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Abstract-There is great concern of surface morphology and electricconductivity of materials to be as righteous electrode for supercapacitor 
application. Thin film electrodes of nickel (Ni)doped vanadium pentoxide (V2O5) at different doping proportions(0 wt.%, 2.5 wt.% and 5 wt.%) 
were prepared on stainless steel (SS304) substrate using electrodeposition with intention to improve ion diffusion kinetics and electric 
conductivity.Changes in the nature of these film surfaces have been tracked with X-ray diffractometer (XRD), scanning electron microscope 
(SEM) and contact angle measurements. The proportion of nickel doping was being quantified by using energy dispersive spectrum (EDS). The 
electrochemical behavior has been investigated through cyclic voltammetry. The porosity, pore density and subsequently electric conductivity are 
found to be increased as Ni doping increases. Among threefilms, the film with 5 wt.%of Niexhibited the maximum specific capacitance of412 
F/g.It is also seen that the maximum peak current was shown by the capacitor cell for5 wt.%of Ni doped V2O5electrode.It infers thatNi doped 
V2O5thin film is viable as electrode in supercapacitor. 
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1. INTRODUCTION 

Nanostructured vanadium oxides thin films and their 
composites with other transition oxides have attracted 
researchers because of their special physicochemical 
behavior and found pertinent in sensors, resonators, 
electrodes of supercapacitors and batteries [1-7]. 
However, their applications are limited due to low 
discharge voltage, slow diffusion kinetics of ions and 
low electric conductivity[8]. The research is going on in 
developing electrode with high specific area, low ohmic 
resistance and enhancing the specific capacitance with 
assistance of faradic redox reaction. As of now, 
carbon/carbon base materials, conducting polymers and 
transition metal oxides have been used as electrode 
materials [9-11]. Transition metal oxides have potential 
as electrode material due to their several oxidation states 
and reasonably good electric conductivity. Ruthenium 
oxide (RuO2), Manganese oxide (MnO2), Nickel oxide 
(NiO) and vanadium oxide (V2O5) are some of the 
transition metal oxides studied rigorously to achieve 
desirable level of specific capacitance, energy density 
and power density [12-15]. Moreover,doped metal 
oxides are being used to enhance energy density, charge 
storage capacity, power density, specific capacitance, 
ionic transport (electric conductivity) and reversibility. 
Nevertheless attempts were made to optimize the level 

of doping to make these materialsmore suitable as 
electrode. Vanadium pentoxidethin film with nickel as 
dopant hasproved as viable electrode material [7]. 

Vanadium oxide possesses oxidation states from V+2 to 
V+5 with its several oxide forms like VO, V2O3, 
V2O5.Of these oxides, V2O5 exhibits good reversibility, 
prolonged cyclability and chemical stability but it has 
low electric conductivity due to its semiconducting 
nature [16, 17].Numerous attempts were made to 
increase conductivity of V2O5by doping it with 
sometransition metal oxides.Amongseveral dopants like 
nickel,manganese, tantalum, cobalt, copper, iron, etc; 
nickel was found to be better as itis more compatible in 
stoichiometry with vanadium,havinggood electric 
conductivity and pseudo-capacitive behavior [18]. In 
present attempt, nickel (Ni) doped vanadium pentoxide 
(V2O5) thin filmswere electrodeposited on SS304at 
three different doping proportions (0 wt. %, 2.5 wt.% 
and 5 wt.%) to get the better electric conductivity and 
charge storage material. The effects of Ni doping on the 
structural, morphological, physical and electrochemical 
behavior of V2O5 film have been investigated and the 
inferences so obtained are reported. 

2. EXPERIMENTAL DETAILS: 
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Ni doped V2O5 films were deposited on SS304 
substrateby electrodeposition at constant potential of -
1.2V using bath of analytical grade vanadium tri-
chloride (VCl3) and nickel chloride (NiCl2). The pH and 
molarities of deposition bath were maintained at 2 and 
0.1M respectively. Different weight percentage (0%, 
2.5%, 5%) of nickel concentration were doped. For 
example, for 5wt.%, bath was containing 25 ml of VCl3 
and 1.25 ml NiCl2.Electrodeposition was carried out for 
15 minutes in each case and films were rinsed under 
distilled water and dried by passing warm air.Structural, 
morphological and physical properties were studied 
using XRD, SEM and contact angle measurement 
respectively. For investigation of electrochemical 
properties, Ni doped V2O5 films were used as working 
electrode, platinum spiral wire as counter electrode and 
saturated calomel electrode (SCE) as reference 
electrode. Using 0.5M potassium-sulphate (K2SO4) 
aqueous electrolyte, electrochemical measurements 
were done by using cyclic voltammogram (CV) in 
potential window of -0.2V to 0.6 V at voltage scan rate 
of 5 mV/s  

3. RESULTS AND DISCUSSION: 
3.1 Structural Analysis: 

Fig. 1(a-c) shows, XRD of the Ni doped V2O5 thin 
films. The intensities of characteristic peaks are found to 
be gradually diminishing as concentration of nickel 
increases from 0 wt.% to 5 wt.%. The characteristic 
peaks are well in correspondence with JCPDS card No. 
41-1426 and 47-1049.Peaks with indices (001), (121), 
(002) and (313) are corresponding to orthorhombic 
V2O5 structure.The XRD patterns suggest that further 
increment in nickel concentrationmaylead 
toamorphousnature of the film [19]. It has been proved 
that amorphous nature of the film is more suitable for 
developing high specific area electrode material [11]. 

 

Fig.1: XRD Patterns for films with (a) 0 wt. % (b) 2.5 wt. 
% and (c) 5 wt. % of Ni doping 

3.2 Morphological Analysis: 

Fig. 2 (a-c) shows SEM images of Ni doped V2O5 thin 
films for different concentrations of nickel at ×20,000 
magnification. These films show the morphological 
changes with increase in concentration.Essentially all 
three SEM images show the interconnected pores. It is 
observed that pore size gradually becoming uniform and 
smallerhence theporedensity increasing with increase in 
nickel concentration; which eventually results into 
enhancement of surface to volume ratio.The film with 5 
wt.%of Ni doping shows uniform size tubular structure 
with high degree of pore density.It may be on account of 
stoichiometric compatibility of nickelwith vanadium 
pentoxide that ultimately results into reorganization of 
crystallites hence the uniform pores size distribution. 
Such morphology is more pronounced for ionic 
transport in electrochemical system.Average size of the 
pores reside in the filmwith 5 wt.% doping of nickel is 
about 150 nm, which was about 350 nm for pure V2O5 
film. Inset SEM images portray at ×500 magnification. 
EDS show increase in nickel wt.% as doping level 
increases. 

 

Fig.2:SEM images for films with(a) 0% (b) 2.5 % and (c) 5% Ni doping 
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Fig.3: EDSfor films with(a) 0% (b) 2.5 % and (c) 5% Ni doping 

Table 1: Nickel weight % observed for different nickel 
doping levels 

Sr. 
No. 

Nickel 
doping level 
(wt.%) 

Nickel 
Weight % 
observed in 
the film 

Nickel 
Atomic % 
in the film 

 
1 

 
0.0 

 
0.51 

 
0.32 
 

2 2.5  0.72 0.40 
 

3 5.0 1.10 0.61 
 

 
 

3.3. Contact Angle Measurement: 

Fig. 4 (a-c) depicts the contact angle measurement 
which reveals physical characteristics of the film 
surfaces. Contact angles for 0 wt.% , 2.5 wt.% doped 
and 5 wt.% doped nickel are 75º, 52º and 45º 
respectively and as water contact angles with film are 
acute, all three films exhibited hydrophilic nature. Thus 
one could clearly observe that wettability goes on 
increasing as nickel wt.% in the film increases. In this 
way the porosity, hence the effective surface area of the 
film goes on increasing as nickel wt.% increases.  Such 
type of surface is essential for the electrode material to 
yield the high specific capacitance. This increase in 
wettability is in well go withthe results already obtained 
through XRD and SEM studies. 

 

Fig.4: Contact Angles for films with (a) 0% (b) 2.5 % and (c) 5% Ni doping 
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3.4 Electrochemical Behavior: 
3.4.1 Cyclic Voltametry: 

Fig.5 (a-c) depicts the cyclicvoltammograms(CVs) of Ni 
doped V2O5 thin films (for 0 wt.%, 2.5 wt.% and 5 
wt.% of nickel doping). While recording CVs Ni doped 
V2O5 films were used as working electrode, SCE as 
reference electrode and platinum spiral wire as counter 
electrode.Aqueous 0.5 M K2SO4 solution was used as 
electrolyte. CVs show that current density increases 
with respect to increase in nickel concentration. The 
escalation of current density for 5 wt.% nickel 
concentration is primarily because of highpore density 
formed by substitution of Ni+2 ions which facilitate the 
easy ion transport and finally enhancement in specific 
capacitance. The same is evidenced from SEM images 
and contact angle measurements [7, 16].The specific 
capacitance is calculated using following equation [20]. 

)/( dtdvm
ICs =    (1) 

Where ‘Cs’ is specific capacitance in F/g, ‘m’ is mass of 
active film material measured by using weight gain 
method. ‘I’ is average current during anodic and 
cathodic scan and ‘dv/dt’ is the scan rate. At scan rate of 
5 mV/s the highest specific capacitancewas observed for 
film with 5 wt.% nickel doping and it is 412 F/g . For 
pure vanadium pentoxide film it was 333 F/g [21]. 

Fig.6 shows the graph of peak current verses scan rate 
for different Ni doping wt.%. It is observed that peak 
current increases with increase in the doping level and it 
is obvious since nickel is good conductor of electricity. 
However, for 5 wt.% doping after scan rate of 25 mV/s 
 

 

Fig.5: Cyclic voltammograms for films with (a) 0% (b) 
2.5% and (c) 5% Ni doping 

 

Fig.6: Variation of Peak currents with Scan rates for 
(a)0 wt.% (b) 2.5 wt.% and (c) 5 wt.% Ni doping 

peak current starts decreasing and it may be due to the 
fact that at high scan rates all the avenues of porous 
structure may not be utilized. The same can also be 
confirmed from the CVs which revealthat the increase in 
current density is on account of doping of nickel. This 
also can be confirmed from SEM which shows more 
favorable morphology for ion transport consequently, 
there is escalation in the conductivity of the electrode 
material.The values of Specific capacitance and peak 
currentof the cell with electrodes of different levels of 
nickel doping are summarized in Table 2. 

Table 2: Specific Capacitance, Peak Current 

4. CONCLUSION: 

Highly porous Ni doped V2O5 thin film with larger pore 
density was prepared at 5 wt.%of nickel doping and 
showed maximum specific capacitance 412 F/g. This 
film exhibited the best ion transport kinetics on accounts 
of its larger specific area which facilitates easy 
intercalation and de-intercalation.It seen that electric 
conductivity increases with increase in nickel doping. 
The cell with 5 wt.% of Ni doped electrode 
showedmaximum peak current of 99.2 µA and thus 
nickel doping made film material more conductive 
which is very important to escalate specific capacitance 
of the supercapacitor. Among three different doping 
levels 5 wt.%of nickel doping exhibited 23% growth in 
specific capacitance value as compared to the pure 

Ni 
Doping 
(wt.%) 

Scan rate 
(mV/s) 

Specific 
Capacitance 
(F/g) 

Peak Current 
(A/cm-2) 

0.0 5 333 1.70×10-05 
2.5 5 369 6.05×10-05 
5.0 5 412 9.92×10-05 
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V2O5 film. In this way Ni doping partially conquer the 
limitations of slow diffusion kinetics of ions and low 
electric conductivity;which finally returnedaswell-

intentionedsupercapacitive behavior. Thus Ni doped 
V2O5 thin film electrode is supposed to be better option 
for supercapacitor application. 
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