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Abstract 

 Silver nanoparticles were synthesized using polyvinyl alcohol 
(PVA) as a stabilizing agent. The chemical degradation of the organic dye, 
methylene blue, was studied using silver nanocatalyst. Effect of different 
concentrations of the catalysts and also the time dependence on the 
catalytic activity were investigated by using UV-Visible spectroscopy. The 
study of the absorbance with different concentrations helped to make the 
conclusion that, as concentration of the catalyst increases, the absorbance 
decreases gradually. This indicates that, as the concentration of the catalyst 
increases, corresponding increase in degradation occurs. Similarly the 
absorbance at different reaction time was also studied. It has been observed 
that as the time increases, the reduction of the dye also increases, this is 
observed from the corresponding decrease in absorbance. From the kinetic 
studies, the rate of the catalytic activity was calculated which showed that 
as the concentration of the catalyst increases, the rate of the catalytic 
reaction increases. 
 

1. Introduction 

Supported silver nanoparticles 
have wide variety of applications in 
various fields such as photonics, micro 
electronics, sensor fabrication, optics 
and catalysis (Badr and Mahmoud, 2007; 

Collier et al., 1997; Lee and El-Sayed, 

2006; Sampaio et al., 2001; Smith et al., 

2002). In particular, its application in 
catalysis is most important and it has 
drawn intense attention in recent years 
as catalyst in organic transformation 
reactions (Pandey et al., 2011). Silver 
nanoparticles supported on organic 
polymers provide high surface area. 
The unique properties like high 
surface area to volume ratio, low 
coordination number and easy access 
to a large number of active sites, 

makes the supported silver 
nanoparticles a good catalyst (Krstić et 
al., 2014).  This is because of its 
combined property of high reactivity 
and selectivity. These type of 
supported metal nanoparticles shows 
catalytic activity towards various 
organic reactions such as coupling, 
cyclo addition, reduction of dyes, 
reduction of nitro phenols and so on 
(Krstić et al., 2014). In comparison to 
bulk counterparts, specially stabilized 
nanoparticles have significantly high 
catalytic activity. 

Recently many researchers have 
been working on the nanoparticles for 
dye degradation. The treatment of the 
dye wastewater, which is harmful to 
the environment and the human 
health, is significantly important 
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(Antonopoulou et al., 2014; Hai et al., 
2007). Efficient degradation of dyes 
should be done to protect the 
environment from severe pollution 
problems. Several methods are widely 
used to treat the dye effluents which 
include adsorption tactics, biological 
degradation, photocatalysis, etc (Wang 
et al., 2013). Investigation on a solution 
to get rid of this problem has helped in 
the development of new, high 
performance heterogeneous catalysts. 
These catalysts are able to perform 
desired work more selectively and 
more efficiently (Eisa and Shabaka, 
2013).  

In the present study the aim is 
to find out whether it is possible to use 
supported silver nanoparticles as 
catalysts for the degradation of organic 
dyes. Dye degradation studies were 
done using methylene blue. 

 
2. Experimental 
 AnalaR grade poly vinyl 
alcohol (PVA), silver nitrate (AgNO3), 
sodium hydroxide (NaOH), sodium 
borohydride  (NaBH4) used were all of 
Merck, India; assay ≥ 99.9%. The PVA 
supported silver nanoparticles were 
prepared and characterized as 
reported earlier (Sagitha et al., 2016). 
 
3 Results and discussion 
3.1 Study on catalytic properties - UV-
Visible spectroscopic analysis 
 The UV- Visible spectra of 
organic dye methylene blue (Fig.1) 
gives a peak at 662 nm. Investigations 
on catalytic properties are done at five 
different concentrations of Ag 
nanoparticles (Fig. 2). As the 
concentration of silver nanocatalyst 
increases the absorbance decreases 
which indicates that degradation of 

methylene blue increases as the 
concentration of the catalyst increases. 
The absorbance vs concentration plot 
(Fig. 3) shows that as the concentration 
of the catalyst increases, the 
absorbance decreases linearly which 
indicates the efficiency of silver 
nanoparticles as a catalyst. The 
catalytic property of Ag nanoparticle 
at different time intervals was also 
carried out. 
 (a) 0.01 g Ag at 5 minute intervals of 
time 
           It has been observed that as the 
time increases (with the same 
concentration of the catalyst), the 
catalytic activity increases. This is 
understood from the decrease in 
absorbance with increase in time. For a 
0.01 g of Ag nanoparticle the decrease 
in absorbance is occurring slowly with 
the small difference in absorbance (Fig. 
4). The decrease in absorbance with 
increase in reaction time can be 
understood from the absorbance vs 
reaction time plot (Fig. 5).  
(b) 0.05 g Ag at 5 minute intervals of 
time 
The UV-Visible spectrum of 0.05 g Ag 
at different time interval is as shown in 
Fig. 6. It has been observed 
considerable changes in the 
absorbance when the concentration of 
Ag nanoparticles is increased from 
0.01 to 0.05 g. The absorbance 
gradually decreases as the reaction 
time increases. This is more clearly 
understood from the absorbance vs 
time plot shown in Fig.7.   
3.2. Kinetic study of catalytic 
degradation 
              The efficiency of the catalyst 
can be understood from corresponding 
rate constant values. The rate of 
catalytic degradation can be calculated 
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using ln Co/C vs time plot. The plot of 
ln Co/C against corresponding 
irradiation time, has showed a linear 
relationship. The rate constant at two 
different concentrations (0.01 and 
0.05g of nanocatalyst) are investigated. 
The rate constant for each 
concentration were evaluated from the 
slope of the straight line. The rate 
constant increases considerably as the 
concentration of the catalyst increases 
from 0.01 to 0.05 g (Figs. 8 & 9). 

 From Table.1 it is clear that 
the rate constant increases 
considerably with increase in the 
concentration of the nanocatalyst. This 
is because of the increase in the surface 
area of the active sites with the 
increase in the concentration of 
nanocatalysts. Hence the rate of the 
reaction also increases gradually. It is 
observed that, as the concentration of 
the nanocatalyst increases, the rate 
constant, and there by the rate of the 
reaction increases gradually. 
 

 
Table 1 Rate constant of catalytic degradation of Methylene blue dye in presence of 
Ag nanoparticles. 
 

Concentration of Ag nanoparticles (g) 

 

Rate constant (min-1) 

0.01 0.0065 

0.0 0.0218 
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Fig. 1. UV-Visible spectrum of methylene Blue 
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Fig. 2. UV – Visible spectrum of catalytic degradation of MB at different 
concentrations of Ag nanoparticles 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

                                 

 

Fig. 3. Absorbance Vs concentration graph 
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Fig. 4 UV-Visible spectrum of effect of time on catalytic activity of 0.01 g Ag 

 

 

 

 

 

 

 

 

 

                   

 

 

Fig. 5. Absorbance Vs time graph for 0.01 g Ag nano catalyst 
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Fig. 6. UV-Visible spectrum of 0.05 g Ag at different time 

 

1 

     

 

 

 

 

 

 

 

Fig. 7. Absorbance vs time graph 0.05 g Ag at different time interval 
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Fig. 8.  lnCo/C Vs time graph for 0.01g of nanocatalyst 

 

 

 

 

 

 

 

 
Fig. 9.  lnCo/C vs time graph for 0.05g of nanocatalyst 

 
4. Conclusion 
 The chemical degradation of 
the dye was studied using silver 
nanocatalyst. Effect of different 
concentrations of the catalysts and also 
the time dependence on the catalytic 
activity were investigated by using 
UV-Visible spectroscopy. The study of 
the absorbance with different 
concentrations helped to make the 
conclusion that, as concentration of the 
catalyst increases, the absorbance 
decreases gradually. This indicates 
that, as the concentration of the 
catalyst increases, corresponding 

increase in degradation occurs. 
Similarly the absorbance at different 
reaction time was also studied. It has 
been observed that as the time 
increases, the reduction of the dye also 
increases, this is observed from the 
corresponding decrease in absorbance. 
From the kinetic studies, the rate of the 
catalytic activity was calculated which 
showed that as the concentration of 
the catalyst increases, the rate of the 
catalytic reaction increases. 
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