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Supplementary information

Table S1 Bader Charge analysis of optimized nanosheets.
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Structure
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Method for calculating the effective mass

The effective mass of the electron and hole is calculated by fitting a parabolic curve to the £ —

K diagram (Band structure) obtained from DFT calculation.

*

72
m =—
d°E
. o 2

In general, effective mass is given as, dK

Also, the dispersion relation £(K) compensates for the internal force due to the crystal, which

allows us to use the classical concepts for the electron as long as its mass is taken as ™M " So,
d*E

from the E — K diagram, the dK ? is obtained by fitting a parabolic curve at the required high

symmetry point near the Fermi region. In particular, valence band maximum (VBM) and

conduction band minimum (CBM) are considered for our calculation.
The parabolic curve fit in terms of £ — K is written as,

_ 2
E=AK*+AK+A4,

d°E
—2 S ZAO
On differentiating E concerning K twice, we get, dK . Therefore, the effective mass in
m = —
24,

terms of parabolic curve fit is given as,

The coefficient 4y is obtained by fitting the curves, and just from this, we have calculated the

effective mass of electrons and holes at VBM and CBM, respectively.

. . A
Dimension of “"o:

2
1 2r dE
DIK|=7 K== —=24,
We know, D[E] = eV, A ag A and dK

3o, P[4 = eV()* = 1.6 x 10~ %Jm?

From which, we can obtain effective mass in terms of m,

*

h?  3.445 x 1030 3.786
m = = =

kg= —m
24 ) 9= = e

o o o




Table S2 Excessive surface charge density (%) of optimized nanosheets.
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Structure % at -lev (UC em ™) L at +1ev (UCcm™?)
C32 -1.110 1.200
C24B4N4 -4.239 0.132
C20B6N6 -5.349 0.311
C16B8N8 -3.591 2.204
C8B12N12 -3.519 0.078
C4B14N14 -5.790 0.183
B16N16 -17.583 0.131
Table S3 Quantum capacitance (Cq) of optimized nanosheets.
Structure Potential (eV) C, (UF cm ™ 2)
C32 1.00 2.629
C24B4N4 -0.53 9.128
C20B6N6 -0.64 14.950
C16B8N8 0.97 16.655
C8BI2N12 -0.28 11.015
C4B14N14 -0.99 22.518
B16N16 -0.65 31.539
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Fig. S1 Band structure of pristine graphene
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Fig. S2 Band structure of (a) C24B4N4, (b) C20B6NG6, (c) C16B8NS, (d) C8B12N12, (e)
C4B14N14, and (f) BI6N16 nanosheets.
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