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FH JC AL & A4 25 #5085 2 (The Inorganic Crys-
tal Structure Database, ICSD) A 4ll, a-Fe, O3 J& %%
J7dh &R, WIER g0y, 25 [BBEN R3c(167), itk S
HNa=b=5035A, c=13.747 A; a = 8 = 90°,
v = 120°, & [A4ET B AR R, i BRAE v 2.2
eV. ARICTHER R 502 30 1 17 i B,
AFEISN O JR T F 124 Fe JR T, & a-Fepy O3 Ji it
S R BRI M. 705 R IE S R
B FR45 4 — > H 1 dow A7 o fr et e, A
HQin-a-Fe, O3 R KB 2% J5 I &b i, 7F a-FeO3 i
it r B A DU T A< 1) PR A\ AR [AT B, 45 4R T2 BB
FITHRE A, DY [A] B A7 B B AR 8, A
H &R T30 AE DY T A4 [B] B A7 B, A7 T Ffrade et L) 19
0, 1R, BAIKEER 3.3 mol% (BE/RIKEE).

1 (FTUR) H RS 4 a-Fea Oy [ T
=H
Fig. 1. (color online) The crystal structure of a-

Fe203 doped with one interstitial hydrogen atom.
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KHT™ B FE LAl GGA (general gradient approx-
imation) il PBE(Perdew-Burke-Ernzerhof) iz i
iR, R GGA + U KI5 % B, RN Fe s
ISR ITER, U AT LLSERS 375 8 3d HL 10
RIAH BAE 2. o S T 2135 20 )
J& Fe-3d74st, O-2s%2p*, H-1st, JAMBUE B F1E N
O HHTHSRL P I 2 ENCUT BUA 400
eV. HIEHE R E NN R TRERISE 107° eV,
JR 352 JIA KT 0.01 eV/nm. 55 —A7 HH X
H JiR 45 ] Monkhorst-Pack W A% H 2 4E il, H G

FHIAT BEIHIX K SIEBUNS x 5 x 5, DOS ] K &
RO~ T x 7 x 7. BTG THEIAEE 5 2 8] rp kAT
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(local-density approximation, LDA) 8¢ GGA T fLl;

10.10

10.05

10.00

9.95

1A/ A3.atom 1

[ )
44 RS

4.2

4.0

3.8F

Wi pp-Fe—1

3.6

3.4F

a5l (©

PSR

20F

1.5}

Wik eV

1.0

0.5

U/eV

2 (MFIREE) S MBI Fe BAAE YRR EE U A1
Bl (a) mlFEAER; (b) Fe JBTHERE; (c) HHR

Fig. 2. Variation of equilibrium volume, magnetic mo-
ment of Fe atom, band gap for a-FeoOs crystal cell
with different U for the GGA+U calculations: (a)
equilibrium volume of crystal cell; (b) magnetic mo-

ment of Fe atom; (c) band gap.
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K22 TS UM, a-FeoOs 15 i
TR Fe HEFE L 7 BRI AL ALk %5 DL 5 S0
foxr L. 2R iR U ER R R R T, iR
R RBRSH T = 1A%, WE 2 (a) ATLAE H,
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2 UAE I s2 /. B2 (b) R, B Fe i 1
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a-Fe, O3 Wi BB BEE U 1H 138 hn AN hn, 72
U = 6.3 eV A B i A E BY2.2 eV, L7 4
K2 (a), (b), (c) BKI7#T, U = 6 eV B, a-FeaO3 [
SPHTAARFR  Fe I Wy BRAE 5 SEI s 17 A
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L

H [8] B 5 4% 11 J5 Bt 0 B a-Feo O3 Y f il 25
Hang 1 . #&RASOH EE AT S Ak 5
K a-Feo O3 4% 2 80 5 Finger S2 36 73 31 1) 5 4%
SR PA LR A U A AR SR R T E SR A A 2
TR, THE AR AE.

3.2

*1 HEBEBRHE a-Fea O3 MEHMSH
Table 1. The structure parameters of a-FeoOswith before and after interstitial hydrogen doping.

a/A b/A c/A a/(°) B/(°) v/(°) V /A3

a—FeyO3 SEHH 5.035 5.035 13.747 90.0 90.0 120.0 —
a—Fey03 5.048 5.048 13.671 90.0 90.0 120.0 301.7
H@in-a-Fea O3 5.068 5.092 13.730 90.3 89.2 120.1 306.3

B PR B A a-Feo O3 Ja, IS HAE 2, v, 2
=TT E ARG R, o, v A G K, 8
PN, dn BRARFRIE K. SRR 4 2 JE I a-Fea O3 HH
JR SR ) 7S T3 AHAR N = RAH, 3 2 PR Ay T B iR 6T
R R, H—RAE 345 7 o, Fril ]
R I ol ot PR A L et 7 7 R 21 P4, AT 3
i MK, AH LI s S H Bl 2 1K

3.3 HFLHEH

Bl 3 (a), (b) 7l & HIE FRHB 400 )5 a-Fea O
R R BT B % E (density of states, DOS) PA K&
FIRF SR, BT ToKeeg, H
Ee RN, W T 90K T i I (14 ¥ 5 43 A T8 B )
(10 L 22 1 T, AR S 3 R AN A 2 2 K T B 3
SEEE. NE3(a), (b) /T LAEH, EBIETE,
a-Feo O (A7 # & F 8 73 2 A, 25 O2p M
Fe3d L1, 5415 W) = Fe3d 4. 14 4H a-Fe, O3
M N 2.2 eV, 50/ MIF AR — 8B, it
WA SRR TR TR AN, B2 — AR
AET )5, W RN A 1.63 V. HE 3 (b) 1]

LAE Y, Bo% e fE SR i, BT — MRSRK
A8 (1A 3 (b) Hh Lt 5 el X I ), 2
H1 Fe3d HLIEH R, O2p HUIE B A #7 TTik. Hls
BB X AR AR R S M 2 AR EILAE A TR D5 R g
% k.

N T BT B A2 T HL RN 45 238 B,
it ZONE AT EL B A AT e B A A T2y
P& T B A A VAR ORI R 1 L AR AL, HAR
NIE B R 5458 4 4E a-Fey O HI DY A IR] B, i Y
T AR B e DA O JR P . 3R 2 45t T B2kl G
(¥ Bader HLr 20 A1, ¥ & (2 AR H 5 H iU 48
110, 51t O il 4R 1) Fe = A &1~ B B Ay 73 A A2
e WTUUE Y, HIEE 7 RET, 5 HEIZATH O
JA T MFeJd T JLFEE T HEAELEREME T, =
P 7 AN SO AR 7RO . i Ay R T
K, RIBAZAT, R a-Fea O3 1 Fe & )\ A B AL
Y1, ZAHFE ) Fe—O K8, =AM A Fe—O %
it A A, BT RIEMK Fe 573 H T, Fe )
wn K 52 B, Fe—O 8 KM O—Fe—O B M #5
KA T AR, ABA AR\ T AR .
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2 HRBARNTE D 5K Bader RUfHT 224
Table 2. Bader charge distribution of partial atoms
with before and after interstitial hydrogen doping.

Ji¥  charge(ZHEHFE)  charge(#B4HE) KRBT
H 1 0.37 50.63 e
(e} 7.17 7.28 B0.11e
Fe 6.24 6.64 5040 e

40
0L @ =
20 - Total
10+
- O 1 1 1 1 1 1
Lo10f O 2p
[}
~
¥ 0 L\j"‘/\ ! | | |/‘/\/VL\|
30+
Fe 3d
20 |
0 1 1 1 1
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BEE/eV
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o 3
= ?a
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RO ) Ej

T 02
> L
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ol Y NG g

20 Fe 3d :
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0 ' PN ’ﬁ_-: ' \

10 -8 -6 -4 -2 0 2 4

TR

fEE/eV
B3 (MTlER) aS%ERMpPESEEZER ()
a-FeaO3; (b) HQin-a-Fea O3
Fig. 3. The total density of states and partial density
of states: (a) a-FezOg; (b) HQin-a-FexO3.

Kl 4 (a) 5 75 H 540 O # Fe BL A H R
FHAEESZEER. HNsS5 0N pSFES, &
B H A0 O A7 B &2 e, &4 (b) /25 H St 4011 Fe
JEF (I Fe /& 5 H 348 O Ji 7 1 it 41 Fe i T)
B RGN E LR, 7UUE B )G Fe
WREERAE T RENZL, NFABERE] T i, 1k
JEIXA Fe Ji 7 IR S 8T B35 15 P 44 R & 1)
.

giAR2, AN, HIETFRETHT, Fe Al
OJE-F158] 7 1, HAMHUTAL O 5 F ik, S8
JAB B T E A, 2O SR Ul nT R YN T

DA ML R A AR ) Fe (03 25 W] AR 3 2, T RG—
RS, MRS S B 7 R R, e
SR T TR SRR S 4 A, BRI H B AE B oK T Y
E. T a-FeaOg BT AELLEIK, B A2 —
RIS, RPN — AW, &S R A A T 5E
e, FHIK T, WD,

sl (a) Ey
0.3 H 1s
0.2
ol /ﬂ’\x\//\
0.0 M J — A i 1
Looor 02
p
% 0.6
%@ 0 I fl L L A, |
4t Fe 3d
ot
0 A 1 L 4 A |
—10 -8 —6 —4 -2 0 2 4
s /eV
5L b E¢ AR
4 -
3t
a2k
Lot
& L L Ao ) L L
o 5f ‘
X B
Boar
3 -
ot
1+
0 ! N\ A |
—10 -8 —6 —4 -2 0 2 4
s /eV

4 BIRJESHRIIAM Fe, OMHMAEER (a)
BIAGERSEEE; (b) B2RE Fe AR ZE

Fig. 4. The density of states for H, Fe and O atom (the
Fe and O atom is closest to the H atom) after doping:
(a) total density of states after doping; (b) density of

states for Fe atom after doping.

EFT AW T, %A XTI F A B R AT
a-Fea O HL FH B A 09 S50 0 7, R AH I 10 2k 4
PRBIAE R AL, 1E 2004 4F [ 7 °F 5 8 R LA
51 A Af NiZnCu 8k % & (Nig 38Zng.5Cug.12Fe20y4)
L BE ZE FEAIC, Fig Hh FUR K S 77 AR 1 g Nk AU
6, [R) IS kA A A S5 A Ve B AR 4K, 53 FeP T Ak
A Fe?t ) 3 240 IR K i, H BHL AT LA & 591,
AL — YRR B U R AE — e AR T B RSk
IS SLPR gt T ER MR, WL SRR T
S B S5 R AR B A IR Sk ) 2K
AR Sy 8, 136570 S A {3 B Ak SRR K T R R
PRI sE, ARHERIE, R H T ETFEB R
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P @-Fey O3 i RAL /I, J6THOKREH L2748/, B
TERIE R 5y, JoF ISR E AR K, AT DL T A
RO EA BRI R. a-Feo O3 MM A
J R B RSEFHT S, H N 2.2 eV, A SCHHRAR
AB A GBI/ N 1.63 eV, BIEFAB A
a-Fep O3 IR ISCA Y i€, TR RE SR A5 2, X AT IOt
JEMR MG N, T D't SR A K PR B A T R AL 1.6—2.2
eV 81 H bk, 5L A B a-Fep O 7 BN
HLEE A AT BE X a-Fey O £ 6 AL 5 T T 7T 32 11t
fir 4.

4 % @

AR S — M R VR T a-Feo O3 £
FILL K H (8] BR A5 7% a-Feo O3 M db LS 5. L P&
J& 1 Bader HLfaf 2304, I8 UEHRE T 53R T
LA, BRU = 6 eV I & I 4K A7 Fe JR
TG BRI B 45 B S SR AR . 1
U=6eV M FHATRSB AT E R KN, HIE R
PR JE MARRAE K, B ER IS T A A RIS T
M, HIEFRET, B4 OMFe i FEAHBT, 5
H &L AL 1 Fe i T B FHUE S TR 2
Wl T, fEAN A T SE A, 7R T &, MM B AR
AN, RSN, R PH AR PR, R X — i A R
A DUSRRE T N B A DS S 08 T, 3N a-Fe, O3 TEHE
PR SRR R S A S5 AT ) N F 9 B 4L
IELILTE S

AT T A5 19 2% 425 S5 0 O P 4R 1L ) VASP 8K
AR
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Abstract

Hexagonal «-Fe2Os is one of the most common functional material used as magnetic semiconductor, and plays
an important part in various applications, such as electronic devices etc. Based on the density functional theory, the
lattice parameters, density of states and Bader charge analysis of a-FeaO3 have been calculated using the first-principles
calculation with GGA+U method. As Fe is a transition metal element, the value of U can be more accurate by considering
the influence of the strong on-site Coulomb interaction between 3d electrons. First, the crystal equilibrium volume, the
magnetic moment of Fe atom, and the band gap value of a-FeaO3 are synthetically researched and compared with those
with different U. Results indicate that the calculation model of a-Fe,Ogs are in good agreement with the experimental
model when the value of U is 6 eV. These parameters can also be adapted to the following doping calculaton. The a-
Fe2 O3 unit cell has both tetrahedral and octahedral interstitial sites. The calculation of doping formation energy shows
that the a-Fe2O3 system is most stable when the doped hydrogen atom is in the tetrahedral interstitial site. The density
of states show that the valence band and conduction band compositions are similar for the bulk and hydrogen-doped
a-Fe2Os. That is, the valence bands are dominated mainly by both O 2p and Fe 3d orbitals with the O 2p orbitals
playing a leading role, while the conduction band is dominated by Fe 3d orbitals. The band gap of a-FesO3 decreases
from 2.2 to 1.63 eV after hydrogen doping. Also, a strong hybrid peak occurs near the Fermi level after hydrogen doping,
which is chiefly composed of Fe 3d orbital, and the O 2p orbital also has a small contribution. The H 1s orbital is
mainly in the lower level below the top valence band. Results of the Bader charge analysis and the density of states
calculation for partial correlated atoms suggest that the new hybrid peak is chiefly caused by Fe atom which is closest to
the hydrogen atom in the crystal cell. In this process, H atom loses electrons, and the nearest neighbors of H atom, i.e.
O and Fe atoms, almost obtain all the electrons H atom loses, so H and O atoms are bonded together strongly, causing
the hybrid peak, to expand the width of the top valence band and shift down the bottom of the conduction band, so
that the band gap decreases and the electrical conductivity increases. Hydrogen doping is suggested to be an effective

method to modify the band.

Keywords: first-principle calculations, a-Feo O3, interstitial hydrogen doping, density of states
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