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Abstract: The Mg7Al» (110) surface has five possible terminations (T1-T5). The T3 termination has been regarded as
the most stable termination for long time, whereas recent theoretical calculations have revealed that the T1 termination
is the most stable one. To solve the dispute, density functional theory calculations were performed in this study to
unravel the most stable termination of Mg;7Ali» (110) surface. Surface energy calculation results show that, whether
defects are considered or not, the T1 termination is always the most stable termination of Mg;7Al;2 (110) surface. The
stability of T1 termination may be ascribed to the Al truncated-tetrahedron because only cutting Mg;7Al> along T1
termination of (110) surface will not destroy the integrity of Al truncated-tetrahedron. In addition to unraveling the most
stable termination, work functions of Mgj7Al2 (110) surface were also calculated. The results show that the work
function of Mg;7Ali; (110) surface is mainly controlled by concentration of surface Aly, defects.
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1 Introduction

The Mg7Ali; phase, which is a dominant
intermetallic compound in Mg—Al alloys, plays a
critical role in the mechanical and corrosion
performances of Mg—Al alloys [1,2]. The Mg7Al2
phase is also a potential hydrogen storage
material with 4.4 wt.% maximum hydrogen storage
capacity [3]. No matter as an intermetallic
compound or as a hydrogen storage material,
surface property of Mgi;Al» is a key factor that
affects its performances. Therefore, it is necessary
to investigate and understand surface properties of
Mg7Al.

Theoretical calculations such as molecular
dynamics (MD) and density functional theory
(DFT) are effective methods to investigate surface
properties from the atomic level. To the best of our

knowledge, the Mgi7Ali> (110) surface has been
extensively studied by theoretical calculations
because the (110) surface is more stable than other
surfaces such as (100) and (111) surfaces [4,5].
Furthermore, in Mg—Al alloys, the A-Mg;Al»
precipitates have a (110),/(0001), Burgers orientation
relationship with a-Mg matrix [6], suggesting that
the (110) surface is crucial for the applications of
Mgi7Al.

In surface calculations, a reasonable surface
model is the essential prerequisite to obtain reliable
results. When a surface contains more than one
termination, choosing a suitable termination to
bulid a surface model is particularly important. As
can be seen in Fig. 1, the Mg7Ali2 (110) surface
contains five possible terminations, which are
labeled as TI-T5, respectively. To the best of
our knowledge, some theoretical researchers chose
T3 termination as the top surface to build Mg;7Al»
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Fig. 1 Atomic structure of Mgi7Ali» (110) surface (The
first T1-T5 terminations are indicated by shading)

(110) surface model [7—10]. This may be ascribed
to two advantages of this termination. Firstly, all
atoms on T3 termination are in the same plane (with
the same z-axis coordinate values), which is very
helpful to manually build surface model. Secondly,
unlike the T2 and T4 terminations which only
include Al atoms, the T3 termination consists of
both Al and Mg atoms. This is convenient for
T3 termination to be used to investigate different
surface intrinsic defects or H, adsorption on
different surface atomic sites. Among the T1-T5
terminations, only the T3 termination has these two
advantages.

However, the two advantages of the T3
termination do not guarantee that this termination is
thermodynamically stable as the top Mgi7Al;2 (110)
surface. Therefore, it is necessary to compare
surface energies of T1-T5 terminations. So far,
only WANG and LI [5] have calculated surface
energies of Mgi7Al2 (110) surface with different
terminations and revealed that T1 termination was
more stable than other terminations. However, some
improvements are still needed based on Ref. [5].
Firstly, only the most stable (T1) and unstable (T2)
terminations were discussed in their work, while
surface energies of other terminaitons (T3—T5)
were not provided. Secondly, they only considered
pure terminations and neglected defect doping
effects. When intrinsic defects, for example the Mg
vacancies, are doped, surface energies of T1-T5

terminations may change. Therefore, defect doping
effects should be considered to prove that T1 is
really the most stable termination. Besides
theoretical work, recent experiment also indicated
that the Mgi7Al; (110) surface interacted with Mg
(0001) matrix through T1 termination rather than
T3 termination [11], further suggesting that T3
termination may be not as stable as expected.

The above discussion reveals that the most
stable termination of Mgi;Ali2 (110) surface
remains controversial. Since the (110) surface is
very crucial for practical applications of Mgi7Al2,
it is necessary to investigate and resolve termination
problems of Mgi7Ali» (110) surface. In this study,
based on DFT calculations, the Mg7Al;2 (110)
surface with all possible terminations will be
systematically  investigated. In addition to
unraveling stable terminations, work function of
Mgi7Al;2 (110) surface with intrinsic defects will be
calculated. This study is expected to provide useful
guidance for future investigations of Mgi7Als,,
especially where surface and interface reactions are
involved.

2 Computational methods

2.1 Computational details and models

All DFT calculations are performed using
VASP [12] (Version 5.2) coded with a projected
augmented wave (PAW [13]) method. The
generalized gradient approximation (GGA [14]) in
the scheme of Perdew—Burke—Ernzerhof (PBE [15])
is selected as the exchange correlation function. The
cutoff energy is 400 eV. Geometry relaxations are
performed until the residual forces on each ion
converge to be smaller than 0.02 eV/A. For Mg and
Al elements, the 3s? and 3s?3p' orbits, respectively,
are treated as valence states. Based on these
computational parameters, the conventional cell of
Mg7Al, is firstly relaxed. The relaxed lattice
constants of cubic Mg7Al;, are a=b=c=10.52 A,
which are consistent with the estimated
experimental uncertainty (10.54 A [16]). Then, the
Mgi7Al2 (110) surface can be constructed from the
relaxed bulk Mg7Alx.

Figure 2(a) shows the slab model of Mg;7Al2
(110) surface used in this study. As mentioned
above, the Mgi7Alix (110) surface consists of
five possible terminations. The T2—T4 terminations
are obvious to identify because the atoms of each
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Fig. 2 Slab models of Mgi;Ali> (110) surface with
T1-T5 (a—e) terminations (The atomic arrangement of
top layer is also shown)

termination are in the same plane. In contrast,
atoms of T1 and T5 terminations are in disorder. It
is very difficult to find out atoms which are in the
same plane from T1 and TS5 terminations. Therefore,
all atoms of T1 (the same as T5) termination are
simply treated as a single atomic layer, agreeing
with the termination classification method in
Ref. [5]. As can be seen in Fig. 2(a), the T1-T5
terminaions  consistute one repeated
Convergence test reveals that three repeated units
are siffucient to simulate the Mg;7Al» (110) surface
(see SI-1 of Supporting Information for more
details of convergence test). During geometry
relaxations, the bottom five atomic layers are fixed.
Due to the asymmetric model, dipole correction has
been added in all calculations.

In this study, since effects of intrinsic
defects on surface stability will be considered,
it is necessary to discuss atomic composition of
different terminations, especially the T1 and T3
terminations. Figures 2(a) and (c) show top view of
T1 and T3 terminations, respectively. Note that,
although the atomic composition of T5 termination
is the same as that of Tl termination, they are
different terminations because they have different

unit.

sublayers (the same as T2 and T4). The atomic
positions of Mgi7Ali2 can be grouped into four
different sublattices [17]: three inequivalent lattice
sites for Mg (with Wyckoff position 2a, 8c and 24g,
which are named Mgl, Mg2 and Mg3, respectively,
in this study), and the 24 g lattice site for Al. The
T1 termination contains 2Al, 1Mg2 and 5Mg3
atoms. The T3 termination contains all four
sublattices (2AL 1Mgl, 2Mg2 and 2Mg3).

2.2 Surface energy calculation method
Surface energy (Fs) is calculated by the
following equation [18]:

Es :(Eslab _Znilui)/A_Sbottom (1)

where Eqs.b is the total energy of slab model, n; and
i (i=FMg and Al) are the number and chemical
potential of constituent i, respectively, A4 is the
surface area of slab model, and Shottom 18 the surface
energy of the fixed bottom surface. Since the
bottom five atomic layers are fixed during
calculations, the energy term Spouom must be
subtracted to obtain correct surface energy. The
Shottom 18 surface energy calculated by using a slab
model which has identical terminations on both
sides of the slab without geometry relaxation. More
discussion of the Syoiom term can be found in SI-1
in the Supporting Information and our previous
theoretical work [18].

As can be seen in Eq. (1), surface energies are
dependent on the chemical potentials. Under
thermal equilibrium growth conditions, Mg;7Al»
should satisfy
17 Aumgt12Aua=E" 2)
where Aunvg (the same as Auai) is energy difference
between the chemical potential of Mg (umg) and
energy per atom of bulk Mg (Ewmg), and E' is
formation energy of bulk Mg;7Ali>. The calculated
Ef of Mg;7Al12 (—0.753 €V) in this study agrees with
other theoretical value (—0.609 eV [19]). Then, Auai
and Aune under different growth conditions can be
obtained: under Al-rich (i.e., Mg-poor) growth
condition, Aua=0 eV and Aum=E"17=—0.044 eV;
under Al-poor (i.e., Mg-rich) growth condition,
Aua=EY12=-0.063 eV and Aume=0 €V.

3 Results and discussion

3.1 Surface energies
Figure 3 shows surface energies of Mgi7Al2
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(110) surface with undoped T1-T5 terminations as
a function of Al chemical potential. It is clearly
seen that, in the whole range of Al chemical
potentials, surface energy of T1 termination is much
lower than that of other terminations. The T3
termination, which was expected to be the most
stable termination in previous work [7—10], is only
more stable than T2, T4 and TS terminations. Our
calculation result suggests that T1 and T2
terminations are theoretically the most stable and
unstable terminations of Mg7Ali, (110) surface,
respectively, agreeing with results obtained from
MD method [5]. Figure 3 also reveals that, with the
variation of Al chemical potential, surface enengies
of all five terminations do not vary a lot. The
surface energy variation line of T1 termination is
even close to horizontal line. This means that the
stability of Mg7Ali, (110) surface is nearly
independent of growth conditions.
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Fig. 3 Surface energies of Mgi7Ali> (110) surface with

non-defective T1-T5 terminations as function of Al

chemical potential Auai

To make a detailed comparison with other
theoretical work, surface energies in Fig. 3 are
further listed in Table 1. Note that, other theoretical
work did not consider chemical potentials thus only
one surface energy data was given. It is seen that
both DFT and MD methods are used by XIAO
et al [4] to calculate surface energy of TI1
termination. Their DFT result (0.66 J/m?) is in good
agreement with our DFT result (0.67 J/m?). A few
years later, based on MD method again, WANG and
LI [5] obtained the totally same surface energy of
T1 termination (0.72 J/m?), proving the MD result
of XIAO et al [4]. Although the MD results of
WANG and LI [5] are larger than our DFT results,

the relative error of surface energies between T1
and T2 terminations calculated by MD are nearly
the same as that by DFT. Moreover, their MD
results also concluded that T1 and T2 were the most
stable and unstable terminations, respectively.
Therefore, the above discussion reveals that MD
results are as reliable as DFT results, at least in the
investigation of Mgi7Ali (110) surface. The
reliability of MD method, as well as its high
efficiency compared with DFT method, suggests
that MD method may be more suitable to
investigate large scale system. This is probably why
the MD method is also used to calculate
Mgi;Ali2/Mg interfaces in Ref. [5]. The surface
energy of T3 termination calculated by ZHANG et
al (0.66 J/m?) [7] is lower than that in this study
(0.76 J/m?), which may be ascribed to different
numbers of atomic layers in their (5 layers) and our
(13 layers) work.

Table 1 Surface energies of Mg;7Ali (110) surface with
different terminations (This study provides surface
energies under Al-poor and Al-rich limit growth
conditions; Data calculated by molecular dynamics
method are marked with “MD”)

Surface energy/(J-m?)

Source Termination -
Al-poor Al-rich
T1 0.67 0.67
T2 0.97 0.94
This study T3 0.76 0.77
T4 0.85 0.84
TS 0.81 0.84
XIAO et al [4] T1 0.66, 0.72 (MD)
T1 0.72 (MD)
WANG and LI [5]
T2 1.01 (MD)
ZHANG et al [7] T3 0.66

Although it can be seen from Fig. 3 that T1
termination is the most stable termination of
Mg7Ali, (110) surface, the correctness of this
conclusion is still doubtful because surface defects
are not considered in Fig. 3. It is well known that
practical materials usually contain various defects,
which may affect surface stabilities. The Mg;7Al»
phase in practice exhibits Al-rich off-stoichiometric
compositions [20—22]. Theoretical work also
revealed that Mg vacancy (V) and Al-substituted
Mg anti-site (Alw,) intrinsic defects were more
easily formed in Mgj7Al; [22], agreeing with the
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Al-rich composition of Mgi7Alji;. When Vg or
Al defects are doped into Mgi7Al; (110) surface,
the stability order of T1 and T3 terminations
may change. Therefore, to unravel true stable
termination of Mg;7Al;, (110) surface, it is
necessary to further investigate effects of Vg or
Al defects doped on T1 and T3 terminations.
Figures 4 and 5 show surface energies of T1
and T3 terminaitons, respectivley, doped with
various defects as a function of Al chemical
potential. Putting all data into one figure is not
convenient to read. Then, surface energies of T1
termination doped with Vy, and Alvg are shown in
Figs. 4(a) and (b), respectively. Surface energies of
T3 termination doped with Vi, and Alvg are shown
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and Alyg (b) defects as function of Al chemical potential
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Fig. 5 Surface energies of T3 termination with Vg (a)
and Alyg (b) defects as function of Al chemical potential
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in Figs. 5(a) and (b), respectively. As mentioned in
Fig. 2, the T1 and T3 terminations contain (1Mg2,
5Mg3) and (1Mgl, 2Mg2, 2Mg3) atoms,
respectively. To investigate effects of defect
concentration change on surface stability, different
numbers of Vv, or Alv, defects will be doped. For
example, T1 termination doped with three Vmgs is
denoted as T1+3Vgs.

Figures 4 and 5 reveal that: (1) regardless of
defect type, surface energies of undoped T1 and T3
terminations are lower than those of defective T1
and T3 terminations, respectively. Furthermore,
with the increase of defect concentration, surface
energies of defective T1 and T3 terminations
gradually increase. This means that both the Vg
and Alw, defects, especially in high concentrations,
are not beneficial to the stability of Mg;;Al;, (110)
surface. The defect combinations are not considered
because there are too many possible combinations.
We tried to build some defect combinations and
found that surface energies of defect combinations
doped terminations were much higher. WANG
et al [21] also found that defect combinations made
the crystal structure of bulk Mgi7Al;; metastable.
(2) In given Mg lattice sites, terminations with Alw,
anti-site defects are stabler than those with Vi
defects, especially under the Al-rich growth
condition. For example, in two given Mg3 lattice
sites, surface energy of T1+2Almg is lower than
that of T1+2Vwg. This means that Alwv, anti-site
defects are energetically more favorable than Mg
vacancies on the Mg7Al;2 (110) surface. SHIN and
WOLVERTON [22] calculated defect formation
energies of bulk Mgi;Ali; and concluded that
anti-site defects energetically favored over vacancy
defects, agreeing with surface energy results in this
study. (3) Vacancies at Mg2 lattice sites bring about
lower surface energies. In contrast, anti-site defects
at Mg3 lattice sites bring about lower surface
energies. This means that Mg vacancy and Alw,
anti-site defects energetically prefer Mg2 and Mg3
lattice sites of Mg;7Al2 (110) surface, respectively,
which is also in agreement with previous defect
formation energy results [22].

The above discussion reveals that, although the
defect doping effects are considered, T1 termination
is still more stable than T3 termination. Therefore,
surface energy results of Figs. 3—5 strongly prove
that T1 termination is indeed the most stable
termination of Mg;7Al;» (110) surface.



760 Jia-jia WANG, et al/Trans. Nonferrous Met. Soc. China 33(2023) 755-764

3.2 Termination stabilities

To understand why T1 termination is the
most stable termination, it is firstly necessary to
understand bulk properties of Mgi7Al 2. Figure 6(a)
shows atomic structure of Mg;7Al;2 conventional
cell. When all Al atoms in the cell are connected
with bonds, twelve Al atoms form an Al
truncated-tetrahedron (four Al-triangles in the cell
corner belong to Al truncated-tetrahedron of the
adjacent period cells). This Al truncated-tetrahedron
is composed of four equilateral triangular and four
equilateral hexagonal faces (Fig.6(b)). The
chemical bonding of Mgi;Ali; presents mixed
bonding characteristic. The Al—Al pair in Mg7Al2
shows metallic and covalent characteristics
(Fig. 6(c)), respectively. Then, due to the strong
covalent characteristic of Al—Al pair and the
geometric structure of Al truncated-tetrahedron, the
bonding of Al truncated-tetrahedron is expected to
be too strong to break. When the Mg;7Al» cell is
extended to super-cell (Fig. 6(d)), it is seen that
the solid Al truncated-tetrahedrons are much like
dispersion strengthening particles distributed in the
soft Mg matrix.

Based on the above discussion, it will be easy
to understand surface properties of Mg7Al .
Since the bonding of Al truncated-tetrahedrons is
very strong, breaking these solid Al truncated-

@

Bel ®
nens e

Al Al palr

mﬁi ﬁﬁmﬁ
ﬂf

tetrah edron _.

Al truncated-tetrahedron \

(C)J v.@L

truncated- (ﬂ

tetrahedron <~

Mg-Mg palr

tetrahedrons will need more power and generate a
surface with high surface energy. In other words,
keeping the structure integrity of Al truncated-
tetrahedron is helpful to lower surface energy of
Mgi7Al;2. In T1-T5 terminations, only the T1
termination is able to keep the structure integrity of
Al truncated-tetrahedron (Fig. 6(¢)). Other four
terminations, for example the T3 termination
(Fig. 6(f)), will destroy the Al truncated-tetrahedron.
Therefore, the Mg;7Ali> (110) surface with T1
termination is theoretically more stable than that
with  T2-T5 terminations, agreeing with
experimental observation that the Mgi7Al;2 (110)
surface interacted with Mg (0001) matrix through
T1 termination [11].

The explanation on stability of T1 termination
is also helpful to understand some theoretical and
experimental results of Mgi;Al,. For example,
theoretical work indicated that the Mg;Al;2
(110) surface was more stable than (100) and (111)
surfaces [4,5]. In experiments, the S-Mgi7Al
precipitates preferred a (110)s//(0001), Burgers
orientation relationship with a-Mg matrix [6,11,23].
All these results can be easily understood by the Al
truncated-tetrahedron because, among all surfaces
of Mgi7Ali2, only the (110) surface is able to keep
the integrity of Al truncated-tetrahedron through T1
termination. This advantage of (110) surface is one

T1 termination
(e) Al truncated-tetrahedron
\ 2

W

Mg-Mg pair

T3 termination
Broken Al truncated-tetrahedron

Fig. 6 Atomic structure of Mg 7Al2 conventional cell (a), separate Al truncated-tetrahedrons (b), charge density (c) of
shaded Al-hexagon in (b), wireframe of Mgi7Al» super-cell obeserved from [001] direction (d), and Mg;7Al» (110)

surfaces with T1 (e) and T3 (f) terminations
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possible reason that it is more stable than other
surfaces and preferable to interacting with Mg
(0001) matrix. What is worthy of mentioning is that,
this advantage of (110) surface does not exclude the
possibilities of Mg7Aliz exposed with other
surfaces. Moreover, the possibilities of Mg;7Ali»
(110) surface exposed with T2—-T5 terminations
cannot be excluded either. Surface energy results in
this study only reveal that (110) surface with T1
termination is theoretically the major part of
Mg7Al; surfaces.

3.3 Surface work function

Work function is one of the basic properties
of metal surfaces [24]. For Mg;7Ali2, the work
function property is particularly important since it is
closely related to the corrosion performance of
Mg—Al alloys. When p-Mg7Al;> interacts with
o-Mg matrix, the work function difference at
interface will induce galvanic corrosion [25-28].
Theoretically, metal with higher work function acts
as cathode while that with lower work function acts
as anode and corrodes first. Work function is
sensitive to many factors such as adsorbates [29],
surface orientations [30] and defects [31]. The
above sections have investigated effects of two
intrinisc defects doping on the stability of Mgi7Al»
(110) surface and found that both Vm, and Alwmg
defects are harmful to surface stabilites. However,
this result does not mean that both Vy, and Alwg
defects are totally excluded in Mgi7Ali2. Actually,
they are still two major intrinsic defects in Mg7Al.
Then, in this section, effects of Vug doping and
Aly doping on work function of Mg;7Alix (110)
surface will be investigated.

Similar to the above sections, only the T1 and
T3 terminations are simply adopted to perform
work function calculations. The work function (W)
can be obtained by the following equation [32]:

Wi=V—Er 3)

where J and Er are vaccum energy level and Fermi
level, respectivey. Using the asymmetric surface
model is also able to obtain reliable work function.
More calculation details of work function can be
found in SI-2 in the Supporting Information.
Figures 7(a) and (b) show work functions of
undoped and defective Mgi7Ali, (110) surfaces
with T1 and T3 terminations, respectively. For
visulization purpose, work functions of undoped,

Ve doped and Alve doped terminations are marked
with different colors. In each figure, the horizontal
solid line represents our calculated work function of
Mg (0001) surface (3.68 e¢V), which is in good
agreement with other theoretical (3.67 eV [33]) and
experimental results (3.66 eV [34]). The calculation
details of Mg (0001) surface can be found in
SI-2 in Supporting Information. Figure 7 reveals the
following two important points.

Firstly, the work function of undoped TI
termination is larger than that of Mg (0001) surface.
When Vy, and Aly, defects with different
concentrations are doped, work functions of
most defective T1 terminations (except T1+1Almg3)
are still larger than that of Mg (0001) surface. In
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Fig. 7 Work functions of undoped and defective Mgi7Al»
(110) surfaces with T1 (a) and T3 (b) terminations (Work
functions of undoped, Vu doped and Aly, doped
terminations are marked with different colors; The black
horizontal solid line is the work function of Mg (0001)
surface (3.68 eV))
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contrast, work functions of undoped and most
defective T3 terminations (except T3+2Vmgs,
T3+2Almg and T3+2Alwvgs) are lower than that of
Mg (0001) surface. This means that, in the contact
between Mg and Mg7Al, the MgizAl, (110)
surface exposed with T1 termination is more likely
to act as cathode while that with T3 termination is
more likely to act as anode. Mg;7Al;; and Mg in
experiments act as cathode and anode, respectively,
leading to the corrosion dissolution of Mg
matrix [25—28]. Therefore, the work function
results indirectly reveal that the Mg7Al, (110)
surface exposed with T1 termination is more
consistent with practical experiments, proving the
above surface energy results.

Secondly, with the increase of defect
concentrations, work functions of Vu, doped T1
terminations show obvious change but the change
amplitude is not large compared with those of the
undoped T1 termination. In contrast, work functions
of Alyg doped T1 terminations show large change
amplitudes. Furthermore, with the increase of Alvg
concentrations, work function of T1 termination
shows significant growth. Similar results can be
seen in T3 termination. Work functions of Alwmg
doped T3 terminations also show large change
amplitudes compared with those of Vug doped T3
terminations. These results indicate that the work
function of Mg;7Al;» (110) surface is more sensitive
to the concentration change of Alwv, anti-site
defects. Since the above surface energy results
reveal that Alwv, defects are thermodynamically
stabler, it is expected that the work function of
Mgi7Al; (110) surface is mainly controlled by the
concentration of surface Al defects.

It is known that galvanic corrosion is induced
by work function difference of two metal surfaces.
Since the work function of Mg;7Al; (110) surface
is found to be mainly controlled by concentration of
surface Alve defects, it is expected that galvanic
corrosion is also closely related to concentration of
surface Alvg defects. Taking T1 termination as an
example, when concentration of surface Alwyg
defects is low (for example T1+2Alvg), the work
function difference between Mg (0001) and T1
termination will be small, leading to weak corrosion
of Mg anode. When concentration of surface Alw,
defects increases to high content (for example
T1+5Almg3), the work function difference will be
large and the galvanic corrosion will be strong. This

is just one possible corrosion process of Mg—Al
alloy wunder the wvariation of surface Alwyg
concentrations. However, this possible corrosion
process may provide some insights to understand
experimental results.

The addition of alloying elements such as
Sc [35], Y [36] and Nd [37] is an effective method
to improve the corrosion resistance of Mg—Al
alloys. A common characteristic of some corrosion
experiments is that, in the range of solid solubility,
the corrosion resistance of Mg—Al alloys increases
with the increase of the alloying elements
concentrations [35—37]. For example, with the
variation of Y concentration from 0 to 0.3 wt.%,
the corrosion resistance of AZ91 gradually was
enhanced and the best performance was achieved
when the Y content was 0.3 wt.% [36]. According
to our calculation results, the Y atoms may be able
to substitute Mg (or Al) atoms and lower the work
function of Mgi7Al> (110) surface. Then, with the
variation of Y content from 0 to 0.3 wt.%, the work
function difference between Mg matrix and Y
added Mg7Al;; gradually decreased, leading to the
improved corrosion resistance. However, this is just
one possible explanation from the view of our
calculation results. A detailed investigation is
needed. We hope that further investigations of
Mg—Al alloy, as well as other alloys, may be
enlightened from this study.

4 Conclusions

(1) Whether effects of defects doping on
surface stability are considered or not, the Tl1
termination is always the most stable termination of
Mgi7Ali2 (110) surface. This may be ascribed to the
advantage of T1 termination that, among T1-T5
terminations, only the T1 termination is able to
keep the structure integrity of Al truncated-
tetrahedron, while other four terminations will
destroy the Al truncated-tetrahedron.

(2) The Aly, anti-site defects are more
energetically favorable than Mg vacancies on the
Mgi7Al;2 (110) surface.

(3) The Mgi7Al12 (110) surface exposed with
T1 termination is more likely to act as cathode in
galvanic corrosion, aggreing with experiments.

(4) The work function of Mgi;AlL2 (110)
surface is mainly controlled by the concentration of
surface Alv, defects.
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