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Abstract 

In the present work, the structural, morphological, electrical and 
dielectric properties of Ni1.1Zr0.1Fe1.8O4 ferrite nanoparticles 
were studied before and after Nd: YAG laser irradiation. The 
synthesized samples of ferrite nanoparticles were prepared by 
sol–gel auto combustion technique using AR grade chemicals of 
99% purity. The prepared sample was characterized by X–ray 
diffraction technique. The X–ray diffraction pattern revealed that 
prepared sample having single phase cubic spinel structure. 
Crystal defects produced in the spinel lattice were studied before 
and after Nd: YAG laser irradiation in order to report the changes 
in structural properties of the Ni–Zr ferrite nanoparticles. The 
average crystallite size (t), lattice parameter (a) and other 
structural parameters of laser–irradiated and un–irradiated Ni–Zr 
spinel ferrite system was calculated from XRD data. The 
morphological studies were carried out using scanning electron 
microscopy (SEM). Using SEM images grain size and specific 
surface area were calculated. The temperature dependence of D.C. 
electrical resistivity of irradiated and unirradiated sample was 
carried out using two probe technique. Semiconducting nature of 
the sample was confirmed from Arrhenius plot. The frequency 
dependence of dielectric constant (ε") and dielectric loss tangent 
(tan δ) were studied using LCR–Q meter at room temperature. 
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1. Introduction 

In the recent years, nanosize spinel ferrite particles 
received a considerable attention because of their 
interesting structural and magnetic properties [1, 2]. It is 
found that when the particle diameter reduce to nanometer 
dimension spinel ferrite particles may exhibit super 
paramagnetic behaviour, which is of great interest from the 
point of view of their applications [3]. Spinel ferrites are 
compounds of iron oxides and some metal oxides and they 
exhibits important electrical and magnetic properties, 
which made them extensively useful in technological and 
industrial applications such as magnetic storage in 
microwave devices etc[4]. Nickel ferrite is one of the 
important ferrites used for different technological 
applications [5]. It crystallizes in inverse spinel structure 
i.e. tetrahedral sites are occupied by ferric ions and the 
octahedral sites by ferric and nickel ions. 

During the last two decades, several investigations 
have deals with the influence of gamma, neutron and swift 
heavy ion irradiation on the physical properties of spinel 
ferrites [6-8]. It is known that high–energy photons interact 
with solid by exciting electrons from one of the filled 
bands into the unbound continuum levels above the 
conduction band. Recently, it has reported the effect of 
gamma and laser irradiation on cation distribution, 
structural and magnetic, morphological, electric and 
dielectric properties of spinel ferrite [9-11]. 

In recent research work, the effect of ionizing 
radiations on properties of nanostructures materials has 
gained much attention, especially with laser irradiation and 
opened new era in optimizing the properties of laser 
irradiated materials to be more applicable from the 
viewpoint of theory and applications. Several workers have 
studied the effect of gamma irradiation and modifications 
in the properties of bulk and nanoparticles of ferrites [12-
14] but no investigations are available in the literature 
which shows the effect of laser irradiation on properties of 
Ni1.1Zr0.1Fe1.8O4 nanoparticles. 

 
However, to our knowledge reports on zirconium 

substituted in nickel ferrite are . Zirconium is a lustrous, 
grayish–white, soft, ductile and malleable metal which is 
solid at room temperature, though it becomes hard and 
brittle at lower purities. Zirconium is highly resistant to 
corrosion by alkalis, acids, salt water and other agents.  

 
In order to investigate the effects appearing under 

influence of laser irradiation this may be technologically 
important in the ferrites with spinel structure. The present 
investigation is focused on effect of laser irradiation on 
structural, morphological, electrical and dielectric 
properties of Ni1.1Zr0.1Fe1.8O4 synthesized by sol–gel auto 
combustion technique. 

 
2. Experimental 
 

Nanoparticles of Ni–Zr spinel ferrite were prepared 
by sol–gel auto–combustion technique by using the nitrates 
of respective cations and citric acid as a fuel. The metal 
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nitrates to citric acid ratio was taken as 1:3. The metal 
nitrate solutions were mixed in the required stoichiometric 
ratios in distilled water. The final pH of the solution was 
maintained at 7 by using ammonia solution. The solution 
mixture was slowly heated around 90 °C with constant 
stirring to obtain nanoparticles of Ni1.1Zr0.1Fe1.8O4. In 
order to remove impurity and form crystallinity the as–
prepared samples of Ni1.1Zr0.1Fe1.8O4 spinel ferrite was 
sintered at 700 °C for 4 h .The sintered nano–powders 
were pressed in pellet form of 10 mm diameter and 3 mm 
thickness and treated as the precursor for laser irradiation. 
The prepared sample was characterized by standard 
techniques such as X–ray diffraction, Scanning electron 
microscopy and for electrical as well as dielectric 
measurements.   

 
Characterizations  
The pellets of Ni–Zr synthesized material was irradiated 
with flash lamp pumped Nd: YAG laser and it was 
operated in the free running mode with the pulse width of 
200 μs and a spot diameter of 8 mm (1/e2 points–the 
diameter of the beam where the intensity falls 1/e2 times 
the peak intensity of the beam). X–ray diffraction (XRD) 
patterns of the Ni1.1 Zr0.1Fe1.8O4  spinel ferrite samples 
before and after laser irradiation were recorded on a 
Miniflex–II X–ray diffractometer  with Cu–Kα radiation 
λ= 1.5405 A.U.). The microstructure studies were carried 
out using Scanning electron microscopy (SEM). Using 
SEM images grain size and specific surface area were 
calculated. The temperature dependence of D.C. electrical 
resistivity of all the irradiated and unirradiated samples 
were carried out on disc shaped pellets of 10 mm diameter 
and about 3 mm thickness using two probe technique and 
in the temperature range 450K to 750K with step of 10 K. 
The electrical resistivity was estimated by measuring the 
resistance ‘R’ of the samples. The frequency dependence 
of dielectric constant (ε") and dielectric loss tangent (tan δ) 
in the range from 20 Hz – 1 MHz were studied using a 
precision LCR–Q meter bridge (Model HP 4284 A) at 
room temperature. 
 

3. Results and Discussions 
X–ray diffraction 
The room temperature XRD patterns of un–irradiated 

and laser irradiated Ni1.1Zr0.1Fe1.8O4 ferrite nanoparticles 
are shown in Fig 1. 

All the X–ray diffraction patterns show the reflections 
(220), (311), (222), (400), (422), (511), (440). The 
analysis of X–ray diffraction patterns indicates that the 
samples exhibit single phase cubic spinel structure. 

A careful examination of the XRD patterns reveals that 
the intensity of the Ni–Zr nanoparticles is decreases after 

the irradiation by Nd: YAG laser.  It is noted from XRD 
patterns that there is a shift in reflections towards lower 2θ 
side. Using X–ray diffraction data the lattice constant was 
calculated for unirradiated and irradiated of sample by 
using standard relation [15]. 

 

 

 
 

Fig. 2. XRD pattern of Un–irradiated and laser 

irradiated Ni1.1Zr0.1Fe1.8O4 nanoparticles 

The values of lattice constant are given in Table 1. From 
the table 1 it can be seen that the lattice constant increases 
after laser irradiation on the Ni–Zr ferrite nanoparticles. 

 
Table.1 Lattice constant ‘a’ (Å) and crystallite size ‘t’ 

(nm) of unirradiated and laser irradiated Ni1.1Zr0.1Fe1.8O4 
nanoparticles 
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Sample 
a 

(Å) 

t 

nm 

Un–irradiated 8.3318 39 

Nd:YAG laser  Irradiated 8.3426 32 

 
The crystallite size of all the Ni–Zr nanoparticles was 

determined by using well known Scherrer’s equation [16]. 
The most intense peak (311) of the XRD pattern was used 
to determine the crystallite size. The values of crystallite 
size are represented in Table 1. The crystallite size values 
are found to be 39 and 32 nm. It can be also understood 
that after laser irradiation the crystallite size is decreases. 

 
Scanning Electron Microscope Study   
Fig. 2 shows morphological pattern of the 

Ni1.1Zr0.1Fe1.8O4 spinel ferrite nanoparticles taken by 
scanning electron microscope (SEM). Evidently, from 
SEM images of the sintered zirconium substituted nickel 
spinel ferrite samples it was seen that the morphology of 
the particles were almost spherical in shape, but 
agglomerated to some extent due to the interaction 
between magnetic nanoparticles. The formation of nano 
size crystallites was confirmed through SEM images. The 
grain size was determined by linear intercept method 
estimated using standard relation [17]. 

 

 
(a) 

 

(b) 

Fig. 2 SEM images for (a) un-irradiation and (b) Nd: YAG 
laser irradiation Ni1.1Zr0.1Fe1.8O4 nanoparticles 

 
The average grain size calculated from linear intercept 

method  was found to be in nanometer range i.e. 75 nm and 
78 nm for unirradiated and Nd:YAG laser irradiated 
samples respectively. The specific surface area of 
unirradiated and Nd:YAG laser irradiated samples using 
SEM images was calculated according to the relation [18] 
and the values are 14.64 and 14.09 m2/g for unirradiated 
and Nd:YAG laser irradiated samples respectively. Since 
the particle size decreases the surface area increases which 
indicate the nanocrystalline nature of the samples. It is well 
known that the crystallite size and surface area play an 
important role on the properties of ferrites. 

 
D. C. Resistivity 
Figure 3 shows the variation of resistivity (log ρ) against 

reciprocal of temperature (1000/T) for unirradiated and 
irradiated Ni1.1Zr0.1Fe1.8O4 spinel ferrite. Resistivity 
decreases continuously with the increasing temperature, 
revealing the semiconducting nature of the prepared 
samples [19]. The plot is divided into two distinct regions 
corresponding to the ferrimagnetic and paramagnetic 
region. The slope is observed to change at a particular 
temperature and this temperature corresponds to the Curie 
temperature of the sample. The similar behaviour of 
resistivity as a function of temperature is reported for other 
spinel ferrite nanoparticle [7, 20, 21]. The distortion in the 
crystal after Nd:YAG laser irradiation causes increase in 
resistivity. 
Activation Energy 
The activation energy was calculated from the slop of 
Arrhenius plot and the values are attributed in the table 2. 
Since the resistivity has been found to increase after 
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irradiation, a rise in activation energy is expected. Our 
results are in good agreement with that reported in the 
literature [22].  

 

  
 

Fig. 3. Variation of DC electrical resistivity with 
reciprocal of temperature for Un-irradiation 
Ni1.1Zr0.1Fe1.8O4 nanoparticles 

 
Table 2 Activation energy in paramagnetic region 

(Ep) and ferrimagnetic region (Ef) for Un-irradiated 
and irradiated Ni1.1Zr0.1Fe1.8O4 nanoparticles 

 

Sample Ep 
(eV) 

Ef 
(eV) 

∆Ε 
(eV) 

Un–irradiated 
0.9327 0.5343 0.3984 

Nd:YAG laser  Irradiated 0.715 0.352 0.363 
 

Dielectric Properties 
The dielectric behavior of Ni1.1Zr0.1Fe1.8O4 as a 

function of frequency was studied in the form of dielectric 
constant and dielectric loss tangent also the effect of 112 
mJ Nd: YAG laser irradiation on it. 

The variation of dielectric constant  and loss determined 
in the frequency range of 100 Hz to 1 MHz at room 
temperature for Ni1.1Zr0.1Fe1.8O4 before and after 
irradiation is shown in figure 4 (a, b). The dielectric 
constant decreases with increase in frequency for the 
compositions showing the dielectric behavior as reported 
earlier in the literature [23] also similar behavior is 
observed for 112 mJ Nd:YAG laser irradiated samples. 
The rapid decrease at low frequencies of dielectric 

constant was observed while at high frequencies it is 
almost constant for both before and after irradiation.  

 

 
Fig. 4 (a) Variation of the dielectric constant with 
frequency log (f) for un-irradiation and (1200 mJ dose 
rate) Nd: YAG laser irradiation  

 

 
Fig. 4 (b) Variation of the dielectric loss (ε″) with 
frequency log (f) for un-irradiation and (1200 mJ dose 
rate) Nd: YAG laser irradiation  

 
The rapid change in dielectric constant at low 

frequencies can be attributed to the polarization of the 
cations due to the change in valence state. On the other 
hand at higher frequencies it is almost constant because of 
the inability to follow the applied external electric field. 
Usually the dielectric constant as function of frequency is 
explained on the basis of Maxwell–Wagner interfacial 
polarization model and the Koop’s theory [24]. The 
Maxwell–Wagner interfacial polarization model depends 
on the heterogeneous structure which usually consists of 
the grains and the poor conducting grain boundaries. Also 
it comprises of the space charge polarization which is 
governed by the available number of space charge carriers. 
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It can be assumed that the mechanism of interfacial 
dielectric polarization is similar to the hopping mechanism 
of electrons. It is a well known and established fact that the 
dielectric constant and conduction mechanism have a 
strong correlation [25, 26], where the dielectric behavior 
has explained on the basis of available Fe2+ ions between 
electronic exchange like Fe3+↔Fe2+. It results in a local 
displacement of electrons in the direction of applied 
external electric field which determines the polarization 
and hence the dielectric constant of spinel ferrites.  Under 
applied electric field, according to hopping mechanism the 
electrons reach to the insulating grain boundaries and 
accumulate there resulting increase in interfacial 
polarization hence the dielectric constant at lower 
frequencies is high. With the increase in frequency the 
interfacial polarization decreases and attains the constant 
value because the polarization of induced moments could 
not follow the applied electric field. Also the electronic 
exchange between Fe3+ ↔ Fe2+ lags behind the applied 
frequency. Hence, the dielectric constant at high 
frequencies is almost constant. The lower values of 
dielectric constant at high frequency are in close agreement 
with that of reported earlier in the literature [27, 28] for 
nanocrystalline spinel ferrites. 

The variation in dielectric loss tangent as a function of 
frequency of Ni1.1Zr0.1Fe1.8O4 sample determined in 
100Hz to 1MHz frequency range at room temperature also 
for irradiated Ni1.1Zr0.1Fe1.8O4 and this are depicted in 
figure 4 (c). 

 

 

Fig. 4 (c) Variation of the tangent loss (tanδ) with 
frequency log (f) for un-irradiation and (1200 mJ dose rate) 
Nd: YAG laser irradiation Ni1.1Zr0.1Fe1.8O4 nanoparticles 

 
It is seen that the dielectric loss tangent decreases with 

increase in frequency for Ni1.1Zr0.1Fe1.8O4 ferrite before 

and after irradiation, at low frequency the dielectric loss 
tangent decreases rapidly and becomes almost constant at 
high frequency. The decreases in dielectric constant with 
frequency can be attributed to the fact that the hopping 
frequency of charge carriers can not follow the applied 
electric field. When the hopping frequency of charge 
carriers equal with the applied frequency of electric field, 
the maximum energy is transferred to the oscillating ions 
and the peaks observed which results in to the power loss. 
The similar behavior of the dielectric loss was observed in 
literature [29]. 

4. Conclusion 
Nickel zirconium spinel ferrite nanoparticles were 

successfully synthesized by sol gel auto combustion 
method. The X–ray diffraction pattern of the prepared 
sample showed that before and after laser irradiation is in 
single phase and cubic spinel structure. The structural 
parameters of prepared nanoparticles have been influenced 
after laser irradiation. Also the morphology of present 
sample is affected after irradiation. The increase in DC 
resistivity was observed after Nd:YAG laser irradiation 
and the dielectric properties also influenced. 
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