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Abstract 
 

                 Zn0.96-xLa0.04CuxO2 (x = 0, 0.02 & 0.04) nanoparticles have been synthesized by a             

co-precipitation method. The synthesized nanoparticles have been characterized by powder 

X-ray diffraction, energy-dispersive X-ray spectra, Scanning electron microscope,        

UV–Visible spectrophotometer and Fourier transform infrared spectroscopy. The XRD 

measurements reveal that the prepared samples   were found to be hexagonal wurtzite. The 

change in lattice parameters was discussed based on the secondary phase formation and 

presence of Cu2+ in LaO and ZnO2 lattice. The variation in size and shape of the 

nanoparticles by Cu-doping was discussed using a scanning electron microscope. The 

chemical stoichiometry of Zn, Cu, La, and O was confirmed by energy-dispersive X-ray 

spectra. The best optical transparency observed at Zn0.92La0.04Cu0.04O nanoparticles seems 

to be optimal for industrial applications especially as a transparent electrode. 
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1. Introduction 
                  Semiconductor materials are the most important aspect of the ongoing research 

activity across the world. As the semiconductor particles are size-dependent properties like  

energy gap and its corresponding change in the optical properties, they are considered as 

the front runners in the technologically important materials. Zinc oxide (ZnO) is attracting 

tremendous attention due to its interesting properties like a wide direct band gap of 3.4 eV 

at room temperature and high exciton binding energy of 60 meV. Zinc oxide is low cost 

and non – toxic in nature so environmentally friendly as compared to other metal oxides 

(1).  Band gap of ZnO material can be adjusted by appropriate doping material (eg. 

Mn,Al,Ni,Fe,La,Ce and Cd, etc) (2).  

                   The detailed study of the structural, morphological and optical properties                                                                                                                

rare earth  element (REE) doped ZnO nanoparticles are technologically important, as they 

have potential applications for  flat panel  displays due to enhanced emission in the visible 

range ( 3-5 ).  Even though some of the research works have been carried out on La-doped 

ZnO (6 -13).  The detailed study of the structural, morphological and optical properties of 

La and Cu co-doped ZnO2 nanopowder is still scanty. Therefore, in the present 
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investigation, the major objective is to prepare La-doped and  La, Cu co-doped ZnO2  

nanoparticles by co-precipitation method. The effects of Cu substitution on its structural 

and optical properties have been studied extensively. 

 

                    Many physical and chemical methods have been developed to 

obtain these starting nanoparticles. They are, the solid state reaction 

(14), chemical vapor transport (CVT) (15), mechanochemical processing (16), sol–gel/        

Co-precipitation method (17)  among these different methods, co-precipitation method is 

one of the most important techniques to prepare nanoparticles.                     

 

2. Materials and experimental procedure 
            2.1. Synthesize of Zn0.96-xLa0.04CuxO (x = 0, 0.02 & 0.04) nanoparticles  

                       Zn0.96-xLa0.04CuxO (x = 0, 0.02 & 0.04) nanoparticles were prepared by 

chemical co-precipitation method. For the synthesis of Zn0.96-xLa0.04CuxO sample, Zinc 

chloride pentahydrate (ZnCl4.5H2O), lanthanum chloride heptahydrate (LaCl3.7H2O), 

copper chloride dehydrate (CuCl2.2H2O) and sodium hydroxide (NaOH) were used as 

precursors without further purification. All the used chemicals are highly pure and          

AR grade from Merck. The appropriate amount of ZnCl45H2O, LaCl3.7H2O, and 

CuCl2.2H2O were dissolved in 50 ml double distilled water and kept stirring until getting a 

clear solution. NaOH solution was prepared separately by dissolving an appropriate amount 

of NaOH in 50 ml double distilled water. The prepared NaOH solution was added dropwise 

to the initial solution to increase the pH to 9. To ensure the completion of reactions, the 

system was stirred continuously for 3 hrs at room temperature. The precipitations were 

filtered and then washed several times using double distilled water to eliminate the 

impurities and chlorine ions from precipitates. The collected precipitates were dried in an 

oven at 100◦C for 1 hr. Finally, the synthesized powders were annealed at 500◦C in the air 

atmosphere for 4 hrs followed by furnace cooling. The same procedure is repeated for the 

remaining samples synthesized with nominal compositions of        Zn0.96-xLa0.04CuxO      

(x= 0, 0.02 &0.04) nanoparticles. 

 

2.2 Characterization Techniques. 

The crystal structure of Zn0.96-xLa0.04CuxO (x= 0, 0.02 &0.04) nanoparticles were 

determined by powder X-ray diffraction. XRD pattern was recorded by RigaKu C/max-

2500 diffractometer using Cu K radiation ( = 1.5408 Å) operated at 40 kV and 100 mA 

from 30° to 70°. The surface morphology was studied using a scanning electron 

microscope (SEM, Philip XL 30). The topological features and the composition of Zn, La, 

Cu, and O were determined by energy-dispersive X-ray spectrometer on K and L lines. A 

Silicon drift detector was used as a detector. The detector is cooled using a reservoir of 

liquid nitrogen. The vacuum is maintained at a low energy level to prevent the 

condensation of molecules on the crystal. The accuracy (sensitivity) of this technique        

is ± 1% (0.01).  

The UV-Visible optical absorption and transmittance spectra of Zn0.96-xLa0.04CuxO 

(x= 0, 0.02 &0.04) nanoparticles have been carried out to exploring their optical properties. 

The spectral absorption spectra were recorded using a UV visible spectrophotometer 

(Model: Lambda 35, Make: Perkin Elmer) in the wavelength ranges from 300 to 600 nm 

using cm-1 quartz cuvettes at room temperature. Halogen and deuterium lamps were used as 
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sources for visible and UV radiations, respectively at room temperature. The presence of 

chemical bonding in Zn0.96-xLa0.04CuxO (x= 0,0.02 &0.04)   nanoclusters was studied by 

FTIR spectrometer (Model: PerkinElmer, Make: Spectrum RX I) in the range of 400 to 

3900 cm-1.  

 

 

3. Results and discussion 
 

3.1. X-ray diffraction (XRD) – structural studies 

 

The  XRD pattern of Zn0.96-xLa0.04CuxO ( x = 0 ,0.02 &0.04)  nanoparticles were 

recorded in the diffraction angle 30 to 70 are shown in Fig. 1. 

 
 

Fig 1. X-ray diffraction pattern of Zn0.96-xLa0.04CuxO2 nanoparticles with different 

           Cu concentrations from 0% to 4% at room temperature. 

 

 

The diffraction peaks of  Zn0.96-xLa0.04CuxO ( x= 0 ,0.02 &0.04) nanoparticles clearly 

shows the crystalline nature corresponding to the diffraction angles XRD pattern shows the 

close agreement with the standard JCPDS file for ZnO (JCPDS 36-1451, lattice constants  

a = b = 3.2488 nm and c = 5.2061 nm). The peaks are quite sharper indicating the 

crystalline nature of the prepared samples. No other characterization peaks are 

corresponding to oxides of Zn/ Cu/La or Cu/La related secondary and impurity phases were 

observed which confirmed that the product obtained in pure phase. 
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Fig.2. The enlarged image of the diffraction peak corresponding to (101) plane 

                of Zn0.96-xLa0.04CuxO2 ( x = 0, 0.02& 0.04) nanoparticles  

 

         The enlarged image of the diffraction peak corresponding to (101) plane of        

Zn0.96-xLa0.04CuxO2 nanoparticles between 35◦ and 37◦ is shown in Fig. 2 which is used to 

study the Cu doping effect on peak position and peak intensity. The peak intensity is 

increased and the peak position is shifted towards a higher 2θ side  when 2% of Cu is 

introduced into the Zn-La-CuO lattice. Further increase of Cu-doping concentration, 

beyond 2%, the peak position is shifted towards the lower 2θ.                              The 

average crystal size of the nanoparticles is calculated after appropriate background 

correction from X-ray line broadening of the diffraction peaks of (101) plane using Debye 

Scherrer’s formula (18), 

 

Average crystal size D=  0.9λ / βcosθ                                                                 (3.1) 

 

Where λ is the wavelength of X-ray used (1.5406 Å), β is the angular peak width at half 

maximum in radian along (101) plane and θ is Bragg’s diffraction angle.  

 The c/a ratio has also been found to show a good match with ideally close-packed 

hexagonal structure. The volume of the unit cell for the  hexagonal system has been 

calculated from the following equation (19) 

Volume (V) = 0.866 x a2 x c                                                           (3.2) 
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Sample 
Peak 

position 
FWHM d D A C c/a V 

Zn0.96La0.04 O2 36.1175 0.3512 2.4849 23.392 3.2578 5.2244 1.603 48.017 

Zn0.94La0.04Cu0.02O2 36.2437 0.3341 2.47654 25.018 3.2461 5.2105 1.605 47.548 

Zn0.92La0.04Cu0.04O2 36.1889 0.2942 2.48016 28.406 3.2515 5.2161 1.604 47.933 

 

Table 1 shows the variation of peak position (2θ), FWHM value, d-value, unit cell parameters ‘a’  

             and ‘c’, c/a ratio, average crystallize (D) and Volume (V) of Zn0.96-xLa0.04CuxO2  

              nanoparticles with different Cu concentrations from 0% to 4%.  

           It is noticed from that even though the d-value and the lattice constant are affected 

by Cu-doping in Zn-La-CuO2 lattice, the resultant compound maintains a hexagonal 

structure. When adding Cu concentration, the average crystal size is increased from     

23.92 nm (Cu = 0%), 25.018 nm (Cu = 2%) and 28.406 (Cu =4%) . The increment in 

average crystal size is due to the smaller ionic radii of Zn2+ (0.69 Å) ion than dopant Cu2+ 

(0.73 Å) ion (20). 

 The doping of Cu (2% and 4%) decreases the micro strain from 1.4818 (Cu = 0%) to 

1.3855 (Cu=2%) and 1.2202 (Cu=4%).The change in micro strain supports the crystal size. 

The micro-strain (ε ) can be calculated using the formula (21), 

 

Micro-strain ε= β cosθ / 4                                                                                  (3.3) 

 

 

The Zn–O bond length has been calculated using the relationship (22) 

 

Bond length (l) =                                                                                (3.4) 

 

where,   is the potential par   is the potential parameter of the hexagonal structure.  

The stress (σ) in the ZnO planes can be calculated using the following       

expression (23), 

                σ = -233×109 ((Cbulk – C)/ Cbulk)                                                                                       (3.5) 
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where, C is the lattice constant of ZnO planes calculated from XRD data, Cbulk is the strain-

free lattice parameter of ZnO (5.2061 Å). All the samples had a negative stress, as are 

shown in Table 2 

 

 

 

 

 

 

 

 

 

Sample Bond length(l) 
Micro 

strain(ε) 

Stress 

σ  

  

Zn0.96La0.04 O2 1.9833 1.4818 0.819 

Zn0.94La0.04Cu0.02O2 1.9767 1.3855 0.2004 

Zn0.92La0.04Cu0.04O2 1.9873 1.2202 0.4502 

 

Table 2 shows the Bond length, Micro strain and  stress value for Zn0.96-xLa0.04CuxO2  

            nanoparticles      with  Cu concentrations from 0% to 4%.  

 

 

 

3.2. Microstructure and composition 

 

The surface morphological studies of La-doped and La, Cu co-doped ZnO2 nanopowders 

were carried out using SEM images. Fig. 3 illustrates the surface morphology of          

Zn0.96-xLa0.04CuxO2 nanoparticles with different Cu concentrations from 0% to 4%. These 

images reveal that the crystalline nature and uniformity of each sample consists of large 

aggregates.  
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Fig (3a) shows the SEM image for         Fig  (3b) shows the image for Zn0.94La0.04Cu0.02O2  

             Zn0.96-La0.04O2 nanoparticles                    nanoparticles 

 
Fig (3c) shows the SEM  image for Zn0.92La0.04Cu0.04O2 nanoparticles  

 

 

 

                        
Fig. (4a) shows the EDX analysis for                Fig. (4b) shows the EDX analysis for  

      Zn0.96La0.04O2 nanoparticles.                                Zn0.94La0.04Cu0.02O2 nanoparticles. 
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Fig.(4c) shows the EDX analysis for Zn0.92La0.04Cu0.04O2 nanoparticles. 

 

             It is observed from Fig. 4 that the presence of O is decreased (Cu=4%) but the 

existence of Zn is decreased by Cu-doping in Zn0.96La0.04O2. It clearly shows that the 

oxygen deficiency is gradually increased in addition to Zn rich phase by Cu-doping which 

supports the existence of Zn interstitials at higher Cu concentrations. The EDX spectra 

show that the atomic% is nearly equal to their nominal stoichiometry within the 

experimental error. 

3.3. Optical studies 

 

 
Fig. 5 UV–Visible absorption spectra of Zn0.96-xLa0.04CuxO2 nanoparticles for different  

           Cu concentrations from 0% to 4% between 300 and 600 nm at room temperature. 

 

Fig. 5 express the optical absorption spectra of La-doped and La, Cu co-doped ZnO2 

nanoparticles from 300 to 600 nm. The absorbance is expected to depend on several 

factors, such as bandgap, oxygen deficiency surface roughness, and impurity centers. La-

doped and La, Cu co-doped ZnO2 nanoparticles  has low absorbance in the ultraviolet 

region (lower wavelength) of the spectrum and a strong absorbance in the visible region 

(higher wavelength). The absorbance spectra show an ultraviolet cut-off around 320 nm, 

which can be attributed to the photo-excitation of electrons from the valence band to the 

conduction band. The intensity of absorption increases abruptly as the concentration of Cu 

increases to 2% but it starts to decreases with further increase of Cu doping. The increasing 

absorption by initial doping of Cu may be the density of the defects and hence the intensity 

of optical absorption Zn0.94La0.04Cu0.02 O2 nanoparticles. The further increase of Cu after 
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2% should lead to the reduction of absorption may be due to the removal of defects and 

disorderness present in the sample. 

 

 
 

Fig 6.  Transmittance spectra of Zn0.96-xLa0.04CuxO2 nanoparticles for different Cu  

            Concentrations    from 0% to 4% between 300 and 600 nm at room temperature, 

 

Fig. 6 shows the transmittance spectra of La-doped and La, Cu co-doped ZnO2 

nanoparticles at room temperature from 300 to 600 nm. The initial doping of Cu (Cu = 2%) 

increases the transmittance and shows the highest transmittance about 95% and above. The 

transmittance values are decreased for the next higher levels of doping after Cu = 4%. This 

suggests that the decrease in the transmittance of Cu doped Zn0.96La0.04O2 nanoparticles 

with increasing in doping concentration may lead to an increase in the degenerate 

(metallic) nature, which results in the increased absorption. The best optical transparency 

and lower absorption observed at Zn0.94La0.04Cu0.02O2 nanoparticles seem to be optimal for 

industrial applications, especially as the  transparent electrode. The optical band gap is 

evaluated using the Tauc relation (24): 

 

αhγ=(Ahγ-Eg)n                                                                                                       (3.6) 

 

where A is a constant, Eg is the optical bandgap of the material and the exponent n depends 

upon the direct/indirect allowed transition. In the present case, n is taken as ½ because of 

allowed direct transition. 

The Tauc plot is used to calculate the band gap of Zn0.94-xLa0.04CuxO2 nanoparticles shown 

in Fig. 7.  
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Fig.7. Shows the energy band gap values for  Zn0.96-xLa0.04CuxO2 nanoparticles for different  

           Cu concentrations from 0% to 4%. 

 

 

             The energy gap of Zn0.96La0.04 O nanoparticles is 3.69 eV . The doping of Cu 

sharply increases the energy gap from 3.69 eV (Cu = 0%) to 3.91 eV (Cu=2%) and 3.99 eV 

(Cu = 4%) (ΔEg= 0.30 eV).  When Cu is introduced into Zn-La-O lattice, additional charge 

carriers are produced. The  blue shift of Eg from Cu=0 to 4% is explained in terms of the 

distortion of host lattice and generation of defects. 

 

 

3.4. Fourier transform infrared (FTIR) spectroscopy 

 

 FTIR is a technique used to obtain the information about the chemical bonding in a material.  

  
 

Fig. 8 shows the FTIR analysis for Zn0.96-xLa0.04CuxO2 nanoparticles for different Cu  

          concentrations from 0% to 4% between 400 and 3900 nm, 
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From these spectra, the absorption peak around 3400 cm-1 is attributed to the vibration of 

the hydroxyl group because of the fact that the ZnO2 retained certain adsorbed water from 

the ambient atmosphere (25). The weak peak at 2900 cm-1 belongs to the stretching 

vibrations of COH bonds. The O-H bending bands appearing around 1600 cm-1 are 

associated with the water molecules that exist in the nanoparticles (26) . The absorption 

peaks around 1300 cm-1 are due to the stretching vibration of the carboxyl group (C=O) 

(27). The characteristics below 800-900 cm-1 show the presence or absence of                 

Zn-O/Cu-O/La-O bonds and their functional groups. The vibration of anti-symmetric       

O-Zn-O bridge functional groups is related to the wavenumbers between 400 and 600 cm-1 

and the absorption between 600 and 800 cm-1 is corresponding to a lattice mode of ZnO2 

(28).  

4. Conclusion 
 

                 La-doped and La, Cu co-doped ZnO2 nanoparticles have been synthesized by the            

co-precipitation method. The structural and optical properties of the synthesized 

nanoparticles were analyzed using X-ray diffraction, UV–visible spectra, and Fourier 

transforms infrared techniques. From XRD measurements, it was confirmed that the 

particle size of the synthesized Zn0.94-xLa0.04CuxO2decreases with increasing copper 

concentrations and possess hexagonal wurtzite structure. The variation in size and shape of 

the grains in the Zn0.96La0.04O2 lattice by Cu-doping was discussed using a scanning 

electron microscope.   FTIR spectra of Zn0.96-xLa0.04CuxO2 nanoparticles for different Cu 

concentrations from 0% to 4% at room temperature.  The elemental compositions were 

confirmed by EDX analysis. The energy gap from 3.69 eV (Cu = 0%) to 3.99 eV (Cu = 

4%) (ΔEg = 0.30 eV) is due to the distortion in the crystal structure. The best optical 

transparency observed at Zn0.94La0.04Cu0.02O2 nanoparticles seems to be optimal for 

industrial applications. 
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