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Abstract: In this paper, the heterogeneous reactions of H,0, and SO, on the surface of mineral oxides (a-Fe,0;)
were simulated by density functional theory. The adsorption mechanism and oxidation mechanism of H,0, and SO,
on the surface of a-Fe,0;(001) were studied. The results showed that both SO, and H,0, were adsorbed by Fe at-
oms on the surface of o-Fe,05(001). Compared with SO,, H,0, adsorbs preferentially on the surface of a-Fe,O,
(001), and the forms of H,O, on the surface tend to be two « OH forms. Through the analysis of the local density
of states, differential charge density and Mulliken charge distribution, it was found that the co-adsorption of SO,
and H,0, was in the form of « OH generated by H,0, adsorbed on the surface of a-Fe,0,(001), while SO, was ox-
idized by « OH [ Sy, -charge distribution: 0.79 e—1.32 e; O, -charge distribution: -0.77 e— —1.11 e],
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and « OH + SO, clusters were formed. These data show that the atmospheric trace gas H,0, can mediate the adsorp-

tion of SO, on the surface of mineral oxides and promote the transformation of SO,. The results obtained by the

authors provide a theoretical basis for understanding the heterogeneous oxidation of SO, by trace H, 0, in the atmosphere.
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Fig. 1 Crystal structure diagram of a-Fe,0,(a), top and side views of the surface of a-Fe,0,(001) (b)
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Fig. 2 Two adsorption configurations of SO, on the surface of a-Fe,0,(001)
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Table 1 Adsorption energy of different adsorption
configurations
WHE 1A 1B 24 2B 2C  3A 3B 3C

W FHE -0.17 2.90 -3.03 -5.08 -5.91 -3.38 -2.29 -5.35

2 1 n] LLE W, WP A B 1A [ W B RE
( =0.17 eVO B &b/ TR B A4 28 1B BBt fig (2. 90
eV), HItH W] SO, #E a-Fe,0, (001 ) F [ (1) 4k 22 T

B2t SO, M S Ji AT a-Fe,0, M Fe Ji T kL
ff1. SO, 70 T S—O B M 1.54 A 39 K% 1. 73
A, ULH SO, 4> TAE a-Fe, 0, 2 1H WP i 4 S J5t
T Fe JRUFIMPIEEK N 2.43 A

HIRNFENT SO, {E a-Fe, 0,001 ) 3 T I W F ML
WL UE ST 1A R0 LB [ B8 45 A RN R a3 5
(PDOS) . K3 R, fEW P Ag 2 1A () Fe-3d A
0-2p FUBLERERXIRHNC =2.0 ~ 0.5 eV).( =6.4 ~
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Fig. 3 PDOS charts of different adsorption configurations of a-Fe,0, + SO,(a), surface charge density (b) and

frontier orbital maps (c)
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(001 ) 2[RI BT 1 = EEHL I
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SO, ¥, WLH A 1A 1B s T8 200k
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Table 2 Mulliken layout analysis of different atomic
charges
Fe S 0 0* 0
S0, - 1.40 0.70 _ _
H,0, - - - -0.28 -0.30
a-Fe,0;  0.85/0.86 - - - -
1A R FHG RS 0.82 0.79 -0.59 - -
1B WRHH# A 0.89 0.97 -0.62 - -
2A R HHE L 0.79/0. 86 - - -0.41  -0.45
2B W7 0.85/0.91 - - -0.83 -0.52
2C W7 0.98/085 - - -0.77 -0.79
SAWRBAEL 0.79 0.77 -0.63 -0.48 -0.51
3B WAL 0.98 1.03 -0.42  -0.50 -0.57
3C AL 1.10 1.32 -0.72 -1.11  -0.75

H: 0R3E 80, i1 0,0 A1 0™ * 25K H0, FHEIWA 0.
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Fig. 4 Adsorption and decomposition configuration of hydrogen dioxide on the surface of a-Fe,0,(001)
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Fig. 5 PDOS diagrams of different adsorption configurations of hydrogen dioxide on the surface of a-Fe,0,(001) (a),

surface charge density (b) and frontier orbital maps (c)

W B A R 2C H O-2p PUEAH LG TR A9 5L 2A F11 2B
RAET W) ISR IE AW RS AR T . O-2p B i A% F i
JFL -11.3 ~ —1.6 eV (2A)F1 —8.4 ~ —3.8 eV
(2B)—-6.7~0.7 eV (2C) J# K T Fe-3d 5 « OH
FEH ) 0-2p BFUE M E S FEE, 358 T d-p( Fe-3d-O-
2p) BB ZAAE T o RN, Hh 22 23 H A 5 B2 TR S Pl
T L A LR RS - OH LA M SR 1 5t
AT AT B AT R R X —
MG R, AT B Fe JRFHERE ) T ¥R 3L O IR
T, OH 5 o-Fe,0,(001) F i &L T M HAEH .
7 Fe,0, 1 A 2/3 (1/\THAAB: Fe J5 7 5 4,
KAFAFRI B AT 1) Fe Ji74b T m P A S AR
dn A3 B R RE Bt de /N JRUU, A2 R dx® +y? AR BT
dxy~dyz Fl dxz PLiE$g ) EL AR, X AEFF Fe-3d 5 H,0,
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Mulliken HAar 737 AL HL 7 IR 76 7% 42 Ma-Fe, O, 3R [

i) H,0, ¥, WA 7 2A 2B F12C (I HL T8 584)
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{4 i B R 7] O 2 488 55 d-p ( Fe-3d-0-2p) L& 2% 1k 1)
JELPRL, 2 R B AR 28 2.C A Ay S DI B 7 21 3 2 i
Al
2.3 SO, #1 H,0, 7£ a-Fe,0,(001) 3 [ $£ 1% f
CAH WK W, SO, 7E a-Fe,0,(001) 1 1] LA
# H,0, 4L (Huang et al. , 2015) . SR, A5
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(001D KM Fe J5l 7o A4 Bt A4 8L 3AC - 3. 38



Ly

796 o

oW

7]

22

2z Ju

P -+

Ny

38 %

eV) F1 3B( —2.29 eV), SO, 1 H,0, #£ a-Fe,0,
(001) 5 [l 2 [A] 47 7 56 4 P W Bt SO, 43 AR LE T
H,0, 7 T2 W 45 a-Fe,0, (001 ) K. 7EHK
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Fig. 6 Co-adsorption configuration of SO, and H,0, on a-Fe,0,(001) surface
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