
Abstract
Aluminium and Silver doped Zinc Oxide nano powder were synthesized by Solution Combustion method using Sucrose 
(C12H22O11) as fuel at 600o C. X-Ray diffraction pattern analysis confirms synthesized nano powders crystalized in single phase 
wurtzite structure matched with JCPDS-36-1451. Addition of dopant controls the crystallite size of the synthesized nano 
powder. The study of dielectric permittivity, dielectric loss, AC conductivity and impedance were investigated in the frequency 
range of 100Hz to 5MHz at room temperature. It is evident from the analysis that dielectric properties of the samples depends 
on the nature of the dopant.

*Author for correspondence

1.0 Introduction
Zinc oxide nano powder have been studied widely due 
to its distinctive physical and chemical properties apt for 
various applications. It is apparent that availability of wide 
band gap around 3.37 eV1 is an advantage of the material 
which facilitates to create new structural properties by 
tuning its band gap by means of doping2. ZnO is well known 
as II–VI n-type semiconductor generally crystallizes in 
three different phases such as zinc blende, rock salt and 
wurtzite3. Hexagonal wurtzite structure is more stable 
at room temperature compared to other two phases4. 
ZnO finds significant applications in opto-electronic and 
electronic devices such as LEDs, solar cells, varistors, laser 
diodes etc5-8. Its piezo and pyroelectric properties matches 
for sensor and photocatalyst applications9. Hardness and 

Journal of Mines, Metals and Fuels, 71(11): 2309-2318; 2023. DOI: 10.18311/jmmf/2023/36050

rigidity of ZnO makes it one of the important materials 
in ceramic industry. Furthermore, its attractive properties 
like low toxicity and biodegradability makes it suitable for 
biological and medicinal applications10.

Selection of synthesis method of ZnO nano powder 
is vital to design morphology of the particles, which is 
a key parameter that decides not only the quality and 
quantity of the product but also the structural property. 
ZnO powders can be synthesized from traditional 
solid state reaction route that takes place at elevated 
temperatures1,11-12. Coprecipitation is a wet chemical, 
low temperature process of synthesis to obtain high 
quality nano powders. It is a reduction reaction in which 
reduction of salt solution is followed by precipitation of 
ZnO from the precursor13-15. Repetitive washing of the 
precipitate to removes impurities from the precipitate. PH 
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of the solution, drying duration and temperature controls 
the nature of the final product. Sol-gel is a popular 
synthesis method to attain nano particles of desired 
dimension and form owed to its moderate synthesis 
conditions16-17. Many other fabrication techniques such as 
Solvothermal, hydrothermal18-19, microwave synthesis20, 
mechanochemical21  etc., has been established in order to 
engineer the nature of nano particles which predominates 
the properties.

Dielectric properties such as dielectric constant(k), 
dielectric loss (tanδ) and impedance determines its 
suitability in the field of electronics. Specifically, value of 
‘k’ is an index of charge storage capacity of the material. 
Dielectric materials can be classified as low-k materials 
and high-k materials. High-k materials are used in 
fabrication of memory cell in memory chips, capacitors 
for storage of charges, MOS transistors22 and so forth. On 
the other hand, low dielectric materials find applications 
in EMI shielding23, electrical insulation, high speed IC 
packing and satellite communications. Research trends in 
the field of nano materials show that metal oxides have 
gained substantial importance due to their stability and 
low toxicity are used in majority of the applications24. 
ZnO is a metal oxide which is widely studied because 
of its availability, affordability, stability and attractive 
structure to meet wide range of applications25. 
Furthermore, availability of direct band gap and electric 
polarizability, ZnO founds to be a very good dielectric 
material. Enhancement of intrinsic dielectric property 
of ZnO can be made by addition of dopants and by 
controlling the shape and size of the nano particles. 
Addition of transition metals in the form of impurities to 
ZnO can modify its electrical and optical properties due 
to introduction of lattice defects and local distortion26. 
Manpreet Kaur et.al. has reported the studies on the effect 
of Cu and N co-doping on dielectric properties of ZnO 
nano particles synthesized by coprecipitation method. 
According to the report, structural changes has been 
noticed with the formation of secondary phases at higher 
dopant concentrations. Red shift in the band gap has been 
noticed due addition of dopants and dielectric properties 
of Cu-N doped ZnO nano particles found to be suitable 
for photovoltaic applications27. Sajid Ali Ansari et al. has 
synthesized Co doped ZnO nano particles by solution 
combustion method using citric acid as a fuel. Authors 
has studied structural, optical and electrical properties of 

the nano particles. Synthesized nanoparticles crystallized 
in hexagonal wurtzite structure irrespective of the 
concentration of the dopants and band gap increased 
with increase in the dopant concentration. Dielectric 
behaviour of the samples with respect to dopants has 
been analysed based on Maxwell–Wagner model28. Amir 
Zia et al. presented a work on the dielectric properties 
of cobalt doped ZnO nano structures synthesized by 
coprecipitation method. Results showed considerable 
variation in dielectric properties and finds that material 
is suitable for high frequency application29. MD. Parvez 
Ahmad et al. reported synthesis of carbon-doped ZnO 
nano particles by solid-state reaction method and studied 
the effect of doping on the structural and dielectric 
properties. Authors claim that the magnitude of dielectric 
constant has been magnified as a result of increase in the 
point defects with enhancement in ac conductivity value 
by 103 times compared to the undoped samples. Variation 
of ac conductivity has been explained using Jonscher’s 
power-law30. Manpreet Kaur et al. has prepared Indium-
Nitrogen codoped ZnO nano powder via coprecipitation 
method showing unusual deviation in the band gap 
pertaining to concentration of the dopant. This unusual 
variation has been attributed to lattice strain and the 
defects. Frequency dependent dielectric behaviour of the 
samples has been elucidated by Maxwell-Wagner model. 
Dielectric studies show that In-N doped ZnO particles 
may be used in photovoltaic and dye-sensitized solar cells 
applications31. Zulfiqar et al. explored dielectric properties 
of cobalt and manganese co doped ZnO particles 
fabricated using chemical precipitation technique. It has 
been found that, increase in the calcination temperature 
reduced the grain boundaries which increased the ac 
conductivity32. M. Mehedi Hassan et al. successfully 
synthesized Fe doped ZnO particles by citrate gel method 
Frequency dependent dielectric variation of the material 
has been explained using Maxwell–Wagner model and 
Koops phenomenological theory33. Yosef Badali et al. 
reported a study on dielectric properties of Au/ZnO/n-Si 
structures prepared by RF sputtering method34. 

In the present work, dielectric properties such as 
dielectric constant (Real and Imaginary Part), Impedence 
(Real and Imaginary Part), dielectric loss (Tanδ) and ac 
conductivity of Al and Ag doped ZnO nano particles 
synthesized by solution combustion method were 
studied. Variation of the above mentioned parameters 



A. Sangeetha, B. M. Nagabhushan, Chanappa, Subramani and Ravikiran

2311Vol 71 (11) | November 2023 | http://www.informaticsjournals.com/index.php/jmmf  Journal of Mines, Metals and Fuels

as a function of frequency of Al-doped, Ag-doped 
and Al-Ag co-doped ZnO nano powders has been  
analysed. 

2.0 Experimental

2.1 Materials Used
Analytic reagent grade salts with 99% purity were used for 
the synthesis. Zinc Nitrate (Zn(NO3)2.6H2O), Aluminuim 
Nitrate (Al(NO3)3.9H2O) and Silver nitrate (AgNO3) were 
used for the synthesis of ZnO nano powder using sucrose 
(C12H22O11) as a fuel.

2.2 Synthesis Method
Nanocrystalline ZnO powders were prepared via. 
solution combustion technique which is a wet chemical 
route. Stochiometric amount of precursors in the form 
of nitrates along with the fuel were initially dissolved in 
10 ml of double distilled water and then continuously 
stirred on a magnetic stirrer for about 15 minutes to 
get a homogeneous solution. After that the mixture 
has been placed in a pre-heated furnace at 600o C. 
As the mixture starts boiling, water content in it gets 
completely evaporated forming a gel and gets ignited with 
a flame which is a self-propagating process. Obtained 
Fluffy voluminous powder has been grided using 
agate and mortar to get final product ready for further  
analysis.

2.3 Preparation of Pellets
Pellets of the synthesized ZnO nano powder were prepared 
for dielectric measurements. About 0.15 g of ZrTiO4 
powder has been transferred to pelletizer and pressure of 
about 5 tons has been applied for about 5 minutes to form 
a circular pellets in the form of disc. Pellets were coated 
with silver paste for the dielectric measurements. 

2.4 Instruments Used
Bruker D8 Advance diffraction system has been utilised 
for structural analysis and to determine crystallite size 
of the samples. Fourier Transform Infra-Red (FTIR) 
spectroscopic measurements has been carried out using 
Perkin Elmer instrument. Band gap determination 
has been done by recording absorbance spectra of the 

samples using Lambda 385 Perkin Elmer UV-Visible 
spectrophotometer. Nano powder has been pelletized by 
pressing it using hydraulic press (Shimazdu, Japan). AC 
electrical conductivity measurements were made using 
WAYNE KERR 6500B apparatus. 

3.0 Results and Discussion

3.1 X-Ray Diffraction Analysis
Figures 1a, 1b, 1c, and 1d shows XRD pattern ZnO, 
Al-ZnO, Ag-ZnO and Al/Ag-ZnO. XRD spectra of the 
pure ZnO nano particles shown in Figure 1a has been 
crystallised in hexagonal wurtzite structure with all the 
peaks matched with JCPD no. 36- 1451. Crystallite size 
calculated using Debye Scherrer’s formula are found to be 
around 32.63nm by taking the prominent peak of 2θ at 
36.20o . 

XRD pattern of Al-ZnO nano composite with 5 mol% 
of Al are shown in Figure 1b. All the peaks are in good 
agreement with those of the hexagonal wurtzite ZnO 
structure (JCPD no. 36- 1451). No peaks related to Al 
or Al2O3 has been recognized which clearly specifies 
the incorporation of Al3+ ions into the ZnO lattice by 
essentially replacing Zn2+. Intensity of the peaks has been 
considerably reduced associated with peak broadening, 
indicating the stress introduced in the lattacie which 
might be due to local distortion in the lattice structure 
due to addition of dopants. Substitution of smaller Al3+ 
ions in the place of larger Zn2+ ions reduces the process 
of crystallization and hence crystallite size reduced 
significantly compared to undoped ZnO and are found to 
be around 1.453nm. The existence of more defects greatly 
decreases the grain size.

Figure 1c illustrates XRD pattern of Ag-ZnO nano 
composite with 5 mol% of Ag. Majority of the peaks 
are identified and matched with JCPDS No. 36-1451 
which are concerned to crystalline hexagonal wurtzite 
phase of ZnO. However, additional diffraction peaks are 
concerned to Face-Centred Cubic (FCC) phase of Ag 
(JCPDS Card No. 04-0783). This indicates that Ag ions 
are not being substituted in the host ZnO matrix and 
are likely to be embedded on the ZnO surface forming 
Ag:ZnO like composite material. It may be due to the 
larger mismatch in the ionic radii of Ag1+

 
being 1.26 A° 

and that of Zn2+
 
is 0.74 A°. Another reason could be 
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Figure 1. X-Ray diffraction pattern.

insolubility of Ag in ZnO. Accordingly, secondary phase 
peaks of Ag appear along with the peaks due to ZnO35. 
Since Ag appear as a subsidiary phase along with ZnO the 
process of crystallization will be not affected and hence 
crystallites are 34.51nm in size which bigger as compared 
to Al-doped samples. 

Figure 1d illustrates XRD of Al-Ag-ZnO nano 
composites with 5 mol% of Al and 5 mol% of Ag. 
According to XRD pattern, only peaks due to ZnO and 
Ag are noticed with decreased intensity of the peaks 
and peak broadening. This indicates that Al ions has 
successfully occupied Zn2+ site where as Ag1+ ions do not 
occupy Zn2+ sites and occur as subsidiary phase. Addition 
of dopants into ZnO lattice has caused noticeable shifting 
of peak positions towards lower side signifying the 
presence of tensile stress that has been occurred due to 
lattice distortion. Such kind of peak shifting and lattice 
distortion with increase in the lattice constants has been 

reported in the literature36,37. Crystallization process has 
been decreased due to the presence of Al3+ ions and are 
found to be around 1.63nm.

3.2 IR Spectroscopy
Figure 2 shows the variation in optical transmittance of 
pure ZnO, Al-ZnO, Ag-ZnO and Al-Ag-ZnO samples. 
It is evident all the samples exhibit highly transparent 
behavior for wavenumber ranging from 500 to 4000 m-1. 
Addition of dopants has not changed the transmittance 
property of ZnO drastically. Whereas small increase 
in the transmittance has been noticed due to addition 
of Al and Al-Ag, which may be attributed to reduction 
in the scattering due to reduced grain size. Hence high 
transparency of both undoped and doped ZnO can 
be made useful in the applications related to opto- 
electronics. 

Figure 2. Fourier Transform Infrared spectra.

3.3 Uv-Visible Spectroscopy
Figure 3 illustrates optical absorption spectra of ZnO, 
Al-ZnO, Ag-ZnO and Al-Ag-ZnO samples. UV-Vis 
absorption spectra has been recorded in the wavelength 
range between 300nm to 800nm. Deviation in the value 
of band gap because of addition of dopants has been 
determined by Tauc method. Measured values of band 
gaps are found to be --- eV, --- eV, --- eV and --- eV. 
Accordingly, doping of P-type of impurities in particular 
decreases the band  gap. As a consequence of doping, new 
impurity levels are introduced between conduction and 
valence bands that arise due to oxygen vacancies. These 
impurity states are more delocalized which overlap with 
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the valance band edge of ZnO leading to narrowing of 
band gap38. 

3.4 Dielectric Properties
For a given material, dielectric properties are of two types 
(i) Static dielectric property and (ii) Dynamic dielectric 
property. Static dielectric properties are simply related 
to behaviour of the dielectric properties of the material 
at low frequency or constant electric fields, whereas 
dynamic dielectric properties are measurements at very 
high frequencies with varying electric fields. Dielectric 
properties of the prepared samples has been explored by 
recording variation of dielectric constants ε′, ε″ electrical 
conductivity σac, dielectric loss tanδ and impedances Z′, 
and Z″ with respect to frequency between 100 Hz to 5 
MHz.

3.4.1 Dielectric Constant 
ZnO nano powder is a polar compound which is electrically 
neutral and exhibits permanent dipole moment. Dipole 
moment which arises due to displacement of centre of 
symmetry of electron cloud and nucleus is frequency 
sensitive because of which dielectric properties changes 
substantially. There are two parts of dielectric constant 
real part ε′ and imaginary part ε″. Real part of dielectric 

constant is concerned to stored energy and imaginary 
part of the dielectric constant describes dissipated 
energy in the material. Figure 4a shows variation of real 

Figure 3. UV-Visible spectra. Figure 4a. Variation of ε′ as a function of frequency.

Figure 4b. Variation of ε″ as a function of frequency.
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part of dielectric constant ε′ as a function of frequency. 
Analysis of variation of dielectric constant with respect 
to frequency has been made on the basis of Maxwell–
Wagner model39. According to this model, dielectric 
medium is considered to be made up of an aggregate of 
large number of conducting grains with a well-defined 
grain boundaries basically resistive in nature. Thus with 
the applied external field essentially at lower frequencies, 
charges move freely within the grains but gets collected 
at the grain boundaries leading to high polarization 
with high dielectric constant. Structural inhomogeneity 
traps the electrons from hopping resulting to interfacial 
or space charge polarization may be considered as one 
more reason for the occurrence of high permittivity at 
low frequency region. At higher frequencies, dipoles fail 
to orient in the field direction at the rate of frequency 
variation and accumulation of the dipoles at the grain 
boundaries does not happen which results in lowering the 
value of dielectric constant38,40. Addition of Al3+ and Ag1+

 

dopants into ZnO lattice introduces oxygen defects and 
creates unbalanced neutrality which increases the value of 
dielectric constant. Thus the dielectric constant value has 
been found to increase with the addition of dopants. In 
case of imaginary part of dielectric constant, same nature 
has been noticed as shown in Figure 4b. Occurrence of 
peaks at low and high frequency in Ag doped samples 
is because of synchronising of migration or hopping 
frequency of the charge carriers with the frequency of the 
applied electric field.

3.4.2 Dielectric Loss (Tanδ)
Figure 5 shows the variation of tanδ with respect to 
frequency of pure and doped samples. Loss tangent or loss 
factor (tanδ) gives the energy dissipation of a dielectric 
material. The dielectric loss of all samples decreases with 
increase in the frequency which is in par with the results 
of AC conductivity which increased with increase in the 
frequency. Moreover, imaginary part of the dielectric 
constant is directly proportional to dielectric loss and 
hence the imaginary dielectric constant and dielectric 
loss will show same behavioural pattern41. Losses are 
found to decrease with increasing frequency for undoped 
as well as doped samples. This may be due to space charge 
polarization of the dielectric system. Doping of Al3+ and 
co doping of Al3+, Ag1+ decreases the value of the loss 

whereas doping of Ag1+ alone increases the loss factor, 
the explanation for which has been discussed in AC 
conductivity. 

3.4.3 AC Conductivity
Figure 6 shows the variation of σac of all the samples 
with respect to the frequency in the 100 Hz to 5 MHz. 
AC conductivity shows slightly increase in the value 
with increase in the frequency for all the samples. 
According to the graph, AC conductivity for un doped 
sample appears to be greater than the Al3+ doped sample. 
For Ag1+ doped sample σac has been hiked and for Al3+ 
and Ag1+ co-doped sample σac value has decreased. AC 
conductivity represents ease for the mobility of the charge 
carriers inside the dielectric system. Due to introduction 
of dopant induces the defects into the system which 
may get accumulated near grain boundaries leading to 
blockage for the free flow of charge carriers. But in case of 
Ag1+ doped sample, Zn2+ are not replaced by Ag1+ which 
occupy interstitial sites may introduce excess charge 
carriers leading to higher electrical conductivity.

Figure 5. Variation of tanδ as a function of frequency.
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3.4.4 Impedance Analysis
Figure 7a and 7b show variation of real and imaginary part 
of impedance with respect to frequency. Total impedance 
of a dielectric material is sum of resistive (real) part Z′ 
and reactive (imaginary) part Z″. Resistive Impedance 
Z′ increases and reactive impedance ε″ increases with 
addition of dopants which may be attributed to the increase 
in the barrier height. Peaking of ZnO sample at lower 
frequency indicates that the frequency of orientation of 
the dipoles follows the frequency of the applied field. The 
high value of both Z′ and Z″ can be assigned to resistive 
grain boundaries which falls suddenly with slight increase 
in the frequency and remains almost constant at higher 
frequencies over a long range27. 

The complex impedance plots of undoped and doped 
ZnO samples at room temperature is given in  Figure 
8. Figures illustrate the well-defined semicircles in the 
complex plane. This confirms the homogeneity and the 
single phase undoped doped samples. Furthermore, 
decrease in the radius of the arcs due to dopants has been 
observed. Cole-Cole plot of the measured impedance 

Figure 6. Variation of σac of as a function of frequency. Figure 7a. Variation of Z´ as a function of frequency.

Figure 7b. Variation of Z˝ as a function of frequency.
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Figure 8. Variation of  Z˝  versus Z˝. 

helps to build an idea about the electrical equivalent 
circuit as well as the electrical phenomena inside the 
material. Deviation observed in the spectra is due to the 
inhomogeneity inside the material. 

4.0 Conclusion 
ZnO and Al, Ag and Al-Ag co-doped nano particles has 
been synthesized by energy efficient solution combustion 
method by using sucrose as fuel. XRD analysis clarifies 
ZnO exists in hexagonal wurtzite structure. Stable 
structure has been accomplished at low temperature 
without the aid of additional sintering process. Fourier 
transform analysis shows that pure and doped ZnO 
exhibits high transmittance. UV-Visible studies 
elaborates the structural changes that occur due to 
introduction of dopants by showing variation in the band 
gap. It is evident from the analysis of dielectric properties 
that all samples show frequency dependent behaviour. 
The dielectric properties are also found to be dopant 
dependent. In this study, concentration of dopant has 
been selected arbitrarily and therefore, there is a scope 
to optimise the dopant concentration to understand 

dielectric nature of the material in depth. From present 
study, it can be concluded that synthesized samples 
possess very high dielectric constant with frequency 
independent behaviour at high frequency over a very long 
range. Hence the synthesized ZnO samples can be used 
as charge storage devices, high transmittance makes them 
suitable for optoelectronic devices and stable dielectric 
properties at high frequencies makes them promising 
materials for various high frequency application devices.
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