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1 INTRODUCTION
Lithium based compounds are important materials in the charge 
storage device[2]. Lithium based ceramics also nd their applications 
as test blanket.  In lithium based compounds, lithium releases its outer 
electron easily and ceramics are mostly dielectric in nature and 
titanates are known for their very high dielectric constant[2][3].  The 
present article gives an insight on the electrical behavior of lithium in 

2+ double perovskite structure.  Partial replacement of lithium with Ni
resulted in no signicant behavioral change.

2 SYNTHESIS PROCEDURE
The starting materials are lithium monohydrate (Sigma- Aldrich, 97%, 
LiOH.H O), and nickel nitrate (Sigma-Aldrich, 97.0%, Ni(NO ) . 2 3 2

6H O) and titanium butoxide (Sigma-Aldrich, 97.0%, Ti(OC H ) ). 2 4 9 4

The details of sol-gel synthesis are published in our previous article 
[1]. The obtained gel from the sol-gel technique is dried. Further 
obtained powder is calcinated at 900 °C and sintered at 1100 °C for 45 
min using microwave furnace[4]. The conductivity measurements are 
carried on a pelletized sample using LCR bridge (HIOKI-HI Tester 50-
3532).

3 RESULTS AND DISCUSSION
The single phase formation of double perovskite LNT is conrmed 
using the powder X-ray diffraction. The details of the structure and 
microstructural properties are discussed elsewhere [1]. The perovskite 
formation is conrmed by the Goldschimit tolerance factor (t) given in 
relation (1) [5].

Where, R , R  is the ionic radii of the A-site and B-site cations and RA B o
2-are the ionic radii of O  ions.  Perovskite structure is said to be stable if 

't' is between 0.8 and 1.1.  On increasing the nickel concentration the 
perovskite formation t-value decreases.  The calculated 't' value for 
LNT is  plotted in Fig 1. As the concentration of nickel increases 't' is 
found to decrease linearly setting a limit on the nickel concentration in 
the series[6].  

2+Fig 1: Tolerance factor at different N  compositioni

3.1 AC CONDUCTIVITY OF LNT
Ac electrical conductivity as a function of 1000/T with different nickel 
concentration is shown in Fig 2 at 1 kHz and Fig 3 at 10 kHz. The 
temperature dependent conductivity will explain the intrinsic and 
extrinsic behavior of the material.  It is observed that there are three 
different regions of conductivity of LNT.  The decrease in conductivity 
with temperature is the low temperature region III (<80°C) suggest 
metallic behavior is this region.  However on further increase of 
temperature (region II) the conductivity increases linearly then at very 
high temperatures (region I) a rapid steep rise is observed.  This is 
semiconducting type of behavior with temperature. At this temperature 
the material can be used as a thermal switch. This change of conduction 
behavior at around 80°C can act as an instrument safety and health 
measure to control the electrical supply through the system/device.  
The sudden change is conduction mechanism might be due to 
thermally generated charge carriers.  Further at high temperature the 
conductivity due to different nickel concentrations are merging with 
each other at both the frequencies.  This suggests that at high 
temperatures the thermally generated charge carriers reach saturation.   
These plots clearly show the multiple conduction and different 
activation energies.  The activation energies are evaluated from Fig 1 
and Fig 2 the values are tabulated in Table 1. Activation energy is 
calculated from the linear variation of ac conduction with 1000/T using 
Arrhenius relation (2)  

σ = σ exp (-E /kT)      (2)ac o a

Where, σ is the ac conductivity pre-exponential factor and E  is the ac o a

conductivity activation energy and k is the Boltzmann constant [7].  
The donar or acceptor ionization energies are usually 0.1eV as 
observed in region I.  The activation energies ≤0.1 eV suggests band 
type of conduction in temperature range of region I and II.  Very low 
values of E  in the low temperature regions III and II once again a

conrms metallic and semiconducting band nature as observed from 
the plots [8].   However in the high temperature region I, the steep rise 
and activation energy ≥0.1 eV suggests electron hopping between 
multivalent cations. Thus at very high temperatures the conduction is 
purely due to electron hopping and the mechanism shifts from band 
type to hopping.

The polycrystalline nature of Li Ni Ti O  (where X = 0, 0.25, 0.50, 0.75) (LNT) were synthesized by sol-gel method and (4-2x) x 2 6

microwave processing method.  The powder X-ray diffraction technique conrms the monoclinic crystal structure and 
C2/c space group.  The high resolution scanning electron microscope studies revealed particle size 30 [1].  The temperature scan of conductivity 
demonstrated the existence of thermally generated charge carriers.  The conduction mechanism in LNT compositions is discussed and found to be 
band type conduction. 
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Fig 2: AC conductivity with 1000/T at 1 kH  and 10 kHz z

Table 1: Activation Energy at 1 kHz and 10 kHz frequency

CONCLUSION
The LNT is successfully synthesized by sol-gel method and 
microwave sintering process.  The perovskite structure formation and 
stability is established the Goldschimit tolerance factor.  The thermal 
spectra of ac conductivity exhibited metallic nature in the low 
temperature region and semiconducting behavior in the high 
temperature region.  This behavior can be explored in conditional 
semiconducting devices.  
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Ni concentration 1 kHz 10 kHz
E1 E2 E3 E1 E2 E3

0.00 0.137 0.029 0.007 0.131 0.026 0.005
0.25 0.106 0.029 0.014 0.102 0.026 0.014
0.50 0.104 0.023 0.012 0.081 0.019 0.011
0.75 0.126 0.189 0.048 0.115 0.011 0.007


