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CdO nanoparticles, polyacrylonitrile, poly(butyl methacrylate) polymers have been synthesized by using 
green chemistry approach. Thereafter synthesized polymers were fabricated into nanocomposites by 
mixing nanoparticles to the polymers again using green chemistry protocol. Formation of CdO 
nanoparticles was confirmed by FT-IR and UV–Visible spectral data.  The sizes of nanoparticles were 
determined by P-XRD and TEM analysis. P-XRD and TEM images of nanoparticles indicated that size of 
most of the nanoparticles lies in the range 5.74 – 22.25 nm. Formation of polymers and nanocomposites 
was confirmed by IR spectral studies. Morphology of nanocomposites was determined by SEM analysis. 
The thermal stability of polymers and nanocomposites was determined by TGA/DTA and found that the 
thermal stability of CdO/PAN & CdO/PBMA nanocomposites increased as compared to their polymers. 
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1. Introduction 

In recent years nanotechnology has attracted researchers due to their 
diversified applications almost in all areas of human life such as aircraft 
sector [1], electronics, environmental remediation [2], food [3] and 
medical health sector [4, 5]. Nanotechnology has ability to build materials 
at nano range [6]. In fact, the properties of substances dramatically change 
when their size is reduced to the nanometer range [7, 8] as nanometer 
range particles have high surface to mass ratio [9]. In last few years, the 
development of polymer nanocomposites has offered new technology and 
favorable opportunities for commercial scale as well as all over society 
[10]. Dispersion of nanoscale fillers into polymer matrix to form a 
nanocomposite has attracted great interest [11]. These fillers not only 
enhance their performance but also exhibited new physical properties and 
novel behavior as compared to neat polymer matrix [12]. Inorganic 
nanoparticles-based nanocomposites display very interesting 
applications such as thermal [13], electrical [14], mechanical [15], optical 
properties [16] and environmental remediation [17]. The influence on 
thermal stability of polymers by addition of CdO nanoparticles in polymer 
matrix has been earlier reported by researchers. Thermal stability of poly 
vinyl alcohol (PVA) increased by doping of CdO nanoparticles [18]. CdO/ 
Polyaniline (PANI) nanocomposites are more thermal stable than the PANI 
polymer [19]. With the increasing awareness towards the environmental 
safety, researchers are ready to commence the eco-friendly approach for 
the synthesis of nanoparticles and nanocomposites. In recent years 
microwave assisted synthesis has become very popular as this technique 
offers simple, clean, fast, efficient, economic and environmentally friendly 
nature compared to conventional heating method [20,21].  In this context, 
in continuation of our research work [22,23] in this article we have 
reported the synthesis of cadmium oxide (CdO) nanoparticles, two 
polymers viz. polyacrylonitrile [PAN], poly(butyl methacrylate) [PBMA] 
and their CdO/PAN and CdO/PBMA nanocomposites by adopting green 
chemistry protocol to observe the influence of nanoparticles on the 
thermal stability of polymers. 
 

2. Experimental Methods 

2.1 Synthesis of CdO Nanoparticles  

2.30 g cadmium (II) acetate dihydrate was dissolved in 15 mL deionised 
water. To this solution, 0.75 g starch dissolved in 20 mL deionised water 

was added. The mixture was irradiated in a microwave synthesizer at 110 
W for 3 min by maintaining the temperature 70 °C. Now, 10 mL ammonia 
solution was added drop by drop to the above solution with constant 
stirring. The solution was further irradiated for 2 min at 110 W. A yellow 
colour precipitate was obtained which was allowed to settle down for 
overnight. It was filtered washed with deionised water to remove by-
products and excessive starch and calcined at 600 °C for 3 h.  

 

2.2 Synthesis of Polyacrylonitrile [PAN]  

5 mL acrylonitrile was taken in a round bottom flask. To this solution, 
10 mg benzoyl peroxide and 10 mL toluene were mixed. The contents of 
the flask were heated in a microwave synthesizer at an emitted power of 
90 W for 2 min by maintaining the temperature 60 °C. The precipitation 
was done by using acidified CH3OH (1mL HCl + 5 mL CH3OH) and then 
uniformly spread on a glass plate. A powder form product was obtained. 

 
 2.3 Synthesis of Poly(Butyl Methacrylate) [PBMA]    

In a 100 mL round bottom flask, 5 mL butyl methacrylate, 10 mg 
benzoyl peroxide and 10 mL toluene were mixed. This mixture was 
irradiated in a microwave synthesizer at an emitted power of 90W for 4 
min at 60 °C.  The precipitation was done by using acidified CH3OH (1 mL 
HCl + 5 mL CH3OH) and then homogeneously spread on a glass plate. A thin 
film was obtained on drying.  

 
 2.4 Synthesis of CdO/Polyacrylonitrile Nanocomposite [CdO/PAN] 

In a 100 mL round bottom flask, 5 mL acrylonitrile and 10 mg benzoyl 
peroxide were taken and 10 mL toluene was added. The contents of the 
flask were subjected with microwaves at an emitted power of 100W for 4 
min by maintaining the temperature at 65 °C. 0.05 mg cadmium oxide 
nanoparticles suspended in water: HCl (1:3) was added in the sticky state 
of polyacrylonitrile. The heating was continued in the microwave 
synthesizer for 4 min. The precipitation was done by using acidified 
CH3OH (1mLHCl + 5 mL CH3OH) and then uniformly spread on a glass 
plate. A powdered material was obtained on drying in a desiccator over 
anhydrous CaCl2.  

 
2.5 Synthesis of CdO/Poly(Butyl Methacrylate) Nanocomposite [CdO/PBMA] 

5 mL butyl methacrylate was taken in a 100 mL round bottom flask. To 
this, 10 mL benzoyl peroxide and 10 mL toluene were added. The contents 
were subjected for microwave irradiation in a microwave synthesizer at 
100 W for 7 min by maintaining the temperature at 65 °C. 0.05 mg of 
cadmium oxide nanoparticles suspended in water: HCl (1:3) was added in 
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the viscous solution of poly(butyl methacrylate). The solution was again 
heated for 8 min. Finally, the precipitation was done by using acidified 
CH3OH (1 mL HCl + 5 mL CH3OH) and spread over a glass plate. On drying 
at room temperature, a thin film was obtained. 
 
2.6 Characterization Studies 

Microwave synthesizer Discover Lab Mate with Intellivent Pressure, 
240 V/50 Hz has been used to synthesize nanoparticles and 
nanocomposites. FT-IR spectroscopic studies were carried out in the range 
4000-400 cm-1 on ‘Bruker’ spectrophotometer by using KBr pellets. UV-
Visible spectroscopic study was carried out on Lab-India UV-Visible 
spectrophotometer UV 3000+ in DMSO at room temperature. The P-XRD 
analysis was carried out on XPERT-PRO X-ray diffractometer operated at 
a voltage of 45 kV and a current of 40 mA with Cu Kα radiation (λ = 0.15418 
nm) in 10 – 80° scanning range. The TEM studies were carried out on 
model CM200, operated at an accelerating voltage of 20-200 kV with the 
resolution 2.4 Å. The Scanning Electron Microscopic studies has been 
carried out on JEOL Model JSM-6390LV operating and resolution of 3 nm 
(Acc V30 kV, WD 8 mm, SEI) to 8 nm (Acc V 1.0 kV, WD 6 mm, SEI) and 
magnification 5 x to 300,000 x (both in high and low vacuum modes), 
operating at a voltage of 1 pA to 1 mA. The TGA/DTA analysis was carried 
out on model Perkin Elmer USAA, Diamond TG/DTA and TGA 
measurement range was 200 mg and sensitivity 0.2 mg.TG/DTA and TG 
measurement range vary from 30 °C to 750 °C at 10 °C/min. 
 

3. Results and Discussion 

3.1 FT-IR Spectral Studies     

IR spectra of synthesized cadmium nanoparticles exhibited peaks at 
652.55 cm-1 and 449.92 cm-1 due to Cd-O bond. The appearance of these 
bands indicated that cadmium nanoparticles have been formed in the form 
of CdO nanoparticles [24, 25]. IR spectra of polyacrylonitrile [PAN] and 
cadmium oxide/polyacrylonitrile [CdO/PAN] nanocomposite exhibited 
bands in the range 2937.20-2887.45 cm-1 due to ─C─H stretching 
vibrations of -CH2 [26], 2243.36-2243.32 cm-1 due to ─C≡N stretching 
vibrations, 1452.36-1451.04 cm-1 due to ─C─H bending vibrations of CH2 
and 1352.94-1226.86 cm-1 due to bending vibrations of C─H moiety [26]. 
A strong band in the region 1178.64-1073.06 cm-1 has been attributed due 
to stretching vibrations of C─C moiety [26, 27]. Some new bands 538.21 
and 464.64 cm-1 also appeared in the spectra of cadmium 
oxide/polyacrylonitrile [CdO/PAN] nanocomposite which may be 
attributed due to Cd-O deformation vibrations. 

IR spectra of poly(butyl methacrylate) [PBMA] and cadmium 
oxide/poly(butyl methacrylate) [CdO/PBMA] exhibited the bands at 
2957.61-2928.99 cm-1 due to C-H stretching vibrations [28] of CH3, 
2932.30-2737.96 cm-1 due to C-H stretching vibrations of CH2, 1721.38-
1720.48 cm-1 due to C=O stretching vibrations [28,29], 1466.15-1455.91 
cm-1 due to C-H bending vibrations of CH2, 1146.15-1142.26 cm-1 due to C–
O–C stretching vibrations and band near 1063.22-1020.19 cm–1 may be 
attributed due to stretching vibrations of C-C bonds. In the IR spectra of 
[CdO/PBMA] new bands appeared at 517.48 cm-1 and 462.24 cm-1 which 
may be attributed due to Cd-O deformation vibrations respectively. 

 
3.2 UV- Visible Spectral Studies  

The UV-Visible spectra (Fig. 1) of cadmium oxide nanoparticles 
exhibited peaks at 291 nm and 315 nm which confirm [30, 31] the 
formation of cadmium oxide nanoparticles.  
 

 
Fig. 1 UV-Visible spectra of CdO nanoparticles 

 
3.3 P-XRD Studies  

The XRD spectra (Fig. 2) of the cadmium oxide nanoparticles exhibited 
that the synthesized nanoparticles were crystalline in nature. The size 

distribution of nanoparticles was determined by full width at half 
maximum (FWHM). The broader is the size distribution of the particles, 
the broader is the peak [32]. The crystalline size of nanoparticles was 
calculated by using the width of X- ray peaks, supposing they are free from 
non- uniform strains, using Debye – Scherrer’s formula. 

On applying Debye-Scherrer formula on different peaks of P-XRD graph 
(Fig. 2) of cadmium oxide nanoparticles it has been found that the 
synthesized nanoparticles have different size like 4.24, 5.18, 15.53, 15.52, 
12.42, 6.21, 8.87, 20.70, 20.70, 15.53, 8.87 nm. The average particle size of 
synthesized cadmium oxide nanoparticles has been found to be 12.16 nm. 
 

 
Fig. 2 P-XRD graph of CdO nanoparticles 

 
3.4 Transmission Electron Microscopic Studies 

 The transmission electron microscopic (TEM) images (Fig. 3) clearly 
indicated that the particle size of synthesized cadmium oxide 
nanoparticles lies in the range 5.74 – 22.25 nm. The average size of 
cadmium oxide nanoparticles was 14.33 nm. 
 

    
Fig. 3 TEM images of synthesized CdO nanoparticles 

                
3.5 Scanning Electron Microscopic Studies  

The SEM images (Fig. 4) of CdO/PAN nanocomposite showed flaked 
plate morphology with irregular shape [33] and SEM images (Fig. 5) of 

CdO/PBMA nanocomposite showed the crack path with good dispersion 
of CdO nanoparticles in PBMA matrix [34].  
 

   
Fig. 4 The SEM images of CdO/PAN nanocomposite 

 

   
Fig. 5 SEM images of CdO/PBMA nanocomposite 
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  3.6 Thermogravimetric Analysis   

TG/DTA thermograms (Fig. 6) of polyacrylonitrile [PAN] indicated its 
degradation in 3 steps. In the first step degradation occurred between 
114.40-184.10 °C corresponding to weight loss 10.120%, second weight 
loss was found between 235.20-318.86 °C corresponds to weight loss 
42.160%, third weight loss was found between 346.46-400.50 °C 
corresponds to weight loss 47.457%. DTA thermogram indicated that 
these weight losses were accompanied by endothermic change. 
 

   
Fig. 6 TG/DTA thermograms of polyacrylonitrile 

 

   
Fig. 7 TG/DTA thermograms of CdO/PAN nanocomposite 

 
TG/DTA thermograms (Fig. 7) of CdO/PAN indicated its degradation in 

3 steps. In the first step nanocomposite degradation occurred between 
75.35-213.75 °C corresponding to weight loss 17.125% while second 
weight loss was found between 213.75-380.85 °C corresponds to weight 
loss 14.635%. Third weight loss 60.240% was observed between 638.43-
711.85 °C with exothermic change.  

TG/DTA thermograms (Fig. 8) of the PBMA polymer indicated two step 
thermal degradation. This first step degradation occurred between 
106.68- 322.10 °C corresponds to weight loss of 84.832% with 
endothermic change. Second step degradation occurred 322.10-422.10 °C- 
corresponds to weight loss of 15.151% with exothermic change.  
 

   
Fig. 8  TG/DTA thermograms of poly butyl methacrylate 

 

   
Fig. 9 TG/DTA thermograms of  CdO/PBMA nanocomposite 

 
TG/DTA thermograms (Fig. 9) of the CdO/PBMA nanocomposite 

indicated two step thermal degradation. This first step degradation 
occurred between 139.15- 345.76 °C corresponding to weight loss of 
72.263% with endothermic change. Second degradation occurred 
between 345.76-463.76 °C corresponding to weight loss 27.716% with 
exothermic change. 

   On comparing the thermograms of nanocomposites with their 
polymers it has been found that the thermal stability of PAN and PBMA 
polymer increases on incorporation of CdO nanoparticles in polymer 
matrixes. This can be explained by the manner that the increase in thermal 
stability could be due to strong interaction and interfacial bonding 
between the polymer matrix and CdO nanoparticles [35]. 
 

4. Conclusion 

CdO nanoparticles, PAN, PBMA polymer and their nanocomposites 
were successfully synthesized by adopting green and efficient microwave 
assisted approach. XRD results revealed that the average size of 
nanoparticles was 12.16 nm which was very close to the average particle 
size 14.33 nm obtained by TEM. The nanocomposites CdO/PAN and 
CdO/PBMA exhibited greater thermal stability as compared to their 
polymers which may be due to strong interaction and interfacial bonding 
between the polymer matrix and CdO nanoparticles. 
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