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Fig.S1. Convergence test of cutoff energy for (a) CrB4(b) MoB, (c) WBy
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Fig.S2. Convergence test of k-points of unit cell for (a) CrB4(b) MoB,4(c) WBy4
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Fig.S3. Convergence test of k-points of 3x3x1 supercell for (a) CrB4(b) MoB,4(c) WB,
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Fig.S4. Convergence test of vacuum space for (a) CrB4(b) MoB,4 (c) WBy4
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Fig.S5. Top side of Optimized structures (a) CrB4 (b) MoB, (c) WBy




(b) MoB4

Energy (eV)

Fig.S6. Calculated 2D band structure for (a) CrB4(b) MoB,4(a) WB4
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Fig.S7. Calculated 2D band structure for (a) CrB4(b) MoB4(a) WB4 with HSE06 method
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Fig. S8. Phonon dispersion curve under +2.5% strain (a) for CrB,4 and (b) for MoB, and (¢) for
WBy.
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Fig. S9. Phonon dispersion curve under -2.5% strain (a) for CrB4 and (b) for MoB,4 and (c) for
WB,.
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Fig.S10. The curves of strain energy for CrB4, MoB,4 and WBy (a)with uniaxial along x-axis (b)
with uniaxial along y-axis (c) with biaxial along the x- and y-axis.
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Fig. S11. (a-f) shows the top and side view of adsorption of Ca-atoms layer on CrB, from L; to
L¢. Where each layer contains 9 Ca atoms.
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Fig. S12. (a-f) shows the top and side view of optimized structure of Ca,CrB,4 (x=1,2,3,4,5,6).
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Fig. S13. (a-f) shows the top and side view of optimized structure of Ca,MoB, (x=1,2,3,4,5,6)
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Fig. S14. (a-f) shows the top and side view of optimized structure of Ca,WB, (x=1,2,3,4,5,6).
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Fig. S15. Comparing the interlayer spacing between the adsorbed Ca-ions layers on the substrate

* T — 0.0d »

—d=—E of Ca, CrB T )
caz] | WERorCaCB) L | Dl O E,ar(a,Mom/*
S04 ~ 0.4
g-ﬂ-ﬁ E 0.6 1
=08 * g 0.8
210 2 o104 g
E 1.2 g
g g 12

-14 / £ 141 \_—#
-1.6 = -1.64
1.8 -1.8

0 1z 3 4 5
Ca content (x)

6

8 L 3 3 4 & B

Ca content (x)

Formation Energy (¢V)

(a) CagCrBy, (b) CagMoBy, and (c) CagWBy

0= T
—%—FE of C
v AW ==
0.4 -
0.6
-0.84
1.0+
*
1.24 i/
1.4

0 1 2 3 4

56

Ca content (x)

Fig.S16. Formation energy with increasing Ca content (a) Ca,CrB,, (b) Ca,MoB,, (c) Ca,WB, at

x=1,2,3,4,5,6.
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Fig. S17. Energy fluctuation vs time steps for pristine monolayer (a) CrB4(b) MoB,4(c) WB4
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Fig. S18. Energy fluctuation vs time steps for two layer adsorbed-Ca (a) Ca,CrB4, (b) Ca,MoBy,

(C) Ca,WB4
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Fig. S19. Energy fluctuations vs. time duration for (a) CagCrB,, (b) CagMoBy, (c) CagWB, at
300K



gk
= w

Energy (eV)
B sy
o &

s
=]

£ &
-

¥

h

~420 4

\

CagCrB.

(a) o [—cac]
o6b ]
cod8 o
o o o =7
173
00 E
S b

o O T PR

0

1000 2000 3000

Time (fs)

4000 5000

3901 (b)) oo 01 (0 CagWB,
_400 ua Fs& _410 0
420 =
410 o ~420+
o0 o o000
420 © o © o001 © 0o
20 coo 5‘-44"'\. ooco
E A\
440+ ofiSoop M -4501 oo
aso] oeso -460 oFdee
_4601 A A A AR AR AR WA -470 1 A A ANttt v A
180
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time (fs) Time (fs)

Fig. S20. Energy fluctuations vs. time duration for (a) CagCrB,, (b) CagMoBy, (c) CagWB, at
500K

Fig. S21. Comparison of ion diffusion barrier and maximum storage capacity with the other
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reported anode materials.

25



0.0 * - . 5 D04 g +
~o2] | @ EcofCaCrBy 1 U1 (b) —+—E of CaMoB, » (€) —*—E of Ca WB,
z 0.2 / 02 .
=04 g = e
] ) i 4 T 0.4 —
.06 2 061 g - il
o -0.8 * E‘ 0.8 E 0.6 1 *
£-10 4 S .10d v Fhad /
= =
E_]'z £ -1.21 / g -1.01 ¥
E g
[ / g =149 \_—* L:.E -1.24 i_/
-L.6 LY = -l.64 14
A — A—_— S —
0 1z 3 4 5 & o 1 2 3 4 5 & o 1 2 3 4 5 &
Ca content (x) Ca content (x) Ca content (x)

Fig. S22. Variation of lattice parameters with Ca-content (x) (a) Ca,CrBy, (b) CayMoBy, (¢)
Ca,WBy,
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Fig. S23. PDOS with different orbitals for pristine (a) CrB4(b) MoB, (c) WB4 monolayer



