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ABSTRACT

The photophysics of the xanthene dye eosin-Y (Eos) was studied in reverse micelles (RMs) of sodium
1,4-bis (2-ethylhexyl) sulfosuccinate (AOT) and benzylhexadecyldimethylammonium chloride (BHDC).
Special interest was assigned to the effect of organization on the triplet state properties. In the reverse
micellar media both the absorption and emission spectra of the dye present a red shift with respect to
water. It is concluded that Eos in both reverse micellar systems is localized in the interface. Although this
is predictable in BHDC due to the positive charge at the interface and the negative charge of the dye, it is
notable in the case of the negative interface of AOT. In this case it may be concluded that Eos resides in the
interface co-micellizing with the surfactant, although more exposed to water than in the case of BHDC.
Triplet state decay kinetics and absorption spectra were determined by laser flash photolysis. The triplet
lives longer in RMs than in homogeneous solvents. The compartmentalization of the dye precludes the
auto-quenching which shorts the lifetime in homogeneous solvents. The quenching by aliphatic amines
was also investigated. The hydrophilic triethanolamine (TEOA) is localized in the water pool, and the
triplet quenching is more efficient than in homogeneous solvents. On the other hand the quenching by
tributylamine (TBA) which is located in the bulk organic solvent is much less efficient. The quenching by
TEOA in RMs can be understood in terms of an exchange mechanism between micelles. Quantum yields

of radicals produced in the triplet quenching process were determined.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The study of the behavior of synthetic dyes in organized media
is of interest because of the resemblance of these systems with
many biological and chemical structures in nature. In an organized
media e.g., micelles, reverse micelles, the reactants are confined
within a small region, a few nanometer in size. The local proper-
ties like polarity, viscosity and pH are vastly different from those in
homogeneous medium [1]. Consequently, the physical and chem-
ical properties of dyes may undergo dramatic changes in these
systems. These changes are useful to characterize the so-called
microenvironmental properties, including local polarity (micropo-
larity) and local viscosity (microviscosity) of micellar systems. The
photophysics of dyes provides a useful tool for investigate these
properties [2] and the information gained in this way is very impor-
tant from both an applied and a fundamental point of view [3].
For example, these studies are of interest with regard to micellar
systems as a reaction medium because they affect both the kinet-
ics and the mechanism of a specific reaction [4,5]. They are also
important in many applications of electronic energy transfer, which
may include photosensitized reactions and the micelle enhanced
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emission detection in analytical techniques [6]. In these systems
donor, acceptor and micelle concentrations may be high enough
to allow considerable energy transport between neighboring
micelles.

On the other hand, the understanding of the interactions
between ionic dyes and charged surfaces is of interest in numerous
applications ranging from the design of electronic devices to the
characterization of drug-delivery systems.

The photophysics and photochemistry of xanthene dyes, in par-
ticular eosin-Y, have been of widespread interest. These dyes are
frequently used as laser dyes, fluorescent probes, biological stains,
sensitizers, etc. Eosin-Y (Eos) sensitized nanoparticles were also
employed to produce hydrogen by photocatalytic decomposition
of water [7].

The photophysics of xanthene dyes were investigated in normal
[8-11]and reverse micelles [12] generally by means of fluorescence
spectroscopy. Reorientation of xanthene dyes in the interior of AOT
was studied [13] and it was found that the water content of the
reverse micelles has an important effect on the rotational dynam-
ics of the probe. In particular, the photophysics and photochemistry
of Eos in reverse micelles has received much less attention. The
interaction of Eos with TiO, nanoparticles in AOT was previously
investigated by means of fluorescence spectroscopy [14]. Photoin-
duced electron transfer from Eos and ethyl eosin to Fe(CN)g3~ in
AOT reverse micelles was studied by Willmer and Joselevich [15].
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However, to the best of our knowledge, not detailed investigation
of how the confinement in reverse micelles affect the excited states
of the dyes can be found in the literature.

In this paper we present a study of the photophysics of Eos
in reverse micelles (RMs) of AOT and BHDC. It was of special
interest to investigate the effect of the charge of the interface,
negative in the case of AOT and positive for BHDC, on the pho-
tophysics of the dye. Special interest was assigned to the effect
of RMs on the triplet state properties, since it is responsible for
many of the application of the dye as photosensitizer. In par-
ticular, Eos was used as a sensitizer of photopolymerization in
aqueous medium. In the presence of electron donors such as ter-
tiary amines, Eos has been described as efficient photoinitiator
for the free radical polymerization of acrylate monomers [16-20]
and styrene [21]. In a comparative study of the efficiency of sev-
eral xanthene dyes Eos was among the most effective to initiate
vinyl polymerization of acrylamide [22]. More recently, Eos in
the presence of amine has been used as an efficient photoinitia-
tor for surface modification by surface-mediated polymerization
[23]. The photoinitiation mechanism in all cases involves an elec-
tron transfer from the co-initiator to the triplet state of the
dye.

2. Experimental

Eosin-Y (Eos) was obtained from Aldrich and used without
further purification. Sodium 1,4-bis (2-ethylhexyl) sulfosuccinate
(AOT) from Sigma was dried under vacuum over P,0s5. n-Heptane
and ethanol were from Sintorgan (HPLC grade) and used as
received. Water was HPLC grade from Sintorgan. The surfactant
benzylhexadecyldimethylammonium chloride (BHDC) from Fluka
was twice recrystallized from ethyl acetate and dried under vac-
uum. Benzene and methanol were from Sintorgan (HPLC grade)
and used as received.

Reverse micelles solutions were prepared by dissolving the sur-
factant in the organic solvent, n-heptane for AOT and benzene in
the case of BHDC. A small amount of Eos dissolved in water was
added to these micellar solutions, so that the final total analytical
concentration of the dye was less than 10~5 M. The micellar water
content, w=[H,O]/[Surfactant], was adjusted by adding pure water
up to desired ratio. The surfactant concentration was kept constant
at 0.2 M for AOT and 0.05 M for BHDC. It is not possible to work at
w>20in BHDC because at room temperature the solutions become
cloudy. The aggregation number of BHDC in benzene is in the range
from 100 (w=10) to 400 (w =20) [24], while for AOT in n-heptane
it goes from 60 at w=6 to 500 at w=30 [25]. Accordingly, the mean
occupation number of the dye is <0.03 in AOT, while in BHDC it is
<0.1. Triethanolamine (TEOA) and tributylamine (TBA) both form
Aldrich, were purified by vacuum distillation before use. In the
quenching experiments small aliquots of a concentrated aqueous
solution of TEOA was added to the RMs. In the case of TBA the amine
was added as the pure compound.

Absorption spectra were obtained by using a Hewlett Packard
6453E diode array spectrophotometer. Fluorescence spectra were
measured with a Spex Fluoromax spectrofluorometer in air equil-
ibrated solutions. Fluorescence lifetimes were determined by
using the time-correlated-single-photon-counting technique with
a FL 900 Edinburgh Instruments equipped with a PicoQuant sub-
nanosecond pulsed LED emitting at 498 nm. Transient absorption
measurements were carried-out by excitation at 532 nm using
a laser flash photolysis equipment as previously described [26].
The samples were deoxygenated by bubbling during 15 min with
organic solvent-saturated high purity argon.

Fluorescence quantum yields were determined relative to Eos
methanolic solution, ®¢=0.60 [27].
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Fig. 1. Absorption spectra and fluorescence emission spectra of Eos in water,
AOT/heptane (0.2 M, w=20) and BHDC/benzene (0.05M, w=15).

3. Results and discussion
3.1. Singlet state

The absorption and fluorescence spectra of Eos in water and
in RMs are shown in Fig. 1. At neutral and alkaline pH Eos is in
its dianionic form with Amax =516 nm in water [28]. In the reverse
micellar media both the absorption and emission present a red shift
with respect to water. The shift in the absorption is 8 nm in AOT
and 17 nm in BHDC. Similarly the red shift in the emission is more
important in the case of BHDC.

The solvent and normal micelles effect on the spectral behavior
of Eos was recently reported by Chakraborty and Panda [11]. They
found that decreasing the solvent polarity produces ared shift both
in the absorption and emission of the dye. They also reported a red
shiftin the presence of cationic surfactants. This red shift in the case
of the absorption is of the same order of the one we find in RMs.
Therefore, it might be concluded that Eos in both reverse micellar
systems is sensing a less polar environment. This is probably the
correct conclusion in BHDC, where the negative dye molecules are
in the palisade region of the reverse micelles. However, in the case
of AOT the red shift is noticeable up to w=30 when it is generally
accepted the center of the water pool presents characteristics of
bulk water [29]. In Fig. 2 the effect of the water content on wave-
length at the maximum in absorption and emission is presented.
In BHDC at w> 10 the spectral shift is stabilized, while in AOT a
trend toward the value of pure water is apparent although it is not
reached even at w=30.

Fluorescence quantum yields (®g) and lifetimes (t) are collected
inTable 1.1t can be seen that quantum yields are higher and lifetime
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Fig. 2. Maximun wavelength in absorption and emission of Eos in AOT and BHDC
as a function of the water content. The horizontal lines represent the value in pure
water.
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Table 1
Fluorescence quantum yield (@¢) and lifetime (7) of Eos in reverse micelles.
AOT BHDC

w Dp T/ns Dr T/ns
2 0.54 2.65 0.67 3.25
5 0.48 2.30 0.61 3.09
10 0.46 2.09 0.59 3.01
15 0.41 1.94 0.57 2.97
20 0.39 1.84 0.56 2.95
25 0.36 1.73 - -
30 0.33 1.64 - -
H,0? 0.20 1.43 - -
MeOH? 0.60 3.28 - -

2 From ref. [27].

are longer than in pure water at all w, and of the same order than
in methanol [27] at low water content. Both quantities decreases
with an augment of w, nevertheless in BHDC they go to a plateau at
w=15.The trend follows closely that shown in Fig. 2 for the spectral
data.Itcanbe concluded that bothin AOT and BHDCRMs Eos resides
in the interface co-micellizing with the surfactant, although more
exposed to water in the case of AOT.

3.2. Triplet state

The transient absorption spectra of Eos in water and RMs, taken
at short and long times, are shown in Fig. 3.

The spectrum at short times after the laser pulse can be
ascribed to triplet-triplet transitions. In water the triplet spec-
trum is unchanged from pH 4 to pH 12 [30]. Here again a red
shift in the spectrum with respect to water is observed in micellar
medium. This effect is more evident in the case of BHDC. Appar-
ent maxima are at 560, 570 and 580 nm in water, AOT and BHDC
respectively. A lower intensity band around 400 nm is present in
the three media that can be also ascribed to the triplet state. The
long time spectrum in water presents two bands at 400 and 460 nm
which correspond to the semireduced and semioxidized forms of
the dye, respectively [31]. In water these species are formed in a
self-quenching of the triplet by the ground state of the dye. The
self-quenching rate constant was reported as 3.7 x 108 M~1s-1[9].
In the RMs this mechanism is precluded by the compartmental-
ization and low occupation number. This results in a longer lived
triplet in the RMs. It can be seen that the long time spectrum in AOT
and BHDC in the region of 380-450 nm is similar to that at short
times and the semireduced and semioxidized forms of the dye can-
not be observed. However, a small amount of these species may be
contributing to the absorption since the relative absorbances in this
region are higher in the long time spectra in the RMs. The properties
of the triplet state in water and the RMs are collected in Table 2.

It is known that the triplet quantum yield of Eos decreases when
solvent polarity decreases [27]. In AOT the value is close to that in
water while it is much less in BHDC confirming that in the last case
the dye is sensing a medium of low polarity.

Table 2

Triplet state properties of Eos in water and RMs.
Medium Amax/Nm Dy T/Ws
H,0 560 0.6 60
AOTw=5 580 0.6 120
AOT w=30 570 0.8 170
BHDCw=2 580 0.2 170
BHDC w=20 580 0.2 170
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Fig. 3. Transient absorption spectrum of Eos in water, AOT and BHDC at different
times after the laser pulse.

3.3. Triplet quenching by amines

Triethanolamine (TEOA) and tributylamine (TBA) have been
used as electron donors in the polymerization of vinyl monomers
photoinitiated by visible light using a dye as photosensitizer
[22,32]. Since in these cases the generation of active radicals
involves the quenching of the triplet state of the dye by the amine,
we decided to investigate this process for Eos in reverse micelles.

The triplet decays monoexponentially in the presence of the
amines. The apparent triplet quenching rate constant (kq) was
obtained from the triplet lifetime (measured by the T-T absorp-
tion at 580 nm) as a function of the amine concentration according
to

771 = ko + kq[Am] (1)

where T is the triplet lifetime, ko is the first order rate constant
for the triplet decay in the absence of the amine and [Am] is the
analytical concentration of the amine.

In Fig. 4 a plot of 1/t vs. the analytical concentration of TEOA and
TBA is presented in AOT and in BHDC. It should be noted that at the
amine concentrations used in the triplet quenching experiments,
singlet quenching was not observed in RMs.

The bimolecular rate constants for triplet quenching in homoge-
neous medium and in RMs are collected in Table 3. In homogeneous
solvent they are of the order of magnitude expected for an excited
state electron transfer process. For these reactions a correlation of



34 E.M. Arbeloa et al. / Journal of Photochemistry and Photobiology A: Chemistry 252 (2013) 31-36

e AQOT
o BHDCI 15
o 110 _
© o
= e
; e
15
1 1 1 0
0 1 2 3 05 10 15
[TEOA] (mM) [TBA] (M)

Fig. 4. Reciprocal of the triplet lifetime vs. the analytical concentration of TEOA and
TBA in AOT and in BHDC.

the rate constants with the Gibbs energy change for the overall
electron transfer process, AG°, is expected. The latter may be cal-
culated from the redox potentials of the donor Ep, p+) and acceptor
E(a/a-) and the energy E* of the excited state involved, with the
Rehm-Weller equation [33]

AG =Eppty —Epa-y —Ex+C (2)

where C is the coulombic energy term. From the literature data for
Eos triplet energy and reduction potential [34] and amines oxida-
tion potential [35] AG° can be estimated in a polar solvent with
C~0.05eV [36]. The resulting values are —0.09 eV and +0.03 eV for
the quenching by TBA and TEOA respectively. Rate constants of
the order of 105 M~!s~! can be expected for these values of the
overall free energy change in the quenching of dyes by aliphatic
amines [37]. Moreover, the higher value for TBA in MeOH is in line
with the differences in AG°. On the other hand, the order of the
rate constants is inverted in RMs. In the confined system they are
three orders of magnitude higher for TEOA than for TBA. This can
be explained by differences in location of the amines and the dye
in the reverse micellar systems.

The quenching by TEOA in RMs can be understood in terms of
an exchange mechanism between micelles. TEOA is a hydrophilic
molecule (the octanol-water partition coefficient is 0.1) [38] and
it is expected to be totally incorporated into the RMs partitioning
between the water pool and the polar interface. Since the TEOA
concentration in the quenching experiments varies from 1 x 10~4
to 1x 1073 M, the mean occupation number by TEOA is <1. It
is expected that for a micelle containing a triplet Eos and one
or more TEOA molecules a very fast, sub-microsecond, quench-
ing takes places. Therefore, the observed decay of the triplet in
the microseconds time scale should be due to an intermicellar
exchange mechanism of the quencher. A kinetics scheme for the
quenching in reverse micellar system, considering both intra and

Table 3
Triplet quenching rate constants (kq) in MeOH and RMs.
Amine kq/M~"s7!
MeOH TBA 3.2x 108
TEOA 1.1 x 1062
BHDC 0.05M (w=20) TBA 7.3 x10%
TEOA 1.9 x 107
AOT 0.2M (w=30) TBA 23x10°
TEOA 1.0 x 108

Estimated error + 10%.
a Literature value: 1 x 106 in ethanol ([43]).

intermicellar processes, for a quencher Q totally incorporated into
the micelles, leads to a non-exponential decay for the excited state.
The decay kinetics of the excited state can be shown to be depicted
by Egs. (3)-(6) [39,40].

[T]=[T]oexp[—Cit — Co(1 — exp(—C3t)] (3)
nkqmkex[ M

Ci=ko+ qu:+ kex[[IVI]] “)

G = nkam (5)
(kqm + kex[M])?

G = kqm + kex[M] (6)

where kqm is the unimolecular intramicellar quenching rate con-
stant, kex is the rate constant for the exchange of solute between
micelles and it will depend on the diffusion of two micelles in the
organic pseudophase, n is the mean occupation number and [M] is
the micellar concentration. In the limit of

Kkqm >> kex[M] (7)
Eq. (3) reduces to
[T]=[Tlo exp[—(ko + kex[Q])t — (1 — exp (—kqmt)] (8)

Condition (7) is fulfilled in the present case if kqm > 10851
which is not an unreasonable value for the intramicellar quench-
ing by a neutral quencher. Under our experimental conditions the
Eos triplet lives ca. 200 s in the RMs and in the presence of TEOA
decays in several tens of microseconds. After a few microseconds
the second terms in the square bracket is of the order of n and has
no effect on the lifetime. In this case the decay becomes first order
with a lifetime

1= ko + kex[Q] (9)

This interpretation of the quenching mechanism, with kq in Eq.
(1) equal to kex in Eq. (9), is further confirmed by the values we find
for kq, which are of the same order of those reported in the literature
for the exchange rate constant between AOT reverse micelles in
heptane [25,39] and isooctane [40] and for BHDC in benzene [24].

On the other hand, the quenching by TBA in RMs is lower than
in homogeneous solvent. This can be explained taking into account
the molecular structure of the amines. In a study of the partition
of amines in AOT/hexane RMs, Zingaretti et al. [41] concluded that
tertiary amines remain mostly in the organic phase. In fact, the
partition coefficients were too small and could not be determined.
Therefore, the low quenching efficiency observed for TBA in RMs
could be a consequence of the poor access of the amine to the
interface where the dye resides.

3.4. Radical yields

In the presence of the amines the long time transient absorp-
tion spectrum differs from that in the absence of the quenchers
shown in Fig. 3. The remaining spectrum after the triplet quench-
ing is depicted in Fig. 5 for the case of TEOA. The maximum of the
absorption band is at 400 nm in AOT and at 410 nm in BHDC. It can
be ascribed to the semireduced form of the dye [31].

The fraction of triplets intercepted by the quencher may be writ-
ten as

_ k@]

ko +kq[Q]

In the spectra shown in Fig. 5 fwas higher than 0.9 in both cases.

It can be seen that the yield of the semireduced dye is much higher

in BHDC. Radical quantum yields were obtained according to
_ AARET
- AATSR

(10)

f (11)
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Fig. 5. Long time transient absorption spectrum of Eos in the presence of TEOA
5.6 x 104 M in AOT at w=30 and 3.3 x 10~ M in BHDC at w=20.

Table 4
Quantum yields of semireduced Eos in RMs.
Dy
BHDC/TEOA 3.3 mM? 0.024
BHDC/TBA 0.84 M? 0.053
AOT/TEOA 0.6 mM? 0.006
AOT/TBA 0.62 M? 0.26

2 Analytical concentration.

Here AAg is the long time absorption remaining after the triplet
decay in the presence of TEOA measured at 410nm, AAg is the
prompt T-T transient absorption measured at 580 nm immediately
after the laser pulse, g and et are the respective molar absorption
coefficients and @r is the triplet quantum yield in the absence of
the amine.

In order to determine @ by means of Eq. (11) the absorption
coefficients of the radical in all media are necessary. They were
determined by the ground state depletion (GSD) method [42]. The
transient negative absorbance difference at the maximum wave-
length of the ground absorption, AAg, was compared with the
absorption at the maximum of the spectrum of the semireduced
dye, AAg, with the aid of Eq. (12).

&R = (2722) & (12)

In Eq. (12) eg and &g are the molar absorption coefficients of the
radical and ground state respectively, at the wavelengths of their
absorbance maxima. The quantum yields obtained in this way are
collected in Table 4.

The photoreduction by TEOA most likely occurs in the hydrated
surface of the palisade, where the electron transfer quenching
occurs according to

3Eos=+TEOA — Eos3~* + TEOAt*®

In AOT both radical ions remain in the interface and the lower @y
may be due to the fast recombination reaction of these species once
they are formed. On the other hand, in BHDC the positive charge of
the interface favors the charge separation by expelling the positive
TEOA radical ion, which explains the higher @g. In turn, the yields
are very much higher for TBA, although at the expense of a very
much higher amine concentration, and this reflects the separation
of the initially formed radical ions pair in this case.

These results are important for application of the couple dye-
amine as radical generation system in RMs. In particular, the system
may be useful for the initiation of vinyl polymerization in RMs and

in this way monodisperse polymer nanoparticles may result. Xan-
thene dyes/TEOA was found to be a useful photoinitiating system
for vinyl polymerization in water [22]. In RMs high efficiency in
triplet quenching is reached at an amine concentration one order
of magnitude lower than in water. However the radical quantum
yields are also one order of magnitude lower [22], with the excep-
tion of TBA, but in this case a much higher amine concentration is
necessary. It is important to point out that the yields actually mea-
sured are for the semireduced form of the dye and it is assumed that
active alkyl radicals originated from the amine are formed with the
same yield.

In summary, the photophysics of the dye depends upon the
nature of the surfactant used to form the RMs. In spite of the dye
being in its dianionic form, the dye localizes in the interface of the
reverse micelles both in AOT and BHDC. The main difference is that
in AOT the photophysics parameters are sensitive to the size of the
water pool. Nevertheless they do not reach the values in pure water
even at the highest water content. On the other hand, in BHDC the
photophysics senses a less polar environment, and it is practically
independent of the water content. The triplet state lives longer in
the RMs than in homogeneous solvent as a result of the suppression
of the self-quenching process due to the compartmentalization.

Acknowledgments

Financial support from the Agencia Nacional de Promocién Cien-
tifica (PICT 2213/07) CONICET (PIP 2010- 0284) and Universidad
Nacional de Rio Cuarto is gratefully acknowledged. E.M.A. and G.V.P.
thank CONICET for a post-doctoral research fellowship.

References

[1] M.Ueda, A. Kimura, T. Wakida, Y. Yoshimura, Investigation of the micropolarity
of reverse micelles using quinolinium betaine compounds as probes, Journal of
Colloid and Interface Science 163 (1994) 515-516;

M.A. Lépez-Quintela, C. Tojo, M.C. Blanco, L. Garcia Rio, J.R. Leis, Microemul-

sion dynamics and reactions in microemulsions, Current Opinion in Colloid

and Interface Science 9 (2004) 264-278.

S. Rafiq, R. Yadav, P. Sen, Microviscosity inside a nanocavity: a femtosecond

fluorescence up-conversion study of malachite green, Journal of Physical Chem-

istry B 114 (2010) 13988-13994;

L. Zhang, Q. Yin, ]. Su, Q. Wu, Local polarity and microviscosity of the interior of

dendritic polyethylene amphiphiles, Macromolecules 44 (2011) 6885-6890;

S. Ghosh, S. Mandal, C. Banerjee, V. Govind Rao, N. Sarkar, Photophysics of

3,3’-diethyloxadicarbocyanine iodide (dodci) in ionic liquid micelle and binary

mixtures of ionic liquids: effect of confinement and viscosity on photoisomeri-

zation rate, Journal of Physical Chemistry B 116 (2012) 9482-9491.

M. Kondo, L.A. Heisler, S.R. Meech, Reactive dynamics in micelles: auramine O

in solution and adsorbed on regular micelles, Journal of Physical Chemistry B

114 (2010) 12859-12865;

N.M. Correa, JJ. Silber, R.E. Riter, N.E. Levinger, Nonaqueos polar solvents in

reverse micelle systems, Chemical Reviews 112 (2012) 4569-4602.

[4] D. De, A. Datta, Modulation of ground- and excited-state dynamics of [2,20-
bipyridyl]-3,30-diol by micelles, Journal of Physical Chemistry B 115 (2011)
1032-1037;

A.Manna, S. Chakravorti, Effect of micellar environment on charge transfer dye
photophysics, Journal of Molecular Liquids 168 (2012) 94-101.

[5] G. Astray, A. Cid, L. Garcia-Rio, P. Hervella, ].C. Mejuto, M. Pérez-Lorenzo,
Organic reactivity in AOT-stabilized microemulsions, Progress in Reaction
Kinetics and Mechanism 33 (2008) 91-97;

M. Machena, F. Sanchez, Kinetics of photochemical reactions under restricted
geometry conditions, Progress in Reaction Kinetics and Mechanism 35 (2010)
27-80.

[6] Y.Hong, J.W.Y. Lam, B.Z. Tang, Aggregation-induce emission, Chemical Society
Reviews 40 (2011) 5361-5388.

[7] T. Sreethawong, C. Junbua, S. Chavadej, Photocatalytic H, production from

water splitting under visible light irradiation using Eosin Y-sensitized

mesoporous-assembled Pt/TiO, nanocrystal photocatalyst, Journal of Power

Sources 190 (2009) 513-524.

M.AJ. Rodgers, Picosecond fluorescence studies of xanthene dyes in anionic

micelles in water and reverse micelles in heptane, Journal of Physical Chemistry

85(1981) 3372-3374.

[9] A.Seret, A.Van de Vorst, Solubility properties of Eosin Y and Rose Bengal triplet
state in sodium dodecyl sulfate micellar solutions, Journal of Physical Chemistry
94 (1990) 5293-5529.

2

3

8



36 E.M. Arbeloa et al. / Journal of Photochemistry and Photobiology A: Chemistry 252 (2013) 31-36

[10] B.B.Bhowmik, P. Ganguly, Photophysics of xanthene dyes in surfactant solution,
Spectrochimica Acta Part A 61 (2005) 1997-2003.

[11] M. Chakraborty, A.K. Panda, Spectral behaviour of eosin Y in different sol-
vents and aqueous surfactant media, Spectrochimica Acta Part A 81 (2011)
458-465.

[12] G.R. Burnett, G.D. Rees, D.C. Steytler, B.H. Robinson, Fluorescence correla-
tion spectroscopy of water-in-oil microemulsions: an application in specific
characterisation of droplets containing biomolecules, Colloids and Surfaces A:
Physicochemical and Engineering Aspects 250 (2004) 171-178;

D. Seth, D. Chakrabarty, A. Chakraborty, N. Sarkar, Study of energy transfer from
7-amino coumarin donors to rhodamine 6G acceptor in non-aqueous reverse
micelles, Chemical Physics Letters 401 (2005) 546-552;

J.A.B. Ferreira, S.M.B. Costa, Electronic excited-state behavior of Rhodamine 3B
in AOT reverse micelles sensing contact ion pair to solvent separated ion pair
interconversion, Journal of Physical Chemistry B 114 (2010) 10417-10426;

A. Orte, M.J. Ruedas-Rama, J.M. Paredes, L. Crovetto, ].M. Alvarez-Pez, Dynam-
ics of water-in-oil nanoemulsions revealed by fluorescence lifetime correlation
spectroscopy, Langmuir 27 (2011) 12792-12799.

[13] M.P. Heitz, F.V. Bright, Rotational reorientation dynamics of xanthene dyes
within the interior of Aerosol-OT reversed micelles, Applied Spectroscopy 49
(1995) 20-30.

[14] L. Zang, C.-Y. Liu, X.-M. Ren, Photochemistry 5. Location of dyes in nanopar-
ticles and effects of semiconductor particles reverse micelles containing TiO,
on photoinduced interfacial electron transfer, Journal of Photochemistry and
Photobiology A: Chemistry 88 (1995) 47-51.

[15] E. Joselevich, I. Willner, Photoinduced electron transfer from Eosin and ethyl

Eosin to Fe(CN)63- in AOT reverse micelles: separation of redox products by
electron-transfer-induced hydrophobicity, Journal of Physical Chemistry 99
(1995) 6903-6912;
I. Willner, E. Joselevich, Light-driven electron transfer through a water-oil
interface by a shuttle photosensitizer: photoinduced electron transfer from
tributylamine to Fe(CN)63- using ethyl Eosin as a mediator in a water-
in-oil microemulsion system, Journal of Physical Chemistry B 103 (1999)
9262-9268.

[16] J.P. Fouassier, E. Chesneau, Polymérisation induite sous irradiation laser visi-
ble, 4. Le systéme éosine/photoamorceur ultra-violet/amine, Makromolekulare
Chemie 192 (1991) 245-260.

[17] K.G. Sudesh, D.C. Neckers, Laser-induced three-dimensional photopolymer-
ization using visible initiators and UV cross-linking by photosensitive
comonomers, Macromolecules 24 (1991) 4322-4327.

[18] R.Mallavia, F. Amat-Guerri, A. Fimia, R. Sastre, Synthesis evaluation as a visible-
light polymerization photoinitiator of a new eosin ester with an o-benzoyl-
a-oxooxime group, Macromolecules 27 (1994) 2643-2646.

[19] D. Burget, J.P. Fouassier, F. Amat-Gerri, R. Mallavia, R. Sastre, Enhanced activ-
ity as polymerization photoinitiators of Rose Bengal and Eosin esters with an
0-benzoyl-a-oxooxime group: the role of the excited state reactivity, Acta
Polymerica 50 (1999) 337-346.

[20] R. Popielarz, O. Vogt, Effect of coinitiator type on initiation efficiency of two-
component photoinitiator systems based on Eosin, Journal of Polymer Science
Part A: Polymer Chemistry 46 (2008) 3519-3532.

[21] M.G. Neumann, C.C. Schmitt, H. Maciel, The photopolymerization of styre-
nesulfonate initiated by dyes. The effect of monomer aggregation, Journal of
Photochemistry and Photobiology A: Chemistry 175 (2005) 15-21.

[22] M.V. Encinas, A.M. Rufs, S.G. Bertolotti, C.M. Previtali, Xanthene dyes/amine as
photoinitiators of radical polymerization: a comparative and photochemical
study in aqueous medium, Polymer 50 (2009) 2762-2767.

[23] HJ. Avens, TJ. Randle, C.N. Bowman, Polymerization behavior and poly-
mer properties of eosin-mediated surface modification reactions, Polymer 49
(2008) 4762-4768.

[24] A.Jada, ]. Lang, R. Zana, R. Makhloufi, E. Hirsch, S.J. Candau, Ternary water in
oil microemulsions made of cationic surfactants water, and aromatic solvents.
2. Droplet sizes and interactions and exchange of material between droplets,
Journal of Physical Chemistry 94 (1990) 387-395.

[25] J.Lang, A.Jada, A. Malliaris, Structure dynamics of water-in-011 droplets stabi-
lized by sodium bis(2-ethylhexyl) sulfosuccinate, Journal of Physical Chemistry
92 (1988) 1946-1953.

[26] H.A. Montejano, M. Gervaldo, S.G. Bertolotti, The excited-states quenching of
resazurin and resorufin by p-benzoquinones in polar solvents, Dyes and Pig-
ments 64 (2005) 117-124.

[27] G.R.Fleming, A.W.E.Knight,].M. Morris, RJ.S. Morrison, G.W.Robinson, Picosec-
ond fluorescence studies of xanthene dyes, Journal of the American Chemical
Society 99 (1977) 4306-4311.

[28] P. Levillain, D. Fompeydie, Determination of equilibrium constants by deriva-
tive spectrophotometry. Application to the pKas of eosin, Analytical Chemistry
57 (1985) 2561-2563.

[29] M.J. Politi, O. Brandt, J.H. Fendler, Ground- and excited-state proton transfers in

reversed micelles. Polarity restrictions and isotope effects, Journal of Physical
Chemistry 89 (1985) 2345-2354;
A. Amararene, M. Gindre, J.-Y. Le Huérou, W. Urbach, D. Valdez, M. Waks, Adia-
batic compressibility of AOT [sodium bis[2-ethylhexyl]sulfosuccinate] reverse
micelles: analysis of a simple model based on micellar size and volumetric
measurements, Physical Review E 61 (2000) 682-689.

[30] E.F. Zwicker, L.I. Grossweiner, Transient measurements of photochemical pro-
cesses in dyes. II. The mechanism of the phosensitized oxidation of aqueous
phenols by eosin, Journal of Physical Chemistry 67 (1963) 549-555.

[31] J. Chrysochoos, J. Ovadia, L.I. Grossweiner, Pulse radiolysis of aqueous eosin,
Journal of Physical Chemistry 71 (1967) 1629-1636.

[32] M.V. Encinas, A.M. Rufs, S.G. Bertolotti, C.M. Previtali, Free radical polymer-
ization photoinitiated by riboflavin/amines. Effect of the amine structure,
Macromolecules 34 (2001) 2845-2847.

[33] D.Rehm, A. Weller, Kinetics of fluorescence quenching by electron and H-atom
transfer, Israel Journal of Chemistry 8 (1970) 259-271.

[34] T. Shen, Z.-G. Zhao, Q. Yu, H.-]. Xu, Photosensitized reduction of benzil by
heteroatom-containing anthracene dyes, Journal of Photochemistry and Pho-
tobiology A: Chemistry 47 (1989) 203-212.

[35] (a) N.L. Weinberg, H.R. Weinberg, Electrochemical oxidation of organic com-

pounds, Chemical Reviews 68 (1968) 449-523;
(b) G. Ruiz, F. Rodriguez-Nieto, E. Wolcan, M.R. Féliz, Bimolecular photoinduced
electron transfer in the Marcus inverted region involving the [Re(CO)3(4-
phenylpyridine)3]+ metal-to-ligand charge transfer excited state, amines and
their corresponding radical products, Journal of Photochemistry and Photobi-
ology A: Chemistry 107 (1997) 47-54.

[36] G.J. Kavarnos, Fundamentals of Photoinduced Electron Transfer, VCH, New
York, 1993, p.39.

[37] G.Porcal, S.G. Bertolotti, C.M. Previtali, M.V. Encinas, Electron transfer quench-
ing of singlet and triplet excited states of flavins and lumichrome by aromatic
and aliphatic electron donors, Physical Chemistry Chemical Physics 5 (2003)
4123-4128.

[38] J. Sangster, Octanol-Water Partition Coefficients: Fundamentals and Physical
Chemistry, John Wiley & Sons, Chichester, 1997, p. 161.

[39] S.S. Atik, J.K. Thomas, Transport of photoproduced ions in water in oil
microemulsions: movement of ions from one water pool to another, Journal
of the American Chemical Society 103 (1981) 3543-3550.

[40] D.M. Togashi, S.M.B. Costa, Excited state quenching kinetics of zinc meso-
tetrakis (N-methylpyridinium-4-yl) porphyrin by methyl viologen in AOT
reverse micelles, Physical Chemistry Chemical Physics 4 (2002) 1141-1150.

[41] L. Zingaretti, N.M. Correa, L. Boscatto, S.M. Chiacchiera, E. Durantini, S.G.
Bertolotti, C.R. Rivarola, JJ. Silber, Distribution of amines in water/AOT/n-
hexane reverse micelles: influence of the amine chemical structure, Journal
of Colloid and Interface Science 286 (2005) 245-252.

[42] R. Bonneau, I. Carmichael, G.L. Hug, Molar absorption coefficients of transient
species in solution, Pure and Applied Chemistry 63 (1991) 289-299.

[43] S.D. Islam, Y. Yoshikawa, M. Fujitsuka, A. Watanabe, O. Ito, Studies on pho-
tochemical processes of xanthene dyes by means of the transient absorption
spectra in the visible/near-IR regions, Bulletin of the Chemical Society of Japan
71(1998) 1543-1548.



	Effect of the interface on the photophysics of eosin-Y in reverse miceles
	1 Introduction
	2 Experimental
	3 Results and discussion
	3.1 Singlet state
	3.2 Triplet state
	3.3 Triplet quenching by amines
	3.4 Radical yields

	Acknowledgments
	References


