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1. Metastable isomers of 2D Mo2B2.

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2019



2

Fig. S1. Metastable isomers of 2D Mo2B2 found by the CALYPSO structure search. 

The Mo and B atoms are denoted by violet and green spheres, respectively.

2. Ab initio molecular dynamics (AIMD) analysis of the tetr-Mo2B2 and tri-Mo2B2.

Fig. S2. Variation of the free energy in the AIMD simulations from 300 to 2100 K 

during the time scale of 10 ps for the tetr-Mo2B2.
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Fig. S3. Variation of the free energy in the AIMD simulations from 300 to 2100 K 

during the time scale of 10 ps for the tri-Mo2B2.

Fig. S4. Snapshots of the tetr-Mo2B2 monolayer at temperatures from 300 to 2100 K 

(top and side views) at the end of 10 ps AIMD simulations. The Mo and B atoms are 

denoted by violet and green spheres, respectively.
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Fig. S5. Snapshots of the tri-Mo2B2 monolayer at temperatures from 300 to 2100 K (top 

and side views) at the end of 10 ps AIMD simulations. The Mo and B atoms are denoted 

by violet and green spheres, respectively.
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Fig. S6. Radius distribution function (RDF) for the tetr-Mo2B2 at (a) 300 K, (b) 900 K, 

(c) 1500 K, and (d) 2100 K, respectively.
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Fig. S7. Radius distribution function (RDF) for the tri-Mo2B2 at (a) 300 K, (b) 900 K, 

(c) 1500 K, and (d) 2100 K, respectively.

3. Adsorption structures and energies of Li/Na with various concentrations on the 

tetr-Mo2B2 and tri-Mo2B2
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Fig. S8 (a-d) The initial and final states for Li adsorption on different sites of the tetr-

Mo2B2. (e-h) The initial and final states for Na adsorption on different sites of the tetr-

Mo2B2.
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Fig. S9 (a-d) The initial and final states for Li adsorption on different sites of the tri-

Mo2B2. (e-h) The initial and final states for Na adsorption on different sites of the tri-

Mo2B2.
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Fig. S10. Top and side views of the structures of (a) Na0.25Mo2B2, (b) Na0.50Mo2B2, (c) 

Na0.75Mo2B2, (d) Na1.0Mo2B2, (e) Na1.25Mo2B2, (f) Na1.50Mo2B2, (g) Na1.75Mo2B2, and 

(h) Na2.0Mo2B2 with Na ions adsorbed on the surface of the tetr-Mo2B2 monolayer. The 

Mo, B, and Na atoms are denoted by violet, green, and orange spheres, respectively.
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Fig. S11. Top and side views of the structures of (a) Li0.25Mo2B2, (b) Li0.50Mo2B2, (c) 

Li0.75Mo2B2, (d) Li1.0Mo2B2, (e) Li1.25Mo2B2, (f) Li1.50Mo2B2, (g) Li1.75Mo2B2, and (h) 

Li2.0Mo2B2 with Li ions adsorbed on the surface of the tri-Mo2B2 monolayer. The Mo, 

B, and Li atoms are denoted by violet, green, and blue spheres, respectively.
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Fig. S12. Top and side views of the structures of (a) Na0.25Mo2B2, (b) Na0.50Mo2B2, (c) 

Na0.75Mo2B2, (d) Na1.0Mo2B2, (e) Na1.25Mo2B2, and (f) Na1.50Mo2B2 with Na ions 

adsorbed on the surface of the tri-Mo2B2 monolayer. The Mo, B, and Na atoms are 

denoted by violet, green, and orange spheres, respectively.
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Fig. S13 Variation of the free energies in the AIMD simulations at 300 K during the 

time scale of 3 ps for the (a) Li adsorbed tetr-Mo2B2, (b) Na adsorbed tetr-Mo2B2, (c) 

Li adsorbed tri-Mo2B2, and (d) Na adsorbed tri-Mo2B2.

Fig. S14 Snapshots of the (a) Li adsorbed tetr-Mo2B2, (b) Na adsorbed tetr-Mo2B2, (c) 

Li adsorbed tri-Mo2B2, and (d) Na adsorbed tri-Mo2B2 monolayers at 300 K (top and 

side views) at the end of 3 ps AIMD simulations. The Mo, B, and Na atoms are denoted 

by violet, green, and orange spheres, respectively.

4. The detailed reasons why structures located on the hull are thermodynamically 
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stable relative to dissociation into other configurations.

Fig. S15 The convex hull for enthalpies of formation. 
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LixiMo2B2 and LixhMo2B2 are two other configurations for Li adsorption on the 2D 

Mo2B2. In order to judge the stability of LixMo2B2, we use the equation as shown below,
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If , LixMo2B2 is unstable and easy to decompose into two other configurations. 0E 

If , LixMo2B2 is stable relative to dissociation into other configurations.0E 

According to Eqn (5), we obtain the following two relations.
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As shown in Fig. S15d, for a trapezoid, . Then, we can obtain 
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ΔHf (x’) from ΔHf (xi), ΔHf (xh), xi/xi+1, xh/xh+1, and x/x+1. The equation is given 

below.
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As shown in Fig. S15b, xa represents the structure located on the hull, while xb 

represents the structure above the hull. It can be found that ΔHf (xa) is smaller than ΔHf 

(x’) ( ΔHf (xa) < ΔHf (x’) ). This is because that ΔHf (xa) is negative and possess a bigger 

absolute value than ΔHf (x’). Then, we obtain the following equation.
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Thus, . Therefore, LixMo2B2 is thermodynamically stable relative to dissociation 0E 

into other configurations. 

For the structure located above the hull (xb), ΔHf (xb) is larger than ΔHf (x’) ( ΔHf (xb) > 

ΔHf (x’) ). Then, . Thus, LixMo2B2 is unstable and easy to decompose into other 0E 

configurations.
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