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Fig. S1. Optimized structures of the (a) VS,/Ti;C,0, and (b) VS,/V5C,0, heterostructures were
obtained through concentration variations with Li-loading.

Fig. S2. The charge density (a - d) and charge density difference (e - h) plots for VS,/Ti;C,0,
heterostructures with Li-loading. The symbols “+” and “-” indicates electron accumulation and
depletion regions respectively.

Fig. S3. The charge density (a - d) and charge density difference (e - h) plots for VS,/V5C,0,
heterostructures with Li-loading. The symbols “+” and “-” indicates electron accumulation and
depletion regions respectively.

Fig. S4. The projected band structures with corresponding total density of states for VS,/Ti;C,0,
heterostructures with Li-loading.

Fig. S5. The projected band structures with corresponding total density of states for VS,/V;C,0,
heterostructures with Li-loading.

Fig. S6. The AIMD simulations for VS,/Ti;C,0, heterostructures with Li-loading at 300K.
Fig. S7. The AIMD simulations for VS,/V5C,0, heterostructures with Li-loading at 300K.

Fig. S8. The AIMD simulations for Variation of interlayer spacing Vs time steps (fs) of VS,/Ti;C,0,
heterostructures with Li-loading.

Fig. S9. The AIMD simulations for Variation of interlayer spacing Vs time steps (fs) of VS,/V5C,0,
heterostructures with Li-loading.

Table S1 Calculated lattice parameters (a=b), thicknesses, M—C bond lengths (dy-c, M =Ti or V), M—
O bond lengths (dy—o, M =Ti or V), V=S bond lengths (dy_s) and O-S bond lengths (do_) in the
monolayer and VS,/M;C,0, hetrostructures. All distances are in A units.



Table S2 The interlayer distances (E;, in A) for Li ions adsorbed between VS,/M,C,0,
heterostructures.

Table S3 The adsorption energy (E,q in eV) for Li ions adsorbed between VS,/M;C,0,
heterostructures.

Table S4 The open circuit voltages (OCV in V) for Liions in VS,/M5C,0, heterostructures.
Table S5 The storage capacities (q in mAhg?) of VS,/M;C,0, heterostructures.

Table S6 Comparison of the Performance of Current Work with Previously Reported 2D Material-
Based Li-lon Batteries.

Table S7 The average bond distances (in A) for Li ions adsorbed between VS,/M,C,0,
heterostructures.
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Fig. S1. Optimized structures of the (a) VS,/Ti;C,0, and (b) VS,/V3C,0, heterostructures were
obtained through concentration variations with Li-loading.



Fig. S2. The charge density (a - d) and charge density difference (e - h) plots for VS,/Ti;C,0,
heterostructures with Li-loading. The symbols “+” and “-” indicates electron accumulation and
depletion regions respectively.



Fig. $3. The charge density (a - d) and charge density difference (e - h) plots for VS,/V;C,0,
heterostructures with Li-loading. The symbols “+” and “-” indicates electron accumulation and
depletion regions respectively.
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Fig. S4. The projected band structures with corresponding total density of states for VS,/Ti;C,0,

heterostructures with Li-loading.
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Fig. S5. The projected band structures with corresponding total density of states for VS,/V;C,0,
heterostructures with Li-loading.
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Fig. S6. The AIMD simulations for VS,/Ti;C,0, heterostructures with Li-loading at 300K.
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Fig. S7. The AIMD simulations for VS,/V5C,0, heterostructures with Li-loading at 300K.
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Fig. S8. The AIMD simulations for Variation of interlayer spacing Vs time steps (fs) of VS,/Ti;C,0,
heterostructures with Li-loading.
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Fig. S9. The AIMD simulations for Variation of interlayer spacing Vs time steps (in fs) of VS,/V5C,0,
heterostructures with Li-loading.

Table S1 Calculated lattice parameters (a=b), thicknesses, M—C bond lengths (dy_c, M =Ti or V), M—
O bond lengths (dy-o, M =Ti or V), V=S bond lengths (dy_s) and O-S bond lengths (do_s) in the
monolayer and VS,/M,C,0, hetrostructures. All distances are in A units.

Materials a=b | Thickness dyc dvo dys dos
TisC,0, 5.89 6.96 2.18 1.97
Vs3C,0, 5.80 6.81 2.06 1.95
VS, 6.33 2.99 2.36
VS,/TisC,0, | 6.11 12.86 2.19 1.98 2.33 | 3.32
VS,/V5C,0, | 5.92 12.73 2.07 1.98 2.31 | 3.29




Table S2 The interlayer distances (E;, in A) for Li ions adsorbed between VS,/M,C,0,

heterostructures.

VSZ/Ti3CZOZ dOl-Sl dOl-Lil dLil-Sl dC1—Li1 dCZ—LiZ dCl—Li3 d02-Li4 dSZ-LiS
Pure 3.32 --- --- --- --- --- --- ---
Lizgo 3.45 2.09 2.54 3.50
Liagy 3.45 2.09 2.54 3.50 3.52
Ligos 3.45 2.05 2.63 3.37 2.72 9.81
Ligos 3.45 2.07 2.58 3.44 3.34 9.92 4.59
Li1o0% 3.45 2.09 2.55 3.47 3.34 9.92 4.64 | 4.06
VS,/V;C,0,

Pure 3.29 - - - - - - -
Lizgo 3.34 2.03 2.47 3.37
Liagy 3.42 2.05 2.52 3.42 3.30
Lisos 345 | 204 | 257 | 341 | 3.14 | 9.95
Ligos 3.45 2.03 2.53 3.49 3.19 | 10.00 | 4.55
Li1o0% 3.45 2.04 2.54 3.43 3.25 10.00 | 4.58 | 4.07

Table S3 The adsorption energy (E.q in eV) for Li ions adsorbed between VS,/M;C,0,

heterostructures.

Li content | VS,/TisC,0, | VS,/VsC,0,
Lizo0 -2.86 -2.65
Lisoy -2.76 -2.49
Ligog -1.55 -1.58
Ligog -1.13 -1.29
Li1o0% -1.01 -0.96

Table S4 The open circuit voltages (OCV in V) for Liions in VS,/M5C,0, heterostructures.

Li content | VS,/Ti;C,0, VS,/V5C,0,
Lisgu 3.14 2.60
Lisgy 2.18 1.67
Lisos 1.27 0.75
Liggy 1.23 0.74
Li100% 1.30 0.73




Table S5 The storage capacities (q in mAhg?) of VS,/M;C,0, heterostructures.

Licontent | VS,/TisC,0;, | VS,/V5C,0,
Lis0v 85.17 82.64
Liaoy 170.34 165.28
Lios 255.50 247.91
Lisos; 340.67 330.55
Liz00% 425.84 413.19

Table S6 Comparison of the Performance of Current Work with Previously Reported 2D Material-
Based Li-ion Batteries.

Material Reported Capacity (mAhg) References
Structure

TisC, 447.8 [Ref]!
V3G, 606.42 [Ref] 2
VS, 195.4 [Ref] 3
V;C,/graphene 598.63 [Ref] 4
V,05/TisC,Ty 321 [Ref] 5
VS,/Ti,CO, 462.08 [Ref] &
Ti,CO,/graphene 426 [Ref] 7
MoS,/TizC,Tx 153 [Ref |8
VS,/Ti;C,0, 425.84 Current Work
VS,/V;3C,0, 413.19 Current Work

Table S7 The average bond distances (in A) for Li ions adsorbed between VS,/MC,0,
heterostructures.

Concentration VS,/TisC,0, VS,/V5C,0,
do1-1i doz-ui2 ds1-1in dsyiis do1-in doz-i2 ds1-1i1 dso-iis
Lisgy 2.12 2.54 2.04 2.55
Liagy, 2.10 1.92 2.85 2.13 1.98 2.57
Ligoy 2.02 1.85 2.61 2.67 2.01 1.86 2.60 2.46
Liggy 2.08 2.01 2.57 2.43 2.11 1.96 2.53 2.44
Lizo0% 2.15 2.00 2.65 2.37 2.05 2.02 2.64 2.47
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