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Solvation dynamics of 2,6-p-toluidinonaphthalene sulfonate (TNS) is studied in a large water pool (w0 ) 56)
of aerosol sodium dioctylsulfosuccinate (AOT) microemulsion inn-heptane in the absence and the presence
of a hydrophilic polymer, poly(vinylpyrrolidone) (PVP). The solvation dynamics of TNS in AOT
microemulsions without polymer is found to be biexponential with a major component of 300( 30 ps (75%)
and a slow component of 500( 50 ps (25%) with an average solvation time of 350 ps. In the presence of
a polymer (0.75 wt % PVP) in the water pool, the solvation dynamics of TNS is found to be faster with
components 70( 10 ps (75%) and 250( 25 ps (25%) and having an average solvation time of 115 ps. The
very fast solvation dynamics in the presence of 0.75 wt % PVP in the water pool is similar to that in bulk
water and is ascribed to strong binding of TNS to PVP. When the concentration of the polymer is increased
to 2.5 wt % PVP, the solvation dynamics of TNS in polymer encapsulated microemulsions is found to be
markedly slower. In the presence of 2.5 wt % PVP, the solvation dynamics in the water pool exhibits
components of 100( 10 ps (33%), 600( 50 ps (47%) and 11( 1 ns (20%), with an average solvation time
2500 ps. This clearly indicates that, at high concentration of the polymer, dynamics of the water molecules
inside the water pool of microemulsion is severely constrained.

1. Introduction

Study of water molecules in confined environments is of
fundamental importance to understand how water influences the
structure, dynamics, and reactivity in complex biological
systems. As a result, solvation dynamics in confined environ-
ments has been the subject of many recent studies.1-13 Among
the various techniques of studying relaxation dynamics of water,
ultrafast time-dependent fluorescence Stokes’ shift (TDFSS) and
the more recent three-photon echo peak shift (3PEPS) techniques
are most suitable because of their superior time resolution down
to the femtosecond time scale.1,2 Recently, several groups have
studied solvation dynamics of water in many confined environ-
ments such as cyclodextrin,1 proteins,3 DNA,4 sol-gel matrix,5

lipid vesicles,6 water surface,7 micelles,8 and reverse micelles.9,10

The most interesting feature of solvation dynamics in confined
environments, is the observation of an ultraslow component,
slower by 2-3 orders of magnitude compared to bulk water.11

Several theoretical models12 and computer simulations13 have
been applied to explain the slow component of solvation
dynamics. The slow component of relaxation in confined
systems is also detected in dielectric relaxation14 and NMR
studies15 in confined environments.

A microemulsion containing a surfactant-coated nearly spheri-
cal water droplet (“water pool”) is an elegant model of
constrained and confined water molecules.16 For the anionic
surfactant, sodium dioctylsulfosuccinate (AOT) in a nonpolar
solvent such asn-heptane, up to 50 water molecules per
molecule of the surfactant can be trapped in the form of the
water pool.16 The radius (rw) of the water pool is found to vary
linearly with the water to surfactant mole ratio,w0. In the case
of AOT, rw is approximately equal to 2w0 (in Å) in n-heptane.16b

The microemulsions have been demonstrated to be good hosts
for biological and synthetic macromolecules, such as enzymes17

and polymers.18 There is considerable recent interest to elucidate
the interaction between the polymer chains and the surfactants
in the confined environment of a water pool. The interaction
between a hydrophilic polymer (e.g., PVP or PEO) and an
anionic surfactant (e.g., AOT or sodium dodecyl sulfate, SDS)
is attractive in nature.18,19In bulk water, the attractive interaction
between PVP (or PEO) and SDS leads to the formation of
necklace-like polymer-surfactant aggregates, which consist of
spherical micelles surrounded and connected by polymer
strands.19 In the water pool of a microemulsion, interaction of
microemulsions with polymers has been studied by light-
scattering,18a,bconductivity measurements,18b,cand Kerr effect.18d

On addition of a water soluble polymer to the water pool, the
droplet-droplet attraction is modified. In some cases, addition
of polymer increases droplet-droplet attraction and, conse-
quently, causes aggregation of the droplets. This leads to an
increase in the hydrodynamic diameter.18a,bHowever, in some
other cases, addition of polymer decreases droplet-droplet
attraction and, hence, size.18c,d

There have been several studies on solvation dynamics in
the water pool of microemulsions.9-11 In the present work, we
have studied how a water soluble polymer, PVP (Scheme 1a),
affects droplet-droplet interaction and the solvation dynamics
of water molecules in AOT microemulsions. We have chosen
2,6-p-toluidinonaphthalene sulfonate (TNS, Scheme 1b) as a
probe. TNS, is a well-known probe for many biological
systems.20 In aqueous solution, the emission quantum yield (φf)
of TNS is very small (0.001), and the lifetime (τf) is also very
short (60 ps). With decrease in the polarity of the medium,φf

andτf of TNS increase rapidly, and this is accompanied by a
blue shift of emission maximum.20 On binding to various
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organized media, as the probe TNS is transferred from bulk
water to the less-polar interior of the organized media, the
emission intensity increases markedly.20 TNS has recently been
used to study solvation dynamics in many biological systems.21

Zewail et al. detected subpicosecond components in the solvation
dynamics of TNS in histone.21aPierce and Boxer21band Bashkin
et al.,21c on the other hand, reported solvation dynamics of TNS
in a 10 ns time scale in other proteins.

PVP is insoluble inn-heptane. As a result, it resides
exclusively inside the water pool of the AOT reverse micelle
or microemulsion. In aqueous solution, PVP remains in the
cationic form and, hence, exhibits very strong affinity for the
anionic species, such as TNS or AOT. We have earlier reported
strong binding of TNS to PVP in aqueous solution.23 In bulk
water, addition of PVP to an aqueous solution of PVP causes a
substantial increase in emission quantum yield (φf) and lifetime
(τf) of TNS and also a marked blue shift. Theφf of TNS in
aqueous solution increases from 0.001 in 0 wt % PVP to 0.21
in 0.75 wt % PVP.23 This suggests that the polarity of the
microenvironment of PVP is quite low.

2. Experimental Section

2,6-p-Toluidinonaphthalene sulfonate, sodium salt of TNS
(Sigma), is purified by repeated recrystallization from methanol-
water mixture. Poly(vinylpyrrolidone) (PVP,Mw ) 29 000 Da,
Aldrich) and aerosol-OT (AOT, dioctylsulfosuccinate, sodium
salt, Aldrich) were used as received. Preparation of the AOT
microemulsion is described elsewhere.9 The steady-state absorp-
tion and emission spectra were recorded in a JASCO 7850
spectrophotometer and a Perkin-Elmer 44B spectrofluorimeter,
respectively. The extinction coefficient of TNS at 300 nm is
17 300 M-1 cm-1. All measurements were done at 25°C.

For lifetime measurements, the sample was excited at 300
nm by the second harmonic of a rhodamine 6G dual jet dye
laser with 3,3’-diethyloxadicarbocyanine iodide (DODCI) as
saturable absorber (Coherent 702-1) synchronously pumped by
a CW mode-locked Nd:YAG laser (Coherent Antares 76s). The
emission was collected at magic angle polarization using a
Hamamatsu MCP photomultiplier (2809U). Our time-correlated
single-photon-counting (TCSPC) setup consists of an Ortec 935
QUAD CFD and a Tennelec TC 863 TAC. The data are
collected with a PCA3 card (Oxford) as a multichannel analyzer.
The typical fwhm of the system response is about 50 ps.

The hydrodynamic radius (r) of the polymer PVP in bulk
water is related to the translational diffusion coefficient (D) as,
D ) kT/(6πηr). The diffusion measurements of the translational
coefficient (D) of PVP in aqueous solutions were done in a
Bruker DRX-500 NMR spectrometer, using a stimulated echo-
based pulse sequence [90°-gradient pulse-90°-delay for
diffusion-90°-gradient pulse acquisition].24 The value ofD
is given by

whereI is the intensity of NMR signal,γ is the gyrromagnetic
ratio, δ and∆ are delays of 2200µs and 250 ms, respectively,
in the present case, andG is the field strength.D is obtained
from the slope of the plot of-ln(I) vs G2. For 0.75 wt %
aqueous PVP solution,D is found to be 1.89× 10-6 cm2/sec,
and for 2.5 wt % aqueous PVP solution,D is 1.53× 10-6 cm2/
sec. From this, the hydrodynamic radius (r) of PVP in bulk
water is calculated to be 1.3 nm for 0.75 wt % aqueous PVP
solution and 1.6 nm for 2.5 wt % aqueous PVP solution.

Dynamic light scattering (DLS) data were recorded in a DLS-
700 instrument (Otsuka Electronics Co. Ltd., Japan) fitted with
a 5 mW He-Ne laser, operating at 632.8 nm, by placing the
sample tube in the thermostated chamber of the goniometer.
All measurements were taken at 90°. The DLS intensity data
were processed using the instrumental software to obtain the
hydrodynamic diameter, the polydispersity index, and the
diffusion coefficient of the samples.

3. Results

3.1. Steady-State Spectra.Figure 1a shows the absorption
spectrum of TNS in 90 mM AOT/n-heptane/water microemul-

SCHEME 1. Structure of (a) PVP and (b) TNS.

I ) exp-[(γGδ)2D(∆ - δ/3)]

Figure 1. Absorption spectrum (a) of TNS in 90 mM AOT (w0 ) 56)
in the presence of 2.5 wt % PVP and (b) steady-state emission spectra
(λex ) 315 nm) of TNS in 90 mM AOT (w0 ) 56) in n-heptane in the
presence of (i) 0, (ii) 0.75, and (iii) 2.5 wt % PVP.
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sion containing 2.5 wt % PVP. The absorption spectrum is found
to be identical to those of TNS in pure water or in AOT
microemulsion containing 0 wt % and 0.75 wt % PVP.

Figure 1b shows the emission spectra of TNS in the water
pool of AOT microemulsions at various PVP concentrations.
In a small water pool (atw0 ) 4) within an AOT microemulsion
in n-heptane, the emission quantum yield (φf) of TNS is 0.14,
which is nearly 140 times that in water, and the emission
maximum is at 440 nm, which is blue-shifted by 25 nm from
that in water.20f With increase inw0, as the size and polarity of
the water pool increases, emission quantum yield of TNS
decreases and emission maximum shows a red shift.20e,f At
w0 ) 56, the emission maximum of TNS shifts to 445 nm and
φf decreases to 0.03.

At w0 ) 56, addition of PVP to the microemulsion causes a
marked increase inφf of TNS. In the water pool ofw0 ) 56,φf

of TNS rises from 0.03 in 0 wt % PVP to 0.09 for 0.75 wt %
PVP and to 0.14 for 2.5 wt % PVP. At 25°C andw0 ) 56, at
a PVP concentration higher than 2.5 wt %, the system becomes
thermodynamically unstable and the solution becomes turbid.

3.2. Time-Resolved Studies.3.2.1. SolVation Dynamics of
TNS in AOT Microemulsion in the Absence of PVP.In pure
water, the lifetime of TNS is very short (60 ps). In AOT
microemulsion atw0 ) 56, the fluorescence decays of TNS are
found to be markedly dependent on the emission wavelength
(Figure 2). At the blue end of the emission (e.g., at 390 nm),
the fluorescence decay is found to be triexponential with three
decay components of 250 ps (74%), 690 ps (20%), and 1.31 ns
(6%). However, the decay at the red end (e.g., at 530 nm) is
fitted using two decay components, 980 ps and 1.2 ns, and a
distinct rise of 250 ps. Such a wavelength dependence clearly
indicates that TNS molecules undergo solvation dynamics.
Following the procedure prescribed by Fleming and Maroncelli,2a

the time-resolved emission spectra (TRES, Figure 3) have been
constructed using the parameters of best fit to the fluorescence
decays and the steady-state emission spectrum. The TRES
clearly show a time-dependent Stokes’ shift of the emission of
TNS in AOT/n-heptane/water microemulsion solution. The
solvation dynamics is described by the decay of the solvent
correlation function,C(t), defined as

whereν(0), ν(t), andν(∞) are the peak frequencies at time 0,t,
and ∞, respectively. The decay ofC(t) for TNS in the water
pool of AOT microemulsion atw0 ) 56 is shown in Figure 4.
The decay parameters ofC(t) are summarized in Table 1. It is
apparent that for TNS in the AOT/n-heptane/water system the

decay ofC(t) is biexponential with a fast component of 300(
30 ps (75%) and a slow component of 500( 50 ps (25%). The
total Stokes’ shift of the TNS emission in the AOT/n-heptane/
water system is found to be 1670 cm-1. Following Fee and
Maroncelli,2d one may calculate the amount of solvation missed
in a picosecond setup. According to this method, the difference
between the emission frequency at time zero (νem

p (0)) and the

Figure 2. Fluorescence decays of TNS in 90 mM AOT/n-heptane/
water microemulsion in the absence of PVP at (i) 390, (ii) 420, (iii)
450, and (iv) 530 nm.

C(t) )
ν(t) - ν(∞)

ν(0) - ν(∞)

Figure 3. Time-resolved emission spectra of TNS in 90 mM AOT/
n-heptane/water microemulsion in the absence of PVP at (9) 0, (0)
150, (b) 400, and (O) 1700 ps.

Figure 4. Decay of response function,C(t), of TNS in 90 mM AOT/
n-heptane/water microemulsion in the absence of PVP. The points
denote the actual values ofC(t), and the solid line denotes the best fit
to a biexponential decay.

TABLE 1: Decay Parameters ofC(t) of TNS in the 90 mM
AOT/n-Heptane/Water System Containing 0, 0.75, and 2.5
wt % PVP

[PVP]
(wt %)

∆ν
(cm-1) a1

τ1
a

(ps) a2

τ2
a

(ps) a3

τ3
a

(ns)
〈τs〉a,b

(ps)

0 1670 0.75 300 0.25 500 350
0.75 1560 0.75 70 0.25 250 115
2.5 1460 0.33 100 0.47 600 0.20 11 2500

a (10%. b 〈τs〉 ) ∑aiτi.

Solvation Dynamics in the Water Pool J. Phys. Chem. A, Vol. 106, No. 25, 20026019



absorption frequency (νabs
p ) in a polar solvent, is approximately

equal to the difference between steady-state frequencies of
emission (νem

np) and absorption (νabs
np ) in a nonpolar solvent. So,

With the use of THF as the nonpolar solvent,νem
p (0) for TNS is

calculated to be 24 390 cm-1. From our time-resolved data for
TNS in the AOT/n-heptane/water system,νem

p (0) is found to be
23 645 cm-1 and νem

p (∞) is 21 975 cm-1. Thus, in our pico-
second setup, we have missed 31% of the total dynamic spectral
shift. It may be recalled that even in a femtosecond setup a
substantial part of the solvation is often missed. For instance,
even in a femtosecond setup, Fleming et al.2e missed about 25%
of total solvation of coumarin 343 in water.

3.2.2. SolVation Dynamics of TNS in AOT Microemulsion in
the Presence of 0.75 wt % PVP. In the presence of 0.75 wt %
PVP in AOT microemulsion atw0 ) 56, the fluorescence decays
of TNS are found to be slower with significant wavelength
dependence (Figure 5). In this case, at 390 nm, the decay
components are 330 ps (87%) and 3.25 ns (13%). At 550 nm,
two decay components of 1.40 ns and 4.65 ns and a growth
component of 150 ps were observed. The TRES of TNS in the
water pool ofw0 ) 56 and in the presence of 0.75 wt % PVP
are shown in Figure 6. The decay ofC(t) of TNS in 0.75 wt %
PVP atw0 ) 56 is found to be biexponential with components
of 70 ( 10 (75%) and 250( 25 ps (25%) (Figure 7). This
leads to an average solvation time (〈τs〉 ) a1τ1 + a2τ2) of 115
ps. The total Stokes’ shift for this case is found to be 1560
cm-1. The decay parameters are summarized in the Table 1.
Again from our time-resolved data, for TNS in the 0.75 wt %
PVP/AOT/n-heptane/water system,νem

p (0) is 23 495 cm-1 and
νem

p (∞) is 21 935 cm-1. Thus, in our picosecond setup, we have
missed 36% of the total dynamic spectral shift.

3.2.3. SolVation Dynamics of TNS in AOT Microemulsion in
the Presence of 2.5 wt % PVP.In the presence of 2.5 wt %
PVP in AOT microemulsion atw0 )56, the fluorescence decays
of TNS are found to be slower than those in 0.75 wt % PVP
with a similar and remarkable wavelength dependence (Figure
8). In this case, at 395 nm, the triexponential decay components
are 150 ps (53%), 570 ps (34%), and 6.27 ns (13%). At 530
nm, two decay components, 1.10 and 8.38 ns, and a rise
component of 130 ps are detected. The TRES of TNS in 2.5 wt
% PVP atw0 ) 56 are shown in Figure 9. The decay ofC(t) of
TNS in 2.5 wt % PVP and atw0 ) 56 is found to be
triexponential (Figure 10) with components of 100( 10 ps
(33%), 600( 50 ps (47%), and 11( 1 ns (20%). The average
solvation time for TNS in the water pool in the presence of 2.5

wt % PVP is calculated to be 2500 ps. The total Stokes’ shift
in this case is 1460 cm-1. The decay parameters ofC(t) are
summarized in Table 1. From our time-resolved data, for TNS

Figure 5. Fluorescence decays of TNS in 90 mM AOT/n-heptane/
water microemulsion in the presence of 0.75 wt % PVP at (i) 390, (ii)
420, (iii) 450, and (iv) 550 nm.

νem
p (0) ) νabs

p - [νabs
np - νem

np] Figure 6. Time-resolved emission spectra of TNS in 90 mM AOT/
n-heptane/water microemulsion in the presence of 0.75 wt % PVP at
(9) 0, (O) 50, (2) 150, and (/) 800 ps.

Figure 7. Decay of response function,C(t), of TNS in 90 mM AOT/
n-heptane/water microemulsion in the presence of 0.75 wt % PVP. The
points denote the actual values ofC(t), and the solid line denotes the
best fit to a biexponential decay.

Figure 8. Fluorescence decays of TNS in 90 mM AOT/n-heptane/
water microemulsion in the presence of 2.5 wt % PVP at (i) 395, (ii)
425, (iii) 450, and (iv) 530 nm.
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in the 2.5 wt % PVP/AOT/n-heptane/water system,νem
p (0) is

23 575 cm-1 and νem
p (∞) is 22 115 cm-1. Thus, in our pico-

second setup, we have missed 36% of the total dynamic spectral
shift in the case of 2.5 wt % PVP solution in a water pool of
w0 ) 56.

3.3 Dynamic Light Scattering.To get further insight on the
effect of PVP on the AOT microemulsion, we carried out a
dynamic light scattering study. Figure 11 shows the DLS data
for AOT at various PVP concentrations, and Table 2 summarizes
the various parameters obtained from the DLS data. It is readily
seen from Figure 11 that the size distribution in all cases is
unimodal. In the absence of PVP, the hydrodynamic diameter
of the AOT microemulsion atw0 ) 56 was found to be 24 nm.
In the presence of 0.75 wt % PVP in the water pool of AOT
with w0 ) 56, there is a marked increase in the hydrodynamic
diameter to 62 nm. When the PVP concentration is increased
to 2.5 wt % in the water pool, the hydrodynamic diameter
decreases to 31 nm.

The variation of hydrodynamic diameter of the AOT and other
microemulsions on addition of water soluble polymers has been
studied by several groups.18 It is reported that addition of
polymer to the water pool causes an increase in the size of the

droplet in some cases18a,band a decrease18c,din some other cases.
Brown et al.18a,bearlier observed nonmonotonic dependence of
electrical conductivity and hydrodynamic diameter of micro-
emulsions with increase in the concentration of a neutral
polymer, PEO. They reported that the conductivity in micro-
emulsions decreases from 0 wt % to about 1 wt % polymer
and increases at higher wt %. Also, the size of the aggregates
is found to increase on addition of PEO.18b This is ascribed to
increased droplet-droplet attraction on addition of PEO.18b In
contrast, several groups reported decrease of hydrodynamic size

Figure 9. Time-resolved emission spectra of TNS in 90 mM AOT/
n-heptane/water microemulsion in the presence of 2.5 wt % PVP at
(9) 1, (O) 200, (b) 1000, and (/) 30 000 ps.

Figure 10. Decay of response function,C(t), of TNS in 90 mM AOT/
n-heptane/water microemulsion in the presence of 2.5 wt % PVP. The
points denote the actual values ofC(t), and the solid line denotes the
best fit to a triexponential decay. Figure 11. Dynamic light scattering data of 90 mM AOT (w0 ) 56)

in n-heptane in the presence of (a) 0, (b) 0.75, and (c) 2.5 wt % PVP.

TABLE 2: Dynamic Light Scattering Data of 90 mM AOT
(w0 ) 56) in n-heptane in the Presence of Different
Concentrations of PVP

system
(wt % PVP)

hydrodynamic
diametera (nm)

diffusion
coefficienta ×
107 (cm2/sec)

polydispersity
indexb

0 24 4.60 0.30
0.75 62 1.80 0.80
2.50 31 3.50 0.40

a (10%. b (0.10.

Solvation Dynamics in the Water Pool J. Phys. Chem. A, Vol. 106, No. 25, 20026021



on addition of polymer, and this is attributed to reduced droplet-
droplet attraction.18c,d

4. Discussions

The most interesting finding of this work is the marked effect
of PVP on the solvation dynamics inside the water pool of AOT
microemulsion and, also, the nonmonotonic dependence of
hydrodynamic diameter and solvation dynamics on the PVP
concentration. The hydrodynamic diameter increases from 0 (24
nm) to 0.75 wt % (62 nm) and then decreases to 31 nm as the
polymer concentration increases to 2.5 wt %. The solvation
dynamics, on the other hand, becomes faster as one goes from
0 wt % (〈τs〉 ) 350 ps) to 0.75 wt % (〈τs〉 ) 115 ps) and then
becomes very slow at 2.5 wt % (〈τs〉 ) 2500 ps) PVP
concentration.

The solvation time of TNS in AOT microemulsion in the
absence of PVP is close to those reported earlier for other
probes.9,10 The marked increase inφf of TNS in the water pool
on addition of PVP clearly indicates that TNS binds to polymer
(PVP) and experiences an environment different from that in
the water pool without PVP.

It should be noted that the nonmonotonic dependence of
solvation dynamics in AOT microemulsion is different from
that observed recently by us for PVP in aqueous solution.23 In
bulk water, average solvation time of TNS bound to PVP is
170 ps and the solvation dynamics remains unchanged as the
polymer concentration increases from 0.75 to 2.5 wt %.23

We have noted earlier that TNS binds to PVP in the water
pool as evidenced by the marked increase inφf. The observed
solvation time of 115 ps for TNS in AOT microemulsion in
the presence of 0.75 wt % PVP is close to the average solvation
time of 170 ps for TNS bound to PVP in bulk water as reported
earlier.23 It should be noted that in the presence of 0.75 wt %
PVP the size of the AOT aggregate and, hence, the water pool
is about 2.6 times larger compared to the size of the water pool
in the absence of PVP. The increase in the size of the water
pool also may give rise to faster solvation dynamics in the
presence of 0.75 wt % PVP compared to that in the absence of
PVP.

The decrease in the hydrodynamic diameter of AOT ag-
gregates from 62 nm at 0.75 wt % PVP to 31 nm at 2.5 wt %
PVP indicates reduced droplet-droplet attraction at 2.5 wt %
PVP. As a result of the 2-fold reduction in size and more than
3-fold increase in the concentration of PVP, the population of
PVP molecules in the water pool at 2.5 wt % PVP increases
more than 6 times compared with that in a water pool with 0.75
wt % PVP. This renders the movement of water molecules
highly constrained inside the water pool in the case of 2.5 wt
% PVP compared to the dynamics in a water pool containing
0.75 wt % PVP. For this reason, solvation dynamics becomes
slower in the presence of 2.5 wt % PVP than that in the presence
of 0.75 wt % PVP in AOT microemulsion.

The number of PVP molecules per water pool may be
estimated as follows. From the molecular weight of PVP
(29 000), 2.5 wt % PVP corresponds to 0.86 mM PVP. The
aggregation number (Nagg) in AOT microemulsion depends on
w0. Forw0 ) 56,Nagg is about 1680.16a,bThus, forw0 ) 56, the
concentration of micellar aggregates and, hence, of the water
pool is 0.053 mM. If we assume the same aggregation number
(Nagg) for AOT in the presence of 0 and 2.5 wt % PVP, there
are about 16 PVP molecules per water pool in the latter. Figure
12 indicates possible locations of the TNS molecules (length
∼1.4 nm) and PVP in the water pool at various PVP concentra-
tion.

5. Conclusion

The present work demonstrates that both hydrodynamic
diameter and solvation dynamics in the water pool of the AOT
microemulsion change markedly in the presence of the polymer
(PVP) and there is a nonmonotonic dependence on the concen-

Figure 12. Schematic representation of the water pool containing (a)
0, (b) 0.75, and (c) 2.5 wt % PVP.
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tration of PVP. In a water pool, one encounters three different
situations. In the absence of the polymer, the hydrodynamic
diameter is 24 nm and the average solvation time of TNS is
350 ps. At low concentration of the polymer (0.75 wt %),
polymer-induced aggregation of droplets leads to the formation
of large droplets of diameter 62 nm, which is about 2.6 times
bigger in size compared to AOT aggregates in the absence of
PVP. In this case, TNS binds very strongly with PVP in the
water pool. As a result, the solvation dynamics probed by TNS
is very fast with solvation time of 115 ps. The solvation time
(∼115 ps) in the 0.75 wt % water pool is close to the solvation
time of TNS bound to PVP in bulk water (∼170 ps), as reported
earlier.23 At a very high concentration of the polymer (2.5 wt
%) in the AOT microemulsion, the hydrodynamic diameter
decreases to 31 nm. The presence of about 16 polymer
molecules of diameter∼3.2 nm in each water pool severely
retards the relaxation dynamics of water. As a result, in 2.5 wt
% PVP, the solvation dynamics becomes very slow with an
average solvation time of 2500 ps.
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