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Fluorescence Quenching of Few Aromatic Amines by Chlorinated Methanes
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Fluorescence quenching of few aromatic amines; aniline (AB), 1-naphthylamine (1-AN), 2-naphthylamine (2-
AN), 2,3-naphthalenediamine (2,3-DAN), 9-phenanthrenamine (9-AP), 1-pyrenamine (1-APy), 2-chrysenamine (2-
AC), 6-chrysenamine (6-AC), and 3-fluoranthenamine (3-AF) by dichloromethane, chloroform, and carbon

tetrachloride has been studied in cyclohexane and acetonitrile.

The quenching rate constants (k) have been

determined in both the solvents and these values are nearly independent of the solvent polarity. The values of k4
are nearly equal to diffusion-controlled limits (kas) for CHCls and CCly in both the solvents, whereas for CH2Clz it

is three to four order of magnitude less than Kqr.

For a given amine, k, increases with the increase in electron

affinity of the quencher, whereas for a given quencher (dichloromethane) k, increases with the increase in singlet

state energy of fluorophore.

The results obtained are explained in terms of a quenching mechanism involving an

intermediate donor-acceptor (DA)* complex formed between the excited aromatic amine and quencher.

In our recent study, regarding the effect of solvents on
the absorption and fluorescence spectra of some aro-
matic amines,V it has been observed that the Stokes
shifts [Vas(max)—7va(max)], observed in the chlorinated
methanes, do not follow the Lippert’s equation and in
some cases the fluorescence intensity was completely
quenched in these solvents, especially the carbon
tetrachloride. This indicates that there is some kind of
specific interaction between these solvents and the aro-
matic amines. This kind of behavior has also been
observed where the fluorescence of aromatic hydrocar-
bons,2-5 ketones,®” and heterocyclic®® molecules has
been quenched by halogenated alkanes.

In recent years, the quenching of fluorescence by these
systems has been the focus of many investigations, as in
the above-mentioned systems, energy transfer from aro-
matic hydrocarbons to halogenated alkanes are energet-
ically not possible. In the above cases the fluorescence
quenching of the fluorophores by the halogenated
alkanes is observed without the appearance of any new
fluorescence band. Thus in these cases, the formation
of a transient excited-state complex as an intermediate
in the fluorescene-quenching process is inferred on the
basis of more indirect evidence. In any event, it seems
clear that in those cases where the quencher possesses no
low lying excited singlet state, which can be populated
by dipole-dipole resonance transfer of energy from the
excited fluorophore, the two molecules must approach
one another at least to distances where the mutual
interaction of the species is effective i.e. initial step in the
fluorescence quenching process will be limited by the
diffusion-limited approach of the excited fluorophore
and quencher to form an encounter complex. Klein et
al.® have postulated that halogenated alkanes form
contact complexes as an intermediate which lie energeti-
cally above the S; state of the fluorophores and forma-
tion of this exciplex is considered as the rate-
determination step in the excitation quenching process.
The following equation was derived by Klein et al.3 to
express the quenching rate constant (k).

kq<exp[—(I.P.—E.A.—C—P—S)/ kT, )

where . P. are S1 are the ionization potential and singlet
state energy of the fluorophore, E.A. is the electron
affinity of the quencher, Cis the coulomb energy, and P
is the polarization energy of the separated charges, ks is
the Boltzman’s constant.

The aim of the present study is to test the above model
from two points i.e. to correlate (i) log kq vs. (IP—S1) for
a single quencher and (ii) logkq vs. E.A. for a single
fluorophore. For this purpose we have chosen nine
aromatic amines; aniline (AB), l-naphthylamine (1-
AN), 2-naphthylamine (2-AN), 2,3-naphthalenediamine
(2,3-DAN), 1-pyrenamine (1-APy), 9-phenanthren-
amine (9-AP), 2-chrysenamine (2-AC), 6-chrysenamine
(6-AC), and 3-fluoranthenamine (3-AF), and three dif-
ferent quenchers, dichloromethane, chloroform, and
carbon tetrachloride.

Materials and Method

1-AN, 2-AN, 2,3-DAN, 2-AC, 6-AC, 9-AP, 3-AF, and 1-
APy were procured from Aldrich Chemical Company. 1-
AN, 2-AN, and 2,3-DAN were first crystallized from ethanol
and were further purified by vacuum sublimation. 1-APy
and 9-AP were purified by repeated crystallization from 50%
ethanol (v/v) and ethanol respectively. Aniline (SD Fine
Chem.) was purified by distilling under vacuum repeatedly.
2-AC, 6-AC, and 3-AF were purified by repeated crystalliza-
tion from ethanol. The purity of the compounds was checked
by noting the mp and comparing the spectral data with the
literature data. Analytical grade cyclohexane (SD Fine
Chemicals) and acetonitrile (E. Merck) were further purified
according to literature procedures.!® Spectroscopic grade
dichloromethane, chloroform, and carbon tetrachloride (all
BDH) were used as such. Chloranil and p-benzoquinone
were procured from K and K Fine Chemicals. These com-
pounds were further purified by repeated crystallization from
acetone.

The absorption spectra were recorded on Shimadzu UV 190,
equipped with U-135 chart recorder. Fluorescence measure-
ments were carried out on scanning spectrofluorimeter, details
are available elsewhere.!? The concentration of the fluoro-
phores used was of the order of 0.6—2.5X10-5 M (1 M=I
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mol dm—3), whereas those of chloroform and carbon tetrachlo-
ride varied from 0.001 to 0.7 M, except for 3-AF. Dichlo-
romethane is a very poor quencher and thus very high concen-
tration had to be used to get any meaningful fluorescence
quenching.

Fluorescence lifetimes at 300 K were measured with the help
of Applied Photophysics limited nanosecond fluorescence
spectrofluorimeter (model SP-70/80) using time correlated
single photon counting device. The electronic processing
equipment was from Ortec. The pulse width of the flash
lamp is ca. 4 ns and the convolution method was applied to
determine the fluorescence lifetimes less than 10 ns.

Results and Discussion

Absorption Spectra. The absorption spectra of all
the aromatic amines in cyclohexane and acetonitrile at
various concentrations of chlorinated methanes do not
change i.e. the band shape and full band width at half
the absorbance remain same. This indicates that no
complex formation between the amines and chlorinated
quenchers are occuring in the ground state.

Fluorescence Spectra. The fluorescence spectra of
all the aromatic amines in cyclohexane and acetonitrile
at various concentration of chlorinated methanes were
recorded. It has been observed that the fluorescence
intensity of the fluorophore decreases with the increase
of quencher concentration without the appearance of
any other new fluorescence band. The fluorescence
band shape and full width at half the maximum intensity
did not change. Further, the fluorescence intensity as
well as the absorbance of any solution containing high-
est concentration of quencher did not change when the
spectrum was recorded after the experiment was carried
out once. This indicates that no detectable photoprod-
uct is formed under our experimental conditions.
This could be due to the very small amount of quencher
(less than 0.6 M) used and time used to excite the sample
is also very small. Dichloromethane was the excep-
tion. In this case, the concentration of quencher used
was upto 10 M. Even at such a high concentration of
dichloromethane, no detectable amount of decomposi-
tion of aromatic amines is observed. Further, the
Stern-Volmer plot for dichloromethane as a quencher,
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is linear and thus indicates that no ground state or
contact complex between the fluorophore and dichlo-
romethane is formed even at such a high concentration
of the quencher.

The Stern—Volmer plot of the fluorescence quenching
of 2-AN by CCly is shown in Fig. 1. The plot is linear
throughout the concentration of CCly used.

= L KQI= 1t @

where I and I, are the fluorescence intensities of the
fluorophore with and without the quencher Q, Kw=kq7o
is the Stern-Volmer constant, kq is the second order
fluorescence quenching rate constant and 7o is the life-
time of the fluorophore in the absence of quencher.
Similar plots were observed for other fluorophores
using different quenchers. The quenching rate con-
stants kq for the chlorinated methanes can be easily
determined from Ky /7o. The values of kq in cyclohex-
ane and acetonitrile as solvents are compiled in Table 1.

Different values of excitation wavelengths were used
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Fig. 1. Stern-Volmer plot of the fluorescence
quenching of 2-AN by CCly at 298K. —O—, CH3CN;
—X—, cyclohexane.

Table 1. Singlet State Energy (E;), Lifetimes (7o, ns) and Quenching Rate Constants (M~1s71)
for Various Aromatic Amines in Cyclohexane and CHsCN
E, o kq(Cyclohexane) To k(CH3CN)
S. No. Compound — CHyCl: CHCls CCl CH,Cl: CHCl; CCl

¢ DS (X108) (X109 (X109) U5 (X108) (X109 (X109)
1 AB 4.1 4.3 885 13.1 15.50 5.1 212 11.83 14.20
2 1-AN 3.54 5.98 7.94 3.37 10.08 8.6 — 2.24 10.26
3 2-AN 3.72 6.2 8.82 1.89 7.59 7.3 4.52 1.12 10.11
4 2,3-DAN 3.51 6.8 294 210 11.76 4.9 2.14 4.45 10.36
5 9-AP 3.28 10.6 0.57 0.69 6.06 7.7 — 0.74 10.14
6 1-APy 3.12 5.6 0.13 0.23 10.02 4.3 3.93 0.60 10.33
7 2-AC 3.06 7.5 — 0.046 8.03 5.4 — 0.049 15.71
8 6-AC 3.06 7.5 — 0.049  6.55 6.0 — 0.0695 17.95
9 3-AF 2.80 8.1 — 0.001 0.046 8.8 — — 0.147
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for 1-AN-CHCIlz system and it was found that the
Stern-Volmer plot (thus Kv) did not depend upon the
excitation wavelength above 300 nm, (Aexe=300 nm,
Kw=20.1 M™1; A=325 nm, Kw—=19.6 M™1; Aexc=335
nm, K=20.45 M™1). This indicates that no distinct
complex formation between CHClz and 1-AN in the
ground state is observed. Though no similar study has
been carried out with other compounds, similarity of the
absorption spectra of these compounds with each other
does indicate that no ground-state complexes are
formed in these systems also. This has also been
manifested from the study of absorption characteristics
as said earlier. But these results are different from
those of anthracene and CCls,23 where it has been
shown that the photoproducts are formed.

A popular mechanism, generally used to explain the
fluorescence quenching has the following reaction
scheme:

A+hv— A* )
A*+QE2(AQ* > A+Q ©
kf/ \’kl
A+hvf A

where A, Q and hv represent the fluorophore, quencher
and the light quantum, A* and (AQ)* are the excited
states of the fluorophore and of the encounter complex
between A* and Q respectively, k’s reaction rate con-
stants, kr and kp are the rate constants for radiative and
nonradiative decay processes. The apparent quenching
rate constant kg, for the collisional quenching process
can be given by

Kq= vk, (C))

where <y is the efficiency of the quenching reaction,
which is given by ks/(ketks) approaches unity if ka<<lks
(the quenching process is very fast) or it approaches ka/
k2 when not every encounter between Q and A* results
in quenching. Thus the values of k;=k; in the former
case and kiks/ke in the latter case. As said earlier,
fluorescence quenching process in the present case
requires that the fluorophore and the quencher should
approach each other, the maximum value of k1 can be
equal to the diffusion controlled limits. The values of
k1 thus determined, using the modified Debye equa-
tion!? (8 RT/3000 n, where 7 is viscosity of the medium
in centipoise, R is a gas constant and 7 the temperature
in Kelvin) are found to be 9.8X10° M~1s~1 and 1.8X1010
M™1s-1in cyclohexane and acetonitrile respectively.
The data of Table 1 clearly indicate that fluorescence
quenching rate constants for all the aromatic amines by
CCly are nearly equal to the diffusion-controlled rate
constant (kasr) whereas the quenching efficiency of
CH2Cl: is three to four orders of magnitude less than
CCly and that of CHCIl; is between CH3Cly and CClg.
The quenching rate constants even in case of CH2Cl; is
considerably faster than can be accounted for chemical
quenching (for example, the rate constant of alkyl radi-
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cals with CCly does not exceed 10¢—105> M~1s71 see
Ref. 3). The data of Table 1 thus clearly indicate that
quenching is believed to proceed via an intermediate
donor-acceptor (DA)* complex formed between the
excited aromatic amine and quencher and not by classi-
cal energy transfer. To test the validity of this model,
Eq. 1 can be varified from two angles as mentioned
below:

i) Equation | reduces to

kqxcexp[—(const— E.A.)/ kv T],
E.A.

i.e. log kg =const + W’

(6
if the fluorophore is kept the same but quencher is
varied. Figure 2 depicts the plot of logkq vs. E.A.
Although the number of quenchers are only three, it is
clear from Fig. 2 that plot is a curve for each amine and
it levels off to a diffusion controlled rate constant.
Though quantitatively we cannot get much information,
qualitatively it is clear that k4 increases with increase of
E.A. of the quencher. Similar behavior has been
observed in case of fluorescence quenching of aromatic
molecules by inorganic ions.14-17

il) Equation 1 reduces to Eq. 7 if we choose different
fluorophores and one quencher,

kqcexp[— (L. P.— S1—const)/ k» T,
S1—LP.

or log kq=const + W;T_’

@)
The singlet state energy of all the aromatic amines
were calculated by taking the average of the long wave-
length band maximum of absorption spectrum and
short wavelength band maximum of fluorescence spec-
trum in cyclohexane. This is because in this solvent,
the interactions between the solvent and the fluorophore
is minimum. These values are compiled in Table 1.
The ionization potential data for all the aromatic
amines are not available, except for AB, 1-AN, and 2-
AN (ie. 7.7, 7.3, and 7.25 eV respectively). The
experiments were carried out to calculate the ionization
potentials of aromatic amines by measuring the energy
of the charge-transfer band (Ecr) of the molecular com-
plexes formed by these amines with different electron
acceptor molecules (e.g. chloranil and benzophenone).

10—
= 8 1~AN
- ° -
g X 2-AN
o 2,3-AN
1 6l o 9-AP
a 1-APy
4 1 | 1
1.0 1.4 1.8 2.2 2.6

—= EA (eV)

Fig. 2. Plot of logk, vs. electron affinity of the
quencher, in cyclohexane.
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Unfortunately no charge-transfer bands were observed
with these acceptor molecules, though simple empirical
relations are available to relate the energy of the CT
band and I P. of donor molecule. With the limited
data available, it is clear that we cannot assume that
LP.’s are constant for these amines. However in the
absence of I P. values, log k, versus singlet state energy
of the fluorophores, for CH2Cl;, CHCls, and CCls as
quenchers, in cyclohexane and acetonitrile are depicted
in Fig. 3. The plots are linear for CH2Cl; and CHCls in
cyclohexane and acetonitrile, with slopes 3.5 and 2.5 in
the former solvent and 2.0 and 1.5 eV~! in the latter
solvent, whereas for CCly, the plots are horizontal to x-
axis. The linear correlation suggests that C and P
values are practically constant. The above results
further suggest that the 7. P. of these aromatic amines are
proportional to the singlet state energy (i.e. 1.P.—$1),
thus leading ($1—1. P.) to (1—a) S: where ‘a’is a constant
of proportionality. The above results are consistent
with the fact that the values of the quenching rate
constants are limited by the singlet state energy of the
fluorophore so long these are less than kar. Once the
value of kg is equal to kair, kq Will be independent of
either Es or E.A. The values of slopes obtained in case
of CH2Clz or CHCls are much less than the theoretical
value [i.e. 1/(2.303 k»,7)=16.78 ev1].

Thus the above results suggest that fluorescence
quenching for these aromatic amines does not occur via
charge-transferred state. As said earlier quenching
could proceed via an intermediate donor-acceptor
(DA)* complex formed between the excited aromatic
amine and quencher.

10—
8_.
k3
o
L
T
['_
10— “So o Anr;( ) == |
x X
A

Cyclohexane _|

—> log k
)
I

a CHyCly

4 X CHCly

(] CC[L

2 | | ] ] ] | |

26 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2
—» E. (eV)

Fig. 3. Plot of log k4 vs. singlet state energy of aro-
matic amines. (a) Cyclohexane (b) Acetonitrile.
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The value of kq observed for 3-AF is much less than
that can be predicted from the log kq vs. S1 plot. Our
earlier resultsz® have indicated that proton-induced
fluorescence quenching of neutral 3-AF is much less
than that generally observed in other aromatic
amines,2—28) with few exceptions.?®39 This indicates
that charge transfer character in S state of 3-AF is very
less and thus the transfer of charge from 3-AF to
chlorinated methanes will not be efficient process.

The results of dichloromethane using as an electron
acceptor have indicated that the fluorescence intensity
as well as shift in fluorescence band maximum of the
donor molecule is observed when the concentration of
CH2Cl; is more than 5 M and thus can be explained in
term of a change in the rate of unimolecular photoproc-
esses induced by the change in solvent. At very high
concentration of CH2Cl; its effect as a solvent (and the
decrease in kq due to the decrease in the polarity) is more
significant than the change in the quencher concentra-
tion (i.e. ko[ Q] decreases with increase in [Q]). Similar
dependence has also been observed in other systems.22)

Conclusion. In conclusion, we consider that the
dominant quenching pathway involves an intermediate
donor-acceptor (DA)* complex formed between the
excited aromatic amine and quencher molecules.

The authors are thankful to the Department of
Science and Technology, New Delhi for financial
support.
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