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Abstract
In this present work, Li2FeZrO4 has been synthesized by hydrothermal method. The material is characterized using XRD, 
TGA, FTIR, UV–Vis, VSM and impedance spectroscopy. The powder XRD patterns of Li2FeZrO4 sintered at 800 °C shows 
that these crystallites are stable in room temperature with tetragonal structure of space group p141 and the average crystal-
lites size is found to be 38 nm. Due to its structural stability, ac electrical properties in terms of complex Impedance Z*(ω), 
complex permittivity ε*(ω), complex conductivity σ*(ω) and complex electric modulus M*(ω) of the sample have been 
evaluated as a function of frequency at different temperatures. The shape of the impedance spectra reveals the non-Debye 
nature of the relaxation processes of the present material. The relaxation process consists of two different polarization pro-
cesses i.e., hopping charge polarization (“pinned dipole”) and dielectric dipolar like polarization (“free dipole”) mechanism. 
The dc conductivity activation energy Eσ has been calculated for the material along with the activation energy for hopping 
conduction and dielectric relaxation. Magnetic properties have been investigated by vibrating sample magnetometer (VSM) 
for the sample at various temperatures.

1  Introduction

The cathode material of the present study comprises a lithi-
ated zirconium oxide of formula Li2FeZrO4. In recent years, 
lithium-ion batteries have found to be the most well known 
energy storage system for consumer and portable electron-
ics [1–4]. The vastly increasing demand for batteries has 
compelled the scientists and academics to focus on improv-
ing the energy densities with a extended range of operating 
temperatures, durability, safety, charging time and cost of 
lithium ion battery technology [5–9]. Cathode materials are 
mostly constructed out of general materials like: LiCoO2, 
LiFePO4and LiMn2O4. The cobalt-based cathodes have 
attracted much attention due to their high theoretical specific 
heat capacity, high volumetric capacity, low self-discharge, 
high discharge voltage and good cycling performance [10]. 
However, along with the high cost of the material, the low 
thermal stability has become the main drawback. Therefore, 
for large-scale application, such as electric vehicles and 

backup power system, alternating low cost cathode mate-
rials, having large faradic capacity are highly desired [10, 
11]. From the literatures, it has been found that, a group of 
alternative cathode materials of lithium rich polyoxyanionic 
structural compounds [12–15] exhibits distinguishing prop-
erties which can be used for large scale Li-ion battery appli-
cations. In the present work, we have reported a promising 
and inexpensive cathode material of the formula Li2FeZrO4. 
As per the literature survey, a comprehensive study on elec-
trical properties as well as magnetic properties is not avail-
able. Recently some workers have reported about the elec-
trochemical properties of Li2FeZrO4 [16]. Hence keeping all 
the prior things into consideration, an effort has been made 
in the present work to investigate the ac electrical properties 
in terms of dc conductivity, electron hopping frequency in 
electrical quantities, modulus along with permittivity. In this 
study properly combined conduction and dielectric relaxa-
tion functions [17] have been used to analyze the Cole–Cole 
type relaxation [18] in terms of complex impedance Z*(ω), 
complex permittivity ε*(ω), complex conductivity σ*(ω) 
and complex electric modulus M*(ω) [19, 20] coupling to 
Jonscher’s idea of ‘pinned dipole’ and ‘free dipole’ [21].

Hydrothermal synthesis is a skilled method for prepara-
tion of nano-crystalline materials at low temperature [22]. 
In the present study, we have focused on the preparation 
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and electrical relaxation studies of Li2FeZrO4. Literature 
survey has confirmed that there is no information available 
on the synthesis, characterization and electrical properties 
of the system. The phase composition of Li2FeZrO4 was 
characterized by X-ray diffraction (XRD) analysis, thermo 
gravimetric analysis (TGA) and Fourier transform infrared 
spectroscopy (FTIR). The energy band gap is calculated 
from UV–Vis spectroscopy analysis. Magnetic properties 
have been studied through VSM measurements. A detailed 
study on electrical properties has been discussed in terms of 
impedance, modulus, conductivity and permittivity. Since 
there is no dispersive feature below 170 °C in the frequency 
window of 1–107 Hz, the electrical properties have been 
carried out in the temperature range of 443–623 K only. The 
results so achieved have been explained to draw the conclu-
sions, which also have been presented in the study.

2 � Experimental details

Hydrothermal synthesis is a unique method to obtain the 
materials in nano-crystalline forms. Briefly, the basic prin-
ciple of synthesis method refers to the solubility of inor-
ganic substances in water at exalted temperatures and high 
pressures, which subsequently forms the crystallization of 
the dissolved material. In this process, water at elevated 
temperatures with high pressure plays a crucial role in the 
precursor material conversion [22].

In the present work, metal nitrates i.e. LiNO3, 
Fe(NO3)3·9H2O, ZrN2O7·xH2O and sucrose were properly 
mixed with distilled water in 1:2 molar ratio to get the homo-
geneous solution. The homogeneous gel was then shifted to 
teflon lined 100 ml autoclave and heated upto 160 °C for 
12 h, resulting the formation of dark brown colored as pre-
pared material. Then the autoclave was cooled to room tem-
perature naturally in air. Furthermore, the resulting materials 
were cleaned with distilled water and absolute ethanol to get 
rid of the soluble impurities and depress agglomeration,. 

After which the product was dried again for 12 h in oven at 
80 °C. Further the material was calcined at 800 °C for 12 h 
for the final product. A schematic diagram of the synthesis 
procedure is presented in Fig. 1.

The thermal dissipation processes of the as prepared pow-
der were characterized using TG-DTA instrument Model: 
Q600 SDT from TA instruments under nitrogen flow. The 
XRD patterns of 800 °C sintered pellets were obtained for 
the sample using X’pert PANalytical X-ray diffractometer 
with monochromatic Cu-Kα radiation at glancing angles 
between the range of 2θ from 20°–80° in a step size of 0.02°. 
FTIR were recorded using Thermo Nicolet made spectrom-
eter (Model: 6700). The spectrum was recorded between 
400 and 4000 cm−1 using KBr as the diluting agent. UV–Vis 
spectrum was measured using Ocean optics HR4000 in the 
range 300–800 nm. VSM studies were carried out by using 
Physical property measurement system (PPMS Evercool 
II) from Quantum design model no- PM 872. Before car-
rying out the electrical measurements, the prepared pellets 
were calcined at 800 °C for 12 h. The parallel and opposite 
sides of the pellets were coated with silver paint to have 
good ohmic contact and also to make parallel plate capaci-
tor geometry with the material as a dielectric medium. The 
electrical properties were measured with a Material Mates 
Impedance Analyzer 7260, in the temperature range of 
443–623 K in the step size of 20 K, which gives the real and 
the imaginary part of the impedance covering the frequency 
range of 1–107 Hz.

3 � Results and discussion

3.1 � X‑ray diffraction studies

Figure 2 shows the XRD patterns of Li2FeZrO4 sintered at 
800 °C. The sample shows the most sharp and intense peak 
(200), which confirms the formation of crystalline struc-
ture. The results obtained by XRD are indexed using JCPDS 

Fig. 1   Schematic diagram for hydrothermal synthesis of the system Li2FeZrO4
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reference code 38-0281. The phase pure crystallites are 
found to be having stable tetragonal crystal structure with 
space lattice P-type and lattice parameters, a = 4.1988 Å and 
c = 9.0607 Å which is matching with the values reported 
earlier by Mandal et al. [16]. Hence the average crystallite 
size is calculated using Scherrer’s formula: 

where λ is the wavelength of the Cu-Kα radiation 
(λ = 1.5418 Å) and β is the integral width in radians [11]. 
The crystallite size of 800 °C calcined materials is obtained 
to be approximately 38 nm.

3.2 � Thermo gravimetric analysis

As prepared sample was analysed by thermal gravimetric 
analysis (TGA). Figure 3 demonstrates the TGA result con-
ducted on the powder of as prepared samples under nitrogen 

t = 0.9�∕β cosθ

flow. The analysis of TG data shows three obvious mass 
losses with a total weight loss of 45%. An weak mass loss of 
around 10% is observed before 150 °C due to the evapora-
tion of water vapors. In the second step of weight loss, the 
weight loss is around 20% ascribed to the decomposition of 
organic fuel/complexing agent and nitrates at 400–600 °C. 
In the third step, weight loss is found to be around 10% 
due to phase formation of the material at 650 °C because of 
decomposition of nitrates into oxides. That means that the 
material develops a stable phase after heating above 650 °C.

3.3 � Fourier transform infrared spectroscopy studies

Study of infrared absorption spectra provides the informa-
tion about position of ions in the crystal lattice along with 
the vibrational spectra [23]. Figure 4 shows the FTIR spec-
tra of Li2FeZrO4 system in the range 400–2000 cm−1. The 
observed FTIR peak in the region 400–765 cm−1 refers to 
the internal vibrations of metal ion and oxygen bonds in the 
unit cell. The Li atoms are located in octahedra environment 
of LiO6 and vibrational modes of Li–O are observed at 412 
and 449 cm−1 [12]. The absorption bands at 498–523 cm−1 
correspond to Zr–O vibrations [24]. The band 546–709 cm−1 
corresponds to Fe3+–O2− vibration [11, 25]. The prominent 
peak at 1452 cm−1 region refers to O=H bonding and peak 
in the region of 1550 cm−1, signifies to the adsorbed mois-
ture [26].

3.4 � UV–Vis spectroscopy studies

Optical absorption measurements are extensively used to 
demonstrate the electronic properties of the material by 
determining the band gap energy. The UV spectrum exhibits 
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Fig. 2   XRD pattern of Li2FeZrO4 sintered at 800 °C
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Fig. 4   FTIR spectra of Li2FeZrO4 material sintered at 800 °C
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a broad absorption edge around 485 nm which occurs due to 
the electronic transition from valence to conduction band.

The absorption coefficient (α) of the nano-crystallites has 
been determined using the fundamental relationships [27, 28]. 

where A is the absorbance and t is the thickness of the sam-
ple in cm. To evaluate the direct band gap energy for the 
sample, the graph of (αhυ)2 versus hυ has been plotted. The 
optical band gap energy was calculated from the absorp-
tion spectra by extrapolating the linear portion of the graph 
between to the energy axis using Tauc’s relation [29–33] as 
shown in Fig. 5a, b. The Tauc’s expression is given by fol-
lowing equation.

  

where Eg is average band gap energy of the material and B 
is band tailing parameter [34]. Value of band gap energy, 
absorption coefficient α and constant B can be obtained from 
the intercept of the line at α = 0. The band gap was found to 
be approximately 2.7 eV.

3.5 � AC electrical studies

The electrical properties of ion/electron conducting materials 
play an important role and often decide about the application 
of the material for a particular device. With the passing of ac 
electric current through a solid electrolyte, various processes 
are observed which includes ion movement through the elec-
trolyte and transfer of charge across the electrode–electrolyte 
interface. Each process respond to the applied ac electric field 
in different frequency ranges because of the different relaxa-
tion times associated with the process. Experimental com-
plex impedance data mainly refers to the impedance of an 
equivalent circuit consisting of various resistors, capacitors 
and different involved elements in the circuits. These equiva-
lent circuits can be accredited to the process consisting of the 
resistance (R) and the constant phase element (CPE) combined 
in series and parallel. The real Z′(ω) and the imaginary Z″(ω) 
of the complex impedance Z*(ω) are directly measured from 
the instrument Materials Mates 7260 Impedance Analyzer.

From the very beginning of Cole and Cole [18] to recent 
time period, dielectric behaviour and electrical conductiv-
ity of solid state materials has been analyzed in utilizing 
complex plane plots and frequency explicit plots [35]. The 
real Z′(ω) and the imaginary Z″(ω) parts of the complex 
impedance Z*(ω) has been calculated by using the relations 
given below 

I = I0e
−�t

A = log
(

I∕I0
)

,

(1)� = 2.303(A∕t),

(2)�h� = B(h� − Eg)
1∕2

where G and C are the measured parallel conductance and 
the capacitance and angular frequency, ω = 2πf, f being the 
frequency [18].

The electrical properties of an ion/electron conductor 
can be explained by an equivalent circuit which consists 
of a parallel combination of a resistor R and a capacitor C. 
The complex impedance plot of this circuit demonstrates 
a semicircle whose centre lies on the real axis. However, 
in most of the cases the experimental data comprises of 
a depressed semicircle in complex impedance plot which 
is a deviation from simple R–C circuit plot in parallel. A 

(3)Z�(�) = G∕
(

G2 + �2C2
)

,

(4)Z��(�) = C�∕
(

G2 + �2C2
)

,

(a)   

(b)   

Fig. 5   a The UV–Vis spectrum of the Li2FeZrO4 material sintered at 
800 °C, b Tauc plot for dependence of (αhυ)2 on photon energy (hυ)
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common way to describe these depressed semicircles is 
through a parallel combination of a resistor R and a con-
stant phase element (CPE) [36].

In case of parallel R–CPE circuit, the equivalent impedance 
can be written as: 

where ZR = R. The impedance ZCPE can be represented by 
ZCPE = 1/Y0(jω)n, Y0 and n are parameters which are usu-
ally temperature dependent but independent of frequency 
[37] and the value of n lies in 0 < n < 1. In case of n = 1 the 
CPE works as an ideal capacitor where as n = 0 refers to a 
simple resistor. In case of 0 < n < 1, the value of CPE is a 
combination of resistance and capacitance. The CPE is pre-
dominantly used to describe the distribution of the value of 
some physical property of the system along with non-Debye 
process [38, 39].

Generally, for the investigation of ac impedance data, an 
electrically equivalent circuit containing R and CPE combina-
tion in parallel is considered. The equivalent circuit modeled 
by Cole–Cole function, is as follows: 

where τ = RC and 0 ≤ α < 1 implies the distribution of the 
relaxation times. But in case of ideal Debye relaxation, α = 0. 
But in this present study, combination of ‘pinned dipole’ 
and ‘free dipole’ relaxation have been taken into account 
considering the material posses relaxation due to both the 
relaxation processes with the application of ac electric field. 
Recently, Kumar et al. [17] have reported about combined 
conduction and dielectric relaxation formalism considering 
the combined ‘pinned dipole’ and ‘free dipole’ relaxation. 
According to the formalism, pinned dipole’ relaxation time 
τc is relevant to conduction process where as ‘free dipole’ 
relaxation time τd is refers to dielectric process. The relation 
of dc conductivity with τc and τd demonstrates the dynam-
ics of combination of ‘pinned dipole’ and ‘free dipole’. 
The obtained physical parameters of ‘pinned dipole’ and 
‘free dipole’ formalism are unique for all representations 
like Z*(ω), ε*(ω), σ*(ω) and M*(ω). According to the for-
malism, a reduced field effect is produced due to the align-
ment of ‘free dipoles’ in the direction of the applied field. 
Simultaneously, when a free charge carrier jumps from a site 
to another site, it involves a slow rate of transfer of charge 
creating the time dependent polarization during transition, 
which alternately produces a ‘pinned dipole’ i.e. a pinned 
dipole can be assigned to hopping of free charge and ion 
lattice [20, 21].

In the case of anomalous relaxation, a combination of con-
duction and dielectric process with Cole–Cole type distribu-
tion of relaxation time is taken into consideration and thus 
complex permittivity is derived by Kumar et al. [17] as: 

(5)Zequv = ZRZCPE∕(ZR + ZCPE),

(6)Z∗ = R∕
[

1 + (j��)1−�
]

Henceforth complex conductivity of the combined 
‘pinned dipole’ and ‘free dipole’ is obtained as [17], 

where �∗(�) stands for total complex conductivity, �dc stands 
for DC conductivity, �c is Cole–Cole exponent of conduction 
relaxation, 0 < 𝛼c < 1, �d is Cole–Cole exponent of dielec-
tric relaxation, 0 < 𝛼d < 1. Again the complex resistivity is 
obtained as, 

as ρ*(ω) = 1/σ*(ω) which signifies the predominant resistiv-
ity of parallel combination of the Cole–Cole type dielectric 
and conductivity relaxation [17].

Figure 6 shows ac electrical data of the sample in dif-
ferent representations (a) Z″(ω), (b) M″(ω), (c) ε″(ω) and 
(d) σ′(ω) with fitted curve for various temperatures. All the 
representations show a good compliance with the electrical 
parameters shown in Table 1. The equivalent circuit used in 
analysis of the relaxation process [17] is given as inset of 
Fig. 6a(i). The peak which is exhibited by Z″ shifts towards 
higher frequencies side with increasing temperature. The 
curves are asymmetric and broader than the usual nature 
of Debye curve [37]. These features reveals that the pinned 
dipole relaxation time τc is not single valued which is distrib-
uted discretely around a mean [37] τm = 1/ωc i.e. the distribu-
tion varies with temperature variance. With the increase of 
temperature, the magnitude of Z″ peak maxima decreases 
along with the shift of peak frequency towards the higher 
temperature side [38, 39]. Solids lines in Fig. 6a–d, are the 
fitted curves to the experimental results according to Eq. (9). 
It is obvious from the figures that the experimental data and 
fitting agrees consistently in the total range of frequencies 
and the same parameter consistently fit the data in all other 
representations. Ac electrical data of Li2FeZrO4 in Z″(ω), 
M″(ω), ε″(ω) and σ′(ω) at temperature 563 K is shown in 
Fig. 7.

Due to ‘free dipole’ relaxation mechanism, after the cross 
over frequency, conductivity σ′(ω) is affected and thus devi-
ates from the natural power law behavior. From the con-
ductivity plot shown in Fig. 6d, it has been found out that 
a systematic decrease of dc conductivity happens with an 
increase of temperature. This confirms that the nature of 

(7)�∗(�) =
�dc

(

1 +
(

i�c�
)�c

)

i��0
+

�d

1 +
(

i��d
)�d

+ �∞

(8)

�∗(�) = �dc
(

1 +
(

i�c�
)�c

)

+ i��0

(

�∞ +
�d

1 + (i��d)
�d

)

(9)
�∗(�) =

1

�dc
(

1 +
(

i�c�
)�c

)

+ i��0

(

�∞ +
�d

1+(i��d)
�d

)



4222	 Journal of Materials Science: Materials in Electronics (2018) 29:4217–4225

1 3

(a(i)) (a(ii))

(b(i)) (b(ii))

(c) (d)

Fig. 6   Complex impedance data of Li2FeZrO4 in different represen-
tations a(i), (ii) Z″(ω), b(i), (ii) M″(ω), c ε″(ω) and d σ′(ω), with fit 
curve measured at temperature range of 443–623 K. (Inset: the equiv-
alent circuit of the pinned dipole and free dipole relaxation process 

used for fitting of data). In b M″(ω), c ε″(ω) and d σ′(ω) ac represen-
tations, the parameters extracted (Table 1) from the complex imped-
ance analyses were used
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the material is semi-conductor type. Generally conductivity 
followed by Arrhenius law is presented by 

where σo is pre-exponential factor and Eσ gives the conduc-
tion activation energy. The Arrhenius plot for dc conductiv-
ity at various temperatures of the material is presented in 
Fig. 8a. Thus obtained activation energy Eσ for Li2FeZrO4 
is found to be 0.63 ± 0.02 eV.

Due to thermally activated nature of distributed pinned 
dipole relaxation time τc, it follows the Arrhenius relation 
which is given in Eq. (11) 

where 1/τ0 refers to the attempted jump of charge carri-
ers inside the material with activation energy Ec. Thus the 

(10)�dcT = �oexp
[

−E�∕kBT
]

(11)1∕�c = (1∕�0) exp
[

−Ec∕kBT
]

Table 1   Physical parameters extracted from fitting of conduction and dielectric relaxation of Li2FeZrO4 at different temperatures

T (K) Conduction relaxation Dielectric relaxation

σdc (S/cm) τc(s) αc τd(s) αd εd ε∞

623 (4.067 ± 0.012) × 10−7 (9.82 ± 0.5) × 10−5 0.240 ± 0.003 (1.51 ± 0.1) × 10−3 0.843 ± 0.022 440.01 ± 23.26 146.30 ± 0.47
603 (3.409 ± 0.012) × 10−7 (1.18 ± 0.1) × 10−4 0.237 ± 0.005 (3.57 ± 0.5) × 10−3 0.781 ± 0.025 604.27 ± 45.12 146.20 ± 0.45
583 (2.364 ± 0.008) × 10−7 (2.13 ± 0.1) × 10−4 0.248 ± 0.002 (5.03 ± 0.7) × 10−3 0.814 ± 0.025 661.99 ± 23.21 145.30 ± 0.42
563 (1.272 ± 0.002) × 10−7 (4.28 ± 0.1) × 10−4 0.251 ± 0.001 (6.05 ± 0.3) × 10−3 0.853 ± 0.011 409.46 ± 14.24 146.88 ± 0.37
543 (7.917 ± 0.092) × 10−8 (6.44 ± 0.9) × 10−4 0.260 ± 0.003 (8.76 ± 0.2) × 10−3 0.960 ± 0.069 264.95 ± 14.34 146.54 ± 0.57
523 (4.869 ± 0.051) × 10−8 (1.39 ± 0.5) × 10−3 0.259 ± 0.004 (1.60 ± 0.2) × 10−2 0.853 ± 0.021 318.48 ± 29.42 147.78 ± 0.68
503 (2.592 ± 0.021) × 10−8 (3.71 ± 0.7) × 10−3 0.274 ± 0.004 (3.10 ± 0.1) × 10−2 0.931 ± 0.020 331.11 ± 19.45 147.63 ± 0.73
483 (1.411 ± 0.034) × 10−8 (7.42 ± 0.2) × 10−3 0.296 ± 0.010 (9.68 ± 0.3) × 10−2 0.836 ± 0.031 456.99 ± 29.37 144.83 ± 0.99
463 (6.291 ± 0.3) × 10−9 (2.38 ± 0.5) × 10−2 0.158 ± 0.020 (1.28 ± 0.2) × 10−1 0.622 ± 0.060 531.24 ± 24.31 146.23 ± 0.62
443 (2.598 ± 0.1) × 10−9 (3.34 ± 0.2) × 10−2 0.297 ± 0.034 (3.37 ± 0.7) × 10−1 0.680 ± 0.051 539.03 ± 19.75 144.60 ± 0.76

Fig. 7   Ac electrical data of conduction relaxation and dielectric 
relaxation of Li2FeZrO4 at temperature 563  K with fit curve with 
Z″(ω), M″(ω) and σ′(ω) representations

(a)

(b)

Fig. 8   The Arrhenius behavior of a dc conductivity, b conduction 
relaxation time τc and dielectric relaxation time τd for Li2FeZrO4
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activation energy related to hopping motion is found to be 
0.73 ± 0.02 eV calculated from the linear fit of Fig. 8b. A 
relaxation peak observed in dielectric loss ε″(ω) is domi-
nated by the contribution of dc conduction part with eleva-
tion of temperature. But in some other reported materials 
the effects of dielectric relaxation are seen at high frequen-
cies [40, 41]. In the present study, electric modulus M″(ω) 
possesses two relaxation processes ascribing to the ‘pinned 
dipole’ relaxation relevant to conduction process and ‘free 
dipole’ relaxation referring to dielectric process.

In this concept, the parameter ‘αd’ is ascribed as the nature 
of the obtained symmetrical broadening of dielectric loss peak. 
It conveys the symmetrical distribution of relaxation time of 
free dipole with respect to τd where the distribution is weakly 
temperature dependent. The free dipole relaxation time τd for 
different temperatures is presented in Fig. 8b which follows 
Arrhenius behaviour due to its thermally activated nature as 

where kB and T refers to is the Boltzmann constant and abso-
lute temperature respectively, whereas τ∞ refers to the relax-
ation time at infinite temperature. Here activation energy due 
to ‘free dipole’ is found to be 0.60 ± 0.02 eV.

3.6 � Vibrating sample magnetometer studies

To understand the magnetic behaviour of Li2FeZrO4 particles, 
M–H loops at different temperature range 10–300 K and tem-
perature dependent magnetic properties under ZFC and FC 
conditions over a range of temperatures 10–300 K were carried 
out on the sample. Figure 9a displays M–H loops and varia-
tions of magnetization obtained at 20 kOe. During the start-
ing of magnetization process, the lower-field region shows the 
significant increase of magnetization with increasing applied 
magnetic field. However, with further increase of magnetic 
field, increase of magnetization delayed. Finally, with increas-
ing magnetic field the magnetization increases almost linearly 
and thus saturation is not obtained. These results suggest that 
there are two components associated with the magnetization 
reversal process [42]: (i) at low-field region, magnetizing com-
ponent responsible for weak ferromagnetic property and (ii) 
in high-field region, a non-saturating component responsible 
for the consistent linear variation which indicates a anti-ferro-
magnetic behavior.

The zero field cooled–field cooled (ZFC–FC) curves in 
the range of 10–300 K are shown in Fig. 9b. The FC curve 
demonstrates a broad split with the increasing magnetization 
values till 10 K. This behaviour indicates the presence of the 
anti-ferromagnetic property below 50 K [43] which can be 
correlated from the M–H loop obtained at 10 K. From the 
curve, it is clear that the material has Neel transition (TN) tem-
perature of 48 K and below this temperature, it is reported to 
have ordering of anti-ferromagnetic nature [44].

(12)1∕�d = (1∕�∞) exp
[

−Ed∕kBT
]

4 � Conclusions

A lithiated Zirconium oxide of the formula Li2FeZrO4 was 
successfully prepared by well-known hydrothermal syn-
thesis method. XRD results revealed about the crystalline 
nature of the materials having tetragonal structure. From 
the optical analysis, the band gap energy is calculated to 
be approximately 2.7 eV. The electrical studies have been 
carried out in terms of representations of Z″(ω), M″(ω), 
ε″(ω) and σ′(ω) for various temperatures and the data were 
fitted to the Cole–Cole anomalous fitting considering the 
involvement of pinned dipole and free dipole relaxation. 
The shape of the imaginary part of the modulus suggests 
that there are two relaxation processes in the material 
which refers to pinned dipole and free dipole relaxation 
mechanism. The nature of relaxation processes is con-
firmed to be non-Debye. The Eσ, Ec and Ed value has been 
obtained from impedance analysis. The dc conductivity 

(a)

(b)

Fig. 9   a M–H Loop at different temperatures of the system. b Low 
temperature M–T curves measured under ZFC and FC conditions for 
Li2FeZrO4
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activation energy is found to be 0.63 eV, where as the cross 
over frequency activation energy for the pinned dipole is 
found to be 0.70 eV and activation energy for free dipoles 
is found to be 0.60 eV for Li2FeZrO4. Along with this, the 
magnetic studies reveal that the material shows anti-ferro-
magnetic behaviour with very low ferromagnetic nature.
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