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ABSTRACT: The ultrasonically initiated batch miniemulsion copolymerizations of methyl methacrylate
(MMA) and butyl acrylate (BA) are studied at different MMA:BA ratios (including homopolymerizations),
and the physical properties and chemical composition of the polymers formed are investigated. Trends
in the evolution of the particle number are rationalized with reference to the mechanical properties of
the polymer particles, with the number concentration of the softer, BA-rich particles reducing with
continued sonication. Molecular weight data are consistent with high radical fluxes entering the particles,
with the radical entry frequency calculated from the peroxide yield in a model system to be ~1.5 x 1072
s7L. To within experimental uncertainty, the copolymer composition is found to be consistent with the
terminal model for propagation reactions and previously published reactivity ratios; hence, it is concluded
that ultrasound has little effect on the propagation step in a free-radical polymerization process. The
results obtained also support a miniemulsion polymerization pathway for sonochemically synthesized

latex particles.

Introduction

The effects of ultrasound on a chemical process are
both mechanical and chemical in origin, although
mechanistic understanding of sonochemical reactions
has only been developed relatively recently.! Irradiation
of liquids with ultrasound causes enhanced mass trans-
port, emulsification, and bulk thermal heating—effects
that have been exploited in the preparation of mini-
emulsion polymerizations.23

The chemical effects of ultrasound derive primarily
from acoustic cavitation involving the formation, growth,
and implosive collapse of bubbles. At an ultrasound
frequency of 20 kHz, the local temperature of the
collapsed microbubble in an aqueous solution is ~4300
K.4 These high temperatures lead to the homolysis of
water within the bubbles, creating *OH and H* radicals,?
which have previously been shown to initiate polymer-
ization with a variety of monomers.5

Miniemulsions consist of stable nanometer-sized drop-
lets, and particle formation in the polymerization of such
systems is by droplet nucleation.” Droplet stability is
typically maintained by the use of a costabilizer/sur-
factant system; added ionic or nonionic surfactant
stabilizes the droplets against collisional growth, while
an added costabilizer (a hydrophobe such as hexade-
cane) stabilizes against Ostwald ripening.? Recent
advances in miniemulsion polymerization have demon-
strated that with a suitable choice of stabilizing group®
or with constant agitation® the costabilizer may not be
necessary for a miniemulsion polymerization to be
undertaken.

The free radicals produced during cavitation are used
here in the ultrasonically initiated miniemulsion po-
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lymerization of methyl methacrylate. Previous reports
of ultrasonically initiated dispersed-phase polymeriza-
tion indicate that monomer conversion at ambient
temperature is possible.?~14 It is interesting that mini-
emulsion polymerizations described elsewhere have
frequently made use of ultrasound for agitation, but not
for initiation, with chemical initiators being added to
the reaction after a period of sonication.2 Moreover, the
same irradiation frequency and power (even the same
make and model sonicator) have been used. The key
differences between this work and studies of “classical”
miniemulsions for which ultrasound has been only for
agitation are that here (i) argon sparging is used to
increase the cavitation temperature (hence, increasing
the radical flux), as compared with, for example, nitro-
gen; (i1) oxygen is excluded during sonication; (iii) the
temperature is maintained at ~25 °C, whereas during
many (but not all) conventional miniemulsion prepara-
tions temperature escalations are quite common, hence
the radical flux here is higher (increasing the water
temperature reduces the cavitation temperature, lower-
ing the chemical yield of radicals'®); (iv) the droplets are
produced in the absence of a costabilizer, are unstable,
and require continual agitation until polymerization
commences within them (balancing Ostwald ripening),
whereas miniemulsions may normally be stored for
some time before use.

In this work, the miniemulsion copolymerization and
homopolymerization of methyl methacrylate and butyl
acrylate are studied, with initiating radicals derived
from an ultrasonic field. The physical properties of these
copolymers are compared to conventionally produced
emulsion copolymers, and the compositions of the
copolymers are investigated and discussed in relation
to a conventional batch emulsion copolymerization
model. The role of the surfactant in the ultrasonically
initiated miniemulsion process is discussed.
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Experimental Section

Reagents. Methyl methacrylate (MMA, Aldrich, 99% (GC))
and butyl acrylate (BA, Fluka, purum >99% (GC)) were
distilled under reduced pressure to remove inhibitor; the sealed
purified samples were stored at 4 °C and kept in the dark until
required. Sodium dodecyl sulfate (SDS, Fluka >98% GC),
argon (BOC high purity grade), and tetrahydrofuran (THF,
Fluka >99.5% GC) were used as supplied. Aqueous solutions
were prepared with distilled water.

Copolymerization Method. All of the ultrasonically initi-
ated miniemulsion copolymerization reactions reported here
were performed as batch reactions using a conventional 19 mm
diameter 20 kHz horn sonifier (Branson 450), using a previ-
ously described apparatus;'® 20 kHz insonation is used as
pyrolysis of organic compounds is negligible at 20 kHz
compared to higher frequencies.'®!” The power generated at
the tip of the horn and absorbed by the solution was measured
by calorimetry to lie between 7 and 9 W em~2. For all the batch
polymerizations reported here, the concentration of monomer
was 10 wt % in water and the SDS concentration was 25 mM
(0.7 wt %). Monomer ratios are specified here as weight ratios.

The following description for a batch miniemulsion copo-
lymerization at the above monomer concentration is typical
of all the polymerizations described in this study. A mixture
of monomer (7.5 g total), SDS (0.5 g), and water (67.5 g) was
purged with argon for 45 min in the reaction vessel at room
temperature. Thereafter, the argon gas stream was removed
from the emulsion and was allowed to pass over the surface
of the liquid mixture. The polymerization reaction was then
initiated by subjecting this mixture to cycles of continuous
sonication for 10 min, with 5 min pauses between sonication
periods. This periodic sonication cycle and the immersion of
the reaction vessel in an ice/water bath were sufficient to
maintain the temperature at 25 + 5 °C.

Gas Chromatography. Qualitative analysis of organic
volatiles was performed by headspace autosampling coupled
with a gas chromatograph and mass selective detector (Hewlett-
Packard 5890 GC and 5971 MSD with a Perkin-Elmer HS40
headspace sampler). Analysis for pyrolysis products (methane,
ethene, and ethyne) was also undertaken using gas chroma-
tography (Shimadzu GC-17A) of the headspace following
sonication of a sealed, argon-saturated monomer-in-water
solution.

Polymer Conversion. Conversion data were obtained by
gravimetry. Small amounts, <1%, of aggregated latex were
formed around the horn; with coagulum taken into account,
the overall conversion of monomer as measured by gravimetry
at the end of sonication was ~90%. Free monomer analysis
(by gas chromatography) on the final latex samples showed
that there was no monomer left at the completion of the
polymerizations, and it was determined that a negligible
amount of monomer was lost by evaporation during the course
of the reaction. While pyrolysis is minimized through the use
of 20 kHz radiation,®7 due to the long time scales over which
polymerization takes place, significant amounts of pyrolysis
products (including® methane, ethane, and ethene, among
other unidentified products) were observed by headspace
analysis in this study.

Particle Sizing. Particle sizes were measured using a
Nicomp submicron particle sizer (model 370). The latex disper-
sion was diluted by ~100 times with distilled water, with the
monomer being sufficiently water-soluble that the unswollen
particle size was measured. The measurements were carried
out at 25 °C at a fixed scattering angle of 90°.

Molecular Weight Determination. Samples of dried latex
were dissolved in toluene (HPLC grade, BDH) and passed
through a 0.2 um filter (Acrodisc, Gelman Laboratory). Light
scattering measurements were undertaken using a DAWN
DSP (Wyatt Technology) and calibrated against pMMA stan-
dards. For each sample, the weight-average molecular weight,
M, was determined using Zimm plots at five different
concentrations of polymer.

Peroxide Yield. The radical yield of the ultrasound field
in the absence of monomer and surfactant was quantified
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Table 1. Parameters Used in the TRISEPS Program

parameter value
reactivity ratios® MMA 2.55
T'BA 0.36
water solubility? [MMA] 452 0.15 mol Lt
[BA]aqsat 0.01 mol L1
solubility in polymer [MMA]psat 6.0 mol L1
[BA]psat 5.5 mol L1

@ Taken from ref 23. ® Taken from ref 24.

spectroscopically using standard techniques (absorption of the
I3 ion at 352 nm).!® The radical yield is estimated to be 4 times
the peroxide yield, as two HO* radicals are required to form
hydrogen peroxide, while two H* radicals will also be formed.
From previous radical capture studies, the efficiency of initia-
tion may be estimated as being ~20%.° Below, this is
compared to initiation by the commonly used persulfate
initiator (e.g., potassium persulfate, KPS), using appropriate
Arrhenius parameters?® and an appropriate entry efficiency
model.?!

Glass Transition Temperature. A small aliquot of the
final latex solution was dissolved in THF (~1 mL), then
precipitated in water (~10 mL), and dried. Measurements on
the dried latex samples were performed using differential
scanning calorimetry (DSC, Netzsch DSC 200) in an air
atmosphere.

Copolymer Composition. The SDS was removed from the
dried latex samples used for monomer conversion by dissolving
the dried latex in a small aliquot of THF (~1 mL) and
precipitating out the polymer with water (~10 mL). The
solution was then filtered to collect the polymer and further
rinsed with distilled water and then dried. These samples were
used for copolymer composition analysis. The copolymer
composition was determined by proton nuclear magnetic
resonance ('H NMR) using a Bruker DPX400 spectrometer.
The samples were prepared in deuterated chloroform.

Model of Copolymer Composition. Simulations of the
copolymer composition were performed using the computer
model TRISEPS (Trimonomeric Seeded Emulsion Polymeri-
zation Simulation??). The model can predict the course of
composition drift in seeded batch and semicontinuous emulsion
co- and terpolymerizations of low to moderately water-soluble
monomers. The model cannot predict particle nucleation, the
overall rate of polymerization, or molecular weight distribu-
tions.

In TRISEPS, the terminal model for propagation is used,
where it is assumed that the rate coefficient for propagation
is dependent only on the identity of the terminal unit on the
growing radical (and not on the penultimate unit). The
propensity for a radical to add a like monomer compared to
the other monomer in a copolymerization (the reactivity ratio,
r), is used as a kinetic parameter in modeling such systems.
For monomers My and Mg, one has ry = kgA/kgB and rg = ka/
k?A, where kY is the second-order propagation rate coefficient
for the reaction of a terminal radical derived from monomer i
with monomer ;.22 The data used in the simulations reported
here are shown in Table 1.

In this model, monomer partitioning (with the subscripts
“d” and “p” denoting the droplet and particle concentrations,
respectively) is described by the simplified equations derived
by Maxwell et al.?» and Noél et al.?6 for dispersed-phase
polymerizations of one or more monomers. TRISEPS is not
directly suited to modeling polymerizations involving droplet
nucleation (where [M], > [MJ5* during the first part of the
reaction); however, as was shown by Maxwell et al.?® that
[MA]®Y/[MB]®** = [MAJ*/[MBI5", one can conclude that the
ratio 1iMA]p/ [l\’ig]p for a miniemulsion polymerization is correctly
calculated by TRISEPS. Since it is this ratio (and the reactivity
ratios) that determine the copolymer composition, one need
only consider the influence of aqueous phase monomer to
assess the applicability of TRISEPS to these miniemulsion
polymerizations; it was shown by Schoonbrood et al.?? that the
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Figure 1. Total conversion (+4%) as a function of sonication
time at 20 kHz under argon.

water solubility of the monomers had only a minor influence
on the composition.

An upper bound to the sensitivity of the polymer composition
to the difference between the emulsion and miniemulsion
mechanism may be estimated using a “bootstrapping” ap-
proach where two TRISEPS simulations are combined, as
follows. The first simulation using a recipe with negligible seed
polymer is used to determine the composition of the polymer
made at ¢ = 0, which (as an upper bound) is assumed to be a
constant composition for [M], > [M]f)at; the second simulation,
with an amount of seed polymer included such that [M], =
[M]fft, is used to simulate the composition for higher conver-
sions. The actual composition is calculated from these two
simulations by mass balance; the composition so calculated
differs from a naive application of the TRISEPS model to these
recipes by a maximum of 3.6% (at [M], = [M]fft) and by less
than 0.6% at 80% conversion. We therefore conclude that the
application of the TRISEPS model to miniemulsion copoly-
merizations is justified.

Results and Discussion

Conversion Profiles and Particle Size. Recipes
with monomer compositions based on weight ratios of
0:5, 4:1, 2:3, 1:4, and 5:0 MMA/BA (with a total
monomer fraction of 10 wt % in the emulsion) were
studied at constant monomer fraction and surfactant
concentration to investigate the effect of monomer
composition on conversion profiles and particle size. The
conversion—sonication time curves are presented in
Figure 1. The conversion profiles at each comonomer
composition are comparable.

During an ultrasonically initiated miniemulsion po-
lymerization a droplet nucleation mechanism is opera-
tive, as follows.? Primary radicals produced within
cavitation bubbles during insonation may then add to
either adsorbed or aqueous monomer, forming mono-
meric-adduct radicals (HM* and HOM*). Droplets of
monomer in the miniemulsion size range (50—500 nm,
produced by the continuous shearing generated by
acoustic bubble collapse”?”) are polymerized following
reaction with these monomeric-adduct radicals. Figure

gas ® O HO- + M — HOM- P+M =P
O H +M — HM:
" O RM- + M — P- >
oil Ultrasonic il Ultrasonic
Emulsification | @ Initiation
® o Al .
water
monomer emulsion radical entry propagation
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2 pictorially describes these events. It may be reason-
ably established that micellar nucleation is negligible
using the simple surfactant coverage model of Giannetti:
28 using the experimentally determined droplet size for
ultrasonic shearing,?® the surface area of the droplets
is sufficiently large that the surfactant coverage is only
70% of the maximum value obtainable using appropri-
ate values for the surface area per surfactant on polymer
particles;3? hence, micelles are not present in the
system.

The periodic measurement of the concentration hy-
drogen peroxide over the course of 1 h of sonication gave
a radical yield of 1.3 x1077 mol dm™3 s~!. Across a
population of particles at N, = 1.0 x 1018 dm™3 and an
estimated radical entry efficiency of 20%,'° this gives
an radical entry frequency, p = 1.5 x 1072 s~! (one
radical entry per particle every 65 s). For the purposes
of comparison, the radical entry frequency of 3.0 mmol
dm—3 KPS at 25 °C is 6.2 x 1075 s7! (which is lower
than the usual level of spontaneous initiation2!) and at
50 °Cis 3.2 x 1073 s L, Thus, the radical yield of water-
derived radicals from insonation is sufficiently high that
thermal initiation in the system is insignificant. Simi-
larly, the direct formation of initiating radicals from
monomer during ultrasonic cavitation is negligible, since
the monomer is present in the bulk liquid in only low
concentrations; recently reported pyrolysis studies show
that pyrolysis of organic compounds is considerably
lower at 20 kHz compared to higher frequencies.16-17

The particle diameter as a function of sonication time
is shown in Figure 3. It may be noted that the particle
size is relatively unaffected by the comonomer composi-
tion, owing to the high-shear, high-flow environment
that is created by the ultrasonic field; this is consistent
with recently reported freeze-fracture electron micros-
copy experiments that show that the (initial) droplet size
in an ultrasonic field is a kinetic (not thermodynamic)
phenomenon and is independent of the oil being dis-
persed for a wide range of hydrocarbons.?? The polymers
with the highest proportion of MMA have a constant
particle diameter as a function of sonication time,
whereas with increased amounts of BA in the initial
comonomer the particle diameter increased with soni-
cation time.

Figure 4 shows the corresponding dependence of the
particle number on sonication time; for the purposes of
comparison of the trends in particle number, the particle
number relative to the final particle number is shown
in Figure 4b, and it is this representation of the data
that we will now discuss in detail. Note that the
observed increases in particle number are due to the
nucleation of new particles, while the observed de-
creases in particle number can only be explained by
particle—particle coalescence. Figure 4b shows that the
particle number for all copolymer compositions was
observed to increase for the first 30 min of sonication

Figure 2. Schematic of the miniemulsion mechanism proposed to be operative during ultrasonically initiated emulsion
polymerization. The ultrasonic field is used to maintain a small monomer droplet size as well as to generate *OH and H* radicals
to initiate polymerization. Particle formation is by droplet nucleation.
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Figure 3. Intensity average particle diameter as a function
of sonication time for the comonomer compositions studied.
The indicated uncertainty is the systematic error range
associated with all data points.

(@) 2.5

MMA:BA
A 5.0
204 ¢ 4:1
e 23 . >
o 14 .
@ i 0:5 * N
= 154V . : .
8‘0 [ a
=) L3
= 1.0 . A .
=* goeos T
0.5 It v v v / = . |
v v v
0.0 T T T T ]|
0 20 40 60 80 100
sonication time /min
b) 4
( 3\ . MMA:BA
3 _ A 50
i : O 41
‘J:"a 3 e 23
hy o 14
= . v 05
.g; 2_ o : ) )
1<} [ <
2 ° ° b . b
@ o A o A L[] "
[5] N
£ 1 * A ? < <& 3 o
< <o
[« <&
s | ¢ ¢
0 T T T T
0 20 40 60 80 100

sonication time /min

Figure 4. Evolution of the particle number (N;, calculated
from [d;0 in the reaction: (a) particle number concentration
and (b) the number of particles in each reaction relative to
the number at the end of the reaction.

during the period of initial droplet nucleation. With
further sonication, the MMA-rich polymerizations con-
tinue on this trend up to 70 min of sonication, after
which the particle number remained approximately
constant. For the other polymers, the particle number
decreased with continued sonication; since the mixture
is constantly being sheared by ultrasound-induced
cavitation, the mechanical properties of the droplets and
particles involved in collision events are significant in
interpreting the trends shown in Figure 4b.

Further consideration of Figure 4b shows that the
particle number in this system is correlated to the glass
transition temperature (Tg) of the polymers formed,
providing additional evidence for our previous postu-
late;? over a range of copolymer compositions, the
polymers with higher T, have increasing particle num-
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Table 2. Molecular Weight and Calculated Kinetic Chain

Length
system measured My kinetic chain length
MMA 3.6 x 108 1.8 x 107
BA 4.8 x 108 3.1 x 108

ber throughout the polymerization, while the lower T
polymers have a decreasing particle number from ~40%
conversion. At longer sonication times (higher conver-
sion) the number of particles increases until [particles]/
[droplets] > ~1, and the rate of particle—particle
collisions increases. However, rubbery particles are
more likely to coalesce during collision than are glassy
polymers, while particle-droplet coalescence may be
undone either by subsequent ultrasonic shear or by
monomer diffusion. One may now recast the above
explanation of Figure 4b in terms of the mechanical
properties of the polymers. For the first ~40 min of
sonication, droplet—droplet interactions dominate, and
the trend in the particle number for all compositions is
similar. After that time the droplet—particle and par-
ticle—particle interactions in the high-T, systems do
little to change the particle number, although droplet
nucleation continues until ~70 min of sonication; the
low-T, systems show significant amounts of particle—
particle coalescence after this time.

The experimentally determined weight-average mo-
lecular weights of the MMA and BA polymerizations are
shown in Table 2, along with the calculated kinetic
chain length data. The measured molecular weights for
the MMA and BA systems are quite similar; however,
the measured molecular weight for the MMA system is
considerably less than the kinetic chain length, while
these values are comparable for BA. Since small MMA
particles with the high radical flux calculated above
would be described by zero—one kinetics,3! the chain
length may crudely be estimated from the period
between radical entry events as venty = Mumaky/p,
where Myma is the molecular weight of the MMA
monomer (a more detailed description using zero—one—
two kinetics is also possible3?). The entry-determined
molecular weight, 2.1 x 108, compares quite favorably
to the experimentally determined molecular weight.

Surfactant in Miniemulsion Processes. It has
been hypothesized by other workers that the surfactant
is responsible for initiation in the ultrasonically initiated
miniemulsion polymerization of various monomers,
including MMAS33 and BA,3* being described as “one of
the radical sources”.3* Such conclusions were based upon
the comparison of conversion—time data both with and
without added surfactant; in the absence of surfactant,
little conversion was obtained, while with surfactant
quite rapid conversion was observed.

However, such a conclusion neglects three important
aspects of the ultrasonically initiated system. First, the
aqueous concentration of surfactant is limited by its cmc
(i.e., [SDS] < 8 mM), but the monomer is frequently in
much greater concentration ([MMA],q ~ 0.15 M); since
addition to monomer and abstraction of hydrogen from
SDS have similar second-order rate coefficients, it is
kinetically unlikely that the surfactant is involved in
the radical chemistry. Second, it is well-known that the
reaction rate of emulsion and miniemulsion polymeriza-
tions is dependent on the number of particles in which
the polymerization is taking place.? Since the number
of droplets is dependent on the stabilizers used,?® and
miniemulsion polymerization implies a droplet nucle-
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Figure 6. Cumulative fraction of MMA and BA in the formed
copolymer as a function of the overall conversion for various
MMA:BA comonomer compositions. Experimental data are
shown as points; TRISEPS modeling results are shown as
lines.

ation process,’ the rate of polymerization will be strongly
influenced by the nature and concentration of the
surfactant (particularly toward the limiting case of no
surfactant), without it being involved in the free-radical
chemistry. Finally, in the study of the miniemulsion
polymerization of MMA by ultrasound, it was found that
the surfactant used to stabilize the monomer droplets
could be completely removed by dialysis after polymer-
ization was complete. This indicates that no covalent
bonding of the surfactant to the polymer had taken
place.?

Copolymer Composition. The results so far do not
suggest a significant deviation from the classical mech-
anism of free-radical copolymerization. However, our
interest lies in investigating whether the composition
of polymers formed is consistent with this technique.
The physical properties of copolymers depend on the
nature of the monomers as well as the copolymer
composition and the compositional drift; the resulting
particle structure may have a different morphological
complexity to the films cast from them.

A typical 'TH NMR spectrum is shown in Figure 5 for
the 2:3 reaction to form poly(MMA-co-BA). The cumula-
tive monomer fraction and partial conversion vs the
overall conversion are plotted in Figures 6 and 7,
respectively. In these figures, the solid lines give the
compositions predicted using TRISEPS. For all mono-
mer ratios at low conversions, the proportion of MMA
in the polymer is higher than the proportion of monomer
in the recipe. This is because the MMA is preferentially
incorporated, with both MMA terminal radicals and BA
terminal radicals being more likely to add to MMA (i.e.,
rmma > 1 > rpa). With increasing conversion, the
cumulative ratio of MMA in the formed copolymer
decreases, approaching the ratio in the original recipe.
The compositional trends for ultrasonically synthesized
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Table 3. MMA:BA Copolymer Glass Transition Data

comonomer
composition (MMA:BA) To(DSC)/(£20), °C
5:0 +110
4:1 +90
2:3 +60
1:4 —10 and +50
0:5 —40

copolymers are consistent with conventional composition
(shown by the theoretical curves), where at constant
water:monomer ratio the compositional drift is mainly
determined by the reactivity ratios.?”

Whereas differences between the predicted and ob-
served compositional trends are seen, they are within
the uncertainty of the model (stated earlier) and the
experimental data (shown in Figure 7). A significant
source of error in these measurements is related to
difficulties in accurately estimating the conversion
during ultrasonic synthesis due to degradation of some
monomer and limited coagulation on the sonic horn.?
In addition, there is reasonable variation in the values
of the reactivity ratios, which accounts for a small
variation in the predicted composition.23 The agreement
between the experimental trends and the predictions
are within the bounds of these uncertainties, such that
an effect of ultrasound on the specificity of the terminal
radicals for the comonomers (i.e., the reactivity ratios)
cannot be identified.

Data for the T, of the sonochemically produced
polymers are shown in Table 3 for a variety of comono-
mer ratios. The observed Ty’s for the sonochemically
produced copolymers are between those of the two
homopolymers; as the mole fraction of BA increases in
the copolymer, T, trends toward lower values. In the
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case of the 2:3 and 4:1 (MMA:BA) compositions, these
data indicate that a copolymer is formed (not a polymer
blend), and compositional drift during the course of the
polymerization has minimal effect on the physical
properties of the polymer.

In the BA-rich copolymer, two glass transitions are
observed. This may be understood as resulting from a
sufficiently large compositional drift throughout the
course of the reaction such that the chains produced are
not mutually compatible and demixing occurs into two
phases®® (noting that the compositional drift occurs
between different chains and not along the same chain
as would be seen in a living polymerization3?). The
specificity of both terminal radicals for MMA leads to
rapid depletion of MMA in this BA-rich recipe, leading
to two polymer phases, one consisting of polymers
relatively rich in MMA and the other of polymer very
rich in BA; this effect is accentuated by the differing
water solubilities of the two monomers.??2 These phases
have a different T, as seen in Table 3.

Conclusions

The copolymer compositions observed during an ul-
trasonically initiated emulsion polymerization indicate
that the terminal model can adequately describe the
copolymer composition. The results obtained from an
analysis of the glass transition temperatures suggest
that true copolymers are formed, with a microstructure
similar to that which can be obtained in a classical
copolymerization initiated with chemical free-radical
sources. This is indicative of the case that ultrasound
has little effect on the propagation step of a free-radical
polymerization process, making ultrasound a useful
source of free radicals to initiate dispersed-phase poly-
merizations. The particle size data, along with previous
incorporation studies,*® suggest that ultrasonically initi-
ated emulsion polymerization occurs by a miniemulsion
polymerization process, giving rapid rates of conversion
and indicating that the role of the surfactant in the
polymerization is purely in particle stabilization and not
in free-radical chemistry.
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