydrogen
bond formation in the initial copolymer did not take
place for steric reasons.

3.3. Birefringence and modulus of the orientational

elasticity of the LC blends

During the investigation of the orientational elastic
deformations in the hydrogen bonded blends under con-
sideration and in processing the results, one had to take
into account the fact that the blends contain a limited
amount of PyR dopant (20 mol %). Correspondingly,
the orientational elastic effect caused by the formation
of a longer group is partially masked by the rest of the
polymer matrix. This masking, without doubt, would
make it difficult to establish the contribution of the new
hydrogen bonded fragment to the orientational and
elastic properties of the mesophase.

The birefringence value An can serve as a direct
measure of the degree of intermolecular orientational
order S of the mesophase. In fact, the birefringence is
a unique function of the order parameter [20]. When

THere and in the ensuing text, the LC copolymer number
is given in parentheses.
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the values of An are not very high (An< 0.2), these
dependences may be described by an approximate
equation [21]

An= (2n/3n)(n* + 2)N ,(Aa/M)pS (3)

where n is the mean refractive index and p is the density
of the nematic, M is the molecular mass and Ax is the
polarizability anisotropy of the nematic molecules. For
the LC blends investigated, the use of even this approxi-
mate relation is difficult. Really, the number of hydrogen
bonded mesogenic groups depends strongly on temper-
ature (see, for example, figure 4). Hence, the average
value of the polarizability anisotropy Ao may change
with temperature. The character of this temperature
dependence is unknown, and strictly speaking it is not
clear what magnitudes must be chosen as the Ax and
M, values for the blends. Therefore, in this case it is not
reasonable to attempt to estimate the order parameter
using the birefringence data.

However, neglecting the weak temperature dependence
of the density and the average refractive index of liquid
crystals, it may be assumed that An~ S. In other words,
the temperature dependence of the birefringence in the
first approximation reflects the change in the parameter
S with T.

In figure 5, the values of the birefringence An of the
LC blends are plotted against the relative temperature
t=T/T\y. Here T and Ty are the absolute values of the
temperatures of the sample and of the phase transition
from the isotropic melt to the nematic phase. Just as for
copolymers P1-P6, the value of An depends on spacer
length in the functional component. The same tendency
in the birefringence change is retained [16]. In the
temperature range investigated, An is largest for the
copolymer with the shortest spacer (m = 3) and smallest
for m=6.

The An value for the blends P1-PyR—P3-PyR is deter-
mined mainly by the polarizability anisotropy of the
phenylene and pyridine rings. Hence, the change in
the birefringence in the series of LC blends reflects the
dependence of the average orientational order of these
rings on variation in the spacer length. Since phenylene
and pyridine groups are the principal structural elements
of the anisotropic mesogenic cores of these LC blends,
it may be assumed that on the average these cores are
more ordered in the blend P1-PyR (m=3) and less
ordered in the blend P2-PyR (m = 6).

As shown in figure 2, several types of mesogenic
groups are present in LC blends. Three of them are
contained in the P1-P6 copolymers [ 16,20]. They are
(1) the mesogenic phenylbenzoate groups M1 proper of
the LC copolymers, (ii) the mesogenic groups formed by
predominantly intermolecular hydrogen bonds between
functional groups A6 and A9, and (iii) the structures

0,15
( .
L]
o L]
a] L .
0,12 + a .
[}
o L]
An CI .
L ]
0,09 ¢ P1-PyR »
A, L]
5 P2-PyR %
4 P3-PyR s,
0,06 °
0,85 0,90 095 1,00
T
(a)
0,15
[ ]
o Ao A. .
o]
| . a © hd
0,12 S . O.
A
An o* A ®
OAO. .
0,09 1 * P1-PyR a
o P1 20®
Ao
a P4 0
0,06 - 2
J. 1 §
0,92 0.96 1,00
T
()

Figure 5. The birefringence An vs. the relative temperature ©
for (a) the blends P1-PyR, P2-PyR, and P3-PyR, and
(b) blend P1-PyR and copolymers P1 and P4.

arising from intramolecular hydrogen bonds between
the functional group A3 and an ester group in the
mesogenic cores M1; new hydrogen bonded mesogenic
cores (iv) are also formed in the blends as a result of
interaction between the functional groups A3—A9 of the
copolymers and the low molecular mass dopant PyR.
Note (v) that in the P1-P6 copolymers and the blends,
the formation of intramolecular hydrogen bonds between
the monomers A3, A6, and A9 is also possible.
However, the probability of this interaction is slight
because of the low concentration of the functional groups
in the LC copolymers.

The orientational order of the above-described types
of mesogenic group may be different. Consequently, their
relative contribution to the birefringence An will also
differ. In particular, when PyR is added to the copolymer,
one might expect a considerable (up to 25%) increase in
the An values because of the very high anisotropic
polarizability of the pyridine rings. However, this is not
observed experimentally as shown by the example of
the temperature dependences of the birefringence for
P1-PyR and the corresponding polymers P1 and P4, sece
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figure 5(b). At all relative temperatures 7 the values of
An for the blends are greater than those for LC polymers.
However, this difference never exceeds 5%, i.e. it is
within experimental error. A similar situation has been
observed for other LC blends investigated.

These experimental facts agree with the results of the
investigations of the order parameter S for the blend
P2-PyR [22]. These data were obtained by 2H NMR
spectroscopy using selectively deuterium-marked meso-
genic rings in the molecules of copolymer P2 and the
dopant PyR. It was shown that the order parameter S of
the new hydrogen bonded groups is considerably lower
than that of the mesogenic groups in the functionalized
LC copolymer. Consequently, the dopant contribution
to the birefringence will be relatively small and the An
value remains virtually unchanged on passing from the
LC copolymers to their blends.

Figure 6 shows the temperature dependences of the
K5 /Ay ratio for selected functionalized LC copolymers
and blends. For P1-PyR and P2-PyR, the curves have
the usual shape for a nematic phase. For the blend

20 A
s PI-PyR
Z o P2-PyR .
ey 151 4 P3-PyR
- A
g a
2 ok 4
0 % % b4 [ . A
ot v
c 9 . 8.
° dae
5+ o
0,90 0,95 1,00
(a)
RLET -
S
Z gk
- AT - . -u
2 e N .
* o‘\b‘; 9 LN
> R
D 6t A& g B
4 2%
= PI-PyR !
A Pi
4r o P4
0,90 0,95 1,00
T
()

Figure 6. Dependences of the K;3/Ay ratio on relative temper-
ature 7 for (@) the blends P1-PyR, P2-PyR and P3-PyR,
and (b) blend P1-PyR, and copolymers P1 and P4. The
dashed lines are guides for the eye.

P3-PyR, a drastic increase in K;/Ay is observed over
almost the entire range of the nematic phase. This
behaviour of the bend elastic constant K5 is due to the
formation of short range smectic order in the nematic
phase. A critical increase in K5 at the interface between
nematic and SmA phases has been observed previously
for low molecular mass [23] and polymeric [24, 25]
nematics. In the following discussion, temperature ranges
in which smectic order fluctuations exist will not be
considered.

The K;/Ay ratio for the blends differs only slightly
from that for the corresponding LC copolymers.
Figure 6 (b) shows the dependences of K;/Ay on relative
temperature t for the blend P1-PyR and the copolymers
P1 and P4. On passing from the LC polymers to the
blend, the K;/Ay ratio increases by less than 20%. For
the blend P2-PyR, this change is less than 10%.

However, these data do not enable us to determine
the way in which the constant K; changes on passing
from LC polymer to blend. For this purpose, the value
and temperature dependence of the specific diamagnetic
anisotropy Ay of the nematic should be known. This
can be evaluated precisely for the functionalized LC
copolymers by using the conclusions in [26] where it
was shown that the molar diamagnetic anisotropy Ay,
of a nematic is determined by the number of phenylene
rings in the mesogenic group. The temperatur e dependence
of Ay in the first approximation coincides with the
dependence on the order parameter S. Data for the Ay,
value for the molecules PyR or for pyridine rings are
not available in the literature. Therefore, Ay cannot be
evaluated for the blends investigated and the bend elastic
constant K5 for these blends cannot be estimated.

An important feature of the nematic phase is the ratio
of the elastic constants K;/K,. In particular, K;/K, is
very sensitive to the size and shape of the nematic
molecule [26] and in the case of LC polymers to the
mesogenic group size [19,27,28]. Systematic investi-
gations of the elastic properties of polymer nematics
carried out previously show that when the length of the
spacer linking the rigid mesogenic groups increases,
the K,/K, ratio remains virtually unchanged [ 19, 25, 27].
However, increase in the mesogenic group length of the
LC polymer is accompanied by an increase in the K;/K,
ratio [27,28]. The K;/K, ratios for high molecular
mass nematics with mesogenic groups of similar size and
shape virtually coincide [ 19, 27, 29].

The values of K,;/K, for the blends investigated are
shown in figure 7, together with data for the correspond-
ing LC copolymers. Results for the blend P3-PyR and
the copolymers P3 and P6 are not reported since these
nematic phases involve SmA order fluctuations over
almost the entire temperature ranges of the nematic
phases.
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Figure 7. Dependences of the K3/K; ratio on relative temper-
ature 7 for the blends P1-PyR, P2-PyR and copolymers
P1, P2, P4, P5. The lines are guides for the eye.

For both LC blends, the K;/K, ratio markedly (up to
50%) exceeds those for the functionalized LC copoly-
mers. This experimental fact can be explained by the
formation of new hydrogen bonded mesogenic cores as
a result of interactions between the functional groups of
the LC polymer and the molecules of low molecular
mass dopant. As shown in figure 2 (c), the length of these
cores exceeds by one third that of the mesogenic groups
M1 of the LC polymers and those formed by inter-
molecular hydrogen bonding between the functional
components of the copolymers. It is close to that of
mesogenic groups formed by intramolecular hydrogen
bonds, figure 2 (a). As a result, the average effective length
of the mesogenic groups increases, and this leads to an
increase in the K,/K, ratio for these blends. At the same
time, the new mesogenic group obeys the same relation-
ships as those for classical nematic LC polymers with
covalent bonding in the mesogenic side groups.

4. Conclusions

New hydrogen bonded blends of functionalized LC
copolymers containing acid groups (proton donor) with
4-methoxyphe nyl pyridine-4-c arboxylat e (proton acceptor)
were obtained. It was shown by IR spectroscopy that
the formation of new mesogenic groups takes place due
to both the redistribution of existing hydrogen bonds and
the formation of new bonds with the dopant molecules.
The formation of a new longer mesogenic group leads
to induction of the SmA phase.

The orientation of polymer blends in a magnetic field
was studied. The slight difference in the birefringence
for the initial functionalized LC polymers and blends
indicates that the order parameter S of the blends
decreases, which confirms previous conclusions [22].

Finally, it was shown that for the nematic phase of
the blends the main relationships for orientational elastic
deformations typical for LC polymers are retained. The
formation of hydrogen bonds with dopant molecules leads

to an increase in the K;/K ratio. The observed quanti-
tative difference in the behaviour of the functionalized
LC polymers and blends is due mainly to the formation
of new extended mesogenic groups by hydrogen bonding
between molecules of the low molecular mass dopant
and the functional groups of the LC copolymers.
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(to E.B.B.) by the Alexander von Humboldt Foundation
(Germany) and by RFBR (Grant 98-03-33390).

References

[1] Karo, T., and FrRecHET, M. J., 1995, Macromol. Symp.,
98, 311; Kato, T., 1997, in Handbook of Liquid Crystals,
Vol. IIB, edited by D. Demus, J. Goodby, G. W. Gray,
H.-W. Spiess and V. Vill (Weinheim: Wiley-VCH), p. 969.

[2] PaLkos, C. M., and Tsiourvas, D., 1995, Angew. Chem.
int. Ed. Engl., 34, 1696.

[3] Lean, J. M., 1995,
(Weinheim: VCH).

[4] BazuiN, C. G., 1998, Mechanical and Thermophysical
Properties of Polymer Liquid Crystals (London: Chapman
& Hall), 3, 59.

[5] Umg, S., and Iimura, K., 1992, Macromolecules, 25, 3174.

[6] Tarroze, R. V., Kuptsov, S. A., SycHeva, T. 1.,
BezBoroDOV, V. S., and Pratg, N. A., 1995,
Macromolecules, 28, 8689.

[7] WieseMAaNN, A., ZeNTEL, R., and Pakura, T., 1992,
Polymer, 33, 5315.

[8] Gony, J. F., VANHOORNE, P., and JEroME, R., 1996,
Macromolecules, 29, 3376.

[9] Zuao, Y., and Le1, H., 1994, Macromolecules, 27, 4525.

[10] Kosaka, Y., and Uryu, T., 1994, Macromolecules, 27,
6286.

[11] MigAra, T., KokusuN, T., and Kok, N., 1999, Mol.
Cryst. lig. Cryst., 330, 235.

[12] Barmarov, E. B., PeBaLK, D. A., BARMATOVA, M. V.,
and SHIBAEv, V. P., 1997, Liq. Cryst., 23, 447,
Barmatov, E. B., BARMATOVA, M. V., GROKHOVSKAYA,
T. E., and SHIBAEv, V. P., 1998, Polym. Sci., 40, 295;
SHIBAEV, V. P., BARMATOV, E. B., and BARMATOVA, M. V.,
1998, Col. polym. Sci., 276, 662.

[13] Barmarov, E. B., BARMATOVA, M. V., CHENSKAY, T. B.,
and SHIBAEv, V. P., 1999, Polym. Sci, 41, 337,
Barmatov, E. B., PEBALK, D. A., BARMATOVA, M. V.,
and SHIBAEv, V. P., 1999, Polym. Sci, 41, 824
Barmatov, E. B., BARMATOVA, M. V., CHENSKAY, T. B.,
and SHIBAEvV, V. P., 1999, Mol. Cryst. lig. Cryst., 332,
2941.

[14] BarmaTrov, E. B., BOBROVSKY, A. YU., BARMATOVA,
M. V., and SHIBAEV, V. P., 1998, Polym. Sci., 40, 1769;
BarmaTov, E. B., BoBROVSKY, A. YU., BARMATOVA, M. V.,
and SHIBAEv, V. P., 1999, Liq. Cryst., 26, 581;
Barmatov, E. B., BoBrOVsKY, A. YU., PEBALK, D. A.,
BARMATOVA, M. V., and SHIBAEvV, V. P., 1999, J. polym.
Sci. A, 37, 3215.

[15] Barmatov, E., Fiierov, A., ANDREEVA, L.,
BarmaTOvAa, M., KREMER, F., and SHIBAEv, V., 1999,
Macromol. rapid Commun., 20, 521.

[16] FiLippov, A. P., ANDREEVA, L. N., BaArRMATOV, E. B.,
BarmaTOva, M. V., GRrRANDE, S., KrREMER, F., and
SHIBAEV, V. P., 2000, Polym. Sci., 42, 329.

Supramolecular ~ Chemistry



18:18 25 January 2011

Downl oaded At:

Hydrogen bonded blends: elastic constants 1593

[17] Friepericksz, V. K., and ZoLiNa, V. V., 1931,
Z. Kristallogr., 79, 255.

[18] Tsverkov, V. N., and KoLomieys, I. P., 1988, Mol. Cryst.
lig. Cryst., 157, 467.

[19] ANDREEVA, L. N., Fiierov, A. P., TsvErkov, V. N.,
and BILIBIN, A. YU., 1987, Polym. Sci. Ser. B, 40, 124.

[20] Tsverkov, V. N., 1942, Acta Phys. Chim. URSS, 16, 132.

[21] D Jeu W. H., 1980, Physical Properties of Liquid
Crystalline Materials (New York: Gordon & Breach).

[22] Barmatov, E., GRANDE, S., FILIPPOV, A., BARMATOVA, M.,
KREMER, F., and SHIBAEV, V., Macromol. Chem. Phys.
(in the press).

[23] CHANDRASEKHAR, S., 1980, Liquid Crystals (Cambridge:
Cambridge University Press).

[24] Fwerov, A. P., and ZUgv, V. V., 1999, Macromol. rapid
Commun., 20, 552.

[25] Fwerov, A. P., and LINDAU, J., Mol. Cryst. lig. Cryst.
(in the press).

[26] Tsverkov, V. N., and SosNovskY, A. N., 1943, Zh. eksp.
teor. Fiz. (Russ.), 13, 353. .

[27] AnprEEVA, L. N., FiLierov, A. P., TsvErkov, V. N.,
ZUEv, V. V., SKOROKHODOV, S. S., and ZENTEL, R., 1996,
Polym. Sci., Ser. A, 38, 1357.

[28] AnDrEEVA, L. N., FiLierov, A. P., TSVETKOovV, V. N.,
and BILIBIN, A. YU., 1999, Mol. Cryst. lig. Cryst., 300. 191.

[29] FiLiepov, A. P., ANDREEVA, L. N., BaArRMATOV, E. B.,
and SHIBAEV, V. P., 1997, Proc SPIE, 3318, 371.



