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Density functional theory calculation of surface properties of
pyrite (100) with implications for flotation
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Abstract: The structural relaxation, atomic Mulliken populations and electronic structures of ideal pyrite (100) surface
were calculated using density functional theory (DFT) method of plane-wave pseudopotential method. The reason for the
charge unconventionality in bulk pyrite was explained. Moreover, the effects of structures and properties of surface on
pyrite flotation behavior were analyzed from a flotation point of view. The calculated results show that the relaxation of
pyrite (100) surface is relatively small, and the Fe-S interaction increases at the surface compared to that in the bulk. The
calculated electronic structure results suggest that the surface 5-coordinated Fe atom has high activity. The energy gap of
surface Fe and S atoms decreases, suggesting higher conductivity, as well as higher electrochemical activity, of the

surface layer than the bulk.
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Tabel 1 Energy of surface containing different atomic layer

numbers

Atomic layer number Surface energy/(J'm %)

9 1.1139
12 1.106 9
15 1.100 7
18 1.098 7

2

Tabel 2  Effect of vacuum layer thickness on surface energy

Vavumm layer thickness/nm Surface energy/(J-m %)

0.8 1.102 4
1.0 1.100 7
1.2 1.1189
1.5 1.108 5
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Fig.1 Bulk pyrite unit cell (a) and pyrite (100)

surface unit cell (b)

1.0 nm 3
15 1 nm Table 3 Atomic coordination and displacements
(100) Atomic Atomic Atomic displacement/pm
1 Coordination:
layer  label AX Ay Az
(100) 1
3 1 S1 3 6.0 -6.2 -3.5
4 6 3 S3 4 2.1 3.2 9.3
(100) 3 5 4 S5 4 0.8 0.4 0.3
6 S7 4 0.3 -0.8 0.3
7 S9 4 -0.2 0 0.4
1 3 S 9 S11 4 -0.2 0.2 -0.3
Fe
2 Fe3 5 6.5 6.5 -9.0
0.01 nm S
(100) 5 Fe7 6 0.5 -1.0 14
ROSSO 8 Fel2 6 0 0.1 0
2l CHATURVEDI U
HUNG P!
+0.08 e(S9)
(+0.08 e)
1~3 4~6 (Fel2)
7~9 (—0.16 ¢) 4 (S1)
p S S4
2.2 Mulliken p S1
2 9 S1 (=0.11e)
4 Mulliken 2 S4 (-0.02 ¢) P

(-0.11¢) d
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Fig.2 Atomic charge distribution of nine layer of surface

4 Mulliken

Table 4 Mulliken charge populations of atoms

Atomic Atomic

layer label P d  Totl Chaerge/ Spin
1 SI 186 425 0 611 011 0
3 S4 182 420 0 602 002 0
4 S5 1.80 410 0 590 +0.10 0
6 S7 181 412 0 593 +007 0
7 SO 181 411 0 592 +0.08 0
2 Fe3 034 043 7.5 7.92 +0.08 0
5 Fe7 035 061 7.6 812 012 0
8 Fel2 035 064 7.17 816 016 0
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Fig.3 Electron density difference map: (a) Two coordinated S atoms; (b) Bulk Fe and its four coordinated S atoms; (c) Surface Fe

and its two coordinated S atoms

5 Mulliken (F37 S5 S7)
Table 5 Mulliken bond population of atom 4 5
Position Bond Population Length/nm 4 (Fe 4s
S1—Fe3 0.37 0.2163 )
(Fe3) 3d —2eV
S2—Fe3 0.43 0.2218 5
Surface S3—Fe3 0.27 0.224 5 S1 3p 250 eV
S4—Fe3 0.27 0.226 3 -2 eV Fe—S
S5—Fe3 0.48 0.2142 Fe—S
Fe—S 0.8eV
S9—Fel2 0.31 0.2258
S5 S7 S9
S10—Fel2 0.33 0.226 1
Bulk  S11—Fel2 0.33 0.226 0 6F E
S12—Fel2 0.31 0.226 2 =~ 4t —Fe3d
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—Fe - - dol ) S\
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Fig.4 Density of states of Fe atom
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