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ABSTRACT 

 
Characterization of the grown cadmium oxalate single 
crystals is an essential requirement to describe, confront and 
explain their various properties. Cadmium oxalate trihydrate 
(CdC2O4·3H2O) single crystals suitable for the present 
investigation were grown using controlled diffusion process 
in silica gels. The investigation on electrical parameters of 
cadmium oxalate has been carried out to understand the 
mechanism of charge transport. The dc conductivity of 
cadmium oxalate occurs between the normal conductivities of 
semiconductor and insulator. The obtained value of exponent 
p (=0.54) characterises Efros hopping conduction mechanism 
in our sample. The activation energy required to move 
permanent intrinsic defects in the crystal lattice is equal to 
0.75 eV.  
 
Keywords: gel method, oxalate crystal, dc conductivity, 
activation energy, etc. 

 
INTRODUCTION 

 
 Electrical conductivity is an 
elegant experiment tool to probe the 
structural defects and internal purity of 
crystalline solids. The profound changes 
which occur in the physical and chemical 
nature of a material essentially are 
manifested through its conductivity data. 

Useful information regarding the mobility 
and generation as well as the movement 
of lattice defects in hydrogen bonded 
crystals can be obtained by studying the 
electrical conductivity of these crystals1. 
 

EXPERIMENTAL 
 

 Cadmium oxalate trihydrate 
(CdC2O4·3H2O) single crystals suitable 
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for the present investigation were grown 
using controlled diffusion process in 
silica gels The D.C. resistance of the 
sample was measured by ‘MEGGER’ 
megohmmeter (MM 29: U.K.). 

 
RESULT AND DISCUSSION 

 
The values of lnσdc vs 1/T plot 

contained in Fig.1 as obtained for the 
crystal has a nature similar to intrinsic to 
extrinsic transition found in electronic 
semiconductor2. Mott3 pointed out that 
the temperature dependence of the 
conductivity exhibits a universal 
behaviour as happens in the present case. 
The presence of protons able to be 
exchanged between, and hence able to 
diffuse through interspaces, makes these 
materials protonic conductors4,5. The 
variation in the electrical conductivity 

dcσ  can be made up to yield two straight 
lines of different slopes. Thus, it is to be 
believed that there exist two types of 
conduction in these materials, one at 
lower temperature, which is extrinsic type 
of conduction, and the other at higher 
temperature, which is intrinsic type of 
conduction. The activation energy in the 
extrinsic range is a measure of the energy 
required to move the permanent defects 
and that in the intrinsic range the 
conductivity is predominantly due to 
movement of defects produced by thermal 
activation.The values of lnσdc at relatively 
lower temperatures as observed normal to 
the plane (001), shown in Fig 1, are most 
probably due to lattice water of 
crystallization in the as-grown single 
crystals. The values of dcσ  (see Fig.1) 

for a single crystal were determined in the 
temperature range 305 - 573 K. The curve 
obeys Arrhenious relation, given by 

  








−=
kT

E a
dc exp0σσ     (1) 

 

where 0σ  is pre - exponential factor, Ea is 
the activation energy and k is the Boltzman's 
constant. In the middle range of 
temperatures, the conductivity shows 
gaussian nature, whose minima occurs at the 
dehydration temperature. Such two Gaussian 
curves were also found in BaHPO4

6. This is 
necessarily because the Fourier transform of 
a Gaussian profile is a Gaussian profile. 
 

Above the temperature 389 K, 
indicated around the dip in the σdc curves, 
the crystal of cadmium oxalate no longer 
remains in crystalline form due to liberation 
of the embedded three molecules of water. It 
becomes disordered. For a disordered system 
the conductivity (σ) is known to be 
expressed as 
 
σ=σ0 exp[-(To/T)p],                              (2) 
 
where σ0, the pre-exponential factor, is either 
independent or slowly varying function of T. 
The exponent p depends on the grain size 
and the temperature range of measurements. 
It may be 0.25 for Motts hopping7 and 0.5 to 
1.0 for Efros hopping8, depending on the 
variation of density of states with energy 
within the coulomb type electron-electron 
correlation, which was predicted, to lead to a 
weak gap near the Fermi level due to the 
exciton effect. In our case p = 0.544. If kT 
becomes greater than or equal to coulomb 
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gap, then coulomb gap effect does not 
become prominent.  

The exponent ‘p’ is determined 
from the temperature dependence of the 
conductivity (σ) by using the relation9. 
 

lnσ(T) = lnσ0 – (T0/T)p               (3) 
 

It may be noteworthy that the average 
value of p lies within 0.5 -0.6 which is an 
indication of the variable range hopping 

(VRH) conduction mechanism occurring 
within the coulomb gap (Efros- 
Shklovskii  hopping10). In this process, 
the electrons jump from one localized 
state to the other in which there is an 
overlap of the wave function11. The 
difference in the eigenenergies of the two 
localized states involved in the transition 
is compensated by the absorption or 
emission of phonons. 

 
 

   

Fig.1 The variation of lnσ with 1000/T for single crystal 
 
CONCLUSIONS 
 
 The D.C. conductivity of cadmium 
oxalate occurs between the normal 
conductivities of semiconductor and 
insulator. The conductivity varies with the 

temperature. The obtained value of exponent 
p (=0.54) characterises Efros hopping 
conduction mechanism in our sample. The 
activation energy required to move 
permanent intrinsic defects in the crystal 
lattice is equal to 0.75 eV. 
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