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Fig S1 Atomic structures of heterostructures and their constituting components: (a) and (d) The

hexagonal structural unit of MoS; in the orthogonal unit cell; (b) Atomic structures of Mog;B; in

the orthogonal cell; (c) Initial atomic model of MoS, 1 Moy/;B; heterostructure; (€) Atomic structure

of Moy3B,05 in an orthogonal cell; (f) Initial atomic structure of MoS, 1 Moy/;B,0, heterostructure.
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Fig S2 2-D heatmaps of the binding energies for anchoring the MoS, nanoflake on the Boridene
substrate at various locations. (a) MoS, - Moy;B5; (b) MoS; 4 Moy;;B,0,.

Fig S3 The atomic structures of heterostructures simulated by FPMD at 300K within the NVT
ensemble: (a) MoS; 1 Moy;;B,; (b) MoS, 1 Moy;B,0,.



Fig S4 Relaxed atomic structures for the adsorption of Li" at various adsorption sites on
MoS, L Moy;B;:(a) Hb1 and Tb1 sites; (b) Hb2 and Tb2 sites; (c) Hm and Top sites; (c) Tm site;
(d) In site.
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Fig S5 Relaxed atomic structures of the adsorption of Na* at different adsorption sites on
MoS, L Moy;3B;:(a) Hb1 and Tb1 sites; (b) Hb2 and Tb2 sites; (c) Hm and Top sites; (c) Tm site;
(d) In site.

Fig S6 Relaxed atomic structures of the adsorption of K+ ion at various adsorption sites on
MoS, L Moy;B;:(a) Hbl and Tb1 sites; (b) Hb2 and Tb2 sites; (c) Hm and Top sites; (c) Tm site;
(d) In site.
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Fig S7 Relaxed atomic structures of the adsorption of Li" at various adsorption sites on
MoS, L Moy;3B,0,:(a) Hb1 and Tb1 sites; (b) Hb2 and Tb2 sites; (c) Hm and Top sites; (c) Tm site;
(d) In site.

Fig S8 The Optimized atomic structures for adsorbing the Na™ at different adsorption sites on MoS,
1 Moy;;B,0,:(a) Hbl and Tbl sites; (b) Hb2 and Tb2 sites; (c) Hm and Top sites; (c) Tm site; (d)

In site.

Fig S9 The optimized atomic structures of the adsorption of K* at various adsorption sites on MoS,
1 Moy;;B,0,: :(a) Hbl and Tbl sites; (b) Hb2 and Tb2 sites; (c) Hm and Top sites; (c) Tm site; (d)

In site.



Fig S10 The 3-D contour plots of charge density difference distributions for the adsorption of a
single Li* ion at Hb2 site on MoS, - Moy;3B; and MoS, - Moy;3B,0, heterostructures.
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Fig S11 Fully relaxed atomic structures for the formation of full stable absorbate layers on MoS,
1 Moy;B, hybrid: (a) the first full stable layer of Li*; (b) the second full stable layer of Li*; (c)
saturation with Li*; (d) the first full stable layer of Na*; (e) the second full stable layer of Na*; (f)

the first full stable layer of K*.
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Fig S12 The optimized atomic structures for the formation of full stable adsorption layers on MoS,
1 Moy;3B,0; hybrid: (a) the first full stable layer of Li*; (b) fully saturated with Li*; (c) the first
full stable layer of Na*; (d) the second full stable layer of Na*; (e) the full stable layer of K*.
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Fig S13 Structural evolutions of alkaline metal ion fully saturated heterostructures simulated by
FPMD at 300 K within the NVT ensemble: (a) Li-MoS, 1 Moy;B5; (b) Na-MoS, 1 Moy;B»; (c) K-
MOSz 1 MO4/3 Bz; (d) Li-MOSz 1 M04/3B202; (e) Na-MoSz 1 MO4/3B202; (f) K-MOSZ 1 M04/3B202.



Fig S14 3D-contour plots of the charge density difference at different stages in a multi-layer
adsorption process for MoS, 1 Moy;B5: (a) the first full stable layer of Na*(0.0020 e A73); (b) the
second full stable layer of Na*(0.001 e A=3); (c) the first full stable layer of K*(0.0012 e A-?). For
MoS, 1 Moy; B,0,: (d) the first full stable layer of Na*(0.004 ¢ A3); (e) the second full stable layer
of Na*(0.0012 e A=3); (f) the first full stable layer of K*(0.003 ¢ A73).
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Fig S15 The predicted electronic density of states (DOS) for (a):Li- MoS, 1 Moy4;3B5; (b):Na- MoS,

1 M04/3B2; (C)ZK- MOSZ 1 M04/3B2; (d)Ll- MOSQ 1 M04/3B202; (e):Na- MOSQ 1 M04/3B202; (f)ZK-
MOSz 1 MO4/3B202.
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Fig S16 The favorable migration pathway and diffusion energy profile of Li* in the second full layer
on MOSz 1 MO4/3B2.
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Fig S17 The favorable migration pathway and diffusion energy profile of Li* in the third full
adsorption layer on MoS, - Moy;B,.
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Fig S18 The favorable migration pathway and diffusion energy profile of Na* in the second full
layer on MoS, 1 Moy;Bs.
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Fig S19 The favorable migration pathway and diffusion energy profile of Li* in the second full layer
on MOSZ 1 M04/3B202.
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Fig S20 The favorable migration pathway and diffusion energy profile of Na* ion in the second full
layer on MoS, 1 Moy;B,0,.
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Table S1 Bader charge analysis of single alkaline metal ion-adsorbed structures of

MoS, 1L Moy;B; and MoS, - MousB,0; heterostructures.

MoS, L MoysB, ' MoS, L MoysB,0,
Site Mob) B Mom) S X iMo) B O Mom) S X
Li 0.02 0.27 - - -0.82 ! -1.29 0 0.96 - - -0.91
Tbl Na -0.2 0.27 - - -0.73 ! -1.31 0 0.92 - - -0.89
K -0.33 0.27 - - -0.77 ! -1.32 0 091 - - -0.93
Li 0.11 0.28 - - -0.85 ! -1.26 0 0.96 - - -0.91
sz Na -0.12 0.28 - - -0.75 E -1.27 0 0.92 - - -0.89
K -0.25 0.28 - - -0.79 i -1.28 0 091 - - -0.92
Li -0.35 0.32 - - -0.85 ! -1.68 0.37 094 - - -0.91
Hy; Na -0.46 0.33 - - -0.77 E -1.67 0.37 0091 - - -0.88
K -0.46 0.31 - - -0.79 i -1.67 0.37 0.89 - - -0.92
Li -0.37 0.33 - - -0.88 ! -1.59 0.40 0093 - - -0.9
Hy, Na -0.42 0.30 - - -0.77 ! -1.67 0.41 0.89 - - -0.9
K -0.4 0.31 - - -0.8 ! -1.67 0.38 0.88 - - -0.93
Li - - -1.16 0.79 -0.9 ! - - - -1.16 0.76 -0.91
H,, Na - - -1.16 0.74 -0.87 ! - - - -1.16 0.71 -0.89
K - - -1.16 0.72 -0.9 ! - - - -1.14 0.7 -0.92
Li - - -1.15 0.78 -0.89 ! - - - -1.13 0.76 -0.9
T Na - - -1.15 0.73 -0.87 ! - - - -1.14 0.7 -0.89
K - - -1.15 0.7 -0.85 ! - - - -1.14 0.68 -0.91
Li - - -1.24 0.69 -0.91 ! - - - -1.24 0.69 -0.91
TOp Na - - -1.27 0.69 -0.87 ! - - - -1.27 0.67 -0.87
K - - -1.29 0.68 -0.88 ! - - - -1.28 0.66 -0.89
Li -0.77 - -1.13 0.8 -0.88 ! -1.68 - 0.96 -1.45 0.65 -0.89
In Na -0.76 - -1.13 0.82 -0.83 ! -1.54 - 0.93 -1.54 0.69 -0.86
K -0.75 - -1.13 0.81 -0.83 ! -1.3 - 0.89 -1.48 0.67 -0.92
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