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Recently, Professor Szwarc proposed a new interpre-
tation of the kinetics of polymerization of THF, stemming
from the new way of treating the immediate surroundings
of the growing macrocations and/or macroion pairs.!
According to this interpretation, propagation in solvents
of low polarity proceeds in clusters constituted of THF
(monomer) molecules and polymer segments in the pro-
portion identical with that in the bulk solvent. Solvent
molecules, according to this treatment, do not enter the
immediate surroundings of the growing macrocations.

Starting from this view, the kinetics of propagation is
treated as a process in which the real rate constants of
propagation are the same for various THF /solvent mix-
tures.

This interesting new proposal refers to our work,*? in
which we showed that in the polymerization of THF in
CCl, solvent the rate constant of propagation k,, expressed
as a second-order rate constant, increases with decreasing
starting monomer concentration [THF],. On the other
hand, propagation is internally first order on monomer in
this solvent as well as in bulk. We interpreted the observed
dependence of k, on [THF]; in terms of the influence of
polarity of the medlum on ky, tacitly assuming that CCl,
molecules are present in the immediate surroundings of
macrocations. By influence of polarity, we understand the
change of the electrostatic energy of ions with dielectric
constant as well as specific solvating action. We have at
present no way to dissect these two effects.

According to Szwarc’s proposal, the difference observed
by us could come from the formal treatment of the kinetics,
namely Szwarc proposes to use the “unimolecular rate
constant” k,, which, at least for the THF/CCl, system,
does not depend on [THF], and is equal to k,[THF],,
where k;, is the second-order rate constant of propagatlon
determmed in our studies and is found to be dependent
on [THF], for the CCl, solvent.

One has to agree that the dependence of k, on [THF],
in CCl, solvent, taken as an isolated fact, coulpd have been
alternatively interpreted in this way.

The simplest proof for the treatment outlined above
would be the constancy of k,. Simple calculations, based
on our data already published,? give, e.g., k, = 0.42 57!
([THF], = 12.3 mol L %) and k, = 0.32 s’ ((THF}, = 8.0
mol L) in CCl, solvent. Thus, the difference in &, is even
larger than that between our &, values (see below) for the
same conditions. Thus, either an assumptlon treating the
ratio [THF]/[polymer segment] in proximity of the
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Table I
10%k,, AH % aS*,,
[THF],, mol ™! keal cal mol °!
solvent mol L™' Ls™! mol™! deg !
THF 12.3 3.4 14.0 -17.5
CCl, 8.0 4.0 9.0 -33.0
CCl, 7.0 4.3 8.4 -36.0

@ AH"p calculated for k., are equal to AH* p calculated
for k, because k,, = k;[THF], (by definition).

growing species, is too rough an approximation or, as we
are still inclined to suppose, the solvent molecules are
indeed present in the immediate proximity of the growing
species.

Moreover, we observed for the THF /CCl, system the
large change of the activation parameters AH*, and AS?,
(mostly compensating each other) in spite of only small
changes of the corresponding k,; this is illustrated in Table
I. According to Szwarc, the CCl, molecules are absent in
the immediate proximity of the growing species, and the
solvation of macrocations by THF and poly(THF) seg-
ments proceeds with equal probability. Thus, one should
not expect such a change of AH*, with the changing
starting concentration of THF. lpndeed, according to
Szwarc’s treatment, merely the proportion of THF and
poly(THF) would change in the surroundings of the
macrocations with changing [THF],.

We explained the change of AH*, and AS*, with the

[THF]/[CCl,] ratio® by assummg tﬁat in the 1mmed1ate
proximity of the active species all of the components of
the mixture are present, namely THF, the poly(THF)
segments, and CCl, molecules. Consequently, the higher
the proportion of THF molecules around macroions in the
ground state the higher the enthalpy of activation.

More recently, the polymerization of THF was studied
in polar solvents, namely in CH,Cl, and CH;NO,.* In
CH,C]; solvent, the second-order k, is almost independent
of [THF]; at 25°C In CH;NO,, whlch is much more polar
and polarlzable than THF, the dependence of k; on
[THF]O is opposite to that observed for CCl,; namely w1th
increasing [THF],, kP also increases. Thus, for all of the
three systems there is a monotonous trend, and with in-
creasing polarity, expressed by the bulk dielectric con-
stants, the k, slightly decreases. There is no indication
that the meclglanism of propagation changes when passing
to CCly as the solvent.

As mentioned above, it is difficult at present to discuss
separately the influence of the electrostatic energy of ions
on the rate parameters influenced mostly by the dielectric
constant at the proximity of ions and of solvation of ions,
related to the solvating power of the components of the
system. Apparently, for systems with lower dielectric
constants, the influence of changes of the electrostatic
energy may prevail.

There are a number of systems known in physical or-
ganic chemistry behaving very similarly to the cationic
polymerization of THF discussed above, and they all
belong to the group of reactions between ions and polar
molecules. The ground states in these reactions have more
ionic character than the corresponding transition state,’
and the values of the activation parameters are usually
directly related to the solvation—-desolvation phenomena
when passing from the ground state to the transition state.

Thus, the data available at present do not allow us to
adopt for the polymerization of THF the idea of the
monomer-polymer clusters around the growing species.
However, this original approach, stressing the importance
of the noncontinuity of ionic solutions in the ionic po-
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lymerizations, will certainly find its place in describing
systems with stronger nonspecific interactions.
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Several years ago, the time-dependent surface-tension
changes in a polystyrene melt containing small amounts
of surface-active styrene—dimethylsiloxane block copolymer
were reported.! It was concluded that the early stages of
adsorption were limited by diffusion of the block co-
polymer additive to the surface, and it was found that
reasonable values of diffusion constants could be extracted
from the data. During the course of that work, frag-
mentary results for some other copolymer additives were
obtained but were not reported. In view of recent interest
in diffusion in polymer melts and mixtures,?® these results
have been reexamined and are presented and discussed
here.

Experimental Section

The styrene homopolymer used (M, = 9290) and all experi-
mental procedures were the same as those previously described.!
Two additional A-B block copolymers were used as additives: one
had M, (osmotic) = 6800 and contained 14.6% Si (corresponding
to styrene (8),—-dimethylsiloxane (D)), while the other had M,
= 24200 and contained 16.7% Si (Syp9-Dy4). In addition, a
multiple sequence block polymer,* having the design structure
(DgsS50Dgs),y 16.0% Si, M, = 69400 (hence £ = 7.8), was used.
Since these samples were not subjected to the fractionation applied
to the earlier-described block polymer (S;5-D;), it may be assumed
that they were more polydisperse.

Results and Discussion

The experimental results are presented in Figures 1 and
2. According to our earlier analysis,! during the early
stages of adsorption, while diffusion through the bulk is
limiting the arrival of surfactant at the interface, the
surface tension lowering is expected to be proportional to
t!/2, In the case of the three earliest points for the system
containing the copolymer S;55—Di4, this relationship is
obeyed. Accordingly, the diffusion constant can be es-
timated from the slope of a plot of (v4 — ) vs. t¥/2 (cf. eq
3 of ref 1) as 5.7 X 107® cm?/s, and this value has been used
to construct the solid curve in Figure 1.

Most of the data presented here pertain to the long-time
slow approach to adsorption equilibrium, for which no
detailed interpretation is available. However, since dif-
fusion to the surface must precede adsorption, it is possible
to use the earliest measured surface pressure value to
estimate a lower limit for the diffusion constant. Values
obtained in this way are listed in Table I. It must be
recognized, of course, that these are lower limit values;
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SURFACE TENSION, DYN/CM
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Figure 1. Surface tension at 200 °C as a function of time for
blends of polystyrene with 0.1 wt % copolymer S,Dgs (O) or
S125D14 (@). The solid line is calculated for diffusion-controlled
adsorption. <, is the surface tension of polystyrene at 200 °C.
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Figure 2. Surface tension of a blend of polystyrene plus 0.1 wt
% copolymer (DysDsoDgs)75 at 185 °C (0) and 200 °C (@). v, is
the surface tension of pure polystyrene at the indicated tem-
perature.

Table I
Diffusion Constants for Block Copolymers in
Polystyrene, Estimated from the Rate of
Surface Tension Lowering

copolymer T,°C D, cm?/s
S.Ds 200 >5.3x 10°°

S.:D,, 200 3.6 x 10-8¢
Si29D 44 200 5.7 x 10°°
(DzsssoD2s)7_s 185 >9.2x 1078
200 >8.3x 10°¢

¢ Fromref 1.

there is no way to estimate from the present results how
much larger the correct values are, and in fact they may
be very much larger.

It is interesting to note that the multiple sequence block
copolymer appears to have a diffusion constant sub-
stantially larger than those for the AB types. Since we
have no information on the polydispersity of these samples,
it is possible that this result merely reflects the presence
of a low molecular weight component. (It should also be
noted that the use of a molar concentration in the esti-
mation of the diffusion constant will lead to a different
value of D if the molecular weight value is altered.)
Nevertheless, it seems logical that the multiple sequence
copolymer, with its styrene segments surrounded by si-
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