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ABSTRACT: In This study pure and (Mg, Cr) doped ZnO-NPs with various doping concentrations were prepared via sol-gel 

combustion route from a zinc nitrate precursor and citric acid. The effect of (Mg and Cr) doping on the crystal structure and 

electrical properties of the ZnO-NPs were demonstrated in this paper. The synthesized un-doped ZnO and (MgxCryZn1-x-yO) 

were characterized using X-ray diffraction analysis (XRD), scanning electron microscopy (SEM), energy dispersive 

spectroscopy (EDX) and (LCR meter). The (XRD) patterns indicate that all prepared nanostructures exhibited a hexagonal 

(wurtzite) structure. The average particle size of ZnO-NPs was calculated using the Debye-Scherrer formula. The resulting 

powder was found to have a grain size in the nanoscale, lying between (22-33) nm. Frequency dependent dielectric constant 

and dielectric loss for the pure and doped ZnO nanoparticles were carried out. The variations in ac conductivity dependent 

frequency and the temperature had also been studied at (room temperature, 50, 100 and 150
°
C). 
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1. INTRODUCTION 
In the recent years, the semiconductor nanoparticles have 

much noticeable attention due to their perceptive mechanical, 

optical and electrical properties, compared with their 

equivalents in the bulk scale [1, 2]. Amongst them, zinc 

oxide (ZnO) nanostructures, essentially is an n-type 

semiconductor, is a gorgeous multifunctional material has a 

wide implementation in the field of sensors, varistors, solar 

cells, gas sensors, displays and UV light-emitting devices 

[3,4]. As a direct wide band gap semiconductor about (3.37) 

eV, with a large exciton binding energy of (60 meV), ZnO is 

representing a great attraction for electronic and 

optoelectronic devices. For instance, a device that made by a 

larger band gap material might have a lower noise 

generation, high breakdown voltage, and can run with high 

power operation at higher temperatures [5, 6].  ZnO nano-

sized can be prepared by several techniques, such as 

hydrothermal, physical vapour deposition, micro-emulsion 

method [7], co-precipitation [8] and a sol-gel method [9]. 

Among these techniques, the sol-gel method is appropriate 

for synthesizing ZnO nanoparticles due to its versatility, 

simplicity, and low cost. Comparing with other methods, sol-

gel technique exhibits advantages in the production of 

nanoparticles such as relatively low temperatures and short 

reaction time [10, 11]. Therefore, the appropriate route for 

preparing doped ZnO Nanopowder with less synthesis time, 

narrow size range, less operating cost and better features is a 

challenge for scientists [12]. Meantime, doping with 

selective elements [13, 14] (R. Viswanatha, et al, Mg-doped 

ZnO, 2012) & (Vishwanath Dattu Mote, et al, Cr doped 

ZnO, 2012) exhibit an effective method to control and 

enhance the optical and electrical properties of ZnO 

nanostructures, which is considered as crucial for its 

practical application. [13]. Hence, in the present study, a 

simple and cost-effective sol-gel combustion method was 

used to prepare pure and MgxCryZn1-x-yO doped ZnO 

nanoparticles, by utilizing nitrate of Zinc as a precursor and 

citric acid as a combustion agent. Structural and electrical 

characteristics of synthesized nanomaterial were investigated 

by means of XRD, SEM, EDX and LCR meter. The obtained 

results were matching well with literature. 

 

2. EXPERIMENTAL DETAILS 
In the synthesis processes, the Chemicals were used are Zinc 

nitrate Zn (NO3)2.6H2O, Magnesium nitrate 
Mg(NO3)2.6H2O, Chromium nitrate Cr (NO3)3.9H2O, Citric 

Acid (C6H8O4), Ammonia solution (NH3), and Distilled 

water. 

To prepare (40 g) of pure and doped ZnO-NPs, (60 mL) of 

distilled pure water was mixed with the nitrates of (Zn, Mg 

and Cr) and (14.1222 g) of citric acid, note that the citric acid 

ratio was constant for each sample. The solutions mixed in a 

heat-resistant beaker by a magnetic stirrer for (40 min) at 

room temperature to ensure the full homogeneity of the 

solution. After placing the solution on a magnetic stirrer, the 

temperature has been gradually raising and stabilized at 

85
0
C. After a duration of time, gases began to evaporate, 

after this, the interaction left for a while with continuation 

moving the solution until the viscous gel form consists. After 

about (50 min), gel began to ignition to form a dry gel 

(xerogel), then heat element has been turned off, then the 

material left to be cool, then collected, then milled well by 

mortar of ceramic to ensure powder homogeneous and gets 

rid of the conglomerates that have taken place during the 

annealing process. Finally, a xerogel was calcined for (2 h) at 

600 
0
C to obtain the nano-scale powder. 

3. RESULTS AND DISSECTION 
3.1. X-Ray Diffraction Analysis 
The phase purity and crystal structure of prepared pure ZnO 

and different composition of (Mg, Cr) doped ZnO nano-

particles, annealed at 600°C were characterized using X-ray 

diffraction. A typical XRD spectra shown in figure (1), of 

pure ZnO and MgxCryZn1-x-yO for constant value of (x) as 

Mg content where (x =0.05 Mg, y= 0, 0.05, 0.10, 0.15 and 

0.20 Cr) nano-particles. The XRD patterns have revealed that 

the diffraction peaks of pure and (Mg, Cr) doped ZnO 

nanoparticles, can be indexed to a hexagonal wurtzite 

structure. From the diffraction patterns of all prepared 

samples, four clear peaks of zinc oxide were observed, 

within the angular range of the X-ray diffraction (20
o
 -80

o
), 

ascribed to the crystalline surfaces (101), (100), (002) and 

(110). The prevalent orientation was at the surface (101), 

which is matched well with the standard (JCPDS) file for 

ZnO, (JCPDS36-1451, (a= 0.3279 nm), (c= 0.5204 nm)),  
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with a space group of (P63mc). It is suggested that the 

(wurtzite) structure is unchanged, with all different 

concentrations of doping. For doped samples, a slightly 

shifted was observed in the peaks of the diffraction pattern as 

compared to un-doped ZnO sample. As the concentrations 

doping increases, this shows a small variation in the lattice 

constants occurs. The unit cell volume was also noted to 

decrease with increasing Cr content; this indicates that (Cr) 

ions go to Zn site in ZnO lattice structure. The nanoparticles 

exhibited changes in relative intensities and crystallite size 

with changing the doping concentrations. The intensity of 

ZnO peaks, especially at the clear peak (101), decreases with 

increasing chromium amount, Fig. (1), this indicating that 

phase separation has taken place in and such structural 

degeneration in the ZnO lattice may be imputed to the 

introduction of the foreign impurity. The crystallinity 

dependent properties of crystals are attributed to its 

crystallite size. Larger crystallites develop sharper peaks on 

the XRD pattern for each crystal plane [15].  

3.2. Calculation of Grains Size 

The peak width at half maximum was used to evaluate 

crystallite size (D), for the peaks that have the highest 

intensity, by using the Scherer formula [16]: 

  
  

     
                                    (1) 

Where:     the grain size,    the wavelength of used x-ray 

(0.15406 nm) for Cu target Kα radiation: represents (FWHM) 

the full width at half maximum in radians,  : is Bragg’s angle 

and   : a constant related to the shape of the particles with 

value approximately equal to (0.89) [17]. Using this formula, 

the average crystallite size of prepared nanoparticles was 

found to be equal to (22-33) nm. The values of grains size 

were found to be decreased with increasing Cr concentration, 

Table (1). This could be imputed to the ionic radii of Zn, Mg 

and Cr ions. This is mainly because of subsequent growth 

rate and the nucleation with increasing Cr due to the 

difference between the ionic radii of the above-mentioned 

elements [8]. Respective values of crystallite size (D) 

represented in Table (1). The relatively high value of 

crystallite size confirms the well crystalline nature of the 

material. 

 

Figure 1: The XRD spectra of undoped and (Mg, Cr) doped 

ZnO nanoparticles 

3. 3.Calculation of Specific Surface Area 
The Specific surface area is described as a property of 

materials. It has a particular importance in the case of  

reactions on surfaces, adsorption, and heterogeneous 

catalysis. The Specific area (SSA) can be obtained using 

Sauter’s formula [18]: 

SS.A = 
     

     
                                          (2) 

Where:  SS.A is the specific area (m
2
.g

-1
),    is the grains 

size and   is the density of the synthesized material. It was 

noted that the surface area (SS.A) of prepared nanoparticles 

decreased with increasing particle size. Un-doped ZnO and 

(5% Mg) prepared sample exhibited lower (SSA) than the 

samples doped with Mg and Cr, as well as increasing with 

increasing Cr concentration. Accordingly, it was found to be 

increased by increasing Cr content, the values of (SS.A) are 

shown in the table (1). 

Table 1: grain size and specific area 

Samples 

concentrations 

grain 

size 

(nm) 

SS.A 
(m2.g-1) 

lattice 

parameters 

(Å) 

Cell 

Vol. 

(Å)3 
 

a = b c 
Pure ZnO 33.51 31.45 3.247 5.201 54.82 

Mg0.05Zn0.95O 33.15 31.8 3.248 5.197 54.8 

Mg
0.05

Cr
0.05

Zn
0.90

O 25.27 41.62 3.244 5.193 54.6 

Mg
0.05

Cr
0.10

Zn
0.85

O 28.7 36.71 3.247 5.197 54.8 

Mg
0.05

Cr
0.15

Zn
0.80

O 22.46 46.87 3.246 5.194 54.74 

Mg
0.05

Cr
0.20

Zn
0.75

O 25.2 41.79 3.247 5.198 54.8 

3.4. Morphological and Elemental Analysis 

The surface morphology and elemental analysis of the 

prepared nanoparticles (Mg0.05Cr0.05Zn0.90O), was investigated 

by the electronic microscope (SEM), fitted with an energy 

dispersive X-ray spectroscopy (EDX) device.  

The image of SEM showed nanoparticles with average size 

of (30.399) nm. In SEM, the particle size was calculated by 

taking the remarkable grain boundaries. While in XRD, the 

measurements are taken from a crystalline area that diffracts 

the X-ray waves [19]. Thus, the particle size measurement of 

(Mg
0.05

Cr
0.05

Zn
0.90

O) using XRD was found to be smaller 

than that with SEM measurement. 

EDX relatively considered a rapid and nondestructive 

approach for surface analysis. Composition and purity of the 

sample were studied using EDX. It is often used to survey 

surface analytical problems and elemental analysis. The 

higher peak in a spectrum, the more concentrated element is 

in the sample. The observed peaks reveal the presence of Zn, 

Mg, Cr and O, that is confirming the formation of the 

analysed sample. EDX spectra for (Mg, Cr) doped ZnO 

sample proved the existence of Zn, oxygen, magnesium and 

chromium. The peak values at (1.012) and (8.637) keV, 

confirm the presence of zinc, the peak at (0.525) keV 

exhibits the presence of oxygen, the peak at (0.572 and 

5.415) keV shows the presence of chromium and the peak at 

(1.254) keV reveals the presence of magnesium in the EDX 

spectra, fig. (2). 
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Figure 2:  A. EDX spectra for the sample (5% Mg   5% Cr) 

doped ZnO; B. SEM image; and C. average crystallite size 

calculated from SEM image. 

3.5.Electrical Studies 

One of the most important features of semiconductors is that 

it has a negative thermal coefficient, this leads to increased 

electrical conductivity of the semiconductor with increasing 

temperature due to the collapse of the bonds and the transfer 

of electrons from the valence band to the conduction band, 

these features have made semiconductor very useful in many 

electronic applications [20]. 

3.5.1 Frequency dependent Dielectric constant    
 
 
  and 

dielectric loss factor    
  
 
  

The dielectric parameter as a function of the frequency can 

be characterized by a complex permittivity [21]: 

Ɛ (ω) =   
 (𝜔) −   

   (𝜔)                                 (3) 

Here the real part (Ɛ’r) and imaginary part (Ɛr"), which 

represent the combinations of the stored energy and energy 

loss, respectively, for each cycle of the electric field, and (ω) 

is an angular frequency (𝜔 = 2𝜋ƒ), ƒ is applied frequency. 

The dielectric constant      , it represents the relative 

dielectric constant or real permittivity which is ordinarily 

called dielectric constant of exam material. Dielectric 

constant    
 
  is computed from the measurements of the 

capacitance value. Using the following equation, the 

dielectric constant can be obtained [22]: 

  
  = 

      

      

 =  
      

 (
 

 
)
 

 
     

                                   (4) 

Where, (t): is the thickness of the pellet,      parallel 

capacitance obtained from data of measurement,      : the 

vacuum permittivity equal to = 8.854 x 10 
-14

 (F/cm), A: area 

of the electrode and d:  Diameter of guard electrodes. 

Generally, ZnO is described as a polar molecule this fact is 

well-known. It has a permanent dipole moment and quickly 

responds to the applied electric field. It is clear from the fig. 

(3), It was observed a similar behaviour of all models, where, 

with increasing the frequency of the applied electric field, the 

dielectric constant is clearly reduced. In addition, it was also 

noticed that the dielectric constant values approximately 

remain constant at high frequencies. At low frequencies, pure 

ZnO have the large values of dielectric constant, this is due 

to the domination of species of vacancies such as oxygen and 

defects of grain boundary etc. Whereas, the decreasing of 

dielectric constant with applied frequency is normal, in 

respect to the reality that any species participating to 

polarizability is bound to exhibit lagging behind the applied 

electric field at greater frequencies. Through the noticed the 

higher value of dielectric constant of doped ZnO, we can 

deduce that the electron exchange between Zn
2+

, Mg
2+

 and 

Cr
3+

 ions at lower frequencies, is predominant. At higher 

frequencies, the dielectric constant tends to reach almost a 

constant value due to the fact, which beyond certain 

frequency the electron exchange between Zn
2+

, Mg
2+

 and 

Cr
3+

cannot go after the applied a.c field [23, 5]. 

 

Fig.3. Dielectric constant as a function of frequency, which 

shows a decrease in dielectric constant with increased 

frequency. 

While, dielectric loss  
 
    or the imaginary permittivity is 

evaluated from the value of the dissipation factor (D), where 

[24]:  

Tan   = D                                                      (5) 

D = 
  
  

  
                                                             (6) 

  
   = D *   

                                                    (7) 

 

The energy losses are determined by   
 
   . In an engineering 

implementation of dielectrics in capacitors, minimal   
   is 

permanently favored for a given   
 
  . The relative magnitude 
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of   
    with respect to    

  is defined as (tan δ), which called as 

dissipation factor (D) or the loss factor. 

In dielectric materials, the losses are commonly occurred due 

to the current absorption. The molecules orientation along 

the direction of an electric field in the polar dielectrics 

demands a part of the electric energy to cope forces of the 

interior friction. The other part of the electric energy is 

specified for rotation of dipolar molecules, and other types of 

molecular transmit from a site to another, which also 

encompass an energy loss [25]. 

 

Fig. 4. The variation in dielectric loss versus frequency. 
Fig. (4) Illustrates the variation of dielectric loss values with 

frequency, a similar behaviour was noted for all samples. 

Where the highest value of dielectric loss factor is at low 

frequencies and shows a remarkable decrease by increasing 

the frequency of the applied electric field. This decreasing is 

because of the space charge polarization. This exotic attitude, 

as long as, the very low loss factor in compared to the parent 

ZnO turn out the synthesized Nano samples appropriate for 

applications the require a high-frequency device [26]. 

3.5.2 A.C conductivity dependent frequency and 

temperature 
Electrical conductivity grants a considerable information 

about conduction mechanism of the dielectric materials. The 

electric conductivity of doped dielectric materials depends 

on various parameters, like doping mechanism, preparation 

technique, temperature and sintering conditions and time 

[27]. 

Utilizing equation (8), we can obtain the A.C conductivity 

[28]: 

     = 2𝜋         tan                                       (8) 

Where,     : Alternative electrical conductivity measured by 

(Ω.cm)
-1

, (f) the measuring frequency of the a.c field (Hz), 

and the dissipation factor (tan δ) which characterize the 

difference in phase between voltage and current with respect 

to an applied ac field.  

The variation of A.C conductivity (    ) with the frequency 

at different temperatures is illustrated by Fig. (5) and Table 

(2). For all samples, the obtained results showed that the a.c 

conductivity increases with the increase of the electric field 

frequency.  

Table (2) illustrated the variation of A.C conductivity (    ) 

with the frequency at 100 kHz and different temperatures. 

 

Temps. 

A.C conductivity (Ω.cm)-1 at ( 2 MHz) 

Undoped   
ZnO 

5 
%Mg      

0 %Cr 

5 %Mg      
5 %Cr 

5 
%Mg    

10 

%Cr 

5 
%Mg    

15 

%Cr 

5 
%Mg    

20 

%Cr 
25 0C 6*10-12 1.7*10-

6 

1.97*10-7 1.9*10-

6 

2.3*10-

6 

3.6*10-6 

50 0C 1.3*10-6 6.9*10-

7 

8.6*10-7 1.6*10-

6 

1.5*10-

6 

2.9*10-6 

100 0C 9*10-7 6.2*10-

7 

6.3*10-7 1.7*10-

6 

4.7*10-

6 

3.2*10-6 

150 0C 6*10-6 5.6*10-

7 

5.1*10-7 2.4*10-

6 

3.6*10-

6 

4*10-6 

 

 

 
 

 
 



Sci.Int.(Lahore),30(3),347-352 ,2018 ISSN 1013-5316; CODEN,SINTE 8 351 

May-June 

 

Figure.5: Variation of A.C conductivity with applied frequency 

at 25, 50, 100 and 150 0C for prepared NPs. 

 

The linear increase in a.c conductivity as the frequency 

increased, can be interpreted as the increase in frequency has 

improved the electrons hopping between the charges carriers 

and thus increasing the electric conductivity of the 

nanoparticles. As concerning temperature effect on a.c 

conductivity, it was found that the A.C conductivity was 

increased as the temperature increased, thus confirming the 

semiconducting behaviour of the synthesized material. The 

increasing of a.c electrical conductivity as increasing 

temperature and frequency may be attributed to the increase 

in the drift mobility of the electrons and holes by the hopping 

conduction. Moreover, the increasing in a.c conductivity can 

be explained as that the increasing in temperature can 

thermally activate the charge carriers, which in turn increases 

the charge exchange interactions [27, 29]. 

 

4. CONCLUSION 
In summary, we have successfully synthesized un-doped 

MgxCryZn1-x-yO doped ZnO with an average crystallite size 

of (22-33) nm by sol-gel auto combustion technique, and the 

experimental investigations on structural and dielectric 

properties were carried out at room temperature. The XRD 

results confirmed a single-phase polycrystalline formation of 

prepared Nanopowders. The dielectric constant and dielectric 

loss factor were found to decrease with increasing frequency 

of the applied electric field. The electrical conductivity 

behaviour also shows dependent on the frequency, 

temperature and composition, where it was found to increase 

with increasing frequency and temperature. 
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