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Abstract: The quaternary ammonium salts find extensive use in a variety of chemical applications as surfactants
and phase-transfer catalysts. Even though the interaction of the surfactants with various systems has been
studied rather extensively, very little information is available on how the phase-transfer catalysts (PTC) interact
with the dipolar systems in nonpolar media and how/whether these solubilizing agents affect the properties of
the dissolved molecules. In this paper, the interaction of several tetraalkylammonium salts, commonly used as
PTC, with a number of electron doreacceptor (EDA) systems has been studied by absorption and fluorescence
spectroscopy. The phase-transfer catalysts have been found to affect both the absorption and fluorescence
properties of the EDA systems. The spectral changes of the EDA molecules induced by the tetraalkylammonium
salts suggest the formation of an 1:1 complex between the two in nonpolar media. An electrostatic interaction
between the phase-transfer catalysts (which exist as ion pairs in nonpolar media) and the dipolar molecules is
shown to be the driving force for the formation of the complex. The dependence of the formation constant of
the complex on the polarity of the media suggests a charge-transfer nature of the complex. It is shown that the
anionic component of the salts serves as a source of electron to the positive end of the dipolar molecule, while
the tetraalkylammonium cation, besides helping solubilization of its anionic counterpart in the nonpolar media,
serves neutralizing the negative charge at the acceptor end of the EDA molecule. In effect, a cooperative
influence of the cationic and anionic components of the PTC enhances the charge separation within the dipolar
fluorophores. On the basis of the PTC-induced changes in the photophysical behavior of the EDA molecules,
a possible structure for the 1:1 complex has been proposed. It has been concluded that a phase-transfer catalyst
should not be treated as an innocuous substance that merely helps transfer of a polar substance from a polar
to a nonpolar environment. Instead, it is demonstrated that the association of a PTC with a dipolar species can
significantly change various properties of the latter.

or two large alkyl groups, such as cetyltrimethylammonium

bromide (CTAB), are good surfactants that, when added to a

The quaternary ammonium salts are extensively used in yyo-phase aqueousrganic system, normally produce micelles

chemical applications as surfactdntsand as well as phase-
transfer catalyst®2! Tetraalkylammonium halides with one
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in agueous medium. On the other hand, small quaternary salts
(e.g., tetrabutylammonium halides) and large ones (e.g., tet-

are poor surfactants, but good phase-transfer catalysts. These
salts are used to bring closer two otherwise insoluble reactants

binary two-phase solution, a good phase-transfer catalyst like
tetrabutylammonium bromide (TBAB) circulates between the
two phases across the interface instead of staying in a single
phase like micelles. These phase-transfer catalysts are generally
less stable in aqueous medium. In nonpolar media, they are

guaternary cation with long hydrophobic chains, a phase-transfer
catalyst entails the extraction of ionic or highly polar molecules
into an organic solvent or their solubilization therein. Interest-
ingly, even though the utility of the phase-transfer catalysts in
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synthetic chemistry is rather well documentédyot much

attention has been paid to understanding the exact nature of

the binding of these salts with polar organic molecules in a

nonpolar medium. We take note of the fact that some studies
have been reported where the behavior of a phase-transfer
catalyst in the bulk phase (as is the present study) has been

investigated using various techniques such as-Wigible and
NMR spectroscopie¥ 1820 Recently, the interfacial behavior

of a phase-transfer catalyst associated with a phenoxide ion was

studied using a laser scattering metRdbh another recent paper,

Thomas and Kamat made use of a phase-transfer catalyst to
prepare and study the behavior of stable gold nanopatrticles in

a nonpolar mediur® In this paper, we address ourselves to a
fundamental question of finding out whether the role of the
phase-transfer catalysts lies merely in helping the solubilization
of a polar system in nonpolar media to facilitate its reaction
with a third substance in an organic medium. Specifically, we
attempt to find out the exact nature of the interaction of the

phase-transfer catalysts with neutral polar organic systems and

Karmakar and Samanta

to what extent the phase-transfer catalysts change the original

properties of the solubilized systems.

To achieve this objective, we have chosen some fluorescentchart 2

electron donoracceptor (EDA) systems as the probe molecules.

Since the absorption and fluorescence behavior of the chosen

systems is mainly controlled by a low-lying intramolecular
charge-transfer (ICT) stafé;32 whose location is extremely
sensitive to the surrounding medium, it is expected that the

changes in the absorption and fluorescence properties of these
systems induced by the phase-transfer catalysts will provide

information on how the ion pairs interact with the probe

molecules. Five different EDA systems have been chosen for
this purpose. Among the chosen systems (Chart 1), 4-amino-

phthalimide (AP) and 4-amino-1,8-naphthalimide (ANP) are
highly fluorescent systems which emit from a ICT stt&830.33

The location of this state is highly dependent on the polarity of
the media and on the hydrogen bond-donating ability of the
solvent molecules. APDEA and ANPDEA are three-component
systems comprising an AP or ANP moiety as the fluorophore,
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fluorescence quantum yield of the three-component systems is
shown to be due tthrough-spacehotoinduced intramolecular
electron transfer (PIET) between the two terminal moieties of

a dimethylene group as the spacer, and a dimethylamino moietythe molecule$®-3234We have also examined the effect of the

as the guest-binding site. It should be noted that APDEA and

tetraalkylammonium salts on a few other systems (NP and MNP)

ANPDEA not only possess most of the features of the parent that do not possess the strong electron-donating amino group

systems (AP and ANP) but, in addition, contain a site specif-
ically suited for the binding of the catioRSNBDEA is a similar
system except that it contains a dimethylaminonitrobenzoxa-
diazole moiety as the fluorophore. The solvent-sensitive fluo-
rescence properties of the NBD derivatives and the ability of
NBDEA in sensing various metal ions are well docu-
mented?®31.32The fundamental difference in the photophysical

at the 4-position and NPDEA, which comprises NP as the

fluorophore but contains the additional site for the cation

binding. These structures have been shown in Chart 2. We
thought that a study of the effect of the phase-transfer catalysts
on these systems and a comparison of the behavior of these
systems with those shown in Chart 1 would help in understand-
ing the exact role of the catalysts and in obtaining an answer to

properties of the parent systems and the multicomponent systemshe question raised above.

is that the former set of molecules is highly fluorescent (at least
in the nonpolar media) while the latter is not. The low
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Experimental Section

AP (Acros Organics) and ANP (Aldrich) were recrystallized twice
from ethanol and used for spectroscopic measurement. APDEA,
ANPDEA, and NBDEA were prepared by following the previously
reported procedure$3234 The column-purified compounds were
sometimes recrystallized from absolute ethanol for further purification.
Various solvents used in this study (such as toluene, 1,4-dioxane,
acetonitrile, cyclohexane, and ethanol) were all purified rigorously by
following the standard procedur&sTriply distilled water was used
for spectroscopic measurements in aqueous solutions. Five different

(33) Saroja, G.; Soujanya, T.; Ramachandram, B.; Samanta). A.
Fluoresc.1998 8, 405.

(34) Ramachandram, B.; Saroja, G.; Sankaran, N. B.; Samantd, A.
Phys. Chem. R00Q 104, 11824.

(35) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. Rurification of
Laboratory ChemicatsPergamon Press: New York, 1980.



Fluorescence of Electron DoneAcceptor Molecules J. Am. Chem. Soc., Vol. 123, No. 16, 26811

phase-transfer catalysts have been used. Tetrabutylammonium bromide
(TBAB), tetrabutylammonium chloride (TBAC), tetraoctylammonium k (a)
bromide (TOAB), tetrabutylammonium iodide (TBAI), and tetrabutyl- 0.20
ammonium perchlorate (TBAP) were procured from Aldrich and used
without any purification.

Dilute solutions of the probe molecules were used for both absorption
and fluorescence measurements. The optical densities of the solutions
employed for spectrophotometric and spectrofluorometric measurements 8
were maintained between 0.1 and 0.2 at the longest wavelength §
absorption maximums. This corresponded to a concentration between
2 and 8x 107° M. A measured amount of tetraalkylammonium salts
was added directly to a 2.5-mL solution of the compound taken in a
cuvette for studying the salt effect.

The absorption and fluorescence spectra were recorded on a  0.05
Shimadzu UV-visible—NIR spectrophotometer (model UV-3101PC)
and a Jasco spectrofluorometer (model FP-777), respectively. The
fluorescence decay curves were recorded using an IBH single photon
counting spectrofluorometer (model 5000). The instrument was operated
with a thyratron-gated flash lamp filled with hydrogen at a pressure of
0.5 atm. The lamp was operated at a frequency of 40 kHz, and the
pulse width of the lamp under the operating conditions was2 ns.

The lifetimes were estimated from the measured fluorescence decay  0.20
curves and the lamp profiles using a nonlinear least-squares iterative

fitting procedure. The goodness of the fit was evaluated fromythe -
values and the plot of the residuals.

The molecular structures of the fluorophores and their dipole 0.15 |-
moments were obtained through quantum chemical calculations based
on semiempirical method. The AM1 (Austin model 1) method was used
for this purpose in view of its superiority over other semiempirical
methods?6-38

Absorba

0.00 1 1 . -
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Results

Absorbance

Absorption. The effect of TOAB on the UV-visible absorp-
tion spectrum of AP is illustrated in Figure 1. With progressive
addition of TOAB, the long-wavelength charge-transfer band
of AP, which shows a maximum at aroun@50 nm in toluene,
shifts gradually toward red with a gain in intensity in the longer 0.00 , . , :
wavelength region. An isosbestic point could be observed at 300 350 400 450
~350 nm. The spectral changes clearly indicate 1:1 complex- Wavelength (nm)
ation between AP and TOAB. The spectral maximum of the rjq,re 1. Effect of TOAB on the UV-visible absorption behavior of
first absorption band of AP on complexation with TOAB is  Ap (a) and APDEA (b) in toluene. The concentration of TOAB (in
found to be~20 nm red-shifted (measured in the presence of mm) in increasing order of absorbance at the longest wavelength
4.4 mM TOAB) relative to its original position. A similar  maximums are 0, 0.66, 1.46, 2.19, and 4.39 in (a) and 0, 0.37, 0.66,
observation could be made in the presence of TBAB and TBAC. 1.39, 2.27, and 4.54 in (b).

The spectral shifts observed in the presence of TBAB and TBAC
are ~12 and~30 nm, respectively, in toluene. The three- higher order complexes could be observed (from the loss of

component system, APDEA, which contains AP as the fluoro- 1S0Sbestic point) at higher concentrations of the salt. .
phore moiety with an additional cation binding site, shows a  The other observations can be summarized as follows: First,
very similar behavior. The spectral data of this system in the €ven though spectral changes similar to what have been

presence and in absence of various phase-transfer catalysts arfédescribed above could be observed for all the systems shown
collected in Table 1. It is quite important to note in this con- N Chart 1, in other nonpolar solvents such as cyclohexane, no

text that in the presence of TBAI and TBAP no significant Noticeable spectral change could be observed for these systems

change in the absorption behavior of AP or APDEA could be in polar solvents such as acetonitrile, ethanol, or water. In 1,4-
observed. dioxane Er(30) = 36.0)3° which is slightly more polar than
The absorption behavior of ANP and ANPDEA in the toluene Er(30) = 33.9)3°the complexation could be observed,

presence of the TOAB (depicted in Figure 2) also indicates 1:1 though not as prominently as in the case of toluene. Moreover,
complexation between these systems and TOAB. The spectral” this solvent, the general trend was that the isosbestic point
data for the two systems in the presence of other phase-transfePPServed initially could not be seen for higher concentration of
catalysts are indicated in Table 1. NBDEA also exhibits a Stokes the salts. Second, none of the systems exhibit any significant
shift of the absorption maximum in the presence of the changes in spectral behavior (even in nonpolar med_la) with
tetraalkylammonium salts, and the magnitude of the shift lies Phase-transfer catalysts such as TBAI or TBAP. Third, for

between 12 and 25 nm (Table 1). In this case, even though 1:1Systems such as NP and MNP, which do not contain the amino

complexation is indicated for a lower concentration of TOAB, 9roup at the 4-position, no spectral changes could be observed
with the tetraalkylammonium salts employed in this study.

0.05 |-
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Table 1. Absorption and Fluorescence Spectral Maximums (in nm) Observed for Various Systems (in Toluene) in the Presence of Different
Tetraalkylammonium Safts

none TOAB TBAB TBAC
Ama{@bs) Amax(flu) Ama{@bs) Amax(flu) Ama{@bs) Amax(flu) Amax{@bs) Amax(flu)
system (nm) (nm) (nm) (nm) (nm) (nm) (nm) (nm)
AP 350 430 370 467 362 503 379 520
APDEA 353 430 379 502 380 504 380 515
ANP 403 469 420 520 434 522 424 533
ANPDEA 403 470 436 522 427 521 445 540
NPDEA 345, 332 370, 397 345, 332 370 345, 331 370 345, 332 370
NBDDEA 445 517 455 525 471 533 470 540

aA ~2 x 1075 M solution of the compounds in toluene was used in room temperature; the concentrations of the phase-transfer catalysts were
~1.7 mM in the case of TBAC and 4.4 mM for the other salts; = 350 nm for AP, APDEA, 305 nm for NPDEA, 380 nm for ANP and

ANPDEA, and 415 nm for NBDEA.
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Figure 3. Effect of TOAB on the fluorescence behavior of AP (a)
and APDEA (b) in toluene. TOAB concentrations (in mM) are-9,(
0.51 (---), 1.02 (- -), and 1.46 {---) in (a) and O ), 0.66 (- - -),
1.39 (-+ -), 2.27 ¢+-+), 3.07 (-- - -), and 4.54 (- -) in (b). AP and
0.00 . . " APDEA were excited at 335 and 345 nm, respectively.
300 350 400 450
Wavelength (nm) pronounced compared to their absorption properties. This is due

. L . . to the fact that electronic excitation leads to an increased
Figure 2. Effect of TOAB on the UV-visible absorption behavior of separation of the charge (between the amino group and the

ANP (a) and ANPDEA (b) in toluene. The concentration of TOAB (in lect ithdrawina €0 or N in th fl h
mM) in increasing order of the absorbance at the longest wavelength electron-withdrawing &0 or O; group) in these fluorop ores.
maximums are 0, 0.15, 0.44, 0.88, and 1.54 in (a) and 0, 0.29, 0.88, In toluene, AP exhibits a strong fluorescence band with a

1.09, 1.83, and 3.73 in (b). maximum at~427 nm. On addition of TOAB, this fluorescence
gets quenched and a relatively weak new emission band appears
binding site but is devoid of the amino group at the 4-position at a longer wavelength (Figure 3). The existence of an isosbestic
of the ring, does not exhibit any shift of its absorption maximum point confirms 1:1 complexation between the fluorescence probe
in the presence of the phase-transfer catalysts in nonpolar mediamolecules and the phase-transfer catalysts. The peak positions
Steady-State FluorescenceSystems comprising AP, ANP,  of the new emission in the presence of 1.7 mM TOAB, TBAB,
and NBD moieties are known to display fairly broad structure- and TBAC are at 475, 503, and 520 nm, respectively.
less intramolecular charge-transfer fluorescence extremely sensi- While a similar behavior is noticed in the case of ANP, the
tive to the surrounding environment. Further, the sensitivity of multicomponent systems (APDEA, ANPDEA, NBDEA) behave
the fluorescence properties of these systems is much moreslightly differently. For the latter systems, the quenching of the
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Figure 5. Effect of TOAB on the fluorescence excitation spectrum of
AP in toluene. TOAB concentrations are &)(and 4.39x10°% M
(- - -). The monitoring wavelength was 430 and 467 nm, respectively.

Fluorescence Intensity

of the tetraalkylammonium salts. This suggests that the new

emission originates from the ground-state complex formed

] ) between the salts and the probe molecules. A typical fluores-

Figure 4. Effect of TOAB on the fluorescence behavior of ANP (a)  ence excitation spectrum is shown in Figure 5.

8”1"5’*(_“_'3 _?%Aff)(lp_t)o 'L(‘,eé'ge '(..T.(.))AlB EZ'}??T;"‘ tg’ﬁj gngr;'x)_‘)'”ﬁ%f) Fluorescence Decay BehaviorThe fluorescence decay

and 0 ©) 0.29 (- - -)'O..88 (- _)' 1.09 foer) 146 (-- A 3, and 1.83 behavior of the systems has also been investigated with a view

(- -) in (b). ANP and ANPDEA were excited at 380 nm. to obtaining further details on the nature of the interaction
between the phase-transfer catalysts and the fluorescent systems.

original fluorescence was associated with a dramatic enhance-The fluorescence decay behavior has been studied both in the

ment of the fluorescence intensity of a new emission. The new aPsence and the presence of the salts. In the latter case, the

fluorescence band was found to be drastically Stokes-shiftedd€cay curves have been measured by monitoring the original
(as large as 90 nm) relative to the original fluorescence (Figure fluorescence as well as the new fluorescence band. The decay

4). The degree of enhancement of the fluorescence intensityParameters obtained for various systems in toluene and 1,4-
(relative to the original fluorescence) was found to be as large dioxane are collected in Table 2. Some representative decay
as 25-fold. profiles depicting the influence of a phase-transfer catalyst along

The other observations that have been made are as follows:Wlth the best fit to the decay_ are shown in Figure 6. The main
features of the decay behavior can be summarized as follows:

First, the changes in the fluorescence behavior of the systems AP cairly | f lifetime )
as stated above could also be observed in other nonpolar solvents di ggsAsessest? airly ofng u;)r(lajce;c?‘ ' e““?e"( aprotic
such as cyclohexane. In relatively more polar solvent, 1,4-di- Media=> As can be seen from Table 2, the major component

oxane, the new emission was found to be much weaker com-has a lifetime between 13 and 17 ns in toluene and 1,4-dioxane.

pared to that observed in toluene. However, in polar media, no In the_ presence of TOAB (44 mM), thgvalues are reduced
noticeable changes in the fluorescence behavior could be Ob_margmally t0 1112 ns. A S'_m"f’” behavior could be o_bserved
served in the presence of the tetraalkylammonium salts. In the'" the case of ANP, Whosg lifetimes (8.8 and 11.1 ns in toluene
case of NP, MNP, and NPDEA, no significant change in the and 1,4-dioxane, respectwgly) are lowered to 8.3 and 9.0 ns.
fluorescence behavior of these systems could be observed even !N contrast to AP, the major component of the decay in the
in a nonpolar environment. TBAI and TBAP were found to have C€@Se of the three-component system, APDEA is a very short-

no significant influence on the fluorescence behavior of any lived species? This is due to the PIET quenching of the
system shown in Charts 1 and 2 even in the nonpolar media_fluorescence. On addition of TOAB, an increase inthalues

Fluorescence Excitation.Fluorescence excitation spectra gggéeostholr\tl-Fl)l\éeEdAcong_(lJ_ngn;(():totjlléir biiogffg;’%dt'himrﬁgg? the
were recorded for all the systems monitoring the original ’ y sig ’ J

fluorescence as well as the Stokes-shifted fluorescence banqcomponent has_; acomp_aratively longer lifetime and the influence
with a view to identifying the origin of the new fluorescence. of TOAB on this value is rather small. In the case of NBDEA,

The excitation maximum obtained on monitoring the longer the influence of TOAB on the values of the major component

wavelength fluorescence band is found to be distinctly Stokes- of the decay s not very significant.
shifted relative to that obtained on monitoring the original
fluorescence band. However, the excitation maximum corre-
sponding to the longer wavelength fluorescence band resembles Phase-Transfer Catalysis A PTC reaction is essentially a
very closely the absorption peak of the system in the presencetwo-phase reaction between salts usually in agueous form and

Wave length (nm)

Discussion
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Table 2. Fluorescence Decay Parametds the Systems Studied [Al.=[A], — [Cl. and [BL = [B], — [Cl,
in the Absence and in the Presence of TOAB}(mM) in Toluene

and 1,4-Dioxane since in the experimental condition, [B¥ [A]:; [B]e can be

lifetimes (ns) lifetimes (ns) with TOAB equated to [B]
substance  solvent without TOAB atshortl.©  atlongi® The formation constanK( of the complex is
AP toluene 3.9 (0.03) 2.7(0.06)  3.2(0.03)
13.4(0.08)  11.2(0.06) 12.2(0.09) K = [ClJ[Ale[B]. (2)
1,4-dioxane  16.9 (0.07) 1.5(0.03) 13.5(0.08)
12.2 (0.07) Replacing [B} by [B]: and [A]e as [A]: — [Cle, We obtain
APDEA toluene 0.1 (5.75) 0.5 (0.35) 2.9 (0.07)
13.3(0.01) 9.4(0.02) 12.8(0.05) [AlB], 1
1,4-dioxane 0.2 (1.84) 0.7(0.22) 2.7 (0.08) ==+ [B]t (3)
17.5(0.004)  12.0(0.04) 13.1(0.04) [Cle K
ANP toluene 1.6 (0.06) 1.9 (0.13) 8.5 (0.11)
8.8 (0.08) 8.3(0.03) Taking into consideration that the salts, B, do not contribute to

1,4-dioxane 11.1(0.11) 9.0 (0.11) 9.9 (0.11) PR ;
ANPDEA toluene 21 (017} 19(047) 1.9(0.07) the absorption in the spectral range studied, the total absorbance

44(0.01) 8.1(0.06) (ODy) at any given wavelength is the sum of that due to the
1,4-dioxane  3.3(0.12) 2.3(0.09) 3.1(0.06) complex and the probe. The total OD at any specific wavelength
5.3(0.03) 7.1(0.05) 8.6(0.08) (ODy) can be expressed as, OB ea[A]le + €c[Cle. This can
NBDEA  toluene 0.3(0.91) 0.3(0.79) 0.3(0.61) be transformed as QB= ea[A]: + (ec — €a)[C]e = ODa +
1 ddioxane 6642((()ioé%) 6(-)76(%0;)5) 7-112(?60%) ODc, where O} stands for the initial OD due to A at any
’ . 50 N given wavelength=€ ea[A];) and OL: represents the OD at

10.2 (0.03) 5.3(0.01) 14.7 (0.02) S
the same wavelength due to the complex at equilibriesn (
aDecay curves were fitted to a single-exponential/biexponential ec[Clo).
function, depending on the quality of the plot of the residuals and the We can write
%2 values.P £10% for values higher than 1 ns and-150% for values '
lower than 1 ns; the quantities shown within parentheses are the

preexponential factors. The short wavelength corresponds to 400, 450, [Cle = €AOD[A]//€,0D, (4)
and 495 nm for AP, ANP, and NBD derivatives; the long wavelength
corresponds to 480, 540, and 555 nm, respectively. wheree stands for éc — €p).

) ) ) Substituting the expression for [Cffom eq 4 into eq 3, we
substrates in organic solvents in the presence of a phase-transfegptain

catalyst. A simple PTC reaction, halide displacement reaction,
for example, can be best represented by OD, 1 (1 GA) €n

OD,~ 0D, [BI\K ©

_ PTC _ €k
RXorg T Yag = RYorg T Xgq
We have employed this equation for the estimatioiKdfom
This reaction actually consists of two steps; an extraction step the absorption data. According to this equation, a plot 0hOD
(OD; — ODa) versus 1/[B] should yield a straight line whose

[Q+X_]org + Yaq_ PN [Q+Y_]org + xaq‘ intercept is given byda/ex) and the slopeen/ekK). K values
were estimated from the slope and the intercept of these plots.
and the chemical reaction step Some representative plots based on these equations are shown
in Figure 7 and the calculated binding constant values have been
Q"Y1+ RX,,— [Q"X ], + RY collected in Table 3. The fluorescence data have been analyzed
[ ]Org o [ ]Org o based on an equation that can be found elsewiere.
where @ stands for the quaternary ammonium cation. 1. Dependence oK on the Polarity of the Medium. The
Clearly, the role of the phase-transfer catalysty@ simply data presented in Table 3 can be rationalized as follows: Barring

to assist the transfer of the anion; Yirom the aqueous phase @ few scatters, th& values are generally higher in toluene
to the organic phase to enhance the reaction rate in the lattercOMpared to the respective values in 1,4-dioxane. This, coupled
phase. with the fact that no spectral changes could be observed for
Formation Constant (K) of the Complexes.The phase- these systems in more polar solvents such as acetonitrile or
transfer catalyst-induced changes in the absorption behavior ofMethanol (indicating the instability of the complex), suggests
the systems depicted in Chart 1 indicate the formation of an that the complex is charge transfer in nature. Tetraalkylammo-
1:1 complex in the ground state in nonpolar media. The NuM salts exist predomln.antly as ion pairs in a nonpolar
formation constants of the complexes have been evaluated from€nVironment and can readily form charge-transfer complexes

both the absorption and fluorescence data using the following through  electrostatic forces with the dipolar fluorophores.
procedures: However, in polar media, they exist predominantly as solvated

The 1:1 complexation of two species (A stands for the probe ions and the electrostatic interaction between the solvated cations
and B stands for the phase-transfer catalyst) can be indicatec®d the dipolar fluorescent systems is expected to be rather low.

as Hence, on the basis of these observations, a charge-transfer
nature of the 1:1 complex is concluded.
A+B<C (1) 2. Dependence oK on the Fluorophore. The K values
indicate that ANP binds much more strongly with TOAB
where C stands for the complex. compared to AP. Moreover, it is pertinent to note in this context

The equilibrium concentration of the species (indicated by that not so dipolar systems (shown in Chart 2) do not display
the subscript, e) and their total concentration (indicated by the any significant changes in the spectral behavior even in the
subscript, t) are related as nonpolar media. Obviously, the dipolar nature of the fluorophore
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Figure 6. Effect of TOAB on the fluorescence decay behavior of APDEA in the absence (a) and in the presence (b) of TOAB. The monitoring
wavelength was 430 and 525 nm for (a) and (b), respectively.

is one of the most important factors that determines the this, the mean distance between the 4-amino nitrogen atom and
magnitude of the interaction between the fluorophore and the the carbonyl oxygen atom of the fluorophores has been
phase-transfer catalyst. A comparatively higkeralue for ANP calculated by the AM1 method. The distance is calculated to
is perhaps understandable as the AM1-calculated dipole mo-be 6.1 and 6.8 A for AP and ANP, respectively. From the values
ments of AP and ANP are 5.3 and 7.5 D, respectively. However, of the dipole moment and the distance, the magnitude of charge
since the interaction between the dipolar fluorophore and the localized at the 4-amino nitrogen atom is estimated as 0.18 and
phase-transfer catalyst is governed by electrostatic forces, the0.23 esu for AP and ANP, respectively. Since the absolute values
absolute values of the charge at the positive and the negativeof the charge (at the positive or negative end of the molecule)
end of the fluorophore and the distance separating them are moras higher for ANP, one can expect a stronger binding compared
more important than their product, dipole moment. When the to AP.

distance separating the charges is too different for the two Origin of the New Emission.The fact that the Stokes-shifted
fluorophores, one obtains an incorrect assessment of the strengtimew emission band originates from a charge-transfer complex
of the interaction from the dipole moment values alone. To avoid formed between the fluorophore and the phase-transfer catalyst
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Figure 8. Schematic diagram of the complex indicating enhancement
of the charge separation process in the fluorophore induced by the
phase-transfer catalyst (PTC).

o
'S
T

(OD), / (OD-0D,)

Role of the Anion. Among the salts employed in this study,
the chloride ion is found to be the most effective in inducing
i the spectral changes. The ability to form the charge-transfer
[ complex under an identical condition is slightly less for the
; bromide ions. lodide ion, on the other hand, is found to be rather
| ineffective, as is the perchlorate ion. This observation, coupled
\ with the fact that only the dipolar fluorophores show changes
in the absorption and fluorescence behavior, allows us to
understand the exact role of the cationic and the anionic
18], components of the phase-transfer catalyst. In AP and ANP, the
Figure 7. Representative plot of (O)/(OD; — OD,) vs 1/[B}; based positive charge is mainly centered at the 4-amino nitrogen atom
on eq 5. and the negative charges are localized on the two carbonyl
. ) ) . oxygen atoms. An ion pair, the form in which the phase-transfer
;?gg)% ?\)Iol?agmg]s?ir? %g?fg;]tes gﬂdmll) 4?fD-i|;>3§r|13evX}shE\{s?i%):tsed from catalysts exist in nonpolar media, is most likely to interact with
the Absorption and the Fluorescence Data. a dipolar system with an antiparallel orientation to form the
1:1 complex. One can therefore propose a structure of the
complex as is depicted in Figure 8.

100 200 300 400

binding constants

from absorption from fluorescence It is to be noted that a Stokes shift of the absorption or
system intoluene in1,4-dioxane intoluene in1,4-dioxane fluorescence peak of these dipolar fluorophores can arise due
AP 175 40 85 105 to two factors: a change in the polarity of the immediate
APDEA 270 90 260 80 environment of the fluorophore and a change in the extent of
ANP 430 110 490 190 separation of charge within the fluorophore. The possibility that
ANPDEA 580 230 530 230 a change in the polarity of the environment is induced by the
NBDEA 110 140 b 180

phase-transfer catalysts has already been ruled out. This leaves

2410%." Could not be calculated due to the poor quality of the us with only the other choice, an increased separation of charge
data. in the fluorophore. It can be seen that the best way to enhance

the charge separation between the 4-amino nitrogen atom and
is clearly evident when a comparison is made between the the carbonyl oxygen atoms is when the dipolar fluorophore and
excitation spectra of the systems in the presence and in thethe phase-transfer catalyst interact as suggested in Figure 8. The
absence of tetraalkylammonium salts. Interestingly, the emissionhalide ions essentially act as an additional source of electronic
maximum of this complex in the presence of tetraalkylammo- charge to the amino nitrogen atom of the fluorophore, and the
nium salts appears at a longer wavelength, very close to thosequaternary ammonium cation by virtue of its location can help
observed for AP and ANP in a highly polar solvent such as the carbonyl oxygen atoms to withdraw more negative charge
alcohol or watel* As the fluorescent band position of the through thes-conjugated network of the fluorophore. This is
fluorophores is sensitive to the polarity of the medium, one may how the charge separation in the dipolar fluorophores is
argue that the tetraalkylammonium salts, especially the chloride, enhanced by the salts. The enhancement of the charge separation
being highly hygroscopic may create a highly polar microen- in the EDA fluorophores by the phase-transfer catalyst as
vironment around the fluorophore, which may lead to a Stokes proposed here can be considered to some extent similar to that
shift of the fluorescence maximums. That fact that a preferential observed in the presence of the metal salts, as reported
solvation of the fluorophores by the water molecules (associated previously4%-43 However, unlike in the previous reports, where
with the catalysts) is not responsible for the Stokes-shifted new the charge separation was primarily controlled by the metal ions,
emission band of the systems is evident from the following in the present case, the anionic component plays a more
observations. First, the fluorescence band position observed forimportant role. This is evident from the data presented in Table
the systems in the presence of TBAC is not very different from 1. Clearly, chloride salts are more effective in enhancing the
that observed in the presence of the much less hygroscopic saltcharge separation in the fluorophore compared to the bromide
TBOB. Second, we did not observe any change in the absorp - . . —— -
tion/fluorescence maximum of the systems on addition of few ; é‘.‘?ﬁ?ﬁ&‘;ﬁa@;’é?”?ﬁ?i.s'?ﬁéfﬁbgip% ’ fdégi?' P.; Rulliere, C.; Letard,
drops of water to the toluene solution of AP and ANP. Third,  (41) Mathevet, R.; Jonusauskas, G.; Rulliere, C.; Letard, J. F.; Lapouyade,
the fluorescence lifetimes of the fluorophores in aqueous or R.J. Phys. Cheml995 99, 15709.
alcoholic solution of the systems are known to be much 1&fver ~_ (42) Delmond, S.; Letard, J. F.; Lapouyade, R.; Mathevet, R.; Jonusau-
. . skas, G.; Rulliere, CNew J. Chem1996 20, 861.

than those observed in the presence of the tetraalkylammonium™ 43y gourson, J.; Borrel, M. N.; Valeur, Bnal. Chim. Actal992, 257,
salts. 180.
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salts. The fact the iodide and perchlorate salts are ratherand presence of TOAK, is the rate constant for the excited-
ineffective in this regard can be explained when their sizes are state interaction between the fluorophore and the PTC, and
taken into consideration. The charge-to-volume ratio of these [TOAB] indicates the concentration of TOAB), we obtairka
anions is much lower than that for the chloride and the bromide value of 3.3x 10°® M~ s71. Even though the fluorophore and
salts. TOAB interact in the excited state also, one might expect some
Role of the Cation. The results suggest that the cationic contribution of this excited-state interaction to the new fluo-
component of the phase-transfer catalyst does not play anyrescence band observed. However, the absence of any growth
significant role in influencing the charge separation process. (negative preexponential factor) in the decay profile of the long-
However, the difference in the fluorescence behavior of the AP wavelength fluorescence band rules out this possibility.
and APDEA in the presence of a given PTC can be accounted .
for by taking into consideration the role of the cation. It has Conclusion
been stated earlier that the intensity of the new Stokes-shifted We have shown in this paper that the quaternary ammonium
emission band is significantly higher in the case of APDEA. salts, which are frequently used as phase-transfer catalysts, not
This shows that the cationic component of the ion pair indeed only merely solubilize a polar system in a nonpolar medium
interacts with the dimethylamino moiety of the three-component (thereby enhance the reaction rate) but in the process they can
system, APDEA, thereby decreasing the through-space photo-affect the properties of the solubilized systems quite signifi-
induced electron transfer prevalent in the system and increasingcantly. The results of this investigation clearly demonstrate that
the fluorescence intensity of this Stokes-shifted emission. An a phase-transfer catalyst employed in any investigation cannot
increase in the fluorescence lifetime of the short-lived species be taken as an innocuous reagent that just helps solubilization
of APDEA in the presence of TOAB corroborates this conclu- of a third substance, as is thought commonly. Specifically, from
sion. a detailed spectral and time-resolved study on a series of EDA
Excited-State Interaction. The complexation between the molecules, we have shown how a phase-transfer catalyst binds
phase-transfer catalysts and the fluorophores has been showito a dipolar system in nonpolar media and how this binding
to be a ground-state phenomenon. However, it is a matter of changes the photophysical behavior of the systems. It is shown
interest whether there is an interaction between the two com-that the influence of a phase-transfer catalyst in modifying the
plexing partners in the excited state. Had there been only aproperties of a system depends to a large extent on the dipolar
ground-state interaction between the two, the fluorescence life- nature of the fluorescent systems. Moreover, the anionic part
time would have remained unaffected. However, the fluores- of the ion pair, the form in which the phase-transfer catalysts
cence lifetime data presented in Table 2 show that the lifetime exist in nonpolar media, seems to influence the photophysical
of both AP and ANP is shortened in the presence of TOAB. properties of the EDA systems much more than the cationic
For example, the fluorescence lifetime of AP in toluene is 13.4 counterpart.
ns in the absence of TOAB. In the presence of 4.4 mM TOAB,
the lifetime is lowered to 11.2 ns. Using the Stelolmer
equation for dynamic quenching,
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