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ABSTRACT : Microemulsion polymerization of butyl acrylate initiated by a water-soluble ammonium peroxodisul

fate initiator in the presence of polymeric hydrophobe was investigated. The polymerization rate (without polymer) us. 

conversion curve shows two nonconstant rate intervals. The addition of polymeric hydrophobe promotes increase of 

maximum rate of polymerization, appearance of a rate shoulder at ca. 50~70% conversion and formation of polymer 

particles with bimodal size distribution. The maximum rate of polymerization increases with initiator concentration, 

particularly so with predissolved polymer. The enhanced polymerization rate with predissolved polymer is attributed to 

preservation of monomer droplets and larger number oflatex particles. This is observed in runs with a higher weight ra

tio of monomer to emulsifier. The synergetic effect of predissolved polymer is also attributed to the incompatibility of 

polymer with (co)emusifier (BA and undissociated emulsifier), which may increase the fraction of micellar emulsifier. 

The non-stationary rate of polymerization is discussed in terms of continuous particle nucleation, decrease of monomer 

at the reaction loci, increase in weight ratio emulsifier/monomer or chain transfer to emulsifier and preservation of 

monomer droplets. 
KEYWORDS Microemulsion I Butyl Acrylate/ Polymeric Hydrophobe / Rate of Polymerization/ Latex Parti-

cles/ 

The principle behind the formation of transparent or 
semitransparent microemulsions (with a droplet size 10 
-60 nm) is very low interfacial tension caused by de
creased dissociation of emulsifier and penetration of coe
mulsifier into the droplet surface layer. Coemulsifier is 
responsible for the enormous increase in the droplet sur
face area (or droplet number). Three- or four-component 
mixtures containing water, monomer, emulsifier and co
emulsifier form not only kinetically stable emulsions but 
also thermodynamically stable microemulsions. Four
component mixtures containing water, monomer, emul
sifier and hydrophobe form mostly kinetically stable 
miniemulsions. The second class of fine emulsions so 
called miniemulsions (droplet size, 100-300 nm) are 
relatively stable submicron dispersions of monomer in 
water prepared by shearing a system containing mono
mer (oil), water, emulsifier and hydrophobe. The princi
ple behind the making of stable miniemulsions is the in
troduction of a hydrophobic compound into the monomer 
phase to retard diffusion of monomer out of the mono
mer droplets. In both systems, the principal locus of par
ticle nucleation is the emulsified monomer droplet. In 
the former case the dependence of the rate vs. conver
sion is described by a curve with a maximum at ca. 20-
40% conversion and nucleation proceeds to the final con
version.1 In the latter case particle nucleation is some
what shortened up to ca. 30-50% and the dependence 
of the rate us. conversion is described by a curve with 
two maxima (four rate intervals).2 

Micro- and miniemulsions exhibit large interface be
tween oil and water. There was no apparent constant 
rate period in thermally initiated micro- and miniemul
sion polymerizations.1- 6 U gelstad et al. 6 clearly demon
strated that monomer droplets effectively compete with 
monomer-swollen micelles for capture of free radicals 
generated in the aqueous phase when total surface area 
of the droplets became large enough. In the conventional 
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emulsion polymerization, the principle locus of particle 
nucleation is the aqueous phase or monomer swollen mi
celles depending on the degree of water solubility of 
monomer(s) and amount of emulsifier. Monomer drop
lets are considered to act as monomer reservoir supply
ing monomer to the growing polymer particles. In the 
micro- or miniemulsion polymerization, the small size of 
monomer droplets (micro- or minidroplets) enables them 
to become the principle locus of particle nucleation. 

In the microemulsion polymerization of unsaturated 
monomers (styrene, alkyl (metha) acrylates, etc.), the in
itial generation of polymer paralleled strong increase in 
turbidity. 1·7 The accumulation of polymer was supposed 
to decrease the colloidal stability of fine emulsion (ther
modynamically stable microemulsion changed to kineti
cally stable one) which promotes the formation of large 
polymer particles. To model this behavior the effect of 
predissolved polymer on the polymerization process was 
investigated. The presence of polymer (hydrophobe) in 
the monomer droplets is supposed to suppress the diffu
sion of monomer out of the monomer droplets and pre
serve the monomer droplets for a longer period of polym
erization time. Thus, the main item of this work was to 
follow the effects of polymeric hydrophobe such as PSt, 
PMMA, etc. on the kinetics of microemulsion polymeri
zation of butyl acrylate. 

EXPERIMENTAL 

Materials 
Commercially available butyl acrylate(BA) was puri

fied by usual methods. 7
•
8 The analytical-grade initiator 

ammonium peroxodisulfate(APS) was used as supplied 
(Fluka). Polystyrene(PSt), poly(methyl methacrylate) 
(PMMA), poly(butyl acrylate)(PBA), and polyvinylpyri
done(PVP) were used as supplied (Fluka). The emulsi
fier used was reagent-grade sodium dodecyl sulfate 
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(SDS) (Fluka). Twice-distilled water was used as the po
lymerization medium. 

Recipe and Procedures 
Batch polymerizations were run at 60°C. In all runs 

the recipe comprises 100 g water, 20 g SDS, and 0.031 g 
NaHCO3• Amounts of APS, BA and polymer varied as 
shown later. The polymerization technique, conversion 
determination (dilatometric and gravimetric techniques) 
and estimation of polymerization rate were the same as 
described earlier.4

•
8

•
9 Measurement of average (mon

omer-swollen) particle size (a static and dynamic light 
scattering-LS) was the same as described earlier.9

•
10 

Apparent particle size distribution, APSD, was esti
mated as described by Schork et al. 11 The coefficient of 
variation and polydispersity index were related accord
ing to Hunter's approach.12 Limiting viscosity numbers 
[1]] were determined with Ubbelohde viscometer in ace
tone at 30°C and used to estimate the viscosity-average 
molecular weights.7

•
9 The surface tension of polymer la

texes was measured by the stalagmometric method at 
20°c_13,14 

RESULTS AND DISCUSSION 

Rate of Polymerization 
Variation in rate of fine emulsion polymerization (RP) 

of BA with conversion and additive (PSt, PMMA, PVP) 
type is summarized in Tables I-III and in Figure 1. The 
polymerization rate vs. conversion curves show two dis
tinct non-stationary rate intervals (runs 1-4, Table I, 
without polymer). The addition of polymeric hydrophobe 
(PSt) promotes the appearance of a rate shoulder at ca. 
50-70% conversion (runs 5-8, Table I). In runs 1-4, 
the polymerization rate increases to a maximum (ca. at 
30%) followed by a final decrease. Similar behavior is ob
served in runs 5-8, except for high conversion with the 
appearance of a rate shoulder. There is no significant 
constant rate interval, as a result of variation of particle 
and monomer concentration with conversion. The first 
abrupt increase in the rate of polymerization is attrib
uted to intensive particle nucleation. 1

•
7 The number of 

polymer particles (Np) increased from 3 X 1017 dm - 3 to 
9 X 1017 dm - 3 with conversion from 20% to 90%, respec
tively (Table I, run 1). A similar trend was observed with 
PSt (run 5) but increase of Np with conversion was much 
more pronounced, that is, NP increased from 5 X 1017 

dm - 3 to 13 X 1018 dm - 3 with conversion from 20% to 
90%. In the microemulsion polymerization of BA or sty
rene, the monomer saturation conditions are operative 
below ca. 20% conversion while the monomer-starved 
conditions are operative above ca. 30% conversion.1·9 

The monomer partitions between the (active and inac
tive) polymer particles and mixed micelles (interfacial 
layer saturated with monomer and monomer core does 
not appear). The decrease in rate with increasing con
version was attributed to decrease of monomer concen
tration at reaction loci due to increased dilution of mono
mer by emulsifier (hydrophobic chains of emulsifier) and 
polymer, and increased radical chain transfer to emulsi
fier. 

Synergism in growth appeared in runs 5-9 with PSt 
where both very small and large polymer particles ap-
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peared in the final polymer latex (Table I). Similar syn
ergetic effect of predissolved PSt was found in the minie
mulsion polymerization of styrene stabilized by SDS/ 
CA. 15 The rate enhancement was attributed to preserva
tion of the monomer droplet number by the presence of 
polymer in each monomer droplet. Polymer acts to pre
serve droplets for longer periods during polymerization 
compared to conventional fine emulsions. However, this 
effect was not observed in the absence of coemulsifier CA 
(cetyl alcohol). It was assumed that incompatibility be
tween PSt and coemulsifier (alkyl alcohol) leads to pref
erential accumulation of coemulsifier at the droplet sur
face and increase of total surface area.16 Similar behav
ior (prefential accumulation of emulsifier at the droplet 
surface) can be expected for ionic emulsifier and PSt. In
deed, the fraction of SDS was detected in the styrene 
monomer core by Lin etal. 17 The authors17 estimated 
that ca. 6% of the initially added SDS molecules is ad
sorbed on the monomer droplets in emulsion at ca. CMC 
and 5% of the SDS molecules absorbed inside the mono
mer droplets. The double emulsion is further evidence 
that ionic emulsifier penetrates the monomer droplet.18 

The very high weight ratio emulsifier/water in the mi
croemulsion ensures that the degree of dissociation of 
SDS is strongly depressed.3

•
19 The counterions are 

strongly associated with amphiphiles, essentially creat
ing a neutral but highly polar molecule. The ion pairs ex
ist molecularly dispersed in equilibrium with associated 
emulsifier molecules. The principle behind the making 
of stable microemulsions lies in the decrease of micelle 
ionization or electrostatic repulsion between emulsifier 
molecules in the presence of a large amount of electro
lyte (ionic emulsifier). Under these circumstances, the 
higher fraction undissociated emulsifier increases in mi
crodroplets where it is molecularly dispersed or forms 
inverse micelles. This decreases the initial micellar frac
tion of emulsifier for particle nucleation and particle sta
bilization. The released emulsifier from the droplet dur
ing polymerization increases the colloidal stability of 
growing latex particles and continuous particle nucle
tion. (This may be one reason why the microemulsion ki
netic models fail at high conversion20

). The predissolved 
polymer (PSt and PMMA), however, is incompatible 
with undissociated emulsifier and coemulsifier (BA) and 
favors the accumulation of both (BA is bad solvent for 
PSt) at the droplet surface. The surface active BA accu
mulates close to the droplet surface9 (decreasing the 
surface tension of the reaction mixture 21

). This is not the 
case with PBA and PVP where polymer is well soluble in 
BA and probably more compatible with undissociated 
emulsifier. The emulsifier dissolved in the monomer 
phase decreases both the rate of polymerization and mo
lecular weight. 22 Tables I and II indicate that the syner
getic effect of predissolved polymer is higher for lower 
molecular weight hydrophobes (PSt, PMMA, and PBA) 
and hydrophobe with higher polarity. 

Variation of the polymerization rate (Rp) with increas
ing conversion can also be discussed in terns of particle 
number. In the beginning of polymerization (monomer
saturated condition), Rp increases with particle number. 
The increase in Rp is more pronounced with predissolved 
PSt compared to that without polymer. After ca. 20-
30% (monomer-starved condition) the decrease in Rp is 
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Table I. Kinetics, molecular weights and colloidal parameters in the radical polymerization of BA in fine emulsions a 

# 
[APS]103 Rp,maxx 103 ConV,max Conv,f D NPX 10- 18 

APSD 
r 

moldm- 3 moldm-3 s- 1 % % nm dm 3 mNm- 1 

l.Ob 
2.5b 
5,0b 

10 b 

69e 
63e 
58e 
54e 

0.94e 
l.25e 
L7e 
2,2e 

l.le 2.7 43 
l.05e 2.5 
l.2e 
L2e L7 38 

1 
2 
3 
4 
5 1.0' 

4.5 
6.2 

10 
16 

4.6 

28 
28 
30 
35 
27 

89 
90 
95 
99 
92 62(98 vol.%)" L3' l.4e Li 2.3 35 

560f 36d,f 

6 
7 
8 

2.5' 10 27 92 50(80)' 400r 2.0e O.OOlr 1.5° 1.9r 2,0 
5.0' 14.6 30 93 32(75)° 200f 7.4e O,0lf l.4e l.4f 

10 c 15.8 30 95 22(66)° 62f 20e 4f l.4e l.3f 1.8 30 

a Recipe cf, ExptL part, [BA]= L56 mo! dm - 3
• b Without polymer, 'With 0.2 g PSt (Mw = LS X 106 )/100 g water. d NP X 10- 12 (dm - 3

). 

e Small latex particles. f Large latex particles, RP max -maximum rate of polymerization, Conv.max -conversion at R p,max, D-particle di
ameter, NP -number oflatex particles, APSD-apparent particle size distribution, Mv-viscosity average molecular weight, y-interfacial 
tension of polymer particle-water system. 

18 

0 10 20 30 40 50 60 70 80 90 100 

Conversion in % 
Figure 1. Variation of the polymerization rate in the microemul
sion polymerization of BA with conversion and concentrations of 
APS and PSt (Mw = l.8 X 106 

). Recipe, cf. Experimental. [BA]= 
1.56 mo! dm - 3

, [APS]/mol dm - 3
: 10 (A) , without PSt), 10 ( +, 

with PSt), 5 ( +, without PSt), 2.5 ( X, with PSt), 1.0 ('Y, without 
PSt), 1.0 ce, with PSt). 

more pronounced in runs with higher number of parti
cles (with predissolved PSt: the runs 5-8). Chain trans
fer to emulsifier decreases the rate of polymerization 
and the decrease is proportional to conversion. This re
sults from increasing weight ratio emulsifier/monomer 
with conversion. The hydrophobic PSt accumulates in 
the monomer droplets (the highly-monomer swollen par
ticles) with conversion and, thereby, depresses more the 
monomer droplet degradation 11 (monomer concentra
tion at the reaction loci) at high conversion (above ca. 
30%). 

The rate of polymerization, however, slightly de
creased by the addition of hydrophobe (compare runs 4 
and 8, Table I). In run 8 the very fine polymer dispersion 
appeared. Similar behavior was observed in runs with a 
larger weight ratio emulsifier/monomer (Table III, runs 
19-21). Under such circumstances, the monomer
starved condition governs the polymerization, that is, 
the surface active monomer is mainly located in the in
terfacial layer (mixed micelles) and, thereby, polymeri-
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zation is slower. 
The slight increase in polymerization rate at high con

version can be attributed to the gel effect that increases 
polymer fraction and growing radicals in the latex parti
cles. The depressed rate of termination inside the parti
cle favors the accumulation of entangled radicals in poly
mer particles and increases the rate of polymerization. 
This is very similar to that reported by El-Aasser et al. 23 

and Shork et al. 11 for classical miniemulsion polymeriza
tion of styrene and MMA in the presence of low and high 
molecular weight hydrophobe such as hexadecane (HD), 
PMMA, PSt, etc. and homogenized by a uniform shear 
device. The second rate maximum, however, was not ob
tained in the microemulsion polymerization of alkyl 
(meth)acrylates or styrene performed at elevated tem
peratures where the dependence of the rate of polymeri
zation vs. conversion was described by a curve with a 
single maximum at 20%-40% conversion.3 In microe
mulsion polymerization, the gel effect is supposed to be 
operative at low conversion; that is, it contributes to the 
maximum rate at 20%-40% conversion. In the classical 
miniemulsion polymerization using an effective hydro
phobe (HD) the second rate maximum is more pro
nounced than the first rate maximum. 24 In the presence 
of polymer (a poor hydrophobe), the second maximum is 
not distinct and appears as a rate shoulder.24 

The relationship Rp us. [APSJX is used to estimate the 
mechanism of radical termination and particle nuclea
tion. The effect of APS concentration on the polymeriza
tion behavior is shown in Table I. Here, the reaction or
der x was found to vary as follows: 

0.65 (the runs 1-4, system A)<0.73 (the runs 5-7, 
system B) 

The reaction order x for both systems is larger than that 
(0.4) for the classical emulsion model.25 The number of 
polymer particles strongly increases with APS concen
tration and the increase is more pronounced for the sys
tem with PSt. The droplet preservation increases the 
rate of particle formation. In the miniemulsion polymeri
zation, this behavior was attributed to the barrier for en
tering radicals into the polymer containing minidroplets. 
The increased rate of particle formation is also con
nected with i~creased release of emulsifier from the nu-
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Table II. Kinetics, molecular weights and colloidal parameters in the radical polymerization of BA in fine emulsions a 

MwX I0-
4 Rp,maxx 103 Conv.max Conv,r D NPX I0-18 

MvX106 y 
# Polymer APSD 

moldm 3 s- 1 % % nm dm· 3 mNm 
-1 

5 Pst 180 4.6 27 92 62(98)' 560d 1.3' 36b,d L4' L7<l 2.3 35 
9 Pst 18 4.8 26 90 45(80)' 120d 2.9' 0.035d 2.4 32 

10 PMMA 180 4.6 28 90 69(98)' 600d 0.95' 30b,d 2.0 33 

11 PMMA 16 5.2 27 89 62(95)' 500d 1.3' 12i·d 1.35' 2.4 32 
12 PMMA L9 4.2 22 92 41(86)' 94d 4.0' 0.054d 2.2 31 
13 PBA 120 4.1 22 85 30(75)' 80d 8.2' 0.14d 1.3' 1,34d 2.2 36 
14 PBA 60 5.2 22 98 68(95)' 530d 1.0' 11ob,d L5' lO<l 2.0 33 
15 PVP LO 4.7 22 85 30(74)' 80d 23' 0.15d L3' L3<l 

"Recipe cf. ExptL part., [BA]= 1.56 mol dm 
d Fraction of large latex particles. 

3
, [APS]=LOX10-3moldm- 3, b NPX 10- 12 (dm-3). 'Fraction of small latex particles. 

Table III. Kinetics, molecular weights and colloidal parameters in the radical polymerization of BA in fine emulsions a 

[APS]I03 
Rp,maxx 103 Conv.max Conv,r D NPX I0-18 

MVX106 r 
Run 

mol dm ·3 mol dm- 3 s 1 dm- 3 APSD -1 
% % nm mNcm 

16 0.63b 2.3 35 94 52k L16k Llk L6 40 
17 3.2b 4.5 30 94 51k L2k Llk L4 37 
18 6.3" 5.4 28 96 51k L2k Llk L4 35 
19 0.63' L8 19 78 51k Llk 1,5k L4 40 
20 3.2' 4.0 25 82 53k 0.95k 1,5k L3 36 
21 6.3' 5.0 35 87 55k 0.91k 1,4k L2 33 
22 0.63d L7 20 86 51(95l2601 Llk 4.3i 1,43k L3 32 
23 0.63' 4.2 22 84 41(86l 941 L8k 0.0251 L45k L4i 2.0 33 
24 0.63f 5.2 25 92 60k 0.65k 1,35k 2.0 33 
25 0.63g 4.2 21 92 68(95l5301 o.5k o.5i 1,5k lOi 1.9 33 
26 0.63h 4.1 22 85 30(74/ 801 4.0k 0.0751 1,3k L3' 2.0 36 
27 0.63' 3.7 21 92 62 0.67k L6k L7 32 

"Recipe cf. Exptl. part. [BA]= 0. 78 mo! dm -a. b Without polymer. 'With 0.2 g PSt (Mw = 1.8 X 106 )/100 g water. d PSt (Mw = 9.3 X 104
). 

e PMMA (M,,=L9X 104
). f PMMA (Mw=L6X105). g PBA (Mw=6.1X 104

). h PBA (Mw=L2X 106
). i PVP (Mw=l.OX 104

). j NpX 10· 14 

(dm - 3
). k Fraction of small latex particles.1 Fraction oflarge latex particles. 

cleated particles and amount ofmicellar emulsifier. 
It is interesting to note that the surface tension (( y) de

creases with increasing [APS] and y is lower for the 
runs with PSt (Tables I and II). y is expected to increase 
with particle surface area due to decrease of free emulsi
fier fraction. The results show that the reverse is true. 
This might be attributed to formation and accumulation 
of surface active oligomers in the continuous phase. 26 

The decrease in y is more pronounced in runs with pre
dissolved PSt (total interface area strongly increased). 
Incompatibily between PSt and (undissociated) emulsi
fier is expected to decrease the amount of emulsifier dis
solved in the droplet core (or increase micellar fraction of 
emulsifier). 

Colloidal Parameters 
The addition of polymeric hydrophobe (PSt, PMMA, 

PBA, and PVP) promotes the formation of polymer la
texes with bimodal size distribution (Tables I and II). 
Similar behavior was reported by P. J. Blythe et al. 15 

and Reimers and Schork.11 This behavior is less distinct 
in systems with larger weight ratio emulsifier/monomer 
(Table III). The high molecular weight PSt did not pro
mote the formation oflatex particles with bimodal parti
cle size distribution (PSD) but average particles size 
slightly increased (runs 19-21). Similar behavior was 
found with PVP. The latex particles with bimodal PSD 
and fraction of large particles appear with the medium 

Polym. J., Vol. 32, No. 8. 2000 

molecular weight PSt and PBA (ca. 1 X 105). The bimodal 
PSD with smaller particles appears with PMMA (Mw = 
1.9 X 104 ) and PBA (1 X 106). 

Final particle size (D) and Np were found to vary with 
increasing [APS] as follows (Table I): 

Doc[APS]-0·11 and Np oc [APS]04 (runs 1-4, the sys
temA) 

D soc [APS]- 0·46, D1 oc [APSJ- 0·92, Nps oc [APS]1.23 and 
NP1 oc [APS] 4

·
1 (runs 5-8, the system B) 

where the subscripts s and 1 denote small and large par
ticles. In both runs, D decreases (or Np increases) with 
increasing APS concentration and the decrease is more 
pronounced with seed polymer. The reaction order y (Np 
oc [APS]Y) for the system A is in good agreement with the 
micellar model (y =0.4). In system B, Np strongly in
creases with APS concentration; i.e., the reaction order y 
is 1.23 for small particles and 4.1 for large particles. The 
presence of polymer decreases monomer droplet degra
dation and preserves microdroplet for a longer reaction 
time. Thus, the predominant cause of "enhanced nuclea
tion" from the addition of polymer is that the polymer 
adds extra stability to monomer droplets both prior to 
and during polymerization. The enhancement is primary 
attributed to preservation of the droplet number by the 
presence of polymer in each monomer droplet. 15,27 

The slightly weaker dependence of NP on [initiator] 
was reported by Delgado et al.2 for miniemulsion co
polymerization of vinyl acetate and butyl acrylate. For 
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macroemulsions, the order was found to be 0.0, and for 
miniemulsions, 0.8. Fontenot and Schork28 reported the 
reaction order y =0.11 for miniemulsion and 0.28 for the 
macroemulsion polymerization of MMA. The data pre
sented for miniemulsion indicated a leveling of particle 
number at high initiator concentration. This is believed 
to correspond to the point at which all monomer droplets 
become nucleated. The reverse is true for current sys
tems where the dependence NP vs. [APS] (a log-log plot) 
has nearly exponential trend (Table I). This behavior is 
connected with increased number of monomer droplets 
or radical entry efficiency. In the former case, the re
lease of emulsifier from the monomer phase may in
crease the number of micelles. 17 In the latter case, the 
accumulated polymer might modify the droplet surface 
for successful radical entry. 

The presence of a large amount emulsifier as well as 
coemulsifier (BA)9•17 assures the formation of very small 
monodisperse microdroplets and polymer particles. 1 Ta
bles I and III show that the microemulsion polymeriza
tion of BA forms relatively monodisperse polymer parti
cles. The addition of polymer leads to the formation of 
unique polymer latexes with bimodal APSD. The pres
ence of large particles is connected with the monomer 
emulsification and mixed mode of particle nucleation. In 
the microemulsion polymerization of styrene or BA, the 
initial abrupt increase in turbidity (or particle size) was 
attributed to the formation of polymer. 1

•
3 The fraction of 

nucleated particles, however, is very small compared to 
the fraction of thermodynamically stable microdroplets 
as well as its effect on the whole polymerization process 
and colloidal parameters. This may not be true for cur
rent systems where each microdroplet contains one or 
more polymer chains. 

APSD is nearly independent of [APS] with and with
out polymeric hydrophobe. APSD is much broader in 
runs with hydrophobe. APSD of large (I) particles is 
much larger than that of small (s) ones. 

Molecular Weight Parameters 
Variation of the viscosity-average molecular weights 

with initiator concentration and reaction conditions is 
summarized in Tables I-III. The molecular weight de
creases with increasing [APS] in the following order : 

Mv cc [APS]- 0·1 (runs 1-4), Mv cc(APSJ-01 (runs 5-
8) (Table I) 

Mv cc [APSJ- 0·06 (runs 16-18), Mv cc [APSi- 0·
06 (runs 

19-21) (Table III) 
The data show a slight dependence of Mv on the APS 
concentration, attributed to the governing role of the 
chain transfer to monomer and/or emulsifier, desorption 
of transferred radical from the particles into the continu
ous phase and re-entry of transferred radicals. The de
crease in Mv is more pronounced for the higher weight 
ratio BA/SDS. Mv is somewhat lower in runs with poly
meric hydrophobe PSt, due to decreased degradation of 
monomer droplets and lower monomer concentration at 
the reaction loci. A similar trend for both systems results 
from the dominant contribution of small particles (with 
or without polymer). A similar trend in Mv is evident 
from PMMA and PBA (Table II). Smaller polymer is also 
formed with PVP. 

Table III shows that the lower weight ratio BA/SDS 
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favors the formation of lower molecular weight poly
mers. This is attributed to the formation of small micro
droplets with a less distinct monomer core; that is, 
monomer is more diluted with emulsifier. Under these 
circumstances, the chain-transfer to emulsifier is signifi
cant. The chain-transfer to emulsifier decreases polym
erization rate and molecular weight.15

•
24 The dilution of 

the monomer phase by hydrophobic alkyl chains of SDS 
increases the chain-transfer to emulsifier.20

•
29 However, 

the relatively large polymers were generated in runs 23 
-26 with PMMA and PBA. This may result from the lo
cation of polar polymer at the droplet surface leading to 
different roles of dissolved polymer. 

CONCLUSION 

Polymerization rate (with polymer) vs. conversion 
curve shows nonconstant rate intervals. The presence of 
the first rate maximum is the result of increase of parti
cle number and decrease of monomer concentration at 
the reaction loci. The addition of polymeric hydrophobe 
increases the maximum rate of polymerization as a re
sult of formation of a larger number of particles. The 
rate shoulder at ca. 50-70% conversion and polymer 
particles with bimodal distribution appear in the runs 
with seed polymer. The maximum rate of polymerization 
increases with initiator concentration and the increase 
is more pronounced with predissolved polymer. The en
hanced rate of polymerization and particle formation 
with predissolved polymer results from the preservation 
of monomer droplets during polymerization. The con
tinuous particle nucleation results from the large num
ber of free monomer-swollen micelles and release of 
emulsifier from the nucleated particles. The decrease in 
polymerization rate with increasing conversion is attrib
uted to decrease of monomer concentration at reaction 
loci and increased chain-transfer to emulsifier. 
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