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 Abstract: UV radiations near visible region effects the 

human, and it causes many skin diseases. UV light not only 
effects human and also decolorize most of the textile fabrics. It 
degrades anticorrosive coatings and it triggers the corrosion over 
the metal surface. The protection of UV radiations has lot of 
attraction in the field of engineering research field to prepare 
sunscreen coatings. This work explains the preparation and 
characterization of Poly (N-vinyl imidazole)/ZnO by different 
techniques. The UV protective behaviors of prepared polymer 
composite thin films, make them as promising candidates for UV 
shielding and sunscreen applications. 
Keywords: Polymer nanocomposite, Thin films, UV Protective 
Coating, 
 

I. INTRODUCTION 

The UV radiations reach from sunlight to earth is 
harmful for human skin. Due to decrease in the thickness of 
Ozone layer, these UV radiations causes very harmful skin 
diseases [1]. The UV light with wavelength below 300 nm 
has been filtered out by ozone layer but UV light in the 
range between 300 to 400 nm cannot be filtered out by 
ozone. Now a days researchers are involving to discover 
different UV absorbing materials. Nano materials with UV 
absorbing properties have been attracted, because of their 
photovoltaic nature which absorbs UV light effectively and 
these nanomaterials were incorporated into polymer matrix 
namely polymethyl methacrylate (PMMA) [2,3]. These 
polymer nanocomposites have been drawn in the form of 
thin films which does not allow UV radiations to enter due 
to effective absorption of UV light by nanomaterials [4].  
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Among different nanomaterials, ZnO is very cheap, eco-
friendly and easy to prepare. ZnONps are wide band gap 
which makes it to compatible for UV absorption 
applications [5-7]. Here the synthesis of Poly(viniyl 
imidazole)/ZnO nano thin films have been reported for UV 
shielding purposes. We have characterized the crystalline, 
morphological, thermal properties and optical properties of 
both thin films with and without ZnONPs. 

 

II. MATERIALS AND METHODS 

SYNTHESIS OF NVI 
 

Poly(N-vinyl-2-imidazole) (PNVI) was prepared by free 
radical solution polymerization. 1g N-vinylimidazole (NVI) 
monomer was taken in toluene in which 60mg of AIBN 
radical initiator was added. Polymerization was conducted at 
85◦C for 3h. After cooling 50ml of Hexane was added to 
precipitate pure PNVI polymer powder which was vacuum 
dried at 40ºC [8]. 

 

III. PREPARATION OF NVP-ZNO COMPOSITE 

THIN FILMS 

Exactly 1g of NVI is stirred into 30ml of Ethanol at Room 
temperature to get homogenous solution. 2.0wt% of ZnO 
NPs are added to the above solution with sodium 
dodecylsulphate (SDS) the solution is stirred in warm 
condition. The mixture was cooled and fabricated on glass 
substrates (1cm2) by using spin coating method at 4500rpm. 
Then the coated substrate is dried at 60ºC. the composite 
thin films deposited on the glass surface has to be peeled out 
and kept in vacuum. 

 

IV. CHARACTERIZATION TECHNIQUES 

The crystalline and amorphous nature of synthesized 
materials were analyzed by Bruker D8 advance x-ray 
diffractometer, over the range of angular angle (2θ) in 
between 5–80º. The interaction of polymer and 
nanoparticles were analyzed FTIR spectra of SHIMADZU 
8400 spectrophotometer. HITACHI S-4800 Type II 
spectrophotometer was used to study morphology of 
polymer thin films. UV blocking properties of prepared thin 
films have been analyzed by JASCO 670 spectrophotometer 
(DRS). 
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V. RESULTS AND DISCUSSION 

 
XRD STUDIES  
 
The XRD spectra of PNVI and PNVI-ZnO films have been 
showed in the Fig.1. The peak at 2θ = 22.6 corresponding to 
(1 0 1) plane is representing the amorphous nature of PNVI 
thin films. The presence of small crystalline peaks is the 
characteristic nature of ZnONPs, thus these Patterns 
suggests that the successive incorporation of ZnONps in the 
polymer matrix. 

 
 

Fig-1 XRD patterns of PNVI-ZnO composite film 

FTIR STUDIES 

The absorption for PNVI and its ZnO composite thin films 
at 3108 cm−1 and 2956 cm−1 signifies the C -H (ring) and C -
H (chain) stretching, respectively (Fig.2). 1633 and 1527 
cm-1 are related to C=C and C=N stretching of imidazole 
ring. Polymer composite thin films show the same pattern 
with additional band at 483 cm-1 which is due to Zn-O 
vibrations. It is apparent from the fig 2 that the intensity of 
peaks are getting decrease with addition of nano particle. It 
is due to the compatibility of ZnONPs with polymer

 

 
Fig-2 FTIR spectra of PNVI and its ZnO composite thin 

film 
 

VI. MORPHOLOGICAL ANALYSIS OF THIN FILMS 

The pristine polymer shows the morphology of smooth and 
homogenous surface. The incorporation of ZnO nano 
particles in the polymer matrix alters its homogenous 
surface morphology to heterogeneous.   
 

 

 
 

Fig-3 FESEM of a) PNVI, b) PNVI-ZnO composite  

THERMOGRAVIMETRIC ANALYSIS 
 
The initial weight loss up to 3-5% of PNVI and its ZnO 
nanocomposite thin film at 150◦C is due to removal of water.  

 

Fig -4 Thermogravimetric Analysis of TGA of PNVI thin 
films 

The residue of 72.26% of PNVI remaining is observed after 
the initial degradation, whereas 95.17% of residues 
remaining were left for poly (N-vinyl imidazole)/ZnO (2.0 
wt%) correspondingly. TG curves for pure polymer and its 
ZnO nanocomposite thin film exhibit a remarkable drop 
between 250 and 350 ºC as shown in Fig. 4. The degradation 
of the nanocomposite thin film has shifted to a higher 
temperature range than that of neat polymer. 

OPTICAL STUDIES 

To investigate the optical properties, the absorption spectra 
of the PNVI and PNVI-ZnO-(2wt%) of ZnO loading were 
taken and shown in Fig.5a. The absorption maxima for pure 
PNVI at 216 nm, which is due to the p-p* 
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electronic transitions of Imidazole. The absorbance spectra 
of the PNVI-ZnO showed an additional absorbance band at 
356 nm corresponding to ZnO nanoparticle. Fig. 4 a 
indicates that the absorbance of nanocomposite increases 
with the increase of ZnONPs content, which is comparable 
with ZnONPs doped in functional conducting polymers 
[11]. The increase in UV absorbencies due to the absorption 
of incident radiation by free electrons of ZnONPs and get 
excited to the PNVI [12] 
 

 

Fig-5a UV absorption spectra of the PNVI and PNVI-
ZnO 

 

Fig-5b UV- transmittance spectra of the PNVI and 
PNVI-ZnO 

 
It is well known that the Imidazole. moiety possesses 

strong electron acceptor character, therefore PNVI /ZnO can 
be used to UV-filtering materials such as fibers and coatings 
[13]. The transmittance spectra of PNVI and its ZnO 
nanocomposite films with 2.0 wt% ZnO filler contents 
transmittance at two different wavelengths, that is at 356nm 
and 550 nm is shown in Fig.5b. The incorporation of 
2.0wt% ZnO decreases the transmittance of the resultant 
nanocomposite at UV region [14]. Hence the intensity of 
absorption maxima in the range of 350-400nm increases 
with ZnONPs loading. The 2.0 wt% ZnONPs showed 20% 
of transmittance in UV region that infers that the composite 
has strong UV blocking efficiency. The loss of 80% 
transmittance in this UV wave length range indicates, that 
the synthesized film could be used as UV-blocking 
materials.  

VII. CONCLUSION 

In conclusion the UV blocking properties of PVNI 
has been improved by incorporation of ZnONPs. It shows 
enhanced UV absorption and decreased Transmittance. The 
loss of transmittance below 380nm makes the composite 
film as promising UV shielding coatings. 
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