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Abstract: Based on the first principles calculations, the adsorption properties of H, molecules on LakFeO; (010)
surface are studied after the (010) surface was confirmed as the most stable surface. LaFeO; (010) surface
consists of LaO and FeO, terminated surfaces, but the adsorption mainly occurs on the FeO, terminated surface.
Due to the surface relaxation, the contact area on the uneven surface lay between surface atoms and H atoms
increased, and resulted into about 2.5% increase of the longitudinal volume of the unit cell surface which is
beneficial to the H atoms diffusion within the crystal. The results indicate that, there are three kinds of chemical
adsorption modes of H, molecules on the surface of LaFeO; (010): The best adsorption mode is that two H atoms
are adsorbed to the two surface O atoms respectively, forming two -OH groups. At this position, the typical
covalent bonds between H and surface O formed through the orbital hybridization of Hls and O2p. The energy

barrier of H, molecules dissociation is about 1.542 eV, indicating that the dissociative adsorption can be occurred
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only under certain thermal condition. The second mode is that one H atom adsorbed on the surface O atom,

forming an -OH group, while the other H atom is adsorbed to the Fe atoms, forming a metal bond. The third

mode is that two H atoms are adsorbed to the same surface O atom to form H,O molecules which is physically

adsorbed on the surface, but the surface oxygen vacancies can be easily formed after the H,O molecules escaped

from the surface. In addition, H, molecules also can be physically adsorbed on LaFeO; (010) surface.

Keywords: density functional theory; LaFeOs; surface adsorption; H, molecules
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Table 1 Surface energy of different surfaces on LaFeQO,

Surface (101) (110)

(111) (010) 011) (001) (100)

Surface energy / (J-m™) 3.33 3.81
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Fig.1 Two termination surface structures of LaFeO; (010)
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Table 2 Energy and geometrical parameters after LaFeO; (010) /H, system optimized

Initial position (Hy) Fn / nm Fno / nm Fige / nm Fusa / nm EnleV EuleV
Free H, 0.075 3 4529
B,(0-0) 0.329 4 0.097 8 0252 4 0313 1 1.866 -1.800
By(Fe-Fe) 0.191 2 0.097 7 02359 0.293 0 1.337 -1.598
By(Fe-0) 02305 0.097 8 0.148 2 03159 0.826 -0.596
T\(Fe-Top) 0.080 6 0233 1 0.169 2 0.403 0 0.077 4.501
T,(0-Top) 0.162 6 0.098 6 0.258 5 0.307 0 1.056 1.832
By(V-Fe-0) 0.083 4 0.236 8 0.162 2 0.406 1 0.339 4.520
Ty(V-Fe-Top) 0.073 9 0.259 8 0.206 0 04515 -0.460 4.509
T,(V-0-Top) 0.075 6 0.228 9 0.298 3 04357 -0.200 4.500
Ho(Hollow) 0.075 4 0.285 1 0.354 2 0.425 7 ~0.262 4508
H,™ 0.075 0 4580
H,0 0.154 5 0.097 8
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Fig.3 Four main adsorption positions structural schematic after FeO, termination surface being geometry optimization
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Fig.4 Electron localization function graph of 0O-O bridge

site after adsorption

3 O-OFMIRMETEMBERBEML
Table 3 Charge distribution variation of O-O bridge before and after the adsorption

Before adsorption / e

After adsorption / e

s p d Charge s P d Charge

H, 1.0 0.64 0.36

H, 1.0 0.63 0.37

0, 1.88 4.82 -0.70 1.84 4.95 -0.79

Os 1.87 4.76 -0.64 1.86 4.93 -0.80
Fes 0.36 0.52 6.46 0.67 0.36 0.48 6.50 0.66
Fey 0.36 0.52 6.46 0.67 0.37 0.49 6.51 0.64
Las 2.16 5.96 1.25 1.63 2.18 5.96 1.23 1.63

x4 O-OMMBMAEHETEHMEBERENL

Table 4 Band population and bond length variation of O-O bridge before and after the adsorption
Bond Population / e Length / nm
Before adsorption After adsorption Before adsorption After adsorption

H-0, 0.67 0.098 1
Hy-0y 0.66 0.097 8
0)-Fe; 0.37 0.21 0.198 8 0.199 0
0;-Las 0.11 0.10 0.244 6 0.254 9
Ox-Fey 0.46 0.25 0.190 0 0.210 9
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Fe M EA PSS, FEBREH 34 9L
T b La J5F B B AR A AR 1L,
2.4 H, 5 FWH-F O LA IR B AL H

H, 73 FPATICE T 0 TUAZEE 2 A H I B
TE[F—A~ 0 Ji+ b, N H JEF 5% 80 % m i
15 H R IE L, LaFeO, RIMAT AR, 24> H BT
KA (508 0.41e Fl 0.42¢),0 5115 2 H+
(0.18¢), PEALJE B O-Fe O-La 58 H 17 A7 Jm AT fob vk
A BRI T H-O [R] A9 H fr A7 S A B £ 1
B] O-Fe O-La [A (4 J U058 , 10 H-O 18] (49 7E I fm
SR VRS SR TR R B0 BT R B RS 2
ANHIEF S O Z IR X8 AL T 20 48 X I
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HIR AR EC LS EERA, WU H, 7 T7E
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X & LaFeO, 2 HIE i it B ) Ji P 22 —B7)
25 H, 7 FHERMELETE

H, 5> T 5 LaFe04(010)%% Il & A5 0L 1) i 2 /&
H, 7 FREE R 2 A H IR, PR R M P R A
it (linear synchronous transit) 5 — I Hp ] 42 4
(quadratic synchronous transit)F 4545 (19 75 i | i — 25
WX T H, 55 F1E LaFeO5(010)2 M Hi & 3 F i 5510
PR SRR RE R, MR H, 0 FE T
LaFeO,(010) [l 0-O #i i Fe-O i Fil O T, 43
S5K°N H, 50 T1F LaFeO, (010) T fff 25 W B 5 11 245
), AT R 3 ik B i AR 04 R Y A LA BAH B () e
I LRE 2R NI BE N2 5 s ) TR
P H-H BRI A BT R A2 i 19 e 1 14 L S
N B RE AR, 3 SRR BRI TR N S5 R RT3
A e 5 R B ok R A A TE — Y S BB &2 D6
MELL A R AT | RN 75 BEAE — 8 W i el BEAE 2%
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Yy AR HEAT 33X 5 i A 5T AL CH R B
O P ey asie B 1 or s, AW H R
TE 20 foe o W B A 7 B V5 T H DR T B S A R
T3 B R HRE &2 b R IR B LE Fe i
B LM HETHTE R 0.986 eV MIREZ(E, RIAT
PECELRE R O BT L, T 0 R L H R T
r ik 1.828 eV MIfEZ:, A REY W R AR Fe i
T L, BDWFAE Fe JRF LW HIRFEAES Y #HE
R O IR T I, 28 1 Fe-O B 915G 1L AR 22
0.305 eV, WH7E Fe WY H R FH HELBIEM O
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B Fe-O M or 5 5 i A il 5 W BT AN HIGE 723X 2
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O To A J2 o 4 1) 3k U 245 1 3% 1L fig 22 Ol 2.440
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Table 5 Energy parameters of three kinds of chemical adsorption

Energy of Energy of Energy of transition Barrier from Barrier from
reactant / eV product / eV state / eV reactant / eV product / eV
0-0-B -48 694.368 -48 696.296 -48 692.826 1.542 3.470
O-Top -48 694.452 -48 695.536 -48 692.012 2.440 3.524
Fe-0-B -48 694.458 -48 695.432 -48 694.153 0.305 1.279
3 & it W RFIIN L 2.5%, HF T H R 79 £z

LT % 7 sR IS (DFT) 7 2 il 1153 R i he
1 7€ LaFeO;(010)3% 1 o4 fe £ g 2R 100, X H, 43 F1E
T2 T (IR B P B A T T RS T A e

(1) LaFeOy(010)3R 1 i T334 A 520 | i 45 1111
AT T E N T R RS R 04 il
AR T H R 53R TR EAER, 10 La
JEFI EA O Fe [0 T, 8030 & Y

[IIEEEY SR

(2) H, 53 F1E LaFeO(010)7 [ 1 3= 22 0% Fff 77 =X
A 38, 7 0-0 M H, /T afes 2 HIE
Tl TR 2 4 0 i B, JE 2 4~-0H
5y UeR B, T HSmEER EZERETRZE O R
FTHHIEFZEAEHN HB s HLES 0 1 2p #1
HES DRI LA T P 2B H-0 4
AL 7E Fe-O M0 H, 4> T B85 2
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4 2 B

(3) Fe-O i 9 1E fLRE 22 4 0.305 eV, WL #E
Fe JiF LW HIEFYPHE O BT LRERE N
0.986 eV, it Y W B BE2 N 1.291 eV ;3 0-0 #F
7 1) i 15 1B 22 (1.542 V) HEAIG, B Fe-O #7007 51 5 &
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