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Abstract: The structural and electrochemical properties of cobalt (Co
2+

) doped GdAlO3 nanoparticles have been inves-

tigated. Structure analysis was carried out using X-ray diffraction (XRD) and Transmission electron microscope tech-

nique (TEM). The electrochemical properties of the GdAlO3:Co
2+

 (3 mol %) was measured using cyclic voltammetry 

(CV) and electrochemical impedance spectroscopy (EIS) measurements using 1 M KOH electrolyte and 1 M KOH 

electrolyte with 2 ml of Paracetamol. The cyclic voltammetry measurements indicate that the reversibility of the elec-

trode reaction increases while adding 2 ml of Paracetamol. Whereas, the EIS measurements reveal that a reduction in 

the charge transfer resistance increases capacitance of the GdAlO3:Co
2+

 electrode. 

Keywords: Combustion; Fourier transform infrared; Diffuse Reflectance; Cyclic voltammetry; Electrochemical imped-

ance spectroscopy  

1. Introduction 

In 21st century, energy is a fundamental worldwide 

issue for the human society .Energy we needed is pro-

vided by fossil fules.But it is not renewable and also it 

emits pollutants while burning which degrade the envi-

ronment and green-house gases lead to global warming 

problem
[1,2]

. Such frameworks require the advantages of 

compactness and en-ergy effectiveness while being en-

vironmental friendly
[3]

. The technology and systems of 

an external thermal inter-face or that of an external elec-

trical interface embrace by Energy conversion and stor-

age systems
[4]

.Based on amount of energy and power 

available for the load they are categorised into groups 

which includes batteries, fuel cells, capacitors and su-

percapacitor
[5,6]

. 

Among various energy storage systems electro-

chemical capacitors also known as super capacitor can 

provide high power capabilities, excellent reversibility 

and long cycle life
[7,8]

 and it bridges the energy gap be-

tween capacitors (high power output) and fuel 

cells/batteries (high energy storage)
[9,10]

. Many research-

es focussed for the improve-ment for the better perfor-

mance of supercapacitors by using carbonaceous com-

pound, metal oxides, conducting polymers and the asso-

ciated hybrids/ composites as promising electrode mate-

rials
[11-13]

. 

Complex oxides like ABO3 are a class of chemical-

ly and thermally stable materials, which are suitable for a 

wide range of applications, such as magnetic, optical, 

ceramics, and catalysis
[14]

. Among these Rare earth ortho 

aluminates REAlO3 materials are better candidates, be-

cause of their excellent properties, like high thermal sta-

bility, high me-chanical resistance, hydrophobicity, and 

low surface acidity
[15]

. In previous studies it is found that 

gadolinium aluminate (GdAlO3) is a potential host sys-

tem for materials with oxygen ion conductivity
[16]

. 

In order to study the effect of cation dopant on the 

structure, Cyclic Voltammetry and ac impedence of per-

ovskite GdAlO3, In this paper GdAlO3:Co2+ pre-

paired by solution combustion method
[17]

 and studied its 

characteristics, Diffuse reflectance spectra (DRS) and 

Fourier Transform Infrared (FTIR), in addition to that 

comparative study of CV, EIS
[18]

 in presence and absence 

of  Paracetamol in 1 M KOH electrolyte.
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2.  Experimental 
2.1 Preparation of sample  

GdAlO3:CO
2+

 (1-7 mol %) synthesised using the 

solution combustion method by using stoichiometric 

quantities of gadolinium nitrate [Gd (NO3)3], aluminium 

nitrate (Al (NO3)2, cobalt nitrate CO (NO3)2, laboratory 

prepared Oxalyl dihydrazide (ODH:C2H6N4O2) fuel were 

dissolved in doubled distilled water. A homogeneous 

solution obtained after stirring 15min. The resultant solu-

tion was placed in a furnace pre heated at 400oC for, 

until surplus free water evaporated and natural ignition 

occurred ensuing in a fine powder product obtained after 

grinding. Finally, the as prepared powders were calcined 

at 1000 °C for 3 h. The resulting GdAlO3: CO
2+

powder 

were cooled down to room temperature and mixed 

well by using a pestle and mortar
[17]

.  

2.2 Preparation of the modified electrode 

The sample, graphite powder and silicone oil ratio 

was 15:70:15 % by weight and were mixed in an agate 

mortar for about 40 min. the carbon paste was packed in 

to the of homemade carbon paste electrode and then 

smoothened on a tissue paper till the surface become 

uniform.  

2.3 Instrumentation 

The crystalline nature of the powder sample is 

characterized by PXRD using X-ray diffractometer 

(Shimadzu) (operat-ing at 50 kV and 20mA by means of 

CuK( (1.541Å) radiation with a nickel filter at a scan rate 

of 2omin-1). Trans-mission Electron Microscopy (TEM) 

analysis is performed on a JEOL, JEM-2100 (accelerat-

ing voltage up to 200 kV, LaB6 filament) . diffuse re-

flectance spectra (DRS) were recorded using Shimadzu 

UV–visible spectrophotom-eter model 2600. Fourier 

transform infrared (FTIR) studies of the samples are 

performed with a Perkin Elmer FTIR spectrophotometer 

(Spectrum-1000). For cyclic voltammetric tests, the 

measurement was performed on a CHI604E potentiostat 

with a trielectrode system, consisting of nickel hydroxide 

electrode, platinum wire and Ag/AgCl as working, coun-

ter and reference electrodes respectively and the electro-

lyte being a 1 M KOH solution. The potential range was 

−0.2 V to 0.6 V (vs. Ag/AgCl electrode) and the scanning 

rate was 10 mV/s, 20 mV/s, 30 mV/s, 40 mV/s and 50 

mV/s. In addition, with AC amplitude of 5 mV and fre-

quency range of 1 Hz to 1 MHz, EIS measurements were 

also carried carried out. 

 

3. Results and discussion  
3.1 PXRD Analysis 

The XRD pattern of 1000 °C calcinated combustion 

product indicate that fully crystallized single phase 

GdAlO3:CO
2+

 were obtained as shown in the Figure 1. 

 
 

 
Figure 1.  PXRD patterns of undoped and Co2+  (3 mol%)doped GdAlO3. 
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All the peaks in the XRD pattern are in good 

agreement with JCPDS File No. 46-0395
[19]

, demon-

strating the formation of GdAlO3 phase with orthorhom-

bic perovskite structure indicates that all the do-

pants(CO
2+

) have successfully been incorporated into the 

host matrix(GdAlO3). The effect of crystallinity on the 

crystallite size of the samples crystallite size (D) was 

estimated from the line broadening in X-ray powder us-

ing Scherrer’s formula
[20]

. 

D =
Kλ

βcosθ
− − − − − − (1) 

where, ‘K’; constant, ; wavelength of X-rays, and ‘’; 

FWHM was found to be in the range 15-25 nm. 

3.2 Transmission electron microscope (TEM) 

The morphology, structure and particle size of the 

prepared GdAlO3:CO
2+

sample characterize by TEM im-

age. Selected Area Electron Diffraction (SAED) pattern 

and particle size distribution as shown in Figure 2a and 

Figure 2b. The ring nature of the electron diffraction 

pattern is an indicator of the polycrystalline nature of the 

crystallites. The crystal structure and particle size 20nm 

obtained by the analysis of TEM micrograph which was 

in good agreement to those obtained by Scherrer’s for-

mula. 

3.3 Fourier transformation infrared spec-

troscope (FTIR) of GdAlO3: Co
2+

 

Figure 3 shows the FTIR spectra of solid state syn-

thesized GdAlO3:Co
2+

 (3 mol %). A strong band between 

400 and 800 cm
−1

 are the characteristic of Metal-Oxygen 

stretching vibrations and O-M-O bending vibrations for 

the perovskite structured compounds
[21]

. The A strong 

absorption peak at 683 cm
-1

 corresponds to Gd/M-O vi-

brational modes. The band at 457cm
-1

 attributed to the 

CO-O stretching
[22,23]

. A narrowband at 1594 cm
−1 

as-

signed to the stretching and bending modes of adsorbed 

water. 

 

 
Figure 2. a) TEM and b) SAED images Co

2+ 
doped GdAlO3. 

 

 
Figure 3.  FT-IR spectra Co2+ of doped GdAlO3. 
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Figure 4 a).   Diffuse Reflectance Spectra of Co

2+  
of doped GdAlO3. 

 
b). Band gap values of Co

2+  
of doped GdAlO3. 

3.4 Optical studies  

In the optical studies, diffuse reflectance spectra 

were measured and band gap calculated from diffuse 

reflectance spectra. The diffuse reflectance spectra of the 

doped sample were measured against reference standard 

spectra. A sharp band at 255 nm was observed for the 

samples as shown in Figure 4a. 

This corresponds that light having this particu-

lar wavelength was absorbed. Band gap calculated based 

on Kubelka Munk
[24,25]

 theory for the Co
2+

 (3 mol%) 

doped GdAlO3 nanophosphor. The relation between the 

diffuse reflectance of the sample (R), absorption coeffi-

cient (K) and scattering coefficient (S) is given by the 

Kubelka-Munk function F(R).  

  

F(R) =
(1 − R)2

2R
=

K

S
− − − −(2) 

Tauc relation for direct band gap is the relation be-

tween band gap (Eg) and linear absorption coeffi-

cient (α) of a material, Tauc relation is given by 

                                            

αhν =  C1(hν − Eg)1/2 − − − − − − − (3) 

Considering the scattering coefficient ‘S’ as constant 

with respect to wavelength, and combining Eqs. (3) 

and (4), result in the following expression, 

 [F(R∞)hν]2  =  C2(hν − Eg) − − − − − − − (4) 

From the plot of (F(R)hν)
2 
versus hν, the value of Eg was 

obtained by extrapolating the linear fitted regions to 

(F(R∞)hν)
2
=0. The curve of Figure 4b exhibits non-

linear and linear portions, which is the characteristic 

of direct allowed transition. The nonlinear portion 
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corresponds to a residual absorption involving im-

purity states and linear portion characterizes the 

fundamental absorption. The band gap s found to be 

which is equal to 4.7 eV. 

 

3.5 Cyclic voltammetry (CV) 

CV is an electrochemical technique which measures 

the current that develops in an electrochemical cell under 

conditions where voltage is in excess of that predicted by 

the Nernst equation. CV is performed by cycling the po-

tential of a working electrode, and measuring the result-

ing current. 

Cyclic voltammetry is a commonly used method of 

measuring the reduction potential of a species in solu-

tion.  The species may be a coordination complex or a 

redox-active organic compound, for example.  Cyclic 

voltammetry provides additional data that can be inter-

preted to make conclusions about the reduction/oxidation 

reaction and the stability of the species resulting from the 

electron transfer
[26,27]

. 

In cyclic voltammetry, rather than measuring the 

voltage produced by a reaction as we discussed before, a 

voltage is instead applied to the solution.  The voltage is 

changed over time and current through a circuit is moni-

tored.  When the voltage reaches a point at which a re-

duction/oxidation is induced, current begins to flow.  A 

cyclic voltammogram is a plot of current versus applied 

voltage.The potential of the working electrode is meas-

ured against a reference electrode which maintains a 

constant potential, and the resulting applied poten-

tial produces an excitation signal as shown.  

Figure 5a shows CV recorded in 1 M KOH elec-

trolyte for Cobalt doped GdAlO3 in 1M KOH electrolyte 

at five different scan rates (10, 20, 30, 40 and 50 

mVs
−1

)
[28]

. CVs provide valuable information on reduc-

tion oxidation (charge-discharge) behavior of electrodes. 

Here, the capacitance was mainly based on the redox 

reaction because the shapes of the CVs were distin-

guished from the shape of the electric double-layer ca-

pacitance, which is normally close to an ideal rectan-

gle
[29,30]

. As the scan rate was increased, the current re-

sponse, which is a measure of the capacitance, also in-

creased. The relatively higher current density for the 

Cobalt doped GdAlO3 indicates good rate capability 

for battery and supercapacitor applications. Fig. 5b 

shows CV of Cobalt doped GdAlO3 in 1 M KOH elec-

trolyte with 2 ml of Paracetamol, this results shows the 

prepared electrode material is used for sensor applica-

tions. 

3.6 AC impedence 

With AC amplitude of 5 mV and frequency range of 

1Hz to 1 MHz, EIS measurements were also carried out. 

Figure 8 represents the electrochemical impedance spec-

tra of Cobalt doped GdAlO3 .The spectra shows a de-

pressed two-dimensional figure ensuring charge transfer 

resistance within the high-frequency region, and a slope 

associated with Warburg resistance within the 

low-frequency region
[31,32]

. The charge transfer resistance 

(Rct) and double layer capacitance (C) values obtained 

from fitting the equivalent circuit Figure 6a for imped-

ance spectra, as given in Table 1GdAlO3 in 1M KOH 

electrolyte. 

 

 

 

 

 

 

 
Figure 5. Cyclic voltammogram of Co2+ doped GlAl2O3 (a) in 1M KOH electrolyte. (b) in KOH electrolyte with 2 ml of Paraceta-

mol. 

 

 

 

0.4 0.2 0.0 -0.2 -0.4

-0.006

-0.004

-0.002

0.000

0.002

0.004

C
u

r
r
e
n

t/
A

Potential/V

 10 mV/s

 20 mV/s

 30 mV/s

 40 mV/s

 50 mV/s

0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8 -1.0

-0.004

-0.003

-0.002

-0.001

0.000

0.001

C
u

r
r
e
n

t/
A

Potential/V

 10 mV/s

 20 mV/s

 30 mV/s

 40 mV/s

 50 mV/s

(a) (b)



 

6 | P.K. Jisha et al. Progress in Energy & Fuels 

 

 

Name of the electrode 

Charge-transfer resistance     (RCt) Capacitance of double layer (Cdl) 

Cobalt doped GlAl2O3 in 1M KOH 

electrolyte 

0.0336 5.517×10-4 

Cobalt doped GlAl2O3 in 1M KOH 

electrolyte with Paracetamol 

27.38 6.638×10-8 

Table 1. Capacitance and resistance of different electrodes 

 

 

 

 
Figure 6. (a). AC impedance spectra of Co2+ doped GlAl2O3 in 1M KOH electrolyte. 

 

 
(b). AC impedance spectra of Co

2+ 
doped GlAl2O3 in 1M KOH electrolyte with 2 ml of Paracetamol. 
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The Figure 6a represents Warburg part that is with-

in the low-frequency region of impedance spectra; Q1 

represents the constant section that is parallel to the 

charge-transfer resistance (Rct) and also the low fre-

quency capacitance (Q2), and is additionally parallel to 

the outflow resistance (Rl). In general, for a plate-like 

electrode, the Warburg slope is proportional to 1/CD
1/2 

and is about 45
0
 wherever C is the concentration of dif-

fusive species and D is the hydrogen diffusion 

co-efficient. This model is satisfactory for a straight for-

ward reaction on plate-like electrodes however, for a lot 

of difficult reactions and porous electrodes; this is not 

adequate. Porous electrodes have a more complicat-

ed behaviour
[33,34]

. The Warburg slope of a porous elec-

trode is between 22.5
0
 and 45

0
, based on characteristics 

of an electrode with semi-infinite pores. It is seen from 

Figure 6b that the behavior of conductor C is compara-

ble to a plate-like electrode. The charge transfer re-

sistance (Rct) and double layer capacitance (C) values 

measures the two-dimensional figure at high frequencies 

as observed in the resistance plot. From these plots, it is 

clear that the charge transfer resistance is low in the 

electrode with GdAlO3 :CO
2+

additive, followed by a rise 

in the capacitance of the electrode.  

 

4. Conclusion  
Cobalt doped GdAlO3 compositions were pre-

pared by solution combustion method. The structure 

were analysed by PXRD and TEM. The CV studies 

clearly indicate that Paracetamol additive were success-

ful in increasing the reversibility by reducing the EO-ER 

value of the electrode reaction. The RCt and double layer 

capacitance of the electrodes were recognized by fitting 

the equivalent circuit for EIS spectrum. Paracetamol ad-

ditive enhances the performance of the positive elec-

trode by reducing the resistance of the GdA-

lO3:Co
2+

electrode. As a future perspective, we believe 

that GdAlO3:Co
2+

 composite material could be a prom-

ising electrode material for the fabrication of various 

sensors, super capacitors and solar cells. 
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