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Abstract: Using first-principles method based on the density functional theory, the geometries, energetic and electronic
structures of two different MgH, (001) and (110) surfaces were calculated to investigate the surface stabilities,
dehydrogenation thermodynamics and their intrinsic relations with the micro-atomic and micro-electronic structures. The
results show that no apparent reconstruction occurs either for MgH,(001) surface or for MgH,(110) counterpart, which
suggests that both of them are stable cleavage planes of MgH, crystal. Comparatively, MgH,(110) surface exhibits a
higher structural stability. The calculations of average desorption enthalpy and single H atom dissociation enthalpy show
that MgH,(001) surface presents better dehydrogenation thermodynamics. The analysis of atomic and electronic
structures implys that the structural stabilities and dehydrogenation thermodynamics of MgH, surface are closely
associated with the respective coordination number of H and Mg atoms located at surface layer as well as the energy gap
near Fermi energy level of the system. Namely, the fewer coordination number and the narrower energy gap mean the
lower structural stability and the better dehydrogenation thermodynamics of the surface.
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HE T MgH, Sk 20U & faii, i
K8 a=0.450 1 nm, ¢=0.301 0 nm. %[HEN
P4y /mnm(No.136)", 7£ 58425t % MeH, /i3t at 4y
VIR0 AI(110) & 1T, FFAS IR 2, oA it
3~11 )2 MgH,(001)(2 X 2)ChAH 1A R AR FF MgH, 12
THEL, EHCEE 3.5.7.9. 1) 3~12 JZ MgH,(110)
(4 X 2) 3 B AR R CA A AR R R FF MgH, AL 2 i i
tb, EHECEI3. 6. 9. 12), A2 E A ET
P, PrABR R 2RI 2 nm. 1(a)F(b)
FER7500 7 2 MgHa(001)(2 X 2)(%r 28 4> MgH, 1k
T 9 2 MgH,(110)(4 X 2)(% 48MgH, 12 3
TO)R B AR, P B P AN S 1 J 4 ]
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BB A LA Hy, IR ECR A DND 4, i
M A% Monkhorst-Pack {4 K BT
PPN BERIEIRT, ST UL, DAERAETALY
JritelRe e R AN JORS BE BB R s e AIK T 0.544
2 meV, N A/NF0.108 8 GPa, fif%/MT 0.005 nm.

2 nm
2 nm

1 MgH,(001)H1 MgH,(110)% it A
Fig. 1 Models of MgH,(001) (a) and MgH,(110) (b) surfaces
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1k MgH, 5 A Hy, 2 FRISHSEL S SrRedt it
B, SRR 1 Pl tHEAT 2] MgH, 18T g o
$0h a=0.451 2 nm, ¢=0.302 4 nm, 55286 A At
S BB SR A THEAR E] MeH, IS REN
6.618 5eV, RUFZITH 45 R = S (i 1 thfg, (HIL
5 SCHR23] S EEA T s thAh, B H 2 F I
HEK(0.074 8 nm)FILE A HE4.572 0 eV) 552562 e Al
N & PR IARY) 4

F 1 MgH, PR (e o B H Hy 8K (dyn) LI
gjl:':/a\ﬁg(Ecoh)
Table 1 Equilibrium lattice constants (a, ¢) of MgH,, bond

length (dy—n) of free H, molecule and their cohesive energies
(Ecoh)

) 18,22 Other
Material ~ Parameter Cal. Exp.[ 22
cal.?!
a/nm 0.4512 0.450 1 0.449 5
MgH, c¢/nm 0.302 4 0.3010 0.300 6
E.on/eV 6.618 5 - 6.70
- dy—y/nm 0.074 8 0.074 1 0.075
’ Ea/eV 45720 474 456
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I3 T R 9 IS, TR VAR R I SRR AE
TR, RUIILERE TR e A& MgH,(001)A!
MgH,(110)# 11, Ak, ASCIEHFTiE MgHy(001)
5 MgH, (110)2 AR 2L ] 52 JRE 2 3 L 7 J2 A0 9 )2
(WL 1),

2.2 MgH, REHEEMREEEMS

i€ MgH,(001)5 MgH,(110)2 MR Hd (1) JE P 2
H. Mg J& 7 TARALE, 4350l X Py b A28 3R 475tk
%, b R 22 He Mg J]FAE 2 J5 i #s
WAz YT 2, AR 2 0T, X T MgHy(001)2 [f,
P F i LIEGE 1 E)R H. Mg J5UFUT z B0 143 5 -
B(FU)0.013 2(0.019 4) nm, £/ TR EZEK H. Mg

JR T I z #0710 43 9 R 3T(_2%8)0.005 4(0.015 8) nm,
[, A7 oAt 2 (B[ 5 RS 240 ) Hy Mg Ji
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2 MgHy(001)5 MgH,(110)R B 7240 N 15 S fE
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Fig. 2 Relationship between atomic layer numbers N and
variation value AE of total energies of MgH,(001)(a) and
MgH,(110)(b) surface models

£ 2 MgH,(001)5 MgH,(110)F H 3% 5% )= H. Mg JR1
Iz BT R RS R Az

Table 2 Displacements Az of H and Mg atoms along axis z
after relaxation for MgH,(001) and MgH,(110) surfaces

Layer No. Az(H)/nm Az(Mg)/nm
MgH,(001) MgH,(110) MgH,(001) MgH,(110)
1 0.0132 0.009 9 —0.0194 -
2 —0.0054 0.0136 0.0158 0.024 1
3 0.006 2 0.008 3 —0.005 5 -
4 —0.0011 —0.0040 0.004 9 -
5 0.001 9 0.008 1 —0.001 2 0.009 1
6 - —0.003 0 - -
7 - 0.007 8 - -
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I, i FESREER HRFUT 2 #05 m 4050 -
# 0.009 9 nm F1 0.013 6 nm, {7 T _EZH Mg J5
T 2 BT ) _EF% 0.024 1 nm, [FIFE, A7 F HABZ (B
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2 pV R TS BN o AR TH LS5 R A1) T3 3,

— MR, AR REBRG, XAV R 2 1 45 44 A A

2P ® 3 AR E R, MgH(110)RIHRE o
(3.69 eV/nm*) W] BAK T MgH,(001)2 [fi %] AR (5.26
eVinm?®), I MgH,(110)2 M5 MgH,(001)
RIME A E, Mg 5 SCRR25 TS 45 R —3.
MgH,(001)5 MgH,(110)75 2 [ fe e 2 5 mf
NG 3 T AR Y 1) T J AL B A B AR G R R . T
MgH, ik, SRR Mg 275 6 A H 57 s,
AR H R 3 A4 Mg B 7R, B e
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MAEET MgH, difA,  A(001)fTH il BRI, %1 F
A Mg J 1R EEWT 52 S 2 A Mg—H 8, )\
T2 4 TE A7 1 Mg J8 1, BRI Mg [RBC AT Bk 4 (W,
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BRI 1A H—Mg 8, =4 2 AL H R,
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MRS H R 7 TG T W T s T W 5 2 st 1 A4
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Table 3 Total energy (E), equivalent number ( Mg, ) of MgH, formula units, surface areas (S) and chemical potential ( Mg, ) of

MgH, crystal as well as surface energy (o) of MgH,(001)/(110) surface models

Surface E/keV n(MgH,) S/mm* u#(MgH,)/keV o/(eV-nm ?)
MgH,(001) —153.287432 6 28 0.8104 10.949 709 5 5.26
MgH,(110) —262.781 733 4 48 1.5328 10.949 709 5 3.69

B3 MgH,(001)F1 MgH,(110)% [ ¢ )2 Jatak 45 44

Fig. 3 Local structures of topmost layer of MgH,(001) (a) and MgH,(110) (b) surfaces
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H G P i i FER Re . “PIMREUA B H R T 25
BT s a3 A4 IpT R

AH yygrage (MgH, (001) /(110)) = [E,,, (Mg(0001)) +
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 E(Hy) i (MgH, 00)/(110) @
X b E (MgH,(001)/(110)) F1 E,, (MgH,(001)/
(110)—H) 7351 MgH,(001)/(110)5¢ % 22 THI K 54 F1 g
N H IR PRI SRR E,,(Mg(0001))
7 2 Mg(0001)(2 X 2)Z [HIFL Y 5%, 3 |2 Mg(0001)(4 X 4)
RIMBEMKEAER; E(H,) NAHE H 27 REbE
5y n 4 MgHo(001)/(110)K e 7 Hy 20 1IN
LRI T3 4.

12 4 77 )WL, MgH,(001) 55 MgH,(110)2 i {171
fiR U 259k 32.432 5 kI/mol 15 51.024 9 kl/mol, 5
SCHR[13]H Hefd MgH, (1)~ &85 (62.297 1 kJ/mol)

FHECII B B PR, bR B MgH, Rt uiAk B
FERIRREA 22, H MgH(001)2 R I E A 2%
AR, MgH,(001) Tz — B (1) 5 HQE-H) R 1
fif B4 4 1.333 4 eV, 1] MgH,(110) 1 — FEA7(2f-H)
HZ=EAGE)M R H R B2 1.197 3 eV
1.497 2 eV, —“FHHMERTHAR MgH, [ H 1
BIAA(1.556 3 eV 1% 1.557 3 eV)!'¥, KW H J5 1 N E
filf 15 JIT Y FE I B S B SR AEC T M B A o il B RE 1) e
H, AR R ] MgH, R LAk AT AL AR i
AT IR MgHy(110)3R 1 — A7 1 5 Hf-H)
JAFAE (1197 3 eV)FHME T MgH,(001) R IHIFFIX]
MNAE(1.333 4 eV), {HME 30y T AR, —FALM
L HQREH) R F7E MgH,(110) 2 FE R H IR
dr 1/3, 1 2/3 [ =HFAL H JE T (3FH) N MgHy(110)%
T 2 AT T S RE RS = I B (1.497 2 V). FIRGS
MBEE 45 F—BER I, Mg(001)ZK i Lk MgH,(110)
T EA BRI AT R

R 4 MgHy(001)H1 MgH,(110)2 [ ¥ P AU (A Hyerage)
AL H 5 258 (AHingie) LA S 5 B A MgH, IR LE R

Table 4 Average desorption enthalpy (AH,yer,e) and single H
atom dissociation enthalpy (AHgpe.) as well as comparison

with conterparts of bulk MgH,

AI—]avelrage/ AI—]single/ eV
Model -
(kJ'mol ) 2f-H 3f-H
MgH,(001) 324325 1.3334 -
MgH,(110) 51.0249 1.1973 1.4912
Bulk-MgH,!"™  62.297 1 - 1.5563, 1.5573
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~7~4 eV ReRtX ], B 7 R [ 52 H(s) b
B Mg(s) Tk o AHXT T MgH, S AR 1 24835 (LI 4(a)
T MgH, S8 4A), BTS2 3R IRV 520, 2 B
T Ep DL RS 5 FE DA R 5 2 B 1 23 ik A 8 B )
iR BE T 10 (RIS B D7 10)#5)), S0 2 AR AL A s
ADEREAE Ep /L T — 2 RIS, MAE-3.5 F1-5.5
eV PRFUT P A5 85 PR Y e 0 B A BRI o I X U A Ry BB
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Fig. 4 Total and partial densities of states of MgH,(001) (a) and MgH,(110) (b) surfaces including each layer atoms
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