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Figures

Figure S1. (a, b) SEM images of dried BCN precursor powder at different magnification.

BCN-1

BCN-2

BCN-A4

BCN-6

BCN-8

10 20 30 40 50
2Theta /Deg.

Figure S2. XRD pattern of BCN allotrope.
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Figure S3. Raman spectra of BCN allotrope.
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Figure S5. TEM image of BCN-2 nanotubes at different magnifications.
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Figure S6. XPS survey of BCN allotropes.
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Figure S7. XPS analysis of B-moieties in BCN allotropes.
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Figure S8. XPS analysis of N- moieties in BCN allotropes.

Figure S9. (a, b) FESEM image of BCN-8 nanosheets.



Figure S10. TEM image of BCN-8 nanosheets.

Figure S11. FESEM image of BCN-6 nanosheets.

Figure S12. FESEM image of BCN-4 (partially nanotubes).
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Figure S13. FESEM image of BCN-6 nanotubes at different magnifications.

Figure S14. TEM image of BCN-4 (partial nanotubes).

Figure S15. (a) FESEM and (b) TEM image of BCN-1 nanotubes.



Figure S16. FE-SEM image of (a) BC-2 and (b) CN-2.



Figure S17. (a, b) FESEM image and (c, d) TEM images of BCN-2-800 °C at different magnifications.
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Figure S18. (a) XPS survey, (2) Bls and (c¢) N1s spectra of BCN-2-800 and BCN-2-1000.

Figure S 19. (a) FESEM and (b, ¢) TEM image of BCN-2-1000 nanotubes.
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Figure S20. CVs of BCN nanostructures in O,-saturated 0.1 M KOH solution.
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Figure S21. LSV curves of (a) BCN-1, (b) BCN-4, (c) BCN-6 and (BCN-8) at different rotating rates.
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Figure S22. ORR LSV curves of (a) BC-2 and (b) CN-2 products.
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The number (n) of electron transfer on the catalysts was determined by using Koutechy-Levich (K-L)
equation (see below).
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Figure S23. (a-¢) K-L plots and (f) the corresponding electron transfer number of (a) BCN-1, (b) BCN-4,
(c) BCN-6, (d) BCN-8 and (e) BCN-2 at different voltages.

The given below equation was used for finding the Tafel slope for HER.

n=a+ blog (,i)
Lo (S4)
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Figure S24. Tafel slope of BCN-2 nanotubes for HER activity.
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Figure S25. Chronoamperometric measurement of BCN-2 nanotubes for HER stability.
HER polarization curves before and after 8h stability test.
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Table S1. Elemental compositions of BCN nanostructures determined by ICP for boron content and
elemental analyzer for carbon and nitrogen.

Sample Name Nitrogen % Boron % Carbon% Oxygen%
BCN-1 14.94 13.18 68.52 3.36
BCN-2 15.06 16.66 66.20 1.08
BCN-4 8.38 14.09 73.5 4.03
BCN-6 7.96 12.19 76.10 3.04
BCN-8 8.1 11.96 77.04 3.9
Table S2. Surface elemental quantification of BCN allotropes determined by XPS.
Sample Name B/ % N/% C/% O0/%
BCN-1 12.55 10.98 71.9 4.57
BCN-2 7.3 11.35 80.18 1.17
BCN-4 9.91 8.10 73.09 8.90
BCN-6 10.23 9.02 78.25 2.5
BCN-8 10.36 10.35 71.19 8.10
BCN-2-800 15.53 18.77 50.7 15.0
BCN-2-1000 10.88 10.36 61.11 17.65

Table S3. XPS Bls deconvoluted peaks area% for the distribution of B-moieties.

Atomic Binding BCN-1 BCN-2 BCN+4 BCN-6 BCN-8 BCN-  BCN-
Bonds of B Energy /eV 2-800  2-1000
/%

B-C 189.6 28.40 73.2 56.76 46.26 4.92 9.05 12.65
B-N 191.2 59.9 15.3 322 19.56 61.1 61.82  18.29
B-O 192.6 11.7 11.5 11.04 34.44 33.98 29.13  69.06
Table S4. XPS N1s deconvoluted peaks area% for the distribution of N-moieties.

Atomic Binding BCN-1 BCN-2 BCN-4 BCN-6 BCN-8§8 BCN- BCN-2-
Bonds of N/ Energy/eV 2-800 1000

%

N-graphitic ~ 400.6 3.92 39.93 27.31 17.06 10.92 7.48 2.98
B-N 397.6 32.47 2.93 33.01 8.60 4.7 18.49 1.89
N-pyridinic ~ 398.7 30.8 43.68 18.15 26.8 48.01 74.03  41.64
N-pyrollic 399.6 26.20 11.70 17.02 37.52 31.18 - 41.64
N-oxidic 402.4 6.61 1.76 4.51 10.02 5.19 2.51 25.56
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Table S5. BET surface area and pore volume of BCN allotropes.

Sample BET  surface Pore
Name area (m2g’!) volume
BCN-1 746 0.58
BCN-2 890 0.88
BCN-4 652 0.57
BCN-6 721 0.19
BCN-8 547 0.38

Table S6. Comparisons of ORR performance with BCN-2 and state-of-the-art carbon nanomaterials.

Doped Carbon Onset Potential / Half wave Electron transfer References
architecture mV vs RHE Potentials /V vs  Number (n)

RHE
BCN-2 0.92 0.82 3.92 This work
BCN nanosheets 0.65 0.73 3.98 (i
B doped CNT 0.66 0.74 3.9 2]
Graphitic- 0.457 0.74 4 3]
C3Ny@carbon
h-BCN nanosheets 0.9 0.76 4 [4]
B,N doped 0.89 0.73 4 (3]
Nanotube
B graphene 0.857 0.657 2.5 (e}
B, N co-doped 0.8 0.69 3.3 7]
graphene sphere
B, N graphene 0.95 0.55 3.93 (8]
quantum dots
Pt/C 0.99 0.84 4 Commercial
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Table S7. Comparisons of HER performance with BCN-2 and state-of-the-art carbon nanomaterials.

Doped Carbon Overpotential Tafel slope References

(m) (mV) vs value

RHE at 10

mA.cm?
N/ S co-doped 300 81 ]
graphene
B/N co-doped 330 100 [10]
carbon
nanosheets
B doped 490 99 [
graphene
N, P co-doped 298 89 [12]
carbon network
C;N,@NG 240 51 [13]
nanosheets
N doped 270 89 [14]
hexagonal
carbon
BCN-2 216 92 This Work
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