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Abstract 

This paper treats the electrochemical oxidation of sulfide ions on platinum using cyclic voltametry. An electrolyte of 
3.5% NaCl containing sulfide ions was used as the testing medium. The effects of scan rate, concentration of sulfide 
ions and temperature on the cyclic voltamograms were investigated.  

Cyclic voltamograms show small currents in the absence of sulfide ions. In the presence of sulfide ions, the magnitude 
of the anodic currents in the forward sweep is much more than these in the reverse sweep. Cyclic voltamograms show 
three features appear in the forward sweep at potentials of -0.1, 0.475 and 1.0 V vs Ag/AgCl, respectively. Peaks 
currents are increased upon the increase of either the scan rate or temperature. These peaks are explained to show the 
possible formed species and the possible electrochemical oxidation reactions at the electrode surface.   
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1. Introduction 

Hydrogen sulfide, H2S, is a dangerous pollutant that promotes the corrosion of metallic materials and is toxic to humans. 
It is listed by the Environmental Protection Agency as an extremely hazardous (U.S. Environmental Protection Agency 
1988). It contaminates massive volumes of natural water bodies and industrial waste water streams [Radford et al., 1994; 
Luther III et al., 1989; Cutter et al., 1989; Xu et al., 2000; Cutter et al., 1999). A prominent example of a sulfide 
polluted natural water body is the geothermal fluids that encountered during the drilling of wells for the production of 
oil and gas and for the recovery of geothermal energy (Darely et al., 1988; Garverick 1994; Kagel 2008; Clauser 2006). 
Various lines of treatment have been proposed for the removal of sulfide ions from contaminated waters, including 
biological treatment (Park 2008)], adsorption (Daley et al., 1997), oxidation (Anani et al., 1990; Miller et al., 2005). 
Electrochemical desulfurization (oxidation) of these contaminated waters provides an environmentally friendly 
alternative, in view of the fact that it utilizes electrons instead of chemicals.  

The electrochemical oxidation of sulfide ions has been the subject of much interest in connection with the possible use 
of H2S as a fuel in fuel cells (Li, et al. 2006), the current and potential oscillations occurring during electrochemical 
oxidation (Chen et al., 2004; Miller et al., 2005, Miller, et al. 2006), gas sensors (Mohtadi, et al. 2005), wastewater 
(Ateya et al., 2007; Ateya et al., 2009) …etc. Anodic oxidation of sulfide ions can yield a variety of products e.g. 
elemental sulfur, polysulfide, thiosulfates and sulfates.  Determination of the selectivity of anodic reactions and the 
concentrations of formed species are major tasks that are yet to be achieved. 

The objective of this work is to study the electrochemical oxidation of sulfide ions on polycrystalline platinum electrode 
using cyclic voltametry.  

2. Experimental 

2.1 Corrosion cell and electrodes 

Measurements were performed using a double jacketed polarization cell (100 ml) with an Ag/AgCl reference electrode 
(E = 0.197 V (SHE)) and a platinum wire counter electrode. The working electrodes were polycrystalline platinum 
sheets of thickness 0.25 mm (Alfa, 99.99%) with rectangular shape and an area of 1.5 cm2. The exposed surface of each 
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electrode was polished successively down to 0.3 and 0.05 µm alumina and cleaned for using acetone in an ultrasonic 
bath for 10 min. All The potential of the working electrode was scanned from cathodic towards anodic potentials using 
a Gamry (PC4/750 Potentiostat/Galvanostat/ZRA).  

2.2 Chemicals and reagents  

Measurements were performed in an electrolyte of 3.5% (0.58 M) NaCl containing different concentrations of sodium 
sulfide. This supporting electrolyte maintains the ionic strength of the electrolyte nearly constant and hence minimizes 
double layer effects on the kinetic parameter. The test solutions were prepared from deionized water, NaCl (BDH) and 
Na2S (BDH). The concentration of sulfide ions was determined iodimetrically. In view of the values of pK1 and pK2 of 
H2S (7 and 14, respectively), the predominant species in this electrolyte is HS- at pH values from 9 to 12. The 
temperature of the test electrolyte was controlled by flowing hot water around the cell through its double jacketed walls.   

2.3 Testing methods 

The platinum electrodes were tested using cyclic voltametry method. The potential of the working electrode was 
scanned from cathodic towards anodic potentials using a Gamry (PC4/750 Potentiostat/Galvanostat/ZRA). 
Potentioststic experiments were also performed. The electrodes surfaces were examined using an X-ray photoelectron 
spectrometer, FISONS Instruments, Model ESCA–Lab 200 (VG Instruments).  

3. Results and Discussion:  

Cyclic voltamograms of polycrystalline platinum were measured in 3.5% NaCl solution in the absence and in the 
presence of sulfide ions. Measurements were carried out under different conditions of sulfide ion concentrations, scan 
rates and temperatures. Results are presented below. 

3.1 Effect of sulfide ion  

Figure (1) illustrates the cyclic voltammogram (CV) of the platinum electrode in the absence and in the presence of 
sulfide ions. The range of potentials for this CV was chosen to avoid hydrogen and oxygen evolution. This figure 
reveals some important features: 

1) The anodic currents measured in the absence of sulfide ions are negligibly small compared to those measured in its 
presence, at all potentials. This indicates that the anodic currents shown in figure (1) are indeed resulting from the 
oxidation of the sulfide ions. 

2) In the presence of sulfide ions, only anodic currents are measured in the forward sweep while the magnitude of 
currents in the reverse sweep in negligibly small. This indicates that the products of the anodic reaction in the forward 
sweep do not undergo reduction in the reverse sweep and have passivated the platinum surface. 

3) Three features appear in the forward sweep, marked a, b and c at potentials of -0.1, 0.475 and 1.0 V, respectively. 
While features a and c readily defined, feature b is less clear.  

As can be noticed from figure (2) which represents a consecutive CV's of platinum electrode in a solution of 3.5% NaCl 
containing 0.15 M HS- at scan rate 10 mV s-1 and 25oC, the value of the current of the first peak is not changed 
indicating that the formed layer at this potential is not affected markedly by the number of cycles. While the second 
peak markedly decreased, which may be due to the consuming of active species nearby the surface of the working 
electrode stepwise and at the mean time, the platinum surface was passivated at the first cycle and its electrochemical 
ability was decreased due to more sulfur formed at this potential (b). This is also the reason for the disappearance of the 
peak (c), which is related also to the formation of sulfur species.  

Figure (3) illustrates the effect of sulfide ion concentration on the cyclic voltamogram of platinum electrode in 3.5% 
NaCl at room temperature. The formations of three peaks were gradually disappeared by decreasing the HS- 
concentration and the appearance of the will defined reduction peak in the reverse direction was noticed. In this case the 
passivity of platinum electrode was decreased by the gradual decrease of HS- ion concentration.  

3.2 Effect of scan rate  

Figure (4) illustrates the effect of the scan rate on the cyclic voltammograms of polycrystalline platinum in 3.5% NaCl 
solution containing 0.15 M HS-. It can be noted that there are increases of the values of all peaks current (Ip) with the 
increase of scan rate (υ). The scan rate dependence of all peaks current, Ip, and peaks potential, Ep, are shown in Figures 
(5-6), respectively. There is a linear relationship in the plots between Ip versus υ1/2 and Ip versus log υ which indicates 
that the oxidation reaction involves an irreversible electron transfer and is under diffusion control (Ateya et al., 2007).  

3.3 Effect of temperature 

Figure (7) shows the effect of temperature on the cyclic voltammograms of poly crystalline platinum in 3.5 % NaCl 
solution containing 0.15 M HS- at a scan rate 10 mVs-1. As can be seen, all peaks currents are increased due to the 
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increasing of the rate of the oxidation reaction. Furthermore, the three peaks are formed at less positive potential values 
i.e. more readily to be occurred.  

Arrhenius plots of the results shown in figure (7) are displayed in figure (8). The Arrhenius equation for many electrode 
reactions in aqueous solutions is given below (Laidler 1993): 

i = A exp (-ΔH≠/RT)                                                  (2) 

where ΔH≠ is the enthalpy of activation and A is the pre-exponential factor, which includes the entropy of activation, 
ΔS≠, since the free energy of activation is related to ΔS≠ by this equation: ΔG≠ = ΔH≠ - TΔS≠,  then equation 2 
becomes: 

i = A exp (-ΔG≠/RT)                                                   (3) 

From the slope of straight lines in figure 8, ΔG≠ can be measured for each peak. ΔG≠ values of 12.7, 9.23 and 11.37 KJ 
mol-1 are obtained for the first, second and third peaks respectively. The low values of ΔG≠ indicate the ease of 
occurrence of electroxidation reactions at these potentials. The lowest activation energy is given by the second peak 
which is shown below to be the starting potential of sulfur deposition.  

3.4 Proposed Mechanism of sulfur electrodeposition 

The following anodic reactions are expected to occur in the sulfide system, resulting in the formation and removal of 
sulfur layer (Feng et al., 2005; Kapusta et al., 1987; Mohtadi et al., 2005; Ramsubramanian 1975): 

 HS-    +    OH-                                S  + H2O +   2e-           (4) 

S2-                              S + 2e-              (5)   

2HS-  +   2OH-                       S2
2-  + 2H2O + 2e-         (6)             

HS-    +  9OH-                   SO4
2- + 5H2O + 8e-                 (7)                

S         +   HS-  +   OH-               S2
2-  + H2O          (8) 

S        +    S2
2-                            S3

2-          (9) 

In view of the values of pK1 and pK2 of H2S (7 and 14, respectively), the predominant species in this electrolyte is HS- 
at pH values from 9 to 12. By sweeping the electrode potential towards more positive (figure 1), a small shoulder at 
point (b) is formed which may be due to the starting point of the deposition of elemental sulfur. The starting of 
formation of white thin layer adherent to the electrode surface was observed exactly at this potential. Such formation 
causes the reduction in the size of effective surface of the Pt electrode. The formation of large peak afterward at point (c) 
(see figure 1) can be explained on the basis of the oxidation of the deposited sulfur according to the equation (12) to 
form soluble sulfate ions. The phenomenon of periodic formation and dissolution of sulfur element on the Pt electrode 
could be represented as follows: 

Pt     +   HS-  +   OH-           PtS  +  H2O   +   2e-                  (10) 

PtS   +   HSx
-                     Pt   + HSx+1

-                               (11) 

PtS    +   8OH-                    Pt   + 4H2O +   SO4
2- +6e-                (12) 

The above mechanism is substantiated by XPS performed on the electrodes surface after potentiostatic experiments. 
Many XPS spectra of polycrystalline platinum polarized at different potentials in sulfide polluted salt water were 
measured. An illustrative example of these spectra is shown in figure (9). It shows XPS spectrum of platinum electrode 
polarized at a potential of 1.0 V for 60 minutes containing 0.15 M HS-. A sharp S2p peak appears at 163.2 eV (referred 
to C1s at 284.6 eV), which is characteristic of the presence of elemental sulfur (S) on the electrode (Wagner 1990). As 
can be seen in figure (9), a small shoulder appears at 169.2 eV which indicates the presence of sulfate (SO4

2-) ions. This 
is due to the partial oxidation of deposited sulfur at 1.0 V.  

4. Summary and Conclusions 

Cyclic voltamograms of polycrystalline platinum show negligibly small currents in the absence of sulfide ions 
compared to those measured in its presence, at all potentials. These anodic currents are indeed resulting from the 
oxidation of the sulfide ions. The magnitude of currents measured in the reverse sweep is much less than those 
measured in the forward sweep which reveals that the reaction products in the forward sweep have passivated the 
platinum surface. Three current peaks appear in the forward sweep at potentials of -0.1, 0.475 and 1.0 V, respectively. 
The first peak indicates the possibility of the formation of platinum sulfide and poly sulfide. The second peak may be 
due to the starting point of the deposition of elemental sulfur. A white thin layer adherent to the electrode surface starts 
exactly at this potential. The third peak can be explained on the basis of the oxidation of the deposited sulfur to form 
soluble sulfate ions.   
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Figures Captions 

Figure 1. Cyclic voltammograms (1st cycle) of 3.5 % NaCl solution without (solid line) and with (dashed line) 0.15 M 
HS- on polycrystalline platinum at scan rate 10 mV s-1

 

at 25oC. 

Figure 2. Consecutive cyclic voltammograms of 3.5 % NaCl solution containing 0.15 M HS-on polycrystalline platinum 
at scan rate 10 mVs-1

 

at 25oC. 

Figure 3. Effect of scan rate on the cyclic voltammograms of 3.5% NaCl solution containing 0.15 M HS- on 
polycrystalline platinum at 25oC. 

Figure 4. Relation between scan rate (υ) of the cyclic voltammogrms and the peak currents of 3.5 % NaCl solution 
containing 0.15 M HS- on polycrystalline platinum at 25oC. 

Figure 5. Relation between scan rate (υ) of the cyclic voltammogrms and the peak potentials of 3.5 % NaCl solution 
containing 0.15 M HS- on polycrystalline platinum at 25oC. 

Figure 6. Effect of HS- ions concentration on the cyclic voltammograms (1st cycles) of 3.5 % NaCl solution on 
polycrystalline platinum at scan rate 10 mVs-1. 

Figure 7. Effect of temperature on the cyclic voltammograms (1st cycles) of 3.5 % NaCl solution containing 0.15 M HS- 

on polycrystalline platinum at scan rate 10 mVs-1. 

Figure 8. Arrhenius plot of the different peaks of the cyclic voltammograms in Figure (7). 

Figure 9. XPS spectrum of a polycrystalline platinum electrode after potentiostatic polarization at 1.00 V (Ag/AgCl) for 
1 hour in presence of 3.5 % NaCl solution containing 0.15 M HS- at 25oC. 
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Figure 1. Cyclic voltammograms (1st cycle) of 3.5 % NaCl solution without (solid line) and with (dashed line) 0.15 M 

HS- on polycrystalline platinum at scan rate 10 mV s-1
 

at 25oC. 
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Figure 2. Consecutive cyclic voltammograms of 3.5 % NaCl solution  

containing 0.15 M HS- on polycrystalline platinum at scan rate 10 mVs-1
 

at 25oC. 
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Figure 3. Effect of HS- ions concentration on the cyclic voltammograms (1st cycles)  

of 3.5 % NaCl solution on polycrystalline platinum at scan rate 10 mVs-1. 
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Figure 4. Effect of scan rate on the cyclic voltammograms of 3.5% NaCl solution  

containing 0.15 M HS- on polycrystalline platinum at 25oC. 
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Figure 5. Relation between scan rate (υ) of the cyclic voltammogrms and the peak  

currents of 3.5 % NaCl solution containing 0.15 M HS- on polycrystalline platinum at 25oC. 
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Figure 6. Relation between scan rate (υ) of the cyclic voltammogrms and the peak  

potentials of 3.5 % NaCl solution containing 0.15 M HS- on polycrystalline platinum at 25oC. 
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Figure 7. Effect of temperature on the cyclic voltammograms (1st cycles) of 3.5 % NaCl  

solution containing 0.15 M HS- on polycrystalline platinum at scan rate 10 mVs-1. 
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Figure 8. Arrhenius plot of the different peaks of the cyclic voltammograms in Figure (7). 

156 158 160 162 164 166 168 170 172 174

1000

2000

3000

4000

5000

6000

7000

S2p

C
P

S

Binding Energy

S2p

 

Figure 9. XPS spectrum of a polycrystalline platinum electrode after potentiostatic  

polarization at 1.00 V (Ag/AgCl) for 1 hour in presence of 3.5 % NaCl solution containing 0.15 M HS- at 25oC 

 

 


