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1. Supporting Figure

Fig. S1. Polyhedron configurations of VO,(B) crystal: (a) (010) direction; (b) (001) direction.
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Fig. S2 The binding energies E,, of a single magnesium ion insertion into the 1 x 1 X 2 supercell of

VO,(B) in different calculation conditions.

Fig. S3 Various configurations of Mg 15sVO,(B) in the FM and AFM states.
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Fig. S4 Different configurations of Mg, ,5VO,(B) in the FM states
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Fig. S7 The transition state configurations with the highest energy barrier in respective pathways

and the corresponding distances between Mg?*" and surrounding O atom



2. Supporting Tables

Table. S1 Optimized and experimental lattice parameters/energies of 1 x 1 x 2 supercell for
VO,(B) in the four states

a(A) b(A) c(A) V(A3) Er (%)  Energy(eV)

Exp 12.03 3.693 12.84 546.67 - -

FM 12.10 3.74 13.31 579.45 6.00 -350.49
FM-vdW 12.09 3.74 13.31 579.44 6.00 -359.66

AFM 12.26 3.86 12.84 582.87 6.62 -351.04
AFM-vdW 12.16 3.83 12.78 572.45 4.71 -360.31

Table. S2 The formation energies of Mg 125VO,(B) in different configurations

Mgo12sVO,(B) Ec(P1)eV  E;(P2)eV  E;(P3)leV E;(P4)eV E;(P5)eV  E;(P6)eV

FM-vdW -3.37 -3.23 -3.14 -2.95 -3.09 -2.76

AFM-vdW -1.66 -1.87 -2.05 -1.86 -1.94 -1.35

Table. S3 The formation energies of Mg;,5VO,(B) in different configurations

Mgo,sVO,(B)  Ef(QlYeV E;(Q2)eV E;(Q3)eV E;(Q4)eV E(Q5)eV

FM-vdW -6.35 -6.11 -6.12 -5.85 -5.77

AFM-vdW -5.16 -5.09 -5.00 -5.37 -5.02

Table. S4 The formation energies of Mg,VO,(B) (0<<x<1.25) in the FM-vdW, AFM-vdW, FM
and AFM states

MgVOyx(B)  Epmvaw(eV)  Earmvaw(eV) Epm(eV) Earm(eV)
Mg 125VO,(B) -371.71 -371.40 -361.04 -361.34
Mg;,5VO,(B) -383.80 -383.51 -372.54 -371.68
Mg, sVO,(B) -406.50 -406.80 -393.60 -393.60

MgVO,(B) -438.37 -439.34 -421.35 -422.95

Mg, 5VO,(B) -453.09 -454.84 -432.71 -434.25




Table. S5 The jumping distance starting from the initial state during the Mg?" migration process

Images 1 2 3 4 5 6 7 8
Pathl 055A 1.05A 154A 205A 257A 305A 355A 4.10A
Pathl-vdW 0.52A 1.00A 145A 194A 244A 289A 336A 3.88A
Path2 043A 092A 147A 202A 251A 294A 331A 3.68A
Path2-vdW 0.37A 0.79A 128A 184A 239A 288A 330A 367A
Path3 054A 124A 194A 247A 251A 286A 333A 3.68A
Path3-vdW 0.56 A  132A 212A 270A 264A 297A 348A 376A




