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Abstract This work shows the feasibility of using the
photoinitiating system composed by the xanthene dye Eosin-
Yand triethanolamine on the polymerization of acrylamide in
benzyl-hexadecyl-dimethylammonium chloride (BHDC) re-
verse micelles. Molecular weights of polyacrylamide
(MWPAA) in the order of 105 and conversions up to 90 %
are obtained. The size of the latex particles is in the range of
the nanometers (d<50 nm). The effect of water content and
concentrations of surfactant, amine, dye, and monomer on the
particle size and MWPAA are examined. Only the amine and
monomer concentrations affect the MWPAA. These results are
interpreted on the basis of an exchange mechanism between
micelles. Practically no effect on hydrodynamic diameters is
observed when the value of MWPAA is doubled. This is
ascribed to a supercoiled structure of PAA inside of micelles.
Our results also suggest that the polymer properties can be
modulated by appropriate combination of the dye/surfactant
electrical charges.

Keywords Dyes/pigments . Dynamic light scattering .

Nanoparticles . Photopolymerization . Reversemicelles

Introduction

Microemulsions are transparent liquid systems consisting of at
least ternary mixtures of oil, water, and surfactant. Sometimes,
a cosurfactant is needed for the formation of a thermodynam-
ically stable microemulsion. A transparent microemulsion is,
in fact, heterogeneous (nanostructured) on a molecular scale.
It is important to recognize that these systems are dynamic

because micelles frequently collide via random Brownian
motion. Microemulsion domains fluctuate in size and shape
and undergo spontaneous coalescence to form dimers, which
may exchange contents and then break apart again [1].

Due to the enormous inner surfaces of the nanostructures of
water-in-oil (W/O) and oil-in-water (O/W) globular
microemulsions (micelles), they can provide novel reaction
sites for some inorganic/organic reactions and polymeriza-
tions. Microemulsion polymerization is an effective approach
for preparing nanosized polymer particles and has attracted
significant attention [2, 3]. The size of the particles can be
controlled by the size of the microdroplets in the W/O
microemulsions [4–6]. This is a very important topic with
many potential applications in drug delivery, microencapsula-
tion, etc. For this reason, a considerable amount of activity has
been conducted in this area [7, 8].

Previous studies on polymerization in microemulsions
mostly employed azobis-isobutyronitrile (AIBN) or persulfate
as a photochemical UV or thermal initiator. Candau and co-
workers were the first to study the polymerization of acrylam-
ide in inverse microemulsions stabilized by sodium bis-2-
ethyl-hexylsulfosuccinate (AOT) [9, 10]. They found that
the particle sizes of the final microlatexes were in the order
of nanometers (d∼20–40 nm) and were larger than those of
the initial monomer-swollen droplets (d∼5–10 nm). Due to
the low size dispersion and high molecular weights obtained,
the authors concluded that each latex particle contained only a
few polymer chains highly collapsed.

However, the use of radiation in the visible region presents
several advantages compared to thermal or UV initiation of
polymerization [11–14]. These advantages are, for example,
(i) lower cost by making use of visible photons emitted by the
Hg lamps which are lost when the light is only absorbed by a
UV photoinitiator (PI), (ii) a better matching of the emission
spectrum of the light source and the absorption spectrum of
the PI when laser lights are used, (iii) higher penetration ability
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of the visible radiation, and (iv) the opportunity to use sunlight
for the curing of outdoor coatings.

The most common photoinitiator systems for vinyl poly-
merization in the visible are composed by a dye and an amine
as an electron donor. In our laboratory, we have been interest-
ed for many years in the mechanistic aspects of PI systems
operating in the visible. By means of laser-flash photolysis,
we found that the photoinitiation mechanism involves an
electron transfer from the co-initiator to the triplet state of
the dye [15–19]. Active radicals derived from the amine are
the responsible for initiating the polymerization.

Carver et al. employed a mixture of methylene blue/eosin/
triethanolamine in the polymerization of acrylamide in AOT
reverse micelles [20]. The authors obtained polymers with
molecular weights in the same order with those obtained with
thermal initiators. However, they did not take into account that
the electrostatic interactions may affect the relative localiza-
tion of the dyes in the interface region. This is a relevant aspect
because a different proximity between dyes and amine might
modify the polymer properties in a straightforward manner.
Also, an efficient polymerization was found to occur under
visible light by using Ru(bpy)3

2+ or eosin as a sensitizer in
O/W microemulsions containing cetyl-trimethylammonium
persulfate as electron donor [21].

Recently, we reported the photopolymerization of acrylam-
id e i n r eve r s e mice l l e s o f b enzy l - hexadecy l -
dimethylammonium chloride (BHDC), employing as
photoinitiating system Safranine-O and triethanolamine
(TEOA) [22]. The positively charged dye Safranine-O is
localized in the interface region of BHDC reverse micelles,
comicellizing with surfactant molecules and the co-initiator is
in the water pool [23]. Small nanoparticles of polyacrylamide
are formed with a low polydispersity and a molecular weight
close to 106.

In the presence of electron donors such as tertiary amines,
the negatively charged dye Eosin-Y (Eos) has been described
as an efficient photoinitiator for the free radical polymeriza-
tion of several monomers in homogeneous medium [24–29].
This PI has been used as an efficient photoinitiator for surface
modification by surface-mediated polymerization [30]. In a
comparative study of the efficiency of several xanthene dyes,
Eos was among the most effective to initiate vinyl polymeri-
zation of acrylamide [19]. Furthermore, the Eos/tertiary amine
system was found to initiate polymerization despite the
presence of an excess of several inhibitors of radical
polymerizations [31].

In a recent work, we published a study on the photophysics
of Eos in AOT and BHDC reverse micelles [32]. In these
microemulsions, the triplet state of the dye lives longer than in
the homogeneous solvent. We conclude that this result is due
to compartmentalization effect that suppresses the self-
quenching process. Furthermore, a high efficiency of triplet
quenching was achieved with an amine concentration much

lower than that in the homogeneous solution. We ascribed to
the closeness of both reactants this enhanced efficiency of the
triplet quenching, because the dye localizes in the interface
and the hydrophilic TEOA in the water pool of reverse mi-
celles. In turn, a higher yield of radicals was found in BHDC
than in AOT reverse micelles, which was attributed to the
electrostatic interactions between surfactant and reactant mol-
ecules. Such results suggest that the Eos/TEOA/BHDC sys-
tem may be suitable for initiating vinyl polymerizations in
microemulsions.

In this work, we present the study on the polymerization of
acrylamide in reverse micelles of BHDC, photoinitiated by
Eosin-Y and triethanolamine (Scheme 1). The effect of the
charge and localization of Eos in the reverse micelles on the
polymer properties was assessed. It was of particular interest
to investigate the factors that affect the properties of polymeric
particles obtained by this visible-light initiating system and
compared them with those previously reported on Safranine-
O. Thus, the effect of variables such as water content and
concentrations of dye, amine, surfactant, and monomer on
molecular weight of the polymer and size of the particles
was evaluated.

Materials and methods

Materials

Eosin-Y (Eos, 93 % of purity) was obtained from Aldrich and
used without further purification. BHDC (Sigma) was two
times recrystallized from ethyl acetate and dried under vacuum.
Benzene and methanol were purchased from Sintorgan (HPLC
grade) and used as received. Triethanolamine (TEOA) was
commercially available and purified by standard procedures.
Water was purified through a Millipore Milli-Q system. Acryl-
amide (AA, 99+%) and N,N′-methylene-bis-acrylamide (bis-
AA, 99 %) were provided by Aldrich and used as received.

Preparation of polymeric nanoparticles

Reverse micelle solutions were prepared by dissolving the
surfactant in the benzene and adding pure water to the desired
water content (w=[H2O]/[surfactant]). The stability of
microemulsions composed by BHDC in a series of organic
solvents, as well as for other homologous surfactants, has been
studied at several water/surfactant ratios [33]. The authors
interpreted their results in terms of two main effects: the curva-
ture of the surfactant film separating the oil and water (interface)
and the attractive interactions among water droplets [34]. Based
on this model, the stabilization of W/O microemulsions would
be due to the compromise between these two opposite effects.
Beyond a certain threshold value of water content, the emulsion
becomes unstable and an opalescence characteristic of phase
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separation is promptly observed. In this case, all microemulsions
remained stable and optically clear after adding water to w
values desired (see Table 2 later).

A small amount of the dye dissolved in water was added to
a final analytical concentration in the order of 10−6 M (Abs∼
0.15–0.2 at 532 nm). A suitable amount of co-initiator TEOA
dissolved in water was also incorporated into micelles. The
monomer (AA) and the crosslinker (bis-AA) were dissolved
in the reverse micelles, aided by sonication, to the required
concentration. In the crosslinking experiments, a ∼4 % in
weight of AAwas replaced by bis-AA.

Previous to irradiation, solutions were deoxygenated by bub-
bling with organic solvent-saturated high-purity Ar for 30 min.
The polymerization was carried out with a home-made
photoreactor, by irradiation with eight green LEDs (λmax=532
±10 nm) at room temperature (∼25 °C). Previous to polymeri-
zation, the reverse micelle solutions had a slightly pink colora-
tion. The irradiation continued until the solution became color-
less. After irradiation, all microemulsions remained stable and
clear.

Particle size determination

The sizes of the latex particles were determined by dynamic
light scattering (DLS). Nanoparticles remain disperse in the
BHDC microemulsion, which was directly used for particle
size determination. The solutions were diluted only when nec-
essary, i.e., when the number of counts in the detector exceeded
the instrumental limit. The hydrodynamic diameter and size
distribution of particles was measured by using aMalvern 4700

goniometer and 7132 correlator with an argon-ion laser oper-
ating at 488 nm. All measurements were made at a scattering
angle of 90° at temperature of 25 °C. The measurements were
carried out by triplicate, and the results were analyzed with
Zetasizer software (provided by the manufacturer).

Molecular weight determination

Polyacrylamide (PAA) was precipitated with an excess of
methanol for molecular weight determination. The precipitate
was separated by centrifugation and washed several times with
methanol to remove residual monomer and with benzene to
remove the surfactant. The polymer was then dried in a vacuum
oven at 25 °C and allowed to stand in a desiccator for 24 h.

The molecular weights of PAA polymers were obtained by
means of viscosimetry. A set of solutions of different concen-
trations was prepared by dissolving the dried PAA in water.
The intrinsic viscosities (η) of these aqueous solutions were
determined by using a Cannon-Fenske (Ostwald modified)
viscosimeter. Molecular weights were obtained from Mark–
Houwink–Sakurada equation [35, 36].

η ¼ 0:01 PM0:755 ð1Þ

Results and discussion

The effect of the composition of the microemulsion on the
yield and properties of latex nanoparticles was investigated.
The molecular weights of polyacrylamide (MWPAA) and

Scheme 1 Molecular structures
of a Eosin-Y (Eos), b
triethanolamine (TEOA), c
acrylamide (AA), and d
polyacrylamide (PAA)
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average hydrodynamic diameters of the latex particles (ZAVE)
obtained in each experiment are collected on Tables 2 and 4,
respectively.

With the aim of elucidating the effect of the compartmen-
talization on AA polymerization, two experiments were con-
ducted simultaneously. A microemulsion assay in BHDC
0.1 M/benzene at w 5 and a bulk water assay at pH 9 were
carried out to the same co-initiator and monomer analytical
concentrations (3×10−3M and 0.15M, respectively). At pH 9,
it can be considered that the dominant species of the dye is the
dianionic form [37]. In BHDC reverse micelles, a redshifted
absorption spectrum of the dianionic form of Eos was record-
ed [32]. The Eos absorbances in both experiments were
matched at 532 nm (Abs∼0.13).

Due to the short excited singlet lifetime of the dye and the
TEOAconcentration employed, the triplet state of the dye is the
species that generates the amino radical responsible for
photoinitiating the polymerization. The fraction of triplets
intercepted by the quencher may be calculated by the following:

f T ¼ kq TEOA½ �
k0 þ kq TEOA½ � ð2Þ

where k0 and kq are the quenching rate constants of Eos triplet
in the absence and in the presence of the quencher TEOA,
respectively.

According to (2) and due to the long lifetimes of the triplet
state of Eos in both media, more than 90 % of triplets were
quenched at the TEOA concentration used (see Table 1).

The microemulsion became colorless after 15 min of irra-
diation, whereas the water solution showed coloration of
slightly yellowing. In the latter, no further changes were
observed even by extending the irradiation time for 10 min
more. By the addition of methanol to the irradiated
microemulsion, a high molecular weight polymer (in the order
of 105) with a high conversion (∼80 %) was obtained. Since
the dye was mainly located on the interface region [32], and
co-initiator TEOAwas present in the aqueous core, AA poly-
merization took place within the aqueous core of reverse
micelles. On the other hand, a slight opalescence was ob-
served by the addition of methanol to the aqueous solution.

It was not possible to obtain a precipitate from the latter
solution even by centrifuging at 4000 rpm. In a previous work,
we reported on the PAA formation in aqueous solution from
AA concentration 4-fold higher and TEOA concentration 6-
fold higher than in the present work [19]. Thus, our results
suggest that at the same experimental conditions, confinement
effect increases the local concentration of AA in the water
pool of reverse micelles, allowing further growth of the chains
before the termination takes place. Whereas in aqueous solu-
tion the termination reactions are by bimolecular recombina-
tion, in reverse micelles, the growing chains are isolated from
each other, preventing the bimolecular termination. Since the
aggregation number of BHDC in benzene at w=10 is ca. 300
[38], at the surfactant concentration used here, the mean
occupation number of the dye was less than 0.03 or less than
0.06 (Exps. #1 and #2 on Table 2, respectively). This makes it
unlikely that there is more than one dye molecule per micelle,
so the initiation of the polymer chain takes place in a very
small fraction of the reverse micelles. It has been previously
proposed that in microemulsions the chain growth is most
likely governed by an exchange mechanism driven by coales-
cence of the micelles [4]. According to this mechanism,
molecules solubilized in the aqueous core of reverse micelles
would be redistributed over the micelles when they coalesce to
form temporary dimmers, before breaking apart again [39].
The high molecular weights of polyacrylamide (MWPAA)
obtained in BHDC reverse micelles (see Table 2) suggests
that primary radicals are very unlikely to enter a previously
nucleated micelle to terminate polymerization. Therefore, ac-
cording to the data collected on Table 2, the exchange of AA
among water pools is the principal event and must take place
several times before termination.

From photophysical characterization of Eos in BHDC re-
verse micelles [32], and the results discussed above, the fol-
lowing detailed mechanism may be proposed for the
photopolymerization of AA in microemulsion systems:

Eos2− þ hν → 3Eos2−

3Eos2− þ TEOA → Eos3•− þ TEOA•þ Intramicellar quenchingð Þ
TEOA•þ þ AA → R1 Intramicellar initiation stepð Þ
R1 þ AA → PAA Intermicellar chain propagationð Þ

As it can be seen in Table 1, MWPAA presents only depen-
dency on the monomer and co-initiator concentrations. The
molecular weight is approximately doubled by doubling the
AA concentration. Similar effect was observed on MWPAA as
TEOA was reduced to half its initial concentration. On the
other hand, no significant differences in MWPAA were found
as a function of the Eos concentration, aqueous pool size
(given by w), or amount of micelles (given by BHDC
concentration).

Table 1 Fraction of triplets of Eos intercepted by TEOA 3×10−3 M in
BHDC/benzene and water media

Medium 3τ (μs)a k0 (s
−1) kq (M

−1 s−1) fT (%)

BHDC 0.1 M (w 5) 170 5.9×103 1.9×107b ∼91
Water (pH 9) 120 8.3×103 4.2×107c ∼94

a Lifetimes of the triplet state of Eos measured for this work
b Ref. [32]
c Ref. [19]
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Similar results were reported by Carver et al. [20] on
polymerization of AA in AOT reverse micelles, using a mix-
ture of dyes and TEOA as initiator system. Modifying the
concentrations of this mixture, they observed thatMWPAAwas
independent of the rate of polymerization. They concluded
that such results may be due to a degradative chain transfer
mechanism, which leads to first-order termination in radical
concentration. As explained above, in BHDC reverse mi-
celles, growing radicals are isolated from other growing rad-
icals, and therefore bimolecular recombination is an improb-
able way of termination. Therefore, the highMWPAA obtained
(2–3×105), considering that initial monomer units per micelle
were 400–500 on average (ca. 3×104), supports the
monoradical route to be the predominant mode of termination.

Similarly, no changes in MWPAAwere observed when the
surfactant concentration was reduced to half at constant w.
This seems reasonable since the amount of reverse micelles
decreased but the mean occupation number of the dye yet
remained too low. This situation is analogous to increase Eos
concentration and reinforces the explanation based on the
exchange mechanism given. Likewise, polymerization driven
by an exchange mechanism would explain why the molecular
weight was approximately reduced to the half when AA
concentrations were made twice lower (compare Exps. #1
and #4 on Table 2).

Table 2 shows that a 2-fold increase in the size of the
micelles (w) did not show appreciable differences on
MWPAA. This suggests that, at constant monomer concen-
tration, the growth of the polymer chain does not depend
on the volume available within the micelle. Indeed, the
chain extension is limited by the feasibility of termination
reactions that may occur. And the latter is a function only
of the occupation number of the dye and the amine
concentration, as explained earlier. Otherwise, it would
have achieved a higher MWPAA at w=10, due to a more
spacious microenvironment.

Table 2 also show that MWPAA increases when TEOA
concentration decreases (compare Exps. #1 and #3). Because
there are three molecules of TEOA per micelle on average, the
amine might be acting as a chain transfer agent as well as a
reducing agent for the dye [20]. The probability that this
reaction occurs decreases as the concentration of amine de-
creases, yielding higher MWPAA.

At constant AA concentration, a higher MWPAA involves a
lower number of latex particles per occupied micelle. This
number can be estimated making use of the model proposed
by Candau et al. [9] according to the following equation:

n ¼ 4

3
π RH− ℓBHDCð Þ3ρPAANA

MWPAA
ð3Þ

where RH is the hydrodynamic radius of the micelles (see
Table 4); ℓBHDC=25.5 Å corresponds to the length of the
surfactant [38]; ρPAA=1.399 g/cm3 is the density of PAA
polymer [9]; NA is the Avogadro’s number; and MWPAA are
the molecular weights listed in Table 2.

From (3), values of 22 and 12 particles per micelle for
Exps. #1 and #3 (Table 2) were obtained, respectively. These
results are in the order of magnitude to those reported by these
authors [9]. The estimated numbers of particles per occupied
micelle supports the idea proposed above that a lower proba-
bility of termination driven by a lower TEOA concentration
leads to a higher MWPAA.

Similar trends were reported by our group in a previous
paper on photopolymerization of AA initiated by Safranine-O
in BHDC reverse micelles [22]. In that work, no changes on
MWPAAwere observed with an increase ofw. Instead, a 2-fold
increment inMWPAAwas recorded by doubling simultaneous-
ly the AA and the surfactant concentrations. Since we have
concluded here that surfactant concentration has no effect on
MWPAA, we can attribute the increment in MWPAA reported
by Porcal et al. [22] only to the AA increment.

Table 3 compares the MWPAA obtained with Eos and
Safranine-O (Saf) in a determined set of experimental condi-
tions. A priori, it would be expected that the higher the radical

Table 2 Molecular weights of
PAA (MWPAA) determined by
viscosimetric measurements
under several experimental
conditions. All concentrations are
expressed in moles per liter

a Estimated error: ±0.2×105

Exp. # BHDC w Eos/10−6 TEOA/10−3 AA MWPAA/10
5a Conversion (%)

1 0.1 5 1.4 3 0.15 2.9 ∼85–90
2 0.1 5 2.8 3 0.15 2.7 ∼85–90
3 0.1 5 1.4 1.5 0.15 4.5 ∼85–90
4 0.1 5 1.4 3 0.075 1.6 ∼90
5 0.05 5 1.4 3 0.075 1.4 ∼90
6 0.1 10 1.4 3 0.075 1.4 ∼90

Table 3 Comparison of
the MWPAA obtained by
Eos or Saf mediated
polymerization in BHDC
0.1 M/benzene at w 5

a Ref. [22]
b Ref. [32]

Eos Safa

MWPAA 3×105 1×106

ΦR 0.024b 0.22

[TEOA] (mM) 3.00 0.75

[AA] (M) 0.15

Occupation number <3 %

ƒT >90 %
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yield (ΦR), the shorter the polymer chain length. However, the
opposed situation is recorded on Table 3. As with both dyes
the nucleated particles were less than 3 %, then theΦR is not a
decisive parameter on MWPAA in these reverse micelle
systems.

It seems to be that the different proximity between both
dyes and the amine would explain the difference in reactivity
and MWPAA obtained with Eos and Saf. The electrostatic
repulsion between positively charged Saf and BHDC mole-
cules directs the dye localized in the interface towards inside
of the water pool, where TEOA is solubilized. Instead, the
negatively charged Eos is deeper in the micellar interface and
is further away from the amine. A 4-fold higher TEOA con-
centration with Eos than with Saf is required to obtain a
similar triplet-intercepted fraction (ƒT). This relative excess
in TEOA concentration may promote more termination steps
when using Eos, so reducing the chain length of the growing
PAA. Therefore, we may conclude that the electrostatic inter-
action between dyes and surfactant molecules modulates the
MWPAA, due to a distinct location of the dyes in the interface
region of BHDC reverse micelles.

The sizes of microemulsion droplets were analyzed by
DLS, where the correlation functions recorded showed
monomodal distributions. Thus, a cumulant algorithm was
used to fit the correlograms to monoexponential decays [40,
41]. Figure 1 illustrates representative plots of DLS measure-
ments for BHDC reverse micelles and the latex of PAA. This
fitting method allows extracting the average hydrodynamic
diameter values (ZAVE) of the latex particles from experimen-
tal data. Another parameter that the algorithm computes is the
polydispersity index (PI), which provides information about
the width of the size distribution. The ZAVE and PI values
obtained in the present work are summarized on Table 4.

Figure 1a shows the intensity of scattered light by different
reverse micelle systems as a function of the size. All size
distribution curves are very narrow according to the low PI
values reported on Table 4 and are centered in the correspond-
ing ZAVE values. In turn, although the polymerization
broadens the size distribution, the PI remains at a small value
(the limit of acceptance is 0.7). This means that the polymer-
ization process in these systems yields latex particles mainly
of a single size.

To highlight the consistency of the results, the size distribu-
tion of latex solution is represented by two equivalent plots in
Fig. 1b. When the intensity of scattered light is plotted vs. the
size of nanoparticles (commonly referred to as “distribution by
intensity,” black curve), the maximum of the curve corresponds
to ZAVE values reported in Table 4. It is expected that the highest
percentage of scattered radiation is due to larger particles (i.e.,
latex nanoparticles), which are in smaller amount. The front of
this curve corresponds to empty micelles, which scattered only
a little fraction of the incident light. When the amount of
nanoparticles is plotted as a function of their diameter (com-
monly referred to as “distribution by number,” thin gray curve
in Fig. 1b), the maximum ZAVE is about 10 nm. Namely, the
most of the nanoparticles corresponds to empty reverse mi-
celles after polymerization. This is a consequence that poly-
merization took place only in a few nucleated micelles, accord-
ing to the exchange mechanism proposed above. Really, it can
be seen from the tail of this curve that only very few particles
has a diameter around 20–30 nm.

Table 4 shows that ZAVE values are in the range of tens of
nanometer for all the systems evaluated. As it can be seen, the
size of the reverse micelles is sensitive to the concentration of
guest molecules in the aqueous core. The ZAVE increases
progressively with increasing concentration of AA. On the
other hand, after polymerization, the hydrodynamic diameter
of latex nanoparticles is practically independent of the
MWPAA obtained (compare Tables 2 and 4). Moreover, the
ZAVE is enlarged only ca. 3 nm even though the number of AA

Table 4 Average hydrodynamic diameter (ZAVE) and the
polydispersity index (PI) of the nanoparticles, obtained from cumulant
analysis

Nanoparticles ZAVE (nm)a PIb

RMs (w=5) 10.0 0.04

RMs+AA (0.075 M) 16.6 0.09

RMs+AA (0.15 M) 25.5 0.09

Latex (Exp. #1)c 28.7 0.18

Latex (Exp. #3)c 28.1 0.14

Latex (AA+bis-AA) 27.1 0.15

a Estimated error: ±0.1 nm
b Estimated error: ±0.01
c See Table 2

Fig. 1 Hydrodynamic diameter distributions of a empty micelles (black
curve), micelles plus AA 0.075 M (dark gray curve), micelles plus AA
0.15 M (gray curve); and b latex nanoparticles expressed by intensity of
scattered light (black curve) and by number of nanoparticles (gray curve)
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units increased from 400–500 (monomeric form) to 3500–
4000 (polymerized form) approximately.

These results seem to indicate a supercoiled structure of
PAA inside of reverse micelles, such that the size of the
droplets is unaffected by a longer chain. The supercoiling of
PAA has been suggested to explain the obtaining of high
MWPAA inside a limited volume [9].

The values of the hydrodynamic diameter for the nanopar-
ticles evaluated in the present work are in good agreement
with those previously reported by our group, concerning the
photopolymerization of AA in BHDC initiated by Saf/TEOA
system [22].

In another experiment, some small amount (ca. 4 % in
weight) of bis-AA was added to the microemulsion, while
all other conditions were kept as the Exp. #1 (see Table 2).
Bis-AA has the capability to undergo cyclization or multiple
crosslinking reactions [42]. During the copolymerization be-
tween AA and bis-AA, pendant vinyl groups are created when
bis-AA has partially reacted. Such pendant groups may then
react with radicals on the same growing chain or with radicals
on other chains linked to the growing crosslinked polymer.
Table 4 shows the size parameters for latex containing
crosslinked PAA. The narrow size distribution and the small
diameter obtained indicate that this method is suitable for
obtaining highly monodisperse crosslinked nanoparticles of
PAA. Therefore, because nanoparticles based on crosslinked
PAA are of particular interest as carriers of dyes in photody-
namic therapy among other applications [43, 44], the results in
the present work are relevant to contribute to the development
of new nanotechnologies.

Conclusions

We have presented here a study on suitability of Eosin-Y/
TEOA system to photoinitiate the AA polymerization in
BHDC reverse micelles. This method allowed synthesizing
thermodynamically stable nanoparticles with diameters of ca.
30 nm. The polyacrylamide molecular weights obtained were
as high as ∼2–4×105. It was found that only monomer and
amine concentrations may affect the chain length of the poly-
mer. However, the particle size was substantially not affected
by any of the experimental conditions tested. To explain these
results, we have ascribed an exchange mechanism between
the water pools of the reverse micelles as the driving force of
polymerization process. According to the ZAVE values obtain-
ed here, a supercoiled structure of the polymer is required to
hold such a high molecular weight in such a small volume.

The results in the present work are in agreement with those
previously reported by us with the Safranine-O/TEOA initiat-
ing system in BHDC reverse micelles. However, the specific
localization of the dye in the interface modulates the polymer
molecular weight. This location depends upon the relative

electrical charges of the dye and the surfactant. A lower
molecular weight results when the dye is of opposite charge
and localizes deeper in the micellar interface. Irrespective of
the dye used, the high conversions and the properties of the
polymers obtained demonstrate the high efficiency of these
visible-light initiators.

Both the polymer molecular weights and the particle sizes
obtained here are comparable with those reported in
microemulsions using thermal or UV initiators. Therefore,
our investigation supports the applicability of these dye/
amine initiator systems in the polymer and nanotechnology
fields.
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