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Table S1. The calculated elastic constants C;; for bulk Zn,(V, Nb,Ta)N,.

Elastic constants bulk Zn,VN;, GPa bulk Zn,NbN;, GPa bulk Zn,TaN;, GPa
Cn 235 217 219
Cy 239 210 210
Cs3 258 221 231
Cip 105 99 96
Ciz 114 112 112
Cos 103 95 95
Cyy 59 52 54
Css 55 49 51
Ces 52 52 53
Table S2. The Young modulus for 2D Zn,(V, Nb,Ta)N;.
Material E, N/m E,, N/m

bulk Zn,VN; 109 108

bulk Zn,NbNj; 87 95

bulk Zn,TaNj; 88 88

Table S3. Cohesive energy for bulk and 2D Zn,(V, Nb,Ta)N,.

Structure Cohesive energy, eV per atom
bulk anVN3 -3.84
bulk anNbNg, -4.11
bulk anTaN3 -4.21
2D Zn,VN, 3.60
2D ZnyNbN; -3.82
2D Zn,TaN; -3.91




Table S4. Calculated charge carrier effective mass (m,", m," and m,” in units of electron mass my), deformation potential (dy, dy, and d,, eV), mobility
(t4s, My, and p,, cm?/V-s), and relaxation time (z,, 7y and z,, ps) in bulk Zn,y(V, Nb,Ta)N;at T = 300 K.

. Reciprocal . . B
Material coordinate m,"/m, m,"/my m,"/m, Oy dy 3, x Uy W, Ty T, 1,
Electrons
(-0.500; 0.94 0.87 060 | 7.83 | 878 | 6.75 | 273100 | 2.64-10° | 126:10° | 0.15 | 0.13 | 043
0.500; 0)
ZnyVNy Holes
0((3)'13;_46) 138 0.59 215 | 793 | 899 | 649 | 1.02:10° | 6.69-10 | 0.55-10° | 0.08 | 0.23 | 0.07
Electrons
(-0.500; 1.03 0.94 040 | 862 | 859 | 7.81 | 1.65-10* | 2.02:10* | 2.20-10° | 0.10 | 0.11 | 0.50
0.500; 0)
Zl’lszN3 Holes
(g'géé‘,‘%) 3.86 0.87 188 | 898 | 9.60 | 826 | 0.06:102 | 1.97-10 | 0.40-102 | 0.01 | 0.10 | 0.04
Electrons
(-0.500; 115 112 043 | 731 | 623 | 568 | 177102 | 2.47-10* | 3.68-10° | 0.12 | 0.16 | 0.89
0.500; 0)
anTaN3 Holes
(:0.335 | 504 0.75 1690 | 7.83 | 837 | 723 | 0.29-10° | 3.78:10° | 0.7310> | 0.04 | 0.16 | 0.07
0.664; 0)
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Figure S1. PDOS of bulk Zn,VNj; (a), Zn,NbNj (b), and Zn,TaNj; (¢).
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Figure S2. Magnified plots for charge mobility () (a) and relaxation time (7) (b) for holes and electrons in bulk Zn,(V,
Nb,Ta)N;.



Table S5. Calculated charge carrier effective mass (m,”", my* and m,” in units of electron mass my), deformation potential (J,, dy,
d,, eV), mobility (uy, sy, and i, cm?/Vs), and relaxation time (zy, 7, and z,, ps) in 2D Zny(V, Nb,Ta)N; at T = 300 K.

. Reciprocal * x
Material coordinate my/mgy m,"/mg Oy dy Lx Ly Ty Ty
Electrons
;0; 2.1 4. 1. 4. 1.30-10? 12102 1 .
Zm VN, (0; 0; 0) | 5 | 07 | 167 | 400 | 130102 [ 0.12:10>2 | 0.16 | 0.03
Holes
(-0.255;0255;0) | 255 | 231 | -092 | 1.75 | 044100 | 133:102 | 0.63 | 0.17
Electrons
_ . . .10% 103
— (-0.500;0.500;0) | 101 | 215 | 027 | 080 | 167:10* | 099-103 | 9.60 | 121
Holes
(-0216;0.216;0) | 206 | 163 | 178 | 231 | 156102 | 127-102 | 0.18 | 0.12
Electrons
-0.500; 0.500; . 2. -1 . 63103 1.67-10° 31 |22
ZnsTaNs (-0.500; 0.500;0) | 0.88 | 39 | -153 | 057 | 063100 | 1.67:10° | 031 | 2.27
Holes
(-0.167;0.167;0) | 216 | 295 | 100 | 230 | 341-102 | 047:102 | 042 | 0.08
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Figure S3. PDOS of 2D Zn,VN; (a), 2D Zn,NbN;j (b), and 2D Zn,TaNj (¢).
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Figure S4. Magnified charge mobility (#) (a) and relaxation time (7) (b) for holes and electrons in 2D Zny(V, Nb,Ta)Ns.
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Figure S5. Top and side views of the spatial structure of wave functions in VBM and CBM for bulk Zn,NbN; (a) and
Zn,TaNj; (b) at the k points corresponding to VBM and CBM, respectively (Table S4). The isosurface of 0.003 e A~ is
adopted.

Figure S6. Top and side views of the spatial structure of wave functions in VBM and CBM for 2D Zn,NbN; (a) and 2D

Zn,TaNj; (b) at the k points corresponding to VBM and CBM, respectively (Table S5). The isosurface of 0.003 ¢ A~ is
adopted.



