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Effect of a room temperature ionic liquid �RTIL� and water on the ultrafast excited state proton
transfer �ESPT� of pyranine �8-hydroxypyrene-1,3,6-trisulfonate, HPTS� inside a microemulsion is
studied by femtosecond up-conversion. The microemulsion consists of the surfactant, triton X-100
�TX-100� in benzene �bz� and contains the RTIL, 1-pentyl-3-methyl-imidazolium tetrafluoroborate
��pmim� �BF4�� as the polar phase. In the absence of water, HPTS undergoes ultrafast ESPT inside
the RTIL microemulsion �RTIL/TX-100/bz� and the deprotonated form �RO−� exhibits three rise
components of 0.3, 14, and 375 ps. It is proposed that in the RTIL microemulsion, HPTS binds to
the TX-100 at the interface region and participates in ultrafast ESPT to the oxygen atoms of TX-100.
On addition of water an additional slow rise of 2150 ps is observed. Similar long rise component is
also observed in water/TX-100/benzene reverse micelle �in the absence of �pmim� �BF4��. It is
suggested that the added water molecules preferentially concentrate �trapped� around the palisade
layer of the RTIL microemulsion. The trapped water molecules remain far from the HPTS both in
the presence and absence of ionic liquid and gives rise to the slow component �2150 ps� of ESPT.
Replacement of H2O by D2O causes an increase in the time constant of the ultraslow rise to
2350 ps. © 2010 American Institute of Physics. �doi:10.1063/1.3428669�

I. INTRODUCTION

Excited state proton transfer �ESPT� in a confined me-
dium plays an important role in many biological
processes.1–33 The photoacid, 8-hydroxypyrene-1,3,6-
trisulfonate �HPTS� �Scheme 1�a�� with a pKa�7.4 in the
ground state and 0.4 in the first excited state, has been ex-
tensively used as an ESPT probe.1–6 In bulk water, HPTS
exhibits an intense emission peak at 520 nm due to the
deprotonated form �RO−� and a weak emission peak at
430 nm due to the protonated �ROH� form.

ESPT is governed by solvation and dynamics of the ion
pair. In a nanoconfined environment, because of the re-
stricted mobility, slower solvation and proximity of the ion
pair �RO− and H+�, the primary steps of ESPT are expected
to be markedly different from that in bulk water. Fendler and
co-workers studied ESPT of HPTS in Sodium dioctylsulfos-
uccinate �Aerosole OT, �AOT�� microemulsion using a nano-
second setup.7,8 However, this work missed the ultrafast ini-
tial steps. Huppert et al.

5 studied ESPT of a similar molecule
in AOT microemulsion and considered a diffusion model in-
troduced by Agmon.1 To understand the effect of water on
the proton transfer processes, Fayer and co-workers studied
ESPT of HPTS in AOT reverse micellar system.34 They re-
ported that the rate of ESPT increases gradually on addition
of water. Douhal and co-workers4 and Jang19 studied ESPT
in the water pool of microemulsion and reported substantial
difference from bulk water. Most recently, several groups

including us applied femtosecond spectroscopy to study ul-
trafast ESPT of HPTS in other nanoconfined systems such as
cyclodextrins14–19 and polymer-surfactant aggregates.7,8,23,24

Samanta et al. reported the ESPT process of
7-hydroxyquinoline �7-HQ� mediated by methanol molecules
in room temperature ionic liquid �RTIL�.35 They further re-
ported that ESPT does not occur in neat ionic liquid. Proton
transfer in ionic liquid microemulsion is largely unexplored.
In the present work, we investigate the effect of an ionic
liquid and water on the ultrafast ESPT of HPTS in the nano-
cavity of a microemulsion using femtosecond up-conversion.

a�Author to whom correspondence should be addressed. Electronic mail:
pckb@iacs.res.in.

SCHEME 1. Structure of �a� HPTS, �b� �pmim� �BF4�/TX-100/benzene mi-
croemulsion �c� TX-100, and �d� �pmim� �BF4�.
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The microemulsion �Scheme 1�b�� consists of the surfactant
triton X-100 �TX-100, Scheme 1�c�� in benzene �bz� and
contains the RTIL 1-pentyl-3-methyl-imidazolium tetrafluo-
roborate ��pmim� �BF4�, Scheme 1�d�� as the polar phase.
HPTS, being an anionic probe, is supposed to interact
strongly with the ions of an ionic liquid. The basic issues are
whether a proton is ejected in an ionic liquid microemulsion
in the absence of water and how does addition of water af-
fects ESPT.

There are many recent reports on the formation of
micelles36–40 and reverse micelles41–47 involving RTILs. The
structure of �bmim� �BF4�/TX-100 microemulsion in nonpo-
lar solvents has been studied by small angle neutron scatter-
ing �SANS�41 and dynamic light scattering �DLS�.42–45 From
FTIR and NMR studies Gao et al. showed the presence of
trapped water molecules in the palisade layer of the RTIL
microemulsion.42,45 Eastoe et al. studied the structure of this
system using SANS.41 Their study indicates formation of el-
lipsoidal droplets with semimajor radius 2.4 nm and length
11 nm at R=1. They also found that with the increase in
mole ratio the droplets are elongated. We previously studied
solvation dynamics46 and fluorescence resonance energy
transfer �FRET� �Ref. 47� in a similar system containing the
RTIL, �pmim� �BF4� and the surfactant TX-100 in benzene.
We now investigate ESPT in this system. We also studied
deuterium isotope effect on ESPT of HPTS in microemul-
sion. Note, Fayer and co-workers studied ESPT of HPTS in
H2O and D2O.12 They observed that, in D2O, the time con-
stants of ESPT �4.5 and 210 ps� are much longer compared
to that in H2O �2.5 and 88 ps�.

II. EXPERIMENTAL

Pyranine �8-hydroxypyrene-1,3,6-trisulfonate, HPTS�
was purchased from Fluka �Scheme 1�a�� and used without
further purification. Sodium tetrafluoroborate �98%, Ald-
rich�, 1-methylimidazole �99%, Aldrich�, and
1-bromopentane �99%, Aldrich� were used for the synthesis
of the RTIL. Acetonitrile �Merck� was distilled over P2O5

and dichloromethane �Merck� was used as received. Diethyl
ether �Merck� was distilled over KOH.

The RTIL, �pmim��Br� was prepared from
1-methylimidazole and 1-bromopentane following the
sonochemical route.48 Pure �pmim� �BF4� �Scheme 1�d�� was
obtained through the metathesis of �pmim��Br� with NaBF4

in dry acetonitrile under argon atmosphere at room
temperature.49,50 For purification, the raw �pmim� �BF4� was
diluted with dichloromethane and filtered a couple of times
through a silica gel column. The filtrate was treated with
activated charcoal in an inert atmosphere for 48 h to remove
any possible trace of color. After removal of dichlo-
romethane in a rotary evaporator, �pmim� �BF4� was repeat-
edly washed with dry diethyl ether to yield the RTIL in form
of a colorless, viscous liquid.

The steady state absorption and emission spectra were
recorded in a Shimadzu UV-2401 spectrophotometer and a
Spex FluoroMax-3 spectrofluorimeter, respectively. Our fem-
tosecond up-conversion setup �FOG 100, CDP� and femto-

second laser �Tsunami pumped by a 5 W Millennia, Spectra
Physics� have been described in detail in our previous
publications.46,47

To fit the femtosecond data one needs to know the long
decay components. These were detected using a picosecond
setup in which the samples were excited at 405 nm, using a
picosecond laser diode �IBH Nanoled� in an IBH Fluorocube
apparatus. The emission was collected at a magic angle po-
larization using a Hamamatsu microchannel plate photomul-
tiplier �5000U-09�. The time correlated single photon count-
ing setup consists of an Ortec 9327 CFD and a Tennelec TC
863 TAC. The data are collected with a DAQ-1 MCA card as
a multichannel analyzer. The typical full width at half maxi-
mum of the system response using a liquid scatterer is about
90 ps. The fluorescence decays were deconvoluted using the
IBH DAS6 software. All experiments were done at room tem-
perature �293 K�.

The final fitting involved many parameters. In order to
minimize the number of parameters extracted from a single
decay, the picoseconds decays were fit to a two or three
exponentials decays. The long components thus obtained
were kept fixed to fit the femtosecond transients and only
two ultrafast components are obtained from the femtosecond
data.

In order to study fluorescence anisotropy decay, the ana-
lyzer was rotated at regular intervals to get perpendicular
�I�� and parallel �I�� components. Then the anisotropy func-
tion, r�t� was calculated using the formula

r�t� =
I��t� − GI��t�

I��t� + 2GI��t�
. �1�

The G value of the picosecond setup was determined using a
probe whose rotational relaxation is very fast, e.g., coumarin
480 in methanol. The G value was found to be 1.5.

In order to estimate the rate constants of proton transfer,
we followed a simple kinetic scheme �Scheme 2� which was
used earlier by several groups.12,13,15,16 According to this
study, the ESPT process in a photoacid �ROH� involves three
steps: initial proton transfer �kPT�, recombination �reverse or
back proton transfer� of the geminate ion pair �krec�, and
dissociation of the geminate ion pair into solvent separated
ion pair �kdiss�. The time evolution of the different species in
Scheme 2 is described by the following coupled differential
equations:13

SCHEME 2. Kinetic scheme depicting the proton transfer process in
pyranine.
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d

dt�
ROH

RO−
¯ H+

RO− � = �
− X krec 0

kPT − Y 0

0 kdiss − Z
� � �

ROH

RO−
¯ H+

RO− � ,

�2�

where

X = kPT + kROH 	 kPT,

Y = krec + kdiss + kRO−,

Z = kRO−.

As discussed earlier, individual rate constants were calcu-
lated using the amplitude and the time constants of the emis-
sion transient of ROH and RO−.12,13,15,16

III. RESULTS

A. Steady state emission spectra of HPTS

1. HPTS in neat RTIL

Figure 1 shows the emission spectrum of HPTS in the
neat RTIL, �pmim� �BF4�. It is readily seen that there is
negligible emission intensity at 520 nm. This suggests that
HPTS does not undergo ESPT in neat �pmim� �BF4�. This is
presumably because of the absence of suitable proton accep-
tor in the RTIL.

2. HPTS in microemulsion

HPTS is insoluble in TX-100/benzene in the absence of
water and RTIL, thus there is no ESPT in the TX-100/
benzene system. HPTS is highly soluble in the RTIL/TX-
100/benzene microemulsion. Figure 2 shows emission spec-
trum of HPTS in �pmim� �BF4�/TX-100/benzene
microemulsion. It is apparent that in this microemulsion
there is a distinct peak at 430 and 520 nm, respectively, due
to the ROH and RO− forms. Thus HPTS exhibits ESPT in the
RTIL/TX-100/benzene microemulsion. Since HPTS does not
exhibit ESPT in bulk ionic liquid �Fig. 1�, it seems that the
oxygen atoms of TX-100 accept proton from nearby HPTS
molecules at the interface region. Thus presence of RTIL and
associated solvation �electrostatic effects� are essential for
solubilization and ESPT of HPTS in the microemulsion. The

relative intensity of the two peaks �ROH:RO−=3:1� in the
RTIL/TX-100/benzene microemulsion is 60 times larger than
that in bulk water �1: 20�. This suggests that ESPT of HPTS
in the RTIL microemulsion is less facile than that in bulk
water.

On addition of water to this RTIL microemulsion, the
ROH /RO− intensity ratio exhibits a nonmonotonic depen-
dence on water content �w� �Fig. 2�. With increase in w, the
ratio first increases to w�2 �ROH:RO−=5.3:1�. The initial
increase in the ratio �ROH /RO− emission� indicates less fa-
vorable ESPT. It also may be noted that on addition of water
diameter of the RTIL microemulsion decreases from 32 nm
in the absence of water to 9 nm at w=3 and 8.5 nm at w
=6.46 However, we will show later that decrease in the size
of the microemulsion on addition of water is not the main
factor in slowing down of ESPT.

Above w=2, the emission intensity ratio �ROH /RO−�
decreases. For w=6, the ratio is 1.7:1 and is still �35 times
higher than that in bulk water. This indicates that the ESPT
process is more favored in the microemulsion on addition of
water �w=6� but still much less favored than that in bulk
water. The palisade layer of TX-100 is rather thick �20 car-
bon, 20 Å�41,51 and the water molecules remain trapped in the
palisade layer.42 It seems that at a very high water content
�w� HPTS in the interface region becomes accessible to wa-
ter leading to facile ESPT and lower ROH /RO− emission
ratio. In the absence of ionic liquid ��pmim� �BF4��, HPTS
displays two distinct peak in water/TX-100/benzene �w=6�
reverse micelle. The emission intensity ratio �ROH /RO−� of
HPTS in the water/TX-100/benzene reverse micelle is 2.5:1.
This is lower than that in the RTIL microemulsion in the
absence of water.

Figure 3 shows the excitation spectra of HPTS in RTIL
microemulsion with H2O monitored at �em=430 and
525 nm. It is evident that both the excitation spectra exhibit
negligible absorption at �450 nm. Thus rules out the pres-
ence of RO− in the ground state.

In summary, ESPT in RTIL microemulsion occurs be-
tween HPTS and TX-100 and the role of RTIL is to provide
electrostatic stabilization of the products �RO− and proton�.
Addition of water to the RTIL microemulsion markedly af-
fects the ESPT processes.

FIG. 1. Steady state emission spectra of HPTS in �i� water and �ii� neat
�pmim� �BF4�.

FIG. 2. Steady state emission spectra of HPTS in RTIL microemulsion. The
intensity ratio of ROH /RO− vs w plot is shown in the inset.
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3. Deuterium isotope effect on emission spectra
of HPTS in RTIL microemulsion

In RTIL microemulsion, the emission intensity of HPTS
exhibits appreciable deuterium isotope effect. In the presence
of D2O �w=3� the ratio of emission intensity �ROH /RO−� of
HPTS is 6:1. This is �1.5 times larger than that in presence
of H2O �w=3�. At w=6, the ROH /RO− ratio for D2O mi-
croemulsion �3.4:1� is two times larger than that in H2O
�w=6�. Thus replacement of H2O by D2O causes retardation
of the ESPT processes in the microemulsion.

In the D2O/TX-100/benzene reverse micellar system �in
the absence of RTIL�, the ratio of emission intensity of
HPTS is 4:1 which is �1.5 times larger compared to that in
H2O/TX-100/benzene reverse micellar system. This also in-
dicates that D2O causes a retardation of the ESPT processes
compared to H2O.

B. Time resolved studies

Time resolved study of the fluorescence decays of the
protonated form �ROH� were monitored at emission wave-
length ��em� 430 nm, and for the deprotonated form �RO−�
the decays were recorded at 540 nm.

1. RTIL microemulsion in the absence of water

Femtosecond up-conversion study of HPTS in the RTIL/
TX-100/benzene microemulsion in the absence of water re-
veals three distinct rise components for the RO− emission:
0.3, �15, and 375 ps �Fig. 4�. The 0.3 ps rise component is
due to the solvation/hydrogen bond dynamics of the HPTS
molecule.9,10,12,14,16 Similar decay components are detected
for the ROH emission. The decay of ROH emission and the
rise of RO− emission in the RTIL microenvironment are
markedly slower than those in bulk water. In a section to
follow �Sec. IV�, the rate constants �kPT, krec, and kdiss� were
calculated using the 15 and 375 ps rise components using the
kinetic Scheme 2.12,13,15,16

2. RTIL microemulsion in the presence of water

On addition of water �w=6� to the RTIL microemulsion,
apart from the fast rise components �0.3, �20, and 375 ps� a
very long rise component of 2150 ps was observed for the
RO− emission �Table I and Fig. 5�. The amplitude of the
2150 ps is approximately threefold larger than that of the
375 ps. Following previous discussion, we assign the 375 ps
rise component to the HPTS molecules at the interface be-
tween RTIL and TX-100. The very long rise component
�2150 ps� indicates that addition of water to the RTIL micro-
emulsion slows down the ultrafast ESPT process. We at-
tribute the 2150 ps component to a water molecule which is

FIG. 3. Excitation spectra of HPTS in RTIL microemulsion with H2O moni-
tored at �i� �em=430 nm and �ii� �em=525 nm.

FIG. 4. Femtosecond transient of HPTS ��ex=405 nm� in different systems
at �em=430 nm ��a�, �c�, �e�, and �g�� and 540 nm ��b�, �d�, �f�, and �h��.

194505-4 Sen Mojumdar et al. J. Chem. Phys. 132, 194505 �2010�
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quite distant from the HPTS molecule. As discussed earlier,
the water molecules remain trapped in the palisade layer of
the RTIL microemulsion.42

To study the effect of water on the rate constants, we
studied the same system at w=3. At w=3, we observed three
fast rise components �1.5, 22, and 375 ps� and a very long
rise component �2600 ps�. The long rise component
�2600 ps� at w=3 is slightly longer compared to that �2150
ps� at w=6. This indicates that ESPT at w=3 is slower than
that at w=0 and also slower than that at w=6. Thus the time
resolved studies are consistent with the steady state spectra.

The slowing down of the ESPT process in the water
containing RTIL microemulsion may be attributed to slower
solvation dynamics in a confined system and the relative
orientation of the HPTS molecule and the proton acceptor
�water molecule�. It also may be noted that on addition of
water, diameter of the RTIL microemulsion decreases from
32 nm in the absence of water to 9 nm at w=3 and 8.5 nm at
w=6.46 Note that, previously, we reported that ESPT from
HPTS to acetate inside a cyclodextrin cavity is severely re-
tarded because the acetate group does not make a direct hy-
drogen bond to the OH group of HPTS. Instead, the acetate
group remains hydrogen bonded to the two OH group of the
�-CD.15

In order to study the deuterium isotope effect on the
ESPT processes, we used same RTIL microemulsion with
D2O. At w=3, we detected two long rise components: 375
and 2600 ps �Table II�. But in the absence of water/D2O we
observed only one rise component �375 ps� in the same ionic
liquid microemulsion system. At w=6, we observed similar
two long rise components: 375 and 2350 ps. The long rise

component is slightly increased from 2150 to 2350 ps when
H2O is replaced by D2O. This indicates that the proton trans-
fer processes are slower in D2O containing RTIL microemul-
sion than the H2O containing microemulsion �Fig. 6�a��.

3. H2O/TX-100/benzene reverse micelle
in the absence of RTIL

One may argue that the slowing down of ESPT in RTIL
microemulsion may also be due to decrease in size from
32 nm in the absence of water to �9 nm in the presence of
water.46 In order to eliminate this possibility, we studied the
H2O/TX-100/benzene reverse micelle in the absence of
RTIL. Previously Schelly et al. showed that the
H2O/TX-100/benzene reverse micellar size increases on
gradual addition of water.52 In H2O/TX-100/benzene reverse
micelle �w=6�, we detected four rise components: 0.3, 14,
375, and 2050 ps �Table III�.

To study the deuterium isotope effect we studied the
same reverse micelle with D2O. In this case, we observed
four rise components: 0.3, 14, 375, and 2150 ps. The long
rise component �2150 ps� is slightly longer compared with
that �2050 ps� at H2O. This indicates that the proton transfer
processes are slower in the D2O containing reverse micelle
compare to H2O containing reverse micelle �Fig. 6�b��.

C. Fluorescence anisotropy decay

In bulk water, the intensity of fluorescence at 440 nm
�ROH� is very weak, and hence the anisotropy decay of
HPTS was monitored at 520 nm �RO− emission�. The aniso-
tropy decay in bulk water exhibits a time constant of 140 ps
�Fig. 7�.

In RTIL/TX-100/benzene microemulsion �without wa-
ter�, the anisotropy decay of HPTS �at 520 nm� is found to be
much slower �3450 ps� compared to that in bulk water. The
longer time constant in RTIL microemulsion may be ascribed
to the larger volume of the rotating species �the reverse
micelle� than that of HPTS ��1 nm� in bulk water and also
the high viscosity of the ionic liquid. In
H2O/RTIL/TX-100/benzene microemulsion �w=3�, the rota-
tion becomes faster with the time constant 2150 ps. On fur-
ther addition of water �w=6�, the rotation becomes very fast
with time constant 1850 ps. It may be noted that the average
hydrodynamic diameter of the RTIL microemulsion de-
creases from 32 nm in the absence of H2O �R=1, w=0� to
�9 and 8.5 nm, respectively, in the presence of H2O at w
=3 and w=6.46 The slightly faster rotation �1850 ps� at w

TABLE I. Decay parameters of the ROH emission �at 430 nm� and the RO− emission �at 540 nm� of HPTS in
RTIL microemulsion in the presence of H2O �R=1�.

w
�1�a1�a

�ps�
�2�a2�a

�ps�
�3�a3�b

�ps�
�4�a4�b

�ps�
�5�a5�b

�ps�

ROH �430 nm� 3 1.5 �0.007� 22 �0.003� 375 �0.047� 2600 �0.173� 3850 �0.770�
6 0.3 �0.010� 20 �0.010� 375 �0.110� 2150 �0.430� 3750 �0.440�

RO− �540 nm� 3 1.5 ��0.320� 22 ��0.870� 375 ��0.294� 2600 ��1.416� 4500 �3.900�
6 0.3 ��0.480� 20 ��1.540� 375 ��0.900� 2150 ��3.020� 4700 �6.950�

a
�1 and �2 are obtained from femtosecond data keeping �3 and �5 fixed.

b
�3, �4, and �5 are obtained from picosecond data.

FIG. 5. Picosecond transients of anionic �RO−� emission ��em=540 nm� in
RTIL microemulsion in absence �w=0� and presence �w=6� of water ��ex

=405 nm�.
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=6 may be ascribed to the smaller size �8.5 nm� of the ro-
tating species and also lower local viscosity of the water
containing RTIL microemulsion.

Note that during molecular rotation �which causes aniso-
tropy decay� a molecule sweeps a volume similar to its own
size �10 Å�. This corresponds to several layers of water and
RTIL. Thus anisotropy decay reports an average between the
HPTS molecules in two sites �one near TX-100 interface and
one a little further in the vicinity of water and RTIL�. Since
we monitored the emission at 520 nm �RO−� we are basically
monitoring the region where HPTS undergoes ESPT. Note
HPTS does not undergo ESPT in bulk RTIL and hence, there
is negligible contribution of the HPTS molecules residing in
the core of RTIL pool to the observed anisotropy decay
monitored at 520 nm.

From the phase diagram of H2O/TX-100/benzene re-
verse micelle,53 it is found that at the mole fraction of TX-
100 used in the case of H2O/RTIL/TX-100/benzene micro-
emulsion, pure H2O/TX-100/benzene does not correspond to
a single phase system. Therefore, we used a different mole
fraction of TX-100, in the absence of RTIL, so as to get a
single phase reverse micelle.

In H2O/TX-100/benzene reverse micelle �R=0, w=6�,
HPTS exhibits slow anisotropy decay �3800 ps�. The slower
rotation in this reverse micelle may be attributed due to the
high viscosity of the solution and bigger size of micelle com-
pared to that of HPTS ��1 nm� in bulk water. The
H2O/TX-100/benzene reverse micellar system �R=0, w=6�
contains two times larger amount �0.1 mol fraction� of the
surfactant TX-100 than that in the water/RTIL/TX-100/
benzene �R=1, w=6� microemulsion �0.05 mol fraction�.
The larger amount and higher viscosity of TX-100 �240 cps�

�Ref. 54� compared to that of RTIL ��135 cps� �Ref. 55�
causes the rotation to slow down in H2O/TX-100/benzene
reverse micellar system �3800 ps� compared to
H2O/RTIL/TX-100/benzene microemulsion �1850 ps�.

In the D2O containing RTIL microemulsion, the aniso-
tropy decay of HPTS is found to be slower �2050 ps� com-
pared to that in H2O containing microemulsion �1850 ps�. In
the absence of RTIL, anisotropy decay in
D2O/TX-100/benzene reverse micellar system is �4780 ps�
slower than that �3800 ps� in H2O/TX-100/benzene reverse
micellar system. The slower rotation in D2O compared to
H2O may be due to �25% higher viscosity of D2O.56

IV. DISCUSSION

In this section, we will discuss the rate constants �kPT,
krec, and kdiss� defined in Scheme 2 and Eq. �2� in different
microemulsions. Table IV summarizes the time constants of
proton transfer ��PT=1 /kPT�, recombination ��rec=1 /krec�,
and dissociation ��diss=1 /kdiss� of geminate ion pair of
HPTS.

The time constant of initial proton transfer ��PT� depends
on availability of a proton acceptor and rapid stabilization of
the ion pair through solvation. In bulk water, the time con-
stant ��PT�5 ps� is very fast because of ready availability of
proton acceptors �water molecules� and ultrafast solvation
��0.2 ps�.57 In neat RTIL, there is no ESPT because of non-
availability of proton acceptors. In the RTIL/TX-100/
benzene microemulsion in the absence of water, the time
constant of initial proton transfer ��PT�28 ps� is about five

TABLE II. Decay parameters of the ROH emission �at 430 nm� and the RO− emission �at 540 nm� of HPTS in
RTIL microemulsion in the presence of D2O �R=1�.

w
�1�a1�a

�ps�
�2�a2�a

�ps�
�3�a3�b

�ps�
�4�a4�b

�ps�
�5�a5�b

�ps�

ROH �430 nm� 3 2.6 �0.005� 33 �0.003� 375 �0.033� 2600 �0.217� 3750 �0.742�
6 0.3 �0.010� 30 �0.010� 375 �0.050� 2350 �0.350� 3800 �0.580�

RO− �540 nm� 3 2.6 ��0.390� 33 ��0.800� 375 ��0.060� 2600 ��0.330� 4600 �2.580�
6 0.3 ��1.190� 30 ��1.670� 375 ��1.030� 2350 ��4.300� 4700 �9.190�

a
�1 and �2 are obtained from femtosecond data keeping �3 and �5 fixed.

b
�3, �4, and �5 are obtained from picosecond data.

FIG. 6. Femtosecond transient of HPTS ��ex=405 nm� in �a� RTIL micro-
emulsion with H2O /D2O �w=6� and �b� TX-100/benzene reverse micelle
with H2O /D2O �w=6� at �em=540 nm.

FIG. 7. Fluorescence anisotropy decay of HPTS ��ex=405 nm� in �i� water,
�ii� RTIL microemulsion with water �w=6� �iii� RTIL microemulsion in
absence of water �w=0� and �iv� water/TX-100/benzene reverse micelle
�w=6� at �em=520 nm. Fitted curves of the decay are shown in the inset.
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times slower than that in bulk water. The initial proton trans-
fer in this system may be ascribed to proton transfer from
HPTS to the oxygen atoms of the surfactant �TX-100�.

On addition of water �w=6� to this RTIL microemulsion,
apart from the fast rise components ��20 and 375 ps� a very
long rise component of �2150 ps� was observed �Table I and
Fig. 5�. In this case, �PT �calculated using 20 and 2150 ps rise
time� is about 25 times slower ��PT�667 ps� than that in the
RTIL microemulsion without water. Thus addition of water
actually retards proton transfer. The ultraslow component
may arise from slow solvation in the confined environment
of the RTIL micromemulsion46,58,59 and difficulty in having a
water molecule at close proximity and suitable orientation. It
seems the proton acceptor �i.e., the water molecule� remains
quite distant from the HPTS molecule. Because of its nega-
tive charge the HPTS molecule resides at the interface near
and largely surrounded by the ions of the RTIL. The water
remains mostly in the palisade layer of the surfactant, hence,
their mutual distance is quite large.

At w=3, we observed similar rise components ��20,
375, and 2600 ps� but the amplitudes are different. This dif-
ferent amplitude values of the time components leads to dif-
ferent �PT. At w=3 the time constant of proton transfer ��PT�
is 833 ps �Table IV�. This indicates that the proton transfer
process is 24–30 times slower in the water containing RTIL
microemulsion compared to those in RTIL microemulsion in
the absence of water and also is 150 times slower compared
to bulk water.

The retardation of initial proton transfer on addition of
water is in sharp contrast with AOT reverse micelle observed
by Fayer and co-workers who reported an increase in the rate

of ESPT with water content.34 The difference may be attrib-
uted to the anionic AOT and neutral TX-100 surfactant and
to the presence of RTIL in our case. One might argue that the
slowing of ESPT on addition of water is because of the size.
To eliminate this possibility we studied a water/TX-100/
benzene microemulsion without RTIL. In this system also
there is a slow rise time �2050 ps� and the �PT ��333 ps� is
ten times slower than that in the RTIL microemulsion with-
out water.

In RTIL microemulsion without water, the time con-
stants of recombination ��rec� and dissociation ��diss� are
about five times longer �slower� than that in bulk water. This
may be ascribed to confinement and lower polarity of the
RTIL microemulsion.

On addition of water to the RTIL microemulsion the �diss

rapidly increases �i.e., dissociation becomes faster� about
three times and is comparable with that in the
H2O/TX-100/benzene reverse micelle. Thus presence of wa-
ter facilitates charge transfer and dissociation of the ion-pair
presumably because of higher polarity of the system.

The time constant of recombination ��rec� does not
change much on addition of water. For example �rec is about
36 ps in RTIL microemulsion without water while it is 33
and 30 ps, respectively, at w=3 and w=6. Thus addition of
water does not affect recombination. The time constant of
recombination ��rec� in water/TX-100/benzene reverse mi-
celle is 17 ps which is two times smaller than that at w=6 in
the presence of RTIL �30 ps�.

Compared to water containing microemulsions, in the
D2O containing microemulsions �w=3�, the time constants
of proton transfer ��PT� and recombination ��rec� are about
twofold slower while there is very little deuterium isotope
effect on �diss. This may be because of the fact that initial
proton transfer and recombination involve O–H �O–D� bond
while dissociation of the ion pair is controlled by electro-
static effects �polarity and diffusion�. The results are consis-
tent with a recent computer simulation.60,61

V. CONCLUSION

This work demonstrates that ESPT of HPTS does not
occur in neat RTIL and this is ascribed to the absence of
proton acceptors in RTIL. In a RTIL/TX-100/benzene micro-
emulsion, ESPT occurs readily. This is assigned to proton
transfer from HPTS to the oxygen atoms �and OH� of TX-
100. On addition of water, ESPT displays a surprisingly slow
�2150 ps in H2O and 2350 ps for D2O� component. It is

TABLE III. Decay parameters of the ROH emission �at 430 nm� and the RO− emission �at 540 nm� of HPTS
in TX-100/benzene reverse micelle in the presence of H2O and D2O �R=0, w=6�.

�1�a1�a

�ps�
�2�a2�a

�ps�
�3�a3�b

�ps�
�4�a4�b

�ps�
�5�a5�b

�ps�

ROH �430 nm� H2O 0.3 �0.010� 14 �0.010� 375 �0.110� 2050 �0.250� 3500 �0.620�
D2O 0.3 �0.010� 15 �0.010� 375 �0.090� 2150 �0.370� 3500 �0.520�

RO− �540 nm� H2O 0.3 ��0.530� 14 ��0.930� 375 ��0.680� 2050 ��2.040� 4500 �5.180�
D2O 0.3 ��0.250� 15 ��0.780� 375 ��0.490� 2150 ��1.850� 4500 �4.370�

a
�1 and �2 are obtained from femtosecond data keeping �3 and �5 fixed.

b
�3, �4, and �5 are obtained from picosecond data.

TABLE IV. Time constants of deprotonation ��PT� of the protonated species
�ROH�, recombination ��rec�, and dissociation ��diss� of geminate ion pair of
HPTS.

System
�PT

�ps�
�rec

�ps�
�diss

�ps�

Water 5 7 50
RTIL microemulsion �R=1, w=0�a 28 36 213
RTIL microemulsion �R=1, w=3� H2O 833 33 69

D2O 1266 66 69
RTIL microemulsion �R=1, w=6� H2O 667 30 65

D2O 1163 61 61
Benzene+TX-100 �R=0, w=6� H2O 333 17 86

D2O 500 20 67

aR= �RTIL�/�TX-100� mol ratio, w= �H2O�/�TX-100� mol ratio.
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proposed that the added water molecules remain distant from
HPTS in the palisade layer of TX-100. This shows that the
water pool of the H2O/RTIL/TX-100/benzene microemulsion
is fundamentally different from that in AOT microemulsion.
The structure and dynamics of water confined in RTIL mi-
croemulsion may be a fertile ground for vibrational spectros-
copy. The solutions of the differential equations correspond-
ing to Scheme 2 are given in Ref. 62.
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