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Abstract 
 

Stable silver nanocomposite lms were synthesized by  
mixing aqueous solutions of AgNO 3 and PVA which acts  
as both reducing and stabilizing agent, without using 
any toxic chemicals. Composite lms of appropriate 
weight percentage with dierent contents of inorganic 
phase were obtained by heating, followed by solvent 
evaporation. The eect of temperature and the duration 
of heat treatment were explored.  
The synthesized composite lms, characterized by UV-

visible spectroscopy, revealed the increase in number of 

Ag nanoparticles with heating time and the intensity plots 

showed a red shift. Scanning electron microscopy (SEM) 

revealed the increase in average diameter of particles 

with increase in the duration of heating. Energy disper-

sive X-ray spectroscopy (EDS) authenticates the pres-

ence of Ag whose concentration increased with increase 

in the duration of heat treatment as well as increasing  
weight percentage of AgNO 3.  Catalytic activity of the  
nanocomposite lms for the reduction of the organic dye 
Rhodamine B and Methylene Blue was investigated in 
 
the presence of excess NaBH 4 and good catalytic 
activ-ity towards the reduction of Rhodamine B was 
observed. The simple and fast preparation 
methodology makes the Ag-PVA lms cost-eective 
catalysts in the decolouriza-tion of organic dyes. 

 

Keywords: In-situ and ex-situ methods, Rhodamine, 
UV-Vis spectroscopy. 

 

photochemical methods [3]. Basically, a metal-polymer 

nanocomposite can be made by both in-situ and ex-situ 

methods. In in-situ techniques, metal particles are gen-

erated inside a matrix by dissolving the precursor in the 

polymer. In ex-situ, the metal particles are produced sep-

arately rst and then dispersed into the polymeric matrix. 

The aim of this work is to synthesize silver nanoparticles 

in PVA matrix by simple heat treatments and to inves-

tigate the catalysis property of silver in the reduction of 
 
rhodamine in the presence of NaBH 4. Synthetic dyes are 
used in many industries such as textile, paper and chem-
ical industries etc. Rhodamine is one of these toxic and 
carcinogenic chemicals found in waste water from these 
industries. It is necessary to separate this dye from water 
before they get into our environment[4, 5].  
Several samples were prepared by varying the weight 
ra-tios of precursor to matrix and the time of reaction. 
The nanocomposites were characterized by various 
tech-niques such as UV-Vis spectroscopy, Scanning 
Electron Microscopy and EDS. 
 
 

2 Experimental 
 

2.1 Preparation of Ag-PVA nanocompos-ite 
 
 

PVA solution was initially prepared by dissolving 1.2g 
of PVA (M.W 125000) in 25ml of distilled water with 
continuous stirring until the polymer is completely dis-  
solved. AgNO3 solution is prepared by dissolving 0.144g 
of AgNO3  in 10ml of distilled water. 5ml of aqueous 

1 Introduction 
 

Nanoscale study of noble metals such as silver and gold 

are of great signicance due to their attractive optical, elec-

trical and catalytic properties. Nanoparticles (NPs) nd 

wide applications in catalysis, drug delivery, data stor-

age, non-linear optics, microelectronics and bio-imaging. 

Synthesis of silver nanoparticles is of research interest 

not only due to its size dependent properties but also due 

to its antimicrobial and antifungal activity. For the prepa-

rations of AgNPs, polymers like PVA, PVP are being used 

as the matrix due to its easy processability, high optical 

clarity, biocompatibility, and reducing ability of secondary 

alcohol groups[1, 2]. Ag-PVA nanocompos-ite nds 

applications as catalytic agents, biosensors, Sur-face 

Enhanced Raman Spectroscopy (SERC) detectors etc. 

There are various physical and chemical methods to 

produce AgNPs like chemical reduction, laser abla-tion, 

UV irradiation, gamma irradiation, microwave and 

 
AgNO3 solution was then pipetted out into a beaker con-
taining PVA solution (0.384mM) to obtain weight ratio of 
 
0.06%. The AgNO3 solution was added dropwise and the 
solution was constantly stirred for two hours. Care was 
taken to protect the solutions from sunlight until heat 
treatment. Similarly, weight ratio of 0.1% is obtained by  
taking 0.240g of AgNO 3 and 1.2g PVA [6, 7]. 
The colloidal solution was then poured on to glass sub-  
strates and dishes and then heated in an oven. Ag-PVA 
composite lms were maintained at 100 C and samples 
 
(lms) were removed at the intervals of 1hr, 2hrs and 
3hrs. 

 

2.2 Reduction of rhodamine 
 
0.01mM of rhodamine solution was prepared by dissolving  
0.005g of rhodamine in 1000ml of distilled water. 10mg of 
nanocomposite were placed into 12.5ml of rhodamine  
solution.  As a reducing agent, 1ml of aqueous NaBH 4 
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(0.05M) was added to the same solution drop wise, 
under constant stirring [8]. The reduction of rhodamine 
with silver nanocomposite as the catalyst was 
monitored using UV-Vis spectrophotometer. 

 

3 Characterization 
 

Figure 1(a) shows UV-Vis spectra of a sample with C for 1hr,  
AgNO3:PVA (0.06 weight ratio) heated at 100  
2hr and 3hr. The peak of samples heated for 1hr appears 
at 418nm which reveals the formation of silver nanopar- 
 
ticles. Lesser absorbance value indicates the formation of 

smaller amount of nanoparticles. Futher heat treatment 

results in the formation of more amount of nanoparticles 

of increased diameter,which is conrmed by SEM images. 

Figure 1(b) shows the absorption spectra of the sample 

0.1 wt% heated for dierent time intervals.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: UV-Vis spectra of samples with (a) 0.06wt% 
(AgNO3:PVA) and (b) 0.1wt%.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: SEM photographs of (a) 0.06wt% with 1 hr 
heating. (b) 0.06wt% with 3hr heating. (c) 0.1wt% with 
1hr heating. 

 

SEM photographs of above mentioned weight percent-

ages are shown in Figure 2(a), (b) and (c). It can be seen 

that the particle size increases with increase in heating 

time and also with increase in weight percentage. Par-
ticles with average diameter of 8nm and 25nm are 
 
observed in samples of 0.06wt% heated for 1hr and 3hr 
respectively. Nanoparticles with average diameter of  
46nm are seen in nanocomposites of 0.1wt%. 
 

 

Table 1: Correlation of max and Particle size 

Weight Heating time max Avg Particle size 
percentage (hrs) (nm) (nm) 

    

0.06 1 415.7 8 

0.06 3 424.0 30 

0.1 1 430.9 46 
    

 
 

 

The presence of Ag in the samples was veried with 
Energy Dispersive Spectroscopy (EDS). Figure 3 
shows EDS image of sample 0.1wt% with 1hr heating.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: EDS Photograph of 0.1wt% sample with 1hr 
heating. 
 
 

 

Catalytic activity of Ag nanocomposite lms with 

Rhodamine was monitored by UV-Vis Spectrophotome-

try. Figure 4 shows catalytic activity of lms with 0.1wt%  
of AgNO3:PVA with heating time 1hr.  The absorption  
peak at 554 nm, corresponding to rhodamine dye de-creases 

to a very small value within 5 minutes, after which the 

decrease is not very signicant. The inset shows the decrease 

in the rhodamine peak at 554 nm monitored after 5 minutes. 

It is seen that a very low intense peak corre-sponding to Ag 

nanoparticles also appears after 15 min-utes . This may 

indicate slow dissolution of the nanopar-ticles from the lm. 

We also observed faster dissolution of Ag particles from the 

sample with a smaller weight ratio  
of AgNO3:PVA. Eorts are being made to impede this be-  
haviour by varying the rate of heating or by 
crosslinking the polymer. 
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Figure 4: Catalytic activity of Ag nanocomposite with 
Rhodamine. 

 

4 Conclusion 
 

This work shows a simple and cost eective method for the 

synthesis of silver nanoparticles embedded on a PVA 

matrix by heat treatment. The study also demonstrates 

the catalytic activity of nano silver in the reduction of 
 
rhodamine using NaBH4. AgNO3 was used as the precur-sor. PVA acted not 
only as the polymer supporting tem- 
 
plate but also as stabilizing and reducing agent. Results 

from UV-Vis spectrophotometer, EDS and SEM analysis 

proved the presence of silver in the composite. 
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