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ABSTRACT 
 

Zirconium Oxide (zirconia) particles were prepared through hydrothermal technique by using zirconium oxychloride 
(ZrOCl2.8H2O) and zirconyl nitrate (ZrO (NO3)2.H2O) as precursors. The structural characterization as prepared samples were 
confirmed by X-ray powder diffraction (XRD) and showed monoclinic phase. Further, surface morphology of synthesized 
zirconia particles were confirmed by scanning electron microscopy (SEM). The energy band gap of synthesized samples was 
evaluated from UV-vis absorption spectra. The frequency dependence of dielectric constant and dielectric loss of the samples 
were investigated at room temperature. Zirconium oxychloride was found to be better precursor for obtaining ZrO2 with a 
higher dielectric constant than Zirconyl nitrate under the same synthesis conditions. Copyright © 2016 VBRI Press. 
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Introduction  

Dielectric oxides play a very important role in 
microelectronics, optics and sensors for many years due to 
their unique properties such as high thermal stability, high 
dielectric constant, high refractive index, larger band gap, 

high ionic conductivity, etc. [1-4]. In recent years most of 
researchers focused on alternative material to silicon based 
dielectric devices for enhancement of storage density in 
dynamic random access memory, fabrication of very large 
scale integrated circuit, gate dielectrics, prevent chemical 
corrosion, oxidation in metals and to sense oxygen. In the 
view of above, zirconium Oxide (ZrO2) is one of the 
promising candidate having its high dielectric constant, low 
toxicity, higher band gap and eco-friendly when compare to 

other ceramic oxides [5-13].  
The properties of ZrO2 based device strongly depends 

on phase and crystalitesize. It is, well known that; pure 
ZrO2 exhibits three polymorphs namely cubic, tetragonal 
and monoclinic. The stable form at room temperature is the 
monoclinic phase, which is known to be transform to 
tetragonal phase at 1170 

o
C during heating, while this phase 

transform to cubic phase at 2370 
o
C [14,15]. Many physical 

and chemical methods have been adopted to prepare 
zirconium oxide, which include Atomic layer deposition, r.f 
magnetron sputtering / reactive sputtering, chemical vapour 
deposition, pulsed laser deposition, sol-gel dip coating/ spin 
coating, co-precipitation, hydrothermal method, etc.           

In the above view, there were studies on effects of 
different environmental and synthetic conditions on the 
size, morphology and properties of zirconia particles 

through various methods [16-25]. However leading to 
change of precursor influence the optical and dielectric 
properties were rarely discussed. In the report we have 

synthesized zirconia particles through hydrothermal method 
by using different precursors, we preferred hydrothermal 
technique as it is an ideal technique for synthesis of ceramic 
oxides with high purity, controlled stoichiometry, narrow 
particle size distribution, controlled morphology, 

microstructure and high crystallinity [26-29]. 

  

Experimental 

Material 

Zirconium oxochloride (ZrOCl2.8H2O), zirconyl nitrate 
(ZrO (NO3)2), sodium hydroxide (NaOH) were purchased 
from analytic grade and used without further purification.  
 

Synthesis of ZrO2 

Initially, 1M zirconium oxochloride and 4M sodium 
hydroxide aqueous solutions were prepared separately .In 
the next step NaOH solution was slowly added to zirconium 
oxochloride solution using hot plate magnetic stirrer to 
obtain homogeneous solution of pH value 12. This 
homogeneous solution was transferred in to an autoclave 
and is loaded in to an oven. The oven was maintained at 
110 

o
C for 14 hours. After cooling to room temperature the 

autoclave was taken out from the oven. The precipitate      
was filtered, washed with distilled water and ethanol to 
reduce the agglomeration. The obtained powder was dried 
in an oven at 80 

o
C and then calcined at 1100 

o
C for 2 h.       

A similar procedure was carried out for preparation of 
zirconia particles using zirconyl nitrate as a precursor. 
 

Characterization of synthesized materials  

The phase analyses of the above prepared samples were 
characterized by X-ray diffraction (Model Rigaku ultima 
III). The surface morphology of prepared samples was 

http://www.dx.doi.org/10.5185/amlett.2016.6120


 

Chintaparty and Reddy 

 
 
Adv. Mater. Lett. 2016, 7(3), 235-238                                        Copyright © 2016 VBRI Press                                            236 
  
 

obtained by Scanning Electron Microscopy (JEOL          
JSM-6390 microscope).The optical properties were 
analyzed from UV-Vis spectrophotometer (Model:         
UV-3092). The dielectric properties were measured by low 
frequency impedance analyzer (Model HIOKI 3532-50). 

  

 
 

Fig. 1. XRD patterns and SEM images of zirconia particles prepared by 
hydrothermal   method using different precursors: (a) ZrOCl2.8H2O   
(b) ZrO(NO3)2.H2O. 
 

Table 1. The calculated lattice parameters, unit cell volume, dislocation 
density and average crystallite size. 
 

 
 

Results and discussion 

Structural and microscopic studies  

X-ray diffraction (XRD) patterns of synthesized samples 

were present in Fig. 1. From the Fig. 1 it is observed that 
XRD patterns of all samples showed the characteristic 
peaks of their monoclinic phase of zirconia (JCPDS NO: 
86-1449). Based on the X-ray diffraction data, we have 
calculated lattice parameters, unit cell volume, average 
crystallite size, dislocation density and number of unit cells 

and they were present Table 1. From the Table 1 it can be 
seen that the estimated average crystallite size sample 1 was 
low when compared to sample 2 that could be reason for its 
high defect concentration and this leads large surface area 
and also evident that dislocation density was high for 
sample 1 compared to sample 2 that indicate that slow 
growth rate and high defects existing in crystallites          

[30, 31]. The morphology of the samples was obtained by 

SEM and they are as shown in Fig. 1. From the observation 

of Fig. 1, it is clear that the sample 1 particles are spherical 
shape, whereas sample 2 particles the formation of a 
continuous particulate network in the suspension structure 
.It is believed that differences in the nucleation process 
would have let to formation of varying ZrO2 morphology. It 
is known that homogenous nucleation results in smaller size 
and uniform shape grains, While random nucleation results 
in larger size and irregular shape grains .In sample 1, 
homogenous nucleation seems to be taking place, while in 

other random nucleation was taken place[31]. 
 

Optical studies  

Fig. 3 illustrates the UV absorption spectrum of 

synthesized samples was present in Fig. 2. From Fig. 2, it is 

observed that the sample 1 showed around 229 nm, which 
could be arise due to transitions involving extrinsic states 
such as surface trap states or defect states or impurities, 
whereas sample 2 showed 290 nm. This peak was expected 
to transition from valence band to the conduction band 

[32]. It can be noted from the Fig. 2 the absorbance is more 
prominent in the case of sample 2 because of the large size 

of the zirconia particles compared with sample 1 [33].  
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Fig. 2.UV-vis absorption spectra of (a) sample 1 and (b) sample 2. 
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Fig. 3. (αhυ)2 vs. hυ plots of (a) sample 1 and (b) sample 2.  

 
A common way to estimate the band gap from optical 

absorption spectra is the Tauc plot, which is based on the 
assumption that energy dependent absorption coefficient 

can be expressed as [34]  
 

 
                                                                                   (1) 
 

 
where, A is proportionality constant, hυ is the photon 
energy and Eg

 
is the band gap. The value of n is 1 for direct 

allowed transitions, 2 for non-metallic materials, 3 for 
forbidden transitions, 4 for indirect allowed transitions and 
6 for indirect forbidden transitions. Now among the plot for 
(αhυ)

2
, (αhυ), (αhυ)

2/3
 (αhυ)

1/2
 and (αhυ)

1/3
 as a function of 

photon energy hυ, the best fitting was obtained with n=1      

in Eq (1) ,i.e. (αhυ)
2
 as a function of hυ indicating that the 

band transition occurred are direct  in nature. 
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The plot for (α hυ)
2
 as function of hυ energy is shown in 

Fig. 3 for the both sample 1 and sample 2. By extrapolating 
linear region of these curves to (αhυ)

2
=0, the value of Eg     

of the sample 1 is found to be 3.4 eV while that of the       

sample 2 is estimated to be 5.8 eV [8, 32].  
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Fig. 4. Dielectric constant and loss as a function of frequency at different 
samples. 

 
Dielectric studies  

To carry out dielectric measurements, the powder samples 
were prepared in the form of circular disk shaped pellets 
and then pellets were sintered and polished by fine emery 
paper to make the surface smooth and parallel. The silver 
paste coating was applied on the opposite surface of pellets 
as an electrode with air drying conducting silver paste and 
also, there by forming parallel plate capacitor geometry to 
have a good ohmic contact.  

The frequency variation of the capacitance and 
dielectric loss factor of prepared pellets were investigated 
at 1 KHz –1 MHz 

The dielectric constant was calculated by using the 
formula  

 
                                                                                   (2) 
 

where, C is capacitance of pellet in pF, d is the thickness of 
pellet, A is the cross-sectional area of the flat surface of the 
pellet and ɛ0 the permittivity for free space. 

Complex impedance Z was calculated from the relation  
 
                                                                                          (3) 
 
 

where,  , is the geometrical capacitance and ⍵ is 

the angular frequency. 
Frequency dependence of dielectric constant for 

different crystallite sizes as shown in Fig.4. From Fig. 4 it 
is observed that the dielectric constant decreases with 
increasing of frequency and attained almost constant value 
at higher frequency region. This is the common behaviour 

of ceramic oxides [35] and also observed that the crystallite 
size affects dielectric properties significantly. The dielectric 
constant of sample 1 is about two orders of magnitude 
compared to sample 2. It is well known that the decrease in 

crystallite size increases the surface area and hence, 

dielectric constant is high [36]. Like dielectric constant, the 
dielectric loss also decreased with frequency for both 

samples as shown in Fig. 4. Observed high dielectric loss in 
the low frequency region may be due to a high defect 

charge density existing material [37]. 
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Fig. 5. Frequency versus Z11 of (a) sample 1 and (b) sample 2. 
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Fig. 6. Complex plane impedance plots of (a) sample 1 and (b) sample 2. 

 
Synthesized zirconia particles show high dielectric 

constant at lower frequencies due to space charge 
polarization effects. It can be clearly understood through 

the impedance analysis as shown in Fig. 5, 6. Fig. 5 shows 
the magnitude of imaginary impedance (Z

11
) value 

increases as the frequency increases and finally merges in 
the high-frequency domain. This indicates the presence of 
space-charge polarization effects at lower frequency region 

[38, 39]. 

Fig .6 shows the complex impedance (imaginary verses 
real) for the synthesized samples 1and 2. The depression of 
the semicircle is considered further evidence of polarization 
phenomena with a distribution of relaxation times. The 
assignment of the two semicircular arcs to the electrical 
response is due to the grain interior and grain boundary 
which can be considered to be consistent with the            

brick-layer model for polycrystalline samples [40]. 
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Conclusion  

Synthesis of zirconia crystals were successfully performed 
by hydrothermal method using ZrOCl2.8H2O and ZrO 
(NO3)2.H2O as a precursors. XRD study show that the 
synthesized ZrO2 material is of pure monoclinic phase. The 
estimated average crystallite size of synthesized ZrO2 using 
zirconium oxochloride as a precursor is low compared to 
zirconyl nitrate. The band gap was evaluated from UV-vis 
analysis. From these results we can say that minimum value 
obtained for zirconia particle using zirconium oxochloride 
as a precursor. The obtained dielectric constant values of 
synthesized zirconia were high using ZrOCl2.8H2O as a 
precursor compared to ZrO (NO3)2.H2O. 
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