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ABSTRACT: Two polymerizable surfactants (surfmers), namely, monododecyl itaconate
(MDDI) and monocetyl itaconate (MCI), were synthesized by reacting itaconic anhy-
dride with 1-dodecanol and cetyl alcohol, respectively. A series of uncrosslinked and
crosslinked surface-carboxylated latexes were prepared from styrene and styrene–
divinylbenzene, respectively, using varying amounts of these two surfmers. The
latexes were characterized by gravimetry, dynamic light scattering, and conductomet-
ric titration in order to obtain the conversion, particle size distribution, and concen-
tration of surface carboxyl groups, respectively. The size of latex varied between
41–72 nm and was seen to depend inversely on the surfmer concentration. In the
case of the soluble polystyrene latexes, solution 1H NMR spectra provided conclusive
evidence for surfmer incorporation into the polymer chain. Comparison of the incor-
poration levels determined by NMR with the surface carboxylic acid concentrations
in the latexes, determined by conductometric titrations, revealed that the majority of
the surfmers, as ancticipated, were present on the latex surface. The study of the
stability of the latexes to varying salt concentrations clearly demonstrated that the
smaller-size latexes having higher surface carboxyl group density exhibited far
improved stability when compared with the larger-size ones having lower surface car-
boxyl group density. Similarly, enhanced freeze-thaw stability was also observed for
the smaller-size latexes. MCI-based latexes exhibited marginally improved stability
compared with those prepared using MDDI, which again seems to be because of the
higher surface functional group density in the forme
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INTRODUCTION

Functional polymer latexes prepared through
emulsion polymerization have received consider-
able attention because of their extensive indus-
trial applications, such as in synthetic rubbers,
paints, adhesives, binders, additives in paper

and textiles, leather treatment, impact modi-
fiers, solid phase flocculants, rheological modi-
fiers, solid phase supports in catalysis, diagnos-
tic assays, cell separation, and drug delivery
systems.1–14 Surfactants have a crucial role in
emulsion polymerizations, as they govern the
latex particle size, their size distributions, sur-
face characteristics, and their storage stability.
Conventional surfactants are anchored on the
particle surface by physical forces alone and,
hence, their adsorption–desorption equilibrium
has a crucial role in governing the stability and
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other characteristics of latexes prepared using
them.15 It is desirable, therefore, to have the
surfactants covalently bound to the polymer
latex for enhanced stability and performance.
This can be achieved by using reactive surfac-
tants, which become an integral part of the poly-
mer during polymerization and would selectively
reside on the surface of the latex providing it
the requisite stability. Reactive surfactants, in
principle, can be a combination of a surfactant
and an initiator (inisurf), a surfactant and a
chain-transfer agent (transurf), or a surfactant
and a monomer, which is referred to as a
surfmer. One important advantage of surfmers
over the other two is that their incorporation
into polymer does not necessarily affect its
molecular weight or the rate of polymerization.
The area of reactive surfactants has witnessed a
surge of activity during the last decade, in part
because of the combined efforts of many Euro-
pean laboratories.16–18 Some very recent reviews
provide a comprehensive summary of the cur-
rent status of this field.19,20

The most commonly used surfmers for emul-
sion polymerizations are those based on allylics,
(meth)acrylates, maleates(fumarates), or croto-
nates, which often possess additional sufonates
or sulfate and sulfonate groups to impart the
requisite amphiphilic character. Other systems
based on cationic, nonionic,21 and siloxane-based
surfmers22 have also been more recently investi-
gated. The comparative studies of various
surfmers have helped bring out certain common
design elements that appear to be essential for
optimum performance in relation to latex prepa-
ration.18 The factors that are important are the
reactivity of the polymerizable unit and its loca-
tion, and the solubility of the surfmer in aqueous
medium, which in turn is governed by its critical
micelle concentration (CMC). It was shown that
surfmers with high water solubility could lead to
its oligomerization in the aqueous phase and
therefore to ineffective incorporation into the latex
particle, which lowers the latex stability. Similarly,
high reactivity of the polymerizable group could
result in homopolymerization of the surfmer, poor
incorporation into the latex particle, and also to
its burial within the latex particle. Extensive
studies have been conducted to optimize the vari-
ous surfmer design parameters as well as to mod-
ify the emulsion polymerization conditions in
order to achieve optimal performance.19,20

Itaconic acid (IA) and its derivatives, both
monoester (or hemiester) and diesters have been

extensively studied with regard to their poly-
merization kinetics, role of bulky substituents,
chain stiffness, glass-transition temperatures,
etc.23–29 Itaconic acid has also been used directly
in surfactant-free emulsion polymerizations to
generate stable latexes.30,31 Being a polymeriz-
able dicarboxylic acid, it has the potential of
being readily derivatized to generate polymeriz-
able surfactants. As mentioned earlier, although
several such long-chain alkyl monoesters have
been prepared and their polymerization studied,
there are no reports of their utilization as
surfmers for the preparation of latexes by emul-
sion polymerization.

In this article, we report a straightforward
approach for the preparation of long-chain alkyl
monoesters of itaconic acid using itaconic anhy-
dride (IAn) and the appropriate long-chain alco-
hol as the starting materials. This reaction
yields primarily only one of the monoesters,
namely the b-ester, in very good yield and high
purity. Two of these monoester surfmers, namely
monododecyl itaconate (MDDI) and monocetyl
itaconate (MCI), have been used for the pre-
paration of uncrosslinked and crosslinked poly-
styrene (PS) latexes by a batch method. De-
tailed characterization of the latexes vis-à-vis
their size, surface functionality, and stability are
presented.

EXPERIMENTAL

Materials

Styrene (St) and divinylbenzene (DVB) purchased
from Aldrich chemical company were purified by
washing with 5 wt % aqueous NaOH solution and
then with deionized water to remove the inhibi-
tors, followed by vacuum distillation, and they
were stored at �208C. IA (Aldrich), dodecanol
(Aldrich), cetyl alcohol (SDS), potassium persul-
fate (SDS) were used directly, whereas solvents,
such as chloroform, n-hexane, methanol, and etha-
nol were purified by standard methods.32 All the
emulsion polymerizations were performed using
deionized water.

Synthesis of IAn

IAn was prepared by the dehydration of IA with
phosphorous pentoxide. IA (25 g, 0.192 mol) and
phosphorous pentoxide (60 g, 0.211 mol) were
taken along with 300 mL of dry chloroform and



refluxed for 24 h. The chloroform was decanted
from the viscous brown residue at the bottom of
the flask, concentrated, and cooled to �10 8C to
yield crystals of IAn. Yield¼65%.

Synthesis of MDDI and MCI

IAn (2 g, 0.018 mol) and dodecanol (3.65 g,
0.02 mol) or cetyl alcohol (4.75 g, 0.02 mol) were
dissolved in dry chloroform (5–10 mL) and
stirred at 80 8C in an oil bath for about 8 h.
After the reaction, chloroform was removed
using a rotary evaporator. The residue was dis-
solved in n-hexane and cooled in a refrigerator
to yield white crystals of MDDI or MCI. The
yields of MDDI and MCI were 81 and 73%,
respectively, and their melting points were 72
and 84 8C, respectively. The 1H NMR spectra of
the MDDI and MCI, in CDCl3, are shown in Fig-
ure 1. The CMC values were determined by con-
ductivity measurements at 25 8C for the
surfmers MDDI and MCI and were found to be
4 � 10�4 and 2.7 � 10�4 M, respectively, when
measured in the presence of 1 equiv of NaOH. The
value for MDDI was earlier reported to be 3.0 6
0.3 � 10�4 M, in the presence of 0.01 M KOH.33

ELEM ANAL: MDDI Found: C 69.58, H 10.86
(Expected C 68.42, H 10.13); MCI Found:
C 71.60, H 11.16 (Expected C 71.14, H 10.80).

13C NMR spectral data: MDDI (d in ppm):
14.17, 22.73, 25.87, 28.54, 29.27, 29.40, 29.55,
29.63, 29.69, 31.96, 37.38, 65.30, 130.67, 133.39,
170.70, 171.38. MCI (d in ppm): 14.17, 22.74,
25.87, 28.54, 29.27, 29.41, 29.56, 29.64, 29.70,
29.74, 31.97, 37.37, 65.30, 130.70, 133.40,
170.69, 171.53.

Preparation of Latex

Batch emulsion polymerizations were performed
in a 250-mL three-necked flask equipped with
an overhead stirrer, a reflux condenser, and a
nitrogen inlet. The various formulations using
the two surfmers (8% solid contents) and reac-
tion conditions used in this work are listed in
Tables 1 and 2. Typically, the surfmer MDDI (or
MCI), along with 1 equiv of NaHCO3 (added to
neutralize the acid group of the surfmer) and
deionized water, were charged into the reaction
flask and the contents were de-aerated by bub-
bling nitrogen for 30 min. The reaction flask
was immersed in an oil bath at 60 8C (or 65
6 2) with continuous nitrogen bubbling. After
the reaction flask attained the set temperature,
deoxygenated St was added to it with stirring
(at 1000 rpm). The polymerization was initiated
by addition of the required amount of an aque-
ous potassium persulfate (K2S2O8) solution (in

Figure 1. 1H NMR spectra of (A) MDDI and (B) MCI in CDCl3.



deoxygenated water). All the polymerizations
were performed for 24 h to ensure high conver-
sion. Conversions were determined by weighing
the freeze-dried latex obtained from a known
volume of the nascent latex.

Instrumental Methods

1H NMR spectra were recorded on a Bruker
400-MHz spectrometer using CDCl3 as solvent.
Malvern Zeta Seizer-5000 was used to measure
the particle size of the latex by dynamic light
scattering (DLS). The error bars in these meas-
urements are typically about 2%. Scanning
electron microscopy (SEM) pictures of some
selected polymeric latexes were taken. To deter-
mine the amount of surfmer chemically bound
to the particle surface after completion of poly-
merization, the latexes were purified to elimi-
nate the adsorbed oligomers and unreacted
monomer by washing the freeze-dried latexes
with water and then three times with ethanol.
For the conductometric titrations, a known
amount (approximately 80–100 mg) of the
freeze-dried and washed latex was redispersed

in 20 mL of alkaline water (pH > 10) using a
bath-type ultrasonicator to break up the aggre-
gated latex particles. The redispersed latexes
were treated with a known amount of base and
the excess base was back titrated with a stand-
ardized acid solution, under a nitrogen atmos-
phere. The titrations were repeated twice and
the average value of the titer was used for fur-
ther analysis. Using the standard methodology,
wherein the equivalents of acid consumed in
the flat region of the titration curve reflects
the surface acid functionality, the surface car-
boxyl group density of the polymeric latexes
(mequiv/g) was calculated.34 The errors associ-
ated with these measurements are about 5%.
Stability of the latexes to different electrolytes
and freeze-thaw stability were studied. To test
the stability of the latex, 1 mL of CaCl2 or KCl
solution (1, 0.5, 0.25, 0.1, 0.005, 0.01, and
0.002 N) was added to 50 lL of the latex. Floc-
culation was observed visually after addition of
the electrolytes. For the freeze-thaw stability
test, the latexes were tested by storing approxi-
mately 1–2 mL at �20 8C for 24 h and then
thawing at room temperature.

Table 1. Recipe for Emulsion Polymerization of St and St–DVB using MDDI

Latex No. Latex Name MDDI (g) St (g) DVB (g) Water (g) NaHCO3 (g) KPS (g)

1 PSMDDI-1 0.115 3.96 — 50.15 0.035 0.057
2 PSMDDI-1.5 0.172 4.17 — 50.27 0.051 0.056
3 PSMDDI-2 0.230 4.03 — 50.16 0.066 0.059
4 PSMDDI-3 0.344 4.19 — 50.12 0.098 0.057
5 XPSMDDI-1 0.114 3.92 0.512 50.14 0.032 0.058
6 XPSMDDI-1.5 0.172 3.98 0.512 50.16 0.049 0.059
7 XPSMDDI-2 0.230 4.09 0.505 50.24 0.066 0.057
8 XPSMDDI-3 0.345 4.03 0.524 50.34 0.097 0.058

All polymerizations were performed at 60 8C with mechanical stirring at 1000 rpm for 24 h.

Table 2. Recipe for Emulsion Polymerization of St and St–DVB using MCI

Latex No Latex Name MCI (g) St (g) DVB (g) Water (g) NaHCO3 (g) KPS (g)

9 PSMCI-1 0.136 4.10 — 50.25 0.033 0.056
10 PSMCI-1.5 0.205 4.01 — 50.22 0.050 0.057
11 PSMCI-2 0.272 3.92 — 50.05 0.067 0.057
12 PSMCI-3 0.408 4.15 — 50.16 0.097 0.058
13 XPSMCI-1 0.137 4.04 0.525 50.27 0.032 0.058
14 XPSMCI-1.5 0.205 4.15 0.515 50.13 0.051 0.058
15 XPSMCI-2 0.273 3.90 0.505 50.11 0.068 0.060
16 XPSMCI-3 0.409 3.85 0.512 50.06 0.098 0.057

All polymerizations were performed at 65 8C with mechanical stirring at 1000 rpm for 24 h.



RESULTS AND DISCUSSION

IAn, which is readily prepared by dehydration of
IA, serves as a versatile intermediate for the
synthesis of a variety of surfmers. The reaction
of IAn with long-chain alcohols yielded the
required b-alkyl itaconate in excellent yields
and good purity. The majority of the earlier
efforts utilized direct esterification of IA in the
presence of an acid catalyst, which gave only
moderate yields and required elaborate workup
procedures.29 The use of IAn directly in the
presence of a slight excess of the long-chain
alcohol yielded the monoester directly and sim-
plified the workup procedure considerably,
which now involves simple removal of the sol-
vent followed by recystallization. The 1H NMR
spectra of the two surfmers, namely MDDI and
MCI, are shown in Figure 1, along with their
structures and peak assignments. Adjacent to
the two main peaks that represent the vinyl pro-
tons (between 5.7 and 6.5 ppm), are seen two
weak peaks, which we assign to the a-monoest-

ers whose concentration is estimated to be
around 5 mol %. The integral intensities of the
various other peaks are in accordance with the
expected structure. The cmc of the two surfac-
tants, after neutralization with 1 equiv of
NaOH, were determined by conductometric
titrations and were found to be 0.4 mM for
MDDI33 and 0.27 mM for MCI.

In an effort to utilize these itaconate-based
surfmers for the preparation of functionalized
latexes, emulsion polymerization of St was per-
formed in the presence of varying amounts of
the two surfmers. Typically, the polymerizations
were performed using the appropriate amounts
of the surfmer (1.0–3.0 mol %) taken along with
1 equiv of NaHCO3 (to effect complete neutrali-
zation) and 0.5 mol % of potassium persulfate
(KPS) as the initiator. The recipes for the vari-
ous latex preparations are listed in Tables 1 and
2. The polymer latexes are labeled as follows —
PSMDDI-n and xPSMDDI-n represent linear
and crosslinked PS latexes prepared using ‘‘n’’
mol % of MDDI, and similarly PSMCI-n and

Table 3. Characteristics of Latex Particles Prepared using MDDI Surfactant

Latex Name
Conversion

(%)
Size

(nm) (62)
Number

of Particles/g
Carboxyl

Charge lequiv/g

Estimated %
of Carboxyl Group

Wrt to Added
Surfmer

Surface Area
of Particles
(lm2/g)

PSMDDI-1 70 64 6.94Eþ15 98 73 8.93Eþ13
PSMDDI-1.5 75 58 9.32Eþ15 147 84 9.85Eþ13
PSMDDI-2 78 48 1.64Eþ16 187 81 1.19Eþ14
PSMDDI-3 72 41 2.64Eþ16 281 80 1.39Eþ14
XPSMDDI-1 68 68 5.78Eþ15 102 83 8.4Eþ13
XPSMDDI-1.5 70 60 8.42Eþ15 153 88 9.52Eþ13
XPSMDDI-2 67 53 1.22Eþ16 194 82 1.08Eþ14
XPSMDDI-3 65 50 1.46Eþ16 288 80 1.14Eþ14

Table 4. Characteristics of Latex Particles Prepared using MCI Surfactant

Latex Name
Conversion

(%)
Size

(nm) (62)
Number of
Particles g

Carboxyl
Charge lequiv/g

Estimated % of
Carboxyl Group Wrt
to Added Surfmer

Surface Area
of Particles/g

(lm2/g)

PSMCI-1 74 67 6.05Eþ15 104 72 8.53Eþ13
PSMCI-1.5 75 60 8.42Eþ15 179 83 9.52Eþ13
PSMCI-2 74 53 1.22Eþ16 227 78 1.08Eþ14
PSMCI-3 69 50 1.46Eþ16 307 71 1.14Eþ14
XPSMCI-1 72 72 4.87Eþ15 107 80 7.94Eþ13
XPSMCI-1.5 64 63 7.27Eþ15 193 88 9.07Eþ13
XPSMCI-2 65 60 8.42Eþ15 249 84 9.52Eþ13
XPSMCI-3 65 58 9.32Eþ15 343 78 9.85Eþ13



xPSMCI-n represent those prepared using MCI.
The present conversion and the various charac-
teristics of the latexes prepared under different
conditions are given in Tables 3 and 4.

Two important factors that govern the efficacy
of the surfmer in emulsion polymerizations
are—its ability to locate preferentially at the
surface of the latex particle such that the ionic

Figure 2. 1H NMR spectra of PSMDDI-n CDCl3 (a) PSMDDI-1, (b) PSMDDI-1.5,
(c) PSMDDI-2, and (d) PSMDDI-3.

Figure 3. 1H NMR spectra of PSMCI-n in CDCl3 (a) PSMCI-1, (b) PSMCI-1.5, (c)
PSMCI-2, and (d) PSMCI-3.



groups are present finally on the latex surface,
and the second is its ability to copolymerize with
the monomer. To examine these issues, the as-
prepared latexes (of soluble PS) were analyzed
directly as well as after they were isolated and
purified by two dissolution-reprecipitation steps.
The 1H NMR spectra of the purified PS (after
reprecipitation), using varying amounts of the
two surfmers are shown in Figures 2 and 3; all
the spectra are normalized such that the peak
intensities of the aromatic signals are made to be
equal. In Figure 2, the proton NMR spectra of PS
using increasing amounts of the surfmer MDDI
(1–3 mol %) are shown; the only peak due to the
surfmer that appears in a relatively uncluttered
region of the spectrum is the one due to the ter-
minal methyl protons of the long alkyl chain. It
is clear that the extent of surfmer incorporation
increases with the mole percent of surfmer in the
feed, as evident by the continuous increase in
the relative intensity of the peak due to the ter-
minal methyl protons (�0.9 ppm). A similar var-
iation of the terminal methyl group intensity is
also noticed in the case of MCI (see Fig. 3). From
the relative intensities of this methyl peak when
compared with that of all the aromatic protons,
the extent of surfmer incorporation was calcu-
lated. A plot of the variation of surfmer incorpo-
ration versus surfmer feed is shown in Figure 4.
First, it is noticed that the incorporation of MCI
appears to be slightly higher than MDDI, for all
compositions. Second, whereas the incorporation
appears to be slightly lower than the feed at low
surfmer feed (�1.0 mole percent), at higher feed
ratios the incorporation is seen to be slightly
higher than the feed. This rather unexpected
observation could be attributed to the following
reasons: (a) the monomer conversions during pol-
ymerizations are not quantitative (see Tables 3
and 4), (b) the process of purification of the poly-
mer by dissolution-reprecipitation, before record-
ing their NMR spectra, could have led to loss of
PS oligomers, and (c) it could reflect the intrinsic
error associated with estimations of the inte-
grated peak intensities, especially while compar-
ing one very intense peak with a relatively very
weak one. It is, however, clear from the spectra
of the purified polymer samples that the surfmer
has become an integral part of the polymer
latexes, and also their level of incorporation
increased with increase of surfmer concentration
in the polymerization mixture.

The extent of surfmer incorporation can also
be ascertained by conductometric titration of the

carboxylic acid groups in the latex particles
based on the anticipation that the majority of
the surfmer resides on the latex particle surface.
In Figure 4, the mole percent of surfmer incor-
poration, determined using this approach, is
compared with that estimated using NMR spec-
troscopy. The match using these two independ-
ent methods is fairly good at low surfmer con-
centrations but at higher surfmer concentrations
the titration values are slightly lower than that
determined by NMR — the titration values
always being closer to the expected value based
on surfmer taken in the feed. This again sug-
gests that the purification process could have
led to a loss of some PS oligomers, which could
lead to higher values by NMR. Based on these
measurements, it is clear that the majority of
the surfmer incorporated during the polymeri-
zation is indeed present on the latex surface.

Figure 4. Variation of surfmer incorporation versus
feed, as determined from NMR spectra and conducto-
metric titration.



Furthermore, it could be assumed that a similar
situation is also true for the crosslinked latexes
as well, even though independent verification
using NMR spectroscopy is not possible in this
case.

The size of the latex particles was measured
by DLS and they were also directly visualized
by SEM. Representative SEM pictures of some
of the latexes (crosslinked and uncrosslinked)
prepared using both the surfmers are shown in
Figure 5. It is clear that, in all cases, uniform
spherical particles with diameters ranging from
40 to 70 nm are formed. DLS studies provided a
more quantitative estimate of the latex sizes. A
plot of the variation of latex size as a function of
surfmer concentration (Fig. 6) shows a steep
decline in the size initially but at higher
surfmer concentrations there is a tendency for
the size to level off. The sizes of the crosslinked
latexes were always seen to be slightly higher
compared with their uncrosslinked analogs. Fur-
thermore, the latexes prepared using MDDI
were typically smaller than those prepared
using MCI, although the variation of size with
increasing surfmer concentrations follow
roughly similar patterns. Importantly, fairly

small-sized functionalized latex particles (as low
as 40 nm) could be readily prepared using
MDDI as the surfmer.

Knowing the average size of the latex par-
ticles (and hence the latex surface area) and the
conductometrically accessible surface carboxylic
acid concentrations, the surface carboxylic acid
group density can be readily calculated. A plot
of this value as a function of increasing surfmer
concentration is shown in Figure 7. From this
plot, it is apparent that there is a continuous
increase in the surface density of carboxylic acid
groups with surfmer conentration. Thus, despite
an increase in the net latex surface area (per
unit mass) with increasing surfmer concentra-
tion in the feed (due to lowering of particle size),
the extent of this increase is clearly more than
compensated by the increased surfmer availabil-
ity. In other words, a significantly larger num-
ber of micellar loci are present at higher
surfmer concentrations, each of which serves as
a nucleus for growth of the latex particle; the
lower the extent of particle growth the greater
is the surface functional group density. Both the
surfmers exhibit a similar variation with con-
centration, although the functional group den-

Figure 5. SEM pictures of representative latexes. (A) PSMDDI-2, (B) PSMCI-1.5,
(C) XPSMDDI-3, and (D) XPSMCI-2.



sity is consistently higher when MCI is used.
Furthermore, crosslinked latexes typically
exhibit slightly larger surface functionality, pos-
sibly reflecting a more efficient covalent fixation
of the surfmer to the latex particle in the pres-
ence of crosslinker.

All the latexes were stable and did not floccu-
late during prolonged storage (>6 months). The
stability of the functionalized latexes was fur-
ther examined in the presence of increasing
ionic strengths. In the concentration range of
0.002 to 0.1 N KCl solutions, all the latexes
were stable for up to 3 days, although in the
presence of even 0.002 N CaCl2, the latexes
were destabilized to form a coagulum. As
expected, the use of divalent cations, readily
destabilized ��COOH functionalized latexes by
serving to interlink particles together. To further
probe the differences in the stability of the dif-
ferent latexes, the tests were performed at even
higher KCl concentrations — in the range
0.25–2 N. The results are tabulated in Tables 5
and 6. The increased level of surface functional-

ity now clearly begins to control the relative
stability. First, all the latexes are readily desta-
bilized at very high KCl concentraton (�1 N); at

Table 5. Stability of Latexes Prepared using MDDI
in the Presence of Varying Concentrations of KCl

Latex
No.

After 1st Day KCl
Solution (N)

After 2nd
Day KCl
Solution

(N)

After 3rd
Day KCl
Solution

(N)

2 1 0.5 0.25 0.5 0.25 0.5 0.25

1 � � � � � � � �
2 � � � � � � � �
3 � � � þ� � þ� � �
4 � � þ þ þ þ � þ
5 � � � � � � � �
6 � � � � � � � �
7 � � � þ� � � � �
8 � � þ þ þ� þ � þ

Figure 7. Variation of surface carboxylic acid group
density as a function of surfmer feed.

Figure 6. Variation of average particle size and
number density as a function of surfmer composition.



a slightly lower concentration the stability
depended on the surface functional group den-
sity (and possibly the particle size); the latexes
with smallest size and highest surface func-
tional group density (latex numbered 4, 8, 12,
16) were found to exhibit improved stability at
higher KCl concentrations (up to 0.5 N). Addi-
tionally, it also seems that the latexes prepared
using MCI exhibit marginally improved stability
compared with those prepared using MDDI
(compare latexes numbered 3 and 7 with 11 and
15). From Tables 3 and 4, it is apparent that the
origin for these differences lies in the higher
��COOH surface density, for the latexes pre-
pared using MCI. The freeze-thaw stability of
the latexes was also tested and the results are
given in Table 7. Here again it is clear that the
surface functional group density has an impor-
tant role in the enhanced stability of some of

the latexes prepared using MCI, when compared
with those prepared using MDDI.

CONCLUSIONS

Two new polymerizable surfactants (surfmers)
based on IA, namely, MDDI and MCI, were syn-
thesized and utilized for the preparation of
nanosized PS latexes. Carboxylated PS latex
particles with an average diameter <70 nm
were easily obtained by batch emulsion polymer-
ization using these novel surfmers. Proton NMR
spectroscopic studies of the soluble PS latexes
provided unequivocal evidence for the incorpora-
tion of the surfmers into the polymer backbone,
the extent of which increased with increasing
sufrmer concentration in the feed. Confirmation
of the preferential location of the surfmer on the
latex surface was obtained by comparing the
surfmer incorporation levels using two inde-
pendent methods, namely proton, NMR and con-
ductometric titrations of surface carboxylic acid
functionality, both of which yielded roughly sim-
ilar values especially at low surfmer concentra-
tions. Deviations seen at higher surfmer concen-
trations were attributed to possible loss of PS
oligomers during purification of the latex by rep-
recipitation. The stability of the latex, both in
the presence of added salt as well as to freeze-
thaw cycles, increased with the surface func-
tional group density, which in turn increased
monotonically with increase in surfmer concen-
tration in the feed. Whereas MDDI, having a
dodecyl chain, yielded smaller-sized latexes
when compared with MCI, which has a longer
cetyl chain, the latexes prepared from the latter
had higher surface carboxylic acid group density

Table 7. Freeze-Thaw Stability of the Latexes Prepared using MDDI and MCI

Latex No.
Amount of MDDI
(mol wt % to St)

After
1st Day Latex No.

Amount of MCI
(mol wt % to St)

After
1st Day

Uncrosslinked PS latexes
1 1 �� 9 1 ��
2 1.5 �� 10 1.5 þ�
3 2 þ� 11 2 þþ
4 3 þþ 12 3 þþ

Crosslinked PS latexes
5 1 �� 13 1 ��
6 1.5 �� 14 1.5 þ�
7 2 þ� 15 2 þþ
8 3 þþ 16 3 þþ

Table 6. Stability of Latexes Prepared using MCI
in the Presence of Varying Concentrations of KCl

Latex
No.

After 1st Day KCl
Solution (N)

After 2nd
Day KCl
Solution

(N)

After 3rd
Day KCl
Solution

(N)

2 1 0.5 0.25 0.5 0.25 0.5 0.25

9 � � � þ� � � � �
10 � � þ� þ � þ � þ
11 � � þ þ þ þ þ� þ
12 � � þ þ þ þ þ þ
13 � � � þ� � � � �
14 � � þ� þ þ� þ þ� þ�
15 � � þ þ þ þ þ þ
16 � þ þ þ � þ þ þ



and therefore also exhibited slightly better
stability. In conclusion, itaconate-based surfac-
tants appear to be ideal systems, both in terms
of their ease of preparation as well as in terms
of their ability to generate stable functionalised
latexes. Therefore, these may serve as inexpen-
sive alternatives for the synthesis of potentially
useful carboxylated latexes of various types.
Other derivatives based on itaconates that
would impart additional functions to the latexes,
such as for the preparation of fluorescent
latexes, are currently being explored.

The authors thank CSIR, New Delhi, for their finan-
cial support through the scheme 01(1698)/01/EMR-II,
and K. R. Kannan for SEM pictures.
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