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ABSTRACT: The amphiphilic water soluble block polyelectrolytes PMMA-b-SPGMA and PMMA-b-
QPDMAEMA are efficient surfactants for the radical emulsion polymerization. Negatively charged,
neutral, and positively charged entering radicals were used in combination with polyanionically and
polycationically tailored PMMA latex particles. It was shown that the rate of polymerization was very
high for systems wherein the entering radical species had an electrical charge sign identical with that of
the polyelectrolyte corona around the latex particle. PMMA-b-SPGMA turned out to be 4 times as efficient
as compared to SDS emulsified MMA polymerization at 0.6 wt %. Systems wherein polyelectrolyte block
and entering radical were of opposite sign displayed strongly reduced polymerization rates. When the
polyelectrolyte barrier became thick enough, as in the case of a M, = 26 000 PMMA-b-QPDMAEMA, no
more polymerization was observed. The observed polymerization rate effects are discussed in terms of
repulsion of equal charge radicals, leading to enhanced mobility and counterion mobility restriction of
the radicals of opposite sign to the polyelectrolyte block. In the latter case, this slowed counterion diffusion
of radicals of opposite sign leads to premature aqueous phase termination of free radicals and consequently
low flux of entering radicals with low rates of polymerization. The experimental results obtained are
consistent with the theoretically predicted case, where the “control by aqueous phase growth” theory for
the entry of free radicals in latex particles is invalid.
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Thermal decomposition of water soluble initiators in
emulsion polymerization generates primary free radicals
in the aqueous phase. It is generally accepted that the
major locus of polymerization in such systems is inside
the surfactant micelle and in the interior of the polymer
particle.»?2 This means that the free radicals have to
be transferred from the aqueous phase to the latex
particles to ensure an ongoing propagation. The rate
of entry of free radicals plays thus a key role in emulsion
polymerization.® The detailed mechanism whereby free
radicals enter latex particles is however far from
understood, and several theories have been forwarded.
The diffusion theory states the diffusion of radicals to
the particle surface as the rate-controlling step.4=¢ The
surfactant displacement theory suggests that displace-
ment of surfactant from the particle surface is the rate-
controlling step. So the rate of entry should depend on
the surface coverage of the latex particle by the surfac-
tant.” In the colloidal theory, a colloidal oligomer is
supposed to be the actual entering species.?°

In 1991, Gilbert et al. published a new theory on the
entry of free radicals in emulsion polymerization.1°
They postulate that the growth of the aqueous phase
free radicals to a particular degree of polymerization is
the rate determining step for free radical capture by
latex particles. They conceive this concept to be differ-
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ent from those generally thought to be rate determining
for free radical capture by latex particles, it normally
being assumed that free radical capture is controlled
by diffusion of the aqueous phase free radicals to the
latex particle surface.” In their model, this diffusive
step is supposed to be so fast as not to be rate-
determining.

With the present study, we want to provide for
additional qualitative insight in the mechanism of entry
of free radicals, in the presence of block polyelectrolytes,
in the radical emulsion polymerization. Rates of poly-
merization have been measured and are discussed in
terms of diffusion of the radical species through poly-
electrolyte barriers.

These results allow the following conclusions: It
appears that the combination of the charge of the
entering radical and the charge of the block polyelec-
trolyte thoroughly impacts the rate of emulsion poly-
merization. This sustains a model wherein diffusion of
free radicals becomes the rate determining step in these
emulsion polymerizations.

Experimental Section

Surfactants. The synthesis, characterization and modifi-
cation of glycidyl methacrylate and N,N’'-dimethylaminoethyl
methacrylate block copolymers to the amphiphilic watersoluble
anionic and cationic block polyelectrolytes have been described
in previous publications.t~%4

Sodium dodecyl sulfate (SDS) (Janssen Chimica) was 99%
purity grade and was used as supplied.
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Table 1. Characteristics of Amphiphilic Block Copolymers

composition (wt %)

block copolymer Mn Mw/Mp PMMA PGMA PDMAEMA
PMMA-b-SPGMA 15 000 1.09 15 85
PMMA-b-QPDMAEMA | 12 000 1.15 17 83
PMMA-b-QPDMAEMA 11 19 000 1.12 15 85
PMMA-b-QPDMAEMA 111 26 000 1.12 18 82

Monomers. Methyl methacrylate (MMA) and styrene (St)
were fractionally distilled under reduced pressure and kept
under nitrogen at —10 °C.

Initiators. The initiators for the emulsion polymerization
were used as supplied and kept at —10 °C: potassium
peroxydisulfate (K2S,0s) (Aldrich, 99 +%); 2,2'-azobis(2-ami-
dinopropane) (AAP) (V-50; Wako Pure Chemical Industries),
supplied as the hydrochloride; azobisisobutyronitrile (AIBN)
(Janssen Chimica).

Chain Transfer Agent. 1-Dodecanethiol (Aldrich, 98%).

Inhibitor. Hydroquinone (Aldrich, 99%).

Free Radical. 1,1-Diphenyl-2-picrylhydrazyl hydrate
(DPPH) (Aldrich, 95%).

Water. In-glass distilled water was deoxygenated by purg-
ing with high purity nitrogen.

Polymerizations. The emulsion polymerizations were
conducted in a thermostated dilatometer at 60 °C, under a high
purity nitrogen atmosphere. Batch polymerizations and gravi-
metric determination of conversion of polymerization as a
function of time have equally been used, to ensure the accuracy
of the obtained data. Batch polymerizations were immediately
guenched with hydroquinone and cooled after a predetermined
time of polymerization. Rates of polymerizations were calcu-
lated from the slopes of conversion as a function of time in
the linear interval at partial conversion (between 20 and 40%
conversion).

Results and Discussion

Ambhiphilic Block Polyelectrolyte Emulsifiers.
To probe the properties of polyanionic and polycationic
electrosteric barriers on the mechanism of entry of free
radicals in the radical emulsion polymerization, we have
devized a series of emulsion polymerization experi-
ments, in which the sign of the electrical charge of the
incoming radical was varied against the sign of the
electrical charge of the block polyelectrolyte barrier,
while the applied experimental conditions were kept
constant.

Radical emulsion polymerizations of MMA in water
were conducted in the presence of polyanionic and
polycationic amphiphilic water soluble block copolymers
as emulsifiers. Both of these amphiphilic block copoly-
mers are new and were developed in our laboratory.

For the polyanionic block copolymer, a poly (methyl
methacrylate-block-sulfonated glycidyl methacrylate block
copolymer (PMMA-b-SPGMA) was used. Its synthesis
and use as emulsifier have been described in previous
articles.’>=13 The polycationic block copolymers used
were poly (methyl methacrylate-block-quaternized N,N'-
dimethylaminoethyl methacrylate) block copolymers.
The synthesis and utility of these block copolymers in
the stabilization of pigments in multiphase systems
have also been reported.!*

The characteristics of the block copolymers used are
given in Table 1.

Radical Initiators. The radical emulsion polymer-
izations were performed using the following radical
initiators: K3S,0g, H20,, and two azo initiators, AIBN
(2,2'-azobisisobutyronitrile) and AAP (2,2'-azobis(2-ami-
dinopropane).

The primary radical species originating from the
thermal dissociation of these initiators yield radicals

Table 2. Primary Radicals from Initiators

initiators primary radicals
K>S,0g S04~
H>0, OH*
AIBN CN(CH3).C*
AAP (acid medium) F(NH2)2C(CHj3),C*
AAP (basic medium) (NH)(NH2)C(CH3s).C*

that are susceptible to induce the radical emulsion
polymerization of a large range of partially water soluble
vinylic monomers.5~7

Table 2 represents the initiators and their primary
free radicals that were used in this study.

K3S,0g gives negatively charged radicals that are
generated in the water phase, while H,O, and AIBN
will produce neutral radicals, which will however be
generated in different phases, i.e., in the water phase
for H,O, and in the monomer oil phase for AIBN. The
actual radical species that enter the latex particles are
thought to consist of the addition of two or three
monomer units to the primary radical particle, e.g.
*RSO,~, where R denotes a dimer or trimer of MMA.15

From the last two entries in Table 2, it is clear that
AAP can yield two radical species of a different nature;
i.e., depending upon the pH of the aqueous medium of
the emulsion polymerization, it is possible to have at
one’s disposal positively charged or neutral radicals.

The dissociation of AAP to positively charged radicals
in neutral and acidic media has been studied in detail,
and AAP has been used as an excellent radical initiator
in emulsion polymerizations.”~8 The thermal dissocia-
tion of AAP in basic medium is complicated by the fact
that, besides the thermal dissociation leading to neutral
radical species, there is equally a competing hydrolysis.
This might probably be the reason AAP never has been
used under basic polymerization conditions.

Scheme 1 summarizes the fate of AAP depending
upon the conditions maintained for its dissociation. AAP
in neutral or acidic medium 1 dissociates uniquely to
the positively charged radical 2. In basic medium 1 is
neutralized to 3 and yields the correspondingly neutral
radical 4. However, 3 can also hydrolyze to 2,2'-azobis-
(2-carbamylpropane), 5 which is stable and will not
dissociate upon heating.®

In our experiments we have taken care not to expose
AAP to basic conditions, except just for the time needed
for the emulsion polymerization (less than 15 min).
Typical hydrolysis times for transforming 3 to 5 are
several hours.” Anyhow, the minor extent of hydrolyzed
AAP will be the same throughout the series of experi-
ments, given that experimental conditions with respect
to the hydrolysis reaction will be identical.

With these initiators the hereafter reported set of
emulsion polymerization experiments was conducted.
We distinguish six different situations, where R, has
been plotted as a function of the (block polyelectrolyte)
emulsifier concentration. The concentrations have been
expressed as molar concentrations since it has been
shown that the polyionic blocks protrude in the aqueous
phase thereby adopting an extended conformation.?
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Scheme 1. Thermal Dissociation of
2,2'-Azobis(2-amidinopropane)
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NH, NH, NH:
AT
® HN=N+{ ® ® >—<
NH, NH, NH
OH~
2 4
NH NH NH
AT
HN:Q_{ S S >_<
NH; NH, NH,

5
AT
NH;CO+N=N+CONH2 %é

For the qualitative comparison of behavior of the
different combinations of radicals and polyelectrolyte
blocks, inferences about the rate of entry of radicals are
made on the basis of polymerization rate data. We are
well aware of the fact that other physical parameters
such as particle number and initiator decomposition
rate might be influenced. Particle size data and amount
of microcoagulum for the latices obtained in these
experiments were comparable. It shall be recalled that
the electrosterically stabilized latex contained less mi-
crocoagulum and was much more stable than an SDS
electrostatically stabilized latex.!2

(1) Classical SDS Emulsifier vs Block Polyelec-
trolyte Surfactant. To get some notion of the ef-
ficiency of these polymeric emulsifiers, emulsion poly-
merizations of MMA have been conducted with SDS and
PMMA-b-SPGMA.

The concentration of the emulsifiers was varied and
the rate of polymerization calculated as —d[M]/dt in the
linear part of the conversion/time plot. The applied
experimental conditions were kept the same, as was
already pointed out above.

Polymerizations that were conducted in the presence
of up to 3.5 x 1072 M 1-dodecanethiol did not show any
significant difference in R, compared to polymerizations
without chain transfer agent, though the MW's of the
polymers were considerably lowered.

Figure 1 shows a large difference in behavior for the
two emulsifiers. The slope of Ry is much steeper for the
polymerizations with PMMA-b-SPGMA. R, = 1.7 x
1074 mol L™t st is reached with 0.6 wt % of SDS. With
the PMMA-b-SPGMA polymeric emulsifier at the same
0.6 wt % concentration R, = 7.3 x 10~*is obtained. The
PMMA-b-SPGMA polymeric emulsifier is apparently
some 4 times as efficient as SDS in this experiment.
Some important theoretical and technological conse-
guences are obvious: absolute polymerization rates that
are not possible to reach with a classical emulsifier could
be reached with a block polyelectrolyte. This might be
of great importance for the polymerization of highly
hydrophobic monomers that have very low water solu-
bility. It is known that these monomers are very
difficult to polymerize in emulsion and that the resulting
latices are not very stable (e.g. emulsion polymerization
of octadecyl methacrylate).’® Another advantage of a
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Figure 1. R, as a function of surfactant concentration for
situation 1, classical SDS emulsifier vs block polyelectrolyte
surfactant. T =60 °C; [MMA] = 0.4 M; [K;S;0g] = 1.48 x 1072
M. Key: (H) PMMA-b-SPGMA, (®) SDS.
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Figure 2. R, as a function of block polyelectrolyte concentra-
tion for situation 2, negatively charged radical—block poly-
electrolyte. T =60 °C; [MMA] = 0.4 M; [K;S;0g] = 1.48 x 1078
M. Key: () PMMA-b-SPGMA; (®) PMMA-b-QPDMAEMA I;
(O0) PMMA-b-QPDMAEMA 11.

much higher R, could be to render the proces more
amenable to continuous operation rather than batch
polymerization. A block polyelectrolyte emulsifier could
also grant advantages such as avoidance of surfactant
migration in the film although it will be much more
costly than SDS. A reduced level of surfactant as well
as initiator not only would be cost-effective but also
would lead to polymers containing less initiator, surf-
actant, and monomer residues, which have deleterious
effects on the final polymeric product.

(2) Negatively Charged Radical—Block Poly-
electrolyte. From Figure 2, it is immediately clear that
the Ry of the K,S,0g initiated emulsion polymerization
of PMMA highly depends on the nature of the polymeric
surfactant used.

The R, with PMMA-b-SPGMA shows a steep increase
of polymerization with increasing concentration and
reaches high values as discussed in situation 1.
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PMMA-b-QPDMAEMA | shows a totally different
behavior, not only are the absolute values lowered by a
factor 15 at a polymer surfactant concentration of 4 x
1074 mol L™t but also the slope of R, is negative.
Increasing [PMMA-b-QPDMAEMA ] leads to reduction
in Rp. This observation is not in agreement with the
general Smith—Ewart Kinetics that predict an increase
of Rp with increasing emulsifier concentration. If these
effects are due to inhibition of the emulsion polymeri-
zation, an induction period should have been observed.
However, this is not the case. Moreover, if we proceed
the polymerization in the presence of the higher M,
PMMA-b-QPDMAEMA 11, there is an even lower R, to
be observed.

Finally, in the presence of PMMA-b-QPDMAEMA 111,
no polymer at all was obtained in the emulsion poly-
merization system, with polymeric surfactant concen-
trations down to 8 x 1075 mol L%, all applied experi-
mental conditions kept constant.

These observations are definitely in favor of an
important influence of the electrosteric barrier around
the latex particles on the Rp.

The externally (to the polymer particle) initiating
radicals have to diffuse through the electrosteric barrier
before reaching the latex particle polymerization locus.
In the foregoing case, these negatively charged radicals
will be subjected to repulsion from a similarly negatively
charged polyelectrolyte barrier. The mobility of the
negative radicals within the barrier will be high due to
this mutual repulsion and the chemical potential, as a
consequence of a concentration gradient, should be able
to also drive these radicals very efficiently toward the
surface of the polymer particle, where entry and sub-
sequent propagation will take place.

The entering radical anions are electrostatically
repelled by the fixed charges on the polymer and they
may be expected to diffuse in from the external concen-
tration down to very low concentrations.t’

For negatively charged radicals entering the posi-
tively charged polyelectrolyte barrier, the situation is
dramatically different as can also be seen from Figure
2. On entering the diffuse polycationic corona, the
radicals will be attracted by the positively charged
polyelectrolyte and they will compete with the Br—
counteranions of the polycationic QPDMAEMA block;
eventually this counterion interaction will lead to ter-
ritoral or even specific site binding.18722 Counterions
are hereby supposed to be bound momentarily to the
polyelectrolyte chain and hopping from one site to
another, thereby having significantly reduced mobility.23
This makes their diffusion toward the particle surface
so slow that it will exceed the average lifetime of the
radical. The absolute concentration of initiating radi-
cals being heavily reduced, this will lead to a drastically
reduced Ry.

Ultimately, if the diffusion of the free radicals to the
latex particle surface becomes too slow, because of
increased thickness of the electrosteric layer, there will
be massive termination and no more radicals to reach
the polymerization locus.

This hypothesis is thus clearly in line with the results
observed with the higher M,,, PMMA-b-QPDMAEMA |1
and I11.

(3) Neutral Radical—Block Polyelectrolyte. Two
systems for emulsion polymerization initiated with
neutral radicals are considered.

Macromolecules, Vol. 31, No. 17, 1998
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Figure 3. R; as a function of block polyelectrolyte concentra-
tion for situation 3a, neutral radical—block polyelectrolyte. T
= 60 °C; [MMA] = 0.4 M; [H20;] = 2.72 x 1072 M. Key: (M)
PMMA-b-SPGMA,; (®) PMMA-b-QPDMAEMA 1.

(3a) The first is H,O, that generates hydroxyl radicals
in the aqueous phase. These radicals will have to
diffuse through the polyelectrolyte barrier, before poly-
merization can take place.

(3b) AIBN generates cyanopropyl radicals, but these
radicals are generated in the oil phase, i.e., in the
monomer swollen micelle or polymer particle. Nomura,
has published some elegant work to demonstrate that
the actual addition of the radical to the monomer takes
place in the aqueous phase very near to the surface of
the polymer particle.?425> This thesis has however been
refuted by others.26 However, the important item in this
discussion is that the radical is generated in or close to
the oil phase and will not have to diffuse through the
polyelectrolyte barrier before being able to start poly-
merization.

Figure 3 shows the results of the emulsion polymer-
izations initiated with H,O; in the presence of the two
charge opposed polyelectrolyte block surfactants. The
absolute R, values of either polyanionic or polyanionic
block surfactant are high and comparable. There is no
major difference in Rp, thus undiscriminating the
neutral radical between the two oppositely charged
barriers.

In addition, it is important to stress that these results
deny the polyelectrolyte block inducing any inhibition.

Figure 4 represents AIBN-initiated polymerizations,
conducted with either polyanionic or polycationic-block-
polyelectrolyte surfactant. Again, the R, values of both
systems, although slow, are comparable. This sustains
the hypothesis that the “internally” generated, neutral
cyanopropyl radical is unaffected by the polyelectrolyte
barrier.

(4) Positively Charged Radical—Block Polyelec-
trolyte. Emulsion polymerizations were conducted in
the presence of AAP initiator in buffered acid medium
at pH = 4.5. In these conditions, the thermal dissocia-
tion leads to positively charged radicals 2 (Scheme 1).
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Figure 4. R, as a function of block polyelectrolyte concentra-
tion for situation 3b, neutral radical—block polyelectrolyte. T
=60 °C; [MMA] = 0.4 M; [AIBN] = 2.65 x 1072 M. Key: (M)
PMMA-b-SPGMA,; (®) PMMA-b-QPDMAEMA 1.
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Figure 5. R, as a function of block polyelectrolyte concentra-
tion for situation 4, positively charged radical—block polyelec-
trolyte. T = 60 °C; pH = 4.5; [MMA] = 0.4 M; [AAP] = 1.48 x
1073 M. Key: (M) PMMA-b-SPGMA; (®) PMMA-b-QPDMAE-
MA 1.

Figure 5 shows the results of these polymerizations
in the presence of either polycationic or polyanionic
block polyelectrolyte surfactants.

Again large differences in polymerization behavior are
to be seen. The Ry of MMA in the presence of PMMA-
b-QPDMAEMA | has a steep positive slope and reaches
high values as opposed to the R, values of the polymer-
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izations conducted in the presence of PMMA-b-SPGMA
that display a negative slope and low absolute values.

A consistent explanation of this anomalous behavior
can be given, if we take into account that the positively
charged radical will diffuse quickly through the poly-
cationic corona, due to mutual repulsion from the
radicals and the oppositely charged QPDMAEMA block.
This will lead to fast entry and polymerization rates.
In the case of the PMMA-b-SPGMA block surfactant,
the positively charged radicals are attracted to the
polyanionic block and have to compete with the Na*
counterions in an ion exchange process. This will lead
to a slowed diffusion of the initiating incoming radicals
with concomitant decrease of radical flux at the polymer
particle polymerization locus, thus leading to lower Rp.
This is in complete agreement with the results discussed
for Figure 2. In the present case, however, the situation
with respect to the charge of the incoming radical is
reversed, and the highest R, is consistently found for
the situation, where the charge of the radical is opposite
to that of the polyectrolyte barrier. In the comparison
of Figures 2 and 5 this strong similarity in behavior of
oppositely charged polyelectrolyte barriers and radicals
is definitely in favor of a phenomenon associated with
the diffusion of the radical through the stabilizing
barrier.

(5) Neutral Radical—Block Polyelectrolyte. This
situation resembles that of situation 3a, in that an
“external” neutral radical was used for the emulsion
polymerization in the presence of PMMA-b-SPGMA and
PMMA-b-QPDMAEMA, respectively. Exactly the same
experimental set up as in situation 4 was used, except
for the pH that was brought to a value of 10.5, im-
mediately after which polymerization was started.

In basic medium, AAP will generate neutral radicals
4 upon thermal dissociation and polymerization pro-
ceeds fairly fast, though not at rates that are as high
as for AAP in acid medium. Dissociation of AAP may
become more difficult in basic medium due to lack of
assistance of intramolecular charge repulsion, that
tends to weaken the azo bond.

Figure 6 shows comparable behavior with respect to
Rp for both PMMA-b-SPGMA and PMMA-b-QPDMAE-
MA in MMA emulsion polymerization. The fact that
the neutral radical 4 could undiscriminatedly diffuse
through the polyelectrolyte corona is consistent with the
views developed in the situations above.

Free radical decay in block polyelectrolyte mi-
celles.

In the foregoing situations (1—5), the rate of poly-
merization was taken as a sensitive means to try to
probe the fate of the radical while diffusing through an
elecrosteric barrier on its way to the locus of polymer-
ization in the latex particle.

In the initial stage of emulsion polymerization, it is
accepted that the initiating radical enters a monomer
swollen micelle. In a block polyelectrolyte micellar
system, the same kind of diffusional behavior toward
oppositely charged radicals as developed above should
equally apply.

In Figure 7, a plot of the absorbance of DPPH
dissolved in micellar solutions of SDS, PMMA-b-
SPGMA, and PMMA-b-QPDMAEMA, containing K,S,0s,
which was thermally dissociated at 50 °C, is presented
as a function of time.

It is observed that there is no significant decrease in
absorbance for the micellar solution of DPPH/PMMA-
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Figure 6. R, as a function of block polyelectrolyte concentra-
tion for situation 5, neutral radical—block polyelectrolyte. T
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Figure 7. Absorbance of DPPH as a function of time as a
measure for free radical decay in block polyelectrolyte micelles.
T =50 °C; [DPPH] = 4.3 x 1075 M; [K2S,05] = 1.48 x 1073 M.
Key: (M) [PMMA-b-SPGMA] = 1.4 x 104 M; (@) [PMMA-b-
QPDMAEMA I] = 1.4 x 107* M; (O) [PMMA-b-QPDMAEMA
1]= 1.24 x 10~* M, reference without K,S,0g; (O0) [SDS] = 1.0
x 1072 M.

b-QPDMAEMA | containing no K,S,0g, which was used
as a reference solution.

In the presence of K,S,0g, a decrease in absorbance
is to be seen, due to the reaction of the violet DPPH
with the persulfate radicals to less colored addition
products. A progressively smaller decrease in absorb-
ance is to be seen respectively, with the PMMA-b-
SPGMA, SDS, and, finally, PMMA-b-QPDMAEMA so-
lutions.

These results fully confirm that oppositely charged
radicals and polyelectrolyte brushes interact, so as to
slow diffusion of radicals, limiting the incoming flux of
active radicals that can undergo subsequent reaction,
while a corona of the same charge increases their
mobility.

Macromolecules, Vol. 31, No. 17, 1998

One could also argue that a negatively charged corona
around a growing polymer particle prevents escape to
asimilar charged radical thus increasing Rp. A positive-
charged corona could allow escape of a negative-charged
radical thereby reducing Ry.

Conclusions

The results presented in this study allow the following
conclusions to be drawn with respect to the emulsion
polymerization of MMA in the presence of PMMA-b-
SPGMA, anionic, and PMMA-b-QPDMAEMA, cationic,
block polyelectrolytes.

It is clearly apparent that the combination of the
charge of the entering radical and the charge of the
block polyelectrolyte thoroughly influence the rate of
emulsion polymerization.

Radicals and polyelectrolyte barriers of opposite sign
lead to strongly reduced rates of polymerization, pre-
senting anomalous Smith—Ewart Kinetics, in that R,
slows down with increasing surfactant concentration
and width of the polyelectrolyte block barrier.

For radicals and polyelectrolyte barriers of identical
sign, Ry's with steep positive slopes as a function of block
polyelectrolyte concentration were found. The rate of
polymerization is greatly enhanced for systems using a
polyelectrolyte block, as compared to classical low
molecular weight surfactant. This has some important
technological potential.

These results are consistent with a model wherein the
Rp is diffusion controlled by the polyelectrolyte corona
around the latex particle.

Radicals entering the polyelectrolyte barrier of op-
posite sign are thought to be subjected to counterion
interaction with loss of mobility, thus becoming more
prone to premature aqueous phase termination. Even-
tually this will lead to strongly reduced R,, and even to
reaction shut off.

This particular and unique situation appears to be
totally different from that encountered with low MW
surfactants, i.e., the earlier conclusions of Penboss et
al.,° who observed the entry rate coefficient to be
insensitive to the charge carried by the primary free
radical. Charge effects have been shown to be un-
important, based on the absence of an ionic strength
effect, absence of surface coverage effect, and similarity
in behavior between free radicals of different charge.?’

The experimental results with block polyelectrolyte
mediated emulsion polymerization presented by us are
consistent with the theoretically predicted case where
the “control by aqueous phase growth” theory for the
entry of free radicals in latex particles is invalid.1®
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