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SYNOPSIS

Influences of various cosurfactants (CS) (n-alcohols and bifunctional alcohols) and initiators
(hydrophilic potassiumperoxodisulphate; ammoniumperoxodisulphate and hydrophobic
azobisisobutyronitrile; benzoylperoxide) on the polymerization of vinyltoluene-sodium do-
decylsulphate-water—CS microemulsions (oil/water uEs) are studied with respect to the
rates of polymerization, molecular weight of polymer, number, and size of polymer particles
and energy of activation (E,). Laser Raman spectroscopy and dilatometry are employed to
study the kinetics. Smith Ewart Case II hypothesis seems to be followed in the vinyltoluene
uE polymerization. Stable polymer microlatices with high molecular weights (>10°) are
obtained and particle sizes are found to lie within 10-50 nm as observed from the trans-
mission electron microscopy (TEM) photographs. E, values varied with different cosur-
factants and were found to be comparable with other monomers. Studies of the effects of
pH, salt (Na;SO,), and inhibitor (hydroquinone) on the microemulsion polymerization
showed that optimum pH = 7.0. Higher rates were seen in the absence of salt, and chain

transfers to inhibitors take place. © 1996 John Wiley & Sons, Inc.

INTRODUCTION

Microemulsions (uEs) are multicomponent fluids
that consist of an oil, water, surfactant and some-
times cosurfactants (CS), and exhibit microhetero-
genity, isotropy, thermodynamic stability, and
transparency.!™ One of the most recent applications
of the microemulsions uEs is their utility as media
for compartmentalized reactions that are feasible in
the microdroplets of uEs.5® Several researchers have
studied the polymerizations of vinyl monomers in
oil/water ionic uEs with n-alkanols and carbitols
and without cosurfactants.®?” The polymer particles
are of the order 10-50 nm in diameter. Among the
numerous cosurfactants used, concern over the co-
surfactants that act as destabilizers for latex par-
ticles (which is based on their relative hydrophilicity
and hydrophobicity) has been put forth by other in-
vestigators.!>%6:?7 In the case of polystyrene micro-
latex formation, butyl cellosolve, when used as a co-
surfactant, seems to impart greater stability to the
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wE system.?” Due to the differences in the equilib-
rium partitioning of an alcohol between different
phases, the stability of the uE during polymerization
may vary depending on the nature of the cosurfac-
tant used.

Regarding aromatic vinyl monomers, styrene
emulsion®®* % and uE*'" polymerizations have been
extensively investigated while there are only few re-
ports regarding the alkyl-substituted styrenes in
emulsion polymerization.?"*2 Alkyl ring substitution
renders greater resonance stability of the radicals
formed during the propagation steps and hence a
lower rate of polymerization is expected. However,
reports on such monomers in p.E medium are nearly
nil in literature. Vinyltoluene (VT, p-methyl sty-
rene) can be microemulsified and polymerized using
conventional free radical initiators. The production
of microlatices of polyvinyltoluene is useful in pre-
paring novel polymers, functional polymers, and
prepolymers with activated methyl group which can
be modified into new and potential polymers.3!3*
Experimental results regarding the influence of co-
surfactants and various types of initiators on VT-
uE polymerization are still lacking. In this study
vinyltoluene has been microemulsified in oil/water
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Figure 1 Effect of cosurfactants (a, b), sodium sulfate (¢) and temperature (d) on the
psuedoternary phase diagrams for oil/water vinyltoluene uEs. W = SDS/H,0: (a, b) [SDS]

= 0.278M; (c, d) [SDS] = 0.289M.

uEs using sodium dodecylsulphate (SDS) as the
stabilizer, and polymerized utilizing potassium-
peroxodisulphate (KPS, K,S,04), ammoniumpe-
roxodisulphate (APS, (NH,),S,0s) and azobisiso-
butyronitrile (AIBN) and benzoyl peroxide (BZ,0,)
as free radical initiators, each of the pair represent-
ing the class of hydrophilic and hydrophobic initi-

ators, respectively. Since oil/water VT-SDS-water—
cosurfactant uEs have been used for the purpose of
polymerization, when hydrophilic initiators are
present the particle nucleation occurs via the infu-
sion of the primary radicals across the interface; and
in the presence of hydrophobic initiators, the po-
lymerization reactions would be initiated in the dis-
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Figure 2 Typical LRS spectra of vinyltoluene uE polymerization at 70°C in presence

of KPS.
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Table I Oxygen Effect on R,;, I,, and Final % Conversion at 70°C ([SDS] = 0.278M; [VT! = 0.6M)

[Initiator] R, I,
(mM) {mol/(L s) X 107 (min) Final % Conversions
[KPS] = 1.00 0, 6.27 10 70.00
N, 6.30 4 91.50
[AIBN] = 3.13 0, 9.97 17 79.00
N, 10.00 8 97.00

persed phase, resembling a miniaturized bulk po-
lymerization. Hence, studies on the overall rate of
polymerization and related kinetic parameter de-
pendences on different types of initiators and co-
surfactants, and with respect to variation in surfac-
tant, monomer, and initiator concentrations, would
be interesting and useful in establishing a correlation
with others of its kind. This report presents inves-
tigations on the same. Laser raman spectroscopy
(LRS) and dilatometry are used to evaluate the ki-
netics. Transmission electron microscopy (TEM)
and viscosity average molecular weight (M,) are used
to characterize the size of the final microlatex and
molecular weight of the polymer, respectively. Ac-
tivation energy of polymerization (E,) and the co-
surfactant influences on the same have also been
studied. Additionally, the effects of pH, salt
(Na,S0,), and inhibitor (hydroquinone, HQ) on the
kinetic parameters are also evaluated.

EXPERIMENTAL

Materials

VT, a product of Fluka (Bombay, India), was vac-
uum-distilled under reduced pressure to remove the
inhibitor and stored at —5°C until further use. SDS
(AR grade of SD Fine, Bombay, India) was purified
by adopting an earlier reported procedure.®® The al-
cohols, n-propanol (n-PrOH), n-butanol (n-BuOH),
n-pentanol (n-PeOH), butylcarbitol [BuCa, 2-(2-
butoxyethoxy)ethanol], carbitol [Ca, 2-(2-ethoxy-
ethoxy)ethanol], and butylcellosolve (BuCe, 2-bu-
toxyethanol) were obtained from SD Fine, AR grade,
and were used as such. AIBN, BZ,0,, APS, and KPS
were from Fluka/Aldrich and purified wherever
necessary. Toluene from Fischer Scientific (Madras,
India) was redistilled and used. Distilled water was
used for all experiments.

Methods

The oil/water uE formulations were made by titrating
a mixture of VT-water-SDS with PeOH until the

turbidity disappeared. The phase boundaries of the
uE region (L;) were checked by preparing uEs with
compositions below and above the required composi-
tion and storing the same for a week’s time, then vi-
sually testing their stability. All uEs were sealed and
thermostated during and after formulations. The phase
boundaries at 60°C were determined by the addition
of methyl ester of HQ to inhibit polymerization.

Polymerization kinetics using LRS were carried
out by the addition of the initiator to the uEs; 5 cm?®
of the solution was loaded to the polished quartz
sample tube which was degassed under several
freeze-and-thaw cycles and carefully sealed under
vacuum. The sample tube was then mounted into
the sample holder of the Raman Spectrometer. The
required temperature of +1°C was controlled by
means of a tight-fitting, heated metal block with
holes for the incident and scattered light.

The LRS spectra were obtained with a Cary
Model 82 Laser Raman Spectrometer fitted with
three sophisticated Czerny Littrow grating mono-
chromators. The laser source utilized was Coherent
Innova-70 Argon Laser (4880 A). The voltage at the
sample tube was 800 V. This arrangement allowed
simultaneous measurement of all Raman bands
within the 1300 cm ! range with 1.5 cm ™! resolution
and with a good signal/noise ratio. Error correction
was —10 cm™, The digital signals were processed
and peaks were obtained from an HP 9836 computer
interfaced to the spectrometer.

The dilatometer was a double-walled reaction
vessel through which thermostated water was
circulated; it contained a 40-cm-long capillary (i.d.
= 1 mm) and a provision for nitrogen purging. The
height variations of the liquid in the capillary column
were monitored for kinetics. The dilatometer was
precaliberated by comparing the changes in the cap-
illary height with conversion curves obtained by the
gravimetric method. The slopes of the conversion
versus time plots were used to determine rate of po-
lymerization (R,). Some of the polymerization re-
actions were carried out in the presence of oxygen
to study the effect of oxygen on the kinetics under
similar experimental conditions.
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Figure 3 (A) Conversion versus time curves for VT
polymerization using various concentrations of KPS [(®)
1.00; (O) 0.65; (a) 0.47] and APS [(®) 1.00; (A) 0.49; (m)
0.28 mM at 70°C]. [SDS] = 0.278M; [VT] = 0.51M. (B)
Conversion versus time curves for VT polymerization us-
ing various concentrations of AIBN [(®) 1.00; (a) 2.74;
(@) 3.13] and BZ,0, [((0) 1.00; (A) 1.96; (O) 3.13 mM at
70°C]. [SDS] = 0.278M; [VT] = 0.51 M.

Salt effect on R, was studied using sodium sul-
phate in the 7 X 107*M to 3 X 1072M range. The
compositions of uEs prepared using the aqueous salt
solution varied slightly but were found to be within
the uE region of the phase diagram. pH effect on R,
was studied using buffer tablets in the 5.0-10.0
range. Iolar oxygen (IOL, Madras, India) was used
to study the effect of oxygen on kinetic parameters.

Particle sizes of polymerized uE latices were deter-
mined using a Philips 400 transmission electron mi-
croscope adopting the phosphotungstic acid (PTA)
negative staining method.® One drop of polymerized
latex in uE was added to 2 mL of 2% PTA solution.
Then one drop of this solution was put on a Formvar
coated copper 400-mesh grid and TEM photos were
taken. The particle diameter (D) was measured by the
Zeiss MOP-3 Particle Size Analyser.

After polymerization, the polymerized uFE latices
were precipitated in a large quantity of methanol. The
polymer was washed well with warm water and meth-
anol to remove SDS adhering to the polymers, and
dried in vacuum at 45°C. M, of the polymer were de-
termined from the relative viscosity coeflicient mea-
surements on the dilute polymer toluene solutions at
30°C using a Ubbelohde dilution viscometer, adopting
the one-point method of Maron.*® The Mark-Hou-
wink constant values (K and o) were taken as 8.86
X 1072 mL/g K and 0.74, respectively.?” The viscosity
average degree of polymerization (X,) was calculated
from M,/M where M is the monomer molecular
weight.

RESULTS AND DISCUSSION

Pseudoternary phase diagrams of oil in water ionic
uEs are shown in Figure 1. The effects of salt and
CS on the phase boundaries indicate that a con-
striction of the oil solubilization takes place in the
presence of sodium sulfate while the presence of
PeOH and BuCa enhance oil solubilization into the
uE media. At 60°C the extent of oil solubilization
decreases. The LRS variation of C=C peak of the
monomer with time of polymerization in the pres-
ence of KPS at 70°C may be seen from Figure 2.
The measurements correspond to 3-min intervals.
An exposure time of 1 s was used with a total of 100
scans. A linear relationship between the monomer
concentration in the pE and the net integral area of
the peak are observed to be in agreement with earlier
reports.®®**® Data on % conversions of monomer with
time and the initial rates after the induction period
(I,) are derived based on the integrated C=—=C peak
area at 1635 cm . The base peaks b, ¢, and d (Fig.
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Figure 4 Effect on initiator concentrations on log R,; of KPS (O), APS (a), AIBN (m),
and BZ,0, ({) initiated pE polymerizations.

2) do not pertain to the vinyl C=C groups that not considered in the area determinations. The rates
undergo polymerization. Hence the peak heights of obtained from LRS measurements are in good
b, ¢, and d remain invariant with time and thus are agreement with those obtained from dilatometric
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Figure7 Dependence of R,on fraction of the monomer
polymerized for 0.39 mM KPS (A) and 1.0 mM AIBN (O)
initiated uE polymerization at 70°C. [VT] = 0.51M; [SDS]
= 0.278M.

method. The final polymer microlatices are trans-
lucent and found to be stable for an infinite length
of time.

The pE compositions utilized for polymerization
fall within the uE boundary regions shown in Figure
1(d). The initial rates of polymerization (R,;) are
calculated from the slope of conversion versus time
plots at 8% conversion. Table I furnishes the effect
of oxygen on Ry, I,,, and final percentage conversions
separately for KPS and AIBN systems. Conversion
versus time plots in the presence of different con-
centrations of hydrophilic and hydrophobic initia-
tors ([I]) are given in Figures 3(A) and 3(B), re-
spectively. In all cases, increase in [I] causes a de-
crease in I, and M,, and an increase in R,;, number
of polymer particles (NN,), and final percentage
yields. These results are presented in Figures 4, 5,
and 6. The R,-conversion curves are characterized
by an increase in rate with conversion, reaching a
maximum (Rpm.x) and followed by a decrease (Fig.
7). Rymax Occurs at lower conversions (15-20%) for
AIBN and BZ,0, than for KPS and APS systems,
which occur around 20-25%, respectively. The
monomer concentration variations on log R, are
shown in Figure 8 for KPS and AIBN systems. In
the presence of other initiators, similar trends are
seen. The collective dependences of log R,;, log M,
and log N, on log [ ] for various initiators are given

in Table II. These values are the slopes of the log-
log plots illustrated in Figures 5 and 6. R,; depen-
dences on the exponential powers of the monomer
concentration are found to lie within 1.2-1.6. Influ-
ence of CS on R,;, I,, M,, X, E,, and D for KPS
uEs is presented in Table III. Similar trends are
found with other initiators. In the presence of hy-
drophilic inhibitors (HQ), the inhibition period
(tinh) exhibits a direct function of HQ concentra-
tion (Fig. 9). After tinh, percentage conversion-time
curves proceed unaltered. The M, decrease with HQ
concentration is seen in Figure 9. Figure 10 gives
the Arrhenius plot of VT uFE polymerization in the
presence of KPS and AIBN. Effects of pH on log
R,; and of salt concentration on Ry, I,, and M, are
given in Figure 11 and Table IV. The sizes of final
polymer microlatices are analyzed by TEM, and
typical microphotographs are presented in Figure
12. Variation in M,, X,, and D with changes in
monomer weight fractions are presented in Table
V. Table VI illustrates the effect of changes in SDS
concentration ([SDS]) on R, I,, M,, N4, X,, D,
and final % yield of polymerization.

For a free radical type of initiation, the presence
of oxygen increases I, while R, values are unaltered.
Such effects are due to the quenching of primary
radicals, and when the induction period is overcome
the rate of polymerization remains the same. Lower
yields for KPS than AIBN in O, may be attributed
to the lesser effect of O, on AIBN which produces
some N, on its decomposition.?®*

LOG [Ppi(molﬁée(j
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LOG [V T WEIGHT FRACTION]

Figure 8 Effect of monomer concentration variations
on log R, for 1.0 mM KPS (A) and 3.13 mM AIBN (O)
initiated microemulsion polymerizations at 70°C. [SDS]
= 0.278M; VT weight fraction = wt of VT/(VT + Tolu-
ene).
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Initiator Type [VT] log [R,] log [M,] log [N,]
KPS 1.2 0.49 —0.125 0.37
AIBN 1.5 0.42 —0.151 0.38
BZ,0, 1.6 0.48 —0.09 0.39
APS 1.3 0.49 —0.08 0.38

For all initiators, I, decreases with increase in [ /]
(Figs. 5 and 6) because of the increase in the number
of primary radicals per particle produced by the ini-
tiator decompositions. Initiations in aqueous media
(KPS and APS) show lower I, values than the hy-
drophobic initiations (AIBN and BZ,0,). Decom-
position rates of hydrophilic initiators are enhanced
over hydrophobic initiators in the presence of soap
solutions.!”* This results in a higher rate of primary
radical generation for the hydrophilic initiations
which result in lower I, values. Similar I, values are
observed for KPS- and APS-initiated systems. I,
values for BZ,0, are lower than AIBN systems due
to the partitioning of AIBN into the other uE
phases.*3** Regardless of type and concentration of
initiator, monomer, surfactant, cosurfactant, or
temperature, the reaction rate exhibits two regions:
the rate increases with conversion (region I) reaches
a maximum (Rp,.,) and then decreases with con-
version (region II). Such behavior has been reported
earlier.>!%** Region I is considered to be the nucle-
ation stage, wherein the number of polymerization
loci increases with time. When all the uFE droplets
have disappeared, either by becoming polymer par-
ticles or by diffusion of the monomer to polymer
particles, the rate decreases (region II) due to the
decrease of monomer concentration in the mono-
mer-swollen polymer particles. The order depen-
dences of log K,;, log M,, and log N, on log [I] are
given in Table II. The dependence of R,; on {I] is
found to be consistent with the Smith Ewart Case

II hypothesis.>'™*® Similar dependence of R,; on [I]
for all initiators indicates that the nucleation process
and the radical source for initiation mechanisms are
the same in all the initiators.

The final particle sizes are independent of initi-
ators and lie within the range of 10-50 nm. Regard-
ing the sizes of the polymer microlatices: D decreases
as [I] increases, since the number of radically acti-
vated droplets as well as the termination steps in-
crease with [I]. The slight differences observed in
the dependency of the initiators with M, might be
attributed to the differences in the solubilities and
in the times of residence of the free radicals in the
micelles containing the polymer particles.®!® The
polymer particle number density (IV,) is calculated
from the number average diameter of the final latex
based on the TEM studies carried out at the end of
the polymerization. The dependences of log N, with
log [I] also indicate a Smith Ewart Case II type of
polymerization to be followed (Table II). In the case
of uE droplets, particle nucleations are likely to oc-
cur in droplets and the fraction becoming particles
is determined by the level of initiators and the rad-
ical flux into the droplets.>'® However, the proba-
bility of homogeneous nucleations in the aqueous
phase is significant due to the large surface area
provided by the uE and the hydrophobicity of the
monomer. The gel effect as observed in the conven-
tional emulsion polymerization systems?®*’ is not
found here. The reasons could be attributed to the
small-sized latex particles; where in the polymer-

Table III Effect of Cosurfactants on R, I,, M,, X,, E,, and D for VT yE at 70°C ([KPS]

1.0 mM; [SDS] = 0.278M)

R, L E, D

CS [mol/(L s) X 1074 (min) M, X 10° X, (kcal/mol) (nm)
n-PrOH 5.08 12 0.67 5674 15.1 23.8
n-BuOH 5.75 7 0.94 7961 18.0 24.5
n-PeOH 6.300 4.1 1.0 8469 19.8 25.0
Ca 6.01 5.5 0.86 7283 17.4 24.2
BuCa 6.28 4.1 1.0 8469 19.8 25.0
BuCe 5.69 9 0.704 5962 16.0 23.5
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= 0.51M.

ization, nucleations are immediately followed either
by chain transfer termination or by desorption of
propagating radicals.

Figure 8 and Table V show that when the mono-
mer concentration is decreased in the oil phase, Ry,
M,, and D values decrease. The order dependences
are similar in the presence of four initiators (Table
I1I). Presence of toluene which is incorporated for
monomer dilutions increases the solvent chain
transfers’ and therefore produces the observed
trends in R;, M,, and D (Table V).

The polymerization reactions conducted in pE
medium depend on the surfactant concentration.
Here SDS is maintained above the cmc value (cmc
= 8.27 X 107%M),**° 50 that the number density of
the oil-swollen micelles is more than the primary
radicals and an efficient droplet nucleation may be
effected. Increase in [SDS] increases only the num-
ber density of the droplets and exceeds the droplet
depletions during polymerization, so that R,;, I,, and
M, are observed to be unaltered. Even though a di-
rect correlation cannot be maintained between the
sizes of Initial and final oil-swollen SDS micelles,
increase in [SDS], i.e., the SDS/oil mole ratio, seems
to decrease the droplet volumes (Table VI).

According to the Smith Ewart Case II hypothesis,
R, is directly proportional to the monomer concen-
tration within the growing polymer particle. So the
other overall polymer kinetic parameters depend
critically on the monomer solubilization into the
droplet core, CS partitionings into different phases,
stability of the interface, feasibility of the radical
transfer across the interface, termination of radicals
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Figure 10 Arrhenius plots for VT uE polymerization
initiated by 1.0 mM KPS (A) and 3.13 mM AIBN (0O).

through desorption across the interface, etc. These
processes are greatly influenced by hydrophilicity
and hydrophobicity of the cosurfactants and the
solubility of the monomer oil along with the inter-
facial fluidity, etc., In the case of hydrophilic initi-
ators, the cosurfactants partitioned into aqueous
phase also act as interfacial radical transfer agents
with respect to the droplet monomers. Thus lower
I, values are observed for n-PeOH and BuCa co-
surfactants due to their effective partitioning across
the interface. The log R, order dependences on [I]
and [VT] concentration are nearly the same in the
presence of various types of cosurfactants and are
similar to that predicted by the Smith Ewart Case
IT hypothesis. Sizes of the final polymer microlatices
seem to be uninfluenced by the cosurfactants, in-
dicating that the cosurfactants influence only the
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Figure 11 Effect of pH on log R, (W) and % yield (®);
[KPS] = 1.0 mM.
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Table IV Effect of Salt on R;, I, M, and X, on VT uE Polymerization ([SDS] = 0.278M; [VT] = 0.5M;
[KPS] 1.0 mM)

[NasSo,] 1, R,

(mM) (mins) [mol/(L s) X 1075] M, X 10° X,
0 4 63.00 1.09 9231
0.7 7 30.20 0.96 8130
6.1 12 19.00 0.86 7283

11.2 18 13.00 0.72 6098
20.0 32 8.10 0.54 4573
30.0 40 4.77 0.43 3642

particle nucleations and radical transfer steps rather
than the overall polymerization mechanisms.

M, is found to be different depending on the type
of the cosurfactant used (Table III). This indicates
that radical chain terminations occur not only by
combination/disproportionation steps but also via
chain transfers with the cosurfactants. There are
reports indicating that cosurfactants act as chain
transfer agents.’**? Since direct chain transfer con-

stants are not available for various cosurfactants,
chain transfer constants between vinyl monomer
and some alcohols possessing similar functional
groups may be considered. For n-PrOH, n-BuOH
and 1,2-ethanediol, the values are 1.6, 2.0, and 1.4
X 1074, respectively.?? Thus it is expected that PeOH
and BuCa would produce lesser chain transfer pro-
ducing higher M,. These effects may be considered
as the indirect influences of the cosurfactants that

Figure 12 Transmission electron microphotographs of final polymer microlatex prepared
b: uE polymerization of vinyltoluene at 70°C. [SDS] = 0.278M; (A) 1.0 mM KPS: [VT]
= 50% by wt; (B) 3.13 mM AIBN: [VT] = 100% by wt. SCALE BAR FOR 1 CM.
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Table V M,, X,, and D for VT uE
Polymerization at Various Weight Fractions of
VT at 70°C ([SDS] = 0.289M; [KPS] = 0.65
mM)

vT D
(wt %) M, X 10° X, (nm)
KPS

100 1.10 9316 25.9
80 1.01 8554 24.2
60 0.91 7707 22.9
50 0.83 7929 214
AIBN
100 2.58 21850 26.6
80 2.53 21456 25.9
60 2.46 20833 25.1
50 2.40 20325 24.2

affect the rates of radical initiations and termina-
tions in the particles.

The salt effect is studied in particular to KPS
systems using Na,SO,. When the [salt] increases,
the process of primary radical transfer between the
species in the aqueous phases also increases, short-
ening the life time of the radicals and consequently
increasing the I, values. The decrease in R, is due
to the decrease in the rate of transfer of initiating
primary radicals to the droplets. Appearance of early
phase separation may be attributed to the electro-
lytic effect on uEs. In the presence of excess SOf~
anions, the fraction of free counterions of the drop-
lets increases which aids the radical desorptions to
the aqueous phase. Thus M, decreases.

The decomposition of KPS in aqueous medium
has been reported to render the medium slightly
acidic.? Hence pH effect is studied for the KPS sys-
tem. The dispersion medium is acidic and contains
more [H*] so that the primary radical transfer to
H* occurs in addition to other species in the aqueous
phase.?? This lowers R,; and % yield values and in-
creases I,. Above pH = 7.0, similar observations are
seen. Thus in the presence of H* or H™, the approach
of the sulphate radicals to the anionically charged
droplet interface is suppressed. These observations
make pH = 7.0 the optimum pH for the uE poly-
merization, which proves that the radical infusion
across the interface is the decisive factor for nucle-
ation in the uE droplets.

Increase in hydroquinone concentration ([HQ])
is found to increase the I,, which may be due to the
quenching of the initiator free radicals. Once inhi-
bition is overcome, the initiated polymerization
shows unaffected conversion-time dependences.
This shows that the reactivity of the monomer re-

mains unaffected due to the HQ addition. On in-
creasing [HQ]J, M, is found to decrease, indicating
chain transfers between the propagating radicals and
inhibitor or its radicals formed by its interaction
with the initiators.

The R, values increase with temperature. This
may be due to the increase in the number density
of the droplets that occurs via temperature-depen-
dent micellar breakdown processes, as well as due
to the increase in the radical generation rate pro-
cesses. As there is a probable concomitant increase
in radical termination steps with temperature, M,
values show a decrease with increasing temperature.
From the Arrhenius plot, the overall activation en-
ergy (E,) of the polymerization has been found to
be 20.4 kcals/mol. This value agrees with the E, of
the overall polymerization of vinyl monomers.”® E,
is found to be nearly independent of the type of ini-
tiator utilized in uE polymerization. On varying the
CS, the E, values are found to be higher for n-PeoH
and BuCa (Table III). Overall effects of initiation,
propagation, and termination steps affect E, ac-
cording to the equation [E; + (E, — E,)}]/2, where
E;, E,, and E, are activation energies of initiation,
propagation, and termination steps, respectively. On
going from PeOH to BuCa-Ca-BuOH-BuCe-
PrOH, partitioning across the droplet increases,
which results in the lowering of E; and E,; this sub-
sequently decreases the E, of other cosurfactants.

CONCLUSION

The polyvinyltoluene latex suspensions prepared are
found to be stable and lie within the range of 10-50
nm. The molecular weights lie within the 1-3.5 X 10°
daltons. For both the hydrophilic and hydrophobic
initiators, the propagation and termination steps
remain unaltered. Even though I, values for hydro-
philic initiators are lower than for hydrophobic ini-
tiators, R, and N, show similar dependences with
all the initiators. Regarding the influence of the co-
surfactant, n-pentanol seems to impart better sta-
bility, higher values of kinetic parameters, and ap-
preciable M, of the polymer microlatices of the vi-
nyltoluene. The uE kinetics resemble the Smith
Ewart Case II hypothesis of the emulsion polymer-
ization. The results indicate better rate values of
the uE and remain comparable and reasonable to
that of vinyl polymerization in spite of the micro-
heterogenity of the uEs, and are altered in the pres-
ence of different cosurfactants.
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Table VI R, I,, Ny, M,, X, D, and Final % Yield for VT uE Polymerization at Various Surfactant
Concentrations ([KPS] = 0.65 mM)

[SDS] R, I, Ny M, D Final %
(M) [mol/(L s) X 107%] (min) (mL X 10') (X109 X, (nm) Yield
0.219 4.98 6.1 1.88 1.12 9485 28.9 83.3
0.249 5.10 6.5 2.143 1.14 9654 27.6 82.7
0.278 5.00 6.6 2.399 1.11 9400 26.2 84.0
0.305 5.04 6.4 2.622 1.13 9570 25.2 84.8
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