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ABSTRACT: Solvent effects on the copolymerization of styrene and maleic anhydride are interpreted in
terms of Harwood’s bootstrap effect. Earlier observations that this comonomer pair behaves according to
the bootstrap effect are confirmed. Furthermore, solvent effects on stereochemical configuration can be
interpreted in terms of the bootstrap effect as well. The observation that the Z/E ratio of the anhydride units
versus copolymer composition is independent of solvent is attributed to monomer partitioning between the

bulk of the solution and the locus of polymerization.

Introduction

The effect of solvents on free radical copolymerization
has been the subject of many studies in the past. Some
years ago, it was discovered that despite the fact that
apparent reactivity ratios may be influenced considerably
by solvent, no such effect is observed on the conditional
probabilities that determine chain growth.! The result of
this so-called bootstrap effect is that copolymers with the
same overall composition have the same monomer se-
quence distribution regardless of the solvent employed
during synthesis.

After introduction of the bootstrap effect in 1987, a few
papers were published in which methods are reported to
quantify the essential parameter of the bootstrap effect,
the monomer partition coefficient (K).23 All of these
papers use monomer triad distributions as a measure for
the sequence distribution in the polymer chain.

The reasoning behind the bootstrap effect is that a
copolymer with a certain composition is formed at identical
local comonomer ratio. The real reactivity ratios are
essentially independent on the solvent. In the light of
this theory, not only monomer sequence distribution versus
copolymer composition should be independent of solvent
but also copolymer microstructure versus copolymer
composition. Recently published data on the copolym-
erization of styrene (STY) and maleic anhydride (MAnh)
in butanone (MEK) and chloroform (CHCls) already
provide an indication in this respect. The same experi-
mental data, completed with the remaining monomer triad
fractions and copolymer composition, are used to evaluate
the occurrence of the bootstrap effect in terms of both
monomer sequence distribution and copolymer micro-
structure.

Experimental Procedures and Results

STY/MAnh copolymers were prepared at 50 °C in MEK and
CHCI; as described previously.* STY-centered triad fractions
and Z/E ratios were determined from DEPT 3C NMR spectra
following previously published assignments.>® The Z/E ratio is
defined as the ratio of cis (zusammen) to trans (entgegen)
configurations of anhydride units in the copolymer.
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Copolymer compositions were calculated from the measured
STY-centered triad fractions according to a previously published
method,5 using eq 1.
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Fgry and Fyans are the fractions of STY and MAnh, respectively,
in the copolymer. Axgsx is the surface area of the peak assigned
to the XSX-indexed STY-centered triad in the DEPT 13C NMR
spectrum.

The experimental results are graphically shown in Figures 1
and 3 for copolymerizations in MEK and CHCl..

Discussion

In Figure 1 copolymer composition (Fymann) is plotted
versus monomer feed composition (fmann) for the copo-
lymerizations in both solvents. It is very clear that there
isasolvent effect. Copolymerssynthesized in CHCl; have
a higher MAnh content than those synthesized in MEK
atequal fraction of MAnh inthefeed. Apparentreactivity
ratios are calculated by nonlinear least squares (NLLS)
estimation’ on triad distribution and copolymer composi-
tion versus monomer feed simultaneously. The model
which was used to describe the copolymerization is the
penultimate unit model with the constraint of no homo-
polymerization of MAnh. Recently, conclusive model
discrimination between the penultimate unit model and
the complex participation model in favor of the former
was achieved.® The apparent reactivity ratios are rgg =
0.018 and ryg = 0.050 in MEK and rgg = 0.018 and rus
= 0.026 in CHCl;.

From the variance—covariance matrix, 95% joint con-
fidence intervals are drawn as shown in Figure 2. Also
shown in Figure 2 are the lines that indicate the boundaries
between which the ratio rsg/rys varies for both solvents.
This ratio was shown to be the determining factor to
describe monomer sequence distribution versus copolymer
composition.2 To match the experimental data in this
work for both solvents, 0.2 < rgg/rms < 0.6. In Figure 3
monomer triad distributions are plotted versus copolymer
composition for copolymerization in both solvents. The
curves are drawn from the penultimate unit model with
the constraint of no homopropagation of MAnh and rss/
rms = 0.4, It is clear that the experimental data are
described satisfactorily by the drawn curves. Hence, no
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Figure 1. Copolymer composition (Fmann) versus monomer feed
composition (fmany) of the copolymerization of styrene and maleic
anhydride at 50 °C in MEK (@) and in CHCl; (0).
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Figure 2. 95% joint confidence interval of the penultimate unit
model reactivity ratios (rss and ryg) of the copolymerization of
styrene and maleic anhydride at 50 °C in MEK (@) and in CHCl;
(0). Drawn lines are the boundary values of constant rgg/rms
ratio, applicable to both solvents (0.2 < rgg/rmg < 0.8).

solvent effect is observed, which is in accordance with the
bootstrap effect.

In a previous publication it was shown that there is a
clear solvent effect on the Z/E ratio versus comonomer
feed.* Similar to the monomer triad distribution, we plot
the Z/E ratio versus copolymer composition as shown in
Figure 4. Although the experimental data contain a
relatively large error, as indicated by the error bars in
Figure 4, it is obvious that one curve could be used to
represent the experimental data of both solvents. This
leads to the conclusion that the bootstrap effect may also
account for solvent effects on copolymer microstructure
in the sense of stereochemical configurations.

Conclusions

The copolymerization of styrene and maleic anhydride
behaves according to the bootstrap effect when carried
out in MEK and CHCl;. This result confirms earlier
observations on the same comonomer pair in MEK, in
bulk, and in toluene.?

Earlier reported solvent effects on stereochemical
configurations of this copolymer* can be interpreted in
terms of the bootstrap effect as well. The Z/E ratio of the
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Figure 3. Styrene-centered triad distribution versus copolymer
composition of the copolymerization of styrene and maleic
anhydride at 50 °C in MEK (@) and in CHCl; (0). Drawn curves
are calculated from the penultimate unit model with the
constraint of no homopropagation of MAnh and rsg/rms = 0.4.
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Figure 4. Z/E ratio of the maleic anhydride unit versus
copolymer composition of the copolymerization of styrene and
maleic anhydride at 50 °C in MEK (@) and in CHCl; (O).

anhydride units versus copolymer composition appears to
be independent of solvent within the limits of experimental
error. It is hypothesized that this phenomenon has the
same origin as the solvent independence of monomer
sequence distribution versus copolymer composition. A
copolymer with a certain composition is formed at a fixed
local comonomer ratio where this comonomer ratio is
determined by the overall comonomer feed composition
and the monomer partitioning between the bulk of the
solution and the locus of polymerization.
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