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Fig. S1
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Fig. S1 The band structure of B;N5s via HSE06 method.



Fig. S2

Fig. S2 The possible adsorption hollow, top and bridge sites for metal atom on B7Ns.
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Fig. S3 The initial structures (first row) and optimized structures (second row) of a single (a) Li,

(b) Na atom adsorbed of different hollow sites (H1, H2, H3 and H4) on B;N;.
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Fig. S4 The optimized structure of top view and side view of (a) B;NsLi,, (b) B;NsLi4, (c)

B7N5N32, (d) B7N5Na4.



Fig. S5 The distances between K atoms for (a) B;NsK,, (b) B;NsKy, (c) B/NsKg and (b) B;NsKs.



Fig. S6

Fig. S6 The distances of the optimized first layer of K adsorption on B7Ns.
The distance mismatch parameter was defined to investigate the adsorption performance of the
B;N; substrate. As shown in Fig. S6, the average distance (dl) for first layer of K atoms adsorbed
on B;Ns is 4.38 A, as well as Li (4.58 A) and Na (4.42 A). The equilibrium distance (%2) is 4.36 A
for K. Therefore, the distance mismatch (Ad) can be calculated by the following equation:

Ad = |dy - dy|/d, (1)

The distance mismatches for different metal systems are 17.5% (Li), 10.0% (Na) and 0.5% (K).
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Fig. S7 The variation of the free energy in the AIMD simulations for B;NsLi,, B;NsNa, and

B7/N;sKs.

The thermal stability of the B;N5; monolayer after metal layer adsorption is essential for the
safety of battery operation. Therefore, the AIMD simulations of the fully charged (Li, Na, K)
systems are conducted to check the thermal dynamical stability of the end geometries (B;NsLi,,
B;NsNa,, B;N;sKg) at 300 K. As shown in Fig. S7, there is no sharp drop or rise for the free energy
of three systems during the simulation, demonstrating the stability of all the end geometries. The
thermal stability is also conveyed that the B;N5; monolayer is an outstanding candidate electrode

material for metal-ion batteries.



Table S1

Table S1. The calculated elastic constant (C;;) values of B7Ns.

Method C11 C12 C16 C22 C26 C66

Stress-strain 231.64 60.48 0.58 221.76 -0.88 90.16
Energy-strain 234.45 61.80 0.44 224.50 -0.82 91.13




Table S2

Table S2. The Young’s modulus (Y) and Poisson’s ratio (v) of B;Ns.

Method Yin (N/m) Yaox (N/m) Viin Viax
Stress-strain 205.85 222.34 0.23 0.27
Energy-strain 208.11 224.84 0.23 0.28
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Table S3

Table S3. Theoretically calculated adsorption energy, distance between Li/Na/K and BN,

charge transfer from Li/Na/K to B;Nj; at different adsorption hollow site.

Metal Adsorption site E.q (eV) Distance (A) Q (le])
H1 -0.07 1.85 0.781
H2 -0.10 1.84 0.761
‘ H3 0.15 1.73 0.772
b H4 0.22 1.74 0.807
H5 -0.46 1.51 0.786
H6 -0.47 1.50 0.759

H1 -0.14 \ \

H2 -0.18 \ \
H3 0.31 2.21 0.796

Na

H4 0.35 222 0.811
H5 -0.14 2.08 0.737
H6 -0.17 2.10 0.692

HI -0.69 \ \

H2 -0.65 \ \
H3 -0.40 2.57 0.854
K H4 -0.37 2.59 0.857
H5 -0.69 2.48 0.784
Ho6 -0.65 2.49 0.779
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Table S4

Table S4. Theoretically calculated diffusion coefficient on the surface of B;Ns at 300 K.

Metal 1(A) E, (eV) Diffusion coefficient (cm?s™)
Li 3.06 0.49 5.96x101
Na 2.88 0.13 5.23x10%
K 2.83 0.10 1.68x1004
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Table S5

Table S5. The calculated adsorption energy, charge transfer and distance between metal atoms and

B;N; for adsorption different Li, Na and K layers.

Total

Metal  Layer  Adsorption sites numbers E.qs(eV) Qave (le]) Distance (A)

g One H6 8 -0.66 0.72 1.40
layer H5+H6 16 023 \ 1.54

. One H6 8 0.22 0.56 1.97
layer H5+H6 16 0.07 \ 222
One H6 8 -0.48 0.52 2.45
layer H5+H6 16 -0.24 0.29 2.70

K Two H3-+H5+H6 24 -0.05 021 2.71/6.37
layers 1131 Ha+HS+H6 32 -0.14 0.17 2.68/6.53/7.15
Three H2+H3+
layors A HS G 40 037 \ 2.48/5.82/7.89
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Table S6

Table S6. The free energies of different B;Njs structures after adsorbing Li/Na/K metal atoms.

Material Formation energy (eV) Material Formation energy (eV)
B7NsLig s -0.50 B;N;sLi; -0.50
B;N;sLi; 5 -0.61 B;N;sLi, -0.65
B;NsNag s -0.33 B;NsNa, -0.26
B;NsNa, 5 -0.23 B;NsNa, -0.21
B7NsK 5 -0.70 B;N;sK, -0.57
B7NsK 5 -0.50 B7NsK, -0.48
B/N5K5 5 -0.42 B/N5Kj; -0.41
B7NsK; 5 -0.36 B;NsK4 -0.36
B7NsK4 5 -0.31 B7N;sKs -0.27
B7N;sKs 5 -0.26 B;N;sKg -0.25
B7N;5Kg s -0.24 B/NsK5 -0.22
B7NsK5 5 -0.24 B7N;5Kg -0.22
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Table S7

Table S7. The lattice constant and change in lattice constant (%) after adsorption different metal

on B7N;s.
System a(A) b(A) Change in a (%) Change in b (%)
B;N;sLi, 10.10 14.27 0.40 0.35
B;NsNa, 10.11 14.29 0.49 0.49
B;N:sK, 10.10 14.26 0.40 0.28
B7N5K4 10.09 14.30 0.30 0.56
B;N;sKg 10.10 14.30 0.40 0.63
B7N:sKg 10.14 14.41 0.79 1.32
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Table S8

Table S8. Comparison of diffusion energy barriers, capacity and open circuit voltage (OCV) for

various K-ion batteries.

Materials Diffusion barriers (eV) Capacity (mAh/g) OCV (V)
B;Nj5 (this work) 0.10 1471.5 0.14
BP! 0.16 570 0.28
1H-BeP, ? 0.13 377.5 0.34
Graphit 3 0.26 273 -
SizC 4 0.18 836 0.5
VS, 3 0.06 466 -
Ti;C, ¢ 0.10 191.8 0.12
TiS,’7 0.09 957 1.0
TiF, 8 0.25 208 0.64
Ti,BN, ? 0.37 398 0.16
Ti,PS, 1° 0.07 281 0.28
Nb,N ! 0.02 201 0.5
SnSe, 2 0.11 387 0.48
SnC B3 0.17 410 0.41
MoS, 4 0.06 334 0.24
B-Sb 13 0.09 440.2 0.09
BeNC¢ ' 0.5 747.3 0.48
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Table S9

Table S9 The structural information of the B;Ns monolayer

Compound Atomic position
B 0.5130 0.6481 0.5
B 0.9037 0.1317 0.5
B 0.2663 0.3444 0.5
B 0.0235 0.6697 0.5
BN
a=503 A B 0.3587 0.9678 0.5
b=7.11A B 0.6977 0.9511 0.5
c=20.00 A
0= 90.0° B 0.7886 0.3564 0.5
B =90.0°
/—88.83° N 0.7602 0.7546 0.5
N 0.5213 0.4417 0.5
N 0.0286 0.4664 0.5
N 0.2717 0.7691 0.5
N 0.1928 0.1387 0.5
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Table S10

Table S10 The value of the high symmetry points used to plot the band structures of the B;N;

monolayer
High symmetry point Value
G 0.00 0.00 0.00
X 0.50 0.00 0.00
H 1 0.98 0.49 0.00
C 0.50 0.50 0.00
H 0.02 0.51 0.00
Y 0.00 0.50 0.00
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