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AR SR P2 5 P52 o BEAR (¥ 58— PR BB 3 I F 7 T MgH2 (001) 21 H R 13 OB i Ha 70 7R
LA RERSAR M i SR B o F M. W FEAE SRR W] T MgH2(001) ZR I 5 — 2 B8 H R 11K 5L
Ho 73 T A WA AT RERIER 12, JLREEE 2290 5 2.29 F12.50 eV; 944 Li i 7 848 Mg J&7 B, HFh H JE 748k
AR R REL2 70 70 M 2 17 0.31400.22 eV, Bt W] Li Ji 745 2% (il MgHo (001) 0l H J5 74 HUE B Ha B

JBCEINE 5.

A B VEEEL, MgH,(001), 524, ¥ H

PACS: 68.43.Bc, 68.55.Ln, 68.43.Nr, 88.30.R~
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KB MgHo(001) R M FHE ¥ #iae 24
0.15—0.70 eV, 5= ¥ BAH L, RIMHE 3
BUA 2 AR B MgHo BN J1 v e D . fih
A5 T 75 MgH2(001) 32 TH P4 4% T #ig ) M FE Tl H
JF 1 % AR, HAA RORE I RE 22 4 il N 2.86 eV
2.75 eV, XM ZE 0.1 eV, Y iZE M HJE T
T TSR 22 068 5 AN TR R0 4 o7 B 9 R sk (1),
Wu 2 U205 ot sz 56 1 % 7 MgHo FF 5, MASLET
1 MgHo (110) 1 &5 7 B4 Y 5 Hy 737 13
RELAE 1.58 eV, HUGIEN] 7R IRIN H 515, Hy
oy T AL OB R R D B, Wang 2 9]
THE R L T R 1) 5l B AR X5 A 4 MgH2 (110)
F0H Hy 4> 7P A 22 1 1.83 eV IR/ E] 1.42 eV,

X Tl S Lk U, AR E A E R

INEAEEM BN EZE AR, BT LR PR TRIE
T, HBAA R TSRS BAL T B S .
T 0 AR L EIAG OC Li J5iF45 44 MgH, (001) 1M1 Hy
PRI RS 22 (FAFF 8. AR SR FH 25125 B2 o 3R 1 56
— P JE B 5 L R 45 40 T MgH, (001) 2 1 H
JEF A HOV R Hy 73 1S R 520

2 BRI FnIE bk
2.1 & &

MegHy J& T VU 757 & &, B &4 140,
I 8] BE N 1365 P42/mnm, A& M B 45
w1 (a) Bt s, AR P A E 2 Mg 5
T4 B & ¥ 2a(0,0,0) FI4ANHIE 7 4 5 & 48
4£(0.304,0.304,0) S5 &0 1 B, SL5 E 15 2] MgH,
M SR E B N = b = 04501 nm, ¢ =
0.301 nm ) 2831 5743 1) MgH, FA g (¥ &b 4% 5 %
N a = 0.4482 nm, ¢ = 0.3006 nm, 5525 14 %4
IRUF.

N T W TS A0t FR T BR T HUR U R
i FH 2 x 2 8 B R AR UL MgHo (001) R 1HI, N T i+
A IE IR MR, R s 58 R R T
JZAI1.5 nm B % 2 R B MgH, (001) % i, it 54
gE R B EE 5 BN 5—8 )2, B3 R H B4
MZENT2%. NT LN, Sk E 1 (b)
AT (c) BT 1 12 A4 20 4> Mg A 40 4> H 4L 60 4
JRFIME AR 2 x 28 F MR B MgH2(001) &

Tl 7R PR R ] R 2 R T AU A 2
), FiEein B R =2 AT B ot R AR
P, HrpHL, H2, H3RER BT — 58—
HBZEMHER T, Mgl(Sub) REA T 96— Ew &
ARALE ) Mg JR 7, Inter {38 Li Ji 7 IR A5 44
&, PLAI P24y AR S H1 J5 48 B AE H 9 3%
IRE1E 1. BRAR 2 TR R H2 4 TR H R 1. 4504
Ak 5 1 MgHo (001) 3R 1 45 i 5 A AR A LL AR 46 AR
K, HEMAEN0.052 eV-A—2, H5HALFE B 545
B (0.053 eV-A~2) [1119] ZE A 1940 4T

Bl (WTIR ) i MgHs K925 18] 45 1) 50 (a) K
(001) K&K TR (b) FUALE ()

Fig. 1. (color online) The unit cell of bulk MgHs(a),
top (b) and side (c) view of MgH2(001) surface slab

models.

2.2 HERHERZE

TR T DU B2 bR 30 9 BE Al 0 A Sk B
FRAULFE FP L VASP 1617] 0 of st v 7% FH #5082 40m
ST 9 JO% B3R AT AL B DS e 1 58 e S BB RE SR
FAT SRR FE T b i PWOL 5325 D90 3R, ik
H 400 eV 1E AP W RE. RIERF DRSS K
RO B 28 &, 20k B 438 BX T B Monkhorst-
Pack 77 RAERAI2 x 2 x 11 K S, 78 gt
Firh, SRERE AR IR 113552 1 s sibr #E 73 )
1073 eV A0~ eV /nm.

A SCF)H Climbing-image Nudge Elastic Band
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T — E H R E A N Hy 4 1 I B AR RE B B 42
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— X H 5 T4 He 707 B T FE B3R 0.5 nm 4bith
B GE RS (FS). HAER RS Z 3545
oA AAZ R, X REAME SR CNEB 5 SUdk AT
g, BRI RFEANE T2 /M F 0.3 eV /nm B,
3231 Hy 7273 HLK MEP.

3 WHEERGWT®
3.1 LiRF#EReERFRBRERE

4 Li 5T Fo Mg J8 T I (B P Mgl (Sub) i
B), mBERE S TR R HLE 7 N
BB Mgl Ji 1, H2Ji 1 B JF, Li i 7R LRRR
53R Mg [l &, HAR SR AR BRI AR
LA R AL TR AL B (R Inter 7 8) B, & Rt
%G, LR F5% 2 Mgl FFH—Z, H1JE
Tt B Mgl JR v H A L N30, N 1 #F5E LR
T7E MgH (001) R IH 45 A ko g Pk, 52 SUBRFATE Ik
fie (Er) N

Er = E(Mgyg_,LiHao) — [E(MgyoHao)

+ (m + n)E(Li) — mE(Mg)], (1)

H, Mm=1,n=00, KRANEFAKXBI X4
m=0,n=18, KRNHEXIB . E(MgeoHyo)
1 E(Mgao_m LiHao) 70 3 8 Li Jf 75 2% 10 )5 144
R EBE, BE(Li) M E(Mg) 4 3 % 7~ [ A Li J& -7
Mg Ji T 15 % B PARR R I RE &
N T S MgHo (001) R I I SRR, 2 SR
SN Y
Egen = E(Mgy_,,, LiHzg) + %E(HQ)
— E(Mgy_,, LiHyp), (2)

Hrh, E(Mgy_,,LiHao) 1 E(Mgy,_,, LiHsg) 77 7l
MR EE — AN H T AT G R AR R IR R
w AR TR EH) &N -6.78 eV. I
B 1(b) Fras, H1, H2, H3 % 5 247 T MgH, (001)
RMWE— = =ZEEET. B EERT
1.

B 1 AT R0, MBRRA Y BURE A B2 25, Li & AR
Mg J5 I b Li A7 T 458 B A7 B IR ) 85k B8 T ik e 1y
1.32 eV, FrPALi R 7B 5 5 4 T HBRALE. M
AR, LIEFBMBRE, R EE—.
TLEEHEFRIRERE N, A A
TR RE A i S RE Ja, Li 48 Mg JR I 2:— /1 H
JR T I A4 2 1) e 1 L L A T3 BR A B N B 2K

ViU Li Ji 5 B A Mg J5 7, i 25 H R 7 /5 B3R H
A 2 BE L i T AR B AR

#1 LiEF5B5 MgH2(001) I HIBFETE SRE Er 50
ZhE Egen

Table 1. Defect formation energy and dehydrogena-
tion energy of Li-doped MgH2(001) surface.

Et/eV Egen(H1)/eV Egen(H2)/eV Egen(H3)/eV

Li (Sub) 1.93 —1.34 —0.72 —0.36

Li (Int) 0.61 0.72 1.05 1.17

3.2 H, TR HL

321 FHAER@MALEYH, »F ¥

RN F TR MgH,(001) 2% [ fHL Hy 5 1-ifk
i RS A%, R CNEB 9V THEL T a5 B S
TR 2% T BE IR R IR AR, 42 1 ik E— Mg JR T
AR AW H R 7 (0B 1 TR HL AP 37 8
MR TH G H 5 T2 B He 735 #8645 20 AN [A) Mg Jit
TZURMAN HET (1 FTes ) HL A P2) 9751
MERTHGEH JETE R Hy 431 RSN TR IE

(a)
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1.0}

Diffusion barrier/eV
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Diffusion coordination

2,51 (b)
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1.5F

1.0F

Diffusion barrier/eV

0.5

0 2 4 6 s 10 1
Diffusion coordination

2 Hp 73 11E MgH2(001) 2RI H AL i/ RE R BRI

(a) B&1Z 1; (b) B4z 2

Fig. 2. Minimum energy path of Hy to diffusion on

the MgH2(001) surface: (a) Path 1; (b) path 2.
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E 0.5 nm Ab. THEE B0 AT AR B AR 1 A
FAN 15 MG, TEBAR 2 RN 11 /MG L T
FIP B/ NRE R AR W 2 BToR. TP 2k B AR 1)
PSRRI AN AL B R A ] T i
TR TN E, B LAESr T 1 A 2 R TR I
H & 7 (104 50 = 1 5.

AL EATF B Hy 70 T8 T R0 Y #Re
2203 5N 2.29 F12.50 eV. 256 E 45 MgH, H Hy
I B AE 2 4249 kJ/mol (2.58 V) 22 ELit S
15 1) 45 B &, X2 B T A R B R TR R
Mg H #2558, 7F MgH, R+, Mg H#ES
A7 JE A2 0.400 PU FE B R U] 0.595 291,

3.22 LiRFHLEBHEILYH, »-F 5 #&

4 LiJE T B Mg 5T, A CNEB 4%t
WA RE R Hy 70 T BUS 12 5 154k R AH ),
HHEAERME SR A TETIHRBENEMN,
BB RmE a2y TR2. BmER20TH, Hy oy
FAERRAT 1 AIERAR 2 9 HIORE T RE 2293 1) /2 0.31 F1
0.22 eV, 5T R R L, 3 HUR RS 22 53 1] B AR
T 86.5% F191.2%. HUILE, Li {75 Rk R
RIMBEMH JE TR S, i T MgH,(001) KR )
i S PERE.

0.4+ (a)
0.2}

0r

|
e
o

—0.4F

Diffusion barrier/eV

| |
e 2
=)

—1.0F

1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Diffusion coordination

™

¢
g OF =
-
Q
E
5 0.2
Q
=}
g —04
) N
£
&
a —06 .
g —E—E— R
0.8F
1 1 1 1 1 1 1
0 2 4 6 8 10 12

Diffusion coordination

3 Ha 4 T-7E Li 44 ) MgHo (001) K13 BL 5/
AEEAE  (a) B2 1; (b) 845 2

Fig. 3. Minimum energy path of Hz to diffusion on
the Li-doped MgH2(001) surface: (a) Path 1; (b) path
2.

# 2 1f MgH2(001) RERE Hy 431 109 HOR e 22
Table 2. Desorption barrier of Hz on MgH2(001) surface.

s F-1% pathl T1% path2 Li$7 pathl Li #7 path2
HfeL /ev 2.29(2.34[12]) 2.5(2.7512]) 0.31 0.22

FE LiJ5 715 2 R A H R 735 B8 A2 1 BRI
MAEF, H1 WL 5 Bt 5 PSR H, 207
JE B BRI 17 0.5 nm A1 78 H R TR #42 2 (1)
RO RE T, H1 A P2 L [FII [) — 3 i 0 A2 3,
PN R T P2 A B BT BRI R H 70 1), i
BRI 0.5 nm A 8L (EAERERE, 5@
KRG WU e AN, F£5 2K RN Hy 20 79 1
AR, TRl A%, LiJE 35 1A PR T 75 )
%),

T 1) W52 5 Li J5 - AR S 2 T A R 1) e MK e
RERAEE, KOLLiB BRI A REL, HITTE
1§ MgHo (001) 1, 7 Wi S 7 v 1 g 22 0 32
e 1. HIX R BE UG AE Li JR 545 2% I I 1 W S g
23, MR LETBRAERRK, LR T3
RIRFEASKI, I B A B R A2 S T

MgH, (001) Z 1 IR /NEAT, BT DL AE$2 ik 2R
JEERE, Li % v RE 7R 24K B SE B ARk L
3.2.3 wTLEH

ISR A5 % Bk — B A0 Li R 7458 0
MgH, (001) 3 [ 7= A 2w, 7% 1 MgH2(001)
K6 (IS) M & % BL (PDOS) Wi &l 4 (a) B
N, LB FHBRMR MG S MBS % WK 4 (b)
Fros. B 4 (a) BTEUE H, s oA XK )6 T
FOKREH R —7.5——0.76 V. FERZBIEL T 3K
RERLAT —1.8 eV B, I 1R ATda it H1JE 71
sHTF, H2 s ¥, Mgl ) p T FI Mg2 ] s
M EAEA M. HdH1, H2 5 Mgl B 7R B 5
L FERREIX, EEE Mgl BT p T 5 HI
JRF-RAE ELAE .

¥ B 4 (b) 5 (a) RTEEAT LUK B, 7R R A
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WRE AT ) S Re T MRS S, TR — 0 Li i 78
R Mg 51, Bt DR R POKRES N B, H oK
e A R FHEAS A B RNE, KA R
RN N TR, BT UM R TR RTEIR. R
5 — 25 Li 8 ¥ & i H1 B F0 Li J5 5 1 AH
HAERARRTEES, ML T RN H2 R TS LR
FHIAR AR AR ok, BT A, Lids 44 kss 1
HE5HEFIMEERN, & TR SRR, B
I T4k R RaE T, MgH, (001) 21 5 25 5 Bl

Ct

Eg —H1s
0.2+ .

—H2s

0.1

PDOS/state-eV !

0.0

0.1

e S
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Energy/eV
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—
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Energy/eV
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Fig. 4. The projected density of states of the surface

(a) F1§ 3R 1H;

atoms at the initial state: (a) Pure surface; (b) Li-

doped surface.

4 % #®

AR FH F 5 B vz s S 0 58 — 1k IR
BT T4 MgHo (001) 3R 11 B i PR 2% %42 F H 51
WG B T R Ho 23T H 4 BORE TS e 22 B2 Li J5 745 %)
KRR Hy 70 FH BB BUGRZm. THER
W LR TEESATHEBEME EYLETFE

R Mg JR T I, R 2 1A RS B R R 1 1.22, 1.41,
1.36 eV AN S Ml HF H &S5 79 B 42 1
P HOBE R RE 2270 79 2.29, 2.50 eV KR FERE 3] 0.31
F10.22 eV, PEIEIEF] 86.5% F191.2%, X {#ifk R Rt
Jil Ho SEINZE 5, Yi0H Li J5 74544 %F MgH,(001) &
M EAREER. WETEHKE, Li B0
MgH (001) R 1 H T8RS Regefe 3l i

Bk

Li i TR RMRERSE &, B REFEKR. H

7 Li T B4R 5 TR A L, IR
Re22f i, Pt DAL MgH, (001) 2 1 1A 2 1 U
ANERE, Li SRR E R B GBS RIREL.
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Abstract

As one of the most practical solutions to on-board hydrogen storage, MgHs has attracted a lot of attention, which
is mainly due to its high hydrogen capacity (7.7 wt%), high volumetric storage density (55 kg/m?) and low cost. The
main obstacles for its large scale applications are the relatively low rates of hydrogen absorption and desorption in the
material, which can be traced back to the slow diffusion of hydrogen into the crystal MgH>. In this work, the doping
effect of Li on the release of hydrogen at the MgH>(001) surface is studied by the first-principles calculations based on
the density functional theory and the climbing nudged elastic band method. Two possible diffusion and desorption paths
for H atoms are designed. In path one, the two hydrogen atoms, which bond with the same substituted Mg atom in the
first surface layer, climb over the nearest neighbor Mg atom to form a hydrogen molecule. In path two, the two nearest
hydrogen atoms, which bond with two different Mg atoms in the first surface layer, combine directly together to form a
hydrogen molecule. The calculated results show that the energy barriers for the two paths at the pure MgH>(001) surface
are 2.29 and 2.50 eV, respectively. When the center Mg atom is replaced by Li atom, the corresponding energy barriers
decrease to 0.31 and 0.22 eV, respectively. Compared with the pure surface, the Li-doped surface has the energy barriers
that reduce almost 87% and 91%. It indicates that the formation and release of Hy at MgH2(001) surface become easier
after the surface has been doped with Li atoms. Furthermore, the doping effects are analyzed with the density of states.
Compared with the pure surface, the Li-doped surface has a Fermi level that lowers from the band gap to the top of
the valance band and the system is changed from insulator into conductor. At the same time, the bonds between Li
and hydrogen atoms in the Li-doped system are weaker than those between the substituted Mg and the corresponding
hydrogen atoms in the pure system. As a result, the doping of Li atoms makes it easier to form and release Hy at
MgH(001) surface.

Keywords: first principle, MgH2(001), doping, diffusion
PACS: 68.43.Bc, 68.55.Ln, 68.43.Nr, 88.30.R~ DOI: 10.7498/aps.65.056801

1 Corresponding author. E-mail: wfh-phy@cnu.edu.cn

056801-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.jallcom.2009.02.125
http://dx.doi.org/10.1016/j.ijhydene.2010.08.111
http://dx.doi.org/10.1016/j.ijhydene.2010.08.111
http://dx.doi.org/10.7498/aps.65.056801

	1引 言
	2模型和理论方法
	2.1 模 型
	Fig 1

	2.2 理论计算方法

	3计算结果与讨论
	3.1 Li原子掺杂能及体系脱氢能
	Table 1

	3.2 H2分子的扩散
	3.2.1 干净表面附近的H2分子扩散
	Fig 2
	3.2.2 Li原子掺杂表面附近的H2分子扩散
	Fig 3
	Table 2
	3.2.3 电子结构
	Fig 4


	4结 论
	References
	Abstract

