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Abstract: Fluorescence quenching of four naphthalenediols 

4  SO3 2O3 3 3
and HPO4

q values with singlet transition 

s of the quencher 
are linear indicating the presence of electron transfer 

 values for charge transfer 
quenching have been determined for naphthalenediols. 

I. INTRODUCTION

Fluroimetry is a very sensitive, accurate technique for sensing 
metal ions and anions. Recent research is mainly focused 

emission characteristics [1]. Naphthalenediols are found to be 
potent chemosensors for selective sensing of Cu and Ni cations 
respectively [2]. A number of investigations concerning the 

heterocycles in acetonitrile or aqueous alcohol is quenched by a 
wide range of inorganic anions and the observed quenching rate 
constant tend to correlate moderately well with standard oxidation 
potential of the anions [3] and charge transfer to solvent transition 
energy [4]..

quenching of aromatic hydrocarbons, aza-aromatics and dyes 
by inorganic anions proceed via formation of a non emissive 

A quenching mechanism involving electron transfer from anion 
to the excited aromatic molecules has been proposed by Förster 

et al [5,10]  and Shalini Nigham et al [11] have proposed an 
empirical method for calculation of free energy which explains 
the free energy and activation energy barrier process better. 
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intersystem crossing from S1 to triplet state is observed for an 
aromatic molecule in the presence of I

- -

crossing may be either a collisional complex A*- -X or radical 
pair 2A--2 X.  

Moriya et al [12] have studied the quenching of natural 
compounds like coumarins by halide ions and have concluded 
that quenching is through a static quenching mechanism. 
Fluorescence quenching of benzimidazole [11] and aromatic 
amines [13] by inorganic anions has been investigated. In 

et al [14]  reported that the quenching 
is dynamic with the involvement of electron transfer from anion 

a
the electron transfer quenching process.

II. EXPERIMENTAL

-4

inorganic salts used during the experiments were purchased 

were recrystallised   from triply distilled water for 2-3 times 

varied using the respective stock solutions, so as to achieve 

maintained at 6 to prevent the hydrolysis of metal ions.  Freshly 
prepared solutions were used for all experiments.
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as well as in the presence of quenchers. Fluorescence lifetimes 
were obtained by deconvouluting the excitation and instrument 

preceded by the series of iterations until a reduced chi-square is 
obtained.  In our measurements, only those values with 2 less 
than 1.3 were accepted.

Cyclic voltammetric measurements were made with 

in a soft glass as auxiliary electrode and saturated calomel 
electrode as a reference electrode, and are uncorrected for 

was used as the supporting electrolyte.  A sealed all glass cell 
was used and measurements were made under atmosphere of 

electrode was separated from the experimental solutions by a 

average of anodic peak potentials.

III. RESULTS AND DISCUSSION

A. Absorption and Fluorescence Spectra

and absence of inorganic anions as quenchers revealed the 

emission band was observed at the longer wavelength of the 

of any inorganic anion closely resembled the excitation and 

results indicate that there is only one emissive species and 
there is no emissive exciplex or ground state complex formed 

Na+ was chosen for all inorganic anions because it has no effect 

B. Quenching Curves 

0

indicates that only one quenching mechanism is operative. For 

0

D
from SV plot and kq 0

order of quenching by anions is
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q values of all the NDs with all 
anions are comparable with the kdiff
M-1S-1

q values and linearity of quenching curves 
indicate that the quenching is bimolecular and purely dynamic 
in nature 

spectra with quenchers, static quenching is ruled out.

by  inorganic anions

 

by inorganic anions
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by inorganic anions

 

by inorganic anions

TABLE I:  KD (KSV) ( M
-1) OF FOUR NAPHTHALENEDIOLS FLUORESCENCE QUENCHING BY  INORGANIC ANIONS IN 95 % WATER –  ETHANOL 

MIXTURE

Fluorophore Cl- Br- I- SO4
2- SO3

2- NO3
- S2O3

2- CO3
2- HPO4

2-

1,5-ND nq 2.055

nq 2.154

nq 5.151

2,3-ND nq

nq- no appreciable quenching

C.  Electron Transfer Quenching 

In earlier works, it has been reported that in general the 

naphthalenes [14] and aromatic amines [13] by inorganic anions 

scheme can be shown as 

 

  

Scheme 1

Where 1F* - 1A-  is the collisional complex, 2F - -2A is a radical 
pair or charge transfer complex, k3 is the decay rate of 2F - 
-2A. kdiff and k-diff are diffusion and back diffusion controlled 
rate constants, k2 and k-2
controlled” rate constants of electron transfer. Applying steady 
state approximation to the various intermediates in Scheme I, 
we can write,

From scheme I it can be seen that there are two rate-determining 
steps on the bimolecular quenching.  First one is the translational 

diff

2 -2

kdiff and the value of k3 to be greater than k2

kq 2  kdiff 2 + k-diff

G in the electron transfer process 

G   =  E S

where E  is the charge-transfer to solvent transition energy 
of the inorganic quenchers, E  is the redox potential and ES is 

 will vary with 
the ion used and also depends on the solvent shell-ion distance. 
We could not use the Rehm-Weller [16] equation to calculate 
free energy because of the non availability of oxidation potential 

-

G  to two 

-, I-, SO4
2-,  S2O3

2- and  SO 3
2-

S
 energy of inorganic 

anions along with G

q in general, 
decreases with increase in E  energy of inorganic anions 
and increases with the increase of ES
E  values are larger for SO4

2- - they are either poor 

q against ES 
of the four naphthalenediols and log kq against E  of the 



30 

trends in the plots are as expected and the linearity in the plots 
indicates the mechanism involving the electron transfer from 

 

S Vs log kq -
rescence quenching by inorganic anions

Vs log kq for various naphthalenediols  

Since the E  values could be determined Cyclic voltametrically 
G  values were calculated for 

G values for SO4
2-

 
- are either 

positive or least negative and so their quenching abilities are 
very less. A plot between G  and log kq for naphthalenediols 

can be written as an equation of type.

log kq G

G   

lo
g 

k q
 

G  Vs log kq -
cence quenching by inorganic anions

the quenching of these naphthalenediols by inorganic anions.  
Considering the electron transfer to be the rate-determining 
step in the quenching, we have kdiff 2 and
written as, 

kq 2  kdiff -diff

 And the values of k2 can be expressed by the Arrhenius equation 
as, 

k2 = A exp a

where A is the collisional frequency at unit molar concentration 
of reactants within the encounter complex and E #

the potential barrier in the electron transfer process.  Substituting 

kq diff diff exp
#

Once more assuming k k-diff,  

kq = A exp
#

10 as suggested by 
shizuka et al [10],

kq = 1010 exp
#

#

 is proportional 
#

#  and log kq gives a straight 
#

comparable to those derived for similar systems [10]. Equation 
#  value indicate the   quenching 

process will be almost completely barrier less and purely 
diffusion controlled.

more polar when compared to other NDs in the excited state. 

q

IV. CONCLUSION

 

 - with all 
- quench the 

 
all cases. 
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TABLE II:  kq AND T0 (ns) OF FOUR NAPHTHALENEDIOLS FLUORESCENCE QUENCHING BY INORGANIC ANION IN 95 % WATER – ETHANOL 
MIXTURE MEDIUM

Fluorophore
(ns)

kq (109 M-1S-1)

Cl- Br- I- SO4
2- SO3

2- NO3
- S2O3

2- CO3
2- HPO4

2-

1,5-ND nq 0.562 2.5563

nq 0.416 0.355

nq 0.660 1.112

2,3-ND nq

nq-no appreciable quenching

 q values with singlet transition energy 

s  of the quencher 
are linear indicating the presence of electron transfer 
quenching mechanism.

 Using the equation for electron transfer mechanism the 
 values have been determined for naphthalenediols.  
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