Available online at www.sciencedirect.com
Journal of

SCIENCE(CbDIRECTa PhOtOChfmiStIy

_ Photobiology

el RS A:Chemistry
ELSEVIER Journal of Photochemistry and Photobiology A: Chemistry 177 (2006) 89-93

www.elsevier.com/locate/jphotochem

Fluorescence quenching of BPBD by aniline in
benzene—acetonitrile mixtures

J. Thipperudrappd D.S. Birada?, M.T. Lagaré}, S.M. Hanagodimath*,
S.R. Inamda?, J.S. Kadadevaramath

@ Department of Physics, Gulbarga University, Gulbarga 585106, Karnataka, India
b Department of Physics, Karnatak University, Dharwad 580003, Karnataka, India

Received 3 February 2004; received in revised form 18 April 2005; accepted 6 May 2005
Available online 12 July 2005

Abstract

The quenching of fluorescence of 2-¢4butylphenyl)-5-(4-biphenylyl)-1,3,4-oxadiazole (BPBD) has been studied by aniline in different
solvent mixtures of benzene and acetonitrile at room temperature. The quenching is found to be appreciable and a positive deviation from
linearity was observed in the Stern—\Volmer plot in all the solvent mixtures. Various rate parameters for the quenching process have been
determined by sphere of action static quenching model and finite sink approximation model. The magnitudes of these rate parameters indicate
that positive deviation in the Stern—\Volmer plot is due to both static and dynamic processes. The dependence of Stern—\Volmer constant on
dielectric constant of the solvent mixture indicates the possibility of different solvent molecule composition around the fluorescent from that
of the bulk.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction is attributed to various process like intersystem crossing,

formation of charge transfer complexes both at ground and

Fluorescence quenching of organic molecules in solution excited states, static and dynamic quenching, etc. Apart from

by various quenchers like aniline, bromobenzene, carbonthis, the polarity of the solvent medium and the range of

tetra chloride, eththyltrithiocarbonate, halide ions, metalions, quencher concentration are expected to play a role in this
etc. has been studied by several investigators by steady statenechanism.

[1-8]and transient method@—12]. In almost all the cases the In the present study we have used steady state experimen-
experimental results follow the linear Stern—Volmer (S-V) tal setup to investigate the quenching of 2-(butylphenyl)-
relation given by 5-(4’-biphenylyl)-1,3,4-oxadiazole (BPBD) by aniline in

different solvent mixtures of benzene and acetonitrile with
Io/I'=1+ Ksv[Q] @ a view to understand the nature of quenching mechanism
where Iy and I are the fluorescence intensities in the involved in this system. By choosing two aprotic solvents
absence and presence of quencher respectivgly. is benzene (BN) and acetonitrile (AN) with widely different
the Stern-Volmer quenching rate parameter appli§ the dielectric constants, a good range of solvent polarity varia-
guencher concentration. But in some cases, it has beerfion (2.28-37.12) was obtained. We have used the literature
observed that the experimental results show positive devia-values[13] of dielectric constants for all the solvent mix-
tion from a linear S-V relatiofd—7]. This positive deviation tures. The various rate parameters responsible for fluores-
cence quenching have been determined by sphere of action
* Corresponding author. Tel.: +01 8472245252, fax: +91 8472222039,  Staic quenching model and finite sink approximation model.
E-mail address: smhmath@rediffmail.com (S.M. Hanagodimath). In light of these rate parameters and dependence of quench-
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ing rate parameter on the polarity of the solvent mixture the

. . . . 24
possible quenching mechanisms are discussed.

6

2. Experimental details 20

The solute 2-(4t-butylphenyl)-5-(4-biphenylyl)-1,3,4-
oxadiazole (BPBD) was obtained from Sigma—Aldrich, USA
and is of scintillation grade. The quencher aniline was used
after double distillation. The solvents benzene and acetoni-
trile were of spectroscopic grade and were used without any 1 3
further purification. The solutions were prepared keeping the
concentration of BPBD fixed (& 10~° M/L) and varying the
quencher concentration (0.002—0.010 M) in all the solvent
mixtures. Fluorescence spectrophotometer F-2000 was used
for fluorescence intensity measurements, with perpendicular 8
geometry. Fluorescence measurements were made by taking
fresh solution each time in a rectangular quartz cell having
an airtight stopper. The solute has maximum absorption at
305 nm. The solute was excited at 305nm and the fluores-
cence spectrum was recorded. The maximum fluorescence
corresponds to 362 nm. First the fluorescence interfgity
was measured without the quencher and then the fluorescence 0 — T T T
intensity/ was measured at different quencher concentrations 0.000 - 0.0020.004 0006 0008 0010
and at a fixed solute concentration. The experimental values
are reproducible within 5% of the experimental error.

(%)

Iy/1

Fig. 1. Stern—\Volmer plot ofy/I against quencher concentratia® in dif-
ferent solvent mixtures of benzene and acetonitrile.

containing transient term is given by
3. Results and discussion Ky =47N'RD + 4 R2 N'(w D)l/zfl/z 3)

The S-V plots obtained by using the experimentally deter- where N’ is the Avogadro’s number per millimole® the
mined values offy and 7 are found to be nonlinear in all encounter distance, i.e. the sum of the radii of the solute and
the solvents showing positive deviation and are shown in quencher molecules ands the time. The retention of the
Fig. 1 Similar experimental results were also observed by latter term of Eq(3) leads to an additional factd¥' in Eq.
others[4—7]. Thus, positive deviation from linearity sug- (2), which is given by
gests that quenching is not purely collisional and reveals ,,, =
the role of the static quenching process. This was explainedW = exp(-ViQ)) @)
by sphere of action static quenching model. According to where V is the static quenching constant and represents
this model instantaneous or static quenching occurs if the an active volume element surrounding the excited solute
guencher molecule is very near to, or in contact with the fluo- molecule.
rescent molecule atthe exact momentithappensto be excited. Instantaneous (static) quenching occurs in arandomly dis-
This was explained by the fact that only a certain fraction  tributed system when a quencher happens to reside within
of the excited state is actually quenched by the collisional a sphere of action with a volum&/N’, and radius #
mechanism. Some molecules in the excited state, the fraction[ V/N' = 4zr3/3] surrounding a solute molecule at the time of
of which is (1— W), are deactivated almost instantaneously excitation.
after being formed, because a quencher molecule happens As W depends on the quencher concentrat@jthe S-V
to be randomly positioned in the proximity at the time the plots for a quencher with a high quenching ability generally
molecules are excited and interacts very strongly with them. deviate from linearity. Thus E@2) is rewritten as
Several models were employed (Smoluchowski model, Frank
and Wawilow model]2,14]to describe this static quenching [1 = 1/10l/1Q] = Ksv(I/10) + (1= W)/[Q] ®)
process, all leading to the following modified form of the Fig. 2 shows the plots of [+ I/Io)/[Q] againstl/Iy for

S-V equation BPBD with aniline as quencher for different solvent mixtures
of benzene and acetonitrile which are linear according to Eq.
Io/1 = {1+ Ksv[Ql}/ W @ 5 I

whereKsy and [Q] have their usual meanings as explained  The dynamic quenching constatgy is determined in all
earlier. The Smoluchowski’'s diffusion controlled equation the cases by least square fit method using (Byjand the
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Fig. 2. Plot of [1— I/Io]/[ O] againstl/Io for BPBD in different solvent mix-
tures of benzene and acetonitrile (1, 100% BN; 2, 20% AN; 3, 40% AN; 4,
60% AN; 5, 80% AN; 6, 100% AN).

values are given iMable 1 Fluorescence lifetime of the
solute studied is obtained from the catalogue of the Koch-
Light laboratories limited, UK and is given at the bottom of
Table 1 Bimolecular quenching rate parametgwas deter-
mined from relationkq = Ksy/t (Table 1. Here high values

of kq indicate efficient quenching of fluorescence.

In order to support static and dynamic effects, we have
determined the magnitudes of static quenching congtant
and radiir of sphere of action (or kinetic distance) using the
sphere of action model. With the use of E¥. and (5)the
values ofV andr are determined by least square fit method
in all the solvent mixtures and are givenTiable 1

The radii of the solute Ky) and the quencherRg)

91

lar radiiis referred to as encounter distance. This value is then
compared with the values of ‘to verify whether the reaction

is due to sphere of action model. Frdible 1we see that the
values of kinetic distance™ are greater than the encounter
distancer. Therefore according to Andre et fl6] and Zeng
and Durochef17] the static effect takes place irrespective of
ground state complex formation provided reactions are lim-
ited by diffusion indicating the sphere of action model holds
well. Further it may also be noted that a positive deviation in
S-V plotis expected when both static and dynamic quenching
occurs simultaneousky#].

In order to find whether the reactions are diffusion limited
we invoked finite sink approximation model. According to
this model[18—20]the following modified S-V relationship
is obtained

_ -1 1/3
Ksd = (k%) —{@@eN)Y

/47N’ DT 0]*° 6)
whereK2,, = 47N DRtka/(4nN' DR + ks), N' the Avogadro’s
number per millimoleD the sum of the diffusion coefficients
(mutual diffusion coefficient) of the reactants aRds the
reaction distance at which the reaction procegglthe acti-
vation energy controlled rate constant. A plotk: against
[0]Y3 becomes linear with negative slope. Mutual diffusion
coefficientD becomes directly accessible from the slope of
the plot andKsy is obtained at] =0 regardless of the rel-
ative magnitudes ok, and ky (=47N'DR), irrespective of
quenching is diffusion limited or not.

Therefore according to E¢6) we need to determine the
values of K5y and [0]V3. WhereKsy = [Io/I — 1]/[0] and
[0] the quencher concentration from 0.002 to 0.010 M. For
efficient quenching processes (concentration dependent) the
valueKsy is often observed to increase witl]] Hence the
values ofKsy were determined at each quencher concentra-
tion in all the solvent mixtures and the valueskdy; are also
determinedFig. 3 shows the plots ok 5 against P]'.
From this figure we see that all the plots in different solvent
mixtures are almost linear and small deviation may be due
to experimental uncertainties. Hence, the linear dependence

molecules were determined by adding the atomic volumes of Kg\} on the one-third power of quencher concentration
of all the atoms constituting the molecule as suggested bywithin the error limits is confirmegiL7]. Then the values of

Edward[15] and are given at the bottom @&ble 1 From
these values aky andRq the sum of the molecular radii
of BPBD and aniline is determined. This sum of the molecu-

Table 1

ng (S-V constant at@®] =0) and mutual diffusion coeffi-
cient D were obtained from the intercept and slope of the
plot of K5y against P]3, respectively Table 9. Using the

The dielectric constants of the benzene—acetonitrile mixtures, Stern—Volmer quenching cggtaptenching rate parametey, static quenching constant
V and kinetic distance values for BPBD + aniline system in different solvent mixtures of benzene (BN) + acetonitrile (AN) at room temperature

Solvent mixture Dielectric constari, Ksy (mol~1) kq (x1071%mol~1s71) V (mol~1 dmd) r (A)

100% AN 3712 841.523 70.10 1120 35.48
80% AN 3046 807.313 67.28 885 32.52
60% AN 2430 787.390 65.62 733 30.46
40% AN 1518 749.750 62.48 639 29.30
20% AN 1067 714.690 59.56 508 27.25
100% BN 228 666.660 55.55 427 25.25

Ry=4.31A, Ro=2.84A, r=1.2ns.
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Table 2
The values oﬂ(gv (steady state quenching constant@£ 0), mutual diffusion coefficienD, distance paramet&’, 4=N'DR’ for BPBD + aniline system in
different solvent mixtures of benzene (BN) + acetonitrile (AN) at room temperature

Solvent mixture K2, (mol~tdnr) D (x10°cnmés) R (A) 4A7N'R'D (x1019mol-1s71)
100% AN 595.24 29.79 21.99 49.60
80% AN 598.80 33.50 19.68 49.90
60% AN 588.23 33.96 19.07 49.02
40% AN 564.97 34.30 18.13 47.07
20% AN 549.45 36.49 16.57 45.77
100% BN 578.03 51.08 12.46 48.17

R(=Ry +Rg)=7.15A.

values ofK,, andD, the distance paramet&f was deter-
mined and is given iTable 2for all the solvent mixtures. In 040
present cas® >R in all the solvent mixtures and hence the

values ofk, cannot be determined. According to Joshi et al.

[21] the bimolecular reactions are said to be diffusion lim-

ited if the values okq are greater tharndV'R'D. Hence the 800
values of 4N'R'D are calculated using the experimentally
determined values @t andD and are given imable 2 We
see fromTable 2that in all the solvent mixtures the values
of kq are greater thanaV'R'D, which is an expected result
for diffusion limited reactiorj21]. The possibility of ground
state complex formation is ruled out as no shift in absorption
spectra of different solvent mixtures of benzene and acetoni- 720
trile at room temperature was observed. Further, we observe
from Fig. 4 that the value oKsy increases as the dielectric
constant of the solvent mixture increases. It is worth to note
that the dielectric constant of the mixed solvent is in princi- 680
ple determined as an average, but fluorescence quenching is

760+

Z

4

‘l'l‘jl‘_}l‘l‘l'
0.0014 5 10 15 20 25 30 35 40

Fig. 4. Variation ofKsy as a function of Dielectric constanfor the solute
BPBD.

0.00124
determined quite locally. This may be attributed to the fact
that the solvent molecule composition around the fluorescent
is different from that of the bulk in different solvent mixtures.
Similar trend was observed by others in some fluorophore-
quencher systemgl,22]. This effect of dielectric constant
suggests the charge transfer character in the excited complex.
The high value oKsy in polar solvent acetonitrile compared

to non-polar solvent benzene may also be explained by the
greater charge transfer character of the excited complex in
the polar solvenf23].

000104

0.0008

0.00064

0.0004-
4. Conclusion

T T M T v T T T T T T T
010 012014016 018 020 022 From the above discussion we observe that: (1) the S-V
[ plots show positive deviation leading to high valueskgf
Fig. 3. Plot ong\} against P]® for BPBD in different solvent mixtures of indicating efficient fluorescence quer_1chmg_. (2) The depen-
benzene and acetonitrildl 100% BN, @) 20% AN, () 40% AN, (O) dence of Stern—\Volmer constant on dielectric constant of the
60% AN, (A) 80% AN, (V) 100% AN). solvent mixture indicates the possibility of different solvent
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molecule composition around the fluorescent and that of the [4] P.K. Behera, A.K. Mishra, J. Photochem. Photobiol. A: Chem. 71
bulk. (3) The value okq is greater than #V'R'D in all the (1993) 115. o _ _
solvent mixtures. (4) The value of quenching rate parameter [5] J.ls. Kafadevaramath, T.P. Giraddi, G.C. Chikkur, J. Photosci. 4
kg incrgases with increase in dielectric constant of the sol- (6] ;g.ggra%%i, 3.5. Kadadevaramath, G.H. Malimath, G.C. Chikkur,
vent mixture suggesting the charge transfer character of the * ~ App|. Radiat. Isot. 47 (1996) 461.

excited complex. In view of the above facts we conclude that [7] MK. Shailaja, S.M. Hanagodimath, J.S. Kadadevaramath, G.C.
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