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Choice of DFT functional

For this work we have decided to use PBESY¥2 functional for all ab initio DFT computations.
The functional is de facto standard for the majority of solid state calculations and became a
power tool in investigating the WB, , and its properties.®* % Even though PBE has been

SEIST

known to underestimate mechanical properties of materials, it is sufficient enough for

bonding analysis and is computationally easy to evaluate.
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Properties of WB, as a function of Dopant

Volume Formation Energy Brex-layer Puckering Bs-cluster Distortion
592 0.0045 0.030
A - C
<o i
590 335 C‘
i O 0.0035 o
*{BJ N 0.020
- 588 %} -34.0 5 0.0030 g
R 5 345 D o025 B
> M g I . .0;) 0.010
—e— Edge -35.0 (@© 0.0020 -
584 ~¥— Middle e v L e
8- Far -355 © 0.0015 0.005
—- Top w
562 - pure -36.0 0.0010 0,000 48— 5= —s —s
TV C Mn Zr Nbo Mo Hf Ta TV C Mn Zr Nb Mo Hf Ta TV C Mn Zr Nb Mo Hf Ta TV C Mn Zr Nb Mo Hf Ta
Bader charge on M Bader charge on Bs-clusters Bader charge on Bpex-layer Bader charge on W
- 1.260
15 -0.384 A 1.255
-0.04
S 14 S S -0.386 5 1.250
© 13 © 006 © o388 © Las
[ () [ ]
g 12 ; ’ g B e Wil ltalsl/ el ety | g -0.390 g 1240
<11 < < <
o (@] 010 O -0.392 O 1235
1.0 e
-0.394 1.230
0.9 -0.12
0.8 T T T T T T T T T T T T T T T T T T 03 T T T T T T 1.225 T T T T T T T T T
T v Cr Mn Zr Nb Mo Hf Ta Ti v Cr Mn Zr Nb Mo Hf Ta Ti v Cr Mn Zr Nb Mo Hf Ta Ti v Cr Mn Zr Nb Mo Hf Ta
Electron Density at Bcjyster — Bhex BCP Electron Density at W — Bpex BCP Electron Density at Bpex — Bhex BCP Electron Density at M — Bpex BCP

0.1270

0.0744
0.118 E] /ﬁ 0.070
0.0742 01265 A
0.068
0117
0.0740 01260
0.066
. 0116 . 00738 - :
; J [\\ " 5 / 5 0.1255 S 0.064
© @ 0.0736 © ©
- 0115 - - 01250 < 0.062
Q Q 0.0734 < <
0.114 0.1245 0.060
0.0732
0.058
0113 0.0730 0.1240
0.056
0.0728 01235

0.112
Ti \ Cr Mn Zr Nb Mo Hf Ta Ti v Cr Mn zr Nb Mo Hf Ta Ti \ Cr Mn Zr Nb Mo Hf Ta Ti v Cr Mn Zr Nb Mo Hf Ta
Laplacian at Bjyster — Bhex BCP Laplacian at W — Bpex BCP Laplacian at Bhex — Bhex BCP Laplacian at M — Bpex BCP
0.079 —0.154 012
-oosa | [M] [N] (9] [?]
0.078 -0.156 0.11
-0.090 0.077 -0.158
a - a . 0.10
S -0.092 B 3 0160 3
© © 0.076 © ©
Q —0.094 { & S g -0162 S 0.09
ND ND 0.075 ND ND
—0.096 .07 —0.164 0.08
I'd v ~0.166
—0.098 0.073 B g 0.07
-0.168
-0.100 0.072
Ti v Cr Mn Zr Nb Mo Hf Ta Ti Vv Cr Mn Zr Nb Mo Hf Ta Ti 2 Cr Mn Zr Nb Mo Hf Ta Ti v Cr Mn Zr Nb Mo Hf Ta

Figure S1: Geometric, thermodynamic, and QTAIM properties of selected bond of doped and pure structures. (A)—volume of
the supercell. (B)—formation energy of the doped structure. (C)—average By, layer puckering, defined as standard deviation of
c-fractional coordinate. (D)—Bj distortion, defined as standard deviation of edges of the triangle, where average is taken to be the
side of the equilateral triangle with the same area. (E)—Bader charge on M. (F)—total Bader charge on B;. (G)—average Bader
charge on B atom in By —layer. (H)—average Bader charge on W. (I, M)—average p and V?p, respectively, at Bejuster— Bhex
bond critical points. (J, N)—average p and V?p, respectively, at W—Bj,., bond critical points. (K, O)—average p and V?p,
respectively, at Bpo—Bhex bond critical points. (L, P)—average p and V?p, respectively, at M—By, bond critical points.
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