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Surface model and properties

For MgH,(110) surface, we considered three stoichiometric slabs with different
termination (see Fig. S1): Hl-terminated surface exposed by a H atomic layer,
H2-terminated surface exposed by two atomic H layers and Mg/H-terminated surface
exposed by a layer including Mg atoms and H atoms. A vacuum thickness of 15 A
along the c direction was added. By testing the surface energy with respect to atomic
layer, we choose the MgH,(110) surface and Mg(0001) surface with six H-Mg—H
trilayers and six Mg layers, respectively. The first three layers of the slab were
allowed to relax while the bottom three layers were kept fixed to the bulk positions.

Surface energy (o) can be used to reflect the stability of surface, the smaller o is,

the more stable surface is. The o,, and Oy

Mg were calculated by Eqg. (S1) and Eq.

gH>

(S2), respectively:
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where ENS and EL&" are the total energy of the Mg slab and MgH, slab,

respectively. umg and pmgn, are chemical potential of Mg and MgH,. n and n' are

the number of Mg atoms and the number of MgH, formula unit in the surface slab,
respectively, and Ag is the area of the surface. Equations (S1) and (S2) are applicable
to the stoichiometric surface.

The calculated surface energies are 0.476, 1.858, and 1.860 J/m® for
H1-terminated, H2-terminated and MgH-terminated MgH, (110) surface, respectively.
Moreover, the surface energy of Hl-terminated MgH,(110) agrees well with the
calculated value of 0.509 J/m? by Hao and Sholl*. Thus, the H1-terminated MgH,(110)
surface was the most stable MgH,(110) surface and hence adopted to constructed the
Mg/MgH, interface model. For Mg(0001), its surface energy is 0.55 J/m?, which is in
good accordance with the experimental value of 0.78 J/m? and other theoretical

calculated value of 0.53 J/m? 2.



For Ti-doped MgH; slab, it is a nonstoichiometric surface. The surface energy of

the Ti-doped MgH; slab o is calculated by

Ti—-MgH,

1 __Ti-MgH,

Ori—MgH, — E( slab T Nyghvg ~ MMy — Npilry) (S3)

H;

Ti—-M
where Esllab B2 is the total energy of the Ti-doped MgH; slab, nyg, ny and n,

are the number of Mg, H and Ti atoms in the surface slab, respectively, umg, uy and

p.r; are the chemical potentials of Mg, H and Ti, respectively. Meanwhile, the

chemical potential of Mg and H in equilibrium with bulk MgH, must hold that:

Bulk
Hagn, = Hug T 20y (S4)

By substituting Eq. (S4) into Eq. (S3), the surface energy can be expressed as Eq.

(S5):
1 Ti—-MgH, Bulk
OrTi-MgH, ~ 24, (Egjan ~ Myghmgn, T (2Myg — nH)”H — Mgy (S5)
In addition, the chemical potential of bulk MgH; can also be expressed as Eq.
(S6):
Bulk Bulk Bulk
'uMgHZ = 'uMg + zluH + AHf(MgHZ) (86)

where AH¢(MgH,) is the formation energy of bulk MgH,, which is calculated as
-0.56 eV. It's worth noting that pyg — pps~ < 0, puy — ui™© < 0. Combined with

Eq. (S6), the range of Auy (ug — E"*) can be obtained:
—0.28eV < Auy <0 (S7)



Table S1. The calculated lattice parameters for Mg and MgH..

Mg MgH,
a(A) cla a(A) c(A)
This work 3.206 1.60 4.487 2.994
Exp 3.209 or 3.203 ** 1.624 or 1.624 3* 4501° 3.010°
Other DFT 3.175 or 3.177 ®” 1.623 or 1.622 ®” 4.460°  2.987°

Table S2 The hydrogen removal energy E.(H) (eV) in the pure and Ti-doped
Mg(0001)/MgH,(110) interfaces. The serial number for H atoms are shown in Fig.
5(a).

H atom Ere (€V)
Undoped interface Ti-doped interface
H1 0.35 0.60
H2 0.47 0.58
H3 0.64 0.82
H4 1.08 1.09
HS 1.17 1.22
H6 1.14 1.23
H7 1.08 1.18
(a) (b) (©

Fig. S1 The atomic structure of (a) H1-terminated (b) H2-terminated and (c) Mg-H
terminated MgH, (110) slab. Orange and blue spheres represent Mg and H,
respectively.



Fig. S2 Schematic diagram of hexagonal structure converted to orthorhombic
structure of Mg(0001) surface.
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Fig. S3 The work of adhesion as a function of interfacial distance

L-65L—4 s W e 0y
lr:lo . ! | L—IZL-ll | | ]

) 4 2 0O 00 S S S
® 0 $°0°°0°0:20 0 0 O & O
. * o ° o 0 0 0 O © ©
O 920 °0-0 0 0 0 O & O

e ° o ° OO0 0 0 © O ©
¢ % © :0:0:0:000 & & &

0006066

Fig. S4 The labels of atomic layers in the Mg(0001)/MgH»(110) interface. The atoms
with yellow crosses are fixed in the structural optimization.



Fig. S5 Bond lengths (in A) of Mg-H (or Ti-H) in (a) bulk MgH,, (b) unrelaxed pure
Mg(0001)/MgH,(110) interface, (c) relaxed pure Mg(0001)/MgH(110) interface, (d)
relaxed Ti-doped Mg(0001)/MgH,(110) interface. Orange, blue and red balls
represent Mg, H and Ti atoms, respectively.
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Fig. S6 The interfacial energy as a function of hydrogen chemical potential for the
pure, single Ti-doped and four Ti-doped Mg(0001)/MgH,(110) interfaces.

Fig. S7 Three group H atoms (Hi: H1 and H2; H,: H3 and H4; Hs: H5 and H6) used
to the analysis of PDOS.
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Fig. S8 The diffusion barriers of H along the diffusion paths shown in Fig. 6 in the
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pure (a and b) and Ti-doped (c and d) Mg(0001)/MgH,(110) interfaces.

Fig. S9 The classification of H atoms close to the interface. We indicated five groups
of these H atoms with H,, Hp, Hc, Hg and Hyyik. Orange and blue spheres represent Mg

and H, respectively.
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Fig. S10 Snapshots of the pure Mg(0001)/MgH,(110) interface for T

5 ps, 15 ps and 25 ps. Orange, blue and red spheres denote Mg, H and Ti, respectively.
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Fig. S11 (a) Snapshots of the pure Mg(0001)/MgH,(110) interface for T

ps, 17.5 ps, and 21.4 ps. (b) Snapshots of the Ti-doped Mg(0001)/MgH,(110)

interface for T

800 K at 0 ps, 17.5 ps, and 23.7 ps. Orange, blue and red balls denote

Mg, H and Ti, respectively.
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Fig. S12 Two-dimensional trajectories of the three layers of H atoms in the interface
plane in (a-c) pure interface and (d-f) Ti-doped interface at 700 K. (a), (b) and (c)
represent the trajectories (orange line) of H atoms of the first layer, second layer and
third layer, respectively. (d-f) similar to (a-c), but in each layer, the H atoms are
divided into two groups based on their distance to Ti atom. Green lines and blue lines
show the trajectories of H atoms that are closer to Ti and that are further away from Ti,
respectively.
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Fig. S13 Two-dimensional trajectories of the three layers of H atoms in the interface
plane in (a-c) the pure interface and (d-f) Ti-doped interface at 800 K. (a), (b) and (c)
represent the trajectories (orange line) of H atoms of the first layer, second layer and
third layer, respectively. (d-f) similar to (a-c), but in each layer, the H atoms are
divided into two groups according to their distance to Ti atom. Green lines and blue
lines show the trajectories of H atoms that are closer to Ti and that are further away
from Ti, respectively.

Fig. S14 The classification of the three layers of H atoms at the interface. The black
and grey small balls represent the H atoms closer to Ti and further away from Ti,
respectively. Orange, red and blue balls denote Mg, Ti and H in other layers,
respectively.
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