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of the microphases; a simple thermodynamic feasibility 
study of this process8 also involved the variable xN, thus 
leading to the prediction that the values of Mns at  which 
the phase mixing should stop for two different rubbery 
segments into styrene microphases should be in the inverse 
ratio of the corresponding interaction parameters. The 
ratio of the interaction parameters for polystyrene with 
polybutadiene to that with poly(dimethy1siloxane) is 0.16, 
leading to the expectation that the Mns at  which phase 
mixing should stop in styrene-butadiene block copolymers 
is about 1.1 X lo6. This does not happen, even within the 
large experimental error of these measurements. We would 
like to suggest that phase mixing is actually a different 
effect with respect to microphase separation and that its 
controlling variable may be x2N. If so, the expected values 
of M," at  which phase mixing should stop will be the in- 
verse ratio of the square of the ratio of the corresponding 
interaction parameters. In that case, the predicted value 
of M," at  which phase mixing should cease in butadiene- 
styrene block copolymers is 7.0 X lo5, in agreement with 
our observations. 
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Scaling analyses have proved to be useful in under- 
standing the statistical physics of solutions of nematically 
or otherwise confined semiflexible po1ymers.l" Sometimes 
scaling theories are merely highly simplified versions of 
theories that are more quantitative and detailed (for a 
review see ref 3; in addition compare ref 1 with ref 5, 6, 
and 7, and ref 2 with ref 8 and 9, ref 4 with ref 14). Often 
scaling ideas are the only ones available because it seems 
difficult to make headway in some complicated problem. 
For instance, it is not hard to derive the asymptotic con- 
centration dependence of the elastic constants of polymer 
n e m a t i ~ s , ~ J ~ J ~  but a precise theory is still lacking. In a 
similar vein this note addresses the depletion of nematic 
polymer chains near an interface by scaling methods only. 

First, we look at a nematic solution of slender, hard rods 
of a bulk density p,, diameter D, and length L in the second 
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virial approximation.1° For scaling purposes, it is enough 
to approximate the orientational distribution function of 
a test rod by a Gaussian (a >> 1) 

f@) N l/zae-(l/"a.BZ (0 I e I f / 2 r )  

f ( e )  - ~ae+fZ)a+@* (Y2r I B c r) (1) 

with l E f ( ( e )  sin e de = 1 to leading order. The angle 0 is 
specified with respect to the director. Then, one can derive 
the relationlo between the sharpness of the distribution 
and the scaled number density c, bp, with the rod-rod 
excluded volume b = (a/4)L2D 

a c,2 N L4D2p: (2) 
Here and further on we omit numerical coefficients, all of 
which are of order unity. 

Let us assume the director is oriented parallel to the 
air-solution interface. In solution each rod is allowed 
orientational freedom only within a cone of approximate 
angle a-ll2 as can be seen from eq 1, but its freedom be- 
comes yet more severely restricted once its center of mass 
M approaches the interface. Auvray has discussed this 
effect for a variety of problems.ll When M is a distance 
d from the surface, the cone's angle is reduced to dL-' 
provided d is small enough. Hence, the decrease in con- 
finement entropy per rod is given byl8 

AS' N -kB In (") 
da1I2 

(3) 

where kB is the Boltzmann constant. Similarly, there is 
a decrease in the free energy per rod because the excluded 
volume is diminishedls 

where T i s  the temperature and c,(d) is a representative 
scaled number density for layer thickness d. 

Equations 3 and 4 determine the depletion p,(d) of rods 
near the surface 

Note that p,(O) - 0 as it must and p,(d) << pr for d = 
~ L a - l / ~ ,  with v a number somewhat smaller than unity.lg 
Accordingly, the thickness d ,  of the depletion layer for 
nematic rods is 

d ,  N La-lf2 (6) 
Thus, eq 2 and 6 yield the increase in the surface tension 

( 7 )  

This result, correct to the leading order, does not depend 
on the concentration, and is in agreement with detailed 
calculations by Doi and Kuzuu.12 

The extension of this result to the case of long semi- 
flexible polymers is straightforward. Another length scale, 
the deflection length A, enters the description.lt2 The 
nematic field exerted by the surrounding macromolecules 
on a test chain causes it to be deflected toward the director 
on a scale X on the average. It is connected to the per- 
sistence length P via2y3 

X = P / a  (8 )  

A scaling analysis is fruitful when the chains are long 
enough-the contour length L is much longer than A. As 
long as the connectedness of the chains is unimportant we 
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referee has commented on the completely passive role 
played by the interface: the polymers are hindered by 
solely steric repulsions. Dispersion forces could well exert 
a considerable influence on the density profile close to the 
surface so their effect if any must be assessed when com- 
paring the expressions with experimental results. Little 
is theoretically understood about the alignment of nematic, 
anisometric molecules near surfaces,15 although Meyer has 
presented convincing arguments why very long semiflexible 
chains near inert surfaces should align ~aralle1.l~ Anyway, 
there is some evidence for this in certain ~ a s e s . ~ ~ J ~ J ’  
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have the following simple tenet: the physical properties 
of the nematic can be described as if every chain consists 
of LIX independent rodlike units. Thus, for semiflexible 
chains eq 2 becomes 

(9) 
Here, the number density of deflection segments p x  is a 
times the number density of persistence segments p p .  
Equation 9 was previously derived in a different way.2 
Next, the thickness of the depletion layer becomes 

(10) 

a N cx2 N X4D2px2 N a-2PD2pp2 

d ,  N Xa-1/2 N a-3/2p 

Hence, the increase in surface tension is written as 

with cp 1 (7c/4)D2Ppp the volume fraction. This result can 
also be obtained by substituting X for L in eq 7. 

These equations show that the interfacial behavior of 
nematic polymers and rods is markedly disparate. The 
increment in surface tension increases with concentration 
for long semiflexible polymers but to leading order it is 
constant for rods. A similar though reversed disparity 
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whatever its nature. 
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Conformational Characteristics of 
Polyisobutylene: An Error with Consequences 

One of us (L.C.D.) has detected a significant error in a 
paper by Suter, Saiz, and Flory’ entitled “Conformational 
Characteristics of Polyisobutylene”, in which a simple and 
detailed rotational isomeric state (RIS) model had been 
proposed. The matter requires more than a mere Erratum, 
since later ~ o r k ~ , ~  on the X-ray and neutron scattering of 
polyisobutylene (PIB) was based on the erroneous RIS 
model; agreement between prediction and experiment had 
been unusually good and the questions arise why a “wrong” 
model is able to so convincingly predict detailed and ac- 
curate experimental data2s3 and if a corrected RIS model 
would still find such strong experimental support in the 
same data. 

The error consisted of inadvertently switching, in the 
numerical calculations, the values for the two distinct 
skeletal bond angles in the PIE! chain: actually, LC-C!H,-C 
= 7c - 8’ lies between 120” and 130°, and LC-C(CH&-C 
= 7c - 6’’ is approximately equal to the tetrahedral value 
of ca. llOo, but in the calculations ?r - 6’ was given the 
smaller numerical value and 7c - 6” the larger one. 

The limiting value for the characteristic ratio of the 
end-to-end distance, C = (r2)o/n12 (n - a), when calcu- 
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Figure 1. Sequence in a PIB chain. 

lated4 from the erroneous RIS model with a predetermined 
set of statistical weight matrices and a corresponding set 
of torsion angles, (cp) = ( + 1 5 O ,  - 1 5 O ,  +130°, -130’1, was 6.7 
(f0.1), in excellent agreement with several sets of exper- 
imental data which indicated that 6.6 I C I 6.9.l If proper 
bond angles are chosen, however, one obtains, all other 

0 1987 American Chemical Society 


