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Table 1 Calculation results of different exchange correlation functionals
UV . AR H A
A RIBRAZ o i B eV g it eV
a b c
GGA-PBE 0.528 —5692.243 5.370 5.370 5.370
GGA-RPBE 0.608 —5696.233 5.407 5.407 5.407
GGA-PWI1 0.550 —5702.465 5.375 5.375 5.375
GGA-WC 0.406 —5683.705 5310 5310 5.310
LDA-CA-PZ 0.375 =5679.969 5.250 5.250 5.250
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Fig. 1 The relationship between cut-off energy and energy

AN, A SR FH R % e, v i I #4055k
B o1 J2 20 9008 S 35°3p*. Fe 3d%s’ fil As 4sdp’,
A A5 1 R UL M o S SR 2x2x2 T 4
4x4 1Y) Monkhorst-Pack k 55 BURE %8 B & il 85 207 10
JUAARAFRAE QT : S50 % A S (B 4 0.000 2 nm,
JEF- [RIE FH 7 WS BIAE A 0.5 eV/nm, J5 78] 14 P R
TSI E R 0.1 GPa, iz K BE & 250 AR 19 Wi SN
2.0x10° eV/atom; [ 15 &SI SRS B R 2x10° eV/atom;
A% BERTY) smearing {64 0.1 eV, FFA TTHEHAD
AR SECT 3647, BAEE5 25 b a7,

B R TR A AT

Eror = Exureplace + Ex — Eperfect — Eas (1)
(2)
K B UK Fe 07, S 7 S [H] BB 24 T8 Wi 7 b Bk

Efor = Engap - Epcrfccl - EAS

B I BT B s Exaepee N As J5LT- LU Fe J5 7+, S J5L
T 0 B A TR 1) R BE; Exp N As IR 7 12 7]
BB AR 10 B RE; Ex b X R B BE 2 (X Fe
50 S I F); Eperrorr H AT B BE 15 Ex, N As JEF 1Y
et .

AR S AR A B Kz (2x2x2) R i R AR 4 R 2
FioR, Hodr s i 475Xk Fe,Sq, #E M (2x2%2) 143 F
N Fey,Se, Bl B DB F T AR b hy As JR T 115 2%
VA5 o

(b) HFAHTEERD" (2X2X2) MMt il

(a) BEAHSCERR 5 4 A AR

2 PR ECBRA UM N (2x2x2) A
Fig. 2 Ideal pyrite bulk unit cell (a) and supercell (2x2x2, b)

2 HR5HE

21 BEERBT HHRAEF K

WA AR A2, IR RSLITR,
N FeS,, th HARRE TT U J S5 0l & 25 A M0
44~ FeS 4 FHuot, Horp Fe JiF XA, {7 T 327
JLE 6 AT K2 8 AT L, S N 5 T AR S
JELF DU E AL, S T A 3 5[] IE AR A8 A~ S i1 JE
JME IR EE Y, TR S, AR 1o AR SR B kA, A
JEF T E LA AL . B QR L A E] B8 2% = A A A
AL A BB, =R 2 L B AN 2b FR .

TEVRAR (2x2x2) B M v, = Fh45 2 5 DL Y J5 /2 4
(1)~ (3) fin:

IR Fe 2 (—A> As BUL—> Fe)

Fe;2364 +As — F631564AS +Fe ( 1 )
W S i (—> As UL —1>8)
F632564 +As — F632563AS +S ( 2 )

] B2 2% (—A> As 78 fA% [B] BLAL 5 )



- 114 - B 5 i 2022 4
Fe3;Ses + As — Fe3pSesAs (3) gj(ﬂ:lﬁ] Fﬁ@%‘% E"Jﬁ/;ﬁﬁg( 1.925 eV) , Jﬂﬁ As E?‘ﬁ

AR TE B RE AR, 45 20 AR 5 T, S 2 iBoxfE
e B X =R 2 AR R AT 5, T
LR 2 Fon o bl AL, S HUR Fe {7, W B2 %
AR EE, U S AL IHE BUAE R AR (0.652 V), BiWIAE A
IRFER As il O S TR S B R R AR
AT RE B AT HILD 5 [R] IR Fe 37 19T BURE (4.383 eV)

®2 —FMARBREAITAAR

BB Fe BT T 005 B BBk AT (9 nT REVEAR K. LA,
AT B SRR 1 o AL, A AE F AR SRR R OIR S
TG F35h, Fe (i Fl S ALEUCLL R 8] Bz 45 2%
AR B BRA T AR S B R, R R (8] BB 2% 1 B Bk
NI E S S PN

Table 2 The calculation results of three different doping concentration

. Mtk S8 A
B ¥ W g eV
a b c
IR Fefir 4383 10.793 10.794 10.793
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Fig. 3 The arsenic bearing pyrite bulk phase (2x2x2) supercell model with different doping concentration
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Table 3 Effects of different doping concentrations on lattice parameters and band gap of pyrite

; . s S 5U/A
AstB 32U /% 53 F T eV
a b c
0 F3,Sa 0.554 10.747 10.747 10.747
1.93 Fe,,Si;As 0.538 10.762 10.762 10.764
3.82 Fe;,SqAs, 0.498 10.776 10.776 10.777

5.66 Fe;,Sq1As; 0.509 10.792 10.788 10.796
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Fig. 4 Energy band structure and density of states of ideal pyrite and three doping concentrations

L 2 sHHs

BEAT 25 R R S o . BEAE B 22 BEXE K, REAT 451
AR B S, T 3 FhAB 2R e B R 0 A% B AR AL, Y
TERTEBMHT (—10 eV) AL BL T, EEH As4s &
YN, VI As 200 BE X Bk (1 FL 25 R 52 AN B

2.3 @k R IR B AR A

5 9 TR EERE M BB As J5UT KO
JRE ST R SRR, Hoh As BT IORC I 5(a) TR

1L

(a) FRAHBEERY AU (b) B HECERA s 1

5 PR B RRAT N T B R 0 B0 4 A A A
Fig. 5  Structural model of bonding between ideal pyrite and
arsenopyrite
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Table 4 Mulliken bond population of ideal pyrite and arsenic
bearing pyrite

R i Aii i B /A
S2—S1 0.26 2.179
) S2—Fel 0.48 2.241
AR B R
S2—Fe2 0.48 2.241
S2—Fe3 048 2.241
Asl—S1 0.45 2.253
Asl—Fel —0.06 2.321
GRUNS- 38
Asl—Fe2 -0.06 2.320
Asl—Fe3 —0.06 2.299
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Table 5 Mulliken charge population of ideal pyrite and arsenic
bearing pyrite

7] JiLF e s p d Total ~ Charge/e
1.80 411 0.00 591 0.09
PRAR B kB
Fe 035 0.66 7.18 819 -0.19
S .79 422  0.00 6.00 0.00
H R Fe 041 071 7.18 830 -0.30
As 0.96 3.09 0.00 4.05 0.95
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Fig. 6 Density of states distribution of atoms before and after doping
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Density Functional Theory Study on Crystal Structure and Properties of Arsenic-
bearing Pyrite
FU Minsheng, CHEN Linxiong, LI Caiyun, XU Jiang, CHAI Dong, LI Yuqiong

School of Resources, Environment and Materials, Guangxi University, Nanning 530004, China

Abstract: The occurrence mechanism of arsenic (As) impurity in pyrite (FeS,) and its effect on the crystal structure and
properties of pyrite were calculated by density functional theory (DFT) plane-wave pseudopotential method. The results
showed that arsenic bearing pyrite was formed by As substitution for S. The incorporation of As would reduce the band gap
and slightly increaseed the lattice parameters of pyrite. In arsenic bearing pyrite, As atom was positively charged. In
addition, the incorporation of As element would affect the charge distribution of surrounding atoms and the strength of
bond covalency between atoms. S and Fe atoms obtained electrons, and the covalency of As—S bond was stronger than
that of S—S bond, while the As—Fe bond was anti-bonding. Through the density of states (DOS) analysis, It was found
that As 4p orbital interacted with S 3p orbital and Fe 3d orbital.

Keywords: arsenic bearing pyrite; density functional theory; crystal structure; electronic structure
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