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Abstract: 
This paper presents the results of a theoretical analysis of the oxidation processes 

of S2- (equivalent to sulfur in iron monosulfides) and, respectively, of S22- 

(equivalent to sulfur in iron disulfides) with dissolved oxygen. The analysis was 

performed using the Geochemist's Workbench software and it was found that in 

the presence of dissolved oxygen the main oxidation products of S2- are S22-, S42- 

and sulfate. In the presence of dissolved O2, it was found that the oxidation 

products of S22- are S32-, S42- and SO42-. 
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1. INTRODUCTION 

There are two major categories of iron sulfides, iron 

monosulfides (FeS) and iron disulfides (FeS2). In the category of iron 

monosulfides we find minerals such as pyrrhotite, troilite or 

mackinawite [1-7]. In the category of iron disulfides we have pyrite 

and marcasite [7-9]. 

The sulfur in iron monosulfides has the -II oxidation state, and 

the sulfur in iron disulfides has the -I oxidation state. In the presence 

of oxidants, sulfur -II can transfer up eight electrons and produce 

various sulfur species, such as S22-, S32-, S42-, S(0), SO32- or SO42- [1,2,7]. 

Upon oxidation, sulfur in iron disulfides can lose up to seven 

electrons and transform into S32-, S42-, S(0), SO32- or SO42- [7,8]. The 

formation of the SO42- species cannot be achieved in a single step, 

because no more than two electrons can be transferred in an 

elementary reaction [10]. Therefore, it is expected that a series of 

species will be formed as reaction intermediates. The precise 

identification of reaction products and reaction intermediates, 

respectively, is difficult to achieve, because for kinetic reasons, 

reaction products can coexist with reaction intermediates [1,3,8,9]. 

The objective of this study is to establish as precisely as possible 

which oxidation products of S2- and, respectively, of S22- are stable in 

aqueous media at various pH values and at different oxygen activities. 

 

2. METHODS 

Stability calculations were performed with The Geochemist's 

Workbench® Community Edition software. Stability of the S2- and S22- 

species was investigated in the presence of dissolved oxygen (O2) in 

aqueous medium, at 25 °C and a pressure of 1,013 barrs. The results 

obtained are presented in the form of stability diagrams. 
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3. RESULTS AND DISCUSSION

Figure 1 shows the stability diagrams of the S2- (a=10-3) and S22- 

(a=10-3) species in the presence of dissolved oxygen at 25 °C. As can be 

seen in Figure 1a, in the presence of dissolved oxygen, S2- is not stable 

and can transform into S22-, in acidic environments and low dissolved 

oxygen activities (logO2 < -15). At high values of O2 activity, the stable 

species is S42-, at pH < 10, and, respectively, SO42-, in basic medium. The 

S22- ion can transform into S32- at low values of O2 activity (logO2 < -10), 

regardless of pH (Figure 1b). At high values of dissolved O2, the stable 

species at pH < 10 is S42- and, respectively, SO42- in basic medium. 

If the concentration of the sulfur species (S2- or S22-) changes, 

the pH and oxygen activity limits at which each oxidation product is 

present change, but the oxidation products themselves do not change 

(Figure 2). 

The stability calculations performed show that the most likely 

oxidation products of S2- and S22- are species in oxidation states lower 

than zero (at low oxygen activities) and, respectively, species in the 

maximum oxidation state (+VI) at high oxygen activities. 

Species in intermediate oxidation states can in principle only 

be reaction intermediates. Not even S(0) appears to be a final 

oxidation product. 
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Figure 1. Diagram for (a) S2- (a=10-3) in aqueous solution and (b) S22- (a=10-3) in 

aqueous solution. The temperature is 25 °C, aH2O=1, and the pressure is 1.013 

barrs. 

Figure 2. Diagram for (a) S2- (a=10-5) in aqueous solution and (b) S22- (a=10-5) in 

aqueous solution. The temperature is 25 °C, aH2O=1, and the pressure is 1.013 barrs. 

It is reasonable to accept that these results can be successfully 

used in the characterization of the oxidation of iron monosulfides and, 

respectively, iron disulfides, especially when the interaction between 

iron sulfide and the oxidizing medium involves the prior dissolution 

of the two species, S2- and, respectively, S22-. 

The results of such an analysis may also be useful for other 

sulfide minerals, such as sphalerite (ZnS) or galena (PbS). 

4. CONCLUSION

From the analysis of the stability of S2- and S22- species in the 

presence of dissolved oxygen, the following conclusions can be drawn: 

 In the presence of dissolved oxygen, the main species that

are stable in the case of the S2- species are S22-, S32- and SO42-.

 In the presence of dissolved oxygen, the main species that

are stable in the case of the S22- species are S22-, S42- and SO42-.

 The behavior of the two anions in aqueous medium at

various pH and oxygen activity values can reasonably
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model the behavior of iron monosulfides and iron disulfides 

in the same type of medium. 

 Such an analysis can be extended to other mineral sulfides,

such as ZnS or PbS.

REFERENCES 

[1] N. Belzile, Y.W. Chen, M.F. Cai and Y. Li, Geochem. Explor., 84 (2004) 65-76. 

[2] P. Chiriţă and M. Descostes An. Univ. Craiova, Ser. Chim., XXXII (2003) 69-76. 

[3] M.P. Janzen, R.V. Nicholson and J.M. Scharer, Geochim. Cosmochim. Acta, 64 (2000) 

1511-1524. 

[4] J.E. Thomas, C.F. Jones, W.M. Skinner and R.St.C. Smart, Geochim. Cosmochim. Acta, 

62 (1998) 1555-1565. 

[5] J.E. Thomas, W.M. Skinner and R.St.C. Smart, Geochim. Cosmochim. Acta 65 (2001) 

1-12. 

[6] J.E. Thomas, R.St.C. Smart and W.M. Skinner, Min. Eng., 10-11 (2000) 1149-1159. 

[7] D. Rickard and G.W. Luther, Chem. Rev., 107(2) (2007) 514-562. 

[8] D.K. Nordstrom, Aqueous pyrite oxidation and the consequent formation of 

secondary minerals, In Acid Sulphate Weathering, Soil Science Society of America, 

Madison, Wisconsin, 1982. 

[9] M.J. Rinker, H.W. Nesbitt and A.R. Pratt, Am. Min., 82 (1997) 900-912. 

[10] F. Basolo and R.G. Pearson, Mechanisms of Inorganic Reactions A study of metal 

complexes in solution, 2nd Edition, John Wiley and Sons, New York, 1967. 


