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Solvation dynamics of 4-aminophthalimide (4-AP) in water-in-oil microemulsion of Triton X-100 (TX) in
mixed solvents containing 30% benzene and 70%n-hexane is studied using picosecond time-resolved Stokes
shift. The steady-state emission spectrum of 4-AP in this microemulsion is very different from that in TX
reverse micelle or in water. This indicates that in this microemulsion the 4-AP molecule stays in the water
pool and the micropolarity of the water pool is very much different from that of ordinary bulk water. In TX
microemulsions 4-AP exhibits wavelength-dependent fluorescence decays and a growth in the nanosecond
time scale at long wavelengths. The solvation dynamics of 4-AP in TX microemulsion is bimodal with a
short component of 0.74 ns and a very long component of 29.73 ns. This is similar to the solvation dynamics
of coumarin 480 in the large water pools of sodium dioctyl sulfosuccinate (AOT)/n-heptane/water
microemulsions.

Introduction

Water molecules confined in nanodimensional environments
play a fundamental role in many natural and biological
processes. Ordinary water molecules exhibit solvation dynamics
in the subpicosecond time scale.1 However, in many organized
media such as cyclodextrins,1a,breverse micelles,2a-c or micelles,2d

the solvation dynamics of water molecules occurs in a time scale
slower by several orders of magnitude. Recent dielectric
relaxation and pulsed NMR studies of the biological systems
reveal that while the dielectric relaxation time of ordinary water
is about 10 ps, in many biological systems the dielectric
relaxation of water is bimodal with a fast component of about
10 ps and a 1000 times slower component of about 10 ns.3 The
solvation time differs from the dielectric relaxation time by a
factor of ε∞/ε0, whereε∞ andε0 are respectively the dielectric
constants at high and zero (static) frequencies.4 The 1000 times
slower dielectric relaxation time and the 2-3 times lower static
polarity (ε0) of the organized assemblies compared to water
cause the dramatic reduction in the solvation dynamics. The
bimodal dielectric relaxation behavior of water in the organized
assemblies was initially attributed to the presence of two kinds
of water molecules, “bound” and “free”, relaxing respectively
in the nano- and picosecond time scales.3 However, very
recently Nandi and Bagchi proposed a model according to which
the slow component of the dielectric relaxation arises not from
the inherent slowness of the bound water molecules but from
the equilibration between the bound and free water.1c Surpris-
ingly, in the case of semirigid gel (orthosilicate5a and
polyacrylamide5b) with very high bulk viscosity, it is observed
that the solvation dynamics is very fast and occurs in the time
scale of less than 50 ps.5

The water-in-oil microemulsions have recently been demon-
strated to be an excellent system to study the relaxation behavior
of water molecules in confined environments.2a-c In nonpolar
media many surfactants aggregate with their polar group

pointing inward to form a reverse micelle. On addition of water
initially the polar headgroups of the surfactants get hydrated.
On further addition of water the water pool is formed. Such a
system containing nanodimensional water droplets (“water
pool”) enclosed by a layer of surfactant molecules and dispersed
in a nonpolar hydrocarbon is known as a microemulsion.6-8

Earlier works on solvation dynamics in microemulsions are
restricted to an ionic surfactant, sodium dioctyl sulfosuccinate
(AOT).2 In the AOT microemulsion the abundant water
molecules appear to be the best candidates for solvating an
instantaneously created dipole. However, in view of the recent
reports on nanosecond ionic solvation,9 one cannot rule out
solvation by the sodium ions present in the water pool of a
microemulsion. To eliminate the role of the ions, it is necessary
to study solvation dynamics in a microemulsion comprising of
neutral surfactants. Fortunately, several microemulsions based
on neutral surfactants have been reported, recently.8 Of these,
the microemulsions involving Triton X-100 (TX) in a mixture
of 30% benzene and 70%n-hexane have been reported to
solubilize very high amounts of water.8a,b The hydrodynamic
diameter of 0.27 M TX in benzene/n-hexane mixture (3:7, v/v)
increases from 7.2 nm in the absence of water to about 18 nm
in the presence of water at a water to TX ratio,R, equal to 5.
For R > 8, the hydrodynamic diameter increases steeply, and
above 9 the solution becomes turbid due to the phase
separation.8a,b The TX microemulsion has been studied so far
by dynamic light scattering, turbidity measurements, and
absorption spectroscopy of solvatochromic dyes.8 In the present
work, we report on the solvation dynamics of 4-aminophthal-
imide (4-AP) in TX microemulsions in benzene/n-hexane
mixture.

Experimental Section

4-AP (Kodak) was purified by repeated recrystallization from
a 1:1 alcohol-water mixture. All solvents were of spectroscopy
grade and were distilled before experiment. Triton X-100 (TX,
Aldrich) was used as received. The TX microemulsions in 30%
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benzene and 70%n-hexane were prepared using literature
procedure.2,8 Briefly, solid 4-AP was added to a 0.27 M TX
solution in benzene/n-hexane mixture, and then the requisite
amount of water was added by a microliter syringe. The laser
system and the single-photon counting apparatus are described
in earlier publications.2b-d The response time of the setup was
about 60 ps. The fluorescence decays were deconvoluted using
the global lifetime analysis software (PTI). Since the decays
are biexponential with one component<1 ns and another of
∼10 ns, the decays were recorded at different full scales (48
and 6 ns). The wavelength of excitation for the time-resolved
studies was 300 nm.

Results

Steady-State Emission. In aqueous solution, emission of
4-AP is very weak with emission maximumλem

max ) 550 nm
and quantum yieldφf ) 0.01, while in a nonpolar medium (e.g.,
dioxane) 4-AP shows intense emission withλem

max ) 435 nm
andφf ) 0.7.2c,10 4-AP is very sparingly soluble in benzene/
n-hexane mixture (3:7, v/v), and the trace amount of 4-AP
present exhibits an emission maximum at around 425 nm. In
0.27 M TX in 30% benzene/70%n-hexane mixture, 4-AP
displays strong emission withλem

max ) 490 nm,φf ) 0.42, and
negligible intensities in the 410-430 nm region (Figure 1). This
indicates that in the presence of TX, almost all the 4-AP
molecules reside in the relatively polar region within the reverse
micelle. On addition of water to the TX reverse micelles at a
water-to-surfactant ratioR) 5, the emission maximum of 4-AP
shifts to 510 nm and the quantum yield decreases nearly 3 times
to 0.13 (Figure 1). However, even atR ) 5, λem

max of 4-AP is
blue-shifted by 40 nm andφf is 13 times higher compared to
those in ordinary water. This indicates that the water pool of
the TX microemulsions is substantially less polar than ordinary
water. This is consistent with the earlier micropolarity measure-
ments of this microemulsion using a solvatochromic betaine
dye.8a It may be noted that position of the emission maximum
of 4-AP in TX microemulsions is close to that intert-butyl
alcohol.10

Time-Resolved Emission. In the TX reverse micelles and
microemulsions, the fluorescence decays of 4-AP are found to
be wavelength-dependent. At the blue end (440-490 nm), only
a fast decay is observed, while at the red end (500-650 nm),
the decays are much longer and are preceded by a growth in
the nanosecond time scale (Figure 2). Such a wavelength
dependence of the fluorescence decays indicates that 4-AP

exhibits time-dependent Stokes shift in the TX reverse micelles
and microemulsions. In the TX reverse micelles, in the absence
of water, the lifetime of 4-AP is very long (∼20 ns) and the
maxima of the time-resolved emission spectra exhibit very poor
convergence. Thus the present discussion is restricted to TX
microemulsions withR ) 5, which corresponds to reasonably
large water pools. From the parameters corresponding to the
best fits to the fluorescence decays, time-resolved emission
spectra (Figure 3) are constructed and the emission maxima at
different times are extracted by fitting to a log-normal function
following the procedure of Fleming and Maroncelli.4a Using
the emission frequenciesν(0), ν(t), andν(∞) at time 0,t, and
∞, respectively, the solvent response functionC(t), defined by

Figure 1. Emission spectra of 4-AP in (a) water, (b) 0.27 M TX in
benzene/n-hexane (3:7, v/v),R ) 0, and (c) 0.27 M TX in benzene/
n-hexane (3:7, v/v),R ) 5.

Figure 2. Fluorescence decays of 4-AP in 0.27 M TX in benzene/n-
hexane (3:7, v/v),R ) 5, at (a) 600 nm, (b) 510 nm, and (c) 450 nm.

Figure 3. Time-resolved emission spectra of 4-AP in 0.27 M TX in
benzene/n-hexane (3:7, v/v),R ) 5, at (a) 0 ps(b), (b) 325 ps (O), (c)
1000 ps (*), (d) 10 000 ps (1) and (e) 50 000 ps (4).

C(t) )
ν(t) - ν(∞)

ν(0) - ν(∞)
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is constructed. Finally, the solvation times are obtained from
the decay ofC(t) with time (Figure 4). The decay characteristics
of C(t) are summarized in Table 1. It is readily seen that the
solvation dynamics of 4-AP in the TX microemulsion is
biexponential with one component of 0.74 ns and another of
29.73 ns.

Discussion

The steady-state emission spectra of 4-AP in TX microemul-
sion (λem

max ) 490 nm) is very much different from that in
benzene/n-hexane mixture (λem

max) 425 nm). Thus it is evident
that in the TX microemulsion 4-AP experiences a highly polar
microenvironment which is very much different from the
hydrocarbon (benzene/n-hexane) region of the microemulsion
and that the probe 4-AP molecules are located in the inner water
pool of the microemulsion. Though aromatic hydrocarbons are
known to cause solvation dynamics,11a,b in this case, solvation
by benzene can be ruled out because the probe 4-AP molecule
resides inside the water pool away from benzene. Since in the
polar water pool of TX microemulsions no ions are present,
the role of ionic solvation in the nanosecond solvation dynamics
observed in the microemulsions, also, appears to be minor. We
have studied solvation dynamics of 4-AP in the TX microemul-
sions in benzene/n-hexane mixture in the presence of 0.4 M
CaCl2 and found that the dynamics is almost identical to that
in the absence of the salt. This once again demonstrates the
very minor role of ionic solvation in the overall solvation
dynamics in the microemulsions. The observed nanosecond
solvation dynamics seems to be due to the water molecules and
the polar headgroups of the surfactant (TX) molecules. It may
be recalled that the observed bimodal solvation dynamics is
similar to that observed for coumarin 480 in large water pools
of the AOT microemulsions.2c For AOT microemulsions
containing large water pool of radius∼64 Å, the solvation
dynamics of coumarin 480 exhibits two components, one of
∼2 ns and another of∼12 ns.2c In the present case of 4-AP, in
the TX microemulsion, the two components are respectively
0.74 and 29.73 ns. It is readily seen that both the components
are very much slower than the relaxation time of ordinary water.
The fast component (0.74 ns) is actually quite close to the
solvation dynamics observed in Triton X-100 micelles in water

(0.72 ns for 4-AP2e and 1.46 ns for coumarin 4802d). Thus the
fast component can be attributed to the water molecules in the
water pool. The very slow component of about 30 ns is rather
intriguing. Following Nandi and Bagchi,1c one may be tempted
to ascribe the bimodal decay with 0.74 and 29.73 ns components
to the equilibrium between the free and bound water.1c

However, in the present case, one cannot rule out totally the
effect of the polar headgroups of the surfactant molecules. The
chain dynamics of the polymers occurs in the time scale of 100
ns.11c If, accordingly, one assumes a dielectric relaxation time
of 100 ns for the surfactants, a 30-ns component of solvation
dynamics may very well result because, as discussed earlier,
for such systems,ε∞/ε0 ≈ 4-6.2c

Conclusions

The present work shows that 4-AP is a sensitive fluorescent
probe for the microenvironment of the TX microemulsions.
From the steady-state and time-resolved studies, it is inferred
that the probe 4-AP molecule is located in the water pool inside
the microemulsions. The wavelength-dependent emission de-
cays and the time-resolved Stokes shift indicate that the solvation
dynamics of 4-AP in the water pool of TX microemulsion is
bimodal with two components of 0.74 and 29.73 ns. The fast
component is attributed to the water molecules present in the
water pool. The very long component may be due either to an
equilibrium between the free and bound water in the confined
water pool or to the dynamics of the polar headgroups of the
surfactant molecules. Since the observed dynamics of 4-AP in
TX microemulsions is very similar to that in the microemulsion
containing ionic surfactants,2a-c it appears that the role of ionic
solvation in the solvation dynamics in the confined water pool
is rather minor.
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TABLE 1: Decay Characteristics of the Solvent Response
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