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Density Functional Theory Study of Aspirin Adsorption on
BCN Sheets and their Hydrogen Evolution Reaction
Activity: a Comparative Study with Graphene and

Hexagonal Boron Nitride**

Vivek K. Yadav,” Showkat H. Mir,®’ and Jayant K. Singh*®

We explored the aspirin adsorption and their hydrogen
evolution reaction (HER) activity in waste water of borocarboni-
tride sheets. Our results indicate that BCN sheets considered
here show HER activity and exhibit superior performance
regarding adsorption of aspirin in waste water in comparison
with graphene and hexagonal boron nitride (h-BN). The drug

1. Introduction

Molecular adsorption on surfaces plays an important role that is
relevant to industry and in nature such as desalination, catalysis,
corrosion, etc. Pharmaceutical drugs commonly used to reduce
fever such as Acetylsalicylic (ASA), Acetaminophen (APAP) and
Ibuprofen comprised of a single benzene ring and oxygenated
side chains. These drugs are not completely metabolized inside
the body and are excreted through urine or faeces and thus go
to the waste-water as a biologically active substance.” Besides,
the indiscriminate disposal of pharmaceutical waste from
manufacturing process, discarding of expired or unused drugs
also reach to the waste-water.? Though, the amount of
pharmaceutically active compounds found in the waste-water
are usually very low™¥ nevertheless, in the long-term, their
continuous release to the environment poses a potential threat
to the terrestrial and aquatic organisms.”’ As such treatment of
waste-water containing pharmaceutical drugs is a global
concern. All these drugs interact with two-dimensional (2D)
sheets through sz — 7 interaction mainly arising due to the
presence of benzene ring. In order to study their interaction
with 2D materials, we used Acetylsalicylic or aspirin (ASA) as a
template model for the above-said drugs. Graphene (GRAP)
which is composed of a single layer of sp*-hybridized carbon
atoms arranged in a 2D honeycomb structure shows extraordi-
nary physiochemical properties such as high surface area,
optical transparency, large mechanical strength, and electron
rich m-electron system. An isoelectronic analog of graphene,
hexagonal boron nitride (h-BN) also displays excellent thermal
and chemical stability. Furthermore, graphene has relatively
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molecule (aspirin) possesses a strong affinity to BCN, with the
order of binding energy on following the order BCN~h-BN >
graphene. Upon drug adsorption, the band gap of h-BN is
found to be reduced by up to 33%, whereas the bandgaps of
graphene and BCN remain unaltered that makes BCN a potential
candidate for HER in waste water.

large and delocalized m-electron system which may possess
binding attributes for target molecules such as drugs, amino-
acids, etc. Therefore, graphene and its sister analog materials
belong to a new class of fascinating nanomaterials. This
material has garnered a great interest as nano-adsorbent for
pollution control applications in recent years.®” Since graphene
is a zero band gap material, therefore doping of hetero-atoms,
boron and nitrogen in GRAP generate new materials that
creates a band gap at Dirac point. These newly designed
materials called as borocarbonitrides (BCN) constitutes a family
of exciting 2D systems that display new electronic structure
properties and applications. They also exhibit better activity
towards adsorption and catalytic properties.®"" They have also
shown good field emission properties just like carbon nano-
tubes (CNT).""

Experimentally, Al-Khateeb et al. investigated the removal of
ASA, acetaminophen and caffeine from aqueous solution using
graphene-nanoplatelets." The reported adsorption capacities/
order of adsorption for ASA, acetaminophen and caffeine were
found as 13.02, 19.72, and 18.76, respectively in units of mg/g.
Recently, a first-principles study of the binding energy of ASA
on CNT and carbon nitride nanotubes (CNNT) shows that ASA
binds strongly to pristine CNNT than to CNT with binding
energy 0.67 and 0.51 eV respectively." Such higher binding
energy on CNNT was ascribed to the local intrinsic dipole
moments in CNNT which results in the dipole-dipole interaction
between ASA molecule and CNNT. The study also reported that
no practical charge transfer takes place between CNT (CNNT)
and ASA. Moreover, Al-Hamdani et al."® studied the interaction
of water with h-BN of different dimensions (zero to 2-dimen-
sional) with benchmark accuracy. The adsorption energy for
water/h-BN reported by them was in the range of —0.107+
0.007 eV using diffusion Monte Carlo method with lattice
regularization (LRDMCQ).

The water-soluble pharmaceuticals traces such as ASA have
been classified as emerging pollutants due to their persistence
in the ecosystem. Several methodologies have been developed
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for the treatment of waste-water such as adsorption,’'?

reverse osmosis,”” photocatalytic oxidation and catalytic ozona-
tion,”"*? nano- and ultra-filtration,””® biological processes,* etc.
However, adsorption is one of the most promising methods to
remove contaminants from the polluted water due to its simple
design and low-cost. While 2D materials have shown good
adsorbent properties, they can also be used as photo-catalysts,
and disinfectants in water treatment.” Therefore, in present
work, our goal is to examine the adsorption of ASA on the
GRAP, BCN and h-BN sheet via ab initio approach and to
investigate the HER activity of drug adsorbed BCN.

This paper is organized as follows: in Simulation method-
ology, we provide the details of the methods employed in the
present work. In Results and discussions, we provide informa-
tion on the structural and thermodynamic stability of GRAP,
BCN and h-BN by calculating cohesive and formation energy.
Subsequently, we present the binding strength of ASA on
various 2D sheets. In order to provide further insight on the
binding strength of ASA on GRAP, BCN and h-BN, the electronic
band structure and projected density of states of pristine and
ASA adsorbed GRAP, BCN and h-BN sheets were also examined.
We then analyzed the hydrogen evolution reaction (HER)
activity of BCN sheet and showed that it may be a promising
candidate for photocatalysis. We concluded the paper by giving
a detailed summary of the main results of the present study
with future prospects of BCN sheet.

Computational Details

All calculations in this work were performed using quantum
espresso simulation code.”” DFT calculations were performed to
study the structural properties and binding energy of ASA on
GRAP, h-BN and BCN. Ultrasoft pseudopotentials®® were em-
ployed to describe electron-ion interaction using Perdew-Burke-
Ernzerhof?” functional with in the framework of generalized
gradient approximation (GGA).?® The ultrasoft pseudopotentials
have been generated using Rappe-Rabe-Kaxiras-Joannopoulos
(RRKJ) method.”” The Kohn-Sham wave-functions were ex-
panded by a plane wave basis set with the kinetic energy cutoff
of 50 Ry. Brillouin zone (BZ) integration was done using a
uniform Monkhorst-Pack®” k-point grid of 5x5x 1 for geometry
optimization and 10x10x 1 for electronic structure calculations.
We have performed benchmark calculations in order to deter-
mine the converged values for cutoff energy and K-points as can
be seen in Figure SI1. Furthermore, the convergence for energy
was chosen as 1072 eV between two consecutive self-consistent
steps. In our calculations, we used a unit cell consisting of 72
atoms in total for all structures. For the BCN sheet, we adopted
two arrangements, BCN1 comprising of 80% carbon and 20% (=
8) BN pairs approximately and BCN2 containing 75 % carbon and
25% (=9) BN pairs. To avoid the interaction between periodic
images a large vacuum of 20 A was employed in the direction
perpendicular to the sheet. It should be noted that van der Waals
(vdWs) interactions are important for binding energy calcula-
tions, therefore, in the present work, we have used dispersion
(Grimme’s D3-type) corrected DFT calculations (DFT-D3)®V to
study the interactions of ASA with GRAP, BCN and h-BN. In order
to study the adsorption of ASA on 2D sheets, we considered two
different configurations C1 (in which O-atom of ester group in
ASA is away from the sheet) and C2 (in which O-atom is facing
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the sheet) as shown in Figure SI2. The adsorption energy E,4 of
ASA was calculated using the following equation.

Ead = Esystem+ASA - (Esystem + EASA) (1 )

where E ., ass represents the total energy of ASA adsorbed GRAP,
BCN or h-BN sheets, E, ., is the total energy of bare sheet and E,,
denotes the energy of ASA molecule in the gas phase.

2. Results and Discussions
2.1. Structural Properties

The optimized structure of ASA (C9H804) in vacuum is shown
in Figure 1(a). It consists of an ester group, aromatic ring and
carboxylic acid. Four different types of 2D structures viz. as
GRAP, BCN (BCN1, BCN2) and h-BN were chosen to investigate
their ability to adsorb ASA. It is worth to mention here that the
four structures chosen for ASA adsorption exhibit the metallic,
semi-conducting and insulating electronic properties. The
optimized structures of GRAP, BCN1 and h-BN are shown in
Figure 1(b,c,d). For brevity, optimized structure of BCN2 is
shown in Figure SI3. The C—C and B—N bond lengths calculated
for GRAP and h-BN were 1.420 and 1.440 A which are in good
agreement with the theoretical results.*>*® For BCN sheets, the
calculated C—C, C—N, C—B and B—N bond lengths were 1.423,
1.376, 1.476 and 1.455A. It is seen that C—C and B—N bond
lengths were increased by 0.211% and 1.04% than their
corresponding values in GRAP and BN. In addition, we also
assessed the structural and thermodynamic stability of the
these 2D sheets by calculating the cohesive and formation
energy. The cohesive energy (E,, of all the sheets was

(a)

Figure 1. Optimized geometry of (a) ASA, (b,c,d) GRAP, BCN1 and h-BN
sheet.
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calculated using equation 2. The formation energy (E) was
calculated for BCN sheets using equation 3. It should be noted
that, in this approach the formation energy of pristine GRAP
and h-BN are equal to zero, which provide us a reference value
to compare the formation energy of BCN sheets with these 2D
structures. For more detailed information on the calculation of
cohesive and formation energy, we refer the reader to
references.®*% The expressions used to calculate E,,, and E; of
GRAP, BCN and h-BN are given below.

/N (i=C,B,N) ()

Ecoh = |:Etot - Z NiEi
i

E¢ = [Egen — (Necttee + Nentten)]/N (3)

where, in equation 2, E,,, denotes the total energy of 2D sheet
and E; represents the gas phase atomic energies of C, B and N.
N is the total number of atoms in the sheet. Ey is the total
energy of BCN sheet, n.c and ng denotes the CC and BN pairs
in the BCN sheets and uc and ug, corresponds to the chemical
potential of C—C and B—N. The chemical potential of C—C and
B—N was obtained directly from the infinite sheet energies of
corresponding structures. The cohesive energies calculated for
2D sheets are given in Table 1. It is found that cohesive energy

Table 1. The cohesive energy of GRAP, BCN1, BCN2 and h-BN, binding
energy of ASA and its distance from 2D sheets.

Structure (@ 2

Econ BE Dist BE Dist
GRAP —9.138 —0.527 3.718 —0.274 5.268
BCN1 —8.812 —0.674 3.519 —0.313 5.290
BCN2 —8.780 —0.674 3.536 —0.315 5.301
h-BN —8.711 —0.706 3.960 —0.583 5.381

The energy is in eV and distance in A

is minimum for GRAP and maximum for h-BN. While the
cohesive energy of BCN (BCN1 and BCN2) sheets lies between
GRAP and h-BN which demonstrates that it is less stable than
GRAP but more stable than h-BN. We also calculated the
formation energy of BCN sheets in order to further examine
their stability. The formation energy calculated for BCN1 and
BCN2 were 0.231 and 0.251eV. Also, it is well-known that
higher the cohesive and formation energy, the higher will be
structural stability and greater the thermodynamic feasibility of
BCN formation.®” The chemical potential ucc and ugy obtained
from graphene and h-BN sheet were —310.09 and —358.23 eV
respectively which have been used in equation 3.

2.2. Binding Energy of ASA
The binding energy of ASA calculated on GRAP, BCN1, BCN2
and h-BN is given in Table 1. It is important to mention that

various adsorption configurations are possible when ASA
molecule is adsorbed on a 2D sheet. However, it has been
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reported in the previous study that s — 7zt stacking configu-
ration are the most stable configurations as compared to other
stacking arrangements."™ Therefore, in this study, we inves-
tigated two possible ;t — 7 stacking configurations C1 and C2
of ASA on 2D sheets. Table 1 presents the calculated binding
energy of ASA on various 2D sheets including vdW interactions
which is important for adsorption calculations. It is found that
magnitude of the calculated binding energy are comparatively
larger in C1 as compared to C2 configuration which shows that
more favorable binding of ASA occurs when oxygen atom in
ester group of ASA is away from the adsorbent. We found that
the binding energy of ASA is more by 0.253, 0.316 and 0.123 eV
for GRAP, BCN1 and h-BN for C1 than in C2 configuration. The
hierarchy of binding energy on various 2D sheets follows the
order as h-BN >BCN1=BCN2 > GRAP in C1 configuration. More-
over, the binding energy of water was calculated on various
sheets and compared with that of ASA. Binding energy of water
calculated on GRAP, BCN1, BCN2 and h-BN were —0.120,
—0.173, —0.176 and —0.141 eV respectively. The calculated
binding energy of water on different 2D substrates were found
to be less that of ASA on the respective sheets. Also, in a recent
study, Al-Hamdani etal.™ calculated the binding energy of
water in the range —0.089 to —0.107 +-0.007 eV on h-BN using
several theoretical methods. In another study, the interaction
energy of water with GRAP was found to be in the range of
—0.136 to —0.139 eV.®? Interestingly, the binding energy of
ASA on different 2D sheets considered in this study range from
—0.52 to —0.70 for C1 configuration which is significantly larger
than the binding energy of water on h-BN and GRAP sheet. It is
worth to mention that molecular adsorption on surfaces plays
an essential role in corrosion, catalysis, water purification, gas
storage and many other processes that are relevant to
industry."® From our results, it is clear that ASA strongly binds
to the 2D sheets as compared to water, and hence, these 2D
sheets can be used to remove aspirin molecules from waste
water. The optimized structures of ASA adsorbed GRAP, BCN1
(for optimized structure of ASA on BCN2, see Figure SI4) and h-
BN sheets in C1 configuration are shown in Figure 2. It is readily
seen from the Figure 2 that the adsorption of ASA on h-BN
sheet causes a buckling in the sheet while it does not affect the
planarity of GRAP and BCN. This is due to the reason that on h-
BN sheet, ASA shows strong dipole-dipole interaction with the
sheet in addition of & — s stacking. Similar, conclusions were
drawn by Lee etal. for ASA adsorbed on carbon nitride
nanotube.™ This is also the reason for the larger binding
energy of ASA with h-BN and BCN sheets as compared to
graphene. Moreover, on h-BN sheet, ASA align itself in such a
way that oxygen atoms of ASA lie exactly above the boron
(cation) of the sheet (see Figure SI5). This shows that electron
rich oxygen of ASA try to position themselves in order to
maximize dipole-dipole interaction with the h-BN sheet. Exami-
nation of ASA with GRAP and BCN sheet display that ASA ring
adopt AB type stacking when adsorbed on the GRAP sheet,
whereas ASA ring prefers to stay on top of the carbon ring of
the BCN sheet irrespective to the position of its oxygen atoms.
The calculated perpendicular distance from the adsorbent to
the ASA ring was 3.718, 3.519, 3.536 and 3.960 A for GRAP,
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Figure 2. Side view of optimized geometry of ASA on (a) GRAP, (b) BCN1 and
(c) h-BN sheet in C1 configuration.

BCN1, BCN2 and h-BN in C1 configuration as shown in Table 1.
These calculated distances are larger than typical chemical
bond lengths. Thus, it can be inferred that there is no charge
transfer between ASA and the 2D sheets.

2.3. Electronic Structure

Electronic band structure calculations are important to see the
effect of ASA on the electronic properties of pristine GRAP, BCN
and h-BN. Table 2 shows the Fermi energy, valence band
maximum (VBM), conduction band minimum (CBM) and band
gap of pristine and ASA adsorbed GRAP, BCNand h-BN. Highest
occupied molecular orbital (HOMO), lowest unoccupied molec-
ular orbital (LUMO) energy and HOMO-LUMO gap of ASA
calculated are —6.285, —2.465 and 3.820 respectively. The
electronic band structure of pristine and ASA adsorbed GRAP,
BCN1, BCN2 and h-BN for C1 configuration are shown in
Figure 3. For C2 configuration, the corresponding band struc-
ture plots are given in SI6.

The calculated band gap of GRAP and h-BN were 0.0 and
4.319 eV respectively. Our results are consistent with the
theoretical results where h-BN was found to have band gap of
4.47 eV.P? Experimentally measured band gap of h-BN is
6.07 eV." The reason that the calculated band gap is less than
the experimental value is due the fact that DFT always
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Table 2. Fermi energy, valence band maximum (VBM), conduction band
minimum (CBM) and Band gap of pristine and ASA adsorbed GRAP, BCN
and h-BN sheets.
System Erermi VBM CBM Egap
Pristine GRAP —2.873 —2.878 —2.868 0.000
BCN1 —2.802 —3.124 —2.482 0.641
BCN2 —2.788 —3.244 —2.329 0.915
BN —1.428 —4.467 —-0417 4319
GRAP + ASA —2.697 —2.703 —2.692 0.000
(@ BCN1+ASA —2.650 —2.968 —2.336 0.632
BCN2+ ASA —2.633 —3.097 —2.171 0.925
h-BN+ASA —2.684 —4.322 —-1.219 3.103
GRAP + ASA —2.488 —2.492 —2.484 0.000
(@) BCN1+ASA —2414 —2.731 —2.099 0.632
h-BN + ASA —2.619 —4.091 —1.206 2.885
All energies are in eV

690

underestimates the band gap. In addition, as can be seen from
Figure 3(a), band structure of GRAP exhibits a perfect Dirac
cone which arises due to the fusion of valence and conduction
band at the symmetry point T of the Brillouin zone. For BCN
sheets, we found that the band gap increases as the number of
BN pairs in the GRAP sheet increases. The calculated band gaps
of BCN1 and BCN2 were 0.632 and 0.926 eV respectively. Both
the sheets were found to show direct band gap which is also
located at high symmetry point I of the Brillouin zone. These
results shows that ternary alloys of carbon, boron and nitrogen
can have potential applications in electronics and water
splitting due to their finite band gap as will be discussed in the
next section. Moreover, Manna etal. have shown that by
introducing BN, band gap can be opened in GRAP. In their
work, the authors found that band gap of GRAP can be tuned
by introducing different sized nanodomains of BN in GRAP.B”
Therefore, it can be inferred that by changing the concentration
of BN in GRAP, its band gap can be tuned bearing specific
application in mind. Similarly, the band gap of h-BN can be
tuned by incorporating nanodomains of GRAP in the sheet. In a
recent study, Ba et al. experimentally synthesized such type of
sheets where they trimmed down the band gap of h-BN sheet
to =2 eV which is about 1/3 of pristine sheet.""

Now, considering the influence of ASA on the band gap of
GRAP, BCN, and h-BN, we found that ASA adsorbed GRAP and
BCN sheet do not show any change in the band structure, as
the ASA flat bands occur deep in the conduction and valence
band. A negligibly small increase of 9 meV (11 meV) in the band
gap was seen in ASA adsorbed BCN1 (BCN2) for C1 config-
uration. On the other hand, it is seen that there is a significant
change in band gap of h-BN. The band gap of h-BN is reduced
by 28.15% (33.20%) in configuration C1 (C2). The reduction is
due to the flat band of ASA which is located at ~1.5 eV in the
band gap of h-BN. Since, we found that BCN sheets exhibit a
suitable band gap and its band structure does not change upon
ASA adsorption. Therefore, it can be proposed that BCN sheets
can be simultaneously used for ASA adsorption and water
splitting. Moreover, since ASA interacts with 2D sheets mainly
through r — 7 bonding, a clear charge transfer between ASA
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Figure 3. Band Structure of pristine and aspirin adsorption (a,b) GRAP, (c,d) BCN1, (e,f) BCN2 and (g,h) h-BN sheets in C1 configuration respectively.

and adsorbent do not occur. As a result, no molecular state of
ASA contributes to the band gap edges of GRAP and BCN.

In Figure 4, we have shown the contribution of the p
orbitals to the conduction and valence bands for pure and ASA
adsorbed sheets. The flat bands of ASA can be clearly visualized
in the projected density of states (PDOS) as shown in Figure 4.
It is clear from the Figure 4 that a peak of ASA carbon is seen at
1.5 eV in the band gap of h-BN which is responsible for its band
gap reduction. Another peak in the band gap is also observed
at 2.5 eV. However, for GRAP and BCN1, we can see that the
ASA bands lie deep in the conduction and valence band, and
hence the band gap of GRAP and BCN1 sheet remains unaltered
(we do not show PDOS of BCN2 as similar conclusions can be
drawn for this configuration as for BCN1). In all the three cases,
it is found that oxygen orbitals are located in the energy range
from —2 to —3 eV in the valence band.

ChemPhysChem 2019, 20, 687 -694 www.chemphyschem.org
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2.4. Hydrogen Evolution Activity

Hydrogen, a clean and environmentally benign energy source,
may be produced through photocatalytic water splitting.*>**! As
we mentioned that BCN sheet may be a promising metal free
candidate to simultaneously generate hydrogen and adsorb
ASA due to its suitable band gap and no change in the band
structure upon ASA adsorption. In addition to this, the other
criteria for HER is that the band structure of the semiconductor
must straddle the redox potential of water.*® This means that
the VBM must be more positive than the H,0/0, level and the
CBM must be more negative than the H,O/H, level of water.
The requirement also guarantees that without an applied bias
voltage, the water-splitting reaction is energetically favourable.
Therefore, the knowledge of a semiconductor’s VBM and CBM
positions relative to the H,0/0, and the H,O/H, levels
respectively in water is essential for the design of a photo-
catalyst for water-splitting. A simple approach for this purpose

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 4. Projected density of states of pristine sheets and aspirin adsorbed (a,b) GRAP, (c,d) BCN1 and (e,f) h-BN sheets, respectively. In the figures, we have

shown only p-orbitals.

is to compute band edge positions of a semiconductor and
redox levels of water, relate them to a standard reference and
then calculate their difference. And the vacuum level is a
natural candidate for the standard reference level* The
standard redox potentials of water are —4.44 eV for reduction
(H,O/H,) and —5.67 eV for the oxidation (H,0/0,) with respect
to the vacuum level. As such, the band edge positions of
valence and conduction bands were determined with respect
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to the vacuum potential of the respective sheets using the
equations Eyge = Eyay—Evacuum aNd Ecse = Ecam—Evacuum:

In order to prove our claim, we compared the band edge
positions of pristine and ASA adsorbed BCN sheets with
reducing potential of water (H,O/H,). Figure 5 shows the band
edge positions with respect to vacuum potential of pristine and
ASA adsorbed BCN sheets and HER potential of water. From the
Figure 5 it is clear that the HER potential of water lies within the

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


https://doi.org/10.1002/cphc.201801173

& ChemPubSoc
_3 T 1 T T

Energy (eV)
&
T

BCN1+ASA  BCN2  BCN2+ASA BC3

BCNI

Figure 5. Energy diagram showing the conduction (red) and valance (black)
band edge potentials of BCN sheets and redox potential of water.

band gap which shows that BCN sheet has the ability to reduce
H,O to H, and provide new opportunities in the field of
photocatalysis. It is important to mention that the band gap
and HER activity of BCN ternary alloys depends not only the
percentage composition of C, B and N but also on the
arrangement of BN pairs in the BCN sheet. To show this, we
calculated the band structure of BCN3 (see Figure SI8) sheet
and compared it with HER activity. The BCN3 sheet was
designed in such a way as to have same concentration of C, B
and N as BCN1 but with two BN pairs in one of the hexagonal
rings. The calculated band gap of BCN3 sheet was 0.41eV
which is lower than BCN1 by ~0.3eV. In addition, its
conduction band edge was found to cross the HER potential.
Thus, it is inferred that not only the BN concentration, but also
the arrangement of BN pairs in BCN sheet affects the band gap
and HER activity.

3. Conclusions

We have performed DFT calculations to investigate the
structural, electronic and adsorption properties of ASA on
graphene, BCN and h-BN sheets. We found that aspirin strongly
binds on the sheets when oxygen atom of the ester group in
ASA is away from the sheet. Binding energy of ASA on the
graphene, BCN and h-BN sheets were found to be in the range
of —0.52 to —0.70 eV. Also, ASA exhibits strong interaction with
BCN and h-BN compared to graphene. In addition, comparing
the binding energy of water and ASA on these sheets, it is
concluded that all the substrates could be active candidates to
remove ASA from water. From electronic band structure, we
found that BCN1 and BCN2 are finite band gap semiconductors
with a band gap of 0.632 and 0.923 eV and hence makes it
suitable for electronic applications. Also, considering the
adsorption of ASA on the various sheets, we see that no change
in the band gap of graphene and BCN occurs as the ASA bands
lie deep in the conduction and valence band. However, bands
of ASA does occur in the band gap of h-BN which causes a
reduction in its gap by 28.15% (33.20%) in configuration C1
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(C2). Thus, it is concluded that BCN and h-BN can be potential
candidates for detection of ASA as compared to graphene.

As a final comment, we theoretically propose that drug
adsorbed BCN sheets could also be a promising candidate for
HER activity. We also showed that this feature can be achieved
by engineering the band gap of BN doped graphene sheet by
varying the BN concentration.
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