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ARTICLE INFO ABSTRACT

Keywords: Two-dimensional boron carbon nitride (BCN) has gained increasing attention for use in lithium-ion batteries
Carbon-based BCN anode materials (LIBs) due to its unique electronic properties. In this study, the effects of silicon (Si)-doping on the structural,
Si-doping

kinetic, and electrochemical properties of BCN are investigated by density functional theory calculations. Minor
Si-doping in the BCN lattice (Si-BCN) is found to alter the pore radius, which enhances Li-ion adsorption and
diffusion. The Li-ion adsorption energy (E,q) increases from —2.02 eV in pristine BCN to —2.75 eV in Si-BCN
nanosheet, indicating stronger Li-ions interaction. This more negative E,q enhances the stability of Li storage
sites, while the reduced diffusion barrier (0.13 eV) facilitates efficient Li-ion transport in Si-BCN. Moreover, Si-
doping leads to a reduction in the band gap to 1.12 eV, transitioning the material from semi-metallic to metallic
behavior and suggesting improved electronic conductivity. The theoretical capacities are 1456 mAheg™! for
pristine BCN and 1428 mAheg ™! for Si-BCN. Although the capacities are comparable, the increased electronic
and ionic conductivities of Si-BCN allow for faster de—/lithiation and show the possibility for faster charging/

Density functional theory
Fast charging
Storage capacity

discharging Li-ion cells.

1. Introduction

The demand for energy storage has become increasing day by day
due to the rapid growth of renewable energy and technological ad-
vancements [1-5]. Among all the energy storage technologies, the
rechargeable lithium-ion batteries (LIBs) have been widely used because
of their portability, high operating voltage, high energy density, and low
maintenance cost [6-8]. LIBs have been applied in portable electronic
devices, transportation vehicles, and large-scale grid systems. Despite all
these advantages, LIBs are still facing some technological challenges,
such as capacity fading, slow charging rates and limited areal capacity in
practical applications [3,9]. Commercial LIB electrodes typically oper-
ate at areal capacities of ~2-4 mAhecm 2, which is sufficient for small
portable devices but inadequate for high-energy-demand systems such
as long-range electric vehicles and stationary grid storage [10].
Achieving higher areal capacity (>10 mAhecm™2) while maintaining

fast ionic/electronic transport, structural stability, and long cycle life
remains a major research focus [11,12]. The three main factors deter-
mining the Li-ion cell performance is the cathode, electrolyte, and
anode. In this work we are focusing on improving the Li-ion diffusion
and storage capacity of anode material for LIBs. Currently, graphite has
been broadly employed as an anode for LIBs which shows energy sta-
bility with low cost and a storage capacity of 372 mAheg™! [13].
However, due to the technological advances in the last years the po-
tential for further optimization is limited and new materials should be
evaluated [14,57].

In contrast to graphite, Li metal anodes offer high theoretical ca-
pacity applicable to high-energy applications. However, their practical
use is limited by serious safety concerns, primarily due to dendrite for-
mation [8]. Lithium titanate (LisTisO12, LTO) anodes offer exceptional
structural stability, negligible volume change during lithiation/deli-
thiation but their storage capacity is low (~175 mAh-g’l) [15].
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Recently, TiNbyO; (TNO) has attracted much research attention as a
promising alternative anode material to LTO, due to its multiple redox
reactions (Ti*"/Ti®*, Nb>"/Nb**, and Nb**/Nb>") leading to a higher
theoretical capacity (387 mAhog’l) [16]. However, electronic conduc-
tivity and Li-ion diffusion are challenges for TNO anodes. Silicon (Si)-
based anodes with even higher theoretical storage capacity (4200
mAheg™!) than Li metal anodes could be a promising alternative
although it must overcome the challenges related to volume expansion
and cyclic stability [17]. Yet it is believed that chemical modifications
such as Si nanostructures, Si-based composites, surface coatings and
electrolyte modifications can provide stability and enhance the elec-
trochemical performances of Si-based anode materials [18]. Apart from
these, various carbon (C)-based anode materials including inorganic
materials such as graphyne (558 mAhog_l) [19], graphene (744
mAhog’l) [8], carbon nanotubes (1000 mAhogfl) [20], carbon nitride
(2092 mAhogfl) [21] etc., have also been investigated for possible
anode materials of LIBs. In our previous study, we have investigated
monolayer graphdiyne (GDY) and nitrogen (N)-doped bilayer graph-
diyne (BGDY) with AB(j1) stacking as anode material for LIBs [22]. We
found that the N-doping in BGDY improves the Li-ion storage capacity
from 744 mAheg ™! (GDY) to 807 mAheg~!. Moreover, the band gap and
volume change are reduced with N-doping, which are helpful for fast-
charging and increased mechanical stability during cycling.

Doping carbon-based materials with heteroatoms, particularly boron
(B) and N atoms, can effectively alter its electronic properties [23,24].
Recently, the combination of B, C and N led to a ternary B,C,N, system
[25,26]. These BxCyN, can be synthesized experimentally by various
methods including thermal decomposition [27], chemical vapor depo-
sition [23], doping process [28] etc., and exhibit high surface area with
remarkable optical properties. The electronic conductivity of two-
dimensional (2D) BCN is in between that of semi-metallic and insu-
lator, for instance graphene (zero band gap) and hexagonal-boron
nitride (h-BN: 5.6 eV) [29,30]. Depending on the concentration of B, C
and N atoms, the B,CyN, system has different properties such as tunable
electronic properties, chemical and thermal stability, catalytic activity,
which are not observed in binary 2D systems [31]. Due to this, the
B,CyN, system possess new physicochemical properties which leads to
various novel applications including LIBs [32]. The presence of B—N and
C—N helps in introducing the active sites for electrochemical reactions
[29]. Like other 2D materials, B,CyN, systems are suitable active ma-
terials for rechargeable batteries. However, their systematic electro-
chemical evaluation (conductivity, charge-discharge rate, and cyclic
stability) is unexplored. Theoretical modeling can thus provide crucial
insights into their mechanisms and potential performance, allowing
them to judge their suitability for use in LIBs.

Karbhal et al. synthesized a 3D honeycomb boron carbon nitride
(HBCN) from boric acid, glucose, and cyanamide and analyzed as an
anode material for LIBs [33]. They reported that 3D HBCN exhibits a
storage capacity of 652 mAheg ™! in LIBs. Heidari et al. studied pristine
and Titanium (Ti)-/Aluminium (Al)-doped B3CN,4 nanosheets as anodes
for magnesium-ion batteries (MIBs) using density functional theory
(DFT) calculations [34]. They suggested that Al-B3CN4 possesses
favorable Mg-ion migration with energy barrier of 0.02 eV and a low
open-circuit voltage (OCV) of 0.18 V when applied as anodes in MIB.
Rupp et al. studied the doping effects of Si in BCoN nanotubes and
showed that Si-doped BCoN nanotubes have lower formation energy
than Si-doped graphene and h-BN, indicating a benefit for material
synthesis [35].

Most of the previous studies focused on BC,N structures with a B:N
ratio of 1 and C-rich such as BCyN, BC4N. This is due to the phase sep-
aration between graphene and h-BN, which has been observed experi-
mentally [23]. The studies on BCN structures with a B:C:N ratio of 1:1:1
is limited because of the experimental challenges associated with real-
time control of elemental ratio [33,36]. Herein, we employed DFT cal-
culations to investigate the atomic structures and energetic properties of
pristine and Si-doped BCN with a 1:1:1 ratio of B:C:N. To the best of our
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knowledge, a comprehensive study of pristine and Si-doped BCN
nanosheets with a 1:1:1 ratio as an anode material for LIBs has not yet
been conducted. We aim to provide a detailed analysis of its structural
stability (atomic and electronic structures), kinetic properties (Li-ion
adsorption energy and diffusion) and electrochemical behavior (storage
capacity and OCV) by DFT calculations.

2. Computational details

The spin-polarized DFT calculations were performed using the
generalized gradient approximation (GGA) [37] implemented in the
Vienna Ab inito Simulation Package (VASP) [38,39]. The Perdew-Burke-
Ernzerhof (PBE) [37] functional was employed to describe the
exchange-correlation energy. DFT with Grimme’s D3 (DFT-D3) method
was utilized to correct van der Waals interactions for pristine and Si-BCN
nanosheets [40]. The atomic structures of pristine and Si-BCN nano-
sheets were optimized by 3 x 3 x 1 supercell with a vacuum of 15 A
along z-direction (15.30 x 15.30 A). Thus, we have 24 B, 24 C, 24 N for
pristine BCN nanosheet (totally 72 atoms). In Si-BCN, one Si replaces
one B and it has 23 B, 24 C, 24 N and 1 Si atoms respectively. A
Monkhorst-Pack k-points of 1 x 1 x 1 was employed for geometry op-
timizations with energy and force convergence criteria of 10> eV and
0.02 eV A1, A 3 x 3 x 1 k-points mesh was utilized for electronic
structure calculations. The energy and force convergence criteria is
107> eV and 0.02 eV A~! respectively. The diffusion energy barriers are
investigated by calculating minimum energy path using the climbing-
image nudged elastic band (CI-NEB) approach [41]. A total of six im-
ages were generated between the initial and final states, energy and
force convergence criteria is set to 107> eV and 0.02 eV AL

3. Results and discussion
3.1. Atomic and electronic structures of pristine and Si-BCN nanosheets

The optimized structures of pristine and Si-BCN nanosheets are
shown in Fig. 1. The 3 x 3 x 1 supercell consists of a total of 72 atoms, i.
e. 24 B, 24 C, 24 N atoms for pristine and 23 B, 24 C, 24 N, 1 Si atoms for
Si-BCN nanosheets respectively. Here, we introduce a single Si dopant in
a 3 x 3 x 1 BCN supercell (~1.39 %) to evaluate the fundamental effects
of Si substitution. This low doping level avoids interactions between
dopants and is consistent with reported experimental results for Si-
doping in graphene system [42]. While higher doping levels may
further modify the Li adsorption landscape, diffusion kinetics, and
structural stability, the present model will serve as a representative case
to illustrate the underlying doping-induced mechanisms. Moreover, in
this study, Si-BCN refers to the structure with Si-doped at the B site,
which shows the lowest formation energy (Efm) compared to the
structures with Si at the C and N sites, as shown in Table S1. Therefore,
the (B-site) Si-BCN is the focus of our analysis. The Efom, is calculated
using the following equation:

Egcnysi-son — (MeEp + ncEc + nyEy + ngiEg;)

N @

Eform =

where Epcy and Egipen are the total energies of pristine and Si-BCN
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Fig. 1. Optimized geometries of (a) pristine and (b) Si-BCN nanosheets.
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nanosheets. Ep, Ec, Ex and Eg; are the energies of B, C, N and Si atoms,
while n; (i = B, C, N, Si) represents the number of atoms of type i, and N is
the total number of atoms. In Table 1, the calculated Egyy, values are
—7.10 and —7.03 eV for pristine and Si-BCN nanosheets. The negative
Eform values show that both nanosheets are thermodynamically stable.
The increase of Egyrm (+0.07 €V) for Si-BCN nanosheet indicates a slight
reduction in thermodynamic stability upon substitution of B with Si
atom. However, the small energy difference suggests that Si-doping is
still energetically favorable under appropriate synthesis conditions.

The lattice parameters a and b of pristine and Si-BCN nanosheets are
both 15.30 A with a vacuum of 15 A along c-axis. Considering the
structural symmetry of the BCN nanosheet, two different hexagons
where one with C—C bond and the other without C—C bond are illus-
trated (Fig. 1). Each hexagon consists of 2 B, 2 C and 2 N atoms and the
Si-doped hexagon has 1 B, 2 C, 2 N and 1 Si atoms. The calculated pore
radius is 2.93 A and 3.06 A for the hexagons of pristine and Si-BCN
nanosheets. This is attributed to the larger atomic radius of the Si
atom (1.10 1°\) than that of the replaced B atom (0.85 A). Moreover, the
doping of Si introduces longer bond lengths in the doped structure
(Si—N: 1.653 A and Si—C: 1.718 }o\) compared to those in pristine one
(B—N: 1.468 A and B—C: 1.553 /DX). The increased pore radius in Si-BCN
nanosheet is helpful for Li-ion adsorption and diffusion. A more detailed
discussion is provided in Sections 3.2 and 3.3. However, the bond dis-
tances of each element (i.e., B—N, C—N, C—C, and B—C) in Table 1 in-
dicates that a minor Si doping (~1.39 %) does not alter the original
configuration.

Fig. 2 (a and b) shows the band structures of pristine and Si-BCN
nanosheets. It is found that the band gap reduces from 1.14 eV to
0.02 eV with Si-doping. The semi-metallic behavior of pristine BCN
nanosheet is thus changed to metallic behavior for Si-BCN nanosheet.
Moreover, the Fermi energy is calculated to increase from —2.56 eV
(pristine) to —1.41 eV with Si-doping. A shift of Fermi energy to a higher
energy level is also found in the total density of states (TDOS) in Fig. S1.
This shift leads to intersect with the conduction band thereby facilitating
the charge transfer of Si-BCN. To further understand the contributions of
each element, the projected density of states (PDOS) was calculated. The
B-2p (pink color) and C-2p (gray color) orbitals exhibit similar features
due to overlapping energy region. However, C-2p states show slightly
broader features throughout the valence band, indicating more delo-
calized behavior. The N-2p orbitals (blue color) dominate both the
valence and conduction bands, indicating their significant role in the
electronic structure. Although the contribution from Si-3p states (dark
cyan color) is relatively minor due to the low doping concentration
(~1.39 %), it still contributes to orbital hybridization near the Fermi
level, potentially enhancing the material’s electronic and electro-
chemical properties. The change in charges is analyzed by the charge
density difference (CDD). The CDD plot (Fig. 2¢) shows that the Si atom
is surrounded by cyan features and the neighboring BCN atoms exhibit
more yellow features, indicating electron transfers from the Si dopant to
the surrounding atoms. This suggests that Si-doping in BCN increases
charge redistribution. Bader charge analysis further supports this
finding, showing that the Si dopant donates around 2.65 electrons to the
surrounding lattice in Si-BCN, compared to about 1.98 electrons donated
by the B atom in pristine BCN. This increased charge donation from Si is
consistent with the CDD results and implies improved electronic con-
ductivity in the Si-doped BCN nanosheets.

Table 1
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3.2. Adsorption of Li-ion

The adsorption of Li-ion on the anode surface has a great impact on
the storage capacity of the LIBs [3]. After structural optimization, the Li-
ion prefers to adsorb at the center of the hexagon formed by C—C bond in
the pristine BCN nanosheet (Fig. 3 (a)). However, for the Si-BCN
nanosheet, the Li-ion induces a buckling at the Si site and stably ad-
sorbs on the top of the Si atom (Fig. 3 (b)). This is because the Si atom
transfers more electron density to the neighboring atoms which makes it
an electron-rich site. As a result, the top of Si atom becomes a more
favorable adsorption site for the Li-ion. The formation of buckling in Si-
BCN offers more diffusion for Li-ion than the pristine BCN. Furthermore,
the distance between the Li-ion and the surface is 1.726 A for the pristine
BCN nanosheet and 1.351 A for the Si-BCN nanosheet. Their adsorption
energies (E,q) are calculated using the following equation,

(Entivsen) — (Epon + nEy;)
n

Eoua = )

where E;1i1BcN, Escn and Ejj are the total energy of pristine/Si-BCN with
number (n) of adsorbed Li-ions, total energy of pristine/Si-BCN and
energy of single Li respectively. A Li atom positioned above B, C, N, and
Si atoms, as well as their corresponding bridge and hollow sites were
considered to evaluate the E,q at various adsorption sites in pristine and
Si-BCN. The calculated E,q values are summarized in Table S2. While the
E,q values in Si-BCN tend to be more negative, indicating stronger
adsorption, they are not systematically lower than those in pristine ones
across all sites. However, Li-ion adsorption at the top of the Si atom
shows the most thermodynamically favorable E,q (—2.75 eV) compared
to —2.02 eV for pristine BCN at the hollow site. Moreover, the CDD and
Barder charge analysis suggest that Si-BCN has more delocalized charge
accumulation (yellow surfaces) compared to the pristine (Fig. 3 (c) and
(d)), while the charge transfer of 0.74 e and 0.80 e is calculated from Li
to pristine and Si-BCN. The result shows that the Si atom in Si-BCN acts
as a strong Li binding site with more favorable E,q energy than pristine
BCN. Hence, Si-BCN nanosheet is helpful for stabilizing the Li atoms
during charge/discharge cycling and reduce Li clustering.

3.3. Diffusion of Li-ion

Diffusion of Li-ions plays an important role in determining the
charge-discharge rate of LIBs [43]. The diffusion process is typically
characterized by the diffusion energy barrier, with lower energy barriers
enabling faster Li-ion transport when the material is used as an anode in
LIBs [44,45]. Considering the symmetrical structure of BCN nanosheets
in this study, we calculated two possible diffusion pathways between the
most stable adsorption sites for the Li-ion within the hexagon channel.
These are path I, which diffuses along the channel over B—N bond (x-
axis) and path II which crosses the channel over B—C bond (y-axis). The
diffusion pathways of Li-ion and its energy profiles for pristine and Si-
BCN nanosheets are shown in Fig. 4. In the NEB calculations, six im-
ages have been inserted between initial and final position for both
pristine and Si-BCN nanosheets respectively. As illustrated in Fig. 4, the
lowest diffusion barrier along path Iis 0.17 eV and 0.13 eV, and along
path II is 0.14 eV and 0.08 eV, for the pristine and Si-BCN nanosheets
respectively. This indicates that Li-ion diffusion over the B—N bond
(electrophilic nature) is energetically less favorable than over the B—C
bond (nucleophilic nature), resulting in a higher energy barrier for path I

Bond distance (A), band gap (Eg), formation energy (Eform) and adsorption energy (Eaq) of Li-ion (eV) for pristine and Si-BCN.

Anode Materials Types of Bonds (A) Eg (eV) Eform (eV) Eaq (eV)
B-N C-N C-C B-C Si-N Si-C

Pristine BCN 1.469 1.428 1.401 1.561 - - 1.14 -7.10 —2.02

Si-BCN 1.468 1.420 1.403 1.553 1.653 1.718 0.02 —7.03 —-2.75




S. Sampathkumar et al.

(@ (b)

S = N W

S = N W

Journal of Energy Storage 139 (2025) 118534

°B
oC
oN
© Si

|
—

Energy (eV)

|
|
|
|
|
|
|
1
Energy (eV)

I
iy

—
=
~
-

-

=

Fig. 2. Band structures of (a) pristine and (b) Si-BCN and (c) charge density difference of Si-BCN (isosurface 0.01 /A3, yellow and cyan feature represents electron
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Fig. 3. Optimized geometries and their corresponding CDD and Bader charge analyses induced by a single Li-ion adsorption on pristine (a, ¢) and Si-BCN (b, d).

than path II. In Si-BCN, a lower energy barrier toward the final state
(corresponding to the Si-doping site) is observed in the NEB calculation,
particularly along path I. This could be due to the buckled geometry in
the Si-BCN framework (see Fig. 3b), which enables local structural
relaxation and reduces steric hindrance as Li-ion migrates across the
surface. This buckling facilitates an energetically downhill diffusion
path, minimizing energy barriers beyond the initial step (Fig. 4c).
Moreover, the CDD and Barder charge analyses in Figs. 3 (c) and (d)
show increased delocalized charge accumulation (yellow surfaces) and
charge transfer in Si-BCN. These findings highlight the key role of Si
dopants in modulating the diffusion landscape and enhancing Li-ion
kinetics in Si-BCN. However, in both pathways, the Si-BCN nanosheet
shows lower diffusion energy barriers than the pristine one, enabling
fast ion transport. Notably, the calculated diffusion barriers for pristine
and Si-BCN nanosheets are both lower than the diffusion barrier of
commercial graphite anode 0.45-1.2 eV [46]. Table 2 lists a comparison
of the diffusion barriers with the current study. These findings reveal
that the diffusion barrier for Li-ion on pristine and Si-BCN nanosheets is
much smaller compared to some previously reported materials, indi-
cating fast Li-ion migration in these systems.

3.4. Storage capacity and open-circuit voltage

The practical application of designed anode material mainly depends
on two key factors: storage capacity and open-circuit voltage (OCV). In
this study, the storage capacity and OCV are calculated by using the
following equation,

nF

I 3
CaPACy = g OMpen ®

_ Epen — Entitson + NELi—pulc
ne

ocv 4

where n is the number of adsorbed Li-ions, F is the faraday constant
(96,500 mAh), the number of 3600 is the number of Coulombs in 1
Ampere-hour, Mpcy is the molar mass of the pristine BCN (884
gomol’l)/Si-BCN (901 gomol’l). Epipuk is the energy of bulk body-
centered cubic (bcc) Li. The Li-ions are successively put at favorable
adsorption sites on both sides of the BCN nanosheets and optimized to
calculate the storage capacity and OCV. The results show that the pris-
tine and Si-BCN nanosheets can store up to 48 Li-ions with the compo-
sitions of LipBCN and Li3Bg 96Sig 04CN, respectively. The corresponding
optimized structures are shown in Fig. 5. There are two main factors
influencing the Li-ion adsorption on the anode materials, (i) the
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Table 2
Comparision of some of the previously reported anode materials with current
work.

Anode Diffusion Storage capacity ocv Reference
Materials barrier (eV) (mAheg™1) w)
Graphite 0.45-1.20 372 0.25 [46,50]
Graphdiyne 0.61 744 0.68 [22]
Graphyne 0.97 558 0.84 [51]
Silicene 1.33 716 0.42 [52]
BC3N3 1.13 - - [53]
SiC3N3 0.73 253 0.48 [54]
penta- 0.17 1489 0.55 [55]
Graphene
penta-BCN 0.14 2183 0.46 [56]
penta-SiCN 0.11 1486 0.97 [43]
pristine-BCN 0.17 1456 0.64 Current
work
Si-BCN 0.13 1428 0.64 Current
work

repulsive forces between neighboring Li-ions, (ii) changes in the
adsorption structure [47]. The calculated average Li—Li bond distance
between the neighboring Li-ions shows that weaker interatomic repul-
sion occurs in Si-BCN (3.15 f\) compared to the pristine BCN (2.85 [D\).

! 013%"*

Top view h
*’Ifr v d
1924 -G080 30008D ©

Side view ?- o0

! - COCCOOCoaS o0
1.96 A d

The longer average Li-Li spacing in Si-BCN arises due to the structural
distortion and local buckling introduced by Si-doping, which slightly
expands the lattice and modifies the spatial arrangement of favorable Li
adsorption sites. This increased separation reflects a weaker interatomic
repulsion between Li ions in Si-BCN, consistent with the basic electro-
static principle that repulsion decreases with increasing distance. In
contrast, the shorter average Li-Li distance in pristine BCN (2.85 A) in-
dicates a more compact Li arrangement and stronger repulsion, which
may contribute to a higher degree of Li-Li interaction and possible
clustering effects. Furthermore, symmetric and asymmetric interlayer
spacing is observed in pristine and Si-BCN upon Li-ion adsorption. The
interlayer spacing is almost equal in both sides for pristine BCN (1.92 &
1.96 A) and it is unequal in Si-BCN nanosheet (1.92 & 2.04 A). The
weaker ionic repulsion between the Li-ions in Si-BCN maximizes their
spatial separation resulting in a distorted adsorption geometry and
increased interlayer spacing (Fig. 5b). The larger interlayer spacing
could promote faster Li-ion diffusion. This effect in Si-doped graphene
compared to pristine one has also been recently reported by Liu et al.
[42]. The E,q for pristine and Si-BCN nanosheets with maximum amount
of Li-ion adsorbed are —1.44 eV and —1.52 eV respectively. The more
negative E,q value and decreased ionic repulsion in the Si-BCN nano-
sheet could improve the stabilization of Li atoms during charge/
discharge cycling. Although Si-doping improves Li stabilization,
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Fig. 5. Optimized structures of the maximum number of Li atoms (48 atoms) adsorbed on (a) pristine and (b) Si-BCN nanosheets, resulting in Li,BCN and

Li>Bg.96Si0.04CN compositions.



S. Sampathkumar et al.

increasing the Si-doping level (i.e. >1.39 %) may be required to effec-
tively mitigate Li clustering [22,48,49]. The calculated maximum stor-
age capacities are 1456 mAheg ! and 1428 mAheg ™ for pristine and Si-
BCN nanosheets. The above values are almost four times than that of
commercial graphite anode 372 mAhog_1 for LIBs [50]. The calculated
storage capacity in this study and other works are listed in Table 2.

Furthermore, the calculated average OCV is 0.64 V for both pristine
and Si-BCN nanosheets within the range of 1.25-0.03 V. The above OCV
value is comparable to our recently reported OCV values of graphdiyne
(0.68 V) [22]. The resulting low average OCV helps prevent the clus-
tering of Li-ions during the operation of LIBs. Thus, pristine and Si-BCN
nanosheets with their low average OCV and high Li storage capacity
hold promise as a high-performance anode for LIBs. Table 2 illustrates
the OCV in this study and other works.

4. Conclusion

Our simulations show that the electronic and ionic properties of a
BCN nanosheet can be tailored through Si-doping and thus improve its
electrochemical properties. While the structure of BCN is stable with a
Si-doping of 1.39 %, it increases its pore radius and reduces the band gap
from 1.14 eV (pristine) to 0.02 eV, effectively transforming BCN from a
semi-metallic to a metallic system. The increased pore size enhances
both Li-ion adsorption and diffusion. Specifically, the Li-ion adsorption
energy improves from —2.02 eV in pristine BCN to —2.75 eV in Si-BCN
nanosheet. Moreover, the Li-ion diffusion barrier is reduced from 0.17
eV to 0.13 eV, indicating improved ionic mobility. Finally, pristine and
Si-BCN nanosheets show comparable theoretical capacities, 1456
mAheg™! and 1428 mAheg™?, respectively. However, Si-doping im-
proves structural integrity as well as electronic and ionic conductivities,
enabling a faster charging/discharging process as required in anodes for
high-performance LIBs. This study offers a comprehensive analysis of
the structural and kinetic properties of BCN nanosheets, providing
valuable insights for experimental production.
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