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Abstract The steady-state fluorescence quenching of novel coumarin derivatives; 4-(2,
6-dibromo-4-methyl-phenoxymethyl)-benzo[h]chromen-2-one [DMB] and 6-methoxy-4-p-
tolyoxymethyl-chromen-2-one [TMC] has been studied in toluene, benzene, dioxane,
acetonitrile and tetrahydrofuran [THF] using aniline as a quencher at room temperature
with a view to understanding the role of diffusion in the quenching mechanism. The
probability of quenching per encounter (p) is calculated in all the solvents. Further, an
activation energy for quenching (E,) was estimated using the values of p and the literature
values of activation energy for diffusion (£4). The magnitudes of these parameters indicate
that the fluorescence quenching of these molecules by aniline is not solely due to the
material diffusion but there is also a contribution of an activation energy.

Keywords Activation energy - Coumarin derivative - Fluorescence quenching - Material
diffusion - Stern—Volmer plot

1 Introduction

The fluorescence quenching of organic molecules in solvents by various quenchers such
carbon tetrachloride, aniline, oxygen, halide ions and titanium dioxide nanoparticles has
been a subject of continued investigation for the last two decades [1-5]. One of the well-
known experimental techniques used to study the role of fluorescence quenching is to
determine the quenching rate parameters using the Stern—Volmer [S-V] equation:
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where [y and [ are the fluorescence intensities without and with quencher, respectively.
Ks_v is the S—V constant and [Q] is the quencher concentration. The S—V constant Kg_y
can be estimated from the slope of the linear plot of Io/I versus [Q] and is equal to k4T in
which kg is the S-V quenching rate parameter and 1 is the fluorescence lifetime of the
solute in the absence of quencher.

Derivatives of coumarin are well known for their photochemical and photophysical
properties, as well as for their interesting second-order nonlinearities [6]. They are
extensively studied due to their widespread industrial use in dye lasers [7]. Nowadays there
has been a drive to synthesize coumarin based organic dyes for use in high-efficiency dye-
sensitized solar cells (DSCs) [8, 9]. Coumarin and its derivatives have also attracted
significant interest in pharmaceutical research fields because of their antiviral, anti-in-
flammatory, anticarcinogenic, hepatoprotective and anticoagulant activities [10, 11]. The
iodinated-4-aryloxymethyl coumarins, which are similar to the investigated molecules, are
potent anti-cancer and anti-mycobacterial agents [12]. Basanagouda et al. reported, that
4-aryloxymethyl coumarins has potent antimicrobial activity [13] and it has been reported
that the investigated molecules were moderate to good as antibacterial activity against
Klebsiella pneumonia and Streptococcus faecalis and as antifungal against Penicillium
notatum and Rhizopus. Recently, we studied the spectroscopic properties of TMC mole-
cules [14].

In the present work, the fluorescence quenching of the coumarin derivatives; 4-(2,
6-dibromo-4-methyl-phenoxymethyl)-benzo[h]chromen-2-one [DMB] and 6-methoxy-4-p-
tolyoxymethyl-chromen-2-one [TMC] molecules by aniline in toluene, benzene, dioxane,
acetonitrile and THF solvents has been studied with a view to understanding the role of the
activation energy in the quenching mechanism.

2 Materials and Methods

The coumarin derivatives 4-(2,6-dibromo-4-methyl-phenoxymethyl)-benzo[h]chromen-2-
one [DMB] and 6-methoxy-4-p-tolyoxymethyl-chromen-one [TMC] were synthesized
according to the literature [15]. The molecular structures of DMB and TMC are shown in
Figs. 1 and 2, respectively. The fluorescence quantum yields for DMB and TMC molecules
in ethanol are 20 and 23%, respectively. Toluene, benzene, dioxane, acetonitrile and THF
were of spectroscopic grade and were obtained from S.D Fine Chemicals Ltd., India.
Aniline was doubly distilled and tested for its purity before use. The solutions were
prepared to keep the concentration of solute fixed (5 x 107> mol-L™") and varying
quencher concentrations (0.00-0.10 mol-L™") in all solvents.

The absorption spectra were recorded using the UV-visible spectrophotometer [model:
Hitachi U-3310 at USIC, K U Dharwad, India] and fluorescence spectra were recorded in
absence and presence of the quencher using a fluorescence spectrophotometer [model:
Hitachi F-7000 at USIC, K U Dharwad, India]. The fluorescence lifetimes were recorded in
the absence of the quencher using a time-correlated single photon counting technique
[TCSPC ISS model: 90021 at USIC, K U Dharwad, India]. All these spectroscopic mea-
surements were carried out at room temperature [298 K]. The experimental values are
reproducible within 5% of experimental error.
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Fig. 1 The molecular structure CH3
of DMB

Br Br

Fig. 2 The molecular structure

H,CO

3 Results and Discussion

The fluorescence intensity /, was measured without the quencher and then the fluorescence
intensity / was measured at different quencher concentrations for DMB and TMC mole-
cules. The fluorescence intensity decreases with addition of aniline, perhaps due to electron
transfer from aniline to the investigated molecules. The S—V plots for DMB and TMC
molecules were found to be linear with intercepts nearly unity; these are shown in Figs. 3
and 4. This indicates that fluorescence quenching follows the S—V relation. The slope of
the S—V plots, which give the dynamic quenching constant (Ks_y), were determined using
the least square fitting method. The fluorescence quenching rate parameter (k,) is calcu-
lated using the experimental values of Kg_y and 14 and is given by Eq. 2.

_ Ksv
To

kq (2)
The values of Ky v and k, for DMB and TMC molecules in different solvents are shown in
Tables 1 and 2, respectively.

The diffusion co-efficient for solute (Ds) and for quencher (Dg) can be estimated using
the Stoke’s Einstein equation [16]:
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Fig.3 The S-V plots ({[l/I] versus aniline concentration [Q]} in different solvents for
C(DMB) = 5 x 10~ mol-L™"
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Fig. 4 The S-V plots {[l/I] versus aniline concentration [Q]} in different solvents for
C(TMC) = 5 x 107> mol-L™"
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Table 1 The values of S-V

—1 —9 -1 -1
constant (K, ) and quenching Molecule Solvent Kg v (mol™") kg x 1077 (mol™"-s™")
rate parameter (k ) for DMB
molecule in diffe(}ent solvents DMB THF 17.72 1.624

Dioxane 09.06 0.831
Benzene 17.02 1.561
Toluene 17.71 1.625
Acetonitrile 25.40 2.330
Table 2 The values of S-V 1 9 1 -1
constant (K, ) and quenching Molecule Solvent Ks_v (mol™) kq x 107" (mol™"-s™")
rate parameter (kq) for TMC ™ THF 1
molecule in different solvents C 05.85 0.513
Dioxane 07.55 0.662
Benzene 11.66 1.022
Toluene 11.65 1.140
Acetonitrile 11.10 0.973
KT
D= 3)
anyR

where K, T and # are the Boltzmann constant, temperature and viscosity of the solvent
respectively and ‘a’ is the Stoke’s Einstein number a = 6 for solute and a = 3 for
quencher [17], since the radii of the solute molecules are larger than the solvent molecule.
R = Rs + Rq is the sum of the radii of solute and quencher and these values were esti-
mated using the method as suggested by Edward [18]. The values of radius of the solute,
radius of quencher, sum of the radii of solute and quencher and the life time of the solutes
without quencher for DMB and TMC molecules are shown at the bottom of Tables 3 and 4,
respectively. Thus, using the measured values of radii and the literature values of viscosity
of the respective solvent, the diffusion coefficient for Dg and Dg for DMB and TMC
molecules and for quencher molecule were calculated using the Eq. 3 and these values are
shown in Tables 3 and 4, respectively. In this, the viscosity of the solute and the quencher
are taken as equal to the viscosity of the medium, since their concentrations are very small.
Thus, using the values of R and D, the values of kg for DMB and TMC molecules were
estimated using the Eq. 4 and these values also shown in Tables 3 and 4, respectively.

kg =4nN'DR |1 + —— 4

(2D1p)'? )
where N’ is Avogadro’s number per millimole.

Further, the value of probability of quenching per encounter (p) was estimated using the

Eq. 5:

kq

-4 5

P=1, (5)

The value of p for DMB and TMC molecules in all five solvents are also shown in
Tables 3 and 4, respectively. From Tables 3 and 4, it is observed that the probability of
quenching per encounter is less than unity, a fact hitherto observed by other researchers
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[19, 20]. This fact may also reflect the activation energy of a process other than the
material diffusion. In a liquid system, in order to study the role of the activation process the
values of activation energy for diffusion (£4) and activation energy for quencher (£,) are
needed. Since p is related to activation energies, the following equation is used for the
estimation of activation energy. The values of E, for DMB and TMC molecules in different
solvents were calculated using Eq. 6 and these values are shown in Tables 3 and 4,
respectively

1
Ea:Ed—i—RTln(;—l) (6)

where R is the gas constant and 7 is the temperature in Kelvin.

It is clear from Tables 3 and 4 that the values of E, are less than those of E4 in all the
solvents studied, indicating that in the bimolecular quenching reaction the influence of
diffusion process is greater than that of the quenching process.

4 Conclusion

From the foregoing discussion, we observed that the DMB and TMC molecules undergo
fluorescence quenching by aniline. The fluorescence intensities of the molecules decrease
with addition of aniline, perhaps due to electron transfer from aniline to the investigated
molecules. The S—V plots were found to be linear in all the solvents studied. The value of
the probability of quenching per encounter is less than unity in all the solvents. The
activation energy for the quenching process is smaller than that for diffusion, in all the
solvents. This may implies that fluorescence quenching of DMB and TMC molecules by
aniline in different solvents is not solely due to material diffusion.

Acknowledgements Authors are grateful to the technical staff of USIC, Karnatak University Dharwad for
recording absorption spectra, fluorescence spectra and fluorescence lifetimes measurements.
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