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ABSTRACT 

The interaction of N-(2-methyl thiophenyl)-2-hydroxy-1-naphthaldimine (NMTHN) with tin dioxide nanoparticles (SnO2 

NPs) has been investigated by spectroscopic tools such as absorption and fluorescence spectroscopy. Absorption spectros-
copy reveals the formation of ground state complex. Fluorescence spectroscopy has been used to study the signatures of 
fluorescence quenching. SnO2 NPs are found to quench the intrinsic fluorescence of NMTHN via static and dynamic 
quenching. The deviation from linearity in the Stern-Volmer plot has been observed. 
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1. Introduction 

Owing to their potential application in solar energy con- 
version, semiconductor nanoparticles have been exten- 
sively studied from both experimental and theoretical 
viewpoints [1-4]. Variety of techniques including spe- 
ctroscopy, microscopy and X-ray techniques has been 
used to characterize the properties of nanoparticles. Most 
of the studies have been focused on their equilibrium 
properties such as absorption and emission, particle 
shape, surface structure, inter particle interaction, self 
assembly, and formation of superlattices [5]. Tindioxide 
(SnO2) is a n-type metal oxide semiconductor with the 
wide bandgap of 3.6 eV. Because of its remarkable ele- 
ctrical, optical and electrochemical properties, SnO2 ser- 
ves a wide range of applications in solar cells, catalytic 
supporting materials, transparent electrodes and solid 
state chemistry [6]. The higher electron mobility (~100 - 
200 cm2·v–1·s–1) of SnO2 NPs proposes a faster diffusion 
of photo induced electrons in SnO2 and its larger band 
gap would be creating fewer oxidation holes in the va- 
lence band. Thus low sensitivity of SnO2 to UV degra- 
dation facilitates the long-term stability of dye senstitized 
solar cells. The low isoelectric point (at pH 4 - 5) of 
SnO2 leads to less absorption of the dye with acidic car- 
boxyl groups [7,8]. The ability of organic dyes to sensi- 
tize large band gap semiconductor materials has been 
used for the design of light energy conversion devices [9]. 
Schiff bases play an important part in the development of 
co-ordination chemistry. The common structural feature  

of these compounds is the azomethine group with a ge- 
neral formula RHC=N-R’, where R and R’ are alkyl, aryl, 
cyclo alkyl or heterocyclic group which may be variously 
substituted. They are easily prepared in general by the 
condensation reaction of primary amines with carbonyl 
compounds [10]. In the field of co-ordination chemistry, 
Schiff bases from 2-hydroxy 1-napthaldehyde have been 
used as chelating ligands. N-H…O (keto form) and 
N…H-O (enol form) are the two types of intra molecular 
hydrogen bonds in Schiff bases. Both types of hydrogen 
bonds were found in the aldimine compounds derived 
from 2-hydroxy 1-Naphthaldehyde [11]. The existence of 
tautomerism between these two types of bonds created a 
great interest in 2-hydorxy Schiff base ligands. The ortho 
hydroxyl naphthalidene anilines show two bands above 
400 nm in the visible region which are assigned to the 
keto form. In naphthaldimines both forms keto/enol- 
imino are possible and O-H…N or N-H…O intra mole- 
cular hydrogen bonds can occur [12]. If combined with 
chelating activities, Schiff base may become a pro- 
mising dye sensitizer in molecular photovoltaic cells 
[13]. 

Semiconducting oxides such as TiO2 and SnO2 directly 
interact with the excited dye molecules thus inducing 
heterogeneous electron transfer at the semiconductor/dye 
interface. This interesting property of sensitizing dyes is 
useful in the design of photochemical solar cells. 

A process which decreases the fluorescence intensity 
of a given substance is known as quenching. It may also  
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result from a photo-induced electron transfer process 
between the excited dye and the nanoparticles. Our group 
has studied spectral investigation of NMTHN by silver 
nanoparticle using fluorescence quenching [14]. Although 
there are many studies on the photochemical and fluo- 
rescence behavior of organic dyes on SnO2 thin film, 
there is none for SnO2 NPs on the fluorescence quench- 
ing of Schiff base in methanol medium [15-18]. In the 
present study, using optical absorption and fluorescence 
emission techniques the effect of SnO2 NPs on NMTHN 
has been investigated. 

2. Experimental 

2.1. Materials 

All chemicals that are used in this work were obtained 
from Merck with 99.9% purity and also used without 
further purification. The procedure of synthesis of NMT- 
HN (Figure 1) is described as follows [14]. 

2-hydroxy 1-napthldehyde (1.72 g, 10 mmol) was dis- 
solved in alcohol and treated with an alcoholic solution 
of 2-(methylthio) aniline (1.39 g, 10 mmol). The content 
of the above solution was kept at room temperature over 
night. The formation of Schiff base took place slowly with 
good yield. The pure brownish yellow crystals of the 
Schiff base was filtered, washed with alcohol and dried. 

SnO2 nanoparticles used in this study were synthesized 
as follows: Solution of SnCl2·5H2O (4.5126 g) of 0.1 M 
was prepared in the de-ionized water (200 ml) to get a 
mixed aqueous solution. To this mixed aqueous solution, 
ammonia solution was added into drop wise under 
vigorous stirring to get the pH value of the solution in the 
range of 8 - 9. Now, the precipitate had been formed at 
the bottom of the glass beaker. For about 2 hours the 
precipitate was kept at room temperature for ageing and 
then washed with deionized water. The washing was 
repeated for a number of 5 - 6 times. The resulting 
precipitate was heated at 80˚C for about 5 hours. The 
dried precipitate was kept at 105˚C for 4 hours, and it 
was loaded into the alumina crucible. Then for about 
 

 

Figure 1. Molecular structure of N-(2-methyl thiophenyl)-2- 
hydroxy-1-napthaldimine (NMTHN). 

5 hours in air it was annealed in a muffle furnace at 
600˚C to enhance the crystallinity of SnO2 NPs and the 
product appeared as white in color after the heat 
treatment. The particle size of the resultant product was 
found as 160 nm using micro Raman spectroscopic 
technique [19]. 

2.2. Apparatus 

At room temperature using 1cm path length rectangular 
quartz cell by means of UV-Vis absorption spectrophoto- 
meter (Shimadzu UV 2450) and Spectrofluorophoto- 
meter (Shimadzu RC 5301-PC), steady state optical ab- 
sorption and fluorescence emission spectra of the sam- 
ples were recorded. While the concentration of SnO2 NPs 
ranged from 0.5 to 0.9 mM, the concentration of NMTHN 
in methanol was 0.01 mM throughout the experiment and 
was precisely maintained the same in all samples. The 
optical absorption and fluorescent measurements have 
been repeated for five times for each set of samples. It 
was noticed that the data are reproducible with an accu- 
racy of ±0.1 nm. And hence, there is a good reliability of 
the data. 

3. Results 

3.1. Absorption Spectroscopy 

Figure 2 shows the UV-Vis absorption spectrum of 
NMTHN in methanol. The absorption maximum occurs 
at 441 nm. The entire spectrum undergoes a hyper chro- 
mic effect with a little spectral shift (Figure 3), with each 
addition of SnO2 NPs concentration. 

3.2. Fluorescence Spectroscopy 

To determine the nature of interaction between NMTHN 
and SnO2 NPs fluorescence spectroscopy is used. Figure 
4 shows the steady state fluorescence emission spectrum  
 

 
Figure 2. Absorbance spectra of NMTHN in methanol. 
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Figure 3. Absorbance spectra of NMTHN with various con- 
centration of SnO2 NPs in methanol. 
 

 
Figure 4. Fluorescence spectra of NMTHN in methanol. 

 
of the NMTHN in methanol. The emission maxima occur 
at 507 nm and also it is observed that the intensity of 
fluorescence emission band of Schiff base is found to 
change with the concentration of SnO2 NPs (Figure 5). 

4. Discussion 

The absorption spectra in Figure 3 show a minor blue 
shift with the addition of SnO2 NPs in methanol from the 
absorption maximum of pure Schiff base in methanol at 
441 nm. This shift may be ascribed to the concentration 
dependence of the fluorophore. The observed concen- 
tration dependence of the flurophore may at least parti- 
ally result from the change in the ground state of the 
NMTHN adsorbed on the NP surface [20]. The observed 
decrease in fluorescence intensity in Figure 5 may be 
due to one of the following reasons: 1) quenching me- 
chanisms (static/dynamic); 2) scattering loss; 3) inner fil- 
ter effect. The occurrence of fluorescence quenching  

 

Figure 5. Fluorescence spectra of NMTHN with various 
concentration of SnO2 NPs in methanol. 
 
depends upon the mechanism, which in turn depends 
upon the structure of individual molecules. Detailed analy- 
sis of the mechanism of quenching is complex. Com- 
monly, the static and dynamic (collisional) quenching 
mechanisms are the two mechanisms used to analyze the 
fluorescence quenching processes. In dynamic quenching, 
the ratio of intensities is linearly related to the quencher 
concentration as defined by the Stern-Volmer equation 

[ ]0 1 sv

F
K Q

F
= +  

where F0 and F are the fluorescence intensities of Schiff 
base in absence and presence of quencher concentration 
[Q] respectively. In dynamic process, energy can be 
transferred nonradiatively and this collisional mechanism 
assumes the electron transfer from excited state fluor- 
ophores. In the static quenching process, the fluorophore 
and quencher molecules are in the ground state. The 
fluorophore and quencher molecules bind together to 
form a ground state complex and a ground state equili- 
brium between the fluorophore and quencher is assumed 
or perfect quenching within the sphere of action [21]. To 
evaluate the Stern-Volmer quenching constant KSV, the 
range within which the Stern-Volmer plot (Figure 6) is 
linear is considered and KSV is found out to be 1.6 × 103 

M–1. The observed 10% error suggests that the signature 
is different. The Stern-Volmer plot (Figure 6) shows the 
positive deviation from straight line. 

Generally the positive deviation from linearity of 
Stern-Volmer plot occurs when 1) combination of static 
and dynamic quenching takes place and/or 2) degree of 
quenching is large [22]. By carefully analyzing the absor- 
ption spectra of the fluorophore, one can distinguish the 
static and dynamic quenching. Collisional quenching 
only affects the excited state of the fluorophore and thus 
no changes in the absorption spectra are predicted. How-  
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Figure 6. Stern-Volmer plot between the concentration of 
the quencher (Q) and the fluorescence intensity ratio (F0/F). 
 
ever the ground state complex formation results in per- 
turbation of the absorption spectrum. It is observed that 
there is no formation of new band in Figure 5 but a 
decrease in the fluorescence intensity. Thus there is no 
evidence for the formation of the exciplex. In the absence 
of any chemical reaction of the excited fluorophore and 
the quencher, the positive deviation from the Stern- 
Volmer relation may also be due to ground state complex 
formation. Figure 6 gives the static constant value as 
approximately equal to 1.6 × 103 M–1. Therefore, SnO2 

NPs concentration of nearly 0.6 mM is necessary to 
complex 50% of the fluorophore. The static component is 
not only due to complexation but SnO2 NP being near to 
the fluorophore at the fraction of moment of excitation. 
The percentage of such complexed fluorophore increases 
as the mole fraction of SnO2 in the solution increases. 
Thus the sphere of action static quenching model may be 
employed for data analysis in heterogeneous systems.  

The only observable fluorophores (1 – W) are those for 
which there are no adjacent quenchers. The modified 
form of the Stern-Volmer equation 

[ ]
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is used to calculate the fraction of fluorophores which do 
not contain a quencher within their surrounding sphere of 
action. The factor W in the modified Stern-Volmer equ- 
ation is approximately equal to exp(−V[Q]), where V is 
the static quenching constant and it represents active vo- 
lume element (V/N’) surrounding the excited fluorophore. 
When a quencher turns out to reside within a sphere of 
action with a volume of V/N’, where N’ is the Avaga- 
dro’s number and r (kinetic distance), surrounding a 
fluorophore at the time of excitation, instantaneous quen- 

ching occurs. On excitation of the fluorophore, a quen- 
cher particle which is already within this volume will be 
able to quench the fluorescence without the requirement 
of collisional interaction. The probability of the quencher 
being within this volume at the time of excitation de- 
pends on the volume V and on the quencher concen-  

tration [23]. The modified Stern-Volmer plot [ ]
0

1
F

F

Q

 
− 

    

against 0F F  for steady state is drawn and also found 
to be perfectly not a linear one as shown in Figure 7. 
Since the Figures 6 and 7 are made out of the data of 
fluorescence measurements, we could observe the same 
trend with reproducibility. 

The Stern-Volmer quenching constant was obtained as 
KSV = 2.6 × 103 M–1 with an error of 35% using least 
square fit method by determining the slope. Equation W 
= exp(−V[Q]) is employed to deduce the intercept, the 
value of W and hence the static quenching constant V = 
412.2 M–1 with 1% error and in turn the kinetic distance 
i.e., the radius of the sphere of action is determined as 
5.47 ± 0.1 nm from the plot (Figure 8) between lnW and 
the quencher concentration [Q]. It is observed that the 
value of KSV is large compared with V, which explains 
the lack of major absorption change on addition of the 
quencher [24]. The radii of the quencher as determined 
by the Micro-Raman spectroscopic technique [19] is 
equal to 80 nm which is greater than that of the kinetic 
distance. This verifies that the quenching is not due to the 
sphere of action. The experimental scattering cross-sec- 
tion of SnO2 NPs in methanol medium is calculated using 
the formula 

( )ln10 D

L
σ

ρ
=  

where D is the optical density and ρ is the number 
density and L is the optical path length [25] and it has the 
order of 10–23 m2. Though the scattering cross section 
area is very small, the higher concentration of NPs (0.05 
mM - 0.9 mM) than that of Schiff base (0.01 mM) may 
also contribute in the form of inner filter effect. In that 
case, the intensity of the excitation light is not constant 
throughout the solution. As a result, the intensity of 
emitted light could also change. Thus we conclude that 
the positive deviation of the Stern-Volmer plot suggests 
the existence of both static and dynamic quenching that 
cannot be distinguished as the system is heterogeneous. 
In the case of NMTHN-Silver nanoparticle, only one 
type of quenching has been observed. Surface plasmon 
effect will be a predominate one in the case of silver 
nanoparticels. As the possibility of formation of static 
quenching complex has been ruled out, the dominance of 
collisional quenching is due to the small particle size  
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Figure 7. Modified Stern-Volmer plot(1 − (F/F0))/[Q] agai- 
nst F/F0. 
 

 

Figure 8. Plot of lnW against [Q]. 
 
(<50 nm) [14]. In the present case, the SnO2 particle size 
is greater than 150 nm. So, this could also be a reason 
that the linearity of the Stern-Volmer plot is not observed. 

5. Conclusions 

From the present investigation we conclude that: 1) the 
formation of the ground state complex between NMTHN 
and SnO2 NPs and 2) the observed deviation in Stern- 
Volmer plot is due to the simultaneous presence of static 
and dynamic quenching components and also by the pre- 
sence of higher concentration of the quenchers. 
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