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Transmission Electron Microscope Images (TEM) 

 

 

Figure S1: TEM micrographs of ZnO NPs 

 



 
Figure S2: TEM micrographs of CuO NPs 

SEM analysis: 

The SEM images of ZnO samples show that the agglomerations of particles 
occur much less in this method of preparation.  

 
 

Figure S3: SEM micrographs of ZnO NPs 



 
 

Figure S4: SEM micrographs of CuO NPs 

 

X-ray Diffractometer Analysis: 

XRD pattern of ZnO NPs indicated only characteristic peaks for crystalline ZnO 

hexagonal phase at (31.74o, 34.42o, 36.24o, 47.5o, 56.62o, 62.83o, 66.4o, 67.93o, and 

69.05o), respectively, were indexed to (100), (002), (101), (102), (110), (103), (200), 

(112), and (201) planes. All the diffraction peaks are well indexed to the hexagonal ZnO 

wurtzite structure (JCPDS no. 36–1451). Diffraction peaks corresponding to the impurity 

were not found in the XRD patterns, confirming the high purity of the synthesized 

products. 

 

 

 

 



 

 Figure S5: XRD pattern of ZnO NPs 
 

Crystalline nature of the prepared CuO nanoparticles was identified from their 

corresponding powder XRD patterns (Figure  S5). All the diffractions were well matched 

with monoclinic phase of CuO (standard JCPDS File No: 048-1548). Diffraction peaks 

with 2Ө 33.6°, 35.45°, 38.73°, 48.92°, 61.99°, and 66.49°, respectively, were indexed to 

(110), (002), (111), (020), (022), and (113) planes. 

 

 

 

 

 

 

 

 



 

Figure S6: XRD pattern of CuO NPs. 
 
 

1.5- FT-IR spectroscopy Analysis: 
 

Figure S7 showed the FTIR spectra of ZnO nanoparticles. Metal oxides generally 

give absorption bands in finger print region, i.e., below 1000 cm–1 arising from inter-

atomic vibrations. The peak at 1388.70 cm–1 and 1507.80 cm–1 corresponds to C=O and 

C–O bending vibrations, respectively .The peak observed at 3366.35 and 1036.07 cm–1 

are may be due to O–H stretching and deformation, respectively assigned to the water 

adsorption on the metal surface. 

 

 

 



 

Figure S7: FTIR spectra of the ZnO NPs. 
 
 
 

Figure S8 showed the FTIR spectra of CuO-NPs. The broad absorption peak at 

3390 cm–1 was caused by the adsorbed water molecules. Since the nano crystalline 

materials possess a high surface to volume ratio, they can absorb moisture. The peaks at 

1633 may be for the Cu–O symmetrical stretching. The high-frequency mode at 605.05 

cm–1 and 490.60 cm–1 can be assigned to the Cu-O stretching vibration. Moreover, no 

other IR active mode was observed in the range of 605 to 660 cm–1, which totally rules 

out the existence of another phase, i.e., Cu2O. Thus, the pure phase CuO with monoclinic 

structure is also confirmed from the FTIR analysis. 

 

 

 



 

Figure S8: FTIR spectra of the CuO NPs 
 
 


