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Optimized adsorption configurations (top and side views) of key oxygenated

Table S1.

intermediates involved in the ORR on M—BN materials (red: oxygen atoms; white: hydrogen atoms;

blue: nitrogen atoms).

*OOH *O *OH

*02

Catalysts

BN

A e

(e e e 88

s.‘
;
;
!

K 8

BN

Al-BN

H &
. i
[ = e 9 = SR

B T
b‘am

Al-BN

Sc—BN

1
a
I = e

o
oiuw

o

Sc—BN

Ti—BN

S = Y

A i
b‘f’f:iww-o

[ ‘

Ti—BN

V-BN

L
c‘.ﬁﬂnu

.

- |

V-BN




P

B

[ = T
B T

|

Cr—-BN
Cr—-BN
Mn-BN
Mn—-BN
Fe—-BN
Fe—-BN
Co—BN
Co—BN
Ni—-BN
Ni—-BN

Cu—BN

Cu—BN

mﬁm«,

Zn—BN
Zn—BN




y (a)
1 7 +
| O, +2H +2¢ OOH+H' +¢
.0
0 - 22
oy | !
&
& \
5 - X
g 21 B
L
E b CU-BN U047
_3_ Zn-BN U-OZI
el —— AI-BN U 3
— BN Ugygs
'5 T .l T ¥ I
1 2 3
Reaction coordinate
2
] O+HO+2H +2¢ ®)
O, + 4 +4e 2 ©
0 ]
2H,0
—_— -
2
= 2 OOH + 3H' + 3¢
=)
Foi
L
=
[« ¥]
8 _4 N CU'BN U091
| z
£ LH-BN U036 O O ‘ 3
1 H+HO+H +
Al-BN Ug 2 ¢
B =B Ugy
I 1 I L 1 ¥ I : 1
1 2 3 4 5

Reaction coordinate

Figure S1. The free energy diagram at the onset potentials for Cu—BN, Zn—-BN, Al-BN and BN

materials (a) the 2e” mechanism, (b) the 4e~ mechanism.
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Figure S2. The local density of states for M—BN materials (a) pristine state of BN,(b) Mg—BN,

(¢) AL-BN, (d) Sc-BN, (e) Ti-BN, (f) V-BN, (g) Cr-BN,(h) Mn-BN, (i) Fe-BN, (j) Co-BN,

(k) Ni-BN, (1) Cu-BN, (m) Zn-BN.






(k) Cu-BN (1) Zn-BN

Figure S3. The highest occupied molecular orbital (HOMO) of (a) Mg—BN, (b) AI-BN, (c) Sc—
BN, (d) Ti-BN, (e) V-BN, (f) Cr—BN, (g) Mn-BN, (h) Fe-BN, (i) Co-BN, (j) Ni-BN, (k) Cu—BN,

(1) Zn-BN
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Figure S4. The pathways of the 2e- mechanism for Cu—BN materials.
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Figure S5. The pathways of the 4¢- mechanism for Co—BN materials.
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