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Quenching of the triplet state of safranine-O by aliphatic amines in AOT
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The photophysics of Safranine-O (3,6-diamino-2,7-dimethyl-5 phenyl phenazinium chloride) (SfH+Cl-)
was investigated in reverse micelles (RMs) of AOT (sodium bis(2-ethylhexyl)sulfosuccinate) with special
emphasis on the triplet state processes. The triplet is formed in its monoprotonated form, independently
of the pH of the water used to prepare the RMs. While the intersystem crossing quantum yields in RMs
are similar to those in organic solvents, the triplet lifetime is much longer. Since the pH in the water
pool of AOT RMs is close to 5 and the triplet state of the dye is subjected to proton quenching, the long
lifetime indicates that the dye resides in a region where it cannot be reached by protons during its
lifetime. All the measurements indicate that the dye is localized in the interface, sensing a medium of
micropolarity similar to EtOH : water (3 : 1) mixtures. The quenching by aliphatic amines was also
investigated. While the quenching by the hydrophobic tributylamine is similar to that in methanol, the
hydro-soluble triethanolamine is one order of magnitude more effective in RMs than in homogeneous
solution. In the latter case the quenching process is interpreted by a very fast intramicellar quenching,
the overall kinetics being controlled by the exchange of amine molecules between RMs. Semireduced
dye is formed in the quenching process in RMs in the di-protonated state with a comparable quantum
yield to the monoprotonated state formed in homogeneous solvents. The results point to the advantage
of the reverse micellar system for the generation of active radicals for the initiation of vinyl
polymerization, since a much lower concentration of amine can be employed with similar quantum
yields.

Introduction

Reverse micelles (RMs) and microemulsions have attracted consid-
erable interest in recent years because they can provide “nano-sized
reactors” for chemical, photochemical and biological reactions.1

Water encapsulated in such aggregates is thought to mimic water in
biological membranes and proteins.2 Aerosol OT (AOT, sodium
bis(2-ethylhexyl)sulfosuccinate) is probably the surfactant most
extensively used to form RMs. It can solubilize large amounts of
water without the aid of a co-surfactant, up to 30% depending
on the non-polar medium surrounding the RMs. The solubilized
water exhibits peculiar properties3 owing to interactions with
the polar heads of surfactant and the counter-ions. Several
investigations have shown a transition region at molar ratios w = 6–
10 (where w = moles H2O/moles AOT) between a reverse micellar
state (where water is involved in the hydration of surfactant
and sodium ion) and a microphase domain corresponding to a
water-in-oil microemulsion (where part of the solubilized water is
apparently free).4

The reactivity of substrates incorporated in RMs depends
strongly on their location in the microphases of the system. Several
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molecular probes have been used to characterize the properties of
the interface in AOT RMs.5 Most of these studies are based on the
study of the photophysical properties of synthetic dyes and their
dependence with the water : surfactant ratio (w). Safranine-O (3,6-
diamino-2,7-dimethyl-5-phenylphenazinium chloride) (SfH+Cl-,
Scheme 1) is a synthetic dye that was widely employed to character-
ize normal micelles,6 to investigate the kinetics of electron transfer
reactions in these media7 and in studies DNA-dye interactions.8 In
RMs absorption and fluorescence emission spectra of safranine-
O were determined in order to understand the localization of
the dye in the microheterogeneous domains and to determine the
properties of the microenvironment where the dye is located. Most
of these studies were carried out in AOT-heptane solutions. Since
the interfacial region is composed by the negative heads of the
surfactant, it is expected that the positive dye will remain either

Scheme 1
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close to the hydrated heads or oriented toward the bulk organic
phase. From fluorescence studies Bose et al.9 suggest that at low
w values, SfH+ does not penetrate into the reverse micellar core;
rather it binds at the interfacial region. Also, the fluorescence
quenching of SfH+ by AgCl nanoparticles has been investigated in
the W/O microemulsion medium at different [H2O]/[AOT] ratios
by Pramanik et al.10

The fluorescence quenching of Safranine-O by the inorganic
ions Fe2+, [Fe(CN)6]3- and Cu2+ was studied in AOT RMs
and microemulsions in various non-polar solvents.11 Chaudhuri
et al.12 studied the luminescence behaviour of the related dye
phenosafranine in RMs of AOT in heptane. They concluded that
the photophysical properties of the dye do not reach those in
pure water even at high w. However, the interpretation of these
results may be biased by high local concentration of the dye
and the consequent dimerization (aggregation). The temperature
dependence of the absorption spectrum of SfH+ at 6.6 ¥ 10-5 M
in water suggest that even at such a low concentration there is
dimerization of the dye.13

All these studies of the photophysics of SfH+ in RMs have
been based on the absorption and emission spectra and excited
singlet lifetime measurements. To our knowledge the triplet state
properties of SfH+ in RMs have not received attention. The effect
of microheterogeneous media on the triplet state of the dye was
investigated by Pastre and Neumann.14 The triplet state of the
dye is responsible for many useful applications of the dye, one of
the most important being its use as photoinitiator of the vinyl
polymerization.15,16 RMs have been extensively employed as a
medium for controlled polymerization.17 Since the applications of
the dye in photopolymerization systems are based on the electron
transfer reaction from electron donors to the excited triplet of
the dye, we decided to study these processes in RMs. In the
present paper we present a study of the photophysics of SfH+,
with special emphasis on the triplet state processes in AOT RMs.
In particular, the effect of the organized medium on the triplet
quenching by aliphatic amines and the quantum yield of radicals
was investigated.

Experimental

Materials and methods

Safranine-O (3,6-diamino-2,7-dimethyl-5-phenylphenazinium
chloride) (SfH+Cl-) from Aldrich (≥85%) was recrystallized from
ethanol. Sodium 1,4-bis(2-ethylhexyl)sulfosuccinate (AOT) from
Sigma was dried under vacuum over P2O5. n-Heptane and ethanol
were from Sintorgan (HPLC grade) and used as received. Water
was purified through a Millipore Milli-Q system. Reverse micelles
solutions were prepared by the addition of a small amount of
SfH+Cl- dissolved in water to a 0.2 M AOT in n-heptane. The
final analytical concentration of the dye was ca. 10-5 M. The
mean occupation number of the dye was less than 0.1. The water
micelle content, w = [H2O]/[Surfactant], was varied by adding
water at neutral pH. Triethanolamine (TEOA) and tributylamine
(TBA) both form Aldrich, were purified by vacuum distillation
before use. In the quenching experiments the TEOA was added
as a concentrated aqueous solution and as the pure compound
in the case of TBA. Due to the buffer-like action of AOT reverse

micelles18 the addition of the amine are not expected to change
the pH of the water pool, and it will remain close to 5.

Absorption spectra were obtained by using a Hewlett Packard
6453E diode array spectrophotometer. Fluorescence spectra were
measured with a Spex Fluoromax spectrofluorometer in air
equilibrated 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.19 The
samples were deoxygenated by continuous bubbling with high
purity argon. Steady state fluorescence anisotropy measurements
〈r〉 were determined with a Hitachi 2500 spectrofluorometer, with
Glan-Thomson polarizers. Fluorescence anisotropy value was
obtained using the expression

r
I GI

I GI
=

−
+

VV VH

VV VH2

where IVV and IVH are the vertically and horizontally polarized
emission components after excitation by vertically polarized light
and G is the sensitivity factor of the detection system. All
measurements were carried out at 25 ◦C.

Results and discussion

The absorption and fluorescence parameters of the dye in homo-
geneous media and in AOT/heptane reverse micelles are collected
in Table 1.

In Fig. 1 the Stoke’s shift (Dn) is plotted as a function of w. Dn
increases with increasing w until a plateau at w ~ 20 is reached.
Interestingly, the Stoke’s shift at w > 20 (~1200 cm-1) is similar to
that observed in EtOH : water (3 : 1) and much lower than that
in pure water (2200 cm-1).20 From Fig. 1 and the data in Table 1
it is apparent that as w increases the dye perceives a more polar
environment; although the medium sensed does not resemble that
of pure water, even at the larger values of w studied. These results
agree in part with previous studies9–12 which concluded that SfH+

locates near the hydrated AOT negative polar heads at the reverse
micelle interface.

Measurements of the fluorescence anisotropy can give an indi-
cation of the rigidity of the medium surrounding a fluorophore.
The anisotropy <r> was determined for the dye at different values
of w and it is shown in Fig. 2. Since the dye is located in the micellar
interface, the observed changes in the emission anisotropy can be
taken as an indication of a slight decrease of the rigidity of the

Table 1 Absorption and emission maxima wavelength, fluorescence
lifetime and Stokes’ shift (Dn) of SfH+Cl- in different media

Medium lmax(abs)/nm lmax(fl)/nm t/ns Dn/cm-1

Water 520 588 1.30 2230
MeOH 529 564 2.60 1170
EtOH : H2O (3 : 1) 533 570 2.68 1220
AOT w = 5 532 564 2.40 1070
AOT w = 20 531 568 2.15 1230

The estimated errors are ±0.05 ns in fluorescence lifetimes and ±60 cm-1 in
Dn.

This journal is © The Royal Society of Chemistry and Owner Societies 2012 Photochem. Photobiol. Sci., 2012, 11, 302–308 | 303



Fig. 1 Stoke’s shift (Dn) of SfH+Cl- fluorescence in AOT/heptane reverse
micelles as a function of the water content.

interface with increasing size of the water pool. The dependence
of the anisotropy as a function of w was investigated for the related
dye phenosafranine by Chaudhuri et al.12 and by Bose et al.9 In
both works it was also observed that the anisotropy levels-off for
w >20 at a value much higher than that observed in pure water.
Nevertheless the results differ in the initial portion of the graph.
While Chaudhuri et al. find an initial growth of the anisotropy and
a maximum near w = 10, this behaviour is not observed by Bose
et al. We also observed that the anisotropy of SfH+Cl- initially
increases and afterwards there is an abrupt decrement and a
plateau is attained at w > 20. The singlet lifetime decreases by 15%
on going from w = 5 to 20. The longer lifetime correspond to the
higher value of the anisotropy and if this is taken in consideration
the differences observed in Fig. 2 should be slightly larger. This
indicates that the changes in the rigidity of the interface sensed
by the dye are complex. In principle, a change of w from 2 to
30 should radically affect the properties of the micellar interface.
In a study of the microviscosity of AOT RMs, Hasegawa and
Kitahara21 found that the water pool is highly viscous at lower w
values and then the microviscosity rapidly decreases approaching
w = 10. Afterwards it decreases slowly, until w = 50. This is in line
with the results shown in Fig. 2. However, since in the present case
the change in anisotropy with increasing size of the water pool is
relatively small, the results suggest that the dye is probably located
in the inner region of the interface, close to the organic phase and
not in the proximity of the hydrated heads of AOT. This is further
confirmed by the results of the triplet properties of the dye in the
reverse micelles (vide infra).

Fig. 2 Fluorescence anisotropy of SfH+Cl- as a function of w in
AOT/heptane reverse micelles.

Triplet state properties

Laser excitation at 532 nm of SfH+ in the micellar media causes
the immediate appearance of a strong transient absorption in the

Table 2 Absorption maximum (lmax), absorption coefficient (e), lifetime
(t) and quantum yield (UT) of the triplet state and intersystem crossing
rate constants of safranine-O in homogeneous and AOT/heptane reverse
micelle media

Medium lmax/nm (e/M-1 cm-1) t/ms UT kisc/108 s-1

Water 805 (16200) 60 0.2820 2.15
MeOH 730 (7300), 822 (19500) 18 0.3120 1.19
EtOH : water (3 : 1) 730 (9700), 825 (25500) 41 0.3420 1.23
AOT w = 20 730, 828 103 0.31a 1.14
AOT w = 5 740, 842 114 0.33b 1.04

The uncertainty in triplet lifetime is less than 5%. Estimated errors in
absorption coefficients, triplet quantum yield and intersystem crossing rate
constants are ±20%.a With T-T molar absorption coefficients assumed to
be those in EtOH:water (3 : 1) (from ref. 20). b With T-T molar absorption
coefficients assumed to be those in EtOH (from ref. 20).

region 300–900 nm. The temporal evolution of this absorption at
w = 20 is shown in Fig. 3. The spectrum shows prominent maxima
in the 700–850 nm wavelength range along with the bleaching
of the ground state (~530 nm). This spectrum is typical of the
triplet excited state of the dye in its monoprotonated form, 3SfH+.
At this w the absorption maximum (~830 nm) is red shifted
compared to the value observed in water and similar to that
detected in EtOH : water (3 : 1).20 For comparison the properties
of the triplet state of SfH+ in different media are summarized in
Table 2.

Fig. 3 Triplet–triplet absorption spectrum of SfH+Cl- in AOT/heptane
at w = 20.

The triplet decay measured at 830 nm in the AOT micelles
follows a first order kinetics and the lifetime in micellar media
is noticeable longer than in pure organic solvents (t = 18 ms in
MeOH) as shown in Fig. 4.

Fig. 4 Decay profiles of SfH+Cl- in AOT/heptane reverse micelles (w =
20) and in MeOH at 825 nm.

The spectral characteristics are practically insensitive to the pH
of the water added to form the water pool (data not shown). This
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is not surprising, since according to Hasegawa22 AOT has a buffer-
like effect and the pH of the water pool is close to 5 regardless of
the pH adjustment procedures (NaOH/HCl or buffers). From the
observed lifetime of 3SfH+, it is apparent that the dye is not sensing
such pH. In effect, the rate constant for the quenching of 3SfH+ by
protons in water is ~1.6 ¥ 1010 M-1 s-1.23 Accordingly, the expected
lifetime of 3SfH+ at pH = 5 should be around 6 ms. However, and
independently of the pH used to form the water pool, the observed
decay time in the micellar media is always longer than 100 ms. This
clearly indicates that the dye resides in a region where it cannot be
reached by protons during its lifetime.

The T-T absorption characteristics are also a function of the
water content. In Fig. 5 the spectra in water, AOT/heptane w =
5 and AOT/heptane w = 20 are shown. The T-T absorption
maximum undergoes a clear blue shift with increasing w, from
845 nm at w = 5 to 830 nm at w = 20. This is a further indication
of an increase in the polarity of the microenvironment of the dye
with w.

Fig. 5 Normalized T-T absorption spectrum in water (blue), AOT w = 20
(black) and w = 5 (red).

Triplet quantum yield

Triplet quantum yields were estimated assuming that the absorp-
tion coefficient at 830 nm in AOT RMs (w = 20) and in EtOH :
H2O (3 : 1) is the same, ca. 25 500 M-1 cm-1.20 Solutions of matched
absorbances at 532 nm were employed and the T-T absorption at
the maximum, extrapolated at t = 0, was taken as measured of the
triplet yield. The triplet quantum yields in different media are also
collected in Table 1. From the singlet lifetime and triplet quantum
yield, the intersystem crossing rate constant kisc, can be obtained
(Table 1). It can be seen that in RMs kisc follows the same trend
as in homogeneous solvents, decreasing when the polarity of the
medium decreases.20 The lower value at w = 5 and the red shift in
the T-T absorption spectrum (lmax = 842 nm at w = 5; 828 nm at
w = 20) indicates that the dye is in a lower polarity environment at
the lower water content.

Triplet quenching by amines

Triethanolamine (TEOA) and tributylamine (TBA) have been
used as electron donor in the polymerization of vinyl monomers
photoinitiated by safranine/amine systems.16 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 in reverse micelles.

In RMs the triplet decays faster in the presence of the amines
with a first order kinetics. A typical decay of the triplet in the
presence of TEOA is presented in Fig. 6.

Fig. 6 Triplet decay of SfH+Cl- in AOT/heptane reverse micelles (w =
20) in the presence of TEOA 0.01 M.

The apparent quenching rate constant (kq) was obtained form
the triplet lifetime (measured by the T-T absorption at 825 nm) as
a function of the amine concentration according to

t-1 = ko + kq[Q]T (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 [Q]T is the
analytical concentration of the amine.

In Fig. 7 a plot of to/t vs. the analytical concentration of TEOA
is presented in AOT and in MeOH. From the slopes and triplet
lifetimes, apparent quenching rate constants kq = 2.9 ¥ 107 M-1

s-1 and 3.8 ¥ 106 M-1 s-1 were calculated for the micellar medium
and MeOH, respectively. The higher quenching 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)24 and it is expected to be totally incorporated
into the micellar pseudophase partitioning between the water
pool and the polar interface. The aggregation number of AOT
in heptane at w = 20 is 230 and the micellar concentration at 0.2
M AOT is 9 ¥ 10-4 M.25 Since, the TEOA concentration in the
quenching experiments varies from 1 ¥ 10-4 to 1 ¥ 10-3 M, the
mean occupation number by AOT is £ 1. The molar concentration
of the dye is of the order of 10-5 M and the occupation number is
very low. A quenching kinetics scheme in reverse micellar system
for a quencher totally incorporated to 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 eqn (2)–(5)26,27

[T] = [T]0exp[-C1t - C2(1 - exp(-C3t))] (2)

C k
nk k

k k1 0= +
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M

M

[ ]

[ ]
(3)

Fig. 7 Stern–Volmer plot for the triplet quenching of SfH+Cl- in
AOT/heptane RMs (w = 20) (�) and in methanol (�).
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C3 = kqm + kex[M] (5)

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

kqm � kex[M] (6)

eqn (2) reduces to

[T] = [T]0exp[-(k0 + kex[Q])t - n(1 - exp(-kqmt))] (7)

and after an initial fast decay the kinetics becomes first order with
a lifetime

t-1 = k0 + kex[Q] (8)

Condition (6) is fulfilled in the present case if kqm ≥ 106 s-1, which
is not an unreasonable value for the intramicellar quenching by a
neutral quencher.

This interpretation of the quenching mechanism, kq = kex, is
further confirmed by the value we find for kq, which is of the
same order of those reported in the literature for the exchange
rate constant between AOT reverse micelles in heptane26 and
isooctane.27

The quenching by TBA was also investigated. In homogeneous
media this amine behaves as a better quencher of the dye triplet
state than TEOA.28 However, as shown in Fig. 7, TBA is much
less efficient quencher in the micellar medium, always in terms
of the analytical concentration. 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.29

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.

Interestingly, as can be seen in Fig. 8 the quenching by TBA
shows a downward curvature. A similar behaviour was previously
observed for the quenching of phenosafranine by aliphatic amines
in methanol.30 It was explained by a quenching mechanism with
the participation of a reversible proton transfer step in the triplet
excited state. An alternative explanation in the present case is a

Fig. 8 Triplet quenching of SfH+Cl- triplet by TEOA and TBA in
AOT/heptane (w = 20).

binding process of the amine to the interface. In this case the
downward curvature in the quenching by TBA could be due to the
partial saturation of the interface by the amine.31

Transient species in the quenching of 3SfH+ by TEOA

In Fig. 9 the transient absorption spectra of the dye in the
presence of TEOA in AOT/heptane (w = 20) and in EtOH : H2O
(3 : 1) are shown. As discussed above, in the latter solvent the
photophysical properties of the singlet state and the maximum of
the T-T absorption spectrum are similar to those in AOT RMs.
Therefore, the polarity of the microenvironment in the RMs may
be considered similar to those in the homogeneous mixture. These
spectra are taken at the same initial absorption of the dye at 532 nm
and with concentration of TEOA that in both cases produces near
total quenching of the triplet at the time at which the spectra are
taken. At these times, the remaining absorption has not decayed.
Nevertheless, as can be seen in Fig. 8 the long time absorption
spectrum in RMs differs in both position and intensity from that
in the homogeneous solvent mixture.

Fig. 9 Transient difference absorption spectrum at 10 ms after the laser
flash in EtOH : H2O (3 : 1 w/w) (black) and at 40 ms in AOT/heptane at
w = 20 (red). TEOA concentrations are 0.1 M and 0.01 M respectively.

In Table 3 are given the spectral characteristics of the transient
species formed in AOT reverse micelles together with those in
homogeneous solvents for comparison. From the data in the table
the transient species in the different media can be recognized. The
spectrum in EtOH:H2O mixture presents two maxima at ~420 and
~580 nm which can be ascribed to the monoprotonated form of
the semireduced dye SfH∑ by analogy with the reported absorption
spectra of this species in aqueous solution.32 The protonated
semireduced dye is formed by a proton transfer process to an amine
(A), yielding the unprotonated form of the triplet dye, which in
turn undergoes an electron transfer reaction with a second amine
molecule.

3SfH+ + A → 3Sf + AH+

3Sf + A → SfH∑ + A(-H)∑

Table 3 Summary of the absorption characteristics of the semireduced
safranine-O

Medium Species lmax/nm e/M-1 cm-1

H2O (pH = 11) SfH∑ 420, 59032 15500, 3300
H2O (pH = 6) SfH2

+ ∑ 400, 65032 6900, 9900
EtOH : H2O (3 : 1) SfH∑ 430, 580 [this work] 11600, 4000
AOT w = 20 SfH2

+ ∑ 410, 680 [this work] 6700, 7000
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The last step involves a fast in-cage proton transfer from the amine
radical cation to the unprotonated radical of the dye.28

On the other hand, in AOT RMs the transient absorption
spectrum shows two maxima at ~410 and ~670 nm. The di-
protonated semireduced form of the dye SfH2

+∑ may be responsible
for these bands by comparison with the spectrum of this species
in water at pH 6 with maxima at 400 and 650 nm.32 It may be
originated in a proton donation from the amine radical cation,
yielding SfH2

+∑ and the neutral amine radical.

3SfH+ + A → SfH∑ + A∑+ → SfH2
+∑ + A(-H)∑

Fig. 10 shows the time profile of the transient absorption in the
presence of TEOA.

Fig. 10 Transient absorption in AOT RMs w = 20 in the presence of
TEOA 0.01 M. Inset: spectrum observed at 40 us showing depletion of the
dye ground state.

The semireduced dye quantum yield can be estimated from the
transient absorption and the absorption coefficients listed in Table
2. Radical quantum yields were obtained according to

F D
D

FR
R T

T R
T=

A

A

e
e

(9)

Here DAR is the long time absorption remaining after the triplet
decay in the presence of TEOA measured at 410 nm, DAT is the
prompt T-T transient absorption measured at 830 nm immediately
after the laser pulse, eR and eT are the respective absorption
coefficients and UT is the triplet quantum yield in the absence
of the amine.

In order to determine UR by means of eqn (9), the absorption
coefficients of the radical in all media are necessary. They were
determined by the ground state depletion (GSD) method.33

The transient negative difference absorbance at the maximum
wavelength of the ground absorption, DAG, was compared with the
absorption at the maximum of the spectrum of the semireduced
dye, DAR, with the aid of eqn (10).
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A
(10)

In eqn (10) eR and eG are the molar absorption coefficients of
the radical and ground state respectively, at the wavelengths of
maximum absorbance.

As an example, the transient absorption spectrum of the
radical generated in AOT RMs and the normalized ground-state
absorption spectrum are shown in the inset of Fig. 10. It can be seen

that the bleaching in the region around the maximum matches the
ground-state absorption, as required for the appropriated usage
of the GSD method.

In this way values of 0.14 for SfH2
+∑ in AOT at w = 20 and TEOA

0.01 M and 0.31 for SfH∑ in EtOH : H2O (3 : 1) with TEOA 0.1
M were obtained. The lower radical yield in the reverse micellar
system may be due to the predominance of the recombination
reaction, in view of the positive charge of the radicals that retains
them in the interface at a high local concentration. In spite of the
quantum yield being lower in the reverse micellar system it must
be considered that the amine concentration used is ten times lower.
It is important to point out that the yields actually measured 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.

Summing up the results, the quenching mechanism by TEOA in
AOT reverse micelles can be represented by the following scheme:

SfH+ + hn → 3SfH+ (A)

3SfH+ + TEOA → SfH∑ + TEOA+∑ (intermicellar quenching) (B)

SfH∑ + TEOA+∑ → SfH2
+∑ + TEOA(-H)∑ (C)

SfH2
+∑ + TEOA+∑ → SfH+ + TEOA + H+ (D)

Reactions (C) and (D) are intramicellar processes. The last step is
a back reaction included in order to explain the low value of the
radical yield compared with the triplet quantum yield.

In summary, in AOT RMs the mono protonated triplet of
safranine-O is formed with similar quantum yield than in organic
solvents. A remarkable difference is observed in the quenching
by aliphatic amines, while the quenching by hydrophobic tri-
butylamine follows a similar trend as in methanol, the hydrosol-
uble tri-ethanolamine is one order of magnitude more effective in
the RMs than in homogeneous solution. In this case semireduced
dye is formed in different protonation state in the RMs but with a
comparable quantum yield at a concentration of amine ten times
lower. In homogeneous photopolymerization an inhibitory effect
of the amine coinitiator at high concentrations was observed.34

The present results point to the advantage of the reverse micellar
system for the generation of active radicals for the initiation of
vinyl polymerization.
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