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F=0.000 a.u.

F=0.010 a.u.

K1 AFZET (MgO), MR E 45 (8 26 5 i
HRMR, HEOELAORRRATREDEH THE)
Fig. 1. The stable structures of (MgQO), under the electric
fields with different intensities(the color is correlated with
the gaining or losing of electrons, from blue to red, it rep-

resents the variation of from the losing to obtaining elec-
trons).

(58~ 0.005 a.u. B (MgO), 1454 5 58k
0.010 a.u. WFARL, BItARZG ). —Jr g
(MgO), ATh e 78k, WAL RE R 3Z HM 3,
ATHATFHRGMHEA. 51—, BT Mg A HE 1
O K&+, AN 5 Mg I 37 J5 [ #% 2l i
O Wi 5 [0 k2 8l Rt (MgO), B9 LA &5 45—
SEMFAS. 36 14 H TR R (MgO), 1
Mg/O Jii-F NPA Hifif 2 Mg—O K. i T T
WA MY mis g, SRS g (B Op-
Mg J5 []) B fof BB A1 . HL3 T Mgg, Oy, O5 Al
O, (Bl 1 A7 Mg (5% 3 1 5 F) ¥R M, 1 Oy,
Mgy, Mgy Al Mgg(Il 1 AL ta sliRk kR ) 13
. Wt 5T L, Mg fil O A4 A 454
P2 — 2R L g 4 X I i) Mg /Oy; 73—
2 HL oy 28 XFEL U /D B9 Mgy, Mgy, Mgg Fil Og, Os,
O % — & Mge/Oy Ji5 (1 HL 17 1 JC HA 3 I 1Y
1.493 e/-1.493 e H§ fi 237558 4 0.010 a.u. I #Y

£ 1 AEGETF (MgO), P Mg/O J& T
NPA H1i (e) & Mg—O 1 (A) (Quigr/ Quign 1
Qor/ Qon 73 4l & Mgy, Mgy, Mgg/Mgg Ml O, O;,
0,/0, F LA ; Mg—O 8K Ry = Ry = Ry =
Rig = Rg3 = Rg5 = R, 1Ml Ry = Rog = Ry = Ryz =
Ryr = Rg; = Rgy)

Table 1. The NPA charges for the two types of
Mg/O atoms and the Mg—O distances (Qyger/ Qg
and Qo1/ Qorr are the charges of Mg,, Mgy, Mgg/Mgg
and O3, Oj, O;/Oy, respectively. The Mg —O dis-
tances Ry = Ry = Ryy = Rig = Rey = Rgs = Ry,
while Ry = Ry = Ros = Ryz= Ry = Ry = Ryy).

F/a-u- QMgI/ QMgH QOI/ QOII RI RH

0 1.493/1.493 ~1.493/-1.493  1.96 1.96
0.005  1.476/1.527 ~1.484/-1.503  1.94 1.97
0.010  1.460/1.554 ~1.474/-1512  1.93 1.99

1.554 e/-1.512 e, 55 25K Mg/O JiL ¥ A B, faf D]
WA 1.460 e/-1.474 e. AR HL, Mg—O it n]
Phar o W25 4 — 28 DL Mgg/Oy R I AL 1Y
Mg—O #K Ry HCHIZEY 1.96 A4 K50
0.010 a.u. FFAY 1.93 A; imiHAh Mg—O #K (RIZE
T2 Ry) WP K E 1.99 A, A S BT ER >
i, i (MgO), Wtk bt H 72 dikhnm, AR
1 JCHL I 0 Debye 43 J138 043558 4 0.005
a.u. A1 0.010 a.u. B 1.67 #1 3.33 Debye.

3.2 HigHhEA H, 7 (Mg0), AR HH

h T HE TCANA R Hy 78 (MgO), b BIRRE
sk, FATE T Hy 76 (MgO), E 45 Fhm] &
W Bt 7 =X, s Hy 20 R HE A~ Mg /O JRF |
J5, Mg—O 8 b5 Jar Jy ke 45, 455 &M
H, HfgRseE s fivE (MgO), F A Mg/O JRF
I, 5 (MgO)y HI&5 AL 0L i F (MgO), 15
xR, R Mg 1 O 743 31454, it
A P AR W 25t an gl 2 s, Hy 78 Mg -
LR (Hy 73 ¥ 75 5 Hy 4315 Mg 8§
FEELE R B, MifE O b M e ft (Hy 431977
5 H, 03] O BEFHEL—5).

v 4

F=0.000 a.u.

F=0.010 a.u.

2 AR AT Hy 78 (MgO), I B Rz W B 45 #4
(SR Bk Mg BT 203k O BT K (3K H FLT)

Fig. 2. The stable structures of H, adsorbed on (MgO), un-
der the electric fields with different intensities (the green,
red and gray balls are the Mg, O and H atoms, respect-
ively).

B3 T (MgO), 45 ¥4 B %F R B AR, BT A
Mg/O JEF RS, WATHrR, Mg fil O JE-F1
I3 RIS, — 2 S H oy 48 X3 I A Meg/O4, 3
— 28 2 H oy 48 XHE I D B Mgy, Mgy, Mgg #1 O,
05, O7. MM IZAXT 5, 24 H,y 43 T WAE
FL AL 3 A X B SR s AT RETE i
BF, 1B B BEAY 9 -0.03——0.06 eV(0.010 a.u.),
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XTI B RE; A Mg, & Og LB
B fiE v T T H S ) A R BT e, AT sk B R AT A
W Hy FEIX AN IR A B, R O 178 W B &5+ A
W FRERE . 45 H) 2800 NPA HL AT 20 9l 4n & 2 Fn
2R, 24 TN 0.010 a.wht, Hy 7E
Bl Mgg/O, L ByFa e W KT 2548 (FH T35~ 0.005
au. A A BFF 25 4 5 3758 4 0.010 a.u. B ASAR GE
GERGFADRL, EFR R ). BT AN R A XA

LR GARRL, Hy fE Mg F1 O AWz 45 #9475
SRy AN R 6 st (57 W BFF. 43— 2 1 AR 45 SR B
rpIX BB B 25 A AE 300 K &4 R AR e E A7 7 .
L 0.010 a.u.ff Hy 78 Mg JR L 15 #4) R 3]
HBRE R BER B AL AN 3 Fis, EAE AN E)
Bl N, BfEHE DL -31458.12 eV A LIS, H
H, — B E W MH7E (MgO), b, 34 ay
FRHA R IR AR Y.

#2 H,7E (MgO), LHIWHIRE . BIBIHEIER Riwg 0, H—H B Ry i M H#1 Hy #Y NPA HLfif
Table 2. The adsorption energies E,, H—H bond lengths Ry g, distances between Hy and cluster Ryy.n,/0 and NPA charges of

H atoms and H, for (MgO),H,.

Site F/a. u. E,/eV Ry /A Ry g0/ A Qn Q2

0 -0.118 0.751 2.217 0.023/0.023 0.046

H, on Mg 0.005 -0.172 0.752 2.179 0.030/0.030 0.060

0.010 -0.225 0.753 2.093 0.044/0.044 0.088

0 —0.060 0.750 2.365 0.044/-0.068 -0.024

H, on O 0.005 -0.101 0.755 2.248 0.069/-0.110 -0.041

0.010 —0.150 0.763 2.136 0.094/-0.157 —0.063

—31457.90

. v AR AL, JC Y R 2.217/2.365 A > =
~31457.95 ] 2.093/2.136 A. S3—J7ifl, W3 H—H @KAK,
> —31458.00f HJCHIZINTY 0.751/0.750 A HEANZ 0.753/0.763 A.
B RS R L 0 H, 5 R A AR AR 3 5
i H—H RIS . R, AR 4 R H, 1

—31458.10

—31458.15

0 1000 2000 3000
Time/fs

B 3 584 0.010 au. Hy WHH7E Mg L B8 fiE B2 i i 1]
BRI P (R P D 3 U R B TR B 2254 )

Fig. 3. The variation in the energy for the structure of H,
adsorbed on Mg atom under the electric field with the in-
tensity of 0.010 a. u.(the adsorbed structures are also

presented in attached map).

a1 KE 2 I, Wk H, 5, (MgO),
ANy NUIRTE el gt 1| L i un e ST il
MRS, I ZPE &L IEXT B, B9 5 M4/
(e KAEAHN 0.02 eV), ifif BSSE A IERI /N (5
KAEAL K 0.01 eV). 3£ 251 T ZPE K BSSE £
EERPF YW GE E,, BEE R INE 0.010 a.u.,
H, 78 Mg/O b WE B RESSIZ M8 K, th TC s i i
~0.118/-0.060 eV 4 H11%1-0.225/-0.150 eV, 5]
T HAE AR SRR . R H, ) Mg/O R E

Mg 1 [ s B2 K FFE O &, £ Hy 7F Mg I

IR AR E IR (MgO), 5 Hy, BA 5 AE
I, FATRA QTAIM A FMHrE i H i 254
HEAT T WRE. FEbor T, 8 BB S AL
EWNIE S (CP). M4 FL % B Hessian Hi [
FUATEAELI B, I A 0] 2 Ry DU 25 = AN ARAE
EHI R TUE, FREIG R (NCP); A WA iR
TIEAEL, 206 5 A0 T A R 1 2 (8] ik kg
I 55 (BCP); #57 RAT — N AAEE, G B a5 H
AbF IR ], B IR A A (RCP); 25 %A fy
AU, BRI F S (CCP). $hTMIHrE 23
H H, 7F Mg/O W E5 R I S &l 4 firos.

& 4 AT, BT Mg/O JRFhHY NCP filf &
M RCP 4b, 88 X R T Mg—O ##, H—H £811
BCP, F¢l &t 8 7 Mg—HH# M O —H# 1Y
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BCP, R Hy 5WFALH Mg/O JRFHI£F
A EAEH. % 351H T AN BCP b4,
SYHTIX B SHORT LT i AH Y. BCP Y U 5. 11
IR R T R (V2p) FLERERE (H(r)) 3
AR AHELAVE R, T (B 27 A e 2 L T (B A
YR, Qnes 7 S8 L e | AU B AR
4. BT E AL (ELF) w2058 2 mdt iy
BT H, HAAERT 13058 0 S i, i
O JUDxF RSN VE . i3 3 Bl T L, AR
AT, HH 81 V2 F1 H(r) Y8 U, i1
W p K H ELFH2E 1, £ H—H ¥ SR 1
FeAEE. T Mg—O $ERY V2p M H(r) ¥ R IEAE, 1M
p Hl ELF#/N, 28] Mg—O & {1 58 2 0 HAE
H. R V2o F1 H(r) 2B Mg—O BB AL
T, Hy 5 Mg/O Ji¥[8] V2p A1 H(r) W34 4 1E
{H, FIES p A1 ELF #2350, 3R Hy, 5 Mg/O [a]#
T A1 72 2 AR ELAE FH, (HE /N V2 p Il H(r) W
HRI A AR5, JB TR ER. 5ANtE

L% TG sE, Hy 5 Mg/O [H] p, V2p, H(r) Fl
ELF 4 XHE 3K, R T Mg—H M
O—H MEAEH, Rt H—H [Elf) p F1V2p 483 HE
W, R H-—H BPE155, 52 HiRe s B s

(a) (b)

K 4  F=0.010 a.u. B35H Hy 78 Mg/O -5 5 W f 45 4
AR S (I RO A I SR, S (RO BRI 57 2 (B Bk
SEIN RN

Fig. 4. The critical points for the stable adsorption struc-
tures of H, on Mg/O under the electric field with F' = 0.010
a.u.(the blue, green and red balls represent the nuclear,
bond and ring critical points, respectively).

%3 HyfE (MgO), FRFIEEHMFHINSEL

Table 3. The topological parameters for the adsorption structures of Hy on (MgO),.
H, on Mg Hy on O
F/a. u.
BCP p V2p H(r) ELF BCP p V3p H(r) ELF
Mg—H 0.013 0.059 0.002 0.029 O—H 0.011 0.038 0.002 0.045
0.000 H—H 0.266 -1.167 —0.292 1.000 H—H 0.265 -1.167 -0.292 1.000
Mg—O 0.056 0.403 0.005 0.057 Mg—O 0.056 0.403 0.005 0.057
Mg—H 0.014 0.063 0.002 0.031 O—H 0.015 0.049 0.002 0.060
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Fig. 5. The RDG isosurface for the adsorption structures of
H, on Mg/O under the electric field with F = 0.010 a. u.
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Fig. 6. The color-filled map of RDG isosurface for the ad-
sorption structures of Hy on Mg/O under the electric field
with F'=0.010 a. u.
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Fig. 7. The color-filled contours of charge density difference
for adsorption structures of Hy on Mg (a) and O (b), re-

spectively.
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Fig. 8. The adsorption structures of 16 H, on (MgO), un-
der the electrical field with the intensity of 0.010 a. u. (the
green, red and grey balls are Mg, O and H atoms, respect-

ively).
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Abstract

MgO is a typical ionic compound with strong polarity. Hydrogen absorbed by MgO materials subjected to
an external electric field is a potential method to store hydrogen. However, the method requires an extremely
high intensity of electric field, which is difficult to achieve. Therefore, reducing field intensity has become a key
problem in the field of hydrogen storage. In this paper, the hydrogen storage properties of an (MgO), cluster
under an external electric field are investigated. The results show that under the external electric field, (MgO),
keeps the frame of cube structure but with little distortion, which implies that (MgO), cluster can sustain the
strong electric field. The (MgO), is also polarized by the external electric field and its dipole momentum
increases to 1.67 and 3.33 Debye when the field intensity is 0.005 and 0.010 a.u., respectively. H, can be
adsorbed on a single Mg/O atom: H, is adsorbed at lateral position of Mg atom, while at the top of O atom.
The adsorption strength is substantially enhanced under an external electric field. Under only 0.010 a. u. of
electric field, the adsorption energy of H, on the Mg or O atoms increases from —0.118 eV to —0.225 eV or from
—-0.060 eV to —0.150 eV, respectively. The electric field required is significantly lower than that of a large
(MgO)y cluster. This result suggests that reducing the size of material is a possible method toreduce the electric
field for hydrogen storage in polarizable materials. The weak interaction between H, and (MgO), is analyzed by
the quantum theory of atoms in molecules. The results indicate that under an electric field, (MgO), and H, are
effectively polarized, and the electrostatic interaction between them is subsequently enhanced. Meanwhile, the
small cluster is easily polarized because most of the atoms are in the surface and have low coordination.
Therefore, the electric field required can be substantially reduced. Moreover, (MgO), adsorbs 16 H, molecules at
most. The corresponding mass density of hydrogen storage reaches 16.7 wt%, indicating that (MgO), can be

used as a hydrogen storage material under an electric field.
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