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Abstract

We investigate the change in the electrorheological (ER) properties of a nematic solvent on dissolution of an end-on polyacrylate side-
chain liquid crystal polymer (SCLCP) with an 11-methylene spacer. We observe a weak enhancement of the ER response, An =
O0Mon — OMosr, Where 87, is the viscosity increment on dissolving polymer in the presence of a strong electric field, applied transverse to the
flow, and 87, is the corresponding increment in the absence of the field. Equating 7, and 7., respectively, to the Miesowicz viscosities 1),
and 7, and using the theoretical prediction that é7./én, = Rﬁ /R‘i, where R and R are the rms end-to-end distances of the chain parallel
and perpendicular to the director, this indicates that the chain conformation of the SCLCP is weakly prolate. The molecular weight
dependence of the conformational relaxation time, 7, also extracted via the hydrodynamic theory, is identical to that deduced from the GPC
hydrodynamic volume in tetrahydrofuran as solvent. The hydrodynamic volume in the nematic state is larger, however, and increases with
decrease in temperature. An earlier study of a polysiloxane SCLCP observed similar behavior, but with a smaller molecular weight
dependence of 7. The difference is ascribed to dissimilar chain conformations of the two SCLCPs. © 2002 Elsevier Science Ltd. All rights

reserved.
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1. Introduction

Low molar mass nematic materials with positive
dielectric anisotropy, Ae > 0, exhibit a small electrorheo-
logical (ER) effect [1,2] since, when a field is applied in the
direction of the shear gradient, the electric torque aligns the
director perpendicular to the flow, whereas, with the field
off, the director is rotated by the viscous torque toward the
flow direction. Thus, the viscosity with the field on, 7, is
greater than that, 7y, with the field off. A similar
phenomenon is observed when such a field is applied to
tumbling nematics, i.e. the field suppresses the tumbling
process [1,2]. The ER properties of liquid crystalline
polymer solutions have been studied by several groups
[3-7]. Yang and Shine demonstrated that lyotropic
solutions of the stiff-chain polymer, poly(n-hexyl isocya-
nate) show a large ER effect in the presence of both DC and
AC fields [3,4]. These authors also reported [3,4] that the
director tumbling behavior which occurs in such solutions is
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suppressed when the applied field is sufficiently strong, and,
at low shear strain and low shear rate, it is possible to
measure the Miesowicz viscosity 7., where the director is
pinned in the direction of the shear gradient, perpendicular
to the flow.

Previous studies [5,6] from our laboratory showed that
dissolution of a main-chain liquid crystal polymer
(MCLCP) in a low molar mass nematic solvent with As >
0 strongly increases the ER response, defined as the
difference between the value of the viscosity measured in
the presence, 7,,, and absence, 7., of the applied field,
whereas a side-on side-chain liquid crystal polymer
(SCLCP) moderately increases the response [6], and an
end-on SCLCP weakly affects the response [6,7]. This can
be explained by assuming that the MCLCP has a highly
prolate conformation, with the chain stretched along the
nematic director, and that the field will align the long axis
perpendicular to the flow, leading to a large increase in 7,.
When the field is switched off, the long axis rotates with the
nematic director and aligns near the flow direction, resulting
in a relatively weak viscosity increment, dny:;. A side-on
SCLCP, where the mesogen is attached parallel to the
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backbone, also has a prolate conformation, but not so
asymmetric as a MCLCP, and an end-on SCLCP, with
mesogen perpendicular to the backbone, has a quasi-
spherical conformation. Such conformational differences
are qualitatively consistent with theoretical analysis of the
effect of molecular architecture on liquid crystal polymer
(LCP) conformation [8].

We measured 7., and 7.y, using a controlled-stress
rheometer with cone and plate geometry [5-7], which
ensures uniform shear deformation of the fluid throughout
the radial direction. However, the magnitude of the applied
field varies radially. As described by Yang and Shine [3], in
the presence of a sufficiently strong field, at low shear rate,
the director is pinned perpendicular to the shear flow, and
Ton corresponds to the Miesowicz viscosity, 1.. When the
electric field is switched off, for flow-aligning nematics, the
director rotates near the flow direction and 1. is close to,
though slightly larger than, the Miesowicz viscosity 7y,
which corresponds to the director fixed parallel to the flow
direction. For the MCLCP, we found that the viscosity
increment, 67, was a strong function of the LCP molecular
weight, and that dn; had a somewhat weaker dependence
on molecular weight [5,6]. In contrast, for an end-on
SCLCP, with a polysiloxane backbone, we found that 6,
was independent of the LCP molecular weight, and that
Omo¢ had a modest molecular weight dependence [7].

These results were quantitatively interpreted [S—7] in
terms of a hydrodynamic theory by Brochard [9]. This
theory generates expressions for the increments in 7. and 1,
in terms of the rms end-to-end distances of the chain, R and
R |, respectively, parallel and perpendicular to the director:

kT R?
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Here, c is polymer concentration (monomers/ml), N is the
degrees of polymerization of the polymer, T is absolute
temperature, k is the Boltzmann’s constant, and 7, is the
polymer conformational relaxation time, which is related to
the anisotropic frictional coefficients for translational
motion of the chain, Aj and A,
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Parenthetically, we remark that, in our previous work [10],
we were able to theoretically correlate experimental data on
the Miesowicz viscosity increments, 67, and 67, with that
on the Leslie viscosity increments, da, and das, where the
nematic director is free to rotate. To accomplish this, it is

necessary to introduce into the Brochard model a new term,
reflecting a mechanical coupling between director rotation
and chain conformation [10].

For MCLCPs, the observed strong ER response is
consistent with Eq. (3) [5], since the LCP chain confor-
mation is highly prolate [11], R > R, . Likewise, for the
polysiloxane end-on SCLCP, the observed ER effect agrees
with Eq. (3), since the conformation is quasi-spherical [11,
12], Ry =R,, and may be slightly prolate or oblate,
depending on the molecular weight and spacer length [7,9].
An interesting feature of the latter results is that the intrinsic
viscosity with the field on, [7,,], and the associated
apparent hydrodynamic volume, Vj ., are each smaller
than with the field off, [n,¢] and V}, og. In fact, this is easily
shown to be consistent with the Brochard theory. From Egs.
(1) and (2), for a particle which has a spherically symmetric
conformation, i.e. Ry=R, = R/\/§7 where R is the
rotationally averaged rms end-to-end distance, it follows
immediately that
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Thus, it is clear that the origin of any difference between
[1,] and [7,.] must arise in the anisotropic hydrodynamics in
the nematic state, i.e. because A # A, . As discussed by
Wang [13], a detailed accounting of the hydrodynamics of a
flexible polymer chain in a nematic fluid is complex. Here,
we assume simply that the particle behaves as an imperme-
able sphere of radius Ry, and that the frictional anisotropy of
motion parallel and perpendicular to the director is
determined by the fact that the controlling medium
viscosities are, respectively, the solvent Miesowicz viscos-
ities 1) and n. Hence we can write expressions of the
Stokes form: A = 617772Rh and A, = 6mmCR,, and obtain:

1'rcR2R}l 2772 ng
N o\ )+

on, = om, = (6)

Eq. (6) indicates that the effective solvent viscosity for the
conformational relaxation time of a spherically symmetric,
impermeable particle in the nematic state is 27)27)? / (ng +
1%). Since 1) < 12, we have 87,/ > én./n° and there-
fore [n.] > [n].

The question arises whether these novel behaviors are
influenced by the structure of the polymer backbone? In the
present paper, we explore this issue for a different end-on
SCLCP, poly[11-(4'-cyanophenyl-4"-phenoxy)undecyl
acrylate] [14], having a polyacrylate backbone and
cyanobiphenyl mesogen, attached via an undecyl spacer,
and dissolved in a commercial nematic mixture, E48. We
find that, while the rheology of dilute nematic solutions of
this SCLCP has many similarities to the earlier study of a
polysiloxane end-on SCLCP, the molecular weight depen-
dence is distinctly different, indicative of dissimilar chain
conformations of the two polymers.
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Fig. 1. Molecular structures of end-on side-chain liquid crystalline
polymers (end-on SCLCP) with same spacer length (n = 11) : (a) end-on
polyacrylate SCLCP, poly[11-(4’-cyanophenyl-4”-phenoxy)undecyl acry-
late]; (b) end-on polysiloxane SCLCP.

2. Experimental
2.1. Materials

The end-on SCLCP, poly[11-(4'-cyanophenyl-4”-phe-
noxy)undecyl acrylate], whose structure is shown in
Fig. 1(a), was studied in this work. Samples with different
molecular weights were contributed by Prof. C. Pugh of the
University of Akron. Details of the synthesis and charac-
terization of these polymers are given elsewhere [14]. The
apparent molecular weights [14] (measured by GPC in
tetrahydrofuran (THF) as solvent, relative to polystyrene
standards), as well as the true molecular weights [15]
(measured by GPC in THF as solvent with a light scattering
detector), are listed in Table 1. We compare the present
results with literature data on a polysiloxane end-on
SCLCP, also having an undecyl spacer, whose structure is
shown in Fig. 1(b), and whose molecular weight data are
listed for convenience in Table 2. All LCP specimens were
used without further purification. The nematic solvent used
in this study was a commercial mixture of cyanobiphenyls,
referred to as E48, which has an extended nematic
temperature range (7Ty; = 85 °C), and was obtained from
BDH Ltd. The solvent used in our earlier study was 4'-
(pentyloxy)-4-cyanobiphenyl (SOCB, Ty = 67 °C).

2.2. Sample preparation and measurements

A specified weight of LCP was dissolved in the nematic
solvent at a temperature above its clearing temperature.
Equilibration was continued (typically requiring at least
24 h) until complete dissolution to form an isotropic
solution. Using a micro-pipette, nematic samples were
placed on the plate of the Carri—Med controlled stress
rheometer with cone-and-plate geometry (D =2 cm,
angle = 0.5°), pre-equilibrated at a selected temperature
for at least 10 min. The sample quantity was approximately
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Fig. 2. Molecular weight dependence of the reduced specific viscosity
increments (87, /Monc and 8mog/Mogec) for side-chain liquid crystalline
polyacrylates in E48 at various temperatures. (a) Field on; (b) field off. Also
shown in each panel are the values in THF at 35 °C, computed from the
GPC hydrodynamic volumes as 81/1°c = 2.5 NoV;, /M.

35 pl. Then the shear sweep method [5—7] was applied to
measure the viscosity response in the low-shear limit, with
or without a strong electric field (E = 2.2 kV/mm,
computed as the mean value integrated from the cone tip
to the rim). As shown in earlier work [5—7], this field is high
enough to assure complete alignment in the low-shear limit.
The detailed experimental methods are given elsewhere
[5-7]. Particular care was taken to ensure that the solution
totally filled the gap between the cone and plate, and that no
air bubbles were present in the sample.
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Table 1

Molecular weights of side-chain liquid crystalline polyacrylates

GPCps,* GPC-LS®

M,, (X 10* g/mol) M, (X 10* g/mol) PDI DP,* My, irue ( X 10% g/mol) My e (X 107 g/mol) PDI
5.86 5.05 1.16 9 4.92 4.01 1.23
12.1 10.0 1.21 28 15.8 12.0 1.32
20.6 15.4 1.34 52 26.1 21.9 1.19
43.8 29.4 1.49 1007 61.8¢ 4224 1.46

# Apparent molecular weights measured by GPC in THF as solvent at 35 °C, relative to polystyrene standards.
® True molecular weights measured by GPC in THF as solvent with a light scattering detector.

¢ DP,, true number average degree of polymerization of backbones.

¢ Calculated value based on the fitted relations [14] (My ye X 107%) = 1.512(M,, pepss X 107%) — 2.222 and (M, 1rye X 1073) = LA61(M, Gpeps; X 1073) —

2.198.

3. Results and discussions
3.1. Viscosity measurements

The shear viscosities with field on and field off, 67, and
OMotr, Tespectively, were measured for a 3 wt% solution of
the polyacrylate SCLCP dissolved in the mixed nematic
solvent E48, and also for the solvent alone, at several
temperatures in the nematic state. This concentration is in
the dilute solution range, where linear dependence of the
viscosity increment on SCLCP concentration is observed in
accord with Egs. (1) and (2). The results are tabulated in
Table 3. The corresponding reduced specific viscosity
increments, 81,/ Monc and 8nyg/Mc, are plotted logar-
ithmically against true molecular weight in Fig. 2. Each
quantity exhibits significant molecular weight dependence,
approximately as 8mo,/Monc ~ My> and  Smgr/Mogrc ~
M%7 only slightly influenced by temperature. Also plotted
in Fig. 2 are the estimated values (6n/1°c = 2.5NAV;,,/M,,)
of the polymer in THF, calculated from the GPC
hydrodynamic volumes, V;, and the true weight-average
molecular weights of the SCLCP, M,,. To obtain V;, the
intrinsic viscosity [n]ps/rur Of a polystyrene with the
equivalent hydrodynamic volume was first computed from
the apparent GPC weight-average molecular weight of the
SCLCP, Mps, calibrated against polystyrene, using the

Table 2
Molecular weights of side-chain liquid crystalline polysiloxanes
GPCpyg" True MW"

M PDI ])PnC Mw,true Mn,lrue

(X 10* g/mol) (x 10* g/mol)  ( x 10* g/mol)

11.5 9.8 1.17 45 242 20.7
14.0 9.7 1.44 72 47.5 33.0
22,1 117 1.89 127 109.8 58.1
333 131 2.54 198 229.7 90.5

# Apparent molecular weights measured by GPC in THF as solvent at
25 °C, relative to polystyrene standards.

® True molecular weights calculated from degree of polymerization of
polysiloxane LCP.

¢ DP,, true number average degree of polymerization of backbones.

Mark—Houwink relations for polystyrene in THF at 25 °C
[16]:

[Mlpsmur(25 °C) = 11.64 X 10 Mpg> (7

The hydrodynamic volume, V},, was then obtained directly
via the Einstein equation:

[mlps/tHE = 2.5NAVh/Mps (3)

For the polyacrylate SCLCP dissolved in the GPC solvent
THF, the corresponding viscosity scaling exponent
(5Miso/ MoC ~ M23®) is intermediate between those for
8Mon and 81, and the values of 81y, / 1\, ¢ are numerically
comparable to 81, /10c and smaller than 8nyg/nc.
These results contrast with our previous study [7] of a
polysiloxane SCLCP also having an undecyl spacer,
dissolved in nematic 50CB at 62 °C, where we found
OMon ~ M\%% and 6myp ~ M8;27, and aniso/n?soc -~ M\;OA”
in the GPC solvent THF (as shown in Table 4 and Fig. 3).
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Fig. 3. Molecular weight dependence of the viscosity increments
(8Mon/ Mnc and Smqge / m ) for side-chain liquid crystalline polysiloxanes
in 50CB at 62°C. (a) Field on; (b) field off. Also shown are the
corresponding values in THF at 25°C computed from the GPC
hydrodynamic volumes as 6n/n°c = 2.5N\V;,/M,,.
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Table 3

Hydrodynamic parameters of side-chain liquid crystalline polyacrylates in E48 from ER measurements

DP,  8nu/c (P ml/g) Snoglc (P ml/g) Ry/R. 7 (WS)° Miso/c® P ml/g) 7 (wS)® in THF
23°C 32°C  52°C 23°C  32°C 52°C 23°C 32°C 52°C 23°C 32°C 52°C 35°C 35°C

9 4197 1415 456 743 192 096 154 163 149 354 1.04 037  0.0323 0.04

28 4556 2038 7.9 1031 576 192 144 137  1.38 14.2 6.78 224 0.0353 0.14

52 4940 1631 408 1559 624 264 133 127 1.1 2976 1043  3.62  0.0536 0.34

100 7602 3094 9.83 3549 1487 695 121 12 1.09 1302 5245 1901 0.0835 1.25

& 1., conformational relaxation time.
® THF as a solvent at 35 °C.

Bearing in mind that changes in nematic solvent type,
temperature and sample polydispersity will have an
influence on the solution viscosity, the different exponents
suggest that the polyacrylate SCLCP may adopt a less
compact chain conformation to that of the polysiloxane
SCLCP.

3.2. Chain anisotropy and relaxation time

Applying Eqgs. (1)-(3), we extract values of the ratio
Ry /R, and T, which are listed in Table 3. The correspond-
ing analysis, performed previously [7] for the polysiloxane
SCLCP, is presented in Table 4. In each case, the Brochard
model provides a quantitative self-consistent interpretation
of the observed values of 67, and &1, Table 3 indicates
that the chain conformation is prolate (R /R, > 1), and that
there is a systematic decrease in the ratio Rj/R, with
increasing molecular weight of the polyacrylate SCLCP,
and also, at fixed molecular weight, a decreasing trend in
R|;/R with increase in temperature. On the other hand, the
conformational relaxation time 7, increases strongly with
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Fig. 4. Log—log plot of molecular weight dependence of conformational
relaxation times 7, for side-chain liquid crystalline polyacrylates in E48 at
various temperatures compared to values in THF at 35 °C calculated from
GPC hydrodynamic volumes as 7, = 151,V;, /kT.

increase in molecular weight and decrease in temperature.
Moreover, as shown in Fig. 4, the molecular weight
dependence, 7, ~ M is similar to that (r, ~ ML*) of the
corresponding relaxation time in THF at 35 °C, computed
from the GPC hydrodynamic volumes, Vi, as 7, =
15m,V,, /kT.

The equivalent analysis of the earlier data on the
polysiloxane SCLCP indicates a similar behavior
(Table 4). The polysiloxane chain has a distinctly prolate
conformation at low molecular weight (Rj/R, > 1), which
again becomes more spherical as the molecular weight
increases. Likewise, as shown in Fig. 5, 7. has a molecular
weight dependence essentially identical to that deduced for
the polysiloxane SCLCP in THF, but with a significantly
smaller molecular weight exponent (7, ~ M%?) compared to
the polyacrylate SCLCP.

The above observations conflict with the theoretical
prediction that the conformation of an end-on SCLCP will
be oblate, based on analysis of the coupling between the
backbone orientation and the nematic field [8]. However,
the existence of prolate conformations for polyacrylate end-
on SCLCPs under certain conditions has been confirmed by
scattering methods in the bulk state [11]. These anomalies
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Fig. 5. Log—log plot of molecular weight dependence of conformational
relaxation times 7;, for side-chain liquid crystalline polysiloxanes in SOCB
at 62°C compared to values in THF at 25°C calculated from GPC
hydrodynamic volumes as 7, = 157V}, /kT.



4892

Table 4
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Hydrodynamic parameters of side-chain liquid crystalline polysiloxanes in 50CB (n = 11, at 62 °C)

DP, SMonlc (P ml/g) Snoplc (P ml/g) Ry/R. 7. (BS)* Smisolc (P ml/g)° 7. (uS)® in THF
45 3.159 1.626 1.18 1.67 0.0235 0.14
72 3.146 2.069 1.11 3.01 0.0169 0.19
127 3.234 2.444 1.07 5.85 0.0161 0.43
198 3.414 3.025 1.03 10.4 0.0156 0.87
& 1., conformational relaxation time.
° THF as a solvent at 25 °C.
have been attributed to a dominant contribution of excluded Fig. 6. Here we note that, following Eq. (6)
volume interactions of the spacer [11]. Such an effect is 0 o\ 71/3
likely for the present polymers with relatively long undecyl Ry e = 3 [ kT (m, + me) )
. . . . ,nem
spacers. Indeed, in our previous studies of the polysiloxane 4 5772 7

SCLCP, oblate conformations were indicated by the ER
data for polymers with the n = 3 spacer [7]. The above
observations further indicate dissimilar conformations for
the two SCLCPs, which may be ascribed to the difference in
rigidity of the backbone. Specifically, the polysiloxane
SCLCP, which has a more flexible backbone, forms a
compact, globular conformation (7, ~ V;, ~ M%), whereas
the more rigid polyacrylate SCLCP has an extended
conformation (1, ~ V,, ~ M\3). Note that, although the
latter scaling relation is similar to that of a random coil, i.e.
7, ~ M'~18 this does not imply that the chain is Gaussian,
because of the comb-like architecture of the SCLCP, and the
fact that the overwhelming majority of the SCLCP mass
resides in the side-chains.

Next, we point out that, when corrected for the
differences in temperature and viscosity, the effective
hydrodynamic radii in the nematic state, Ry jem, are
typically larger than those, Ry ;s, computed from the
hydrodynamic volumes measured by GPC, as shown in

1.0
A
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e 06 |
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— 04 - 23°C
@ 32°C
A 52°C
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! . ! . 1 . ! . !
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Fig. 6. Log—log plot of Ry, nem, the effective hydrodynamic radii in the
nematic state for side-chain liquid crystalline polyacrylates in E48 at
various temperatures, versus Ry, o, isotropic hydrodynamic radii in THF at
35 °C for polyacrylates SCLCP; straight line indicates Ry, jem = Rhiso-

As evident in Fig. 6, the experimental data fall approxi-
mately 5—65% above the straight line which corresponds to
R nem = Ry jiso- Recognizing that Eq. (9) assumes spherical
particles, and that this comparison does not take into
account the significant polydispersity of the two SCLCPs,
this may be viewed as reasonable agreement.

The 5-65% discrepancy between Ry, pem and Ry, jso could
be a reflection of a difference in hydrodynamics of the
polymer or due to neglect of the conformational asymmetry
in making the comparison? The former possibility seems
inadmissible, since the similarity in the molecular weight
dependence of 7, in the nematic state versus THF suggests
similar hydrodynamics. Therefore, we assess the degree to
which neglect of the conformational asymmetry in the ER
data for the nematic solution influences the comparison
against the GPC hydrodynamic volumes. Such an analysis
can be performed for the polyacrylate SCLCP, which has a
relatively narrow molecular weight distribution (Table 1).

To accomplish this, we need to incorporate expressions
for the frictional coefficients A and A, into the Brochard
hydrodynamic model. Again, we make the simplifying
assumption that we can adopt expressions for steady
translation of an impermeable ellipsoid in a viscous liquid
[17]. To evaluate A, we use an expression [17] for fluid
motion parallel to the axis of symmetry of a prolate ellipsoid
of aspect ratio ¢ = a/c, where a and c are long and short
hydrodynamic semi-axis length, respectively, again assum-
ing the medium viscosity is 1)

A = 6TMyRy = 6Ty Ky C (10)
where

L8[ 20, 21 (e

K = ] d>2—1 (¢2_1)3/2 d)_\/ﬁ

(11

When fluid motion is perpendicular to the axis of symmetry,
and assuming the effective medium viscosity is 7%, the
corresponding frictional coefficient is [17]

A= 67r“r)8RhL = 6TrngKLc (12)
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Table 5
Molecular hydrodynamic dimensions of polyacrylates SCLCP at 52 °C obtained by fitting ratio x

Dp, Rll (nm) R, (nm)  Rpem (nm)a Riso (nm)h a (”’ nm)c c(L, nm)c Rhll (nm) Ry, (nm) Rh,iso (THF) = Rh‘ncmd (nm) Fittil’lg ratio x
9 2.3 1.5 32 3.0 2.4 1.6 1.8 1.9 1.8 1.0
28 4.5 32 6.4 6.3 3.4 2.5 2.7 29 2.8 1.3
52 4.6 42 7.6 7.5 4.0 3.7 3.7 3.8 3.8 1.2
100 85 7.8 14.0 14.0 6.2 5.7 5.8 59 5.8 1.4
" (Ryem)” = RY +2R2.

b X = RL/C = R”/(l = Riso/ﬁRhAisw

c

4 (Rppem)® = ac?, and Ry, s, for THF at 35 °C.

where

43 ¢ 2¢% — 3 I
K= §[ &1 (@ 1)3/2hl<d’Jr ¥ - 1)] (13

We introduce a single fitting parameter x for the relationship
between rms end-to-end distance and hydrodynamic semi-
axis length: x = Rjj/a = R, /c. This amounts to a further
assumption that the coil permeability parallel and perpen-
dicular to the director is the same. Combining Egs. (10)—
(13) with the Brochard model (Eq. (4)), we obtain

Ry Y
mkT| nlx, + ”’72K||<—)
3 R,

c = (14)

R 2
6x2’rrn8n2K|| K, ( R—”)
1

Since the quantities 7, kj and k,, Rjj/R, and ng and n? are
known, the semi-minor axis length ¢ can be computed
readily by choosing an appropriate value of the parameter x.

Noting that the apparent hydrodynamic volume in the
nematic state at 52 °C is quite close to that in THF at 35 °C
(Fig. 6), we can estimate the value of x by assuming that the
true hydrodynamic volumes are identical, viz. (47 /3)ac* =
(4m/3)R\R% /x* = (47/3)R; ;.- The resulting values of x,
a, and c, together with the corresponding values of R and
R,, as well as the effective hydrodynamic radii, Ry and
Ry, 1, computed by fits to the data are listed in Table 5. We
find that the mean value of x is 1.2, corresponding to a ratio
Ryem/Rinem = (RY +2R1)'? /(ac®)'/? ~ 2.0, which is sub-
stantially smaller than the equivalent ratio for a non-
draining Gaussian coil Ry, /Ry, s, ~ 3.0. In fact, this result
is not unreasonable, in view of the comb-like architecture of
the SCLCP. We also remark that, as expected for a weakly
prolate ellipsoid, Ry, is slightly smaller than Ry, (Table 5,
columns 8 and 9). A further result of interest is the different
molecular weight dependence of the resulting values of R
and R, which is displayed in the log—log plot shown in
Fig. 7. A least-squares fit indicates that R ~ M230=006 apd
R, ~ M%6+002 Agsuming the stated value of x = 1.2 also
applies at other temperatures (23 and 32 °C) in the nematic
state, we extract values of R and R, , which are plotted in
Fig. 7. The results indicate a trend of increasing values of
these size parameters with decrease in temperature,

a is long semi-axis length and c is short semi-axis length, || and L represent the direction parallel and perpendicular to the director 7.

presumed to reflect an increase in rigidity of the chain
backbone with increase in the nematic order parameter.
Concerning the different molecular weight dependences
of R and R,, evident in Fig. 7, we note that a similar
phenomenon was previously observed in a SANS study of a
polymethacrylate SCLCP in the nematic melt by Cotton
et al. [12]. In that case, the chain conformation was
determined to be oblate (R < R,) with R ~ Mg®+0%
and R, ~ M%*¥=003 The origin of this effect is unclear.
However, as suggested by Cotton [12], it may reflect the
crossover from wormlike to random conformational

12 - ats2°c
I //_$<',,,7.-
08 R, = (0.033£0.02)Mw ***% -
. O
4 o 7 RL=(0.0068£0.001)Mw *#*%
B o
0.0 L 1 L 1 L 1 " 1 " 1 " 1 )
1.2 .
at 32°C
[ _ 0.4620.04 %/
08 L R, = (0.05520.02)Mw 0% - ,v
O
= - -0 )
€ e
S 04 O RL= (0.012£0.003)Mw **%
14 | e
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2 o0 PR R T R T R |
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R, = (0.0870.03)Mw 0441003 oo W~
08 | R
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Fig. 7. Log-log plot of molecular weight dependence of anisotropic chain
conformational dimensions, i.e. rms end-to-end distances R and R, for
polyacrylate SCLCP in E48 at various temperatures derived via Eq. (14)
with fitting parameter x = 1.2.
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statistics coupled to the fact that the chain conformation is
more confined in one direction relative to the nematic
director. A similar analysis to the above cannot be carried
out for the more polydisperse polysiloxane SCLCP.
However, it is clear that dissimilar molecular weight scaling
of R and R is present also for the polysiloxane SCLCP,
since as seen in Table 4, the ratio R||/R | decreases with
increase in molecular weight.

4. Conclusion

We have investigated the ER behavior of dilute nematic
solutions of an end-on SCLCP, having a polyacrylate
backbone, and compared the results with an earlier study of
a similar polymer, having the same spacer, but a
polysiloxane backbone and a different mesogen. We find a
common characteristic in that the molecular weight
dependence of &1, is weak while that of dn.g is strong.
However, the numerical values of the molecular weight
scaling exponents for the two polymers are different, being
in each case significantly larger for the polyacrylate SCLCP.
Application of the Brochard hydrodynamic theory indicates
that for each polymer, the conformation is prolate (R >
R ), and becomes more spherical with increase in
molecular weight. The molecular weight dependence of
the conformational relaxation time T, is also stronger for the
polyacrylate SCLCP. Strikingly, for each SCLCP, the
molecular weight scaling exponent of 7, is essentially
identical to that of the GPC hydrodynamic volume, Vj, in
the isotropic solvent, THF.

These results indicate that the conformation of the
polysiloxane SCLCP is more compact than the polyacrylate
SCLCP, and that in each case, the molecular weight scaling
of the hydrodynamic volume is only weakly affected by the
nematic interaction. Microscopic analysis of the coil
hydrodynamics within the Brochard model, assuming that

the frictional coefficient parallel to the director is deter-
mined by the solvent Miesowicz viscosity 73, while that
perpendicular to the director is controlled by 1°, leads to
intuitively reasonable values for the ratio of static to
dynamic lengths.
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