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ABSTRACT The absorption and fluorescence spectra of 4-(Phenylazo)benzoic acid and  2-(4-Hydroxyphenylazo)ben-
zoic acid have been recorded in different solvents of varying polarities and a-cyclodextrin (a-CD).  In 

all solvents, the absorption and emission maxima of  2-(4-Hydroxyphenylazo)benzoic acid are red shifted than 4-(Phe-
nylazo)benzoic acid. Studies on cyclodextrin reveal that both compounds form 1:1 inclusion complexes with a-CD. The 
thermodynamic parameter (Δ G) of inclusion process is also determined. 

1. Introduction 
In recent years, the host-guest inclusion complexes are of 
very much interest in various fields of Science and Technol-
ogy.  The naturally occurring Cyclodextrins (CDs) are well 
known as forming stable host-guest inclusion complexes 
which have the remarkable property of including organic, 
inorganic and biological molecules in their cavities [1-3] so 
long as the guest molecules have suitable polarity and di-
mension. a-Cyclodextrin (a-CD) is a cyclic oligosaccharide 
composed of six glucose units.  Since  a-CD is shaped like 
a truncated cone with a hydrophilic exterior and a hydro-
phobic interior cavity, it can selectively form inclusion com-
plexes with a variety of guest molecules in solutions [4]. 
Usually a single guest molecule is accommodated into the 
a-CD cavity with the guest/host stoichiometry of 1:1.   So 
a-CD has been often used to enhance the fluorescence 
intensities of several organic compounds by a process of 
partial encapsulation or inclusion of the organic guest mol-
ecules.  When a fluorophore was included into the cavity, 
the fluorescence and selectivity with the outer molecules 
increased obviously.  This led to the wide application of 
CDs in the fields of medicine, food, organic synthesis, en-
vironment protection and analytical chemistry etc. [5]

In the present study, two following organic compounds 
were selected. (i) 4-(Phenylazo)benzoic acid and (ii) 2-(4- 
Hydroxyphenylazo)benzoic acid.  The spectral absorption 
and fluorescence  characteristics of the two compounds 
have been studied in different solvents of varying polari-
ties and   a-CD concentrations both in the ground (S0) and 
excited state (S1). The objective of the study is to provide 
evidence that both 4-(Phenylazo)benzoic acid and 2-(4-Hy-
droxyphenylazo)benzoic acid /a-CD inclusion complexes 
are formed in aqueous solution.  4 (Phenylazo)benzoic 
acid is used as “test kit” for rapid screening of function-
al group affinity to metal oxides in analytical chemistry.               
2-(Hydroxyphenylazo)benzoic acid is used as indicator in 
the determination of serum albumin. 

2. Experimental. 
2.1. Instruments. 
Absorption spectral measurements were carried out with 
a smart  Systronics  Double Beam  Spectrophotometer  - 
2203.  Fluorescence Measurements were made using JAS-
CO Spectro Fluorometer FP – 8200. 

2.2. Reagents and Materials 
4- (Phenylazo)benzoic acid and 2-(4-Hydroxyphenylazo)ben-
zoic acid (98% purity) and a-CD were obtained from Sigma 
Aldrich.  All used solvents were of the highest grade.  Tri-
ply distilled water was used for the preparation of aqueous 
solutions.  The solutions were prepared just before taking 
measurements.  The concentration of the two compound 
solutions were of the order (2x10-4 to 2x10-5M).  The con-
centration of a-CD was varied from 2x10-3 to 1x10-2 M.  
The experiments were carried out at room temperature 
(303K). 

Fig.1 shows the chemical structure of (a) 4-(Phenylazo)
benzoic acid and  (b) 2-4(Hydroxyphenylazo)benzoic 
acid.

 
Table

3. Results and discussion: 
3.1. Effect of solvents 
The absorption maxima, loglε, fluorescence maxima and 
Stokes shifts of 4-(Phenylazo)benzoic acid and 2-(4-Hy-
droxyphenylazo)benzoie acid are compiled in table-1.  
In all solvents the absorption and emission maxima of 
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2-(4-Hydroxyphenylazo)benzoic acid are more red shifted 
than that of 4-(Phenylazo)benzoic acid.  In polar solvents 
only a small spectral shift is observed in the absorption 
maxima of both the compounds.  The greater red shift 
in 2-(4-Hydroxyphenylazo)benzoic acid is due to the -OH 
group in the 4th position of phenyl ring which is capable of 
forming hydrogen bonding with solvents.  

Fig. 2. Shows the fluorescence spectra of both the com-
pounds in selected solvents.  The emission   properties 
are strongly solvent dependent indicating a possibility of 
change in the character of the   electronic state.  The fluo-
rescence spectra are regularly red shifted with increase in 
polarity of solvents

Fig.2(i)
 

Fig.2(ii)
Fig.2 FluorescencerrSpectra of (i) 4(-Phenylazo)benzoic acid 
and (ii) 2-4-Hydroxyphenylazo)benzoic acid  in (a) Ethylac-
etate (b) Methyl Ethyl Ketone (c)  2-Propanol (d) Methanol 
and (e) Water

Fig. 3
In this study, the stokes shifts (Table 1 and Fig .3) of the 
above molecules were determined in different solvents of 
varying polarities are correlated with the BK [6] and ET(30) 
[7] parameters.  Fig.3 indicates that in aprotic solvents the 
unspecific interactions are the key factors in shifting the 
fluorescence maxima towards the red for these molecules.  
From the slopes of the plots it is evident, these interac-
tions are large due to the increasing dipole moment of 
excitation.  Rigid molecules having only a limited degree 

of freedom, the solvent cage changes the structure of the 
molecules, hence the dipole moment of the molecules 
changed in the excited state.  This process induces a large 
stokes shift in polar solvents.  A good correlation of stokes 
shift with the ET(30) Scale indicates the fact that the die-
lectronic solute -solvent interactions are responsible for the 
solvatochromic shifts in these molecules.

Effects of a-CD 

The absorption and emission maxima and spectra of 
4-(Phenylazo)benzoic acid and 2-(4-Hydroxyphenylazo)ben-
zoic acid are shown in Table 2 and fig.4, fig.5, fig.6 and 
fig.7. The absorption and emission maxima of both the 
molecules are blue shifted with gradual increase in the mo-
lar extinction coefficient. The increase in the absorbance 
and fluorescence intensity  is due to the  encapsulation  of 
these molecules in a-CD cavity and it is attributed to de-
tergent action of a-CD. [8]. These results indicate that both 
the compounds are entrapped in the a-CD to form inclu-
sion complexes.

Fig.4 
(A) – Absorption Spectra of 4 –(Phenylazo)benzoic acid, (a)  
Benesi - Hildebrand Plot for 1:1 Complex with a-CD

The presence of isosbectic point in the absorption spec-
tra suggests both the molecules formed 1:1 complexes 
with a-CD.  In order to determine the stoichiometry of the 
inclusion complex, the absorbance and fluorescence de-
pendence behaviours of the molecules on a-CD 

were analysed using the Benesi - Hildebrand equation [9]  
for 1:1 Complex as shown below.
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Where K is the formation constant, A0/I0 is the initial ab-
sorption/ fluorescence intensity of the molecules, A’/I’ is 
the absorption / fluorescence intensity of a-CD inclusion 
complexes and A/I is the observed absorption/ fluores-
cence intensity. According to equation (1) and (2) a plot of 
1/A-A0 /1/I-I0 Vs  gives a linear line as shown in fig 4,5,6 
and 7.  This analysis reflects both the molecules form 1:1 
inclusion complexes with a-CD.

  
Fig.5 
(A) – Absorption Spectra of 2 – ( 4-(Hydroxyphenylazo)ben-
zoic acid, (a)  Benesi - Hildebrand Plot for1:1 Complex with 
a-CD

The free energy was calculated from the formation con-
stant (K)

 
From the table 2, the value of thermodynamic parameter ΔG for 
the formation of the guest molecule to a-CD is -ve, which sug-
gests that the inclusion process proceeded simultaneously at 303 
K.  The experimental results indicate that the inclusion reactions 
of the a-CD with the molecule are exothermic process. 

Fig.6
(A) – Fluorescence Spectra of 4 –(Phenylazo)benzoic acid , 
(a)  Benesi - Hildebrand plot for1:1 Complex with a-CD

Fig.7
(A) – Fluorescence Spectra of 2 –(4-Hydroxyphenylazo)ben-
zoic acid ,  (a) Benesi - Hildebrand plot for1:1 Complex 
with a-CD

Several driving forces have been postulated for the inclu-
sion complexation of CD with guest compounds [10].  Ta-
bushi [11] Proposed a thermodynamic model for the pro-
cess of CD -Inclusion complex formation.  Based on the 
thermodynamic parameter (ΔG) calculated for the inclu-
sion of complexes we conclude that the hydrogen bond-
ing interaction, van der Waals interaction and breaking of 
the water cluster around the polar guest compound mainly 
dominated the driving force for the inclusion complex for-
mation. 

Conclusion
The following conclusions can be drawn from the above 
studies.  Solvent studies show that the absorption and 
emission maxima of 2-(4-Hydroxyphenylazo)benzoic acid 
are red shifted than 4-(Phenylazo)benzoic acid.  a-CD stud-
ies reveal that both the molecules form 1:1 complexes with 
a-CD.  This study also confirms that inclusion process is 
spontaneous and van der Waals interaction forces and hy-
drophobic interactions are the driving forces for the forma-
tion of inclusion complexes.


