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ABSTRACT 
 
Un-doped ZnO-NPs and Zn1-xCuxO NPs (x=0.01, 0.02, 0.03, 0.04) were synthesized using hydrothermal method and 
characterized by powder XRD. The effect of concentration of the precursors, on the structure, grain size and band 
gap energy were investigated. The XRD analysis demonstrates that the nanoparticles have the hexagonal wurtzite 
structure and the particle size decreases with increasing concentration of copper. From the results, the average 
crystallite   sizes of the Zn1-xCuxO NPs obtained from the different methods were very different, implying that the 
inclusion of strain in various forms has an important effect. Investigating the plots, it appears that the result of the 
SSP model and was more accurate than that of the Scherrer method, as the strain was considered in the calculation 
of crystalline size and the data were fitted more accurately in this method. SSP method was used to study the 
individual contributions of crystallite size and lattice strain on the peak broadening of Cu doped ZnO nanoparticles. 
Optical studies indicated that the band gap decreased from 3.38 eV to 3.35 eV upon Cu doping at temperature 
500oC  
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INTRODUCTION 
 

Nanotechnology is the study of manipulating matter on an atomic and molecular scale. Nanotechnology deals with 
developing materials, devices, or other structures possessing at least one dimension sized from 1 to 
100 nanometers. Nanotechnology is the science of making or working with things that are so small that they can 
only be seen using a small microscope. Nanotechnology [1] includes the integration of nanoscale structures into 
larger material components and systems, keeping the control and construction of new and improved materials at the 
nanoscale [2]. Nanotechnology is very diverse, ranging from extensions of conventional device physics to 
completely new approaches based upon molecular self-assembly, from developing new materials with dimensions 
on the nanoscale to investigating whether we can directly control matter on the atomic scale. Nanotechnology entails 
the application of fields of science as diverse as surface science, organic chemistry, molecular 
biology, semiconductor physics, micro fabrication, etc. [3]. Nanotechnology may be able to create many new 
materials and devices with a vast range of applications, such as in medicine, electronics, biomaterials and energy 
production. On the other hand, nanotechnology raises many of the same issues as any new technology, including 
concerns about the toxicity and environmental impact of nonmaterial’s and their potential effects on global 
economics, as well as speculation about various scenarios. Zinc oxide is a chemical compound with formula ZnO. It 
occurs in nature as the mineral zincite. It is an important material for a variety of practical applications. Nanoscience 
and nanotechnology involve studying and working with matter on an ultra small scale from sub nanometer to several 
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hundred nanometers . These nanosize materials have properties that are often significantly different from their 
counterparts with “ordinary size”[4]. ZnO is a promising material for the realization and future of nanotechnology 
ZnO can be utilized for electronic and photonic devices, as well as for high-frequency applications.” ZnO is a key 
technological material and it is a unique material. ZnO a direct band gap semiconductor with the band gap of 3.37eV 
[5] that is suitable for short wavelength optoelectronic applications and high exciton binding energy of 60 meV [6] . 
The high exciton binding energy of  ZnO crystal can ensure efficient excitonic emission at room temperature. ZnO 
has been proposed to be a more promising UV emitting phosphor than GaN because of its larger exciton binding 
energy. ZnO is transparent to visible light and can be made highly conductive by doping. ZnO has a long history of 
usage for pigments and protective coatings on metals. The electrical, optoelectronic and photochemical properties of 
undoped ZnO has resulted in use for solar cells, [7-8] transparent electrode [9-10] and blue/UV light emitting 
devices [11]. ZnO films have low electric resistance and high transparency in the visible range. Several deposition 
techniques have been used to grow ZnO thin films, including sol-gel process [12], spray pyrolysis [13], molecular 
beam epitaxy (MBE) [14,15], chemical vapor deposition (CVD) [16] and sputtering [17, 18]. In comparison with 
other techniques, the solution route method has the advantage of being low cost and low substrate temperature 
deposition.  In the present work undoped ZnO and Copper doped ZnO nanoparticles were synthesized using solution 
route method, which is robust and reliable to control the shape and size of particles without requiring the expensive 
and complex equipments]. By reducing the size of ZnO crystals to nanoscale dimensions, researchers can tailor the 
properties via quantum confinement and surface effects  
 

MATERIALS AND METHODS 
 

2.1 Sample Preparation 
All chemicals were purchased and used as received without further purification. Water was distilled twice/deionized. 
Here copper doped ZnO nanoparticle were made. First, (1M) Zinc acetate was mixed with 80 ml of deionized water 
and 20ml of ethanol and the mixed solution was stirred for 5 mins. Secondly (0.01M) Cupric nitrate was mixed  with 
80 ml of deionized water and 20ml of ethanol.Mixed all above solutions( named as solution A) .Ammonia solution 
was prepared by adding 44 ml of ammonia in 100 ml of deionized water (named as solution B). Then ammonia 
solution was added dropwise into solution A. The initial solution was blue in color. Ph value increased with the 
addition of ammonia solution and added into it until it becomes clear solution.NaOH solution was added into it (i.e 
4.4 gm in 100 ml of deionized water) until the complete precipitation occured. The container of the solution was 
placed in a water bath, and the temperature was kept at 60 0C for 1h. Filtered precipitates were dried in oven at 
5000C constant temperature. Dry sample was ground for 1 hour. 
 
2.2 Preparation of Cu doped ZnO thin films using Spin Coater 
The deposition of doped zinc oxide by spin coating technique has seen increased research activity over the past 
several years as the need for high quality zinc oxide thin films has increased. Spin coating is used for the application 
of thin films. A typical process involves depositing a small puddle of a Fluid resin onto the center of a substrate and 
then spinning the substrate at high speed (typically around 3000 rpm).After preparing ZnO colloidal solution, thin 
films were deposited. We used 75 x 25mm square inch quartz slides of thickness 1.35mm as the substrate. Prior to 
processing, each quartz slides was washed sequentially in acetone and distilled water. The quartz slides were then 
dried. This ensures that there is no contamination on the quartz surface that could potentially interfere with 
deposition of ZnO thin films. The substrate is secure properly on to the spin coater, and with the aid of syringe, 
small amount of colloidal solution carefully dispersed on to the substrate. The spin coater is immediately spun at the 
rate of 3000rpm for 30 secs.              
 

RESULTS AND DISCUSSION 
 

3.1 XRD analysis 
The XRD patterns of the prepared sample are shown in Figure 1. It was clearly seen that the FWHM of the 
reflection peaks decreased after adding the dopent cations, indicating growth of the crystalline or changes in the 
crystal strains. There was also a negligible shift in peaks, and their FWHM obviously decreased for the samples that 
were doped with different concentration of Cu compared to the un-doped ZnO-NPs. This shift also corresponds to 
the strain of the compound and replacement of some Zinc cations with Cu in each compound. By replacing Cu with 
Zinc in the lattice, the strain changed as shown in the peak shift. The crystallite sizes of the synthesized powders are 
estimated from X-ray lines broadening using Scherer’s equation 
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, where β is full width at half maximum (FWHM), 

[19] .The evaluated bond length ( L) and lattice parameters (a, and c are given in Table 1) of ZnO gradually decrease 
with increasing dopant concentration
length, bond length has been calculated using the following formula [20]. 
 

Figure 1 : The XRD pattern of Undoped 

(a) Pure ZnO- NPs, (b) Cu01.0 -doped ZnO
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Table 1: Bond Length (L),Particle Size (D) and lattice parameters LP (a and c) of undoped and doped ZnO nanoparticles
 

Ag(mol%) Concentration
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 is full width at half maximum (FWHM), θ is diffraction angle, and λ

[19] .The evaluated bond length ( L) and lattice parameters (a, and c are given in Table 1) of ZnO gradually decrease 
with increasing dopant concentration of Ag (by keeping Co = 5.0 mol %). To see the effect of doping on Zn
length, bond length has been calculated using the following formula [20].  

The XRD pattern of Undoped ZnO -NPs and Cu doped ZnO- NPs  heated at 500

doped ZnO- NPs,  (c) Cu 02.0 - doped ZnO- NPs, (d) Cu03.0 -doped ZnO –NPs, (e) Cu

                                                                                               

are the lattice parameters and  

                                                                                                              
 

Table 1: Bond Length (L),Particle Size (D) and lattice parameters LP (a and c) of undoped and doped ZnO nanoparticles

Ag(mol%) Concentration L(nm) D(nm) 
LP(nm) 

a c 
Undoped 1.977083 51.98 3.25 5.2 

0.01 1.978352 59.80 3.251 5.20802 
0.02 1.881130 24.14 3.2516 5.20256 
0.03 1.977083 24.59 3.25 5.2 
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[19] .The evaluated bond length ( L) and lattice parameters (a, and c are given in Table 1) of ZnO gradually decrease 
of Ag (by keeping Co = 5.0 mol %). To see the effect of doping on Zn-O bond 

 
NPs  heated at 5000C 

NPs, (e) Cu 04.0 -doped ZnO NPs 
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Table 1: Bond Length (L),Particle Size (D) and lattice parameters LP (a and c) of undoped and doped ZnO nanoparticles 
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3.2  Crystalline Size and Strain 
3.2.1 Scherrer Method 
XRD can be utilized to evaluate peak broadening with crystallite size and lattice strain due to dislocation. The 
crystalline size of the un-doped ZnO and Cu-doped ZnO with different concentration were determined by the X-ray 

line broadening method using the Scherrer equation D = )cos/( θβκλ D , where D is the crystalline size in 

nanometers, k is a constant equal to 0.94,Dβ  is the peak width at half= maximum intensity, and θ  is the peak 

position. Here XRD was done by the X-Ray diffraction of the powder samples were performed using the 

diffractometer. X-Ray diffraction patterns were recorded with diffractometer using Cu Ka ( 0542.1 A=λ ) with an 

accelerating voltage of 40 KV. Data were collected with a counting rate of 30 /min. Scherrer formula is given as by 
which we calculate the size of particle. 
 

D = 
θβ

λ
cosD

k

      

                                                                             (3) 
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3.2.2 Size- Strain Plot Method 
In case of isotropic line broadening a better evaluation of the size-strain parameter can be obtained by considering 
an average “size-strain plot”(ssp), which has the advantage that less weight is given to data from reflections at high 
angles, where the precision is usually lower. In this approximation, it is assumed that the “crystallite size” profile is 
described by a lorentzian function and the “strain profile” by a Gaussian functions [21], accordingly, we have 
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Where k is the constant that depends on the shape of the particles: for spherical particles it is given as ¾. In Figure 2, 

the term 2)cos( θβ hklhkld  is plotted with respect to )cos( 2 θβ hklhkld  for the all orientation peaks of ZnO-NPs 

and Cu )4.01.0( −  doped ZnO with the wurtzite hexagonal phase from 2 020=θ  to 2 060=θ . In this case the 

particle size is determined from the slope of the linearly fitted data and the root of the y- intercept gives the strain. 
According to Hook’s law, a linear proportionality between the stress and strain as given as � = �� ,  where � is the 
stress of the  crystal and Y is the modulus of elasticity or Young’s modulus, for a significantly small strain. This 
equation deviates from this linear approximation with increasing strain. For a hexagonal crystal, Young’s modulus is 
given by the following relation [22]. 
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Where S11, S13, S33, S44 are the elastic compliances of ZnO with values of 7.858 x 10-12, -2.206 x 10-12, 6.940 x 10-12, 
23.57 x 10-12 m2 N-1, respectively [23]. Young’s modulus for the Ag doped ZnO-NPs was calculated. For an elastic 
system that follows Hooke’s law, the energy density u (energy per unit) can be calculated from   � = (����	
)/2 . 
The results obtained from the Scherrer method and the SSP models are summarized in Table 2. 
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Table 2:  Geometric parameters of pure and Cu doped ZnO at 500oC 
 

Compound 
Method 

Scherrer 
D(nm) 

Size strain plot(nm) 
D(nm) Єx10-4 Yx109 �X106 ux103 

ZnO 
Cu0.01Zn.99O 
Cu0.02Zn0.98O 
Cu0.03Zn0.97O 

51.98 
59.80 
24.14 
24.59 

241.93 
250 
150 

107.14 

10.00 
7.5 
12.5 
17.5 

144.09 
144.09 
144.09 
144.09 

144.09 
108.06 
180.11 
252.15 

72.04 
40.52 
112.57 
220.63 

 

 

Figure 2: The SSP plot of Cu– doped ZnO NPs heated at 500
0

C (a) Cu 1.0 doped ZnO NPs (b) Cu 02.0 doped ZnO NPs (c) Cu 03.0 doped 

ZnO NPs (d) Cu 04.0 doped ZnO NPs. The particle size is achieved from the slop of the linear fitted data 

 
OPTICAL ANALYSIS 
Diffuse reflectance spectra were recorded to estimate the optical band gap of the pure and copper doped zinc oxide 
with different concentrations (Zn1-xCuxO, where (x = 0.01 to 0.03). Diffused reflectance spectroscopy (DRS) on 
powders or pallets is roughly analogous to transmission measurements on thin films. Figure 3 shows the plot for the 
percentage of reflection as a function of band gap energy (hυ ) of the nanoparticles synthesized via hydrothermal 
method. The optical band gaps of pure and doped zinc oxide are estimated from the plots of reflectance verses 
energy. The band gap estimated for pure zinc oxide 3.39 eV that is slightly higher than the bulk zinc oxide (3.37 
eV). The diffused reflectance spectra of Cu doped zinc oxide (Zn1-xCuxO), where (x = 0.01 to 0.03) shows that, as 
the concentrations of copper increases (x = 0.01 to 0.03), the band gaps also decreases. The band gap values were 
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deduced from the intersection of the two linear regions Table 3.Diffused spectra indicate that the Cu doping causes 
little structural disorder in zinc oxide lattice. 

 
Figure 3: DRS of ZnO nanoparticles synthesized at various concentration of  Copper  doped ZnO (0.01M, 0.02 M, 0.03 M, and 0.04 M) at 

600C for 1 hour 
 

Table 3: Variations of band gap with increase in concentration of Cu doped ZnO heated at 5000C 
 

Compound Band gap (eV) 
ZnO 3.39 

Cu 01.0 Zn0.99O 3.38 

Cu 02.0 Zn0.98O 3.37 

Cu 03.0 Zn0.97O 3.35 

 
CONCLUSION 

 
Un-doped ZnO-NPs and Zn1-xCuxO NPs (X= 0.01M, 0.02M, 0.03M) were synthesized by using hydrothermal 
method and characterized by powder XRD. The effect of concentration of the precursors, temperature and time of 
growth on the structure, grain size and band gap energy were investigated. The XRD analysis demonstrates that the 
nanoparticles have the hexagonal wurtzite structure and the particle size decreases with growth temperature with 
increasing concentration  of  the  copper. From the results, the average crystallite   sizes of the Zn1-xCuxO NPs 
obtained from the different methods were very different, implying that the inclusion of strain in various forms has an 
important effect. Investigating the plots, it appears that the result of the SSP model  was more accurate than that of 
the Scherrer method, as the strain was considered in the calculation of crystalline size and the data were fitted more 
accurately in this method. 
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