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Quantum chemical study of adsorption of
hydroxyl and hydroxyl calcium on pyrite (100)
surface bearing vacancy defects
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Abstract: The effects of S-vacancy and Fe-vacancy on the adsorption of hydroxyl and hydroxyl calcium on the pyrite
surface were investigated, respectively, by density functional theory (DFT). The calculation results indicate that
Fe-vacancy can weaken the adsorption of hydroxyl, and S-vacancy can enhance the adsorption of hydroxyl calcium. Both
Fe-vacancy and S-vacancy can enhance the adsorption of hydroxyl calcium on the pyrite surface. The adsorption of
hydroxyl on the iron site resulted from S-vacancy is stronger than that of the sulphur site resulted from Fe-vacancy. For
the hydroxyl calcium molecule, the oxygen atom bonds with the iron atom on the pyrite surface containing S-vacancy,
and the calcium atom bonds with the sulphur atom around the Fe-vacancy, which enhances the adsorption of calcium on
the pyrite surface.
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Fig. 1 (2X2) pyrite (100) slab model
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Table 1 Adsorption energies of OH and (CaOH)" on pyrite

(100) surfaces with vacancies

Adsorption model Adsorption energy/(kJ-mol ")

OH /Fe40Sgo —264.99

OH /Fe3oSgo —205.00

OH /Fe4S79 —472.16
(CaOH)"/Fe4Sso —276.62
(CaOH)"/Fes,Sso 352,29
(CaOH)"/Fe4S+o -302.91

2.2 WRPHHIEY R RS R

Kl 2 J s A SRR B P e Bk B B Bk S T
R B A B (P& v R BB R s B o AEBR AL T
SRR P A R L) — MR R
WK 2R, AESRANIRT, HT RN R
BRI, AR SR B S PR R A D, DRl
BRETE R, WRBRES . RIS AL AR S, SRR T
PR ERE N, SRR B RV TR A 8 o, DR S B
B, SRR AU 2 ) S A A L R AN R
T HEE(ILIE 2(b)).

R 2 Py A A SRR B 3R Bk A R A
AR B IS 1) Mulliken A7 JEAE . AR RAEEROR, BERISLMN
PR R 2 AT, SRR PR A SR 2 1 (6
2SI B I T PR P O—TFe ) Mulliken A J& {8 4>
A 0.38 1 0.32, LU ksR T AR AR AL R T R

O—S #(Mulliken A JFE A 0.21). F4k, {ERMERT
A7 AW B SRR P A AU T A 3R P 55
TR 2 R TP 5 AU T R SR AT
Mulliken AJE{ER 0.60, J5# 1) Mulliken A fE{H A
0.50). AR L BB AT A, SRR AR B R A A S
BRAT 2T LU 15 R 2 A0 Bl B B ™2 T P R B B e
WRRE, HWPHRE AT R — 3

g R\ ,JE; X ‘. . ﬁ )
2 GUSERAE Sk O R 0 SRR T A B A 2
Fig. 2 Configurations of OH adsorption on pyrite surfaces

with Fe (a) and S vacancies (b)
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Table 2 Mulliken bond population after OH adsorption on

surface with vacancies

Adsorption model Bond Mulliken bond population

i 0—S 0.21
OH/ Fe3gsgo

O—H 0.50

O—Fe, 0.38

OHf/Fe4OS79 O*Fez 0.32

O—H 0.60
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Configurations of (CaOH)" adsorption on pyrite

surfaces with Fe (a) and S (b) vacancies
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Table 3 Mulliken bond population after (CaOH)" adsorption

on pyrite surface with vacancies

Adsorption model Bond  Mulliken bond population

(CaOH)+/Fe39830 O—H 0.52
O—Fe 0.37
(CaOH)+/Fe4OS79
O—H 0.59

23 HBEFEBNSEESHR
2.3.1 SR

Kl 4 Jiros o SEERRAE O BB A B R SR T R B S
FSCBE J5 T 11 25 % B AR Ak (R R R AE BROK BE AR A
(Er))o SEMBIMEEIZTH 2s T, 2p &
HL AR SRR R 0, AE—1.7 eV RER AT I — A
U, JEEMASHIE T 3p & FA RN AAAE
o R 1) Mulliken HLfir A7 & 73 (W4 4) v %1, O
(1) 2s &R LDEET, 1M 2p &R REHR T SR
JEF U AR SR 1 3s AR /bR, 1fT 3p &K
ZREHT, FEGHUR T IEHAT(H0.47 €).

4 O before adsorption £ O2pi REg
2k I
0O 2s I
T> O after adsorption i
[ I :
o 21 02
S e e i
g of L e T -
= S before adsorption |
< 2t S 3p |
A I
QI s E o
D O ......... "
S after adsorption |
2r, S3p |
0 ./\ 1 [ T Juss g sy suet 1': e, Lo !

e 2
Energy/eV

4 SUERRAE S B A R AT S T B i Sy K A
i3
Fig. 4 Density of states (DOS) of atoms before and after OH

adsorption on pyrite surface with Fe vacancy
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Table 4 Mulliken charge populations of atoms before and

after OH adsorption on pyrite surface with Fe vacancy

Atomic Charge population/e
Adsorption status Charge/e
label S p d
Before adsorption  1.89 4.28 0 —-0.17
S
After adsorption  1.83 3.70 0 +0.47
Before adsorption 195 4.62 0 —-0.57
O
After adsorption 1.86 492 0 —-0.78
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Fig. 5 DOS of atoms before and after OH adsorption on

pyrite surface with S vacancy
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Table 5 Mulliken charge populations of atoms before and

after OH adsorption on pyrite surface with S vacancy

Atomic Charge populations/e
Adsorption status Charge /e
label S p d
Before adsorption 0.34 0.36 7.14 +0.14
Fe
After adsorption 0.33  0.37 7.04 +0.27
Before adsorption 1.95 4.62 0 —-0.57
After adsorption 1.86 4.85 0 —-0.71
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Table 6 Mulliken charge populations of atoms before and

after (CaOH)" adsorption on pyrite surface with Fe vacancy

Atomic Charge population/e
Adsorption status Charge/e
label S P d
Before adsorption  3.02 5.99 0.44  +0.55
Ca
After adsorption  2.13  5.99 0.71 +1.16
Before adsorption  1.85 4.21 0 -0.06
Si
After adsorption  1.84 4.30 0 —0.14
Before adsorption  1.90 4.23 0 -0.13
Sy
After adsorption  1.87 4.46 0 -0.33
Before adsorption  1.89 4.28 0 -0.17
S;
After adsorption  1.83  4.30 0 —0.13
Before adsorption  1.85 4.19 0 -0.04
S4
After adsorption  1.88 437 0 -0.25
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Fig. 6 DOS of atoms before and after (CaOH)" adsorption on

pyrite surface with S vacancy
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Table 7 Mulliken charge populations of atoms before and

after ((CaOH)") adsorption on pyrite surface with S vacancy

Atomic ] Charge population/e

label Adsorption status ; ; p Charge/e

Before adsorption 3.02 599 044  +0.55

c After adsorption 2.15 599 0.60 +1.26

Before adsorption 0.35 036 7.14  +0.14

Fer After adsorption 0.38 0.66 7.15 —-0.20

Before adsorption 1.86 4.26 0 -0.12

> After adsorption 1.84 4.42 0 —0.26

Before adsorption 1.84 440 0 -0.24

> After adsorption  1.82  4.45 0 -0.26

Before adsorption 0.36 0.37 7.12 0.14

e After adsorption 0.33  0.51 7.04 0.12

Before adsorption 1.86 522 0 -1.08

© After adsorption 1.85 502 0 -0.87
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