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Abstract

Spectral characteristics of 2-(4�-N,N-dimethylaminophenyl)pyrido[3,4-d]imidazole (DMAPPI) have been studied in
AOT/n-heptane/water reverse micelles at w0�0. Absorption, fluorescence excitation and fluorescence spectra have
revealed that the monocation (MC) of DMAPPI, protonated at the imidazole nitrogen (MC2) (Scheme 2) is present
in the S0 state at w0=0, along with the MC, protonated at pyridine nitrogen (MC3) and only normal emission is
observed from both MC2 and MC3. With increase in w0 (water amount), the equilibrium is shifted towards the MC,
protonated at �NMe2 group (MC1) and MC3 in the S0 state. Biprotonic phototautomerism is observed in MC1 to
generate MC2 in the S1 state. The twisted intramolecular charge transfer (TICT) emission replaces the normal
emission in MC3. All the MCs are present near the anionic polar head group of AOT in the bound water region.
© 2001 Elsevier Science B.V. All rights reserved.

www.elsevier.com/locate/saa

1. Introduction

Acid–base properties of the aromatic com-
pounds, specially heterocyclic molecules, contain-
ing one or more than one heteroatoms are always
of interest in chemistry and biochemistry [1–8]. It
is well known that the acid–base properties of the
organic molecules in their excited singlet (S1) state
differ considerably from those in the ground (S0)
state, leading to interesting proton transfer reac-
tions. The utility of such a behaviour in organic

photochemistry has been reviewed recently [9] and
the acid–base property of these molecules has
been used to probe the characteristics of macro-
molecules [10–13].

Scheme 1. Structural formulas of the neutral and monocations
of aminophenyl or N,N-dimethyl derivations of benzazoles.
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Scheme 2. Physical parameters of the monocations of DMAPPI, obtained by using AM1 calulations.

Our laboratory has been active nearly for two
decades in studying the spectral characteristics of
the various prototropic species of heterocycles
with either one or two basic centres [14]. The
prototropic studies carried out on 2-(4�-
aminophenyl, AP) and 2-(4�-N,N-dimethy-
laminophenyl, DMAP) benzimidazole (BI),
[15–17] benzoxazole (BO) [18,19] and benzothia-
zole (BT) [20,17] (Scheme 1) have shown the
formation of two kinds of monocations (MCs) in
both S0 and S1 states, i.e. MC1 is formed by
protonating �NH2 or �N(CH3)2 group and MC2
is obtained by protonating =N� atom of imida-
zole ring. The relative populations of MC1 and
MC2 depend upon the electronegativity of the
benzazole ring and the polarity of the solvents.
For example, the major component in the BIs is
MC2 and its proportion decreases if BT and BO
replace BI in the given order. Further in the polar
solvents MC1 (large polar) is more predominant,
whereas MC2 (less polar) is predominant in the
non-polar solvents.

We have extended this study to DMAPPI
(Scheme 2) [21] with the aim that the introduction
of one more electronegative atom (N) will in-
crease the electron withdrawing nature of the BI

ring and thus facilitate the formation of TICT
state. Further, our earlier studies [15–20] on the
MCs of benzazoles have shown that the forma-
tion of the TICT state was inhibited by preventing
either the charge flow from DMAP group in MC1
or the free rotation of �NMe2 group in MC2.
Hopefully the formation of MC3 will allow the
charge flow from �NMe2 group and thus will
increase the fluorescence intensity of the TICT
emission from MC3. These studies have shown
that in aqueous medium, MC1 and MC3 are
formed in the S0 state. On the other hand, MC2
and MC3 are present in the S1 state. MC2 is
formed in the S1 state from MC1 by biprotonic
phototautomerism. MC3 is emitting from the
TICT state and not from the locally excited (LE)
state. The relative populations of the MCs depend
upon the polarity of the solvents. AM1 semi-em-
pirical quantum mechanical calculations, how-
ever, predicted the relative populations of these
MCs in the order of MC2�MC3�MC1 in the
S0 state under isolated conditions (gas phase or in
non-polar solvents) [21] (Scheme 2). We could not
establish this prediction, as the ionic species so
formed in DMAPPI are insoluble in non-polar
solvents. Our study in cyclodextrins (both �- and
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�-cyclodextrin) [22] have shown that the relative
population of MC3 increases in comparison to
MC1 (with respect to aqueous medium). Thus
MC1 and MC3 are present in the S0 state,
whereas MC2 and MC3 are present in the S1

state. In other words, the polarity of the cyclodex-
trin cavity (similar to that of alcohols) is not
non-polar enough for the formation of MC2 in
the S0 state and observation of the emission from
the LE state of MC3.

The structure, equilibrium and dynamics of the
confined environments and at various interfaces
play a crucial role in many biological and natural
processes [23,24]. It is known that reverse micelles
are interesting models for biological membranes
[25]. Reverse micelles are formed by dissolving
surfactant molecules in non-polar solvents with
non-polar part pointing outward. A remarkable
property of the reverse micelles is that it can
solubilise large quantities of water to form a
spherical pool in the centre of the reverse micelle.
The water pool in the reverse micelle has been
extensively employed as a reaction medium for
enzomolysis [26] and models for water molecules
confined in biological systems [27]. As the water/
surfactant molar ratio (w0) increases, besides the
hydrodynamic radius of the spherical aqueous
micellar core, the microviscosity and polarity of
the water pool varies monotonically with w0

[28,29]. In anionic reverse micelles of AerosolOT
(AOT, sodiumbis(2-ethylhexyl)sulphosuccinate)
the pKa value for the acid–base equilibrium in-
creases in comparison to that in aqueous medium
because of the acidity of the medium [26]. So the
present study on DMAPPI in AOT/n-heptane/
water reverse micelles was carried out from two
angles — (i) whether MC2, as predicted by AM1
calculations, is formed in this medium or not in
the S0 state in the less polar environments of the
reverse micelles; and (ii) to see whether any nor-
mal emission is observed from the LE state of
MC3.

2. Materials and methods

DMAPPI was prepared from 3,4-diaminopy-
ridine and p-(N,N-dimethylamino)benzoic acid by

the procedure as reported in literature [30]. The
compound was purified by repeated crystallisation
from aqueous methanol. The purity was checked
by TLC and verifying that the fluorescence excita-
tion spectrum in cyclohexane was identical when
emission was monitored at different wavelengths.
AOT (99%) from sigma was used without further
purification. AnalaR grade n-heptane (Sisco Re-
search Laboratory) was further purified by the
procedure given in the literature [31]. Solvents
were checked for spurious fluorescence in the
region of fluorescence measurements. To freshly
prepared solutions of DMAPPI in AOT reverse
micelles in heptane, triply distilled water was
added, and solubilised by gentle shaking. The
instrument used to record absorption, fluores-
cence and fluorescence excitation spectra and the
procedure used to determine fluorescence quan-
tum yield (�fl) have been described elsewhere
[19,21].

3. Results

3.1. Absorption spectrum

Absorption spectrum of DMAPPI has been
studied by varying the water amount in AOT
concentrations of 0.09, 0.36 and 0.54 M. The
relevant data are compiled in Table 1. Fig. 1a
depicts the effect of water concentration at differ-
ent w0 in 0.54 M AOT. Unlike the absorption
spectrum of the neutral DMAPPI in water at pH
9.5 (absorption band maximum; �max

ab =335 nm),
a large red shifted �max

ab is observed at 364 nm at
all the concentrations of AOT in w0 equal to zero.
The �max

ab is slowly red shifted with the decrease in
the absorbance when w0 is increased. A nice isos-
bestic point is observed at 370 nm in the absorp-
tion spectrum at all the concentrations of AOT
studied at varying w0 (Fig. 1a). The effect of
varying AOT concentration is also studied at
w0=0, 3.1, 6.2 and 18.5. Fig. 1b shows the effect
of AOT concentrations at w0=6.2. The data at
all the w0 values are compiled in Table 2. For a
particular value of w0, the �max

ab is independent of
AOT concentrations. At w0=0, the absorbance at
�max

ab increases with increase of AOT concentra-
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Table 1
Absorption band maxima (�max

ab , nm), absorbance at �max
ab (A), fluorescence excitation band maxima (�max

ex , nm), fluorescence band maxima (�max
fl , nm) and fluorescence quantum yield (�fl) of MCs of DMAPPI in

AOT/heptane/water reverse micelle at various values of w0 and at different concentration of AOT along with neat watera

[AOT]=0.09 Mw0 [AOT]=0.36 M [AOT]=0.54 M

�max
ab (A) �max

ex �max
fl (�fl) �max

ab (A) �max
ex �max

fl (�fl)�max
ex�max

ab (A) �max
fl (�fl)

a b c d a b c da b c d

364 (0.176) 357 373 397 (0.80) 453 (0.24) 364 (0.178) 357396 375372 (0.98) 400 (0.67) 455 (0.23)450 (0.20)0 364 (0.173) 356
365 (0.170) 338 375 394 (0.20) 491 (0.09) 365 (0.166) 3373.1 376365 (0.171) 397 (0.19) 490 (0.085)340 373 393 (0.26) 489 (0.11)
366 (0.168) 330 376 398 (0.15) 498 (0.048) 366 (0.164) 332496 (0.055) 3776.2 400 (0.14) 500 (0.044)397 (0.20)374337366 (0.169)

500 (0.035)367 (0.168) 367 (0.167) 328 377 399 (0.12) 502 (0.027) 367 (0.163) 331 378 401 (0.11) 502 (0.023)335 375 399 (0.15)9.3
367 (0.165) 326 378 402 (0.094) 503 (0.023) 368 (0.162) 328502 (0.026) 37912.4 403 (0.088) 503 (0.020)400 (0.13)376332367 (0.167)
368 (0.164) 325 379 404 (0.077) 504 (0.020) 369 (0.161) 32618.5 379368 (0.166) 404 (0.074) 504 (0.018)330 378 403 (0.10) 504 (0.021)
369 (0.163) 324 380 406 (0.075) 505 (0.017) 369 (0.160) 324505 (0.019) 38024.7 406 (0.070) 505 (0.016)406 (0.08)380327369 (0.165)

505 (0.018)370 (0.164) 370 (0.162) 324 380 406 (0.068) 505 (0.016) 370 (0.157) 324 380 406 (0.066) 505 (0.015)323 380 406 (0.07)30.9
368 310 380 416 (0.003) 525 (0.0007)Neat water MCs (pH 4)
335 415 (0.011)Neutral (pH 9)

505 (0.0026)

a [DMAPPI]=1×10−5 M; a, �em 380 nm; b, �em 500 nm; c, �exc 310 nm; d, �exc 430 nm.

Table 2
Absorption band maxima (�max

ab , nm), absorbance at �max
ab (A), fluorescence excitation band maxima (�max

ex , nm), fluorescence band maxima (�max
fl , nm) and fluorescence quantum yield (�fl) of MCs of DMAPPI in

AOT/heptane/water reverse micelle at various concentration of AOT at different w0 valuesa

w0=0 w0=3.1[AOT] w0=6.2 w0=18.5

�max
ab (A) �max

ex �max
fl (�fl) �max

ab (A) �max
ex �max

fl (�fl) �max
ab (A) �max

ex �max
fl (�fl) �max

ab (A) �max
ex �max

fl (�fl)

a b c d a b c d a b c d a b c d

364 (0.173) 357 372 396 (0.98) 450 (0.20) 365 (0.171) 339 372 393 (0.26) 488 (0.11)0.09 366 (0.169) 336 374 397 (0.20) 497 (0.055) 368 (0.166) 326 377 403 (0.15) 504
364 (0.174) 357 372 397 (0.95) 451 (0.26) 365 (0.170) 337 373 393 (0.24) 488 (0.10) 366 (0.168) 335 375 398 (0.17) 497 (0.053) 368 (0.165) 325 378 404 (0.14) 5040.18
364 (0.175) 357 373 397 (0.88) 452 (0.25) 365 (0.168) 336 374 394 (0.22) 488 (0.09)0.27 366 (0.167) 334 376 399 (0.16) 497 (0.050) 368 (0.164) 325 379 405 (0.14) 504

0.36 364 (0.176) 357 374 398 (0.80) 453 (0.24) 365 (0.167) 334 376 394 (0.20) 489 (0.08) 366 (0.166) 334 377 399 (0.15) 497 (0.048) 368 (0.163) 324 379 406 (0.13) 505
364 (0.177) 357 374 401 (0.67) 455 (0.23) 365 (0.166) 334 377 395 (0.18) 489 (0.07) 366 (0.165)0.54 334 378 400 (0.14) 498 (0.047) 368 (0.160) 323 380 407 (0.12) 505
364 (0.178) 357 375 403 (0.59) 455 (0.21) 365 (0.165) 333 378 399 (0.16) 489 (0.06)0.72 366 (0.164) 333 379 401 (0.13) 498 (0.046) 368 (0.156) 322 381 407 (0.11) 505

0.90 364 (0.180) 357 376 406 (0.50) 455 (0.19) 365 (0.164) 333 379 400 (0.14) 489 (0.04) 366 (0.163) 332 380 401 (0.12) 498 (0.044) 368 (0.150) 322 382 408 (0.11) 505

a [DMAPPI]=1×10−5 M; a, �em 380 nm; b, �em 500 nm; c, �exc 310 nm; d, �exc 430 nm.
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Fig. 1. (a) Absorption spectrum of DMAPPI in 0.54 M AOT
at varying concentration of water, [DMAPPI]=0.9×10−5

M; (b) absorption spectra of DMAPPI at varying concentra-
tion of AOT at w0=6.2, [DMAPPI]=1×10−5 M.

tion (Table 2). However, in the presence of a
given water content (w0�0), the absorbance at
the �max

ab decreases with increase in the AOT
concentrations.

3.2. Fluorescence spectrum

Fig. 2 (right hand side panel) depicts the
fluorescence spectra of DMAPPI at 0.54 M AOT
and w0=0 at varying excitation wavelengths
(�exc). At �exc=310 nm, the fluorescence spectrum
is a single band with fluorescence band maximum
(�max

fl ) at 400 nm. �max
fl keeps on red shifting with

increase in �exc (i.e. at �exc=430 nm, �max
fl =455

nm). Fig. 2 (left-hand side panel) shows the
fluorescence excitation spectra of DMAPPI at
0.54 M AOT and w0=0 monitored at different
emission wavelengths (�em). The fluorescence exci-
tation band maximum (�max

exc ) also keeps on red
shifting with increase in �em. The �max

fl , full width
at half the maximum height (FWHM) and �fl at
each �exc, as well as the �max

exc and FWHM at each
�em are compiled in Table 3. The �fl is maximum
at �exc=310 nm, and keeps on decreasing with
increase of �exc. �max

fl keeps on red shifting under
the similar conditions. FWHM of the fluorescence
spectrum first increases up to �exc 370 nm, but
then decreases sharply at �exc�370 nm. Similarly,

Fig. 2. Left hand side (� ), fluorescence excitation spectra of DMAPPI at �em (nm): (i) 380; (ii) 410; (iii) 440; (iv) 470; (v) 500; right
hand side (� ), fluorescence spectra of DMAPPI at �exc (nm): (a) 310; (b) 340; (c) 370; (d) 400; and (e) 430 in 0.54 M AOT in
heptane at w0=0. [DMAPPI]=1×10−5 M.
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Table 3
Fluorescence excitation band maxima (�max

ex ) and FWHM
(cm−1) at different �em (nm), and fluorescence band maxima
(�max

fl , nm), fluorescence quantum yield (�fl) and FWHM at
each �exc of DMAPPI in 0.54 M AOT at w0=0

Excitation spectra Fluorescence spectra

�em �max
ex FWHM �exc FWHM�max

fl �fl

380 357 4290 4240310 400 0.67
410 370 43003600 340 404 0.32
440 373 3630 370 4420413 0.28
470 374 3650 400 438 0.27 3180
500 375 3610 430 455 0.23 3020

water (w0=3.1), �max
fl of the short wavelength

(SW) band is slightly blue shifted. On further
addition of water, �max

fl of SW band is red shifted
up to w0=24.7 and no change in �max

fl is noticed
with further increase of w0. On the other hand,
the �max

exc of DMAPPI at 0.54 M AOT and �em=
380 nm keep on blue shifting with increase in w0

(357 nm at w0=0 to 324 nm at w0=24.7).
Fig. 4 depicts the fluorescence spectra (right

panel) at �exc=430 nm and the fluorescence exci-
tation spectra (left panel) at �em=500 nm of
DMAPPI in 0.54 M AOT as a function of w0. The
similar spectra of DMAPPI in pure water and at
the same �exc and �em at pH 4.0 are also shown in
Fig. 4 for comparison purposes. For initial addi-
tion of water (w0=3.1) the fluorescence spectrum
is largely red shifted from 455 nm (at w0=0) to
490 nm and then slowly to 500 nm with further
increase in water (at w0=24.7). At w0�24.7, no
further increase in �max

fl is observed. Unlike the
emission spectra, the red shift observed in the
fluorescence excitation spectra at �em=500 nm is
small for initial addition of water from 375 to 376
nm (at w0=3.1). On the other hand, �max

exc is
slowly red shifted up to w0=24.7 and no further
change is noticed at w0�24.7. All the relevant
data at various concentrations of AOT are com-
plied in Table 1. �fl of both the bands of

the �max
exc is red shifted with the increase in the �em,

whereas the FWHM of the excitation spectrum is
maximum at �em=380 nm and nearly remains
unchanged at other �em.

Fig. 3 shows the fluorescence spectra (right
hand panel) at �exc=310 nm and the fluorescence
excitation spectra (left hand panel) at �em=380
nm as a function of w0. The fluorescence spectrum
and fluorescence excitation spectrum under simi-
lar conditions in pure water at pH 4.0 is also
shown in Fig. 3 for comparison. Unlike in AOT
at w0=0, dual emission is observed with the
addition of water to AOT. For initial addition of

Fig. 3. Fluorescence excitation spectra (�em=380 nm, left hand side panel) and fluorescence spectra (�exc=310 nm, right hand side
panel) of DMAPPI in 0.54 AOT as function of w0. w0: (i) 0; (ii) 3.1; (iii) 6.2; (iv) 9.3; (v) 12.4; (vi) 18.5; (vii) 24.7; (viii) 30.9; (ix)
neat water at pH 4.0.
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Fig. 4. Fluorescence excitation spectra (�em=500 nm, left hand side panel) and fluorescence spectra (�exc=430 nm, right hand side
panel) of DMAPPI in 0.54 AOT as function of w0. w0: (i) 0; (ii) 3.1; (iii) 6.2; (iv) 9.3; (v) 12.4; (vi) 18.5; (vii) 24.7; (viii) 30.9; (ix)
neat water at pH 4.0 (in neat water the shoulder at 440 nm is due to normal emission of MC2 rather than that of MC3 as the
corresponding fluorescence excitation spectra give the 310-nm band and not the 380 nm).

DMAPPI under above conditions as a function of
w0 is plotted in Fig. 5. �fl of both the bands
decreases sharply with the initial increase of w0

but decreases slowly with further increase in w0.
Fluorescence and fluorescence excitation spec-

tra of DMAPPI were also studied as a function of
AOT concentration at w0=0, 3.1, 6.2 and 18.5.
The relevant data are compiled in Table 2. At
w0=0, no change is observed in the �max

exc at
�em=380 nm with increase in AOT concentra-
tion. However, at �em=500 nm, the fluorescence
excitation spectra and fluorescence spectra at both
excitation (310 and 430 nm) are red shifted with
increase in AOT concentrations. On the other
hand, at w0�0, the �max

exc are blue and red shifted
when monitored at 380 and 500 nm emissions,
respectively, with increase of AOT concentration
at each w0 value. Fig. 6a and b shows the plot of
�fl of the fluorescence bands at �exc 310 and 430
nm, respectively, as a function of AOT concentra-
tion and at different w0 values. At �exc=310 nm,
the �fl of the SW emission decreases with increase
of AOT concentration at each w0. But the de-
crease in �fl of the SW emission as a function of
AOT concentration at w0=0 is faster than that at

w0�0. At �exc=430 nm and at w0=0, the �fl of
the long wavelength (LW) emission band first
increases up to 0.18 M AOT concentration and
then decreases with further increase of AOT con-
centration. However, at w0�0, similar to the SW
emission band, the �fl of the LW emission de-
creases under similar environments. Finally, the
fluorescence excitation and fluorescence band
maximum of the MCs of DMAPPI at the extreme
water content in 0.09 M AOT are summarised in
Table 4.

Table 4
Fluorescence excitation band maxim (�max

ex ) and fluorescence
band maxim (�max

fl , nm) of the MCs of DMAPPI in different
w0 values in reverse micellesa

w0 MC1 MC1 MC1

�max
ex �max

fl �max
ex �max

fl �max
ex �max

fl

– – 356 396 372 4500
323 – –30.9 406 380 505

– 525380416Neat water 310 –

a [AOT]=0.09 M.
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4. Discussion

4.1. AOT/n-heptane re�erse micelle

Our earlier study [21] in pure water has confi-
rmed that the �max

exc at 310 and 380 nm are due to
MC1 and MC3, respectively. The emission band
at 525 nm is attributed to the TICT emission from
MC3 and the 416 nm emission band is due to the
normal emission of MC2, formed in the S1 state
from MC1 by the biprotonic phototautomerism,
as the �NHMe2

+ group becomes stronger acid in
the S1 state and dissociates to protonate =N�
atom of imidazole ring, which becomes stronger
base on excitation.

Before we assign the spectral characteristics to
the various species of DMAPPI in AOT reverse

Fig. 6. Plot of fluorescence quantum yields of (a) MC2 (�exc=
310 nm); and (b) MC3 (�exc=430 nm) as a function of AOT
concentration at different w0 values.

Fig. 5. Plot of fluorescence quantum yields of (a) MC2 (�exc=
310 nm) and (b) MC3 (�exc=430 nm) as a function of w0 at
different AOT concentration.

micelles, it may be mentioned that the interfacial
region of the AOT reverse micelle even at w0=0
is acidic enough to protonate the various basic
groups of DMAPPI. This is because the spectral
characteristics of DMAPPI so observed in AOT
reverse micelles and at w0=0 are large red shifted
in comparison to the neutral species [32] and are
close to those of the MCs of DMAPPI in water
[21]. The �max

exc at �375 nm is close to that of
MC3 in water (380 nm). So it can be assigned to
MC3. Small blue shift observed in the fluores-
cence excitation spectra of MC3 is due to the
presence of species in less polar environments of
the reverse micelles. On increasing the amount of
water in AOT reverse micelles (i.e. increasing the
polarity), the �max

ex is red shifted and matches with
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the value observed in pure water. This observa-
tion substantiates our above assignment. As the
emission at 455 nm in AOT at w0=0 arises from
the �375 nm fluorescence excitation band, it can
be assigned to MC3. This behaviour is very differ-
ent from that observed in pure aqueous medium
in the sense that the emission from the LE state of
MC3 was absent in the pure aqueous medium. In
other words, the emission at 455 nm of the MC3,
which is largely blue shifted compared with that
in neat water, could be due to the emission from
the LE state rather than from the TICT state. To
confirm this, the emission spectrum of the MC3 of
DMAPPI in acidified methanol at �exc=430 nm
was recorded at liquid nitrogen temperature. At
this temperature, the free rotation of �NMe2

group is frozen, preventing the twisting of �NMe2

group and thus the emission is only observed
from the LE State. The emission band maximum
thus obtained at 455 nm in the acidified methanol
at liquid nitrogen temperature (not shown) agrees
with the value obtained in AOT reverse micelles
at w0=0.

The other emission band at 400 nm in AOT at
w0=0 behaves similar to that of 416 nm in pure
water and thus can be assigned to MC2. The blue
shift observed in the �max

fl can be explained in the
same manner as done for the MC3. But the
corresponding �max

exc does not resemble with that
noticed in pure aqueous medium (i.e. 310 nm). It
is large red shifted as compared with 310 nm band
and the red shift observed at w0=0 (�350 nm) is
even larger than that of the neutral DMAPPI
(�335 nm) in homogeneous solvents [32]. It can
thus be assigned to MC2 in the S0 state. The
above assignment is further substantiated from
the following argument. It is well established [33–
36] that if ���* is the lowest energy transition,
the protonation at the pyridine =N� atom leads
to large red shift and the protonation at the
imidazole =N� atom to small red shift in the
absorption spectrum of the neutral species. Thus
from the above results, it may be concluded that
(i) the absorption spectra of DMAPPI in AOT at
w0=0 is due to the combination of the absorp-
tion spectra of MC2 and MC3; and (ii) the emis-
sions observed at 400 nm and at 455 nm are from
the LE states of the MC2 and MC3, respectively.

(iii) The above conclusions obviously hold only if
one can visualise a reverse micelle at w0=0 and a
trace of water is present. It has been shown that
this small trace of water may be from hydrocar-
bons or from AOT. The AOT micelle consists of
small droplets containing water, the surfactant
and counterions in an oil continuum. In other
words the presence of water in trace amounts, was
in fact, suggested to be a prerequisite for surfac-
tant aggregation in organic solvents [37–41].
Since only one pKa value (6.75) is observed for the
equilibrium between different MCs (MC1 and
MC3) and neutral species of DMAPPI in neat
water [21], the presence of even trace amount of
water will protonate the basic centres of DMAPPI
due to acidity of AOT reverse micelle [26]. (iv)
Absence of any isosbestic point over the entire
range of surfactant used (0.0–0.9 M) suggests that
no specific interactions seem to occur with the
surfactant molecule in the ground state. In other
words only dipole–dipole interactions seem to
occur between the probe molecule and surfactant.
This is supported by the absence of the TICT
emission band of MC3 at w0=0. (v) Lastly it may
be pointed out that the positive part of MC2 or
MC3 (i.e. pyrido imidazole, PI ring) is present
near the polar head group of the surfactant. This
seems to be consistent with the structure of the
AOT molecule, i.e. AOT is a diester derivative of
succinic acid with two long hydrocarbon chains
from the ester group. The sulphonate (SO3

−)
group is in the �-position of one of the ester
group and in the �-position of the other so as to
form the negative polar head group of the surfac-
tant molecule. Further, the sulphonate and ester
groups remain within the skeleton of the succinic
acid part of the molecule [42–44].

4.2. AOT/n-heptane/water re�erse micelle

The presence of an isosbestic point at 370 nm in
the absorption spectra on varying water amount
(Fig. 1a) suggests the presence of equilibrium. We
have tried to use the Benesi–Hildebrand equation
[45] for 1:1, 1:2 and 1:3 complexes between the
MC of DMAPPI and water molecules. In each
case, the double reciprocal plot between 1/[I−I0]
(where I0 and I are absorbances at w0=0 and
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�0) and 1/[H2O]n (taking different values of n) is
not linear (not shown). This suggests that differ-
ent kind of solvated MCs of DMAPPI are in
equilibrium. Presence of different kind of solvated
molecules either in neutral or MCs have been
shown earlier also by noting the red shifts ob-
served in the fluorescence excitation spectra with
increase in �em [21,32]. This behaviour is different
from that observed by Belletete et al. [46] for
2-(4�-N,N-dimethylaminophenyl)

-3,3-dimethyl-3H-indole and water molecule in
AOT, as the latter molecule contains only one
basic centre compared with three in the present
case. Thus they found out that the probe molecule
and the water molecule form a 1:1 association
complex. Further based on their temperature de-
pendent study, they have shown that the complex
formed is a hydrogen bonded complex between
the probe and the water molecules. Although we
have not carried out a similar study, based on the
following results (i.e. small red shifts observed in
the �max

ab , red shift observed in the 400 nm fluores-
cence band and the TICT band, see below) a
similar hydrogen bonded complexes containing
different kinds of stochiometric complexes of
probe with water molecules can also be suggested
in our case.

Two points are worth mentioning about the
results observed when water is added to AOT/n-
heptane system. The first, a large blue shift is
observed in the fluorescence excitation spectra
monitored at 380 nm and the second a large red
shift is observed in the fluorescence spectra ob-
served at �exc=430 nm. As pointed out earlier
[21] (Scheme 2) the MC1 is highly polar (�g=20.7
D) and the MC2 is the least (�g=2.8 D). It is also
shown by Belletete et al. [29] that at w0=0, the
effective dielectric constant at the interface of the
AOT reverse micelles is 2.2 and it increases with
increase in the water amount. Thus at w0=0,
both MC2 and MC3 are present and are confi-
rmed by absorption, fluorescence excitation and
fluorescence spectra. With the increase in the wa-
ter content, the least polar MC2 will be trans-
formed into MC1 or MC3. As shown earlier, the
MC2 in neat water is formed in the S1 state from
the MC1, similar phenomenon is also responsible
for the formation of MC2 from MC1 in the

reverse micelles and this process is also quite fast
in these microenvironments. The decrease in the
fluorescence quantum yield of MC2 on increasing
w0 is due to the solvent induced quenching as the
magnitude of fluorescence quantum yield de-
creases with increase of water content.

The large red shift in the fluorescence spectrum
of MC3, even at the smallest amount of water
(w0=3.1) has been assigned to the TICT state of
MC3 and can be explained as follows. In neutral
DMAPPI, [32] the TICT emission is only ob-
served in polar/protic solvents suggesting that the
hydrogen bonding plays the major role in the
TICT emission. It has also been shown earlier
that the hydrogen bonding of the solvents with PI
ring tends the PI ring to be more planar with the
benzene ring, thereby facilitating the charge flow
from dimethylaminophenyl ring to the PI ring.
Thus it was suggested that it was the twisting of
the �NMe2 group and planarity of the PI ring
with benzene ring leads to the TICT emission. In
MC3, the electron withdrawing nature of the PI
ring increases due to the protonation and addition
of water leads the PI ring and benzene ring to be
more planar. This will lead to greater charge flow
from �NMe2 group to PI ring and thus enhance-
ment of TICT emission at the expense of normal
emission. Further addition of water will also
quench the normal emission as observed in neat
water. As observed earlier, formation of TICT
state is an excited state phenomenon and has the
same ground state precursor as for the LE emis-
sion. A small red shift (�6 nm) observed in the
fluorescence excitation spectra when monitored at
500 nm is due to the solvation of the MC3 of
DMAPPI to different extent as suggested earlier.

All the MCs are present in the bound water
region near the polar head group of the surfac-
tants, which is less polar than the free water in the
entrapped pool. This conclusion is based on the
following arguments. (i) The �fl of both the emis-
sion bands decrease very sharply on addition of
small amount of water (Fig. 5) and then remains
nearly independent with further addition of water.
Similar sharp decrease in �fl is also observed for
4-aminonapthalimide in AOT/n-heptane/water
[47] and 8-anilinonapthalene sulphonic acid in
TX-100/hexanol/water in cyclohexane [48] reverse
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micelles, where the fluorophore is present in the
entrapped water pool. Similar results are also
observed by us for the MCs of DMAPPI in
TX-100/hexanol/water in cyclohexane reverse mi-
celle and the MCs are present in the water pool
[49]. (ii) The changes observed on varying AOT
concentration (Fig. 6) are less in comparison to
those observed on addition of water (Fig. 5).
Small changes in the �fl are due to small variation
of the polarity in the micellar interface due the
change in AOT concentration [29]. (iii) Our earlier
studies of DMAPPI in cyclodextrins [22] have
shown that besides the hydrogen bonding of the
solvents with the electron acceptor group (PI
ring), the dipole–dipole interactions of the solvent
molecules with electron donor group (�NMe2)
also plays a role in the stabilisation of the TICT
state. Even at w0=30.9, the fluorescence maxi-
mum of MC3 is 20 nm blue shifted and �fl is
�21 times that observed in neat water. (iv) Simi-
larly at w0=30.9, the fluorescence maximum of
MC2 is blue shifted by 10 nm and �fl is �24
times larger than those observed in neat water.

5. Conclusions

The above study reveals that in the AOT/n-
heptane reverse micelle, a trace amount of water
is present even at w0=0 and this is confirmed by
the presence of the MCs of DMAPPI rather than
the neutral species. MC2 is formed in the S0 state
along with MC3 at w0=0, as predicted by the
theoretical calculations. The normal emission is
only observed from MC3 when excited at 430 nm,
suggesting that the amount of water for hydrogen
bonding is nearly negligible and MC1 is com-
pletely absent. On increasing the water amount,
the equilibrium is shifted towards MC1 and MC3
in the S0 state. However, in the S1 state, similar to
other medium, MC2 is present with MC3. In
other words, biprotonic phototautomerism is ob-
served in AOT/n-heptane/water reverse micelles
during the lifetime of MC1. The normal emission
from MC3 is quenched and the TICT emission is
noticed with increase of water content. All the
MCs are present near the polar head group in the
bound water region.
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