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ABSTRACT 
 

CuXZn1-XO(X= 0.1,0.3,0.5,0.7,0.9) nanocomposites has been synthesized by a Sol-Gel  method based on 
polymeric network of polyvinyl alcohol( PVA). In this method mixture solvent of 50:50  ethanol water was used to 
dissolve copper nitrate, zinc nitrate and PVA. The mixture was heated to 80

o
C to form homogeneous gel solution. 

The obtained gel was slowly heated to evaporate the solvent to form a hard homogeneous gel. The hard gel was 
calcinated at a temperature of 600

o 
C for 4 hours and 8 hours and converted into nanocomposites. The prepared 

nanocomposites have been characterized using X-Ray Diffraction (XRD),SEM,FTIR,UV-VIS. In the observed spectral 
features, the peak position, intensity and bandwidth were related to structural properties of investigated samples. 
The size of nanocomposites heated at 600

o 
C for 4h and 8 h were calculated using Debye-Scherrer formula. In all 

the samples, it was observed that particle size increases, when we increase the time of calcinations from 4h to 8 h 
at fixed temperature of 600

o 
C. The range of nanocomposites comes out from 15.8 nm  to 21.0 nm. SEM images 

shows   nanocomposite are of  spherical and uniform shape. In UV-VIS spectra, there is increase in absorption in 
UV region sharply and linearly in visible region in most of samples. FTIR spectra of samples is used as a unique 
collection of absorption bands to confirm the presence of different compounds in samples. 
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INTRODUCTION 
 

 Nano form of matter exhibit different properties from bulk on account of quantum 
confinement effect. This behavior of nanomaterials has created interest in the development 
and study of properties of nanomaterials. The physical and chemical properties of 
nanomaterials depend on their size and shape.[1-2] Due to large surface to volume ratio of 
nanoparticles, their properties electrical, optical, chemical, mechanical and magnetic can be 
selectively controlled by  the size, morphology and composition of the particles. In recent years, 
there has been great interest in the study of zinc oxide doped nanocomposites with other 
metals.  ZnO nanoparticles are of great importance because of their unique electrical, optical, 
gas sensing properties and having large bonding energy. Due to its low cost and other 
properties like good electrical, optical, nontoxic behavior, it has many applications in different 
fields like solar cells, gas sensors, spintronics, ultraviolet lasers etc. CuO is a p-type 
semiconductor and has unique properties and have wide applications in many fields such as gas 
sensors, photo catalyst and electrochemistry.[3,4].  
 

Among other compound semiconductors, copper oxide is of great Interest   in 
semiconductor physics. Copper forms two well-known stable oxides, cupric oxide [CuO] and 
cuprous oxide [Cu2O]. These two oxides have   different physical properties, different colors, crystal 
structures and electrical   properties. There are many reasons why CuO is chosen for sensing   

applications .CuO  has many promising applications due to its unique features like high specific 
surface area, chemical stability, electrochemical activity, high electron communication features 
[5]. . Cuprous oxide is mostly p-type, direct band gap, II-VI semiconductor with band gap of ~2 
eV and cupric oxide has a monoclinic crystal structure and presents p- type semiconductor 
behavior with a indirect band gap of 1.21 – 1.51 eV. CuO has been used as a basic material in 
High-Tc superconductors as the super-conductivity in these classes of systems is associated 
with Cu-O bodings [6-8]. The possibility of low cost production methods and the good 
electrochemical properties make CuO to be one of the best materials for electrical, optical, sensing 

and so forth.  It is also used as CO oxidation of automobile exhaust gases. [9]  
 

EXPERIMENTAL 
 

In this work mixed ethanol- water solvent[50:50] was used to dissolve 2 gm zinc nitrate, 
2 gm copper nitrate and 8 gm PVA, the mixture was heated to 80oC to form a homogeneous sol 
solution. The obtained sol was slowly heated to evaporate the solvent and it form a hard 
homogeneous gel. The Pyrrolysis of the final gel was performed at a temperature of 600o C for 4 
hours and 8 hours. During the Pyrrolysis process the PVA polymeric network through the outer 
surface , zinc and copper  nitrate salts in appropriate amount  simultaneously calcinated and 
converted into CuXZn1-XO  nano composites. The obtained sample was crushed to prepare fine 
powder. 
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RESULTS AND DISCUSSION 
 

XRD Studies:- 
 

The XRD pattern of CuXZn1-XO   nanocomposites  shown in fig [1-4 ]  which were calcinated at 
600o C for 4 hours and 8 hours were obtained using panalytical’s Xpert-pro powder diffractometer 

employing  Cu –K-  radiations in the 2 range 100-900.The particle size of as prepared samples were 
found using Scherrer formula using Scherrer formula  

 
d= 0.9λ/βcosθ 

 
Where d= average partice size, β is full width at half maxima[FWHM], θ is the Bragg 

angle, λ is the wavelength  of  Cu K in radians [10-12]  
 

The particle size of the samples is given in table 1.  
 

It is seen that the particle size increases in all the samples when we increase the time of 
calcinations from 4h to 8h at 6000Cexcept one having X=0,5.  

 
TABLE 1 

 

Time of 
Calcination 

Sample 
CuXZn1-XO[X= 

0.1]   No1 

Sample 
CuXZn1-XO[X= 

,0.3]   No 2 

Sample CuXZn1-

XO[X= 0.5]   
No3 

Sample CuXZn1-

XO[X= 0.7]   No4 
Sample CuXZn1-

XO[X= 0.9]   No5 

4 hours 15.8 nm 16.7 nm 16.8 nm 16.8 nm 16.8 nm 

8 hours 21.1 nm 20.8 nm 14.0 nm 21.0 nm 21.0 nm 

 

 
 
Fig 1 XRD pattern of CuXZn1-XO[X= 0.1] Nanocomposite 
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Fig 2    XRD pattern of CuXZn1-XO[X= 0.3] Nanocomposite 

 

 
 

Fig 3  XRD pattern of CuXZn1-XO[X= 0.5] Nanocomposite 
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Fig 4  XRD pattern of CuXZn1-XO[X= 0.7] Nanocomposite 
 

 
 

Fig 5   XRD pattern of CuXZn1-XO[X= 0.9] Nanocomposite 

 
SEM:- 
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SEM images of CuXZn1-XO[X= 0.1,0.9] Nanocomposites annealed for 4h and 8 h at 6000C 
are shown in fig [6-9] SEM image demonstrate the morphology of nanoparticles which were 
synthesized through Sol-Gel method. The images indicate that the particle of the 
nanocomposite are uniform, regular, spherical They reveal the formation of Nano Crystalline 
material and shows randomly oriented aggregates of the size ranges from 14.0 to 21.1 nm. 
When more copper is added[X=0.9], there is porous network due to rapid release of gases by-
products during the combustion.  The particle size increases when we increase the time of 
calcinations from 4h to 8 h at 600oC [13] 

 

 
 

Fig 6: SEM image of  CuXZn1-XO[X= 0.1] annealed at 600
0
C for 4h 

 
 

Fig 7: SEM image of CuXZn1-XO[X= 0.1] annealed at 600
0
C for 8h 
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Fig 8: SEM image of CuXZn1-XO[X= 0.9] annealed at 600
0
C for 4h 

 
 

Fig 9: SEM image of  CuXZn1-XO[X= 0.9] annealed at 600
0
C for 8h 

 
UV-VIS Spectrul Studies: 
 

The UV-VIS  study of nanocomposites CuXZn1-XO [X= 0.1, 0.3,0.5,0.7,0.9] were done 
using Hitachi 330 spectrophotometer in the wavelength  range 200 to 800 nm.  The spectra of 
nanocomposites are shown in fig  [10-14]  All samples shows absorption edges which are blue 
shifted.The blue shift of absorption edge arises due to quantum confinement effect of 
nanoparticles. . Absorption of CuXZn1-XO  [X=0.1] nanocomposites when heated at 600O C for 4 
h increases sharply in UV region and then increases linearly in visible range. Absorption in 
CuXZn1-XO  [X=0.1] nanocomposites when heated at  600O C for 6 h increases sharply in 
ultraviolet region and then decreases in visible region. In sample CuXZn1-XO [X=0.3] 
nanocomposites when heated at 4h and 6h at 600O C shows similar results. In sample CuXZn1-XO 
[X=0.5] nanocomposites when heated at 600O C for 4 h and 6 h,there is increase in absorption 
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linearly in both the region of ultraviolet and visible. Sample CuXZn1-XO [X=0.7] when heated at 
600O C for 4 h and  6h  shows same result as of sample having X=0.5.  In sample CuXZn1-XO 
[X=0.9] there is increase in absorption with less slop in both region when heated at 600O C for 4 
h and increases with great slop when heated at 600O C for 8 h[14] Thus it is observed that in all 
the samples, absorption increases first in ultraviolet region and then in visible region with 
different slopes. 

 
UV spectra provides information about optical band gap of the material. The energy 

band of the material is related to the absorption coefficient  by the Tauc relation h =     

A[h-Eg]
2 where A is constant, h is photon energy. Eg is band gap and n =1/2 for allowed direct 

transition. Plotting a graph between [h]2 and h gives the value of band gap. The 
extrapolation of the straight line to [  h   ]2  =0 gives the value of band gap as shown in fig[15-16] 
for CuXZn1-XO [X=0 .5] calcinated at 4h and 8h. It is seen from the graph that the value of band 
gap decreases when we increase the time of calcinations from 4h to 8h. 
 

 
 

Fig 10: UV-VIS Spectra of  CuXZn1-XO[X= 0.1] calcinated at 600
0
C for 4h and 8h 1 

 

 
 

Fig 11: UV-VIS Spectra of  CuXZn1-XO[X= 0.3] calcinated at 600
0
C for 4h and 8h2 
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Fig 12: UV-VIS Spectra of  Fig 13 CuXZn1-XO[X= 0.7] calcinated at 600
0
C for 4h and 8h  4 

 

 
 

Fig 13: UV-VIS Spectra of  CuXZn1-XO[X= 0.7] calcinated at 600
0
C for 4h and 8h 5 

 
 

Fig 14: UV-VIS Spectra of  CuXZn1-XO[X= 0.1] calcinated at 600
0
C for 4h and 8h 3 
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Fig 15: Graph between [h]
2
 and h for CuXZn1-XO [x=0.5] for 4 h. 

 
 

Fig 16: Graph between [h]
2
 and h for CuXZn1-XO [x=0.5] for 8 h. 

 

FTIR Spectra Analysis: 
 

The infrared spectroscopic[IR] study of the nanocomposites were done using Perkin 
Elmer –Spectrum RX FTIR Spectrophotometer in the wave number range 400-4000cm-1.. The  
FTIR spectra of CuXZn1-XO [X= 0.1, 0.3,0.5,0.7,0.9]  are shown in fig [17-21]. FTIR spectra of all 
samples annealed at  600O C for 4 h and 8 h shows transmission peaks nearly at 3400 cm-1,2920 
cm-1 ,1437 cm-1,1050 cm-1,550 cm-1 and 480 cm-1 .  In CuXZn1-XO [X= 0.1] when  annealed at   
600O C for 4 h and 8h, new peaks were observed at 2853 cm-1 ,1632 cm-1 .,445 cm-1  .  

 
In    CuXZn1-XO [X= 0.3] when  annealed at   600O C for 4 h, new peaks were observed at 

3502 cm-1 , 1115 cm-1, 619 cm-1 and when  annealed at  600O C for 8 h , new peaks were 
observed  at 1628 cm-1,896 cm-1,625 cm-1  and 531 cm-1. In  CuXZn1-XO [X= 0.5] when  annealed 
at   600O C for 4 h, new peaks were observed at 1636 cm-1  ,1534 cm-1  ,1275 cm-1  ,1163 cm-1  

,842 cm-1  ,762 cm-1  and when  annealed at  600O C for 8 h , new peaks were observed at 1744 
cm-1  ,1632 cm-1  ,1384 cm-1  ,1276 cm-1  ,841 cm-1  . In    CuXZn1-XO [X= 0.7] when  annealed at   
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600O C for 4 h, new peaks were observed at 1555 cm-1   and when  annealed at  600O C for 8 h , 

new peaks were observed at 1635 cm-1  ,1555 cm-1and at 1164 cm-1 .In    CuXZn1-XO [X= 0.9] 
when  annealed  at 600O C for 4 h, no new peaks were observed   and when  annealed at  600O C 
for 8 h , new peaks were observed  at 1548 cm-1 .[15-16]  

 
Peak near 3400 cm-1 corresponds to the [O-H] mode of water molecule[17] The peak 

around 2900 cm-1  is due to C-H bond. Another peak near 1630 cm-1 may be due to H-O-H 
bending vibrational mode due to absorption of water in air. The weak absorption peak at 
around 1600cm-1 corresponds to presence of small amount of residual carbon in the sample. 
Band around 1450 cm-1   corresponds to asymmetric stretching of C=O bonds. Bands  around 
1100 cm-1   is due to C-O bonding.  Bands at619 cm-1   is due to intrinsic vibration of metal oxide 
bond. Band observed at 619 cm-1 corresponds to stretching vibration of M-O-M where M 
corresponds to metal occupying tetrahedral and octahedral. The intense band that in 430 to 
550 cm-1 range  in all spectra may be assigned  to ZnO  stretching.  
 

 
 

Fig 17: FTIR Spectra of  CuXZn1-XO[X= 0.1] calcinated at 600
0
C for 4h and 8h 
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Fig 18: FTIR  Spectra of  CuXZn1-XO[X= 0.3] calcinated at 600
0
C for 4h and 8h 

 

 
 

Fig 19: FTIR  Spectra of  CuXZn1-XO[X= 0.5] calcinated at 600
0
C for 4h and 8h 

 

 
 

Fig 20: FTIR  Spectra of  CuXZn1-XO[X= 0.7] calcinated at 600
0
C for 4h and 8h 

 

 
 

Fig 21: FTIR  Spectra of  CuXZn1-XO[X= 0.9] calcinated at 600
0
C for 4h and 8h 

 
CONCLUSION 

 
 Nanocomposites CuXZn1-XO with varying X have been Synthesized successfully using Sol- 
Gel method..This method is found to be simple and economical. Nano aspect of the 
nanocomposites is obtained from XRD, SEM.  The size of all nanocomposites increases with 
increasing calcinated time from 4h to 8 h except one with x=0.5 at calcinated temp. 6000C. In 
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UV-VIS spectra, it is seen that in all the samples, absorption increases first in ultra violet region 
and then in visible region with different slopes. It is seen that the value of band gap decreases 
when we increase the time of calcinations from 4h to 8h in all the samples. 
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