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Abstract

The polymerization of vinyl acetate at 60 °C in microemulsions stabilized with the anionic surfactant, Aerosol OT, with or without
cosurfactant (n-butanol) is examined. Partial phase diagrams at 60 °C show that the addition of n-butanol enhances the one-phase
microemulsion region. Results indicate that the reaction rate is not affected by the presence of the alcohol. However, average molar masses
are smaller although particles are bigger throughout the reaction compared to those values obtained in the absence of n-butanol. An

explanation for these results is presented.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Oil-in-water microemulsion polymerization is a unique
process that allows the production with high reaction rates
of high molar mass polymeric nanoparticles (Dp <50 nm)
dispersed in an aqueous medium [1—3]. Most investigations
on this kind of polymerization have been performed in four-
component microemulsions, i.e. monomer, water, surfactant
and cosurfactant [4—10]. Our group reported the first
polymerization in cosurfactant-free microemulsions [11].
Since then, scores of reports on the polymerization of
various monomers in three-component microemulsions
have been forwarded [12-20].

Even though many microemulsions are formulated with
alcohols as cosurfactants, the effect of adding an alcohol on
the kinetics and mechanism of microemulsion polymeriz-
ation has not been systematically addressed. A few years
back, Gan et al. [21] examined the polymerization of styrene
in microemulsions stabilized with dodecyltrimethylammo-
nium bromide (DTAB) and several ethoxylated alcohols as
cosurfactants. They reported that the polymerization rates
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and the polystyrene molar masses were affected by the
molar ratio of cosurfactant to surfactant in the dispersed
phase and by the type of cosurfactant. They concluded that
the differences in molar mass may not be due to differences
in the chain transfer constant of the alcohols but to changes
in the interfacial fluidity of the particles induced by the
alcohols. However, these authors did not compare their
results with alcohol-free microemulsion systems. Antonietti
et al. [22] polymerized styrene and methyl methacrylate in
microemulsions with and without cosurfactant in order to
control particle size and size polydispersity, although
neither kinetic nor mechanistic comparisons were pre-
sented. Santhanalakhsmi and Anandhi [23] reported the
microemulsion polymerization of vinyltoluene in micro-
emulsions stabilized with sodium dodecylsulfate in the
absence or presence of various cosurfactants (n-alcohols and
bifunctional alcohols). Again, no kinetic comparisons were
presented in this paper.

Previously, we argued that the presence of an alcohol, the
most common cosurfactant, was undesirable for the basic
understanding of the mechanism of microemulsion polym-
erization because (i) they partition among the different
domains of the microemulsion, (ii) they modify the
partitioning of the monomer and (iii) they may act as
chain transfer agents [11]. In fact, in the modeling of the
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polymerization of styrene in microemulsions containing
sodium dodecylsulfate and an alcohol, El-Aasser and
collaborators introduced several assumptions about the
partitioning and added thermodynamic equations to satisfy
equilibrium considerations due to the presence of the
alcohol [7,8].

Our group recently reported the polymerization of vinyl
acetate (VA) in alcohol-free AOT microemulsions; we
showed there that small amounts of AOT (1 wt%) are
required to stabilize microemulsions with relatively high
ratios of VA/AOT (=3 to 4 by weight) [20]. We found that
polymerization of these microemulsions is fast and conver-
sions near 100% are obtained in all cases producing lattices
with particles smaller than 35 nm and more importantly,
average molar masses and molar mass distributions (MMD)
are much smaller than those typically reported for the
emulsion polymerization of this monomer, especially at
high conversions [24—27]. We demonstrated that chain
transfer reactions to monomer are the controlling chain
termination mechanism even at high conversions and argue
that this might be a consequence of the small size of the
reacting particles, which facilitates the exit of the mono-
meric radicals produced by chain transfer to monomer [20].

In this paper, the polymerization of VA in microemul-
sions stabilized with AOT with or without an alcohol
cosurfactant (n-butanol or n-BuOH) is investigated. First,
partial phase diagrams of AOT, water and VA in the
absence or presence of n-BuOH are presented. Additionally,
the kinetics of polymerization as well as both, the evolutions
of particle size and the MMD, are also reported. An
important result is that molar masses are smaller throughout
the reaction compared to those obtained in the absence of
alcohol, which suggests that n-BuOH acts as a chain transfer
agent or facilitates the escape of monomeric radicals from
the reacting particles.

2. Experimental section

Sodium bis(2-ethylhexyl)sulfosuccinate (Aerosol OT or
AOT) was 98% pure from Fluka. n-BuOH, 99.4% pure from
Aldrich, was dried for 24 h in anhydrous reactant grade
MgSO, (Mallinckrodt) and distilled previous to use. VA
(Aldrich) was distilled at 30 °C under reduced pressure and
argon atmosphere, stored at room temperature in dark vials
until used. The VA was stable for up to 15 days as verified
by NMR. Potassium persulfate (KPS) was 99% pure from
Aldrich. Water was doubly distilled and deionized.

The one-phase o/w microemulsion region was deter-
mined visually by the change from transparent to turbid of
aqueous solutions of AOT or AOT/n-BuOH (1/1 by weight)
that were titrated with VA in a thermostated water bath at
60 °C. To determine more precisely the phase boundaries,
samples with compositions slightly below and above the
visually determined phase boundaries were made by weight
and allowed to reach equilibrium in a water bath at 60 °C.

Clear samples that did not exhibit static or streaming
birefringence when examined through cross polarizers, were
considered one-phase microemulsions. The phase diagram
at high AOT concentrations was not examined because it is
not relevant for the present study. Electrical conductivities
were measured with a Jenway conductimeter at 60 °C and
1000 Hz.

A 100 mL glass reactor with magnetic stirring was
employed to polymerize VA at 60 °C. The microemulsion
composition was 0.97 wt% AOT or 0.97 wt% AOT/n-
BuOH (1/1 by weight), 3.0 wt% VA and 96.03 wt% water.
The concentration of KPS was 0.03 wt%. Prior to
polymerization, the AOT and the AOT/n-BuOH aqueous
solutions as well as the VA were degassed by cooling-
pumping-and-heating cycles. The reacting system was
continuously stirred and purged with argon during the
entire reaction. Conversion was followed by withdrawing
samples from the reacting system at given times and put in
vials (of known weight) containing 0.5 g of a 0.4 wt%
hydroquinone aqueous solution, immersed in an ice bath.
Samples were then weighed and freeze-dried. Polymer
weight was estimated by subtracting the known weights of
AOT and hydroquinone from the total weight of the freeze-
dried sample.

Particle size was measured at 25 °C and at an angle of 90°
in a Malvern 4700 quasielastic light scattering (QLS)
apparatus equipped with an Argon laser (A = 488 nm).
Intensity correlation data were analyzed by the method of
cumulants to provide the average decay rate, (I*)(= ¢°D),
where g = (4mn/)) sin(6/2), is the scattering vector, n the
index of refraction and D the diffusion coefficient. The
measured diffusion coefficients were represented in terms of
apparent diameters by means of Stokes law assuming that
the solvent has the viscosity of water. Before QLS
measurements, latexes were diluted up to 100 times to
minimize particle—particle interactions and filtered through
0.2 pm Millipore filters to remove dust particles.

Freeze-dried samples for gel permeation chromatog-
raphy (GPC) were washed with hot deionized water to
remove most of the AOT. The dried polymer and the
remaining AOT were dissolved in CHCl; and the polymer
was precipitated with diethyl ether to remove the remaining
AOT. The solid was filtered and washed with diethyl ether
and vacuum dried for 5 h. The polymer was dissolved in
HPLC-grade tetrahydrofuran (Merck), which was used as
the mobile phase. The GPC to obtain the average molar
masses and the MMD consisted of a Knauer HPLC64 pump,
a Rheodyne injector (loop of 100 wL), two PL-gel MIXED-
B columns (Polymer Laboratories) and a Knauer differential
refractometer as a detector. All GPC measurements were
calibrated with narrow polystyrene standards (Polymer
Laboratories) and the molar masses were calculated with
the viscosimetric equation for poly(vinyl acetate) or PVA in
THF [28], [n] = 3.5x107* M%%  This calibration was
verified using PVA standards (Polymer Laboratories).
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Measured molar masses were within 5% of the values given
by the supplier.

3. Results

Partial phase diagrams of VA, water and AOT alone or
mixed with n-BuOH (1/1 by weight) at 60 °C are shown in
Fig. 1 (up to 10% surfactant or surfactant/cosurfactant
mixture). In the alcohol-free system (Fig. 1A), a one-phase
region (L) and two biphasic regions (L, + L; and ¢,), are
detected in the water-rich corner of the diagram. The L;-
phase, which is transparent and has low viscosity and high
electrical conductivity, corresponds to the o/w microemul-
sion region [20]. The (L, + L;) region is a dispersion of

A AOT
92 10

B AOT/nBuOH
9 10

H0 | \ | \ | [ VA
0 2 4 6 8 10

Fig. 1. Partial phase diagrams at 60 °C for the systems VA/H,O/AOT (A,
top) and VA/H,O/AOT/n-BuOH (AOT/n-BuOH, 1/1 by weight) (B,
bottom). The crosses in the phase diagrams indicate the compositions of
the microemulsions that were polymerized.

lamellar liquid crystals. The ¢;-region, which corresponds
to an emulsion region, spans continuously from the water
solubility of VA up to the oil side of the phase diagram [20].

For the AOT/n-BuOH system (Fig. 1B), only the clear,
low viscosity, o/w microemulsion region, L;, and the
biphasic emulsion region, ¢, are observed. Evidently, the
incorporation of n-BuOH increases the o/w microemulsion
region whereas the (L, 4+ L;) region vanishes within the
limits investigated here, i.e. up to 30% of the mixture of
AOT and n-BuOH (not shown).

For n-BuOH-microemulsions, the electrical conductivity
is high (a few mS/cm) in the o/w microemulsion region and
increases rapidly with increasing overall AOT/n-BuOH
content at constant VA content. Also, the conductivity
decreases with increasing VA content at each line of
constant (AOT/n-BuOH)-to-water weight ratio (Fig. 2).

Upon polymerization, the initially transparent micro-
emulsion becomes increasingly bluish as the reaction
proceeds due to particle growth and the increasingly larger
difference between the refractive indexes of water and of the
growing particles. In both systems samples are milky-bluish
at the end of the reaction. Conversions as a function of time
for the polymerization of VA initiated with KPS at 60 °C in
microemulsions containing 3% VA and 0.97% of AOT or
0.97% of an equal weight ratio of AOT and n-BuOH
(0.485/0.485) are shown in Fig. 3. Reaction rates are fast
and conversions near 100% are achieved either with AOT
alone or with n-BuOH as cosurfactant. The evolution of
conversion (Fig. 3) and the reaction rates (inset in Fig. 3) are
nearly identical. In both systems, only two reaction rate
intervals are observed with a maximum in reaction rate
(Rpmax) occurring at a conversion (X,.x) of about 20% (inset
in Fig. 3). These two reaction rate intervals are typical of
microemulsion polymerization [1,2].

Fig. 4 depicts the average particle size, D,, as a function
of conversion in the two systems. In the alcohol-free system,
D,, remains constant up to ca. 50% conversion and then
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Fig. 2. Electrical conductivity at 60 °C of the o/w microemulsion region of
the system VA/H,O/AOT/n-BuOH as a function of VA content. The weight
ratio of AOT and n-BuOH is equal to one but the (AOT/n-BuOH) to water
weight ratio varies as: (®) 1/99; () 3.35/96.65; (A) 5/95: (@) 10/90.
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Fig. 3. Conversion as a function of time for the polymerization at 60 °C of
VA (3 wt%) in o/w microemulsions stabilized with 0.97 wt% AOT (@) or
0.97 wt% AOT/n-BuOH (1/1 by weight) (O) initiated with 0.03 wt% KPS.
Inset: polymerization rate vs. conversion for data shown in figure.

increases at higher conversions. D, at the end of the reaction
is ca. 35 nm. For the AOT/n-BuOH system, D,, increases
continuously during the reaction and the final particle size
(42 nm) is larger than the one achieved in the alcohol-free
system.

With the assumptions that the particles are monodisperse
with a diameter equal to that measured by QLS and that
the particles are free of monomer and n-BuOH because of
the dilution of the latexes during QLS measurements, the
number density of particles, Ny, was estimated.

From these data (Table 1), it is clear that, in spite of the
astringent assumptions made to estimate the number density
of particles, N, is larger in the alcohol-free system at all
conversions. Also, N, (which is zero at zero conversion)
goes through a maximum in the AOT system at higher
conversion (= 60%).

Weight-average (M,,) and number-average molar masses
(M) are shown in Fig. 5 at different conversions for both
systems. Whereas M, is constant within the GPC-exper-
imental error and nearly identical for both systems, M.,
increases with conversion. Notice that the weight-average
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Fig. 4. Average particle size as a function of conversion for the
polymerization at 60 °C of VA (3 wt%) in o/w microemulsions stabilized
with 0.97 wt% AOT (@) or 0.97 wt% AOT/n-BuOH (1/1 by weight) (O)
initiated with 0.03 wt% KPS.
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Fig. 5. Evolution of number average (M,) and weight average (M,,) molar
masses with conversion in the polymerization at 60 °C of VA (3 wt%) in
o/w microemulsions stabilized with 0.97 wt% AOT (M,: @, M,: ®) or
0.97 wt% AOT/n-BuOH (1/1 by weight) (M,: O, M,: <) initiated with
0.03 wt% KPS.

molar masses are larger in the alcohol-free system at all
conversions.

The comparisons between the MMD of the AOT/n-
BuOH and that of the alcohol-free systems at low and high
conversions are shown in Fig. 6. At both low and high
conversions, the MMD’s of the alcohol-free system are
skewer toward the high-molar mass population than those of
the AOT/n-BuOH system. At low conversions only the
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Fig. 6. Comparison between the MMD at low (A, top) and high (B, bottom)
conversions during the polymerization at 60 °C of VA (3 wt%) in o/w
microemulsions stabilized with 0.97 wt% AOT ( ) or 0.97 wt% AOT/n-
BuOH (1/1 by weight) (—) initiated with 0.03 wt% KPS.
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Table 1

Average particle diameter (D,,) and number density of particles (N,) in the o/w microemulsion polymerization at 60 °C of VA (3 wt%) stabilised with 0.97 wt%

(AOT) or 0.97 wt% AOT/n-BuOH (1/1) and initiated with 0.03 wt% KPS

AOT AOT/n-BuOH

Fractional conversion D, (nm) N, X 10~ 15 (particles/ml) Fractional conversion Dy (nm) N, X 10~ 14 (particles/ml)
0.285 21.5 1.45 0.225 23.24 9.04

0.367 21.5 1.86 0.539 37.9 8.44

0.496 22.1 2.32 0.810 41.3 6.98

0.971 33.3 1.33 0.952 44.1 5.85

alcohol-free system shows a shoulder at the high molar mass
side of the distribution. However, as conversion increases a
shoulder also develops in the AOT/n-BuOH system and the
MMD’s become wider and bimodal in both systems at final
conversions.

4. Discussion

Aerosol OT is a double-tail anionic surfactant that forms
one-phase o/w microemulsions with polar monomers such
as MMA, N-methylolacrylamide (NMA), tetrahydrofurfuryl
methacrylate (THFM), acrylamide (AM) and VA [12,15,20,
29,30]. These monomers act as cosurfactants and place
themselves at the interface creating the necessary curvature
to allow the formation of o/w microemulsions. Incorpor-
ation of n-BuOH into the adsorbed layer of AOT and VA
around the droplet reduces the electrostatic repulsion forces
among neighboring molecules at the interface (reduces the
thickness of the Debye double layer), minimizes the oil-
water interfacial tension and decreases the persistence
length of the interfacial layer (i.e. enhances its flexibility).
Evidently, all these factors facilitate microemulsion for-
mation and lead to a larger one-phase microemulsion region
at expense of the lamellar phase region.

The transparency, low viscosity, high-water content and
high conductivity of the VA-microemulsions containing n-
BuOH (Fig. 2) indicate a water-continuous microstructure,
i.e. oil-in-water microemulsions, similar to that inferred for
the alcohol-free microemulsion [20]. As expected, conduc-
tivity increases with increasing (AOT + n-BuOH)/water
ratio (Fig. 2). However, in contrast to conductivities
reported for the system stabilized with AOT alone where
the conductivity rises slightly with increasing VA content
due to partial hydrolysis of this monomer [20], here
conductivity decreases monotonically as the VA content
increases. This behavior is similar to that observed with
styrene and other non-polar monomers [11,16]. Hence, the
conductivity drop due to micellar growth promoted by the
presence of the alcohol overcomes the conductivity rise due
to VA hydrolysis.

The polymerization of VA initiated with KPS at 60 °C in
microemulsions stabilized with AOT or with a mixture of
AOT and n-BuOH is fast and conversions near 100% are

obtained. Due to the high solubility of VA in water (2.5 wt%
at 60 °C) [31], it is likely that the free radicals generated by
KPS in the aqueous phase react with dissolved VA
molecules to form oligoradicals as in emulsion polymeriz-
ation [32]. These species grow and either they could enter
microemulsion droplets to continue the reaction there or
precipitate to form stable particles by adsorption of
surfactant. The facts that only two reaction-rate intervals
(inset in Fig. 3), which are typical of microemulsion
polymerization [1,2], and that much higher molar masses
than those expected from solution polymerization (Fig. 5)
were observed, rule out that the reaction is carried out by
solution polymerization.

The evolution of conversion is similar for the two
systems (Fig. 3). Moreover, only two reaction rate intervals
are observed with the maximum rate (Rpya,) Occurring at
conversions (X;,,x) around 20%. For the polymerization of
VA in three-component microemulsions stabilized with the
cationic surfactant, cetyltrimethylammonium bromide
(CTAB), also two reaction rate intervals were reported
with Rpp.x occurring at X,., ca. 20%, regardless of
monomer and initiator concentration [19]. According to a
recent model for microemulsion polymerization [33,34],
Xmax 18 directly related to the volume fraction of monomer
in the particle at equilibrium (¢) when the aqueous phase is
saturated with monomer. Hence that X, is the same in the
absence or presence of n-BuOH implies that ¢ and the
monomer saturation concentration in the aqueous phase are
not modified by the presence of the alcohol. This result may
be a consequence of the small amount of n-BuOH
(0.485 wt%) employed and also suggests that most of the
n-BuOH is located at the interface and/or the continuous
aqueous phase [21].

Even though the polymerization kinetics for the alcohol-
free and the AOT/n-BuOH systems follow almost identical
paths (Fig. 3), the evolution of particle size (Fig. 4), number
density of particles (Table 1), average molar masses (Fig. 5)
and the MMD (Fig. 6) are quite different. How can one
explain these results?

It has been reported that KPS decomposes more rapidly
in aqueous solutions of alcohols [35]. If this were the case,
faster reaction rates should be observed, contrary to
experimental results. Also, it has been reported that VA
affects the decomposition rate of KPS due to the existence
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of an electron transfer mechanism [36,37]. However, in the
polymerizations examined here, the overall concentrations
of VA and KPS are identical and so, this effect should be the
same for both systems.

In the microemulsion polymerization of a given mono-
mer at the same temperature, k, should be constant and so,
reaction rate depends on: (i) monomer concentration in the
active particles [M]p, (ii) number density of particles, N,,
and (iii) average number of free radicals per particle, @i [8,
18,33,34]. Examination of each of these factors in the
polymerization of VA in the AOT and AOT/n-BuOH
microemulsions may explain the nearly identical reaction
rates.

As discussed above, monomer concentration within the
particles should be similar at all conversions inasmuch as
the volume fraction of monomer at equilibrium within the
particles seems not to be modified by the presence of n-
BuOH and because overall monomer concentration (3 wt%
in both formulations) is the same in both systems.

In the polymerization of VA in the alcohol-free
microemulsion, particle size increases rather slowly up to
50% conversion and then more rapidly. For the polymeriz-
ation in the microemulsion containing n-BuOH, particles
grow continuously through all the reaction. Also, particles
are larger throughout the reaction in the alcohol system than
those in the alcohol-free system (Fig. 4). This is a
consequence of the smaller overall concentration of AOT
used in the alcohol system, which may facilitate particle
coagulation, as discussed below.

Table 1 shows that N, diminishes at relatively low
conversions in the AOT/n-BuOH system and at higher
conversions in the alcohol-free system, probably due to
particle coagulation. The smaller number of particles in the
AOT/n-BuOH system suggests that n-BuOH is not as good
surfactant as AOT and leads to larger particle size. The
occurrence of coagulation during the emulsion polymeriz-
ation of polar monomers has been, in fact, reported
elsewhere [38,39]. Moreover, it seems that the smaller
AQOT content in the alcohol system and the presence of the
non-charged alcohol molecules at the interface weakens the
electrostatic repulsion forces among the particles (decreas-
ing the thickness of the Debye double layer) and facilitates
particle coagulation. For the polymerization of styrene in
microemulsions containing different short chain alcohols,
an enhanced degree of coagulation was reported [40]. This
effect was more severe when n-butanol was used as
cosurfactant [40]. Since continuous particle nucleation is a
characteristic of microemulsion polymerization, we suggest
that the rate of coagulation overpowers the rate of
nucleation in such a way that particle growth and an overall
decrease in N, are observed. Hence, since N, is larger
throughout the reaction in the alcohol-free system but the
reaction rates are similar, this parameter cannot explain the
similarity in reaction rates.

Another factor that contributes to particle growth is the
radical desorption rate because it changes the average

number of free radicals per particle (ii). When the reacting
particles are small, desorption rate is high and so the radicals
formed by chain transfer to monomer have a low probability
of initiating new chains inside the particles. However, as
particles become larger due to the formation of new polymer
chains by radical entrance or by coagulation, the probability
for monomeric radical desorption drops and, as a conse-
quence, particles grow as more polymer chains are formed
inside the particles. Therefore, the escaping probability of a
monomeric radical should diminish as particles grow. This
should give as a result, an increase in the average number of
radicals per particle. Hence, we suggest that i is larger in the
AOT/n-BuOH system because particles are larger. The
combination of a lower number density of particles and a
higher average number of free radicals per particle in the
AOT/n-BuOH system may explain why the reaction rate is
similar to that in the alcohol-free system, which has a larger
number density of particles. Also, as discussed below, this
hypothesis explains the differences in particle size and
MMD.

As particle size increases, radicals should remain more
time in the particles. Hence, the probability of chain transfer
to polymer should increase giving as a result, branched
polymers with higher weight-average molar masses [19].
Because of the larger particle size obtained in the system
stabilized with AOT/n-BuOH (Fig. 4), it could be expected
polymers with higher molar masses, compared to those
produced in the alcohol-free system. However, the opposite
trend is observed at all conversions (Fig. 5).

At low conversions, the MMD for the AOT/n-BuOH
system is almost symmetric whereas that for the alcohol-
free system has a small shoulder at the high molar mass side
of the distribution (Fig. 6A). Elsewhere we showed that
chain transfer reactions to monomer are the controlling
mechanism for chain termination at all conversions in
microemulsion polymerization [19,20], but chain transfer
reactions to polymer may also occur even at low conver-
sions. The latter mechanism is responsible for the
appearance of the high-molar mass shoulder in the
alcohol-free system. On the other hand, the absence of
this shoulder in the AOT/n-BuOH system suggests that
chain transfer reactions to alcohol contribute to the
formation of shorter chains and to reduce chain transfer
reactions to polymer due to the lower number density of
high molecular weight species. This is supported by the fact
that the MMD of the AOT/n-BuOH system is skewed
toward the lower molar mass population (Fig. 6). However,
as reaction proceeds, particles grow and a high molar mass
population evolves in both systems. Hence, as particles
grow, the probability that the radicals stay longer in the
particles becomes higher. Also, as conversion increases, the
concentration of macromolecules within the particles
augments. The combination of these two factors leads to
an increasing number of chain transfer reactions to polymer,
which in turn, result in branched polymers with higher
weight-average molar masses. Moreover, since coagulation
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seems to be important, we propose that collision and
coagulation of two active particles contribute to the high
molar mass population.

Notice that at final conversions, a bimodal distribution
has developed in both systems (Fig. 6B). To reconcile that
particles are larger, M, is smaller and the MMD’s are
skewed toward the lower molar mass population for the
AOT/n-BuOH system, we propose that transfer reactions to
alcohol molecules compete with transfer reactions to
polymer, due to the high chain transfer constant of n-
BuOH (20 X 1074) [41] to reduce the formation of high
molar mass polymer, in spite of the large chain transfer to
polymer constant of PVA (Cp = ki, p/kp = 1.2-8.0 X 1074
[41].

To show conclusively the chain transfer effect of n-
BuOH on the microemulsion polymerization of VA,
MMD’s of PVA’s were obtained at different molar ratios
of n-BuOH/VA [43]. Fig. 7 displays a plot of the inverse of
the degree of polymerization (X, ') versus the molar ratio of
n-butanol-to-VA, [[n-BuOH]]/[VA]. This plot shows that
the inverse of the degree of polymerization increases almost
linearly with increasing [n-BuOH]/[VA], which is expected
when a chain transfer agent is added to a reacting system
[44]. The slope of this line should give the value of the chain
transfer constant, C,., of the n-BuOH. The value obtained is
11 x 10™*, which compares well with reported values [41].
Additionally, Sosa et al. [42] report that M, of the PVA
prepared without n-BuOH is about 129,500 Da which is
greater than the values obtained with the different [n-
BuOH]/[VA] (67,000—84,500 Da).

5. Concluding remarks

We have shown that the addition of an alcohol
cosurfactant enhances the o/w microemulsion region and
allows, upon polymerization, the formation of poly(vinyl
acetate) of lower average-molar mass than that obtained
with emulsion and alcohol-free microemulsion polymeriz-
ation using AOT as surfactant [42]. Polymer particles in the
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1/Xn

8.00E-04

4.00E-04

0.00E+00 T T T 1
0 0.2 0.4 0.6 0.8

[n-BuOHJ/[VA]

Fig. 7. Inverse of the average degree of polymerization versus the [n-
BuOH]/[VA] molar ratio for the microemulsion polymerization of VA at
60 °C initiated with 0.03 wt% KPS.

resulting latexes, on the other hand, are larger in the AOT/n-
BuOH system than those in the alcohol-free system, but
smaller than those obtained in the AOT-stabilized emulsion
polymerization case [42]. The smaller particle size of the
microemulsion-made latexes (with and without alcohol)
favors the exit of the monomeric radicals from the particles
and hence, promotes lower molar masses than those
obtained by emulsion polymerization of this monomer.
Also, the presence of the alcohol, which is a chain transfer
agent [41] and which decreases the electrostatic interactions
at the droplet’s (and particles’) interfaces, allows faster
entry and exit of radicals. This behavior leads to lower
molar masses and narrower MMD. Finally, it is important to
remark that neither solution nor emulsion polymerization
can explain the results reported here. First, the molar masses
obtained here are larger than those typically produced by
solution polymerization of this monomer [32] but lower
than those commonly reported by emulsion polymerization
[25,26]; also, in the latter process, the extent of branching
and gel are much higher. Second, the polymerization
kinetics follows the classical microemulsion polymerization
mechanism and differs from that of a batch emulsion
polymerization of this monomer, i.e. no constant rate
interval is observed and the maximum reaction rate is
detected at much higher conversions [45].

The potential of microemulsion polymerization for
making high-molar mass PVA without gel nor branched
polymer with high conversions (100%) is enormous,
specially in the light of the methods developed recently to
increase the polymer content in these latexes without adding
more surfactant [42,46-49].

Acknowledgements

CONACYyT supported this research through grant 31262-
U. One of us (JRH) acknowledges a scholarship from
CONACYyT to pursue his doctoral work.

References

[1] Puig JE. In: Salamone JP, editor. Polymeric Materials Encyclopedia,
vol. 6. Boca Raton: CRC Press; 1996. p. 4333—41.
Candau F. In: Kumar P, Mittal KL, editors. Handbook of
Microemulsion Science and Technology. New York: Marcel Dekker;
1999. p. 679-712.
[3] Capek I. Adv Colloid Interface Sci 1999;80:85—149.
[4] Stoffer JO, Bone T. J Dispersion Sci Technol 1980;1:37—54.
[5] Stoffer JO, Bone T. J Polym Sci Polym Chem Ed 1980;18:2641-8.
[6] Kuo PL, Turro NJ, Tsang CM, El-Aasser MS, Vanderhoff JW.
Macromolecules 1987;20:1216-21.
[7]1 Guo JS, El-Aasser MS, Vanderhoff JW. J Polym Sci Polym Chem Ed
1989;27:691-710.
[8] Guo JS, Sudol ED, Vanderhoft JW, El-Aasser MS. J Polym Sci Polym
Chem Ed 1992;30:691-702.
[9] Feng L, Ng KYS. Macromolecules 1990;23:1048-53.
[10] Feng L, Ng KYS. Colloids Surf 1991;53:349-61.

[2

—



1802 J.R. Herrera et al. / Polymer 44 (2003) 1795-1802

[11] Pérez-Luna VH, Puig JE, Castafio VM, Rodriguez BE, Murthy AK,
Kaler EW. Langmuir 1990;6:1040—4.

[12] Full AP, Puig JE, Gron LU, Kaler EW, Minter JR, Mourey TH, Texter
J. Macromolecules 1992;25:5157-64.

[13] Puig JE, Pérez-Luna VH, Pérez-Gonzalez M, Macias ER, Rodriguez
BE, Kaler EW. Colloid Polym Sci 1993;271:114-23.

[14] Gan LM, Chew CH, Lee KC, Ng SC. Polymer 1993;34:3064-9.

[15] Rodriguez-Guadarrama LA, Mendizabal E, Puig JE, Kaler EW. J Appl
Polym Sci 1993;48:775-86.

[16] Escalante-Vazquez JI, Rodriguez-Guadarrama LA, Loépez RG,
Mendizabal E, Puig JE, Katime 1. J Appl Polym Sci 1996;62:
1313-23.

[17] Lépez RG, Trevinio ME, Salazar LV, Peralta RD, Becerra F, Puig JE,
Mendizéabal E. Polym Bull 1997;38:411-7.

[18] Morgan JD, Lusvardi KM, Kaler EW. Macromolecules 1997;30:
1897-905.

[19] Lépez RG, Trevino ME, Peralta RD, Cesteros C, Katime I, Flores J,
Mendizabal E, Puig JE. Macromolecules 2000;33:2848—-54.

[20] Sosa N, Zaragoza EA, Lopez RG, Peralta RD, Katime I, Becerra F,
Mendizabal E, Puig JE. Lagmuir 2000;16:3612-9.

[21] Gan LM, Chew CH, Lye I, Ma I, Li GZ. Polymer 1993;34:3860—4.

[22] Antonietti M, Basten R, Lohmann S. Macromol Chem Phys 1995;196:
441-66.

[23] Santhanalakhsmi J, Anandhi KJ. Appl Polym Sci 1996;60:293—-304.

[24] Nomura M, Harada M, Nakagawa M, Eguchi W, Nagata S. J] Chem
Engng (Japan) 1971;4:160—-6.

[25] Friis N, Nyhagen L. J Appl Polym Sci 1973;17:2311-27.

[26] Friis N, Goosney D, Wright JD, Hamielec AE. J Appl Polym Sci
1974;18:1247-59.

[27] Friis N, Hamielec AE. J Appl Polym Sci 1975;19:97-113.

[28] Goedhart G, Opschoor A. J Polym Sci A2 1970;1227-33.

[29] Macias ER, Rodriguez-Guadarrama LA, Cisneros BA, Castafieda A,
Mendizabal E, Puig JE. Colloids Surf A 1995;103:119-25.

[30] Roy S, Devi S. Polymer 1997;38:3325-31.

[31] Sandler SR, Karo W. Polymer synthesis. San Diego: Academic Press;
1980. Chapter 7.

[32] Litt M, Patsiga R, Stannet VJ. J Polym Sci Al 1970;8:3607-49.

[33] Mendizabal E, Flores J, Puig JE, Lopez-Serrano F, Alvarez J. Eur
Polym J 1998;34:411-20.

[34] Mendizabal E, Flores J, Puig JE, Katime I, Lopez-Serrano F, Alvarez
J. Macromol Chem Phys 2000;201:1259-65.

[35] Bartlett PD, Cotman Jr. JD. J Am Chem Soc 1949;75:1419-22.

[36] Morris CEM, Parts AG. Die Macromol Chemie 1968;119:212-8.

[37] Litt MH, Chang KHS. The reinvestigation of vinyl acetate emulsion
polymerization (II)—the induced decomposition of initiator. In: El-
Aasser M, Vanderhoff JW, editors. Emulsion polymerization of vinyl
acetate. London: Applied Science Publishers; 1981. p. 137-58.
Chapter 7.

[38] Yeliseyeva VI. Polymerization of polar monomers. In: Piirma I,
editor. Emulsion polymerization. New York: Academic Press; 1982.
Chapter 7.

[39] Xu X, Ge X, Zhang Z, Zhang M, Zuo J. Niu A. J Appl Polym Sci
1999;73:2621-6.

[40] Chern CS, Liu CW. Colloid Polym Sci 2000;278:329-36.

[41] Brandrup J, Immergut EH, editors. Polymer handbook. New York:
Wiley; 1989.

[42] Sosa N, Peralta RD, Lopez RG, Ramos LF, Katime I, Cesteros C,
Mendizabal E, Puig JE. Polymer 2001;42:6923 8.

[43] Herrera JR. Tesis Doctoral, CIQA, Saltillo, México; 2002.

[44] Odian G. Principles of polymerization. New York: McGraw Hill;
1970.

[45] Harriott P. J Polym Sci Al 1971;9:1153-63.

[46] Loh SE, Gan LM, Chew CH, Ng SCJ. Macromol Sci Pure Appl Chem
1996;A33:371-84.

[47] Rabelero M, Zacarias M, Puig JE, Dominguez JM, Katime 1. Polym
Bull 1997,38:695-700.

[48] Ming W, Jones FN, Fu S. Macromol Chem Phys 1998;199:1075-9.

[49] Xu XJ, Chew CH, Siow KS, Wong MK, Gan LM. Langmuir 1999;15:
8067-71.



	Cosurfactant effects on the polymerization of vinyl acetate in anionic microemulsion media
	Introduction
	Experimental section
	Results
	Discussion
	Concluding remarks
	Acknowledgements
	References


