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Fluorescence quenching of anthrylvinyl acetate by carbon tetrachloride (CCls) was carried out in both
polar and non-polar solvents at room temperature to understand the role of quenching mechanism.
The negative deviation in normal Stern-Volmer (S-V) plots was observed in almost all solvents used
for Aex 345nm, 365 nm and 385 nm. The bimolecular quenching rate constant (kq) estimated using the
measured values of quenching constants and decay times were found to be dependent on the polarity
of the solvent. Further, it is found that quenching efficiency increases with increasing polarity of the
solvent. The negative deviations from the normal Stern-Volmer (S-V) plots shown in the fluorescence
quenching of anthrylvinyl acetate by carbon tetrachloride is interpreted in terms of the existence of
different conformers of the solute in the ground-state. Fluorescence decay of the solute before quenching
showed bi-exponential behavior and the analysis yielded two decay components, respectively, in the
range 2.11-7.22 ns and 5.17-12 ns in all solvents except n-propanol and methanol. Based on the steady
state and fluorescence lifetime measurements emission band I (408 nm) is assigned due to locally (LE)
excited state (Trans form), band II (430 nm) due to isomer state of Cis form.

Keywords:

Bimolecular quenching
Negative deviation
Conformer
Fluorescence decay

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Fluorescence quenching is an important technique used to
obtain adequate information about the structure and dynamics
of fluorescent molecules. It is a process, in which fluorescence
intensity of the solute decreases by variety of molecular interac-
tions such as excited state reactions, molecular rearrangements,
energy transfer, ground-state complex formation and collisional
quenching [1-10]. Stern-Volmer plots of certain quenching reac-
tions results upward, downward or both upward and downward
curvatures. The main reason for the positive deviation (upward)
is the formation of a non-fluorescent complex between the flu-
orophore and quencher in the ground-state (static quenching),
however; the negative deviation (downward) is either due to the
presence of two fluorophores with different accessibility to the
quencher and/or due to the occurrence of the reverse reactions in
the photochemical system [11]. Normally, the biochemical appli-
cations of quenching are due to the molecular interactions such as
ground-state complex formation, exciplex formation, and energy
transfer.

In general both static and dynamic quenching requires molecu-
lar contact between the fluorophore and quencher. The formation
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of non-fluorescent ground-state complex between the fluorophore
and the quencher results in static quenching and if there is a
collision between subsequent formation of a transient complex
between excited state fluorophore and a ground-state quencher
then dynamic quenching takes place. Thus the difference between
the static and dynamic quenching is the sequence of excitation
and complex formation, while the physical bases of two quench-
ing mechanisms are the same. The fluorescence quenching of
organic molecules in solution by several quenchers has been stud-
ied in depth using steady-state and transient methods and positive
deviation has been observed by many researchers [12-24]. But
very few reports have been appeared in the literature for down-
ward (negative) deviations in the Stern-Volmer plot [10,11]. In
the present system such downward deviations in S-V plot has
been observed in bimolecular quenching reaction of anthrylvinyl
acetate (solute) and CCly (quencher). Therefore, a desire to get
better understanding about the structure and molecular proper-
ties of anthrylvinyl acetate in the ground and excited state has
motivated us to study in detail about the mechanisms involved.
In the present work, the photophysical properties of anthrylvinyl
acetate have been investigated in various solvents using steady
state absorption and fluorescence emission as a function of con-
centration and excitation wavelength. Also, fluorescence lifetimes
measurements were carried out to identify the emitting species.
To characterize the species responsible for negative deviation the
experimental results of steady state and lifetime measurements


dx.doi.org/10.1016/j.jphotochem.2010.06.018
http://www.sciencedirect.com/science/journal/10106030
http://www.elsevier.com/locate/jphotochem
mailto:naik_36@rediffmail.com
dx.doi.org/10.1016/j.jphotochem.2010.06.018

146 A.B. Naik et al. / Journal of Photochemistry and Photobiology A: Chemistry 214 (2010) 145-151

Fig. 1. (a) Ground-state conformers at room temperature (at very low energy) (orientation of the estercarbonyl group with respect to double bond is different, it can be
S-Cis or it can be S-Trans). (b) Excited state geometric isomers (Cis-Trans isomers are due to rotation around double bond. This energy difference is much higher at room

temperature only the more stable Trans isomers predominates).

were explained in terms of possible resonance structures of the
molecule (Fig. 1).

2. Experimental

Anthrylvinyl acetate was taken from Organic division II, Indian
Institute of Chemical Technology (IICT), Hyderabad [16], and was
used with further purification. All solvents were of spectroscopic
grade and were used as received. The absorption and fluores-
cence spectra were recorded using Hitachi Model U-3010/U-3310
spectrophotometer and F-7000 fluorescence spectrophotometer,
respectively. The lifetime measurements were carried out using a
Picosecond operated time-correlated single photon counting unit,
which is described elsewhere [17]. In the present work, Nano LED
(373 nm, 1.2 ns, 1 MHz) was used as the excitation light source and
a TBX4 detection module (IBH) coupled with a special Hamamatsu
PMT was used for fluorescence detection. In the present setup, the
instrument response was ~1.2 ns (~240 ps) at FWHM. Fluorescence
decays were recorded with a vertically polarized excitation beam
and fluorescence was collected at magic angle 54.7° and was ana-
lyzed by a deconvolution method at room temperature.

3. Results and discussion
3.1. Steady-state measurements

The absorption spectra of anthrylvinyl acetate in various sol-
vents at 1 x 10-> M have three absorption peaks 345 nm, 365 nm
and 385 nm in the UV region (Fig. 2). Upon the addition of quencher
concentration there is no change in the absorption spectrum which
indicates the non-formation of ground-state complex. Fluorescence

Fig.2. Absorption spectra of anthrylvinyl acetate in methanol at fixed concentration
of 1 x 10-> M with varying quencher concentration of CCl: (a) 0.00 M, (b) 0.02 M,
(c)0.04M, (d) 0.06 M, (e) 0.08 M, and (f) 0.10 M.

at low concentration (1 x 10~5 M), exhibits two emission bands in
all solvents, I band (408 nm) and II band (430 nm); however as
the concentration is increased from10~>M to 10-3 M, the inten-
sity of I band goes on decreases and merges with the second band
and is assigned to as Cis form of the solute. At low concentration
as the excitation wavelength goes on increases the intensity of II
band increases more as compared to I band in all solvents (Fig. 3).
The intensity contribution of emission band I (Trans form) and II
(Cis form) are 48% and 52% for Aex 345nm, 33% and 67% for Aex
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Fig. 3. Excitation wavelength dependence emission spectra in methanol solutions
at concentration 1 x 107> M.

365nm and 12% and 88% for Aex 385nm and these experimen-
tal results agree well with the values of earlier reports [16]. Thus,
fluorescence characteristics of the solute studied as a function of
concentration and excitation wavelength reveals the existence of
two emitting species. In addition the experimental results may also
be explained in terms of the possible resonance structure of the
molecule as shown in Fig. 1a and b. Fig. 1a, shows the ground-state
conformers; at room temperature the orientation of the ester car-
bonyl group with respect to double bond is different, it can be S-Cis
or it can be S-Trans. Fig. 1b, shows excited state geometric isomers;
Cis-Trans isomers are due to rotation around double bond. It is
evident from experimental observation that the energy difference
between Cis-Trans isomers is much higher at room temperature
therefore more stable Trans isomers predominate. However, at very
low concentration and high excitation energy (Aex <345 nm), the
S-Cis form and S-Tans forms of the molecule are in equilibrium.

To understand the role of quenching mechanism fluorescence
quenching of anthrylvinyl acetate by carbon tetrachloride (CCly)
was carried out in both polar and non-polar solvents for Aex 345 nm,
365 nm and 385 nm at room temperature. Infact the fluorescence
of anthrylvinyl acetate in both polar and non-polar solutions is
effectively quenched by the addition of CCl, (Fig. 4) without the
alteration in the shape of the fluorescence spectra and peak posi-
tion until the intensity fall below the detection limit for Aex 345 nm,
365 nm and 385 nm. Thus, no shifts in the absorption maxima and
fluorescence spectra upon the addition of quencher concentration
ruled out the formation of ground-state complex between the flu-
orophore and quencher.

Fig. 4. Emission spectra of the solute in methanol at fixed concentration of
1 x 10> M with varying quencher concentration of CCly: (a) 0.00 M, (b) 0.02 M, (c)
0.04M, (d) 0.06 M, (e) 0.08 M, and (f) 0.10 M.

Fig. 5. Stern-Volmer plots of I°/I versus [Q] exhibiting negative deviation in differ-
ent solvents with varying polarities: (a) n-hexane, (b) cyclohexane, (c) benzene, (d)
toluene, (e) tetrahydrofuran (THF), (f) butanol-1, (g) n-propanol and (h) methanol
for Aex (A) 345nm, (B) 365 nm and (C) 385 nm.

In the present system, among the several models normal
Stern-Volmer relation and the modified Stern-Volmer or Lehrar
relations was used to understand the quenching process. A normal
Stern-Volmer equation used to understand the quenching mecha-
nisms is given by the relation [25]

0
E =11kl =1+ kgrolC] (M
where I° and I are the fluorescence intensity in the absence and
presence of quencher. 7 is the lifetime value in the absence of
the quencher, kq is the bimolecular quenching rate constant and
Ksy is the slope of the plot of I9/ versus quencher concentra-
tion. Fig. 5 shows the plots of I9/I versus quencher concentration
and is non-linear exhibiting negative deviation with the inter-
cept equal to unity. When I°/I at Aem 420 nm were plotted against
quencher concentration (Fig. 5), the S-V plot appear linear at lower
concentration (0.00-0.04 M) and is ascribed to diffusion-limited
dynamic quenching. Whereas at higher quencher concentrations
(0.04-0.1 M) a significant downward deviation from the linearity
is observed for Aex 345 nm, 365 nm and 385 nm. This could be due
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Fig. 6. Modified linear Stern-Volmer plots of I°/(I° —I) versus 1/[Q] in different solvents with varying polarities.

to either the presence of two fluorophores with different accessibil-
ity to quencher (CCly) or the occurrence of a reverse reaction in the
photochemical process [18]. The negative deviations (downward
curvature from linearity) in the Stern-Volmer plot may be due to
the existence of different conformers of anthrylvinyl acetate [10]
and in the limit, a fraction of the fluorophores may be completely
segregated from the quencher [1].

Further, the modified Stern-Volmer or Lehrar equation is given

by [1]

fr°

1=0-DP+ kol

(2)

where I intensity of fluorescence in the presence of quencher, I
total fluorescence in the absence of quencher, (1—f) I9 is the flu-
orescence intensity of not quenchable fluorophore and ‘f is the
quenchable fraction of the fluorophores, which lies between 0 and
1 (0<f<1) and it indicates that two conformers are accessible
to the quencher for which an estimate of Stern-Volmer constant
(Ksy) varies between 1M~! and 10M~! implying that 0.06 M of
quencher concentration is required to quench one half of the fluo-
rescence intensity of anthrylvinyl acetate. Infact the quenching of
the rest of the fluorophores, the quenchable fraction will obey the

Stern-Volmer equation in the absence of static quenching mech-
anism [1]. The usual form of the modified Stern-Volmer (Lehrar)
equation can also be obtained with the rearrangement of Eq. (2)
and is given by

° ° 1 1 1
—— ===t (3)
01~ A1 F Jiy @

The plot of I°/ Al versus 1/[Q] (Fig. 6) will yield a straight line with
slope 1/(f Ksy) and intercept 1/f, with Ksy = intercept/slope.

It is to be noted that for the proper interpretation of the quench-
ing data and the determination of Ksy requires the identification
of the particular mechanism through which quenching occurs. A
significant downward deviation from linearity displayed at higher
concentrations (from 0.04M to 0.1 M) of CCly (quencher) could
be due to either the presence of two fluorophores with different
accessibility to quencher or the occurrence of reverse reaction in
the photochemical process [18]. However, the interpretation of the
results becomes very difficult if the static quenching contributes to
the total quenching process or when the fluorophore population is
heterogeneous [26]. But the static quenching is due to the presence
of quencher in the vicinity of the solute at the moment of excitation
and is expected to be very weak because the ground-state asso-

Table 1

Fluorescence lifetimes (7.y), Stern-Volmer constant (Ksy), bimolecular quenching rate parameter (kq) and diffusion-limited rate constant (Kp).
Solvent Dielectric n (cP) 71 (ns) 75 (ns) Tay (NS) x* Ksy (M~1) kq x107° Ko x10-10

constant (M-1s-1) (M-1s-1)

n-Hexane 1.880 0.294 2.29 [4.74] 5.17[95.26] 5.03 1.16 1.26 0.251 3.924
Cyclohexane 2.010 0.894 3.59[8.02] 6.74[91.98] 6.49 1.15 242 0.372 1.340
Benzene 2.284 0.604 2.53[6.77] 6.53[93.23] 6.26 1.09 2.90 0.464 1.949
Toluene 2.379 0.560 2.11 [4.15] 6.41[95.85] 6.23 1.22 3.62 0.581 2.094
THF 7.580 0.456 3.01[5.05] 7.08 [94.95] 6.87 1.11 4.25 0.619 2.542
Butanol-1 17.510 2.544 7.22[94.27] 11.93[5.73] 7.49 1.13 6.18 0.825 0.499
n-Propanol 20.210 2.250 7.02 [100] - 7.02 1.24 7.55 1.076 0.562
Methanol 32.630 0.544 6.41[100] - 6.41 1.13 9.32 1.454 2.152
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ciation constant (Ks) calculated from the linear fit of 19/ against
[Q] is almost relatively small as compared to dynamic quenching
constant (Ksy) in all the solvents used which supports the non-
involvement of static quenching in the total quenching process
involved.

The increase of Stern-Volmer constant (Ksy) with increasing the
polarity of the solvents (Table 1) does not indicate the involvement
of electron or charge transfer as possible quenching mechanism,
still then some electron or charge transfer processes might have
occurred between the fluorophore and quencher molecule at the
excited state [27]. In general, quenching in non-polar media is
thought to proceed via charge transfer mechanism and in polar
medium through electron transfer mechanism [28]. Usually, the
efficiency of quenching can be affected by two important solvent
parameters, namely, solvent polarity and solvent viscosity [29].
Thus from the experimental observation, it may be inferred that
quenching is mediated by charge transfer conformers formation
and the major deactivation pathways for the conformers could
be due to the factors like enhanced intersystem crossing [30]. As
the conformers are having charge transfer character therefore the
increase in quenching efficiency is expected with the increase in
polarity of the solvents.

The bimolecular quenching rate parameters kq was determined
using the relation kq =Ksy/tay With the substitution of the exper-
imentally measured values of Ksy and t,y (Table 1). The higher
values of kq suggest the efficient quenching of fluorescence and
the gradual increase in kq with increase of solvent polarity indi-
cates the increase of quenching efficiency with increase of solvent
polarity.

However, in case of efficient quenching mechanism quenching
may take place before the complete formation of an exci-
plex/conformer and the diffusion limited quenching is expected
to increase with decreasing solvent viscosity. In order to under-
stand the effect of solvent viscosity (), the diffusion-limited rate
constant Kj is estimated using the following equation [8]:

4rNDR

Ko =500

{1 +R2DTa) ) 4
where Nis the Avogadro’s number, D= Ds + Dqg and D =Rs + Rq repre-
sents the sum of the diffusion coefficients and sum of the molecular
radii of the solute and the quencher, respectively.

The diffusion coefficients of solute Ds and quencher Dg can be
calculated using Stokes-Einstein equation.

kT
b= arnR

(5)

where k is the Boltzmann’s constant, T is the absolute tempera-
ture, ) is the viscosity of the solvent, R is the radius of the solvent or
quencher as the case may be and ‘@’ is a Stokes-Einstein number. In
the present case, the radius of the solute molecule is larger than the
solvent molecule, and that of the quencher molecule is close to the
solvent molecule. Therefore, based on this reasoning, the values of
radius q, for solute and quencher is taken as 6 and 3 and molecular
radii are Rs =3.86 A and Ry =2.80 A, respectively [31-33].

Further from the plot of Ko/kq versus inverse of viscosity n~!
(P~1) of the solvents (Fig. 7) it is observed that the diffusion-limited
rate constant Ky increases with decrease in viscosity of the solvents
where as the bimolecular quenching rate parameter kq does not
depend on the viscosity of the solvent. Hence it is inferred that the
quenching phenomenon is not solely controlled by material diffu-
sion [32]. The bimolecular quenching constant kq was found to be
sensitive to polar nature of the solvent, it increases with increasing
polarity of the solvent (Fig. 8) and therefore this molecule may act
as a probe for identifying polar nature of the solvents.

Fig. 7. Variation of Ko and kq (M~' S~') as a function of inverse viscosity n~' (P~1)
of the solvents.

3.2. Fluorescence decays

The fluorescence decays of the solute at 420 nm emission in var-
ious solvents without quencher at 373 nm excitation were fitted to
bi-exponential function.

I(t) = a; exp (;—lt) + a, exp (%) (6)

where 77 and 1, are the lifetimes of the two decay components
and a; and a, are their respective amplitudes with a; +a,=1. A
typical fluorescence decay profile of the solute in methanol solu-
tions without quencher is represented in Fig. 9 and the parameters
of bi-exponential fits are listed in Table 1. From the table it is to be
noted that the lifetime (7;) and amplitudes (a;) of the first compo-
nent of the solute in all solvents used without quencher is less than
the second components (71 <73) and (a; <ay) however; in butanol
the lifetime (71) of the first component is less than 7, (71 <13)
with a; greater than a, (a; >ay) i.e., the relative contribution is
reversed. The experimental observation of large difference between
two decay components may indicate the presence of two emit-
ting species or a single species from two different excited states. In
dilute solutions, the average separation of solute molecules is too
large to allow an appreciable proportion of the excited molecules
to encounter a second solute molecule within the lifetime of the
excited state. Thus formation of conformers/charge transfer state
in dilute solutions is small, however as concentration increases;
the average separation between solute molecules becomes too
small to allow the interaction between solute/solvent molecules

Fig.8. Variation of kg (M~ S~1)as a function of dielectric constant (&) of the solvents.
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Fig. 9. Fluorescence decay of anthrylvinyl acetate in methanol without quencher.

leading to the formation of charge transfer state. The positive ampli-
tude obtained within the spectral region investigated indicates that
both the emissions corresponding to these species decay indepen-
dently. Fluorescence decay of the solute before quenching showed
bi-exponential behavior and the analysis yielded two decay com-
ponents, respectively in therange 2.11-7.22nsand 5.17-12 nsinall
solvents except n-propanol and methanol. Based on the steady state
measurements and resonance structure of the molecule the life-
time values intherange 2.11-7.22 nsand 5.17-12 ns are assigned to
Trans form (band Iat 408 nm) and Cis form (band ITat 430 nm) of the
molecule. However, single exponential decay observed with decay
times 7.02 ns and 6.41 ns, respectively, in n-propanol and methanol
solvents may due to the overlapping of the states or may be due to
equilibrating forms of both S-Trans and S-Cis in these solvents. Thus
bi-exponential decay parameters with ay is less than ay (a; <ay)
in all other solvents in the absence of quencher is in agreement
with the conclusion that the negative deviations from the normal
Stern-Volmer (S-V) plots shown in the fluorescence quenching of
anthrylvinyl acetate by carbon tetrachloride is due to the existence
of different conformers of the solute in the ground-state.

4. Conclusion

Fluorescence quenching of anthrylvinyl acetate by carbon tetra-
chloride (CCl4) was carried out in both polar and non-polar solvents
at room temperature to understand the role of quenching mech-
anism. From the steady-state measurements negative deviations
in normal Stern-Volmer (S-V) plots were observed in almost all
solvents used for Aex 345nm, 365nm and 385 nm. The negative
deviation of the quenching from the Stern-Volmer relationship
indicates the existence of two ground-state conformers in aque-
ous solutions. Thus negative deviation (downward) is either due
to the presence of two fluorophores with different accessibility to
the quencher and/or due to the occurrence of the reverse reac-
tions in the photochemical system (Fig. 1). From the study of
fluorescence quenching parameters in various solvents downward
curvature is ascribed to diffusion-limited dynamic quenching and
the existence of two ground-state conformers However, based on
the concentration, excitation wavelength dependence fluorescence
measurements and lifetime measurements in all solvents (without
quencher) band I (408 nm) is assigned due to locally (LE) excited
state (Trans form), band II (430nm) due to isomer state of Cis
form. Further to differentiate and bring out the relative impor-

tance of solvent polarity and viscosity, fluorescence quenching
studies in mixed solvent system of acetonitrile: benzene are under
taken.

Acknowledgements

One of the authors (L.R. Naik) would like to thank University
Grants Commission (UGC) for sanctioning major research project.
Anil B. Naik is thankful to University Grants Commission (UGC),
New Delhi of India for awarding Junior Research Fellowship under
RFSMS scheme.

References

[1] S.S. Leherer, Solute perturbation of protein fluorescence. The quenching of the
tryptophyl fluorescence of model compounds and of lysozyme by iodide ion,
Biochemistry 10 (1971) 3254-3263.

[2] D.B. Cordes, S. Gamsey, B. Singaram, Fluorescence quantum dots with boronic
acid substitued viologens to sense glucose in aqueous solution, Angew. Chem.
Int. Ed. 45 (2006) 3829-3832.

[3] S.M. Mauricio, ]. Holfkens, M.H. Gehlen, Static and dynamic biomolecular fluo-
rescence quenching of porphyrin dendrimers in solution, J. Fluoresc. 18 (2008)
821-826.

[4] L.Matyus,]. Szollosi, A. Jenei, Steady-state fluorescence quenching applications
for studying protein structure and dynamics, J. Photochem. Photobiol. B: Biol.
83 (2006) 223-236.

[5] H.-R. Park, C.-H. Oh, C.-H. Lee, J.G. Choi, B.-I. Jung, K.-M. Bark, Quenching of
ofloxacin and flumequine fluorescence by divalent transition metal cations,
Bull. Korean Chem. Soc. 27 (2006) 2002-2010.

[6] M.A.R.B. Castanho, M.].E. Prieto, Fluorescence quenching data interpretation in
biological systems the use of microscopic models for data analysis and inter-
pretation of complex systems, Biochim. Biophys. Acta 373 (1998) 1-6.

[7] M. Di Giambattista, G. Ide, Y. Engelborghs, C. Cocito, Analysis of fluores-
cence quenching of ribosome-bound virginiamycins, J. Biol. Chem. 259 (1984)
6334-6339.

[8] H.M. Sureshkumar, R.S. Kunebenchi, J.S. Biradar, N.N. Math, J.S. Kadade-
varamath, Fluorescence quenching of 5-methyl-3-phenyl-2-[s-oxadiazol-2'-
thione-5'-yl] indole by CCl4 and aniline in different solvents, ]J. Photosci. 10
(2003) 225-229.

[9] M.S. Meaney, V.L. McGuffin, Investigation of common fluorophores for the
detection of nitrated explosives by fluorescence quenching, Anal. Chim. Acta
610 (2008) 57-67.

[10] J.R. Lackowicz, Principles of Fluorescence Spectroscopy, 2nd ed., Kluwer Aca-
demic/Plenum Publishers, New York, 1999.

[11] T. Htun, Excited-state proton transfer in non aqueous solvent, J. Fluoresc. 13
(2003) 323-329.

[12] J.S. Kadadevaramath, T.P. Giraddi, G.C. Chikkur, Fluorescence quenching
of BBOT by aniline in different organic solvents, ]. Photosci. 4 (1997)
105-112.

[13] E. Blatt, R.C. Chatelier, W.H. Sawyer, Effect of quenching mechanism and type
of quencher association on Stern-Volmer plots in compartmentalized systems,
Biophys. J. 50 (1986) 349-356.

[14] M.L. Friedman, K.T. Schlueter, T.L. Kirley, H.B. Halsall, Fluorescence quench-
ing of human orosomucoid: accessibility to drugs and small quenching agents,
Biochem. J. 232 (1985) 863-867.

[15] C. Tablet, M. Hillebrand, Quenching of the fluorescence of 3-carboxy-5,6-
benzocoumarin by aromatic amines, J. Photochem. Photobiol. A: Chem. 189
(2007) 73-79.

[16] V.Rajgopal, A. Mahipal Reddy, V. Jayathirtha Rao, Wavelength dependent trans
to cis and quantum chain isomerizations of anthrylethylene derivatives, J. Org.
Chem. 60 (1995) 7966-7973.

[17] M. Kumbhakar, S. Nath, T. Mukherjee, H. Pal, Effect of temperature on the
dynamics of electron transfer in heterogeneous medium: evidence for apparent
Marcus inversion, ]. Photochem. Photobiol. A: Chem. 182 (2006) 7-16.

[18] T. Htun, A negative deviation from Stern-Volmer equation in fluorescence
quenching, J. Fluoresc. 14 (2004) 217-222.

[19] R. Roy, S. Mukherjee, Fluorescence quenching of carbazole and indole by
ethylenetrithiocarbonate, Chem. Phys. Lett. 140 (1987) 210-214.

[20] P.K. Behera, A.K. Mishra, Static and dynamic model for 1-naphthol fluores-
cence quenching by carbon tetrachloride in dioxane-acetonitrile mixtures, J.
Photochem. Photobiol. A: Chem. 71 (1993) 115-118.

[21] S.Murata, M. Nishirnura, S.Y. Matsuzaki, M. Tachiya, Transient effect in fluores-
cence quenching induced by electron transfer. I. Analysis by the Collins—Kimball
model of diffusion-controlled reactions, Chem. Phys. Lett. 219 (1994) 200-206.

[22] M. Valero, P. Lopez-Cornejo, S.M.B. Costa, Quenching of two conformers
of the naphthalene derivative, nabumetone, in water, J. Lumin. 128 (2008)
1241-1247.

[23] J. Sujatha, A.K. Mishra, Fluorescence quenching of naphthalene and its substi-
tutions by chloroethanes and -ethylenes, J. Lumin. 75 (1997) 135-141.

[24] M.S. Mehata, H.B. Tripathi, Fluorescence quenching of 6-methoxyquinoline: an
indicator for sensing chloride ion in aqueous media, J. Lumin. 128 (2002) 47-52.



A.B. Naik et al. / Journal of Photochemistry and Photobiology A: Chemistry 214 (2010) 145-151 151

[25] K.K. Rohatagi-Mukharjee, Fundamentals of Photochemistry, Wily Eastern Ltd.,
New Delhi, India, 1986.

[26] Z. Bay, R.M. Pearlstein, A theory of energy transfer in the photosynthetic unit,
Proc. Natl. Acad. Sci. U.S.A. 50 (1963) 1071-1078.

[27] J. Sujatha, AK. Mishra, Fluorescence quenching of naphthalene and
its substitutions by chloroethanes and ethylenes, J. Lumin. 75 (1997)
135-141.

[28] P.Froelich, E.L. Wehry, in: E.L. Wehry (Ed.), Modern Fluorescence Spectroscopy,
vol. II, Plenum Press, New York, 1976, p. 221.

[29] P.Froelich, E.L. Wehry, in: E.L. Wehry (Ed.), Modern Fluorescence Spectroscopy,
vol. II, Plenum Press, New York, 1976, p. 377.

[30] M.V. Encinas, M.A. Rubio, E.A. Lissi, Quenching and photobleaching of excited
polycyclic aromatic hydrocarbons by carbon tetrachloride, J. Photochem. 18
(1982) 137-150.

[31] T.P. Giraddi, ].S. Kadadevaramath, G.H. Malimath, G.C. Chikkur, Quenching of
2-phenylindole by carbon tetrachloride, Indian J. Pure Appl. Phys. 34 (1996)
224-228.

[32] ].S. Kadadevaramath, T.P. Giraddi, G.H. Malimath, G.C. Chikkur, Electronic exci-
tation energy quenching of an organic liquid scintillator by carbon tetrachloride
in different solvents, Radiat. Meas. 26 (1996) 117-121.

[33] A. Einstein, Investigations on the Theory of Brownian Movement, Dover, New
York, 1956.



	Fluorescence quenching of anthrylvinyl acetate by carbon tetrachloride
	Introduction
	Experimental
	Results and discussion
	Steady-state measurements
	Fluorescence decays

	Conclusion
	Acknowledgements
	References


