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Abstract  

The subject of this study were electrochemical characteristics of transition metal oxide electrodes, 

consisting specifically of ZrO2 and TiO2, which have different crystallographic structure and lattice 

parameters. Metal oxides are a significant class of materials which have found vast applications in 

electrocatalysis. Composites of diverse semiconductors typically display much enhanced electronic 

conductivity and decreased charge transfer resistance. The goal of this study was to hopefully prepare 

and investigate electrodes with improved properties, through combination of heterostructures of 

chemically and structurally dissimilar and wide-bandgap semiconductors. Electroactive surface area 

was determined by employing cyclic voltammetry peak current method. 

Keywords: electroactive surface area, zirconium oxide, titanium oxide, Randles-Sevcik 

equation 

 

INTRODUCTION 

Transition metal oxides are an important class of materials displaying multifunctionality 

and uniqueness. They have received a great deal of attention during the last decade, for the 

purpose of applications in microelectronic and optoelectronic devices [1] such as dye 

senzitized solar cells [2,3] in electrocatalysis [4,5] electrochemical cells [1] etc. owing to their 

stability in all pHs, ease of synthesis, and environmental friendliness. 

It is also important to select metal/metal oxide couple with necessary chemical stability 

and sensitivity in the pH ranges of interest under extreme conditions [6]. Catalytic activity of 

transition metal oxides is usually compromised by their low in-plane conductivity and high 

charge transfer resistance, primarily affected by large bandgap. However, new electronic 

states at the interface of two chemically and structurally dissimilar metal oxide 

heterostructures can be created, which enable the charge movement across the metal 
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oxide/electrolyte interface and can bring down the work function of the composite material 

[7]. The contrast in oxygen coordination of Zr and Ti cations in the composite metal oxide 

heterostructure, can bring about the existence of new acid active sites. 

The aspect of in-plane conductivity of the catalyst was shown to be a major factor in 

electrocatalysis. It can be uplifted upon creating oxygen vacancies on the framework in metal 

oxides. Oxygen vacancies leave behind the excess of electrons, which occupy the empty 3d 

orbitals of the transition metal oxide, just below the conduction band. In addition, the 

interphase between two dissimilar metal oxide phases is expected to contain newly formed 

electronic states, which can alter the charge transfer kinetics in the composite [7]. 

When ZrO2 is incorporated into TiO2 matrix, huge changes were imparted in its electronic 

states. The new surface states formed near the valence band edge. The negative charge sites 

 Br nsted sites) generated after ZrO2 incorporation in TiO2 matrix were found to attract the 

protons to keep the electroneutrality of the structure intact [6]. 

It was reported in the literature that dye senzitized solar cells, fabricated by ZrO2/TiO2 

mixed oxide electrode, which are gaining popularity, considerably enhanced solar energy 

conversion efficiency in comparison with a cell that was manufactured only by pure 

component of TiO2, to which more than likely contributed the fact that mixed oxide powder 

has a larger BET surface area than pure TiO2 [2]. Many other properties of the nanostructure 

mixed metal oxides were reported better than TiO2 [3]. 

The aim of this paper was to investigate the effect of TiO2 introduced to the oxide layer of 

ZrO2/TiO2 electrodes on electrochemical behaviour as well as the electroactive surface area of 

these electrodes. 

 

MATERIALS AND METHODS 

Cyclic voltammetry measurements of electroactive surface area were conducted in the 

following fashion. A three-electrode electrochemical cell was utilized for measuring the 

electroactive surface area of the porous specimens. Ag/AgCl reference electrode and a Pt foil 

as counter electrode were used, while the ZrO2 or ZrO2/TiO2 (75:25) [8] specimens served as 

the working electrode. The electrolyte was 5 mM K4Fe(CN)6 in 0.1 M KOH solution (all 

chemicals from Sigma Aldrich without further purification). The oxidation reaction of 

ferrocyanide on the working electrode surface is: 

      
 

3
6

4
6 CNFeCNFe oxidation

          (1) 

This reaction is governed by the diffusion of ferrocyanide ions and has a good reversibility. 

One of the reliable indicators that cyclovoltammogram provides that indicate that the 

observed process is reversible is that the peak current is proportional to the square root of the 

scan rate i. e. reversible processes show a v
1/2

-dependence of their current peaks according to 

the Randles-Sevcik equation. Therefore, the peak current is proportional to the electroactive 

surface area of the working electrode [9]: 

cvADnI p

212/1

0

235 )1069.2(            (2) 

where Ip (A) is the peak current, n is the number of electrons transferred in the redox reaction 

(n =1 here), A (cm
2
) is the electroactive surface area, D (cm

2
/s) is the diffusion coefficient for 
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K3[Fe(CN)6] is 7.6 · 10
−6
 cm

2
 s
−1

) [10], c (mol/cm
3
) is the concentration of the reaction species 

in the electrolyte ([Fe(CN)6]4 here) and v (V/s) is the scan rate. 

The electroactive surface area measured by the CV peak current method is expected to 

reflect the Nernst diffusion layer thickness [11]. 

The diffusion layer thickness can be adjusted by varying the scan rate: at slow scan rates, 

the diffusion layer is thick, while at faster scan rates the diffusion layer is thinner. Since the 

electrochemical process reflects the competition between the electrode reaction and the 

diffusion, faster scan rates will favor electrochemical irreversibility [12]. 

 

RESULTS AND DISCUSSION 

The Ip vs v
1/2

 curves are linear as reflected in the values of the coefficients of 

determination. The Randles’ slopes would be nonlinear if the redox reactions were either 

quasi-reversible or irreversible [12]. 

As can be seen in Figure 1, there are no remarkle differences between the cyclic 

voltammograms asquired for ZrO2 and ZrO2/TiO2 samples. 

 

 

Figure 1 Cyclic voltammograms at a) ZrO2 and b) ZrO2/TiO2 working electrodes at various scan 

rates (10-100 mV min
-1

) 

 

 

Figure 2 Randles-Sevick  fit for ZrO2 (black circles) and ZrO2/TiO2 (black squares) working 

electrodes 
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Randles-Sevick fit for ZrO2 (black circles) and ZrO2/TiO2 (black squares) working 

electrodes and data calculated from Randles-Sevcik plots are presented in Figure 2 and Table 

1. The results show a decrease in the calculated surface area, with the introduction of TiO2. 

 

Table 1 Reduction of the calculated surface area, with the introduction of TiO2 

Working 

electrode 

Randles slope 

(A/(V/s)
1/2

) 

Surface area 

(cm
2
) 

R
2
 

ZrO2 0.0001178 0.0318 0.96859 

ZrO2+TiO2 0.00008803 0.0238 0.94264 

 

CONCLUSION 

It can be seen from the obtained results that the working electrode synthesized from 

ZrO2/TiO2 nanopowder mixture had a smaller electroactive surface area than the ZrO2 

working electrode, contrary to what was expected based on the available literature. At this 

point in time, the synthesis process should be reevaluated in order to achieve the desired 

outcome. 
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