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Adsorption of O; on pyrite and galena surfaces
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Abstract: The adsorption of oxygen molecule (O,) on the pyrite and galena surfaces was studied using density functional
theory (DFT). The calculated results show that the surface relaxation of pyrite and galena is small. O, dissociates after
adsorption on the pyrite and galena surfaces, and the adsorption energy of O, on pyrite is much lower than that on the
galena. On the pyrite surface, oxygen atom (O) bonds with sulfur (S) and iron (Fe) atoms and the electrons are transferred
from Fe and S atoms to O, and the reactions are mainly S 3p, O 2p and Fe 3d states involved, forming the d—p back
bonding between Fe and O. While on the galena surface, oxygen atom only bonds with sulfur atom, and the reactions are
mainly S 3p, O 2p and Pb 6p states involved, without forming d—p back bonding. The bonded Fe and O atoms are
spin-polarized after the adsorption of O,, while the galena surface atoms and adsorbed O atom are still low-spin states.
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Fig. 1 Slab models of (2 X2) pyrite (100) surface (a) and (4 X 2) galena (100) surface (b)



522 %5 4

R, A O TR BTN T A R I Y 1187

R PRI AL AR

Table 1 Atomic coordination and displacements of pyrite

F2 R AL AR

Table 2 Atomic coordination and displacements of galena

surface surface
Atom Coordination Atomic displacement/nm Atom Coordination Atomic displacement /nm
Ax Ay Az Ax Ay Az
S of layer 1 3 0.0060 —0.0062 —0.0035 Pb oflayer 1 5 —0.000 1 —0.000 1 —0.008 2
S of layer 3 4 0.0021 0.0032 0.009 3 S of layer 1 5 0 0 —0.0101
S of layer 4 4 0.0008 0.0004  0.0003 Pb oflayer 2 6 0 0 0.010 2
S of layer 6 4 0.0003 —0.0008 0.000 3 S oflayer 2 6 0.0001 -0.0003 0.0128
S of layer 7 4 —0.0002 0.0000  0.000 4 Pb oflayer 3 6 —0.0001 -0.0001 —0.0040
S of layer 9 4 —0.0002 0.0002 —0.0003 S oflayer 3 6 0 0 —0.006 0
Fe of layer 2 5 0.0065 0.0065 —0.0090
Fe of layer 5 6 0.0005 —0.0010 0.0014 Kl 2 FE 3 i JEUFE TR, THE R 3
Fe of layer 8 6 0 0.000 1 0 M 4 o, WeBtae v B R, e R,
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Fig. 2 Equilibrium adsorption of O, on different sites of pyrite (100) surface (Numbers shown near bond indicating bond length in
nm. Arrows are indicators of x, y and z axes): (a) Top S site; (b) Top Fe site; (c) Parallel to Fe—S bond; (d) Parallel to S—S bond;
(e) Vertical to hollow; (f) Parallel to hollow (between Fe atoms); (g) Parallel to hollow (between Fe and S atoms)
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Fig. 3 Equilibrium adsorption of O, on different sites of galena (100) surface (Numbers shown near bond indicating bond length in

nm. Arrows are indicators of x, y and z axes): (a) Top S site; (b) Top Pb site; (c) Parallel to Pb—S bond; (d) Parallel to hollow

(between Pb atoms); (e) Vertical to hollow; (f) Parallel to hollow (between S atoms)
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Table 3 Adsorption energy of O, on pyrite (100) surface

Adsorption site i(is;g/i:\l;
Top S site —0.311
Top Fe site —1.040
Parallel to Fe—S bond —0.861
Parallel to S—S bond —0.006
Vertical to hollow —0.469
Parallel to hollow (between Fe atoms) -1.219
Parallel to hollow (between Fe and S atoms) —2.522

T4 FOrTAEJTEIT(100) T B IS 1 B e
Table 4 Adsorption energy of O, on galena (100) surface

Adsorption site l:gz;)gr;t:\);l
Top S site —0.407
Top Pb site —0.107
Parallel to Pb—S bond 0.067
Parallel to hollow (between Pb atoms) —0.306
Vertical to hollow —0.084
Parallel to hollow (between S atoms) —-1.191
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Fig. 4 Mulliken charges of oxygen atom and surface atoms before and after O, adsorption (Numbers on atom indicating atomic

charge in e. Arrows indicating x and y axes): (a) Pyrite surface before O, adsorption; (b) Pyrite surface after O, adsorption; (c) Galena

surface before O, adsorption; (d) Galena surface after O, adsorption



1190 A G A R

201244 H

75 BRAR (R 7 BT (100) R 1f0 b, B S 14 1F HL A
0.61 e TMifit I ¥4 B Hi fir—0.68 e( LI 4(c)), 5T
B i g G L Ry Ay s 8k B . 23] S AR
FFCBRER) ST AT S2 J5 7 ity A 0 A S ke P 7 v iy 2]
W B 420 S A1 T LT (0.07 @), SR B R R B R 1
HOAar s AR /N, FET 4R 7 I S )57 (Pb1 Al Pb2) K 2%
ML, T SRR 1) 4 R 1~ (Pb3 T Pbd) A5 21| A /b 8
T, BRI 0.61 e &4 0.58 e T34k, HEHT
W B S5 R TR S ARG 2R = A T B B R I,
SFUNBEY ST RN S2 JRFHYE x M R K

MTE TR 1) J - HUr A i 23 B el DAY i S 2 1]
(R RS O, 2R 5 ISR 6 T oA 0 T AE 3
AT R T R R T S R i R B i 170 2 TR iR 1 % SR
T A . R S T LAIE, A0 TAERET
KRG, SRR TR ST (T 3s
BUIE R Db s LI 3p PUEA R 2 v, A
TEARIY S2 FI S3 JRF 11 3s Bl HiL 1AL AR Ak, H
3p B R AR D BRIRF(Fel)1 4s B
TAAE, 4p PUBEMRAER DEBHT, 11 3d PuE
RETRZH T AR T 2s PUBHFEARAEDR
th, 5 S1 B O 571 2p P Lk Fel J5U7 ik
B 02 JR11 2p HUEMRIE L M. b rl 4,
A TP R Y, FE MBI 3p #L
. BRI 3d SUEREAR T 2p B S Y .

6 WTLUE th, S50 7AE 78 R e bt )=
E B T (S2) [ 3s Bk LA EE T, T 3p
G 2 R s A A AT 1 (Pbl

Pb2)I) 6s BPUEHL FHEARATAAL, 6p PUERLEZ
HIFs BRI PRA E R R B 1 (PB3) Y 6s BLIEHA
TIARBAAAL, M7 6p PUENF D HEE T BEA,
1T 5d PUE L TR AL, R W] S HUE LT
B ZHR TN A 2s PUBR R DE AT, 1
2p PUBER B Z I 1. kel 5, 0TS
RIMM SN, FEMBR TR 3p PUE. BT 6p
PuBAE R T 2p PUES .

M5 A 22 23 3 L (UL IR 5(a) A (b), A (<
TRl rES, AR ok, BROERR
HLF 3 5O ) A A 3 L P (ML P 5(e) RiT(d)) T B
2, WSS T R T AR A R T
AN i ) L ) i IR, S T R T 1 i
TR AAN LA M0 s, 1T T g 8 e P 4R
&, AT Ca ARG

2.4 S5 FRMIXEGE AT RESH
R P4 LA R4 BT P 0 40 1 7k
R T B, B R AT BRI
JE (1) p BB LSRR 0 d BUE S A AR, B
B, P 6 R 7 BT 4 5 S5 W B T S e
VLA SR o) AN ] i =
G225 5 M) LB T HUE AR ARG . FIAME p
WP ALE N (02) (1) (2 ) (1 ) (3!
(02p.)" B, AL S bR B W,
fE=6 F-45 eV LA — 5l I8 oy, 25 F
Moy (5 ) ALRIZS W (o, R p, IS P AL A

F5 U TR R R IR T2 US TR0 Mulliken FLfi 46

Table S Mulliken charge populations of O atom and surface atom before and after O, adsorption on pyrite surface

Mulliken population

Atomic label Adsorption model Charge/e
S P d Total

S1 Before adsorption 1.86 4.25 0 6.01 —0.01
After adsorption 1.70 3.56 0 5.26 0.74
Before adsorption 1.82 4.20 0 6.02 —-0.02

52 After adsorption 1.83 4.25 0 6.07 —-0.07
Before adsorption 1.82 4.20 0 6.01 —-0.01

53 After adsorption 1.82 4.16 0 5.99 0.01
Before adsorption 0.34 0.43 7.15 7.92 0.08

Fel After adsorption 0.34 0.48 6.81 7.64 0.36
Before adsorption 1.88 4.12 0 6.00 0.00

ol After adsorption 1.93 4.83 0 6.76 —-0.76

o0 Before adsorption 1.88 4.12 0 6.00 0.00
After adsorption 1.93 4.51 0 6.44 —0.44
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Table 6 Mulliken charge populations of O atom and surface atom before and after O, adsorption on galena surface

) ) Mulliken population
Atomic label Adsorption model Charge/e
s p d Total
© Before adsorption 1.92 4.76 0 6.68 —0.68
After adsorption 1.84 4.09 0 5.93 0.07
Pb1 Before adsorption 1.99 1.40 10.00 13.39 0.61
After adsorption 2.00 1.19 10.00 13.19 0.81
Pba Before adsorption 1.99 1.40 10.00 13.39 0.61
After adsorption 2.00 1.22 10.00 13.22 0.78
Pb3 Before adsorption 1.99 1.40 10.00 13.39 0.61
After adsorption 1.98 1.44 10.00 13.42 0.58
ol Before adsorption 1.88 4.12 0 6.00 0.00
After adsorption 1.92 4.92 0 6.84 —0.84
o2 Before adsorption 1.88 4.12 0 6 0.00
After adsorption 1.92 4.92 0 6.84 —0.84
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Fig. 5 Electron density and electron density difference maps of pyrite and galena after O, adsorption: (a) Electron density

difference of pyrite; (b) Electron density difference of galena; (c) electron density of pyrite; (d) Electron density of galena
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