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Abstract Almost all geochemical reactions occurring in the Earth system start at mineral surfaces or mineral-water interfaces. To
reveal the nature of surface reactivity, the surface structure of minerals needs to be investigated, which control their surface reactivity.
However, due to the limitation of experimental techniques, most studies on the physical and chemical properties of mineral surfaces
were mainly carried out by using mineral powders as studying materials. Despite that the using of mineral powder is widely accepted in
many case studies, such as the dissolution and precipitation of silicate and carbonate minerals, such methods based on mineral powder
still have certain deficiencies for the investigation of mineral surface reactivity. Surfaces with high energy, which can enhance their
surface reactivity, will be produced during sample preparation by crushing or grinding. Thus, the obtained experimental results may
lead to an overestimation of geochemical reaction in comparison to real situations. Based on the perspective of structure dependent
surface reactivity, this study makes up the lack for understanding the rate and mechanism of pyrite oxidation and provides new insights
into the oxidation mechanism. Our study demonstrates that the wide range of pyrite oxidation rates reported in literatures is resulted from
the prominent surface reactivity differences among different crystal faces. In these reaction systems, water molecules act as both
reactant and catalyst for electron transfer in the oxidation process and also is the core substance in the reactions. These understandings
have clarified the importance of the surface reactivity differences among different crystal faces. The present study suggests that, to
reveal the real geochemical processes, we should focus on the reactivity of certain crystal faces with high accuracy rather than of
traditionally concerned powder surfaces. Such approaches, based on the perspective of crystal face reactivity, could provide
fundamental knowledge for constructing accurate geochemical models.

Key words Pyrite; Crystal face; Reactivity; Oxidation rate; Oxidation mechanism
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Table 1

Oxidation rates of pyrite surfaces in humid air reported in the literatures

R (mol 0,/m’s) R T(C) I 38715 )
1063 =5 N/A 5042 - Brayley (1960)#%%5| [ Jerz and Rimstidt (2004 )
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1072 1007;“02 25 0, Morth and Smith (1966)
1074 235 25 80,%" Rogowski and Pionke (1984)
1037 255 23 80,%" Nicholson et al. (1988)
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1057 (fk *ﬂg %) 25 s0,2 Hammack and Watzlaf (1990)
10 70 (ot ) 255 25 0, Jerz and Rimstidt (2004 )
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Fig. 1 Common pyrite crystal habits( after Murowchick ,1985)
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Fig. 2 Calculated surface free energies of various pyrite
surfaces as functions of the change in S chemical potential
(after Alfonso, 2010)

Corresponding S, pressure axes at T = 300, 600, and 900K are

included

R2 CREMNERT ARSEMNRELE()/m’)
Table 2
different crystal faces of pyrites (J/m*)

Summary data about the reported surface energy of

Surface Yvac"  Ywater ’ SCHik
{100} 1.23 1.13 de Leeuw et al. (2000)
1.06 Cai and Philpott (2004 )
0.98 Stirling et al. (2003 )
1.06 Hung et al. (2002b)
1.23 Qiu et al. (2004)
1.10 Rosso (2001)
1.04 Sun et al. (2011)
0.81 Zhang et al. (2012)
{100} “crenellated”  3.19 2.60 de Leeuw et al. (2000)
{110} 2.36 1.66 de Leeuw et al. (2000)
1.68 Hung et al. (2002b)
1.72 Sun et al. (2011)
{110} “facetted” 1.97 1.62 de Leeuw et al. (2000)
1.54 Hung et al. (2002h)
{111} 1.40 Hung et al. (2002a)
1.60 Rosso (2001)
1.43 Sun et al. (2011)
{210} 1.50 Hung et al. (2002a)
1.49 Sun et al. (2011)
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Table 3

crystals used in this study

Elemental compositions ( wt% ) of the single pyrite

TCRAN Fe S As Co Ni Au

RYAVSRLN 46.394 53.282 — 0.232  0.071 0.017
JANTTRZS 46.541 53.334 0.050 0.044 — 0.019
FfA+ AR 46.362 53.527  0.024  0.040 — 0.033
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d = Ay cost (3)
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et al. , 2005) , Bl d JERISET 2. 67nm [l BB T 4
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[EEE
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2p and Fe 2p,,, XPS spectra of pyrite {100}, {111}, and {210} surfaces oxidized in various relative humidities

(a, b) denote the relative humidity of 47,,% ; while (¢, d) denote the relative humidity of 98, %
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Tdepth = dr - 267 (5)
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AT LORS TR B R (nm/ K ) B2 A6 A8 ALK R JK 8 2R (mol 0,/
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B = S T I AE 2 4 9. 84 x 107 ~3.08 x 10 ™* mol 0,/
m’s . R F AT AT AR IR, (1) Fif AR i KR 4 3
FE 23 AR S 3R A TR A T 5 R 1 T ) ARl TR
BN 5 (2) 3B 4i i8 ( Hammack and Watzlaf, 1990) fi%) 33 3 76
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Fig.4 Comparison of oxidation rates of pyrite observed from
crystal faces in this study and from crystal powder in

previous study
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{100} ,

WD AT , 7R3 TH ST AR R £ 55 U1k 7 1) 5 K
B35 )2 (Jerz and Rimstidt, 2004 ) . A I, 7EIF X 26 58 4L 7=
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oxidation in air

Summarized electron transfer routes of pyrite
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