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ABSTRACT By combining dynamic light scattering data on nematic monodomains in three different 
scattering configurations with independent measurements on the bend elastic constant via the Freedericksz 
transition method, we have measured all of the elastic and viscosity coefficients associated with the splay, 
bend, and twist distortions of the nematic matrix. We performed VH scattering experiments on mon- 
odomains in the homogeneous orientation, with the nematic director aligned, respectively, inside and orthogonal 
to the plane formed by the incident and scattered wave vectors. Similar studies were carried out on ho- 
meotropic monodomains with the nematic director parallel to the incident wave vector. Numerical values 
of elastic and viscosity constants derived from such analyses on pure pentacyanobiphenyl(5CB) are consistent 
with literature results. The addition of a side-chain liquid crystal polymer, poly[6-(4-methoxy-cu-methylstilben- 
4'-yl)oxy]hexyl methacrylate] (MSHMA), results in significant increases in the relaxation times for dynamic 
light scattering from all three scattering geometries. These changes are due to small decreases of the three 
elastic constants and larger increases of the three viscosities. Increase of polymer molecular weight results 
in a relatively small change in the elastic constants and a substantial increase in all three viscosities. The 
percent change is largest for the bend mode and smallest for the splay mode, which is consistent with the 
idea that the former involves translational motions of the backbone, whereas the latter requires relatively 
unhindered rotations around the backbone. 

Introduction 
The theoretical and experimental basis for applying the 

dynamic light scattering experiment to obtain information 
on the viscoelastic constants of the nematic liquid crystal 
materials is well established.'+ Light is scattered by long- 
wavelength fluctuations of the nematic director A,, which 
results in two diffusive deformation modes corresponding 
to splay-bend and twist-bend distortions of the nematic 
matrix. The differential scattering cross section per unit 
volume is given by1+ 

( i f ,  + i f , )  fi = ( ;)ZkBTx 2 (1) 
dO '='-2K3,q112 + K,,q. 

The scattering vector i j  = f f 1 -  &, where R i  and,& refer to 
the incident and scattered wave vectors, and 1 and f are 
unit vectors defining the incident and scattered polar- 
izations. Equation 1 is based on a Cartesian coordinate 
system ( x ,  y, z )  with the z axis defining the optic axis (A,) 
of the nematic and with two unit vectors 81 and 82 oriented 
in the x ,  y plane such that 

and 

The components of? and f along 8, are called i, and f, and 
those along the z axis, i, and fz .  In a similar fashion, the 
component of Q parallel to  the director is qll = q2, and the 
component of ij orthogonal to A, is q I .  ea = € 1 1  - el is the 
anistropy of the dielectric constant, X the wavelength of 
light, k~ Boltzmann's constant, and T the absolute tem- 
perature. K33 refers to the bend elastic constant, and K,,, 
Y = 1, 2, are the splay and twist elastic constants. Note 
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that in the following analysis we use two other scattering 
configurations in which A, is oriented, respectively, along 
the x and y axes. For these situations, equations equivalent 
to  those above for da/dO and 81 and 82 are obtained but 
with z replaced everywhere by x and y, respectively. 

The mean relaxation frequencies of the two director 
deformation modes can be determined by photon corre- 
lation analysis of the scattered light'* and are given by 

where qv(q) are two viscosity functions: 

(3) 

(4) 

In eqs 3 and 4, the ai refer to the five Leslie viscosity 
~oefficients,~ 71 is the twist viscosity,' and qe, qb, and qc 
are the Miesowicz viscosities.8 

In our experiments, we have utilized the three scattering 
configurations shown in Figure 1. Configuration A utilizes 
a homogeneously aligned monodomain with the_direct_or 
perpendicular to  the scattering plane formed by ki and kf, 
and with i l l2  and f 1 2 .  Here 411 = 0 and q I  = (27r/X)[nO2 
sin2 0, + (ne - no cos 1 9 , ) ~ ] ' / ~ ,  where no and ne are the tem- 
perature-dependent ordinary and extraordinary refractive 
indices of the nematic and Bo is the scattering angle inside 
the nematic sample. From eqs 2-4, it follows that 
scattering modes 1 and 2 become, respectively, pure splay 
and pure twist. Thus, light scattering measurements 
detect the sum of ea.ch mode, weighted by the geometric 
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factors, ( i l f z  + i,f# = ne2 sin2 8/[nO2 sin2 8 + (ne - no cos 
W], and (id, + i , f ~ ) ~  = (no - ne cos 8)2/[no2 sin2 8 + (ne - 
no cos Thus 
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A. planar sample, director perpendicular to sanering plane 
qL2.4n2/b 2 I tn,~ine)2.(n~cosa-n,)~ I 

no ordinary r e f r a c t i v e  index 
n extraordinary r e f r a c t i v e  Index 
1' n nematlc d i r e c t o r  

1 laser  l i g h t  wave length 
i; lnc ldent  wave vector  
E' scat ter ing wave vector  
,.r I Incident po lar izat ion 
1 scat ter lng PoIarization 

u:=Q 

%y; 
x&y E' 

8 .  planar sample. director in scattering plane 

where 

I 2 2  ne sin 0, 

K l l [ ( n e  - no cos e,l2 + no2 sin2 e,12 (*) dQ1 = ( 2 Y k B . I  

(6) 
and 

(7) 
The decay rates are 

and 

r2 = K22qL2/?'l (9) 
where qsplay = (71 - Cq2/r)b) is the viscosity of the splay 
distortion. Note that when the polarization condition (idz 
+ i z f 2 )  = 0 is met approximately, only splay mode is sampled 
in the experiment. 

Configuration B again uses a homogeneously aligned 
monodomain byt has tbe director in the scattering plane, 
fiollR and fioLki,  with z112 and f in the scattering plane. 
Here, the geometric factor (idx + i x f i )  = 0 and hence da/  
dQl = 0. The scattered intensity is determined by mode 
2 ,  with (idx + i J 2 )  = cos Bo, 911 = (217ne/A) sin Bo, and q 1  
= (217/X)(ne cos 8, - no) 

C. homectropic sample, director in Scattering plane 

q,=2H/X.nltlnm Ti %- q,8=2H/b.(n,cosa-no) 

kf 
d 

Figure 1. Three different scattering geometries used in our 
experiments A selects mode 1 (pure splay) + mode 2 (pure twist); 
B selects mode 2 (twist-bend); C selects mode 2 (twist-bend). 

cos2 e, 
(10) 

K2,(ne cos 8, - no)' + K33ne2 sin2 0, 

and 

0 10 20 30 40 50 60 
SCATTERING ANGLE IN LAB FRAME (degree) 

When q L  = 0 (8 - 24' in our experiment), r2 = K33q1I2/ 
?bend, where ?bend = 71 - ( ~ 2 ~ / ? , .  

Finally, configuration C utilizes a homeotropically 
aligned monodomain with the dkector again in the 
scattering plane, with fi,l14 and fiollki. Here we have (idy 
+ i y f l )  = 0 and (du/dQl) = 0. Now, however, (idy + i@) 
= sin Bo, q 11 = (2x/  A) (ne cos 8, - no) and q 1 = ( 2 * n e /  A) sin 
e,,. Thus 

sin2 eo 
KZ2n: sin2 8, + K,(n, cos 8, - no)' 

(12) 

The decay rate is again given by eq 11. Note that the term 
8, in eqs 5-12 refers to the scattering angle inside the ne- 
matic sample, related to the scattering angle, 8, in the 
laboratory frame by Snell's law, viz. n sin 8, = nT sin 8. 

3 

Figure 2. Numerical values of scattering vectors qi and q L  as 
a function of scattering angle in the laboratory frame. Note that 
qUf*-) in - geometry B is the same as q I  (- - -) in geometry C, 
w de q I ( ) in geometry B is different from qll (- -. -) in geometry 
C. In geometry A, only q I  (- --. -) # 0. 

Here nT is the refractive index of toluene, used as matching 
liquid, and n is the refractive index inside the sample. The 
configuration A, n = no, and ne = rill; in configuration B,  
n = ne and l / n e 2  = sin2 8,/nO2 + cos2 8,/nIl2; in configu- 
ration C, n = ne and l / n e 2  = cos2 8,/nO2 + sin2 Bo/nIl2, 
where rill is the semimajor axis of the Fresnel index ellipsoid 
(maximum of ne) of the nematic.9 Figure 2 shows the 
dependence of ql and qll on scattering angle in the three 
configurations. Evidently there are substantial differences 
in both magnitude and curvature of q l  and 411 for these 
configurations, suggesting that by combining light scat- 
tering data over a wide range of scattering angles in all 
three configurations, it  is possible to facilitate extraction 
of the numerical values of the various elastic and viscosity 
coefficients. 
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A direct approach to the determination of the elastic 
constants, Kii, is via the Freedericksz transition method.'(' 
The elastic constant is computed from the critical magnetic 
field necessary to produce a specified director distortion 
in a monodomain sample. Likewise, certain of the viscosity 
efficients can be obtained by conventional viscometric 
experiments in the presence of an applied magnetic field. 
Since estimation of the viscoelastic properties from light 
scattering data via eqs 1-12 requires a multiparameter 
least-squares fit, it is clear that independent determina- 
tion of one or more parameters assists in obtaining aunique 
solution. In this study, we have obtained independent 
measurements of K33 via the Freedericksz transition 
technique. 

Early light scattering studies focused on analyses of the 
properties of low molar mass nematics. More recently, 
investigations of liquid crystal materials containing poly- 
meric nematogens have been reported. Two types of 
systems have been studied. One class consists of the ly- 
otropic liquid crystals formed by semirigid polymers.ll A 
second group comprises miscible thermotropic liquid 
crystal mixtures composed of a low molar mass and a 
polymeric m e s ~ g e n . ~ J ~  Experimental studies on the latter 
materials have involved reports of bend, splay, and twist 
elastic constants, as well as twist viscosities of mixtures 
of side-chain liquid crystal polymers, based on a polysi- 
loxane backbone, in cyanobiphenyl-based species as sol- 
vents.5 The addition of polymer results in a progressive 
decrease in all three elastic constants. However, the bend 
constant K33 is most influenced.13 The twist viscosity is 
substantially increased as a function of polymer concen- 
tration in the mixtures.14 

In this study we report dynamic light scattering ex- 
periments on monodomains formed from pentylcyano- 
biphenyl (5CB) and from miscible mixtures of 5CB with 
a side-chain liquid crystal polymer (LCP), poly[6-(4-meth- 
oxy-a-methylstilben-4'-yl)oxy]hexyl methacrylate] 
(MSHMA). By combining data on the three scattering 
geometries listed above, we obtain information on all three 
elastic and viscosity coefficients. An independent mea- 
surement of the bend elastic constant for both 5CB and 
several of the polymer mixtures has been obtained via the 
Freedericksz method. 

Experimental Methods 
Pentylcyanobiphenyl (5CB) was obtained from BDH Chem- 

icals and used as received. The nematieisotropic transition tem- 
perature is TNI = 35.1 O C .  The side-chain LCP utilized in our 
study was synthesized by Professor Virgil Percec and co-workers15 
and consists of a poly(methy1 methacrylate) backbone to which 
the pendant mesogenic groups (4'-a-methylstilbene) are attached 
via a flexible hexamethylene spacer. Three polymer samples of 
different molecular weights were utilized in our studies: 
MSHMA/36, M .  = 3600; MSHMAf45, Mn = 4500, and 
MSHMA/570, M .  = 57 OOO, as determined by gel permeation 
chromatography in tetrahydrofuran using polystyrene standards. 
For all samples, M,/M,, 2 1.35. The polymer exhibits a nematic 
phase in the temperature range studied with a TNI = - 94 "C. 
A smectic A phase is obtained on annealing with a TNA = 18 O C .  

Monodomain samples, as verified by optical microscopy, were 
prepared between clean microscopic slides, separated by Mylar 
spacers with thicknesses of 12.5 and 50 pm. Specimens in the 
homogeneous orientation were obtained by the classical rubbing 
technique; specimens in the homeotropic alignment were prepared 
by treating the glass surfaces with a surfactant, hexadecyltri- 
methylammonium bromide (HTAB). For the LCP concentration 
range utilized for our samples, we verified using optical microscopy 
that the samples were miscible in both the nematic and isotropic 
phases, with a narrow biphasic region at the transition. The 
temperature extent of this region was proportional to the LCP 
concentration. The refractive indices of pentylcyanobiphenyl 
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and the polymer have been determined by other g r o ~ p s . ~ ~ J ~  
Photon correlation analysis of the light scattered from the 

nematic monodomains was performed by using an instrument 
(Brookhaven Instruments Corp., Ronkonkoma, NY) equipped 
with a 15-mW He/Ne laser and a BI 2030 AT 256-channel digital 
correlator. The sample was positioned in a refractive index- 
matching bath by using a custom-designed micromanipulator 
which enables us to make small adjustments to keep the scattering 
volume in the focal plane of the collecting lens at all scattering 
angles. The sample temperature was controlled by a refrigerated 
circulating bath accurate to better than 0.1 "C. In photon 
correlation spectroscopy we obtain the intensity autocorrelation 
function, normalized to the calculated baseline 

G2(t)  = (n(O)n(t))/(n(O)n(O)) 
where n(t) refers to the detected photon counts at time increment, 
t, and the brackets refer to a time average. G&) is related to the 
electric field correlation function, gl(t), by the relation 

G,(t) = 1 + f(A)lgl(t)l2 
wheref(A) is a parameter that depends on the coherence matching 
of the scattered radiation at the detector. By employing the 
micropositioner, we are able to routinely obtain f(A) k 0.8 at all 
scattering angles. gl(t) has the general form 

gl(t) = LmG(r)e'" d r  

where G(r) is the distribution of relaxation frequencies which 
characterize the dissipative behavior of the director fluctuations 
which are the source of the depolarized light scattering. We 
analyze gl(t) by least-squares fits to a cumulant expansion 

log, gl(t) = -Ft + pzt2 - ... 
where r = S,"G(r)r d r  is the mean decay rate and p2 = 
S,"G(r)(r - F ) 2  d r  is the variance of r. For all of the correlation 
data pertinent to this study, gl(t) exhibited a single-exponential 
decay, Le., p2 = 0, within experimental error. 

We also performed magnetic Freedericksz transition mea- 
surements on homeotropic samples with the magnetic field 
perpendicular to the director. This determinesKa.lO The sample 
thicknesses d were all in the neighborhood of 13 pm and 
determined interferometrically to better than 1%. The samples 
were housed in a temperature-controlled oven inserted into the 
base of an 8.2-T superconducting magnet with optical axis 
perpendicular to the field. The field was ramped at 8 G/s and 
the transmitted laser intensity computer recorded. No hysteresis 
was observed in the threshold field H*. The order parameter vs 
temperature was obtained from birefringence measurements, and, 
in conjunction with magnetic susceptibility data from the 
1iterature;l we obtained Ax vs T. Finally, K a  was extracted: 

d2Ha2 
7r2 

K33 - AX 

Results and Discussion 
In Figure 3a, we present Freedericksz transition results 

for the temperature dependence Of K33 for pure 5CB and 
mixtures containing 3.2% and 5.3% w/w polymer 
(MSHMA/3.5). We note first that the experimental data 
for pure 5CB are in excellent agreement with literature 
values.18 Next, we see that addition of polymer results in 
a decrease of K33 at a given temperature. This effect is 
clearly due to the depression in TNI with polymer con- 
centration, resulting in less orientational order at a given 
temperature. Thus, K33 was found to increase slightly 
with LCP concentration when plotted directly against the 
nematic order parameter S = Ax/Axrst as shown in Figure 
3b. Note that, in evaluating K33 for the mixtures, we have 
assumed that the saturated susceptibility anisotropy, Axmt, 
and the refractive indices, ne and no, are the same as for 
pure 5CB. The latter assumption is also made in inter- 
preting the light scattering data below. Since the differ- 
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Figure 4. Experimental and calculated decay rates of dynamic 
light scattering from pure 5CB and the LCP mixture (M. = 4500, 
C = 3% w/w) for geometry A at T = 33 "C: (-) calculated; (e) 
measured for pure 5CB; (A) measured for 3% LCP mixture. 
Calculated values are for mode 1 only; deviations between 
experiment and calculation at higher scattering angles are due 
to contributions from mode 2. 
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ORDER PARAMETER, S 
Figure 3. Measured band elastic constant Ks with different 
LCP concentrations [(e) 5CB; (0) 3.2% LCP + 5CB; (X) 5.3% 
LCP + 5CB] plotted against temperature (a) and against the 
order parameter (b). 

ences between the refractive indices of pure 5CB and 
MSHMA are small (no = 1.537, ne = 1.680 for 5CB; no = 
1.550, ne = 1.615 for MSHMA at T = 33 'C),16J7 these 
approximations are expected to introduce negligible errors, 
particularly in view of the low LCP concentrations utilized 
in this study. This was confirmed by examining the effect 
of varying ne and no in our data-fitting procedures. 

Measured decay rates based on single-exponential fits 
tophoton correlation spectroscopy of pure 5CB and a 3.2 '5% 
w/w polymer/5CB mixture in scattering configurations 
A-C are compared in the angular range 10' < 0 < 60' in 
Figures 4-6. Also shown are calculated decay rates 
computed from fits to the experimental data based on eqs 
8 and 11. The calculated values a t  all scattering angles 
are generally in good agreement with experiment, except 
in the case of configuration A. Here we have shown a fit 
of the experimental data to mode 1 alone (pure splay), 
since da/d!l2:da/d!ll< 1:20 in the scattering angle range 
15' < B < 35 '. Systematic deviations are noted in Figure 
4 a t  larger scattering angles. This is because of the 
increasing contributions of mode 2 (pure twist) in this 
geometry a t  angles 0 < 3 5 O .  Similar deviations are expected 
a t  small angles 0 < 15'. In these fits, initial values of the 
bend elastic constant were chosen on the basis of the Freed- 
ericksz transition results. For the mixtures, several 

0 
0 10 20 30 40 50 60 

SCATTERING ANGLE IN LAB FRAME (degree) 
Figure 5. Experimental and calculated decay rates of dynamic 
light scattering from pure 5CB and the LCP mixture (M. = 4500, 
C = 3% w/w) for geometry B at T = 33 "C: (-) calculated; (m) 
measured for pure 5CB; (m) measured for 3% LCP mixture. 

constraints are invoked: the Kii are numerically smaller 
than the values for pure 5CB and are assumed to decrease 
monotonically with polymer concentration; the viscosity 
coefficients are larger than those for pure 5CB and assumed 
to increase monotonically with polymer concentration. 
Calculated and experimental values of the decay rates in 
all three configurations agree to within 3 '36 a t  all scattering 
angles. With these criteria, we are able to specify the 
estimated viscoelastic parameters to within limits shown 
in Table 1. Here, we list the experimental values of the 
intrinsic decay rates for light _scattering from the_ splay, 
twist, and bend distortions: rsphr = Kll/qsplay, rtwist = 
K22/~1, and I'bend = K33/qbend. Also listed are the values 
of the individual elastic and viscosity coefficients deduced 
on the basis of the fits shown in Figures 4-6. 

For pure 5CB, our experimental results are in good 
agreement with selected literature values. For example, 
a direct comparison of the decay rates for !ight scattering 
from the twist distortions of pure 5CB, I'twist = K22/~1; 
between our results and published data of Sefton et al. 
is shown in Figure 7. Further, viscosityvalues determined 
in our study are numerically similar to those reported for 
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Figure 6. Experimental and calculated decay rates of dynamic 
light scattering from pure 5CB and the LCP mixture (M, = 4500, 
C = 3% w w) for geometry C at T = 33 O C .  Symbols used here 
are as in B igure 5. 
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Figure 7. Comparison of measured ratio of K ~ / Y I  for scattering 
from pure twist with literature values: (Sefton et al.) EI = 5CB, 
H = 5CB + 2 % LCP; (this work) 0 = 5CB, + = 5CB + 3 % LCP. 

Table I 
Temperature Dependence of Viscoelastic Parameters for 

5CB and 3% w/w LCP/5CB Mixture (M. = 4500) . -  

T=25OC T = 3 0 ° C  T=33OC 

5CB 5CB 5CB 5CB 5CB 5CB 
LCP/ LCP/ LCP/ 

lOBK11 f 5%,  dyn 62 58 45 41 30 26 
l@Kzz 3%,  d p  43 37 31 25 21 19 
108K33 f 3 % , dyn 31 61 54 45 41 33 
?splay f 1 % 9 p 0.83 0.89 0.48 0.52 0.29 0.35 
y 1 f l % , P  0.83 0.91 0.50 0.53 0.30 0.36 
?bend* 2 % ~  p 0.14 0.18 0.12 0.18 0.11 0.12 
107K11/qlp~lyf 5 % ,  7.47 6.52 9.38 7.89 10.3 7.43 

cm2/ 8 

cmz/s 

107Kzz/yl f 3%, cm2/s 5.18 4.01 6.10 4.72 6.83 5.36 
10'K33/qbnd f 3%, 57.9 33.9 45.0 25.0 37.3 27.2 

5CB by Skarp et a 1 3  LikewiseK11 and& values obtained 
by us for 5CB agree very well with results reported by 
several groups. Finally, K22 values computed from our 
light scattering data yield ratios K33/K22 which are 
reasonably consistent with corresponding values obtained 
by Hara et a1.20 

Table I indicates that addition of LCP to 5CB results 
in a substantial desrease in all three intrinsic decay rates, 
rspky, rtist, and r b n d .  The source of this change is a 
decrease in the associated elastic constant and an increase 
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SCAlTERING ANGLE IN LAB FRAME (degree) 
Figure 8. Experimental and calculated decay rates of dynamic 
light scattering from pure 5CB and LCP mixtures (M, = 57 OOO) 
for geometry A at T = 30 OC: (-) calculated; (El) pure 5CB; (0) 
1.5% LCP mixture; (+) 3% LCP mixture; (A) 8% LCP mixture; 
(0) 15% LCP mixture. Calculated values are for mode 1 only; 
deviations between experiment and calculation at higher scat- 
tering angles are due to contribution from mode 2. 
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Figure 9. Experimental and calculated decay rates of dynamic 
light scatteringfrompure 5CBand theLCP mixture (M. = 57 OOO) 
for geometry B at T = 30 "C. Symbols used here are as in Figure 
8. 

in the corresponding viscosity coefficient. Referring first 
to the decay rates, it  is evident in Table I that, a t  T = 25.2 
and 30.2 "C, the decrease in decay rate of the bend 
fluctuation is much larger (--40%) in contrast to the 
changesinsplay(--15%) and twist (--23%). However, 
a t  T = 33 "C, the relative decrease in decay rate is similar 
for all three modes. 

To explore the influence of polymer concentration and 
molecular weight on the viscoelastic parameters, we carried 
out light scattering experiments in all three configurations 
on mixtures in 5CB of the highest molecular weight sample 
(MSHMA/57, Mn = 57000), a t  T = 30.2 OC over a 
concentration range 0-15% w/w. The measured decay 
rates for each scattering configuration together with the 
calculated values based on eqs 8 and 11 are shown in 
Figures 8-10. The fit parameters are given in Table 11. 
We find a pattern of behavior similar to that seen for the 
low molecular weight polymer (Table I), in that the 
addition of polymer has the largest effect on the decay 
rates of the bend mode and smallest on the splay mode. 
However, the effect is apparently more dramatic for the 
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observed by Coles and SeftonI4 for mixtures of a side- 
chain LCP with a siloxane backbone in 5CB, viz. A K 2 2  < 
Ull << S 3 3 .  

To summarize, our light scattering results indicate that 
the dissolution of a side-chain LCP in a low molar mass 
nematic decreases the relaxaticn rates ofpirector distor- 
tions in the order IArbnd(  >> IAI'twistI > IAI'splayl. Increase 
of polymer molecular weight magnifies the decrease in 
decay rates. The effect arises because of a combination 
of a moderate decrease in the elastic constants and a large 
increase in the viscosity coefficients. The Freedericksz 
transition measurements suggest that the decrease in 
elastic constants a t  a fixed temperature may be largely 
due to the decrease in order parameter which accompanies 
a lowering of the nematic-isotropic transition tempera- 
ture on addition of polymer. Our observations that [ f b n d ]  
>> [TI] -  splay] are consistent with the interpretation 
that the presence of the side-chain LCP substantially 
restricts the amplitude of the bend distortion. This arises 
presumably because the mesogen is a t  least partially 
coupled to the backbone, and the bend displacement 
requires motions normal to the backbone, in contrast to 
the twist and splay distortions, which involve relatively 
unhindered motions around the backbone. 

SCAlTERING ANGLE IN LAB FRAME (degree) 
Figure 10. Experimental and calculated decay rates of dynamic 
light scattering from pure 5CB and LCP mixture (M. = 57 OOO) 
for geometry C at T = 30 OC. Symbols used here are as in figure 
8. 

Table I1 
Concentration Dependence of Viscoelastic Parameters for 

5CB and LCP/5CB Mixture (M. = 57 000) at T = 30 O C  

LCP concn. wlw '?6 

0 1.5 3.0 8.0 15 
1OBKll f 576, dyn 47 

Ka/Kl l  f 8% 1.2 

lO8K2z f 3 % , dyn 32 
lo8& f 3 7% , dyn 56 

%play f 1%) t p 0.496 
Y l f l % , P  0.498 
77bndf2%o,P 0.103 
107Kll/7ap~.y -+ 5% cm2/s 9.48 
107K22/yl f 3%, cm2/s 6.32 
1O7K33/qhnd f 3%, cmz/s 54.4 

40 
29 
50 
1.3 
0.643 
0.646 
0.240 
6.22 
4.44 
20.8 

47 
25 
41 

0.790 
0.795 
0.343 
5.95 
3.14 
11.9 

0.87 

44 28 
14 7.0 
19 9.6 
0.43 0.35 
1.39 2.09 
1.40 2.10 
0.650 1.33 
3.16 1.32 
0.979 0.333 
2.92 0.722 

higher_molecular weight. Thu?, in Table 11, for c,= 3.0% 
w/ w, r b n d  decreases by 78 g ,  rtwist by 50 % , and rspb by 
37%, whereas, in Table I, rbnd decreases by 45%, I'twist 
23%, and rsplay by 16%. We note parenthetically that 
small differences in the fit parameters for pure 5CB, 
evident when Tables I and I1 are compared, may be due 
to differences in the cell thicknesss used in each experiment 
(12.5 vs 50 pm). 

I t  is evident, particularly for the mixture containing the 
high molecular weight polymer (Table 11), that the major 
contribution to the decrease in decay rates comes from an 
increase in the viscosity coefficient. Again, the relative 
change is largest for the bend viscosity. To see this, we 
define the intrinsic quantity [vbnd] = A4bnd/CBbndo = 80 
g/g, where A v b n d  = vbnd(miXtUre) - r]bndO, c is concen- 
tration (grams per gram), and the superscript 0 refers to 
the pure solvent (5CB). In contrast, [vsplayl = Avsplay/ 
cvsplayo N [TI] = Ayl/cylo = 21 g/g. For the low molecular 
weight polymer, we obtain, a t  !l' = 30.2 OC, [vbnd] = 16.7 
g/g and [vsplay] 7 [?I] = 3 g/g. The apparent molecular 
weight exponent is 0.6for [vknd] and0.9 for [TI] and [vsp~yl. 
Note that the precision of these exponents is comparatively 
low, particularly for [yl] and [vsplay], because of the small 
viscosity increments in the low molecular weight sample. 

All three elastic constants decrease on addition of 
polymer, but the magnitude of the change again seems 
largest for the bend distortion. Specifically, for the change 
in AKii with unit concentration, we observe AKll:AKzz: 
A K 3 3  = 13:16:31, indicating that the presence of polymer 
decreases the distortion energy in the order splay C twist 
< bend. A slightly different pattern of behavior was 
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