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Inferable from the significance of solvent mixtures in practical chemistry, toluene (TL) and butanol (BL) mixtures are 
used to studyfluorescence behavior of boronic acid dye 2-methoxy-5-fluoro-phenyl boronic acid (2MEFPBA). At the 
inception, preferential solvation is examined in TL-BL, to understand specific and nonspecific interactions. Suppan’s 
dielectric enrichment model is further used to understand the nonideality and dielectric enrichment in TL-BL mixtures for 
preferential solvation. Bimolecular quenching reaction studies of 2MEFPBA with aniline as quencher are made in mixtures 
of TL–BLto know the effect of viscosity and dielectric constant variation at room temperature. 

The quenching process is studied in all solvent mixtures by steady state and transient state method. Quenching is 
characterized by S-V plots having upward curvature. Analysis of modified S-V equations which accounts both static and 
dynamic quenching allows calculating bimolecular quenching rate constant. The bimolecular quenching reactions are found 
to be significantly larger. Further finite sink approximation model is invoked so as to check whether reactions are diffusion 
limited. The extents of these rate parameters demonstrate that positive deviations in the Stern-Volmer (S-V) plot are because 
of the presence of apparent static and dynamic quenching process.  

Keywords: 2 MEFPBA, Preferential solvation index, Suppan’s theory, High bimolecular quenching rate constant, Sphere of 
action, Finite sink approximation model 

1 Introduction 
It has been long recognized that solvation 

processes are essential to our understanding of 
chemical reactions in the liquid phase. Solvent 
mixtures make a highly appropriate medium, much 
better than pure solvents with enhanced physical 
properties like solvation power, viscosity, density, 
vapor pressure, refractive index, relative permittivity 
and freezing/boiling point. Understanding of physio-
chemical properties becomes complex with regard to 
solute-solvent interactions in mixed solvents than in 
pure solvents1. Ranging from study of reaction 
kinetics, chromatographic separations in organic 
synthesis to hydrometallurgical application, mixed 
solvents are used normally in practical chemistry2-6. In 
some cases, by nature, liquid mixtures are the default 
medium obtained as in crude oil, while in other cases, 
mixture medium helps enhance the physical 

characteristics of solvent medium such as polarity, 
density, viscosity etc. for which they are specifically 
designed and this is used for discrete requirements so 
as to affect reaction kinetics, yield desirable products 
and to improve solubility7. Binary solvent mixtures 
provide medium where it is possible to vary the 
solvent-solvent interaction as such; study in these 
media is expected to throw more light on 
understanding the solvation process8. Also, the mixed 
solvent system helps us to clearly understand the role 
of relative variation in solvent polarity and viscosity 
of the medium on fluorescence quenching 
experiments. Thus, our present work reports the 
effects of binary mixtures on preferential solvation 
and bimolecular quenching reactions. 

Bimolecular quenching reactions of fluorescent 
molecules in solutions by external quenchers are 
illustrated by: ܨ∗ + [Q ] qkሱሮ  —————— ݐܿݑ݀݋ݎܲ
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Most of quenching process involves an excited 
fluorophore molecule interacting	ܨ∗ with quencher 
molecule Q where, qk represents rate constant for the 

bimolecular process. Various quenchers like aromatic 
and aliphatic amines, metal ions, halide ions, C6H5Br, 
CCl4, C3H7KS3 and CH3NO2 etc. have been used by 
several investigators to study steady state and 
transient state effects9-13. Investigation of observed 
bimolecular quenching rate constant provides much 
information about fluorophore and its environment. 
Thus, fluorescence quenching plays a sensory role 
which serves numerous categories of beneficiary 
including biology, physical science and medical 
science and in chemical analysis. Investigation of 
kinetics of photo-physical inter-molecular quenching 
process and calculation of bimolecular quenching rate 
constant is through using well known Stern-Volmer 
equation. In majority, experimental analysis of 
fluorescence quenching using Stern-Volmer (S-V) 
relation shows linear dependency which is analyzed 
as due to pure static or dynamic quenching alone and 
is given by: 
 ூబூ = 1 + SVK [Q]																							 … (1) 
 

Where,	ܫ଴	is the fluorescence intensity of	ܨ	and ܫ	is 
the fluorescence intensity of	ܨ∗ + [Q ]. The Stern-

Volmer constant SVK
 calculated by slope of the plot ܫ଴ ⁄ܫ VS, Q is used to calculate bimolecular quenching 

rate constant qk
 
by the equation 0qSV kK  . Here, 0

represents the lifetime of the fluorophore. But in some 
cases, it’s also been observed that certain quenching 
reactions show curved S-V plots. Both upward12-14 
and downward curvatures15-17 have been observed by 
many researchers, while positive deviation is ascribed 
to various processes like combined static and dynamic 
quenching, inter system crossing and formation of 
charge transfer complexes both at ground and excited 
states. Negative deviation in S-V plots is analyzed due 
to heterogeneity of the system, selective quenching, 
hydrogen bond complex formation and occurrence of 
reversible photochemical process. To remarkable 
extent quenching mechanisms are affected by solvent 
polarity, solvent viscosity and the range of quencher 
concentration. 

Boronic acids and their derivatives which are 
regarded as green compounds continue to gain interest 
in the areas of fluorescence imaging, biomedical 

engineering, chemosensing, chemical biology, mass 
spectrometry as well as in synthetic, organic, 
materials and bioorganic chemistry. They show 
remarkable sensitivity form on osaccharides with high 
percentage of  and  furanose forms18. Their unique 
properties combined with their stability, simplicity of 
handling and their reactivity as mild organic lewis 
acids are what instigated us to take up the studies on 
boronic acid derivatives. Effect of substitution, 
solvent viscosity and polarity on boronic acid 
derivative 2-methoxy-5-fluoro phenyl boronic acid is 
analyzed through bimolecular quenching reactions. 
Role of solvent polarity and solvent viscosity on 
fluorescence quenching and its mechanisms is better 
understood in solvent mixtures hence quenching 
analysis is carried out in solvent mixtures of toluene 
(TL)–butanol (BL) at room temperature. Also critical 
literature review shows no traces of using mixtures of 
aprotic solvent TL and protic solvent BL for 
quenching studies and this is chosen to see any 
solvent-solvent interaction affecting quenching 
process. These solvent mixtures provide a good range 
of viscosity (0.496-1.982 m pa s) and dielectric 
constant (2.38-17.565) variation. Steady state 
techniques are used to study fluorescence quenching 
by aniline as quencher insolvent mixtures. 
Bimolecular quenching reactions are characterized by 
various rate parameters which are determined by 
sphere of action static quenching model and finite 
sink approximation model. 
 
2 Experimental Details 

The boronic acid dye 2-methoxy-5-fluoro phenyl 
boronic acid is prepared by standard method19 whose 
molecular structures are depicted in Fig. 1. 
Spectroscopic grade solvents toluenen (TL) and 
butanol (BL)are used without any further purification. 
Doubly distilled anilineis used as quencher after it is 
tested for its purity. The solutions were prepared by 
keeping boronic acid dye concentration fixed at  
1×10-5M/L. Quenching is found to be observed at very 

 
 

Fig. 1 — Molecular structures of dye. 
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low quencher concentration, hence quencher 
concentrations were taken in the range of  
0.000–0.005 M in all the TL-BL solvent mixtures. 
Absorption measurements are made with wavelength 
accuracy of 0.5 nm in UV-Vis spectrophotometer 
(model: shimadzu UV-1800) and the excitation 
wavelength is found to be 285 nm. Hitachi 
fluorescence spectrophotometer F-2000 with 
perpendicular geometry is made use for fluorescence 
measurement. Solutes are excited at their respective 
excitation wavelength at room temperature by taking 
fresh solution each time in a rectangular quartz cell 
having an air tight stopper where slit width  
(5 nm:5 nm), operating voltage(400 v) are maintained 
constant throughout the measurements. Aniline used as 
quencher has absorption maxima at 280 nm which is 
close to the excitation wavelength of dye which may 
pose inner filter effect (IFE) which deludes the 
quenching analysis. This is handled appropriately by 
applying the proper correction as mentioned in the 
literature20 by using the equation: 
 

    12 1010/303.2 12
DdDd

measrreal ddDII     
 

Here, realI  and measrI  are real and measured 

emission intensities, 1d and 2d  are cuvette 

dimensions and QD  ( =molar absorption co-

efficient of aniline, Q =aniline concentration). After 
the necessary IFE corrections typical fluorescence 
spectrum in 60 % TL and 40 % BL solvent mixtures 
without aniline and with the said low concentration of 
aniline is shown in Fig. 2 at a fixed solutes 

concentration. Fluorescence lifetime 0  (without the 

quencher) and   (with the quencher) of the solutes 
was measured by using led as excitation source at 
excitation wavelength 285 nm for dye, respectively.  
In photophysics model of TCSPC nanosecond 
fluorescence spectrometer available at USIC 
Dharwad, Karnataka, India. The fluorescence decay 
profiles of both boronic acids dye recorded in 60 % 
toluene and 40 % butanol solvent mixtures with the 
quencher concentration of 0.000 M is shown in Fig. 3. 
The experimental values are reproducible within 5 % 
of the experimental error. 
 

3 Results and Discussion 
3.1 Preferential solvation dynamics studies in TL-BL mixtures 

In binary solvent mixture, dissolved polar solute 
responds differently with individual solvent 

components. Hence, one can reasonably presume that 
the micro environment within solvation sphere of the 
solute has a different composition from the bulk 
counter part. Due to this, properties of solute will 
deviate from a direct dependence on solvent 
composition which has been qualitatively rationalized 
by using the concept of preferential solvation by 
many research groups21. Preferential solvation is the 
consequence of either dielectric enrich mentor 
through specific solute-solvent interactions. When 
solvent molecules lie closer to the solute molecule, 
specific exchanges like inter-molecular hydrogen 
bonds get established between solute-solvent 
molecules. Typically, these are strong interactions 
between the single solute and a single solvent 
molecule and are directional. Dielectric enrichment on 
the other hand, is due to polar solvent molecules 

 
 

Fig. 2 — Emission spectra of boronic acid dye in 60 % TL + 40 %
BL with varying quencher concentrations 0.00, 0.001, 0.002,
0.003, 0.004 and 0.005 M. 
 

 
 

Fig. 3 — The fluorescence decay profile of boronic acid dye in
60 % TL + 40 % BL with   varying quencher concentration of
0.00M. 
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getting attracted to solute charge distribution, which 
gets manifested as centralization of the polar solvent 
element throughout the solvation sphere adjacent to 
solute. This solvation sphere enrichment to a good 
approximation has spherical symmetry which is 
analyzed under the assumption of a continuum solvent 
shell model22. While studying preferential solvation, 
one should be responsive to realize that functional 
groups that participate in specific interactions often 
have very large dipole moments due to which specific 
and non-specific interaction mechanisms, although 
different, may often occur in tandem23. To understand 
specific solute-solvent and solvent-solvent interactions 
through preferential solvation of the 2MEFPBA,  
studies have been carried out in binary solvent 
mixtures. 

Two different methods are employed to calculate 
the magnitude of preferential solvation. In the first 
case24, preferential solvation is expressed by the 
‘local’ excess or deficiency of one solvent component 
over the bulk composition, i.e., 
 ܺଶ௅ = 	 ణభమିణభణమିణభ 																				 … (2) 

 
Where, ߴଵ,ߴଶand ߴଵଶ are the values of the electronic 
transition energy in the solvents 1 and 2, respectively.	 ଵܺ 
and ܺଶ are the bulk mole fractions of the solvents 1 and 
2 while 		 ଵܺ௅and 		ܺଶ௅ are the mole fraction in the 
cybotactic region. Index of preferential solvation with 
respect to co-solvent is then calculated by: 
௦ଶߜ  = 	ܺଶ௅ − ܺଶ																			 … (3) 

The second method25 incorporates proportionality 
coefficient of the ratio of the molecules of solvent 2 in 
reference to solvent 1 in the cybotactic region of the 
solute given by parameter f2/f1. It is the ratio of 
molecules of the same solvent in reference to the 
other in the bulk of the solution, where: 
 	௙మ௙భ = ቀ௑భ௑మቁ ቀణభమିణభణమିణభమቁ										 … (4) 

 
This parameter is equivalent to the exchange 

constant26 Kps for the description of ET (30) variation 
with composition in binary mixtures, where  
 

Kps= 
௑మಽ௑భ௑భಽ௑మ. 

 
Figure 4 shows the variation of ଵଶ with increasing 

BL mole fraction for both absorption and emission 
maxima’s in 2 MEFPBA. In these plots clear 
deviation from the ideal linearity allows to predict 
preferential solvation of solute without any observed 
synergism. The outcomes of the experimental data in 
the mixtures are tabulated in Table 1 for absorption 
and emission maxima’s of 2 MEFPBA. A critical 
analysis of the tabulated data reveals that increasing 
BL concentration reduces	ଵଶ. We see	ߜ௦ଶ is negative 

and 
	୤మ୤భ< 1 suggesting the compound is solvated by TL 

in its ground state. In excited state of the dye, +ve	 
and 

	୤మ୤భ>1 for all mole fractions of BL clearly indicates 

that dye are preferentially solvated by more polar 
solvent BL.  

 
 

Fig. 4 — Plot of 12 versus mole fraction of BL(X2) in TL+BL mixture (a) absorption and (b) emission of dye. 
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To understand preferential solvation with non-
specific interactions in the studied solvent mixture 
systems through dielectric enrichment, Suppan’s 
theory of single shell approximation for dielectric 
enrichment is applied. According to this, deviation 
from non-linearity in absorption and emission 
maxima also may arise mainly due to non-ideal 
behavior of solvent mixtures in terms of dielectric 
constant (ε) dependency on solvent mole fractions. 
They suggested a continuum reaction field, Fሺεሻ =2(ε− 1) 2ε + 1	⁄ based on experimentally measured 
ε	which provides a much better description. Extent of 
preferential solvation is represented by preferential 
solvation index Zps. Suppan correlated the preferential 
solvation index (ZPS) with an experimental 
nonlinearity ratio (ρexp),which was obtained from the 
spectral shifts by using Eqs 27 and 28: 

௘௫௣ߩ  = ଶ׬ (ఊ೐ೣ೛ିఊ೗೔೙,್ೠ೗ೖ)ௗ௫೛భబ ∆ఊ೛ష೙  … (5) 

 

Where, ୶୮ୣߛ is the absorption or emission-peak 
energy for a binary mixture with a polar mole fraction 
of ݔ௣ and ߛ௟௜௡,௕௨௟௞ is same as for an ideal solvent 
mixture given by	ߛ௟௜௡,௕௨௟௞ = ௣ߛ௣ݔ +  ௣ି௡ߛ∆ .௡ߛ௡ݔ
represents the stokes shift between the polar and non-
polar solvents. Non-ideality in a solvent mixture 
 as (௣௦ߩ) arises from both preferential solvation (௘௫௣ߩ)
well as dielectric non-ideality (ߩௗ௡) 29-30.	ߩௗ௡ is 
calculated by a similar equation as	ߩ௘௫௣	given by  
Eq. (5) with the terms ߩ௘௫௣ and ߛ replaced with ߩௗ௡	ܽ݊݀	Onsager’s polarity parameters, respectively 
and  ߩ௣௦ is given by ߩ௣௦ = ௘௫௣ߩ −   . ௗ௡ߩ

Kauffmanand co-workers30 have shown that there 
can be a well approximated relation between ρ୮ୱ and 

Zps given byρ୮ୱ = 0.31Z୮ୱ when ρ୮ୱ is less than 1. 

Above equations provide an independent method of 
calculating Zps from experimental spectroscopic data. 
Figure 5 shows the deviation of TL-BL binary 
mixtures from their ideal behavior with respect to 
variation of onsager polarity function of the mixture 
to polar solvent mole fraction. Deviation in the graph 
from linearity in the mixtures in the absence of the 
solute clearly predicts mixture to be non-ideal.  The 
non-linearity ratio calculated from Eq. (5) using 
onsager polarity function is observed to be ߩௗ௡=0.224. Using Eq. (5) the non-linearity ratios for 
the dye is obtained where	ߩ௘௫௣= -0.143 for absorption 
band and for emission band ߩ௘௫௣=0.292 is observed. 
Non-linearity ratio	ߩ௘௫௣	calculated in its excited state 

Table 1 — Values 12 cm-1, bulk mole fraction (X2) of BL in TL, local mole fractions ( ଵܺ௅of TL, ܺଶ		௅ of AN), preferential solvation index ߜ௦ଶ  and preferential solvation constant (
1

2

f
f

 ) for absorption maxima of dye. 

Solute Absorption Emission 

Mixture ratio ܺଶ 12 cm-1 ଵܺ௅ ܺଶ௅ ߜ௦ଶ ଶ݂݂ଵ 12 cm-1 ଵܺ௅ ܺଶ௅ ߜ௦ଶ ଶ݂݂ଵ 

TL 100 0.0000 34904 -- -- -- -- 31546 -- -- -- -- 
TL80/ 
BL  20 

0.2250 34843 0.8735 0.1265 -0.0985 0.4989 31008 0.4423 0.5577 0.3327 4.3425 

TL60/ 
BL 40 

0.4364 34722 0.6217 0.3783 -0.0581 0.7858 30912 0.3430 0.6570 0.2207 2.4744 

TL 40/ 
BL60 

0.6353 34662 0.4965 0.5035 -0.1318 0.5821 30864 0.2935 0.7065 0.0712 1.3817 

TL20/ 
BL80 

0.8228 34542 0.2474 0.7526 -0.0702 0.6551 30675 0.0972 0.9028 0.0800 1.9994 

BL 100 1.0000 34423 -- -- -- -- 30581 -- -- -- -- 

 
 

Fig. 5 — Plot of onsager polarity function versus mole fraction of
polar solvent X2in TL + BLmixture. 
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is clearly greater than that intrinsically created by TL-
BL solvent mixtureswhen solute dipole is not present. 
This indicates that preferential solvation of the solute 
is through dielectric enrichment by more polar solvent 
BL is in role rather than specific interaction like 
hydrogen bonding ability of the alcohol in its excited 
state. Preferential solvation is not through dielectric 
enrichment in the case of ground state. These are by 
ZPS values given by -1.183 and 0.219 excited state.  
 
 

3.2 Bimolecular quenching reaction studies in TL-BL 
mixtures 
Non-linear Stern-Volmer plots are obtained from 
fluorescence titration data for dye in all the solvent 
mixtures. Using experimentally measured values of I0 
and I, upward curvature obtained in both the dyes for 
all composition of solvent mixtures are shown in Fig. 
6. Analysis of similar experimental results observed 
by others31-34 suggests that bimolecular quenching 
reaction is not purely collisional and reveals the role 
of associated static quenching process. Static 
quenching implies either formation of ground state 
complex or existence of effective sphere of action for 
quenching.  
 
3.2.1 Static and dynamic quenching analysis 
3.2.1.1 Ground state complex formation 

Possibility of static quenching through ground state 
complex formation is evaluated using extended S-V 
equations given by: 

      QKKKKQII gSVgSV  /10  … (6) 

 

Here, Q  and SVK  have their previously mentioned 

meaning and gK  is the ground state association 

constant. A linear variation is obtained for plot of 

   QII /10  vs Q by least square fit method, from 

which gSV KK  and  gSV KK 
 
are obtained by slope 

and intercept, respectively. Formation of ground-state 

complex is confirmed if SVK  obtained from Eq. (6) is 

in agreement with SVK obtained from linear part of 

the plot at lower concentration region from Eq. (1). In 

present study SVK obtained from Eq. (6) is imaginary 

involving complex number. This indicates that there 
is no ground-state complex formation. Further 
unaltered absorption and fluorescence spectra at all 
concentrations of quenchers in all mixture ratios 
except to the intensity reduction due to quencher 
addition ascertain non formation of ground-state 
complex. 
 
3.2.1.2 Apparent static quenching model 
In systems even when there is no stable ground-state 
complex formation substantial upward curvature is 
accounted by sphere of action static quenching model 
along with the dynamic quenching. It is assumed that the 
probability of quenching of the molecule at time of 
excitation with the quencher is unity inside sphere of 
volume 

3)3/4( r
N
V

A


 

and zero outside it. Here we 

consider  QVeP 0  is the probability that no 

quencher molecule is within the sphere at the time of 

excitation in which sphere volume ANV  is the volume 
actually available to the point-center of the quencher 
molecule. Since, emission intensity is proportional34-36 to 

0P  S-V equation leads to: 
 

 QV
SV eQK

I
I

][10 
 … (7)

 

If we assign  
 

W =
 QVe

 … (8) 
 

as fraction of solute which is quenched by dynamic 
mechanism then we have W1 are the fraction which 
are deactivated instantly at the time of excitation by 
sphere of effective quenching model. Then we have: 

 
 

Fig. 6 — Stern-Volmer (S-V) plots from steady state fluorescence
emission intensity measurement for boronic acid dye + aniline
system in different mixtures of toluene (TL) + 1-butanol (BL)
solvents: (i) 100 % TL + 0 % BL (ii) 80 % TL+ 20 % BL (iii) 60
% TL + 40 % BL (iv) 40 % TL + 60 % BL (v) 20 % TL + 80 %
BL and  vi) 0 % TL + 100 % BL. 
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W
QK

I
I SV ][10 

  … (9) 

 

The above equation can be re-written for fraction 
of solute quenched due effective sphere as: 
 

]/[)1()/(]/[)]/(1[ QWIIKQII OSVO      … (10) 
 

Above equation is plotted where a straight line is 
obtained for ]/[)]/(1[ QII O  against OII / and is shown 

in Fig. 7 for 2 MEFPBA for all solvent mixtures of  
TL-BL. Plots of Eq. (10) are used to calculate Stern-

Volmer quenching constant SVK and ]/[)1( QW  
from their slope and intercept, respectively. Using 

measured values of 0  bimolecular quenching rate 

parameter qk was determined from relation  

qk = 0/SVK . To support apparent static quenching 

model analysis, using the values of W  and Eq. (9), 
magnitudes of static quenching constant V and radii r
of sphere of action are determined. Values are tabulated 
in Table 2 for the dye. 

The solute radii sR and the quencher radii qR  

molecules were determined as suggested by Edward37 
and are given at the bottom of Table 2. Encounter 
distance R  is determined by the sum of the solute and 
quencher molecular radii. From Table 2, it is seen that 

Rr   in Dye. Therefore, the conclusions can be 
drawn according to Andre et al.38 and  Zeng et al.39 

that static effect is in role whether or not there is 
formation of stable ground-state complex provided 
the reactions are limited by diffusion indicating the 
sphere of effective quenching model fitting well.  

Diffusion limited reactions are further ascertained 
by invoking finite sink approximation model for 
steady state.  
 

3.2.1.3 Finite sink approximation model 
Finite sink approximation model provides the well-

known expression37-40: 
 

)/1()/1(/1 adq kkk 
 

… (11) 
 

Where, RDNkd '4
 and ak is the activation 

energy controlled rate constant describing the reaction 
of encountered pairs at a reactive distance R. D is the 
sum of the diffusion coefficients of solute and 
quencher molecules. Following Eq. (11), qk is 

independent of [Q]. But for efficient quenching 
process in liquids, qk  is often observed to increase 

 
 
Fig. 7 — Plots of [1-(I/I0)]/[Q] against I/I0 for boronic acid dye
aniline system in different mixtures of  toluene (TL) + 1butanol
(BL) solvents:(i) 100% TL + 0% BL (ii) 80 % TL+ 20 % BL
(iii) 60 % TL + 40 % BL (iv) 40 % TL + 60 % BL (v) 20 %
TL + 80 % BL and  vi) 0 % TL + 100 % BL. 

Table 2 — The average fluorescence life time (0), S-V constant (Ksv), range of W, static quenching constant (V), kinetic distance (r) and 
quenching rate parameter (kq) calculated from sphere of action for in different solvent mixtures of toluene (TL) + 1butanol (BL) of 

boronic acid dye  at room temperature. 

Solvent mixture Dielectric 
constant () 

Viscosity( ƞ) 0 
(ns) 

KSV 
(M-1) 

W 
 

V 
(mol-1 dm3) 

r 
(A0) 

kq 10 -9 
(M-1s-1) TL BL 

100 0 2.38 0.496 1.11 797.45 0.869-0.347 227.3 44.84 718.42 
80 20 3.39 0.534 1.32 699.4 0.823-0.115 472.0 57.21 529.84 
60 40 5.51 0.675 1.58 696.4 0.862-0.313 250.0 46.29 440.75 
40 60 8.81 0.911 1.56 669.22 0.856-0.284 272.1 47.61 428.98 
20 80 12.89 1.311 1.60 644.3 0.852-0.260 291.9 48.74 402.68 
0 100 17.565 1.982 1.62 643.03 0.848-0.240 309.86 49.72 396.93 

RY = 3.437Å, RQ = 2.840Å,  =1.11 ns 
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with [Q]. This might be attributed to static quenching 
of solute molecule in the vicinity of [Q] and transient 
effects arising from an initial time dependence of the 
concentration gradient or combination of them36. 

But if one assumes that only the first encounter is 
of interest in the case of efficient fluorescence 
quenching an initial average separation distance r0 can 
be defined (sink radius) so that the diffusive region of 
interest for a first encounter is in the range R rro 
such that all subsequent encounters are eliminated. 
This interpretation leads to the modification of Eq. 
(11) as: 
 

ad

o

q kk
)r(R

k
1/11




  … (12) 

 
This equation reduces to the reaction limited form  

( qk = ak ) both for inefficient quenching (ka<< dk ) and 

for quenching in pure quenching solvents where R= or . 

In the diffusion controlled limit ( ak >> dk ) Eq. (12) 

reduces to: 
 

o

d
q rR

kk
/1


 

 
and qk depends on the quenching concentration 

through or . Since, the sink radius (r0) is identified 

with the most probable nearest neighbour initial 
separation, the appropriate distribution28 requires that

)]['( 3/1 QNro 2 . Replacing or  in Eq. (12) by 

)]['( 3/1QN2  and dk by its value, (i.e.,

RDN '4 ) and dividing everywhere by the 
fluorescence life time of solute in the absence of 
quencher () one obtains the modified S-V 
relationship36 as: 
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Where, 
a

aO
SV kDRN

kDRN
K




'

'




4

4
  a plot of 1

SVK  against 

3/1][Q  becomes linear with negative slope. Mutual 
diffusion coefficient D becomes directly accessible 

from the slope of the graph exemplified in Eq. (13) 

and O
SVK  is obtained at [Q] = 0 regardless of the 

relative magnitudes of ak and )'( RDNkd 4 , 

whether quenching is diffusion limited or not. O
SVK

can also be written as: 
 

 DR'N'4O
SVK  … (14) 

 
Where, R’ is the distance parameter and has the same 
meaning as in the long time SCK model36, 40 and is 
given as: 
 

1]/'1['  akDRNRR 4  … (15) 
 

Then according to the theory discussed above if ak
is greater than dk , (i.e., Eq. (11)) then the reactions 

are said to be diffusion limited36, (i.e., for R’<R). But 
for R`>R, the bimolecular fluorescence quenching 
reactions are said to be diffusion limited40 if the 
values of qk  determined from Eq. (12) are greater 

than DRN ''4 . 
Therefore, according to Eq. (13) we need to 

determine the values of 1
SVK  and [Q]1/3. Where, 

]/[]1/[ QIIK OSV   and [Q] the quencher 

concentration from 0.000 to 0.100 M. For efficient 
quenching processes (concentration dependent) the 

value SVK is often observed to increase with [Q]. 

Hence the values of SVK  were determined at each 

quencher concentration in all the solvent mixtures and 

the values of 1
SVK are also accordingly determined. 

Figure 8 shows the plots of 1
SVK against [Q]1/3. From 

this figure we see that all the plots in TL-BL solvent 
mixtures are almost linear and small deviation may be 
due to experimental uncertainties. Hence, the linear 

dependence of 1
SVK  on the one-third power of 

quencher concentration [Q1/3] within the error limits is 

confirmed36. Then the values of O
SVK (i.e., S-V 

constant at [Q] = 0) and mutual diffusion coefficient 
D were obtained from the intercept and slope of the 

plot of 1
SVK against [Q]1/3, respectively. Using the 

values of O
SVK  and D, the distance parameter R’ was 

determined from Eq. (16) and is given in Table 3 for 
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all the solvent mixtures. It has been observed from 
Table 3 that R’>R in all the TL-BL mixtures and 

hence, the values of ak cannot be determined. 

According to Joshi et al.30 the bimolecular quenching 
reactions are said to be diffusion limited if the values 
of qk are greater than DRN ''4 . Hence, the values 

of DRN ''4  are calculated using the 
experimentally determined values of R’ and D and 
both are given in Table 3. We see from Table 3, the 
values of qk are greater than DRN ''4 , which is an 

expected result for diffusion limited reaction40. 
Further, we observe from Fig. 9 that the values of 

SVK decreases as the viscosity of the solvent mixture 

increases. The high value of 
SVK  in polar solvent 1-

butanol compared to non-polar solvent toluene may 
also be explained by the greater charge transfer 
character of the excited complex in the polar solvent. 

Figure 10 shows that the value of SVK
 decreases as 

the dielectric constant of the solvent mixture 
increases. This effect of dielectric constant as function 

of SVK  suggests that the reacting species are of 

opposite charge. Here with reducing polar solvent 
percentage in the medium, dielectric constant 
decreases which in turn destabilizes the re-acting 
species and improves the reactivity by affecting the 
life time indicating increase in the rate of the 
reaction16. Observation of inverse dependence of 
viscosity in the studied sample predicts quenching to 
be purely controlled by material diffusion.  

 
 

Fig. 8 — Plots of Ksv
-1 versus [Q]1/3for boronic acid dye+aniline

system in different  mixtures of toluene (TL) + 1butanol (BL)
solvents: (i) 100 % TL + 0 % BL (ii) 80 % TL+ 20 % BL
(iii) 60 % TL + 40 % BL (iv) 40 % TL + 60 % BL (v) 20 %
TL + 80 % BL and vi) 0 % TL + 100 % BL. 

Table 3 — Values of fluorescent life time (0), K
 
sv (steady state quenching constant at [Q]= 0), mutual diffusion coefficient (D), 

distance parameter (R), 4N'DR' in solvent mixtures of toluene (TL) + 1butanol (BL) of different concentration in  
boronic acid dye at room temperature. 

Solvent mixtures 0 
(ns) 

K0
SV 

(M-1) 
D  10 5 
(Cm-2s-1) 

RꞋ 
(A0) 

4NꞋDRꞋ 
 10 -9 

(M-1s-1) 
TL BL 

100 0 1.11 595.23 25.35 27.97 536.24 
80 20 1.32 515.46 15.70 32.89 390.50 
60 40 1.58 520.83 15.09 28.89 329.63 
40 60 1.56 507.61 14.62 29.43 325.39 
20 80 1.60 497.51 13.86 29.67 310.94 
0 100 1.62 485.43 12.97 30.55 299.64 

R (= RY + RQ) = 6.277Å 

 
 

Fig. 9 — Variation of Ksv as a function of dielectric constant  of dye. 
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4 Conclusions 
From the above discussion, we observe in dye that 

(i) 2 MEFPBA is preferential solvated by TL in its 
ground state and by more polar solvent in its excited 
state where dielectric enrichment is in role for 
preferential solvation in the excited state, (ii) the S-V 
plots show positive deviation, indicating efficient 
fluorescence quenching, (iii) the value qk  is greater 

than DRN ''4 then bimolecular quenching 
reactions are said to be diffusion limited, (iv) the 

value of SVK decreases with increase in viscosity 

shows quenching to be purely controlled by material 

diffusion, (v) the value of SVK decreases with 

increase in dielectric constant of the solvent mixture 
suggesting reaction of opposite charge species and 
(vi) finite sink approximation model helps to recover 

R’ and D directly from the plots 1
SVK versus [Q]1/3.  In 

view of the above facts we conclude that quenching 
reaction is diffusion limited and both static and 
dynamic quenching processes are playing a role in 
this system. 
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