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Stability of Fe(111)/A1,0,(0001) interface based on first principles

WANG Pufan, DENG Daofan, CHEN Guo, ZHANG Huining, LIAO Chunfa’
(Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology, Ganzhou 341000, Jiangxi, China)

Abtsract: Rare and precious metal catalysts have remarkable effects on methane decomposition, but the cost is
high, so that it is an important task to explore low-cost catalysts to realize their industrialization and popularization.
Iron-based catalysts have the advantages of high-temperature resistance, low price and good performance. At
present, there is little research on the surface mechanism of iron-based catalysts, and there is still no unified view of
catalyst interface composition and structural stability. In this study, based on density functional theory (DFT), the
stability of the Fe (111) /ALO, (0001) interface was studied by first principles, and the formation mechanism of the
catalyst with different end faces was discussed. The results of surface energy, state density and differential charge
density analysis showed that the adsorption energy and charge concentration at the O-terminal interface were greater
than those at the interface of All and Al2, and the charge accumulation around the O atom was obvious. Weak metal
bonds were formed between Fe and Al at the interface of All and Al2, while covalent, metallic and ionic bonds were
formed between Fe and Al at the interface of the O terminal. The O terminal covalent bond strength was also higher
than the All and Al2 terminal interfaces. Therefore, the O-end Fe/Al,O, catalyst was more tightly bound than other

end faces, and would also show a better catalytic effect. The above research results provide a theoretical basis for
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preparing the interface formation mechanism of Fe/AlL O, catalyst.

Keywords: density functional theory ; surface energy ; metal catalyst; density of states;differential charge density
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(a) O end face; (b) Al2 end face; (c) All end face

=t 3) s
u" <0 (3)

Au - u:lab _



% 155 %28

FOHEE,F AT H — I RIL Fe(111)/A1,0,(0001)7F & #2 2 PLATF 7

161

st RS, BN IR AE R T B L A SRy
XERLTFHAA . b w9 R A ALO, B B RE L, u,,

Flu REAANTETHE iz 2 xR W= (4) R

AHAle}: ukﬂ%] - 2uif]) - 3u3al‘ (4)
— R UL, WA ALER O 144k 2 345 F A R G
AHAR 2= 3 W 0 2 075 5 2 1A ) (%) e T 4544 o

I, ALFTO k2 BE FIFF A28 (5) o

AH, . < Au(Auy) < 0O (5)
454 BIRAS, T RIS (6
1 . n uhulk 3
Esurf:gl:Ej\li‘::L - = 2‘“‘0Y - (n() - ;AI )AU’O_
3
(no - %)Aum] (6)
THAEL A W B RE (W) o PP ST 485 - 5 Y el

SR R PRE — S8 LT R0 o3 B O 21 W

4 Bk e

(7 Ep 0, N Fe/ALO, FUTH A R 1) ERE 2 5 E,
E 0, 53 5 R ST 1 ALO, Fil Fe R 11 B B0 25 HUEC A 11
MAER ;4 N Fe/ALO, B A TR
2 #R5itie
2.1 REEESH

SR T AR ENARE B S5 R XA [R] st T (9% 3 T8 RE HE
IWE5E , ALO, (0001 ) J& —ANH M R ifl , 76 3155 & il
REISE I 2% FE AL F1 O J5F 1 fb 223 I L, ALO,
(0001) (ALl Al2 Fl1 O ¥ ) B 2 1 8 7T LA _E iR A
HOTE, AR WE 2 B . AL S Y 3 T BE b AR
FE L JE— N EEE (2.4 Tm?) , N2 0 R AL F 5
Wi, 5 AL s 2 1A e, AL2 S Al O i 36 1 fE & O
A A L PE R B B AR B SR PR R G n, A2 A

AT 1 BE R . DRI, W TR A7) st mim R mae 20 2 IR Ry ka3, ARl 2
P AT LA INT , 7 S 46 A ok R e A TR
W= (Ex + Eyo, = B, J/A (7) WEET , O s A T 58 X Fe A W
10 —O-terminal
—All-terminal
—Al2-terminal
8 -
Al-rich O-rich
= -— —_—
E 6f -0.73
34 |
= 301 |
T
2 / |
I I
| |
0 : L ! ' I
-5 -4 -3 -2 -1 0
Au,leV
E2 ALO,(0001)¥IREBES OUFERE Au, 2 BIHX R
Fig.2 Relationship between the surface energy of ALO, (0001) and the O chemical potential Au,
MG bk gs 5, JF — B g 57 3 b Fe (111)/ T PRAE TS 0 A R 0T A I R A e

ALO, (0001 ) L | ALl ¥ ALO, . Al2 3 ALO, Fll
O i ALO,o  [RIRH ARARE s 2R BRI, 2R e 7 43 LA
N K TF 5%, ALO, F 1l 1Y) 4% S 5 (4.759 A) #zikx
Fe (111) 2 If (1) #8 2 514 (4.957 A) , Fe(111)/A1,0,
(0001) %L T (1Y fifs 4% 2% L 4 4.16%, it LA Fe (111) Al
ALO,(0001) F M A AR H /N F IR, Fe 5 ALO,
SERCVCHLD , IAME A R L . BEAh, 2 iR 15 A A
FEWIT . M ERRE AR LS R AT LUE X
ALO;(0001) 1 , Al ¥iis 25 ¥4 e B i, 45 5 T2 i Aa e
() L1

T HESTH A IR IR SR R EE . K280 TR
R BE (W) 5 ST A R (d,) B FR o ] 3 R i AN TA]
e R E Fe/ALO, SR BUART AL IRT, 45 3R W, 5T
BINTFHIXF W, M d) A B E T

M2 ] LU B RE R /NG R O All<AlR<
O Ui o AR SCHR [21735% 49 55 142 12 B I g 45 A 235 H A
HY A P0AR S 50 T X 0L ) e K W B R Y SR AR
0% Topfi (1.69 A.7.21J/m?* ), All¥isHepfvi(2.21 A
2.47 J/m?) Fl A12 %t Top £ (2.13 A [ 2.87 J/m?) . K fi
SRS, dy &R T W ARk, O i S T I B R S AN



162 e kkhttdhs 142

2024 4F 4 A

R2 WKEFRE Fe(111)/AL0,(0001) £+ 5L HE 8 88 (d,)
IR B BE(W,,)
Table 2 Interface spacing (d,) and adsorption energy
(W,,) of different Fe(111)/A1,0,(0001) structures

after relaxation
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Fig.4 Total state density (DOS) and partial state density (PDOS) of (a) Alumina; (b) Fe;

(¢) AI2-terminal alumina; (d) O-terminal alumina
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Fig.5 PDOS diagram of the different end faces of the Fe (111)/A1,0,(0001) interface:

(a) the Al1-end interface; (b) the AI2—end interface; (c) the O—end interface
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Fig.6 (a) Al terminal charge density; (b) Al terminal

interface differential charge density
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