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The first possibility would require the presence of an in-
finite number of ion pairs with various interionic distances;
moreover, the value a < 3 A observed at ¢« > 22 is un-
realistically small. We do not believe that stable separated
ion pairs are formed in this system. The distance a ~ 9
A (i.e., 6 A for contact species and ~3 A for a separating
molecule) estimated for such ion pairs is too large to allow
formation of the thermodynamically stable species.

It is much more probable that the monomer preferen-
tially solvates onium ions, resulting in smaller than average
changes of . This screening effect of the monomer leads
to lower local values of ¢ in more polar solvents and it
increases the local dielectric constant in CCl, (as shown
by the arrow from ¢ = 5.4 to ¢ = 6.1-in Figure 1). This may
allow us to estimate the increase of THF proportion from
the average 60% (¢ = 5.4) to 80% (e = 6.11) involved in
the surrounding of ion pairs. Of course, this is an over-
simplified picture, because we do not know the strength
of the interactions and we cannot estimate the influence
of the outer solvation shell on the dielectric constant in
the immediate neighborhood of active species.

Equation 2 could be corrected by an additional term
accounting for the dipole moment of the unsymmetrical
onium ions as suggested by one of the reviewers. Unfor-
tunately no data on the dipole moments of onium ions
resembling active species in polymerization of heterocyclics
are available.

In literature there is some evidence on the preferential
solvation of onium ions by nucleophilic solvent. The
dissociation constants of the secondary ammonium ions
increase 25 times in C,H,Cl, in the presence of 10% of
THF. This can be ascribed to the specific interactions (H
bonding) since only 20% change was observed under sim-
ilar conditions for quaternary ammonium ions.!* Decrease
in the mobility of ions and increase of the dissociation
constants of triethyloxonium hexafluorophosphate was
observed in CH,Cl, solvent with small additions of diethyl
ether.!” On the other hand the behavior in the mixtures
of solvents unable to solvate cations specifically (CH,Cl,,
CH;NO,, CCl,) led to the expected dependences as shown
by filled points in Figure 1.

Thus, the observed dependence of dissociation constants
of growing ion pairs on the solvent composition in the
cationic polymerization of heterocycles indicates prefer-
ential solvation of onium ions by nucleophilic monomer
molecules.
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Recently, we have developed a theory of dynamic
scattering from mixtures of homopolymers! and from co-
polymers in solution®? using the random phase approxi-
mation. The main conclusion of this theory was the
emergence of two modes of relaxation in the intermediate
scattering functions. While these two modes were iden-
tified by light scattering in the case of mixtures of hom-
opolymers in solution,* the case of copolymers remains to
be explored experimentally since, to our knowledge, these
two modes were not yet obtained.

In this paper, we would like to see what this theory
predicts in the case of a mixture containing two homo-
polymer species and a diblock copolymer (50/50) made of
the same species in solution. To do this, we focus our
attention on the relaxation frequency I'; of the mode which
was characterized as an interdiffusion mode of one species

*Present address: INES Sciences Exactes Département de Chi-
mie B.P. 119 Tlemcen, Algérie.
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Figure 1. Variation of I';/(q?(kT/NE)) as a function of (gRgr)%
vérN = 1; and x/v = 5 X 1072 for different values of the welght
fraction of copolymer y: (@) ¥y = 0%; (b) y = 50%; (c) y = 90%;
dy=9%.

with respect to the other. For reasons of simplicity, we
assume that our system is made of identical homopolymers
except for the contrast factors and the interaction param-
eter x between monomer species. The copolymer is merely
a junction of two different homopolymers. All quantities
used here have their standard meanings and were clearly
defined earlier.!® Therefore, these definitions are not
reproduced here.

To proceed further, we note the two limits. (i) Mixture
of homopolymers in solution with a composition x =1/,
is the first. In this case, I'; was found as

kT X¢TN
ENP(q) [ P(q) ] (1)

N is the number of monomers per chain, P(g) is the form
factor, and ¢ is the total polymer concentration. (ii)
Diblock copolymers in solution is the second case. Here
the following result was obtained:

kT
—_— 1 - P-P
SNiP - Pl X¢rP - PD(@)

where N and P are the number of monomers and the form
factor of each block and Pr is the form factor of the chain
of 2N monomers.

The two relaxation frequencies show an entirely dif-
ferent behavior as a function of g. While I'; for a mixture
of homopolymers behaves as an ordinary interdiffusion
mode and goes to zero as ¢ — 0, for copolymers it is more
subtle and goes to a constant limit when ¢ — 0. Fur-
thermore, eq 1 shows that I'; at ¢ = 0 vanishes for x¢rN/2
= 1, whereas in the copolymer case, I'; as given by eq 2
cannot be zero at ¢ = 0,

FI=

I = ¢ 2

o kT
"7 9NER,;

and is independent of x, where R,y is the radius of gyration
of the whole copolymer chain. However, this frequency
can vanish at a finite value of the wave vector g,, such that

x¢1N[P(gw) - Pr(gm)] =1 (3

Therefore, since the behavior of T'; for two systems was so
different in the small g region, it was interesting to see
what happens when a fraction vy of copolymers is present
in the system containing a mixture of homopolymers. The
calculation of Ty in this case is straightforward and is based
on the general formulas given in ref 1 and 2. The result
can be verified easily as
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kT 1 1- Xor
TNeP+ y(P - 2Py) 2

N
[P+ y(P - 2Py)] ]
(4)

One observes that for y = 0 (no copolymers) eq 1 is
obtained and for y = 1 (no homopolymers) eq 2 is re-
covered correctly. In the figure below, we have plotted the
variation of I't/(¢*kT/N%) as a function of (gR,1)? for
various values of the copolymer composition y. It shows
that the effect of adding copolymers to the mixture of
homopolymers is really significant only for relatively high
values of y (i.e., ¥ > 50%). This does not seem to be the
case for static properties where a small fraction of co-
polymers is found to induce a significant compatibilizing
effect in mixtures of incompatible homopolymers.®
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Introduction

Reptation provides a clear and useful limiting model of
polymer chain motion in dense, entangled fluids® and is
the basis of currert molecular theories of viscoelasticity.?
In its simplest form, it replaces the three-dimensional
Brownian motion of segment beads (c.f., Rouse-Zimm
solution theories) by one-dimensional diffusion along a
chain contour “tube” created by excluded-volume inter-
actions with neighbor chain molecules. Since chain seg-
ments move in directions both parallel and perpendicular
to their backbones and since neighbor chains are not sta-
tionary, refinements of the simple picture have appeared,
1mprovmg and extending the fit to experiment, as well as
removing unphysical features.>* For the most part though,
the important scaling predictions of reptation are not
altered, namely, a center-of-mass diffusion constant D

D~ M? (1)

© 1988 American Chemical Society



