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In the present work, an evaluation of the structural and electrical properties of a compound (LiZnVO,) has
been undertaken. This compound was prepared by solution-based chemical route. The electrical proper-
ties were measured using a.c. impedance spectroscopy method in the frequency range of 103-106 Hz at
various temperatures from 28 to 300 °C. X-ray diffraction study indicates a rhombohedral unit cell struc-
ture with lattice parameters a=14.1934 A, b=14.1934 A, c=9.4926 A, V=1656.12 (A)3, «=90°, 8=90° and
y=120°. Afield emission scanning electron micrograph reveals a polycrystalline texture of the compound
with grains of unequal sizes ~0.2-2.0 wm. The electrical conduction in the material is a thermally acti-
vated process due to the bulk effect. Frequency dependence of a.c. conductivity obeys Jonscher’s universal

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Lithium-containing transition metal oxides have continued to
attract attention over the years [1-9]. They have a large non-
stoichiometry and high-valence state of transition metal ions,
which affect the physical (electrical, magnetic, dielectric, etc.) prop-
erties to provide useful information [5]. Furthermore, the physical
properties of these oxides are controlled by the preparation condi-
tions, chemical composition, sintering temperature and time, type
and amount of substitutions. Electrical measurements have been
considered as an important tool for studying the electrical transport
properties of these materials [6,10-15]. The a.c. impedance spec-
troscopy is a very convenient and powerful experimental technique
for electrical measurements. This technique enables us to correlate
the electrical properties of a material with its microstructure, and
also helps to analyze and separate the contributions from various
components (i.e., grains, grain boundary, interfaces, etc.) of poly-
crystalline materials in the wide frequency range [10-15]. From
the measured data, the complex impedance function is computed
as Z' =7 —jz’, where Z and Z” are the real and imaginary parts of
Z respectively, and j=(—1)"/2. The complex impedance diagrams
helps to build up an equivalent circuit model for the conduction
process of charged carriers [10-15]. Many researchers have used
a.c. impedance spectroscopy technique to characterize the elec-
trical transport properties of lithium-containing transition metal
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oxides [6,16-22]. In the present work, | have studied the structural
and electrical properties of a lithium-containing transition metal
oxide (LiZnVOy,), which is prepared by solution-based chemical
route. The electrical properties of this oxide are studied using an a.c.
impedance spectroscopy technique. Crystal structure is examined
by X-ray diffraction method.

2. Experimental procedures
2.1. Material preparation

A solution-based chemical route was used to synthesize the LiZnVO, fine pow-
der. The stoichiometric amounts of highly pure LiNO3, Zn(NO3 ),-6H,0 and NH4VO3
were dissolved in distilled water and mixed together. Thereafter triethanolamine
was added maintaining a ratio of 3:1 with metal ions. HNO3 and oxalic acid were
added to dissolve the precipitate and then the clear solution was evaporated at tem-
perature (~200°C) with continuous stirring. A fluffy, mesoporous and carbon-rich
precursor mass was formed by complete evaporation of the solution. After grind-
ing, the voluminous, fluffy and black carbonaceous mass was calcined at 550°C for
2h to produce a desired phase, which is confirmed by X-ray diffraction analysis.
The calcined powder was cold pressed into circular disc shaped pellet of diam-
eter 12-13 mm and various thicknesses with polyvinyl alcohol as a binder using
hydraulic press at a load of ~3-4 tonnes. These pellets were then sintered at 575 °C
for 1.5 h followed by slow cooling process. Subsequently, the pellets were polished
by fine emery paper to make their faces smooth and parallel. The pellets were finally
coated with conductive silver paint and dried at 150°C for 3 h before carrying out
electrical measurements.

2.2. Material characterization

Thermogravimetry (TG) and derivative thermogravimetry (DTG) of material
powder (fluffy, mesoporous and carbon-rich precursor mass) was carried out using a
simultaneous thermal analyzer (Perkin Elmer, Model: Pyris Diamond). X-ray diffrac-
tion of the calcined powder was studied at room temperature using a diffractometer
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Fig. 1. TG and DTG curves of the precursor mass of LiZnVO,.

(PANalytical PW 3040/60 X'Pert PRO) in the angle range 19° < 26 < 80° on being irra-
diated by Cu K, radiation of wavelength equal to 1.5419 A. The surface morphology
of the gold-sputtered sample was recorded with different magnifications at room
temperature using a ZEISS (Model: SUPRA™ 40) field emission scanning electron
microscope. Electrical impedance, phase angle, tangent loss and capacitance were
measured by applying a voltage of ~0.701 V using a computer-controlled frequency
response analyzer (HIOKILCR Hi TESTER, Model: 3532-50) with varying temperature
over the frequency range of 103-10° Hz.

3. Results and discussion

Fig. 1 shows the TG and DTG curves of the material powder
(fluffy, mesoporous and carbon-rich precursor mass). TG curve
shows loss of mass on heating the material. The small depressions
at points A (~355°C),B(~407 °C)and C (~504 °C) may be attributed
to mass loss due to the release of surface absorbed water present
in the material, initiation of intermediate reaction steps among
precursors and evolution of gases like CO, and NO,, etc. towards
the end of the reaction [23,24]. The mass loss appears to stop at
the point D (~535°C), which indicates the completion of reaction
and formation of compound above point D. The observations of
TG study are found to be in close agreement with DTG curve. DTG
curve shows peaks at the points E (~356°C), F (~406°C) and G
(~506°C), which may be attributed to mass loss due to the release
of surface absorbed water content, intermediate reaction steps and
residual gas evolution towards the end of the reaction, when mass
loss stagnates [23,24].

X-ray diffraction pattern of LiZnVO, at room temperature is
givenin Fig. 2, which confirms the formation of a single-phase com-
pound. A standard software (POWD MULT) is used to index all peaks
[25]. A rhombohedral unit cell structure is selected on the basis
of good agreement between observed and calculated interplaner
spacing (d-values). The least squares refined lattice parameters
(as evaluated using the software) are a=14.1934A, b=14.1934A,
c=9.4926A, V=1656.12(A)?, «=90°, B=90° and y=120°. These
values are in good agreement with the JCPDS standard (Reference
code: 38-1332).

Fig. 3 presents a field emission scanning electron micrograph at
room temperature of material’s sintered pellet. It is clear from the
micrograph that the grains are densely packed in the sintered pellet
and are granular in shape. This shape and distribution of grains in
the microstructure exhibit the polycrystalline nature of the mate-
rial. The grain size has been measured by linear intercept method
[26] and it is in the range of ~0.2-2.0 wm. Furthermore, the grains
of unequal sizes present an average grain size with polydisperse
distribution on the surface of the ceramic.
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Fig. 2. X-ray diffraction pattern of LiZnVO,4 at room temperature.

Fig. 3. Field emission scanning electron micrograph of LiZnVO,4 at room tempera-
ture.

The Nyquist plots [i.e., Z' versus Z' graph) at different tempera-
tures are given in Fig. 4. Depressed semicircles are observed in the
pattern, which suggest the non-Debye type behavior of the mate-
rial [10]. The presence of single depressed semicircle at studied
temperatures indicates that electrical conduction in the material is
due the bulk property of the material [10,27]. It is modeled by an
equivalent electrical circuit (a parallel R-C circuit), which is given
in Fig. 4 (inset). The intercept of the semicircle on the real axis gives
the value of bulk resistance (Ry,). The value of d.c. conductivity (o4c)
has been calculated using the relation (oq4c =t/RpA), where t is the
thickness of the sample and A is the effective area of the electrodes.
The variation of log 4. with 103/T is given in Fig. 5. It is seen from
Fig. 5 that the value of o4 increases with rise in temperature and
follows an Arrhenius relation [0y, =0, exp(—Ea/kT)], where o, is
the pre-exponential factor corresponding to 1/T=0, E, is the acti-
vation energy for charge transfer, k is the Boltzmann constantand T
is the absolute temperature [28-32]. These features suggest about
electrical conduction in the material as a thermally activated pro-
cess. The value of E; is calculated with the help of Arrhenius relation
and slope of Fig. 5 as ~(0.078 4-0.002 eV at 28-200°C).

The frequency dependence of Z’ at different temperatures is
presented in Fig. 6. It is observed that the values of Z’ decrease
with rise in temperature and appear to merge at high frequency
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Fig. 4. Nyquist plots at different temperatures with electrical equivalent circuit
(inset).
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Fig. 5. Variation of o4, as a function of temperature.
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Fig. 6. Frequency dependence of Z" at different temperatures.
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Fig. 7. Frequency dependence of o, at different temperatures.

side. This merger of curves at high frequency side is due to the
depletion of space charges [33,34].

Fig. 7 gives frequency dependence of a.c. conductivity (oac) at
different temperatures. It is seen from Fig. 7 that o5 decreases with
decrease in frequency and becomes independent of frequency after
a certain value. This value is known as hopping frequency, which
shifts towards the high frequency side on increasing the temper-
ature. The part below the hopping frequency is corresponding to
the o4.. These features suggest that the mechanism of electrical
conduction in the material is a hopping type, which follows the
Jonscher’s power equation [o(w)=04c +A(w)"], where n is the fre-
quency exponent in the range 0<n<1 and A is a constant that
depends upon temperature [29,35,36]. Furthermore, increasing
nature of o, with temperature suggests about electrical conduc-
tion in the material as a thermally activated process.

4. Conclusions

A solution-based chemical method was used to prepare
LiZnVOy4. X-ray diffraction study reveals a rhombohedral unit cell
structure of the compound. The field emission scanning electron
micrograph shows a polycrystalline texture of the compound with
grains of unequal sizes ~0.2-2.0 pm. Impedance plots show the
non-Debye type behavior of the material and electrical conduction
in the material due to the bulk effect. A detailed study of the conduc-
tivity indicates electrical conduction in the material as a thermally
activated process.
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