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Abstract

The solution behaviour of a new mesogenic side group polyacrylate in tetrahydrofuran and toluene has been investigated by static and
dynamic light scattering. In the dilute regime the polymer behaves as typical polydisperse linear chains in good solvent and the dynamics is
dominated by a single fast mode. Cluster formation was detected starting at a concentration around 50 g 17" It seems to be independent of the
solvent as well as of polymer molecular weight. In the semidilute regime, the behaviour of the reduced osmotic modulus leads to the
conclusion that repulsion between the chains is stronger than in linear macromolecules. The appearance of larger clusters was revealed above
a characteristic concentration and is slightly dependent on the polyacrylate molecular weight. The dynamics was generally characterised
by a fast mode related to the cooperative diffusion and by a slow mode associated with large clusters. The existence of a network of
multiconnected clusters is envisaged with increasing solution concentration. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Polymers containing mesogenic side groups are known as
liquid crystalline side-chain polymers due to their liquid
crystalline bulk properties [1]. The combination of macro-
molecular characteristics and the time scale of their electro-
optic properties appears promising for applications in
modern optical display technology [2]. Accordingly, such
materials have been thoroughly investigated in the bulk
[1-6] but only a few studies regarding their solution proper-
ties can be found [7-12]. Since the solubility of these
polymers in many common solvents can be taken as good,
the understanding of the relationship between their structure
and properties can be improved by investigations in
solution. Besides the information on individual chain char-
acteristics and solvent quality obtained in the dilute regime,
knowledge of the solution properties in the semidilute
regime and higher polymer concentrations is also of interest.
In semidilute solutions containing macromolecules, differ-
ent chain architectures show characteristic deviations in the
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principal parameters analysed, such as the osmotic modulus,
molecular weight dependence of the overlap concentration
and aggregation process or cluster formation [12,13].

The aim of this work is therefore to study the solution
properties of a new thermotropic liquid crystalline side
chain polyacrylate containing 4'-n-alcoxyphenyl 4'-[1-
(propenoyloxy)butyloxy]benzoate as mesogenic group [14].
It is attached to the polymer backbone by means of a spacer
of length four methylene units, as represented in Fig. 1. After
synthesis, investigation of the homologous series by polarisa-
tion microscopy revealed thermotropic behaviour, charac-
terised by smectic phases [14]. In the present study, liquid
crystalline polyacrylates with two different molecular
weights have been investigated by means of polarised and
depolarised static light scattering (SLS) as well as photon
correlation spectroscopy (PCS). The solutions were prepared
in two solvents, toluene and tetrahydrofuran (THF), since the
solvent influence on the semidilute solution structure is not
clear. The dilute and semidilute regimes were covered.

Comparison of the data obtained by the different tech-
niques establishes the characteristic chain behaviour of the
side chain polyacrylates in solution. The results are
compared with those published for similar systems [3,12]
and contribute to a better understanding of the solution
behaviour of side chain liquid crystalline polymers, which
present mesophase behaviour in the bulk.
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Fig. 1. Chemical formula of the repeating units of the investigated PLC.
n is the number of carbons.

2. Experimental

The synthesis of the investigated liquid crystalline side-
chain polyacrylates was performed as described in the litera-
ture [14]. Free radical polymerisation with AIBN as the
radical initiator was performed in toluene. The chemical
formula of the repeating units is given in Fig. 1 with n the
number of carbon atoms on the flexible functional tail.

Table 1 lists the principal characteristics of the studied
samples named PLC1 and PLC2. The refractive index incre-
ment dn/dc was measured with a modified Abbe refract-
ometer at room temperature (20 °C). The solutions in THF
and toluene were filtered through 0.2 wm pore diameter
Millipore membranes into dust-free cells. The viscosity
values of THF and toluene, 0.55 and 0.59 mPa s, respec-
tively, were taken as published [15]. The highest concentra-
tions, starting from 90 g 17!, were obtained by evaporating
previously filtered dilute solutions, inside a laminar flow
box. The sample concentration was then determined from
the weight difference. Light scattering experiments were
performed on a Brookhaven instruments standard setup
(BI-200M goniometer, BI-9000AT digital correlator) with
a He—Ne laser (A = 632.8 nm) as light source. The scatter-
ing volume was minimised using a 0.4 mm aperture and an
interference filter was used before detecting the signal on
the photomultiplier. The time correlation functions were
measured in the multi-7 mode using 224 channels. The
sample cell was placed in the index-matching liquid deca-
hydronaphthalene (decalin, Aldrich) and the measurements
were performed in the angular range 25—150° in steps of 5
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Fig. 2. Zimm plot of PLC1 in THF.

Table 1

Weight averaged molecular weight, M, obtained by SEC, number of
carbons of the terminal tail, n, and refractive index increments, dn/dc, of
PLCI1 and PLC2 in THF and toluene

M,, (g mol™") MM, n dn/de (mL g™")

THF Toluene

PLCI 19,500 1.53 10 0.126 0.045
PLC2 48,100 3.16 10 0.126 0.045

or 10°. In order to measure the depolarised component of the
scattered light, a high-quality Glan—Thomson prism having
an extinction ratio better than 10~ was used. The VH align-
ment was checked with CCl, and by measuring the depolar-
isation ratio of benzene at 6 = 90°.

3. Results and discussion
3.1. Static light scattering

3.1.1. Polymer characterisation

In SLS the data were obtained according to the simplified
Zimm procedure [8], where the intensity of the scattered
light is related to the weight average molecular weight,
M,, the second virial coefficient, A,, and the radius of gyra-
tion, R,, through the standard relation:

Ke _[1 (Ryq)’
R(e,c)_[Mw][H 3 ]+2A2c. ()

InEq.(1),K = 4172n2(dn/dc)2/(N AAg) is the optical contrast
factor and ¢ is the magnitude of the scattering vector |q| =
(47n/rg)sin(6/2), with Na, n, and A, being Avogadro’s
number, the refractive index of the solvent and the wave-
length of the light in vacuo, respectively. R, is the excess
absolute time-averaged light scattering intensity (excess
Rayleigh ratio). In order to obtain Ry, the solvent scattered
intensity is subtracted from the polymer solution intensity.
In this work, the excess Rayleigh ratio of the solvent toluene
(14 X 10~% cm ") [16] was taken as reference. To extract the
macromolecular parameters, measurements were extrapo-
lated to infinite dilution (¢ — 0) and zero angle scattering
(g—0).

A typical Zimm plot obtained with PLCI in THF is
shown in Fig. 2. The results of the Zimm analysis performed
on PLCI and PLC2 in THF are listed in Table 2. Solutions
with ¢ < 50 g 1! were taken into account.

The critical concentration ¢* = (AQMW)_I, provides a
good thermodynamic definition of the coil overlap concen-
tration. A significant difference between values of M,
obtained by SLS and those obtained by SEC (Table 1) can
be observed. Similar results were found by Burchard et al.
[10] in a study of end-on/side-on polyacrylates. The discre-
pancy is due to the fact that SEC is based on a standard
reference polymer whose structure is quite different from
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Table 2
Results from SLS of PLCI and PLC2 in THF and toluene

THF Toluene

M,, (g mol™") A, (mol cm® g72) R, (nm) ¢ (g1™h M,, (g mol™") A, (mol cm® g 7% R, (nm) c(g1™h
PLCI 30,600 3.9%x107* - 83 39,500 23%x107* - 108
PLC2 108,000 2.1x107* 12.6 45 111,000 93x107° 10.5 97

that of the side group polyacrylates. SLS is thus the appro-
priate method for determining molecular weight of side
chain liquid crystalline polymers. Due to the small values
of dn/dc for these polyacrylates in toluene (Table 1), the
error in M, is higher in this solvent.

The strong angular dependence observed for Ry in Fig. 2,
starting from ¢ = 150 g 1, corresponds to an additional
contribution to the total excess scattering produced by
long-range heterogeneities. These grow with increasing
PLC1 solution concentration. Such an effect was observed
in both THF and toluene. For PLC2, with a higher M,,, the
angular dependence begins at c = 120 g 17! in the solvent
THF. The heterogeneities are related to large clusters in
solution [10,12], formed by a random association process.
It has been suggested for similar systems [12], that cluster
formation is principally due to the presence of lateral groups
in different polymer chains. In fact, the motion of the poly-
mer backbone is restricted due to the mesogenic groups and
the dipolar interaction between different mesogens attached
to different chains may allow a kind of alignment of the
mesogenic moieties [14].

The concentration for cluster formation observed for
PLC2 in this work is the same as that found by Richtering
et al. [12] for similar polymers with 5.5 X 10* gmol ' =
M,=19X 10° g mol™!, in THF. However, for
M, =5.0x%10*gmol !, a molecular weight dependence
was observed with the PLC1 sample in this work. Prob-
ably, the chain conformation of the lower molecular

-4.0
v O PLC1-91g/L
42 A PLC1-153g/L
O PLC2-83g/L
-4.4 v v PLC2-120g/L
.... slope=-3
-4.6 A
-4.8 v
_ [s] O o o ooo 0 O p OO0O0ooo
YE -5.0—
S A
= 52
S 54 5
O 544 o. o O O % 0 0 0 0 000000
A v
-5.6
. 4 A M
584 . YV vvvwwy"
. A
-6.0 A A a
A AAAda
-6.2 <
T T T T T T

T T
46 47 48 49 50 5.1 52 53 54 55
log q

Fig. 3. Double-logarithmic plot of scattering intensity of PLC1 and PLC2 in
THF as a function of the scattering vector.

weight polymer facilitates the intersegmental association
in solution.

In addition, comparison of our data with those of Richter-
ing et al. [12] allows the effect of the spacer length between
the mesogenic side group and the polymer chain to be
explored. In Ref. [12], a common cluster formation concen-
tration was found for samples having the mesogenic group
laterally attached to the polymer backbone via a long flex-
ible spacer. For samples with the mesogenic group directly
fixed to the backbone, cluster formation was observed only
at concentrations above 200 g 1~ ', In this way, the flexibility
of the mesogens attached to the polymer chain seems to be
greater than that of the terminal tail for the cluster forma-
tion. Thus the characteristic concentration for cluster forma-
tion seems to be independent of chain length for side group
liquid crystalline polymers with M, > 5.0 X 10* g mol ',
being dependent on the mesogen mobility. Since the flexible
spacers are quite different from those investigated elsewhere
[12] (four methylene groups in the PLC2 studied here
compared to 11 methylene groups in Ref. [12]), no influence
on the characteristic concentration for cluster formation can
be attributed to the spacer length.

The A, values in Table 2 indicate that both solvents are
good for the samples investigated in this work. They are in
agreement with results published for similar systems in THF
[10,12]. The second virial coefficient evaluated from THF
and toluene solutions decreases with increasing polymer
molecular weight and is smaller in toluene, revealing
decreasing solubility in this solvent. For this reason, solu-
tions of PLC2 in toluene could not be obtained for ¢ >
90g1 "

Values of the radius of gyration R,were also obtained for
PLC2 (Table 2). Since the molecular weight of PLC1, about
3.5x 10* g mol !, corresponds to the low M,, limit for light
scattering measurements of R,, it was not reported.

3.1.2. Cluster characterisation

For scattering particles of radius R, in a range of ¢ for
which gR, > 1, the scattered intensity can be represented as
a function of the fractal dimension d of the particle
[10,17,18]:

I(q) o< ¢~ )

By applying Eq. (2), information about the cluster structure
could be obtained in this work. A double logarithmic plot of
I as a function of ¢ is shown in Fig. 3. Slopes close to —3
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Fig. 4. Plot of the reduced osmotic modulus vs. the parameter X = A,M,,¢
for PLC1 and PLC2 in THF and toluene.

were found for ¢ > 153 gl_1 in PLC1 and —4 for ¢ >
120 g 17! in PLC2, indicating the presence of big isotropic
clusters in solution. The increase in slope with increasing
solution concentration suggests a network forming process
of multiconnected clusters. PLC1 displayed the same beha-
viour in toluene, suggesting that the solvent has no influence
on the solution structure for the low molecular weight side
chain liquid crystal polymers. Unfortunately, owing to
limited solubility, solutions of PLC2 in toluene with ¢ >
g 1" could not be investigated.

The SLS intensity at ¢ — 0 is related to the osmotic
modulus [12,13] through

Kc 1 om

:——’ 3
Reo RT dc )

with m the osmotic pressure. Since this parameter is a
measure of the repulsive forces among particles in a solvent,
it can be applied to study the concentration effect on the
solution structure.

To exhibit the universal behaviour of the investigated
polymers, the reduced osmotic modulus (M /RT)(dw/dc)
can be plotted as a function of the thermodynamically
normalised concentration X =~ c/c”. Fig. 4 depicts such a
plot for the samples in this work. For flexible linear chains
of different molar mass a common curve can be seen. The
theoretical curve given by renormalisation group theory
[19] is depicted by the dotted line in Fig. 4. For dilute solu-
tions, Ry is linearly dependent on ¢, and extrapolation to
Ry is easily performed. Thus, for X <1, the osmotic
moduli are in agreement with the universal curve. However,
for relatively high concentrations, when clusters are present,
the solutions are no longer homogeneous and R, shows an
angular dependence. For this reason, extrapolation to Ry—,
should be performed according to different g regions.

Thus, the discussion for X > 1 should take into consid-
eration the high and low angles separately. These regions

provide information about the solution properties and clus-
ter formation, respectively. Values of R, extrapolated from
high scattering angles to R,—, shows that the reduced osmo-
tic modulus increases uniformly with concentration, in
accordance with theory [19]. A deviation from the theore-
tical curve can be seen for X > 1. In this concentration
range, the osmotic modulus is related to local properties
of the entangled network and the observed behaviour can
be attributed to a repulsion that is stronger than expected for
linear macromolecules, owing to the presence of the lateral
mesogenic groups. As expected, a stronger deviation is
observed at high values of X in the solutions of PLC2,
which has a higher molecular weight than PLC1. Similar
behaviour is observed for the samples analysed by Richter-
ing et al. [12], where a molecular weight dependence was
seen for polymers having a flexible spacer between the
polymer backbone and the mesogenic group.

The extrapolated value of the total excess scattering
intensities at low angles appears as a component with a
small osmotic modulus. These data are represented by the
lower points on the dashed lines in Fig. 4. They indicate that
the mass of the particles in solution increases due to cluster
formation. The apparent change in the osmotic modulus is
most drastic in the PLC1 solutions. In addition, owing to the
lower solubility in toluene, this solvent has a major effect on
the change. Unfortunately, since a quantitative extrapola-
tion of the intensities in the low angle region to zero angle
cannot be made from published work on similar systems
[12], a comparison with our data cannot be made. However,
our results show that cluster formation may be easier in the
low molecular weight polymer solutions, since the excess
scattering intensity associated with the appearance of clus-
ters is stronger in this case. The excluded volume effect
being smaller, the monomer—monomer inter-chain interac-
tion can be expected to be facilitated.

A more detailed investigation of the cluster formation can
be made by analysing the depolarised scattered light. Owing
to liquid crystalline character of the side chain polymer,
anisotropic components in the polarisability tensor are to
be expected. This anisotropic or depolarised component
may be sensitive to changes in the solution at short length
scales, where cluster structures can be investigated. If the
experiment is done with polarised incident light Iy, the
polarised (Iyy) and depolarised (Zyy) light scattering compo-
nents can be obtained. In order to characterise the anisotro-
pic behaviour of the sample, usually the value of the
depolarisation ratio pv is employed, defined as [20]:

p = Iyu/lyy. 4

In this work, the Iyy was obtained at a high scattering angle
(135°) in order to allow the observation of the structural
behaviour of the solution as a function of the polymer
concentration.

Before discussing py we describe the expected behaviour
of Iyy and Iyy as a function of solution concentration. First,
in the dilute regime, a gradual increase of the polarised
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Fig. 5. Depolarisation ratio py as a function of concentration for PLC1 (3)
and PLC2 (@) in THF. The dashed lines are a guide for the eye, indicating
the first appearance as well as the increase of the clusters in solution.

scattered light should be observed with increasing polymer
concentration, since Iyy is sensitive to the concentration
fluctuations in solution. If clusters are formed, the polarised
scattered intensity may increase proportionally to the cluster
size, but no drastic increase should be seen at high angles.
For Iyy, however, in addition to the polymer concentration,
the mean optical anisotropy of the polymer chain influences
the depolarised scattering intensity [21]: for highly flexible
chains in sufficiently dilute solutions, the reduced optical
anisotropy reaches an asymptotic value for M, =
2500 g mol ' [21]. Since the polyacrylates in the present
work are less flexible and more extended in solution due to
the side mesogenic groups, an increase of Iyy as a function
of M,, may be observed. In addition, an increase in concen-
tration may affect Iyy in a way that depends on the solution
structure on the microscopic scale. Therefore, if clusters are
formed due to specific mesogenic interactions on a short
length scale, an anomalous increase in depolarised scatter-
ing will be observed, with an intensity that depends on the
cluster size. Accordingly, the excess small angle scattering
should change more drastically for PLC1 and a significant
increase will be observed in Iyy. In contrast, for PLC2 a
major increase should be observed in Iyy. Combined
measurements of /yy and Iyy can thus give interesting infor-
mation about the cluster growth upon increasing the concen-
tration.

Careful measurements performed in VV and VH geome-
try allowed py to be calculated in this work. In Fig. 5, a plot
of py as a function of solution concentration is shown for the
two polyacrylate liquid crystal (PLC) samples in THF. The
small decrease of py occurring at the lowest concentrations
(ck50g 1_1) is due to the non-linear increase of Iyy,
which as expected, is more pronounced for PLCl. An
increase in py starting from 50 g17' can be observed for
both polymers, becoming more pronounced around
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Fig. 6. Intensity correlation functions from PLC2 at different concentrations
in THF at 6 = 45°.

150 g17!, when big clusters are detected by SLS. The
increase in py seems to depend on the polymer molecular
weight forc > 150 g1~ ! witha stronger effect for PLC1, as
expected. Similar behaviour of py was obtained for the
solutions in toluene.

Inspection of Fig. 2 shows that a small excess Rayleigh
ratio at small scattering angles can already be observed in
the PLC1 Zimm plot for the intermediate solution concen-
trations (91 and 120 g 17"). This effect may be a first sign of
cluster formation.

From these results it can be concluded that cluster forma-
tion begins around 50 g 17!, independently of the polymer
molecular weight as well as of the solvent used. Starting
from 150 g17' big clusters are present in solution. These
two concentration regions are indicated by the vertical
dashed lines in Fig. 5. As noted by other authors [10,12],
the lack of dependence of cluster formation on chain overlap
or polymer molecular weight and its dependence on solution
concentration are further evidence that mesogenic groups
may be responsible for cluster building.

3.2. Dynamic light scattering

3.2.1. Single chain diffusion

The time dependence of the intensity fluctuations in
the scattered light was examined by PCS. Some examples
of normalised intensity autocorrelation functions (CFs) are
shown in Figs. 6 and 7, as a function of the solution
concentration and detection angle, respectively. Up to a
concentration of 83 g 17"in PLC2, the CFs seem to be single
exponential. The same behaviour was detected up to a
concentration of 120 g 17" in PLC1. The CFs were analysed
by inverse Laplace transformation using the CONTIN
program [22], which gives the amplitudes of the char-
acteristic relaxation rates I' (= 1/7) for each solution
concentration. This analysis revealed, however, two relaxa-
tion modes, appearing above a sample concentration of
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C(t)

Fig. 7. Intensity correlation functions from PLCI and PLC2 at different
angles in THF (153 and 146 g 17", respectively).

approximately 50 g 1~". The faster one always corresponds
to the same dynamic process in this concentration range and
is related to the diffusion dynamics of the single polyacry-
late chain in solution. This mode is diffusive since I
depends linearly on ¢>. The g dependence of the slow
process, however, which is not detectable at higher angles,
could not be described satisfactorily. It is probably related to
the dynamics of the incipient small clusters in solution.

The apparent translational diffusion coefficient D, of the
single polyacrylates chains was thus determined by using
the values of I" obtained according to Ref. [23]:

r
app = ? (5)

D

Extrapolation to ¢ — 0 and ¢ — 0 gives the diffusion coef-
ficient at infinite dilution Dy, which is related to the hydro-
dynamic radius R; through the Stokes—Einstein relation
[24]:

0= 6kB7T» (6)
TRy

with kg the Boltzmann constant and 7, the solvent viscosity.

In Table 3 are listed the values of D, and R} obtained
for PLC1 and PLC2 in THF and toluene. The diffusive
dynamics of PLCI is not affected by changing the solvent.
The value of Ry, for PLC2 in THF is similar to that deter-
mined elsewhere [12] for side group polyacrylates in the

Table 3
Results from PCS of PLC1 and PLC2 in THF and toluene

same solvent. PLC2 diffuses faster in the better solvent
THF, as expected.

A comparison of R, and Ry, furnishes information on the
coil conformation in solution through the parameter p =
Ro/Ry, (Table 3). For the PLC2 sample in THF, p is found
to be 2.1, a value that corresponds to polydispersed linear
coils in a good solvent [25]. The value 1.6 obtained for the
same sample in toluene may be attributed to a linear poly-
mer coil with smaller dimensions, since solvation effects in
toluene are less pronounced than in THF.

3.2.2. Cluster dynamics

For all the samples with concentrations above 150 g17!
for PLC1 and 120 g1™' for PLC2, at least two dynamic
responses can be observed in the CFs (Figs. 6 and 7). The
same behaviour was observed for PLC1 in toluene. Typical
semidilute solutions of polymer in poor as well as good
solvents show a slow dynamic mode, which depends on
the coupling of the concentration fluctuations to the solution
stress relaxation modes [26]. In this case, the slow mode
may be ¢ independent at large scattering angles. In this
work, however, angular dependence was detected for the
slow mode. Whereas the fast mode was related to the entan-
glement network, characteristic of a semidilute polymer
solution [27], the dominant slow mode was associated
with big clusters in solution. The existence of the clusters
becomes obvious through the simultaneous appearance of
small angle excess scattering in SLS and a slow motion in
the PCS.

In this concentration range, CONTIN analysis revealed the
presence of at least three mean relaxation times for small
values of g. The middle one has been also observed in
similar systems [12] and was explained as being related to
the cluster decomposition. In the present work, however, the
angular dependence of the central relaxation mode cannot
be satisfactorily described.

Only for the samples with ¢ =200 g1~' PLC1 and ¢ =
150 g 17! PLC2, did the values of I” for the slow process not
depend linearly on ¢>. It can be imagined at this high poly-
mer concentration, that the growth of multiconnected clus-
ters could be responsible for such non-diffusive dynamics.

As can be seen in Fig. 6, the long time tail in the CFs
becomes stronger with increasing polymer concentration.
The strong angular dependence of the plateau height indi-
cates that the clusters are large (Fig. 7). The relative inten-
sity of the slow motion, determined by extrapolation of the
plateau values to g — 0, increases with the concentration

THF Toluene

Dyx 10® (cm?s™h) R, (nm) p Dyx 10® (cm?s™h R, (nm) p
PLCI 12 3.4 - 12 3 -
PLC2 0.66 6.2 2.1 0.54 6.7 1.6
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Fig. 8. Translational diffusion coefficients D, slow diffusion coefficient
Dy, and cooperative diffusion coefficient Do, as a function of polymer
concentration.

and depends on the polymer molar mass. For the same
concentration, the intensity scattered by the slow motion
was higher for PLC2 than for PLCI.

In addition, the relaxation rates associated with the slow
mode in the correlation functions yielded a slow diffusion
coefficient Dy, associated with the clusters. These results
are depicted in Fig. 8 as a function of the molecular weight
and solution concentration. This quantitative analysis
suggests that the clusters are larger for the higher molar
mass polymer, since the characteristic diffusion dynamics
is slower. It is expected that with increasing polymer
concentration the interaction between mesogenic side
chains will increase leading to the formation of ordered
domains. It seems probable therefore, that the observed
large clusters correspond to such domains.

3.2.3. Cooperative diffusion

A quantitative analysis of the fast mode observed in the
CFs for the samples with concentrations starting from
120 g 17" was also performed in this work. Values for the
cooperative diffusion coefficient Deqp, related to the entan-
glement network [27], as well as the hydrodynamic correla-
tion length &, were obtained from the Stokes—Einstein
relation. They are listed in Table 4 for PLC1 and PLC2 in

Table 4

x PLC2THF
100 4 A PLC1THF
E ® PLC2 Toluene *
A PLC1 Toluene
*
X
10 o ’~ 4 X
w0 ] A *
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’e
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f

Fig. 9. Reduced friction coefficient as a function of kic for PLC1 and PLC2
in THF and toluene.

THF. Although the polymer concentration influences &j, it
seems to be independent of the polymer molecular mass.

As expected, Do increases with increasing ¢ for all the
samples. However, the exponent of the power law depen-
dence is higher than the value of 0.77 [28] predicted for
good solvents, and also higher than that for theta solvents
(1), suggesting that the cooperative motion in this kind of
system may be affected by motion of the mesogenic side
chains in the solutions.

Fig. 8 shows the different diffusion coefficients obtained
in this work as a function of sample concentration. Accord-
ing to the tendency indicated by dashed curves, cluster
formation begins at about 50 g17', for both polymers
studied. No molecular weight dependence was observed
for concentration range at which clustering begins.

In Fig. 8, the diffusion coefficient at finite concentration,
D, can be related to the osmotic modulus by Ref. [12]

D = (kgTlf)[(M/RT)(d7/dc)], )

where f. is the strongly concentration dependent friction
coefficient. Thus, combining the results obtained by SLS
and PCS, the friction coefficient f, was calculated in this
work. In the dilute concentration regime, however, the fric-
tion coefficient at infinite dilution f; can be obtained from
the following relation [12]

Je =fo(l + kec), ®)

Cooperative diffusion coefficient, Dc,qp, and hydrodynamic correlation length, &, for solution in THF, obtained by means of PCS

PLCI PLC2

c(gl™ Degop X 10° (cm*s ™) &, (nm) c(gl™ Degop X 10° (cm* s ™) &, (nm)
120 1.4 2.8 120 1.6 2.4
153 25 1.6 146 26 15

200 3.1 12 198 27 1.5
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which yields the value of the parameter k;. Using this result,
the reduced friction coefficient f./fy may be calculated and
plotted as a function of the product k¢ (Fig. 9).

It can be seen from Fig. 9 that the reduced friction for
PLC1 displays no noticeable solvent dependence but exhi-
bits a molecular weight dependence. The packing arrange-
ment of the polymer segments causes more friction in PLC1
than in PLC2. Since PLC1 has lower molecular mass, it is
likely that the chains are more extended.

4. Conclusions

The present results indicate that the side group PLC
investigated behaves like a flexible linear chain with diffu-
sive dynamics in dilute solution with organic solvents.
Stronger repulsion than in linear chains was detected due
to the presence of lateral mesogenic groups. Values of fric-
tion coefficients suggest, as expected, that the lower mole-
cular weight chains may be more extended in solution. THF
and toluene were found to be good solvents for the system,
with THF the better one. The depolarised light scattering
demonstrates that cluster formation starts at a characteristic
concentration of 50 g 17!, independent of chain molecular
mass. In addition, according to their diffusion dynamics, the
clusters grow larger with increasing concentration. The
static scattering features show that clusters that form at
concentrations about 120 g 17! may be large, compact and
homogeneous. The main results in the semidilute regime
suggest that cluster formation is principally due to the inter-
molecular interaction between mesogenic groups of differ-
ent polymer chains, as has been seen in similar systems. On
increasing the polymer concentration, the fraction of poly-
mer involved in the slow motion increases and the calcu-
lated correlation lengths tend to a constant value, indicating
the existence of an entangled network of multiconnected
clusters.
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