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Abstract

Supercapacitors with their fast charge/discharge efficiency, good cycling life offer remarkable
properties as energy storage devices compared to conventional energy storage systems. Li-Mn-Zn magnetic
oxtde thin films of composition Lio:Mn..ZnosFe:..O: (0.0<x<1) are synthesized by SILAR method and
sintered. Structural properties like X-ray diffraction, cation distribution and Infrared spectra studied.
Dielectric properties such as dielectric constant, and dielectric loss factor are studied. It is observed that the thin
Silms are spinal structured. The lattice constant increases with increase of Li contain. Due to enhancement of
build-up of space charge polarization and because of that an increase in the dielectric properties.
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Introduction

Supercapacitors are most suitable and innovative choice for green energy storage devices
because of its fast recharge ability, high energy and power density, long cycle life and safe operation.
Supercapacitors fulfill the gap between conventional capacitors and batteries. Global warming,
environmental pollution, shortage of fossil fuel and increase in cost of it is economically not good.
Because of less availability of nonconventional energy sources it is necessary to develop safe, green
and clean energy sources [17. In order to meet the demand of energy electronic battery is used in
electronic vehicles and devices [2-47] but due to low power density and maintenance it is not
convenient to use. Lithium-ion batteries, sodium-ion batteries, and supercapacitors has been
attracted much attention, because they embrace the great potential in an extensive range of
applications [8-107. Different metal oxides like TiO2 [117], RuO2 [127], MnO2 [137], Fe203 [14]],
are extensively studied as electrode materials for pseudo capacitors. Among these transition metal
oxides, RuO2 is the most popular active material as supercapacitor electrodes because of its higher
specific capacitance (2192 F g-1 at 2 mV s-1 scan rate) with low ESR, good electrical conductivity,
and broad potential window (0.0-1.0 V) [15,167]. The usage of thin film technology has transformed
the area of electronics, optics, energy storage devices supercapacitors, sensors and magnetism, etc.
[17-187. The SILAR (Successive Ionic Layer Adsorption and Reaction) technique was reported for
preparation of oxide thin films by Ristov et al. [197. The capacitance depends on many conditions
like method of synthesis, grain size and chemical composition. The ferrite materials are considered
as potential electrodes in supercapacitor because of their low price, environmental benignity,
different oxidation states, and their large abundance [20-247. Their synthesis process is simple and
suitable for production at industrial scale. MFe,O4 (M = Mn, Co, Ni, Zn, or Mg) ferrites have been
used in supercapacitor. These binary oxides can offer large capacitance due to involvement of two
ions in redox reactions [257]. When the magnetic material is sintered under reducing condition the
valence state changes and the individual cation is formed in the sample shows high conductivity
when such material cooled in an oxygen atmosphere it is possible to form film of high resistivity

re67.

Experimental:

Thin films with general formula LiosMny/eZngsFeox/004 (0.0<x<1) were prepared by
SILAR method using the AR grade compounds Fe (NO3) -9H,0, Zn (NO3)2:6H,0, Li (NOs)2-4H,0,
Cu (NOs)2:6H.0, HoC,04.2H,0 as starting materials.
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Zink nitrate, Manganese nitrate, Copper nitrate
and Ferric nitrate were used as starting materials. Reaction
procedure was carried out in air atmosphere without
protection of inert gases. The molar ratio of metal nitrates
to citric acid was taken as 1:3. The metal nitrates were
dissolved in a minimum amount of double distilled water to
get a clear solution and ammonia solution was slowly added
to maintain the PH. The mixed solution was kept on to a
hot plate with continuous stirring. The substrate was spin
coated by the precursor solution at 8000rpm after that
calcinated. This process was repeated for increasing the film
thickness. Post-annealing of the precursor films was
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Result and discussion:

The X-ray diffraction patterns are obtained from
Regaku miniflex II set up at the angle 2°/m in between 20°
to 80°. Thin film samples were kept in the cavity for
analysis at room temperature. The XRD patterns show
peaks corresponding to Li-Mn-Zn ferrites and the absence
of any other impurity phase. Substitution of Li by Mn
increases the overall crystallinity of the spinel phase and all
the peaks are indexed as reported on ASTM cards.
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Figure 1. XRD patterns of LiosMny/eZno sFegx /204

The XRD patterns for present Mn doped thin
films having thickness 1pm were analyzed with comparing
Li-Zn thin films. Compared samples shows simple cubic
structure and also increase in 440 peak shows the increase in
lattice constant. It show that the migration of Li%* ions from
octahedral to tetrahedral site. The cation distribution in the

present system was obtained from the analysis of X-ray
diffraction patterns. In this method the observed intensity
ratios were compared with the calculated intensity ratios. In
the present study Bertaut method is used to determine the
cation distribution [287. This method selects a few pairs of
reflections according to the expression.

J{'C)lxs J{-Clalca
T hki T hkl
] Obs. [ Calc. (1)
'k 'l' 'k 'Z'
Comp)(isition d;:o\ d:;( Tetra Edge (A°) Octa Edge (A°)
0 1.907 2,054 3.112 2.821
0.2 1.904 2.050 3.104 2.823
0.4 1.905 2.052 3.123 2.822
0.6 1.908 2.053 3.124 2.828
0.8 1.102 2.055 3.126 2.912
1.0 1.112 2.058 3.128 2.985

Table 1: Tetrahedral and octahedral bonds and edges

Obs. Calc.
Where, ]hkls and ]h/flc are the observed and calculated intensities for reflection (hkl), respectively. The atomic scattering

factor for various ions was taken from the literature [297. It should be added that the calculated integrated intensities are valid at

0°K. Since the observed values are obtained at room temperature, a suitable correction is in principle necessary for the precise

comparison. The variation of mean ionic radius of the A-site (ra) and of the B-site (rg) with x.
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Figure 2. Lattice constant with increasing Mn+*3ions.
Figure 3. IR spectra of Lio sMny/oZng sFes/o04 cm!

Dielectric properties of prepared thin films depends on several factors like method of synthesis, Chemical composition etc.
The sample mount used for measurement of capacitance an loss is shown in fig.
The capacitance bridge can be used for measurement of capacitance and dissipation factor. The dielectric constant of given
sample is calculated by given formula i.e.
C = (Co+Cs-Cy)/Co
Where,
C,- measured capacitance
C,- geometrical capacitance
C,- capacitance of sample holder

rr__ 7/_7/:
E’CO ()

Where, ¥_ and ) are DC conductivity and AC conductivity respectively, &' is dielectric constant and @ is frequency.

E

The approximation of experimental dependence was performed in accordance with equation.
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Figure 4. Increase in dielectric constant with temperature

The temperature dependence of dielectric constant
is due to polarization effect. The space-charge polarization is
governed by the number of space-charge carriers. With the
rise in temperature the number of carriers increases,
resulting in an enhancement of build-up of space charge
polarization and because of that an increase in the dielectric
properties.

Conclusions:

This work suggests that high quality Magnetic
oxide thin films can be prepared by SILAR method. The
surface of these materials play major role in supercapcitors.
These materials works on redox process. The X-ray
diffraction confirms the spinal structure of material. IR
spectra confirms the spinel structure and gives information
about the distribution of ions between tetrahedral site and
octahedral site. With the rise in temperature the number of
carriers increases, resulting in an enhancement of build-up
of space charge polarization and because of that an increase
in the dielectric properties.
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