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ABSTRACT: Nanoparticles of methacrylate comonomers were obtained by microemul-
sion polymerization by using cetyltrimethylammonium bromide as the stabilizer. Sta-
ble and bluish transparent latexes were produced from these polymerizations in which
potassium persulphate was used as the initiator. The viscosity average molecular
weights were in between 6 3 105 and 1.25 3 106. The average diameters of the latex
particles were in the range of 20–40 nm, which was obtained by scanning tunneling
microscopy. The average particle diameter increased both with an increase in the
relative amount of the comonomers and their type. The glass transition temperatures
of these polymers obtained by DSC were in the range of 30–103°C, and decreased with
the increase in the comonomer ratio. The comonomer ratios in the final copolymers were
obtained from 1H-NMR spectra, which were smaller than those ratios used in the
original recipes. © 2000 John Wiley & Sons, Inc. J Appl Polym Sci 78: 569–575, 2000
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INTRODUCTION

The concept of polymerization in microemulsions
appeared only in the early 1980s.1–3 Polymeriza-
tion in microemulsions allows the synthesis of
ultrafine latex particles within the size range of
10–100 nm and with narrow size distributions.4–9

In contrast to the opaque and milky conventional
emulsions and miniemulsions, microemulsions
are isotropic, optically transparent or translu-
cent, and thermodynamically stable.

These microemulsions are very simple to cre-
ate: monomer is dispersed in water using dodecyl
sulfate sodium or cetyltrimethylammonium bro-
mide as surfactants; the subsequent polymeriza-
tion by means of water-soluble (e.g., potasium
persulphate) or oil-soluble (e.g., azo-bis isobuty-

ronitrile) initiators produces a stable latex in high
yield. In most cases, cosurfactants (e.g., 1-penta-
nol) are required. The droplet size is thermody-
namically controlled by the amount and character
of the surfactant. Functionalization of the latexes
is conveniently performed by the addition of func-
tional comonomers.

It is less complicated to study microemulsion
polymerization in a ternary system without a co-
surfactant. Polymerization in three-component
microemulsions is easier to model and to under-
stand because, among other factors, partitioning
of components between the microemulsion do-
mains is simpler to measure or to estimate, and
no extraneous chain transfer agent or modifiers
(such as alcohol cosurfactants or electrolytes) are
present. Styrene and methyl methacrylate are
typical monomers have been polymerized in ter-
nary oil-in-water microemulsions.10–22

Microemulsion polymerization has been stud-
ied by several groups. Some examples areas fol-
lows: Gan and coworkers produced PMMA in ter-
nary microemulsions using the cationic surfac-
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tants stearyl trimethylammonium chloride
(STAC), cetyl trimethylammonium bromide
(CTAB), and dodecyl trimethylammonium bro-
mide (DTAB) with either a water-soluble or an
oil-soluble initiator and found that the longer the
hydrophobic chain length of the surfactant, the
smaller the latex particles.23 Kaler and coworkers
also have produced small latexes from styrene
and from several different methacrylic esters us-
ing cationic surfactants.12,19,24–26 Larpent and
Tadros found optimum mixtures of nonionic sur-
factants [Triton N-150 and Triton N-57, nonyl-
phenoxy poly(ethylene glycols) having averages of
15 and 5 ethylene oxide units, respectively], to
form microemulsions of MMA and of styrene in
water, and produced small latex particles at var-
ied surfactant-to-monomer ratios using ascorbic
acid/hydrogen peroxide as a redox initiator.27

In this study we attempted to microemulsion
polymerization of methyl, ethyl, and butyl
methacrylates in ternary systems. Production
and characterization of these microemulsions are
presented in this communication.

EXPERIMENTAL

Materials

The methacrylate monomers, i.e., methyl methac-
rylate (MMA), ethyl methacrylate (EMA), and bu-
tyl methacrylate (BMA) (Fluka, USA) were
treated with an aqueous solution of NaOH (10%
by weight) to remove the inhibitor. The surfac-
tant, cetyltrimethylammonium bromide (CTAB)
(Fluka) and the initiator, potassium persulphate
(KPS) (Aldrich, Milwaukee, WI) were used as re-

ceived. Distilled/deionized water was used in all
experiments.

Microemulsion Polymerization

Microemulsion polymerizations were carried out
in ternary oil-in-water (o/w) system. The mixture
containing proper amounts of the comonomers
(MMA, EMA, or BMA), were added to the aqueous
solution of CTAB into a 100-mL glass reactor that
was agitated at room temperature by means of a
magnetic stirrer for about 10 min. It was then
stored at 4°C for about 24 h to reach equilibrium.
Prior to polymerization, initiator was added to the
solution, and nitrogen gas was flowed through the
medium for about 1–2 min to remove dissolved
oxygen. The reactor was then placed in a shaker
in a temperature control bath, and polymeriza-
tion was realized at constant temperature of 60°C
for 24 h. Note that, prior the polymerization, the
medium was a transparent liquid, while after po-
lymerization the latex obtained was bluish and
clear. Washing the latex particles with methanol
and water several times cleaned the latex (to re-
move the surfactant). The total amount of mono-
mers, and the initial concentrations of the surfac-
tant and initiator were 6.33, 9.3% (by weight) and
2.5 mM (based on water) in the experiment. In
this study, we changed only the type and relative
amount of methacrylate comonomers in the poly-
merization recipes. Either each monomer or
comonomers with three different weight ratios,
namely, 25, 50, or 75% were polymerized. The
abbreviations for the homo and copolymers,
which are used in the rest of this article, are given
in Table I.

Table I The Abbreviations for the Homo- and Copolymers Synthesized

Abbreviation Homo or Copolymers

Homopolymers
PMMA Polymethylmethacrylate
PEMA Polyethylmethacrylate
PBMA Polybutylmethacrylate

Copolymers
P(MMA/EMA) 75/25a Poly(methyl and ethylmethacrylate)
P(MMA/EMA) 50/50a Poly(methyl and ethylmethacrylate)
P(MMA/EMA) 25/75a Poly(methyl and ethylmethacrylate)
P(MMA/BMA) 75/25a Poly(methyl and butylmethacrylate)
P(MMA/BMA) 50/50a Poly(methyl and butylmethacrylate)
P(MMA/BMA) 25/75a Poly(methyl and butylmethacrylate)

a These numbers shows the weight ratio of the comonomers used in the initial mixture.
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The polymerization yield was obtained by ex-
traction of copolymer from the latex particles by
chloroform, and by weighting the solid phase af-
ter complete removal of the unconverted mono-
mers by a controlled drying.

Viscosity measurements were used to obtain
average molecular weights of the polymers pro-
duced in this study. Viscosities of the polymer
solutions with different concentrations (0.1–2.0
g/100 mL) measured with a capillary viscometer
(i.e., Ubbelhode viscometer) in a constant temper-
ature water bath at 25.0 6 0.1°C. The polymer
was dissolved in chloroform and the “flow times”
for the solvent (t0) and the polymer solution (t)
were measured. The relative viscosity (hr) was
then found from t0/t values. Specific viscosity
(hsp), which is equal to ln hr was plotted against
polymer concentration (c). From the intercept at
Y-axis after extrapolation, the intrinsic viscosity,
i.e., [h] was obtained. The follwing Mark-Hou-
wink equations were used to calculate viscosity
average molecular weights:28

@h# 5 K z MWv
a

Note that the K values for PMMA, PEMA, and
PBMA are 5.5 3 1025, 5.2 3x 1025 and 4.9
3 1025, and a values for PMMA, PEMA, and
PBMA are 0.79, 0.78, and 0.78, respectively. For
copolymers, average values were used.

The particle size of the nanoparticles were
measured by a novel technique, i.e., scanning tun-
neling microscopy (STM). Details of these mea-
surements are given elsewhere.29 For STM imag-

ing of the latex particles, the latex samples (5 mL
containing 0.1 mg particles per mL) were depos-
ited onto freshly cleaved highly oriented pyrolitic
graphite (HOPG), and dried at room temperature.
Then, the STM images were taken, 2 V sample
bias, and a tunneling current of a 20 pA. Etched
tips of Pt/Ir (80 : 20) wires (0.5 mm in diameter,
Digital Instruments, Santa Barbara, CA) were
used. Prior to use the tips were washed in ace-
tone.

Thermal transitions to obtain glass transition
temperatures (Tg) were recorded by a differential
scanning calorimeter (DSC) (Shimadzu, Model
DSC-50, Japan). Nitrogen was used as the sweep-
ing gas. Samples (5–10 mg) were heated at a scan
rate of 10°C/min from 25 to 300°C followed by
rapid cooling.

Polymer samples were dissolved in CDCl3, and
1H-MR spectra were recorded in a NMR spec-
trometer (Brucker AC 250, USA) working at 500
MHz at room temperature. The sample concen-
tration in CDCl3 was 1% (w/v). The internal stan-
dard was tetramethylsilane, and chemical shifts
were expressed in ppm.

RESULTS AND DISCUSSION

In this study we attempted to polymerize methac-
rylate monomers (namely, methyl methacrylate,

Figure 1 A representative STM micrograph of
PMMA nanoparticles.

Table II Viscosity Average Molecular Weights
of the Homo/Copolymers, and Monomer
Conversions

Homo or Copolymers
MWv

(3106)
Conversion

(%)

Homopolymers
PMMA 1.42 70
PEMA 1.12 55
PBMA 1.03 77

Copolymers
P(MMA/EMA) 75/25 0.98 67
P(MMA/EMA) 50/50 0.63 80
P(MMA/EMA) 25/75 1.04 85
P(MMA/BMA) 75/25 1.75 73
P(MMA/BMA) 50/50 1.14 72
P(MMA/BMA) 25/75 0.83 73
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ethyl methacrylate, and butyl methacrylate) to
produce homo and/or copolymeric nanoparticles
in microemulsions using CTAB as the surfactant.
Note that prior to polymerization the microemul-
sions of the monomer droplets were transparent
at the reaction temperature, which is 60°C, and
as polymerization proceeded, the mixtures devel-
oped a bluish tint, indicating the presence of the
forming polymeric nanoparticles. Visible changes
in the appearance of the polymeric latices were
followed, but no signs of coagulation were ob-
served for up to 6 months.

Average Molecular Weights/Conversion

Table II shows the viscosity average molecular
weights and conversions of the homo and copoly-

mers produced in this study. Notice that the high-
est molecular weights were observed for the
PMMA homopolymer, which is MWv: 1.72 3 105.
The average molecular weights for PEMA and
PBMA homopolymers and other copolymers are
somewhat lower (but not very significantly) than
these values. In emulsion and microemulsion po-
lymerization, the average molar masses and the
average mass distributions are controlled by
chain transfer reaction to monomer.30 Calculation
using the chain transfer to monomers shows that
the average-number molar masses for emulsion-
made and microemulsion-made polymethacry-
lates should be in the range of 106 g/mol. In fact,
several investigators have reported values of
MWw larger than 106 g/mol for polymethylmeth-
acrylate,14,19 butylmethacrylate,21 and hexyl-
methacrylate.31

The monomer conversions, which were in the
range of 55–85%, are presented in the last column
of Table II. Other authors have also reported con-
versions smaller than 70% after 2 h of reaction, for
the unbuffered polymerization of styrene, methyl-
methacrylate, and buthylmethacrylate in micro-
emulsions stabilized with DTAB and initiated with
KPS.6,13,14,21 Morgan et al. have studied polymer-
ization of hexyl methacrylate in cationic microemul-
sions stabilized with cationic surfactants (DTAB,
CTAB, etc.) do not reach high conversions with
KPS, unless the pH of the reaction medium is con-
trolled to neutral or slightly basic pH.31 This is
because the persulphate ions, besides dissociating
to give free radicals, are hydrolyzed to produce
bisulphate ions, which cause the drop in pH. This
drop in pH in unbuffered polymerization result low
reaction rates and conversions.

Figure 2 A representative DSC thermogram of PMMA microemulsion particles.

Table III The Average Particle Size of the
Homo or Copolymers

Homo or Copolymers
Average Particle
Diameter (nm)

Homopolymers
PMMA 28.7
PEMA 36.5
PBMA 44.8

Copolymers
P(MMA/EMA) 75/25 29.3
P(MMA/EMA) 50/50 30.7
P(MMA/EMA) 25/75 33.9
P(MMA/BMA) 75/25 30.3
P(MMA/BMA) 50/50 33.3
P(MMA/BMA) 25/75 36.5

a The standard deviations were smaller than 6 2.5 in all
cases.
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To obtain the average particle size, a novel
technique, i.e., scanning tunnelling microscopy
(STM) was used. Details of these STM studies
were given elsewhere.29 A typical micrograph
taken is shown in Figure 1, which indicates that
the polymeric particles are quite spherical and
almost uniform in size, and there are no aggre-
gates. Note that average diameter was calculated
by evaluating these micrograph containing ap-
proximately 500–1000 microspheres. The aver-
age particle sizes of the nanoparticles produced
are given in Table III.

Notice that the largest and smallest particles
were obtained with PBMA and PMMA homopoly-
mers, which were about 44.8 and 28.7 nm, respec-
tively. This may be due to the hydrophobic chain
length, which was the longest in the case of of
butylmethacrylate and the shortest in methyl-
methacrylate. The PMMA particle size increased
by addition of more hydrophobic comonomer
(EMA or BMA) at higher relative ratios. Most
probably increasing the alkyl chain length of met-
crylate monomer, the cosurfactant effect of the
monomer reduced. The buthylmetacrylate (or eth-
ylmethacrylate) monomer is located more in the
hydrophobic core of the droplets than MMA,
which may be partially at the w/o interface, thus
accounting for the observed increased in size.

Thermal Transitions

Thermal transitions were analyzed by DSC. A
typical DSC thermogram, which was for the
PMMA microemulsion particles, is given in Fig-
ure 2. Notice that all of the polymers (or copoly-
mers) produced were exhibited only glass transi-

tions (Tg) (no melting temperature), which means
that they were all amorphous. Table IV gives the
glass transition temperatures for both homo and
copolymers. Note that the highest Tg value
(103°C) was obtained for PMMA particles, which
was about the same values reported in literature,
which were in the range of 100–115°C.31,32 The Tg

values for PEMA and PBMA were 61 and 30°C,
respectively, which were lower than those we ob-
tained.33 Notice that Tg values were in the range
of 30 and 103°C, which were dependent on both
the type and relative ratio of the comonomers
used, as expected.

Figure 3 Representative 1H-NMR spectra: (A) for the
PMMA homopolymer; (B) for the P(MMA/EMA) 50/50
copolymer.

Table IV The Glass Transition Temperatures
of the Homo or Copolymers

Homo or Copolymers
Glass Transition
Temperature (°C)

Homopolymers
PMMA 103
PEMA 71
PBMA 30

Copolymers
P(MMA/EMA) 75/25 100
P(MMA/EMA) 50/50 85
P(MMA/EMA) 25/75 81
P(MMA/BMA) 75/25 60
P(MMA/BMA) 50/50 50
P(MMA/BMA) 25/75 45
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Structural Analysis by NMR

Two represantative high resolution 1H-NMR spec-
tra, one for the PMMA homopolymer and the other
for the P(MMA/EMA) 50/50 copolymer, are illus-
trated in Figure 3(A) and (B), respectively. The
NMR signals for ester methyl resonance appear
around 3.5 ppm, b-methylene protons appear
around 2.0 ppm, and a-methyl protons appear be-
tween 1.0 and 1.5 ppm. For a syndiotactic polymer,
the methylene resonance is expected to give sin-
glets, as both the methylene protons will have sim-
ilar environments in their immediate vicinity.22

However, an observed singlet shows broadening
due to residual isotactic resonances, which compli-
cates the spectrum with fine structures. For ho-
mopolymer PMMA-synthesized microemulsion po-
lymerization, we have observed five peaks between
1.87 and 2.15 ppm, indicating the dominant isotac-
ticity.

For the ester methyl resonance of the PMMA
homopolymer, we observed a single peak at 3.64
ppm. On the other hand, for the copolymers, there
were two peaks at 3.42 and 3.52 ppm, correspond-
ing to the copolymer ester methyl and ethyl res-
onances. Therefore, in this study, the comonomer
ratios in the final copolymers we compared the
peak areas at 3.42 and 3.52 ppm. Note that this
was 0.0777/0.0793 for the P(MMA/EMA) 50/50
(estimated from the spectra given in Fig. 3). It
should be remembered that the initial comonomer
ratio was 50/50 for this copolymerization. Small
difference reflects the differences in the reactivity
ratios of the comonomers. Similar procedure was
followed to obtain the comonomer ratios for other
copolymers. As summarized in Table V, the final
comonomer ratios (the ratio of MMA to EMA or

BMA) are lower than the initial comonomer ra-
tios, in all cases, due to the lower reactivity of
MMA comparing to the other two comonomers,
EMA and BMA.

For comparison, theoretical compositions of the
copolymers were also calculated from the reactiv-
itiy ratios (r1) of these monomers, which were 0.52
and 0.81 for MMA/BMA and MMA/EMA, respec-
tively.28 These theoretical values were also tabu-
lated in Table V.35 As seen here, the relative
amount of MMA in the final copolymers were
smaller than those calculated from the NMR
spectra.

REFERENCES

1. Atik, S. S; Thomas, J. K. J Am Chem Soc 1981, 103,
4279.

2. Johnson, P. L., Gulari, E., J Polym Sci Polym Chem
Ed 1984, 22, 3967.

3. Jayakrishnan, A.; Shah, D. A. J Polym Sci Polym
Lett Ed 1984, 22, 31.

4. Candau, F. In Nato ASI: Recent Advances in Poly-
meric Dispersions, vol. I; NATO ASI Pub.: Navara,
Spain, 1996.

5. Guo, J. S.; El-Aasser, M. S.; Vanderhoff, J. W. J
Polym Sci Part A Polym Chem 1989, 27, 691.

6. Guo, J. S.; Sudol, E. D.; Vanderhoff, J. W.; El-Aasser,
M. S. J Polym Sci Polym Chem Ed 1992, 30, 691.

7. Guo, J. S.; Sudol, E. D.; Vanderhoff, J. W.; El-Aasser,
M. S. J Polym Sci Polym Chem Ed 1992, 30, 703.

8. Antonietti, M.; Lohmann, S.; Bremser, W. Prog Coll
Polym Sci 1992, 89, 62.

9. Antonietti, M.; Basten, R.; Lohmann, S. Macromol
Chem Phys 1995, 196, 441.

10. Perez-Luna, V. H.; Puig, J. E.; Castano, V. M.;
Rodriguez, B. E.; Murthy, A. K.; Kaler, E. W. Lang-
muir 1990, 6, 1040.

11. Texter, J.; Oppenheimer, L.; Minter, J. R. Polym
Bull 1992, 27, 487.

12. Full, A. P.; Puig, J. E.; Gron, L. U.; Kaler, E. W.;
Minter, J. R.; Mourey, T. H.; Texter, J. Macromol-
ecules 1992, 25, 5157.

13. Puig, J. E.; Perez-Luna, V. H.; Perez-Gonzales, M.;
Macias, E. R.; Rodriguez, B. E.; Kaler, E. W. Colloid
Polym Sci 1993, 271, 114.

14. Rodriguez-Guadarrama, L. A.; Mendizabal, E.;
Puig, J. E.; Kaler, E. W. J Appl Polym Sci 1993, 48,
775.

15. Gan, L. M.; Chew, C. H.; Lee, K. C. Polymer 1993,
34, 3064.

16. Gan, L. M.; Chew, C. H.; Ng, S. C.; Loh, S. E.
Langmuir 1993, 9, 2799.

17. Ferrick, M. R.; Murtagh, J.; Thomas, J. K. Macro-
molecules 1989, 22, 1515.

Table V The Comonomer Ratios in the Final
Copolymers Produced

Copolymers

Comonomer
Ratioa

(MMA/EMA or
MMA/BMA)

Comonomer
Ratiob

(MMA/EMA or
MMA/BMA)

P(MMA/EMA) 75/25 74.5/25.5 72.5/27.5
P(MMA/EMA) 50/50 60/40 49/51
P(MMA/EMA) 25/75 49/51 26/74
P(MMA/BMA) 75/25 65/35 60/40
P(MMA/BMA) 50/50 51/49 33/67
P(MMA/BMA) 25/75 36/64 14/86

a Estimated from the NMR spectra.
b Estimated from the reactivity ratios.35

574 ÖZER, BEŞKARDEŞ, AND PIŞKIN



18. Antonietti, M.; Lohmann, S.; Van Niel, C. Macro-
molecules 1992, 25, 1139.

19. Bleger, F.; Murthy, A. K.; Pla, F.; Kaler, E. W.
Macromolecules 1994, 27, 2559.

20. Capec, I.; Potisk, P. J Polym Sci Part A Polym
Chem 1995, 33, 1675.

21. Escalante, J. I.; Rodriguez-Guadarrama, L. A.;
Mendizabal, E.; Puig, J. E.; Lopez, R. G.; Katime, I.
J Appl Polym Sci 1996, 62, 1313.

22. Santanu, R.; Devi, S.J Appl Polym Sci 1996, 62,
1509.

23. Gan, L. M.; Lee, K. C.; Chew, C. H.; Tok, E. S.; Nig,
S. C. J Polym Sci Part A Polym Chem 1995, 33,
1161.

24. Rodrigez-Guadarrama, L. A.; Mendizabal, E.; Puig,
J. E.; Kaler, E. W. J Appl Polym Sci 1993, 48,
2559.

25. Full, A. P.; Kaler, E. W. Langmuir 1994, 10, 2929.
26. Full, A. P.; Kaler, E. W.; Arellano, J.; Puig, J. E.

Macromolecules 1996, 29, 2764.

27. Larpent, C.; Tadros, T. F. Colloid Polym Sci 1991,
269, 1171.

28. Brandrup, J.; Immergut, E. H. Polymer Handbook;
Wiley: New York, 1989, 3rd ed., p.VII/8-VII12.
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