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Abstract
Nanoparticles of Li0.3Zn0.3Co0.1Fe2.3O4 are prepared by sol-gel method 

using nitrate salts as precursor materials. Two different sizes (16.9 and 38.9 nm) 
are obtained by annealing the sample at 500 and 600 °C, respectively. X-ray 
diffraction (XRD) patterns of the two samples exhibit only the desired peaks of 
cubic Fd3m space group which confirms the pure spinel ferrite phase formation 
in the samples. Size and root mean square (r.m.s.) lattice strains are obtained by 
Williamson-Hall method. The r.m.s. lattice strains of the two samples are 1.25 
x 10-4 and 1.15 x 10-3, respectively which confirms that the prepared samples are 
free from appreciable defects. The dielectric constants of the two samples are 
studied as functions of temperature and frequency. Dielectric behavior of the 
samples is explained by the electronic exchange between ferrous and ferric ions. 
Thermal variation of the dielectric constant shows that there is a phase transition 
from ferroelectric to paraelectric phase for both the samples at ~ 320 K. Dielectric 
constant decreases with the increase of frequency which is since beyond a certain 
frequency of the externally applied electric field, the electronic exchange between 
the Fe2+ and Fe3+ ions fail to follow the applied electric field.
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Ferrite, Sol-gel method, X-ray diffraction, Williamson-Hall method, Dielec-

tric constant

Introduction 
Polycrystalline spinel ferrites are widely known for their important structural, 

magnetic, and dielectric behaviors and interestingly, these properties could be 
tuned by proper choice of metal cations and by varying the average crystallite size 
(<dcryst>). Spinel ferrites have formula unit described by AOB2O3 where A- and 
B- are two lattice voids surrounded by four and six oxygen anions, respectively. 
Metal cations occupy these voids and depending on the metal cations structural, 
magnetic, and dielectric behaviors change.

Frequency dependence of dielectric constant of lithium ferrite is studied by 
Teixeira et al. [1] and the dielectric behavior of substituted lithium ferrites is 
studied by many researchers which include nickel [2], cobalt [3, 4], cadmium 
[5], manganese [6] substituted lithium ferrites. Earlier studies indicate that the 
substituting metals significantly affect the dielectric behavior of the lithium fer-
rite. In this paper, the frequency dependence and temperature dependence of 
lithium-zinc-cobalt ferrite is included.
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cal displacement of charges and results in high resistivity. Vari-
ation of dielectric constant (ε’) of LZC5 and LZC6 samples as 
a function of frequency at different temperatures is displayed 
in figure 2. Dielectric constant of both the samples decreases 
with increase of frequency which indicates towards the pres-
ence of relaxation in both the samples. But the relaxation de-
viates from the ideal nature of Debye relaxation and can be 
explained by Cole-Cole relaxation. According to Cole-Cole 
relaxation, the dielectric constant is described by equation 1.
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Where, ω is the angular frequency, Δε = ε0 – ε∞ is the dielec-
tric relaxation strength, ε0 and ε∞ are low frequency and high 
frequency permittivity limits, respectively, τ is the relaxation 
time corresponding to the maximum loss and α is the shape 
parameter [8]. α =  gives the Debye form of relaxation while 
non-zero values of α denotes the deviation from Debye form.

In the low frequency region, ε’ increases rapidly with the 
decrease of frequency and has very high value ~3000. The vari-
ation of ε’ in the low frequency region is dominated by the 
interfacial polarization effect, which follows the Koop’s phe-
nomenological theory and known as the Maxwell-Wagner 
polarization [4]. Nanoparticles consist of conductive grains 
bounded by resistive walls which cause to develop polariza-
tion at the interface of grain boundaries. At low frequency, 
this polarization follows the electric field but at high frequen-
cies the polarization can’t follow the electric field and causes 
a sharp drop in the value of ε’. Thus, to avoid the interfacial 

Experimentation
Sample preparation

Polycrystalline ferrite samples of general formula Li0.3Zn0.

3Co0.1Fe2.3O4 are prepared by sol-gel method where LiNO3, 
Zn(NO3)2.6H2O, Co(NO3)2.6H2O and Fe(NO3)3.9H2O are 
used as precursor materials. Nitrate salts are taken in the cho-
sen stoichiometric ratio and dissolved in deionized water by 
employing a magnetic stirrer. Aqueous solution of equimolar 
citric acid is added to the aqueous nitrate solution while stir-
ring is maintained. Stirring is continued further until a gel is 
formed and on gel formation the beaker is shifted to an oven 
to burn the excess nitrates. The product is then powdered and 
annealed at two different temperatures (500 and 600 °C) and 
the samples are named as LZC5 and LZC6, respectively.

Characterizations

XRD patterns of LZC5 and LZC6 samples are recorded 
in powder X-ray diffractometer, Model BRUKER D8 Ad-
vance with da Vinci, using CuKα radiation (λ = 1.5405Å).
Dielectric measurements of LZC5 and LZC6 samples are 
recorded by HIOKI 3532–50 LCR HiTESTER over the fre-
quency range of 100 Hz to 5 MHz at different temperatures 
(300 - 450 K). For dielectric measurement, LZC5 and LZC6 
powder samples are pressed into the cylindrical shaped pellets 
(thickness ~0.05 cm and diameter ~0.8 cm) using hydraulic 
press and electrodes are formed on the two flat faces of these 
pellets using silver coating.

Results and Discussion
XRD study

XRD patterns of the samples LZC5 and LZC6 are dis-
played in figure 1. Diffraction peaks corresponding to the cubic 
Fd3m space group only are appeared in the XRD patterns of 
both the samples which confirm pure phase formation in the 
prepared samples. Williamson-Hall method is employed to 
derive <dcryst> and r.m.s. lattice strain. For this purpose, ob-
tained XRD patterns are fitted with multiple (six) peaks of 
Gauss type and the βcosθ vs 4sinθ graphs are plotted with 
the β (full width at half maximum) and θ (peak angle) derived 
from multiple peaks fitting. Linear fitting is performed on 
these Williamson-Hall plots (βcosθ vs 4sinθ) and <dcryst> and 
r.m.s. lattice strains are calculated from the slope and intercept 
of the fitted straight line. The obtained values of <dcryst> and 
r.m.s. lattice strain of LZC5 and LZC6 samples are 16.9, 38.9 
nm and 1.25 x 10-4, 1.15 x 10-3, respectively which agree with 
those derived using Rietveld method [7].

Dielectric properties

Variation of dielectric constant with frequency

Dielectric polarization in ferrites occurs through the ex-
change of electrons between Fe2+ and Fe3+ ions. Electron ex-
changes between the Fe2+ ↔ Fe3+ results in local displacement 
of charges which is responsible for polarization in ferrites [3]. 
In polycrystalline ferrites, the grain boundaries restrict this lo- Figure 2: Frequency variation of dielectric constant.

Figure 1: Williamson-Hall plot for the samples LZC5 and LZC6.
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above this temperature.

Variation of complex impedances at different temperatures

Z’ - Z” plot of LZC5 and LZC6 samples are shown in 
figure 5. The plots display some depressed semi-circles with 
their centres below the real axis, thereby suggesting a non-De-
bye type relaxation. It is clear from the plots that both the 
samples have high grain boundary resistance which is a pri-
mary requirement for good dielectrics. Additionally, the slope 
of Z’ - Z” plot of the sample LZC6 is greater than that of 
LZC5 sample which could be attributed to the drastic change 
in nanoparticles sizes including the non-uniformity of grain 
boundaries of the former. 

Conclusion
Polycrystalline nanoparticles of Li0.3Zn0.3Co0.1Fe2.3O4 are 

prepared by sol-gel method and their structural and dielectric 

polarization, the data recorded above the frequency of ~103 Hz 
is considered while fitting by Cole-Cole equation (Equation 
1) and fitted parameters are listed in table 1. The dielectric 
strength (Δε) of LZC6 is higher than that of LZC5 which is 
because LZC6 having larger <dcryst> (= 38.9 nm) compared to 
LZC5 (16.9 nm) and therefore has larger grain boundaries, 
i.e. more interfacial polarizations. The shape parameter ranges 
from 0.26 - 0.70 in the temperature range 300 - 375 K. Above 
375 K, ε’ becomes very small, so Cole-Cole fitting is avoided 
above 375 K. High frequency permittivity and relaxation time 
is relatively higher in LZC5 than LZC6.

Variation of dielectric constant with temperature

Temperature variation of ε’ of LZC5 and LZC6 samples 
recorded at frequencies 1, 10 and 100 kHz is shown in figure 
3. At 10 and 100 kHz frequencies, ε’ remains independent of 
temperature but at a frequency of 1 kHz, ε’ increases up to a 
certain temperature and then decreases abruptly with further 
increase of temperature. Thus, a transition from ferroelectric to 
paraelectric phase occurs at this temperature (Tc). The value of 
Tc for LZC5 and LZC6 samples are 319 and 327 K, respec-
tively. Such temperature variation of ε’ can also be explained 
by the presence of grain boundaries in polycrystalline ferrites. 
At higher temperatures grain boundaries start to disappear, 
thereby causing a drop in interfacial polarization which in turn 
results in a drop of ε’. Larger <dcryst> of LZC6 causes a larger 
Tc in this sample.

Variation of loss tangent (tanδ)  with frequency

Effect of frequency on the loss tanδ of LZC5 and LZC6 
samples at different temperatures is shown in figure 4. The 
sample, LZC5 has very small value of tanδ compared to LZC6 
sample, however in both the samples tanδ decreases with the 
increase of frequency. tanδ represent the energy loss per cycle 
which comes from two components, one from the polarization 
part and other from the leakage part. As discussed earlier, the 
interfacial polarization decreases at high frequencies, thus tanδ 
decreases at high frequencies. The loss curves at temperatures 
300 - 350 K are different from those at other temperatures. 
None of the curves exhibit a loss peak except for that of LZC5 
sample at 325 K. Generally, a loss peak i.e. the maximum value 
of tanδ occurs at a frequency when the hopping frequency be-
comes equal to frequency of the applied field. At temperatures 
above 350 K, tanδ drops abruptly at higher frequency which 
is due to the disappearance of Maxwell-Wagner polarization 

Figure 3: Temperature variation of dielectric constant.

Figure 5: Z' - Z" plot at different temperatures.

Figure 4: Frequency variation of dielectric loss tanδ..

Table 1: Results of Cole-Cole fitting.

Sample T (K) Ԑ0 Ԑ∞ ΔԐ = Ԑ0 – Ԑ∞ τ x 105 s α

LZC5

300 165 49 116 8.28 0.34
325 320 49 271 6.75 0.26
350 94 48 46 3.00 0.35
375 63 48 15 1.63 0.33

LZC6

300 236 43 193 0.96 0.56
325 637 31 606 53.4 0.67
350 232 34 198 0.56 0.64
375 211 20 191 0.36 0.70
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properties are studied. Nano-crystallites of sizes 16.9 and 38.9 
nm show very small values of r.m.s. lattice strains 1.25 x 10-4 
and 1.15 x 10-3, respectively which confirm minimized crystal 
defects in the prepared samples. Dielectric constant of both 
the samples decreases at higher frequency and high dielectric 
constant at lower frequency is due to the Maxwell-Wagner 
type interfacial polarization. At higher temperatures, this 
polarization decreases abruptly, and loss tanδ take a constant 
value at high temperatures as well as high frequencies. The 
dielectric strength of LZC6 sample (38.9 nm) at 325 K is 
maximum (606), so the break down voltage for this sample will 
be maximum. Hence, nanoparticles of Li0.3Zn0.3Co0.1Fe2.3O4 
with <dcryst> of 38.9 nm could be considered as a potential 
dielectric candidate when dielectric strength will be main 
concern. But when overall performance is a concern, then 
considering higher value of impedance, high frequency 
permittivity, and relaxation time along with lower dielectric 
loss LZC5 will be a potential dielectric for application cases.
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