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Abstract: Silicon Carbide (SiC) monolayer, as a new graphene-like semiconductor, is a direct band gap
material. Thermochemical, electric, and magnetic properties of chromium (Cr) metal-doped graphene-
like SiC monolayer sheet are studied by the first-principles methods based on the density functional
theory (DFT) for scavenging of CO, CO,, NO, and NO, gas molecules. The results recommend that the
adsorption of these gas molecules on the Cr-embedded SiC sheet monolayer is more energetically
desired than that on the pristine ones. Gas molecules of CO, CO2, NO, and NO; have been adsorbed on
the Cr site of the doped SiC monolayer through the formation of covalent bonds. The assumption of
chemical adsorptions has been approved by the projected density of states (PDOS) and charge density
difference plots. Charge density difference calculations also indicate that the electronic densities were
mainly accumulated on the adsorbate of CO, CO,, NO, and NO. gas molecules. The results of this
investigation indicate the competence of transition-metal-doped silicon carbide nanosheets in gas
adsorption systems.
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1. Introduction

Graphene, with its two-dimensional (2D) layered physical structure and unique
electronic properties, has sparked broad research interest in 2D materials, which can be applied
to electronic, optoelectronic, and spintronic devices [1-5].

But the practical application of 2D materials like graphene might be confined to a small
band gap. Thus, new 2D materials with perfect mechanical, thermoelectric, optical, and
electronic properties are the clue to the recent scientific investigations [6-14].

The Silicon Carbide (SiC) monolayer, as a new graphene-like semiconductor, is a
direct-band-gap material, while silicon, in the same group as carbon, shares attributes entirely
analogous to those of carbon and enables powerful applications in optoelectronic and electronic
instruments [15-20].

In addition, transition metal (TM) atoms are considered the source of magnetism; in
TM-doped SiC monolayers, the system can be a magnetic semiconductor upon Co, Cu, Fe, Mn,
and Ni doping [21]. The TM dopants can cause a total Hamiltonian perturbation, eventually
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leading to changes in electronic structures, which makes it a substantial application in magnetic
electronic devices [22-28].

In this work, we shall present theoretical estimates of charge transfer and binding
energy to the SiC surface for molecular adsorption. Let us note that there are also model
approaches to the problem of adsorption, in addition to the popular and currently widely used
first-principles calculations. Then, the magnetic and electronic structures of Cr—doped
graphene-like SiC sheet through adsorption of CO, CO;, NO, NO2 gas molecules
(GM—CrSIC) by using first-principle calculations based on the density functional theory
(DFT) [29]. The calculation is performed using the generalized gradient approximation (GGA)
potential and the Perdew-Burke-Ernzerhof (PBE) functional [30, 31].

2. Materials and Methods

The adsorption of CO, CO2, NO, and NO2 gas molecules on the surface of CrSiC was
defined by the theory of the "Langmuir" isotherm, which indicates the chemisorption between
gas molecules and CrSiC. The adsorbates of CO, CO., NO, and NO. gas molecules are
maintained on the surface of CrSiC with "Langmuir" chemisorption [32-38] (Figure 1).
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Figure 1. A simulated box of Langmuir adsorption of CO, CO, NO, and NO; onto Cr—doped SiC nanosheet
towards the formation of gas adsorption.

In this research, the simulated calculations have been performed in GaussView 6.06.16
[39] and calculated by Gaussian 16, Revision C.01 [40] using the DFT method. The [Perdew—
Burke—Ernzerhof] "PBE" functional with high-precision generalized gradient approximation
"GGA" has been employed to achieve more authentic results [30].

After organizing the structure and energetics of the SiC sheet, we have tried to decorate
the sheet with chromium atoms. A full geometry optimization has been performed, and the data
show that the most stable location of chromium is on the top of the Si atom, with it pushed
down into the surface.

After doping chromium on the silicon atom, the planarity of the system is perturbed
because the silicon atom goes toward the sp® hybridization. Although silicon and carbon atoms
are iso-valent, the most stable state of carbon is sp?, and silicon is sp® [41,42].

The interaction of CO, CO2, NO, and NO2 gas molecules with the Cr-decorated SiC
sheet. The optimized geometries of the GM—Cr— decorated SiC sheet are shown in Figure 1.

The changes of charge density analysis in the adsorption process have illustrated that
CrSiC shows the Bader charge of —1.308e before adsorption of CO, CO2, NO, NO., and —
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1.314e, —1.304e, —1.319¢, —1.322¢ after adsorption of CO, CO2, NO, NO2, respectively.
Therefore, the changes of charge density for "Langmuir" adsorption of CO, CO2, NO, NOzon
CrSiC surface alternatively are AQ cox—crsic = +0.004e >AQ co-cisic =—0.006€ > AQ No—crsic
= -0.011e > AQ no2—crsic = —0.014e. The values of changes of charge density have shown a
more important charge transfer for CrSiC, which acts as the electron acceptor, while gas
molecules act as the stronger electron donors through adsorption on the CrSiC surface [43-46].

The simulated distribution functions of NO — CrSiC, NO, — CrSiC, CO — CrSiC,
and CO2 — CrSiC have illustrated that the created clusters lead to the bond lengths of N — Cr
in NO — CrSiC (2.07 A), 0 — Crin NO, — CrSiC (2.06 A), O — Cr in CO — CrSiC (2.05
A), and O — Cr in CO, — CrSiC (2.05 A) (Figure 1).

3. Results and Discussion

In this verdict, chromium (Cr) metal-doped graphene-like silicon carbide (SiC)
monolayer sheet has been investigated as an efficient surface because of its structural
selectivity for the adsorption of carbon monoxide (CO), carbon dioxide (COz), nitric oxide
(NO), and nitrogen dioxide (NOz). These experiments have been conducted using
spectroscopic analysis of physical and chemical properties.

3.1. Electronic properties.

The electronic structures of CO, CO., NO, and NO. adsorbed on the Cr—doped SiC
nanosheet (GM— CrSiC) have been analyzed to simplify subsequent discussion for interfacial
electronic properties using CAM-B3LYP/ LANL2DZ, 6-311+G (d,p) basis sets.
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Figure 2. PDOS adsorption of (a) CO—CrSiC; (b) CO,— Cr-SiC; (c) NO— CrSiC; (d) NO,— CrSiC.
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Therefore, the graph of partial DOS (PDOS) has illustrated that the p states of the
adsorption of N- and O- on the CrSiC are dominant through the conduction band (Figure 2).

A distinct metallic feature can be observed in SiC because of the strong interaction
between the p states of C, N, O, Si, and the d state of Cr near the Fermi energy. Moreover, the
existence of covalent features for these complexes has exhibited the same energy amount and
figure of the PDOS for the p orbitals of C, N, O, Si, and d orbitals of Cr (Figure 2a-d).

Figure 2a,b shows that the CO and CO:; states, respectively, onto CrSiC have more
contribution at the middle of the conduction band between -5eV to -10eV, while contributions
of carbon and silicon states are expanded and close together, but chromium states have minor
contributions.

Figure 2c,d shows that the NO and NO- states, respectively, onto CrSiC have more
contribution at the middle of the conduction band between -5eV to -10eV, while contributions
of carbon and silicon states are expanded and close together, but chromium states have major
contributions.

The results were also approved by the partial electron density (PDOS), which has
shown a certain charge association between CrSiC and gas molecules of CO, CO2, NO, and
NO..

Therefore, the above results show that the dominance of non-metallic and metallic
features, along with a certain degree of covalent features, can account for the increase in the
semiconducting direct band gap of gas molecules (CO, CO2, NO, and NO2) adsorbed on
CrSiC.

3.2. NQR “Nuclear quadrupole resonance ” analysis.

NQR procedure has been done for the complexes of gas molecules of CO, CO2, NO,
and NO: adsorbing on CrSiC. NQR is related to the multipole enlargement in Cartesian
harmonies as follows [47,48]:

vy = v+ G, =)+ 5 [Gen) o)) @
v==1 Lo (8] )] = - 3 ot ror ()] 0)] -
_% (Z_i) O.fD d®r [p(r).x?] )

There are two factors which should be obtained from nuclear quadrupole resonance
experiments: the quadrupole coupling constant, y, and the asymmetry factor of the electric field
gradient tensor, n:

x = ¢ 0y, ®

n= T (4)

While gii are ingredients of the electric field gradient tensor at the quadrupole nucleus
assigned in the electric field gradient principal axes system, e is the proton charge, h is Planck's
constant, and Q is the nuclear quadrupole moment [49, 50]. Since the electric field gradient at
the situation of CO, CO2, NO, and NO adsorbed on the CrSiC surface, as the gas detector is
approved by the valence electrons distorted in the special connection with close nuclei of Cr—
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doped SiC nanosheet, the nuclear quadrupole resonance at which transitions occur is special

for NO—CrSiC and NO.—CrSiC (Table 1).

Table 1. The electric potential (Ey) and Bader charge (Q) for elements involved in the adsorption mechanism of
CO, COy, NO, and NO; adsorbed on the Cr—doped SiC nanosheet using “CAM-B3LYP/EPR-III, 6-311+G
(d,p)” calculation extracted from the NQR method.

CO—CrSiC CO2—CrSiC NO—CrSiC NO>—CrSiC
Atom Q Ep Atom Q Ep Atom Q Ep Atom Q Ep

C1 -0.01 | -14.70 C1 0.38 -14.31 01 -0.08 —22.03 N1 -0.19 -18.12
02 -0.20 | —21.97 02 -0.18 | -21.79 N2 -0.24 -18.18 02 -0.18 -21.81
C3 -0.86 | -14.85 C3 -0.86 | -14.85 C3 -0.84 -14.83 03 -0.20 -22.02
Si4 0.81 —-48.63 Si4 0.80 -48.64 Si4 0.81 -48.63 C4 -0.83 -14.82
C5 -0.83 | -14.83 C5 -0.83 | -14.84 C5 -0.82 -14.82 Si5 0.82 —-48.62
Si6 1.14 —48.57 Si6 1.11 —48.58 Si6 1.14 —48.57 C6 -0.83 —14.82
c7 -0.81 | -14.87 Cc7 -0.83 | -14.89 C7 -0.82 —14.87 Si7 1.21 —48.53
C8 -118 | -14.84 C8 -1.18 | -14.85 C8 -1.17 -14.82 C8 -0.81 -14.85
Si9 1.16 —48.58 Si9 1.14 —48.59 Si9 117 —48.57 C9 -1.11 —14.80
Si10 1.16 —48.58 Sil0 1.15 —48.59 Sil0 117 —48.57 Sil0 1.15 —48.56
Cl1 | -0.85 | -14.84 Cl1 | -0.86 | -14.85 Cl1 -0.83 -14.82 Sill 1.21 —48.55
Cl2 | -1.20 | -14.80 Cl2 | -1.20 | -1481 C12 -1.20 -14.79 C12 -0.84 —-14.82
Si13 0.84 —48.62 Si13 0.82 —48.63 Sil13 0.84 —48.62 C13 -1.20 -14.79
Sil4 1.30 —48.50 Sil4 1.28 —48.51 Sil4 131 —48.50 Sil4 0.85 —48.61
C15 | -1.16 | -14.82 Ci5 | -1.18 | -14.82 C15 -1.16 -14.81 Si15 1.32 —48.48
Cl6 | -1.16 | -14.82 Cl6 | -1.17 | -14.83 C16 -1.15 -14.81 C16 -1.03 —14.69
Crl7 1.30 | -101.89 | Cr17 1.30 -101.9 Crl7 1.32 -101.8 C17 -1.14 -14.81
Sil8 1.14 —48.57 Sil8 1.13 —48.58 Sil8 1.15 —48.57 Crl8 1.28 -101.90
C19 | -0.82 | -14.88 Cl9 | -0.83 | -14.89 C19 —0.82 -14.87 Sil9 1.16 —48.57
C20 | -1.21 | -14.77 C20 | -1.22 | -14.78 C20 -1.22 -14.82 C20 -0.82 -14.87
Si2l 0.76 —48.66 Si2l 0.74 —48.68 Si2l 0.81 —48.64 c21 -1.22 —14.80
Si22 1.31 —48.50 Si22 1.30 —48.51 Si22 1.28 —48.53 Si22 0.74 —48.67
C23 | -1.25 | -1482 C23 | -1.26 | -14.82 C23 -1.25 -14.82 Si23 1.29 —48.52
C24 | -1.20 | -14.80 C24 | -1.20 | -14.81 C24 -1.20 —14.80 C24 | -1.25 -14.81
Si25 1.30 —48.50 Si25 1.29 -48.51 Si25 1.31 —48.50 C25 -1.20 -14.79
Si26 0.83 —48.63 Si26 0.82 —48.63 Si26 0.85 —48.62 Si26 1.28 —48.50
C27 | -0.83 | -14.84 C27 | 083 | -1484 C27 -0.82 -14.82 Si27 0.84 —48.62
C28 | -0.85 | -14.77 C28 | -0.85 | -14.79 C28 —0.87 —14.80 C28 —0.82 -14.82
Si29 0.92 —48.57 Si29 0.90 —48.59 Si29 0.88 —48.59 C29 -0.87 —14.80
Si30 0.91 —48.58 Si30 0.90 —48.59 Si30 0.92 —48.57 Si30 0.92 —48.57
C31 | -1.22 | -14.77 C31 | -1.22 | -14.78 C31 -1.22 -14.80 Si3l 0.87 —48.60
Si32 0.76 —48.67 Si32 0.74 —48.68 Si32 0.77 —48.65 C32 -1.22 -14.82
033 | -0.11 | -2181 Si33 0.83 —-48.63

-1.5

Furthermore, in Figure3 (a-d) it has been drawn the electric potential of nuclear
quadrupole resonance method versus Bader charge for elements of carbon, nitrogen, oxygen,
silicon and chromium in the adsorption process of CO, CO2, NO and NO2 on the Cr— doped
SiC nanosheet by “CAM-B3LYP/EPR-III, 6-311+G (d,p), LANL2DZ” theoretical level. It has
been noted that changes in the electric potentials of carbon, nitrogen, oxygen, silicon, and
chromium occur at the active site during Langmuir adsorption.
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Figure 3. The electric potential (E;) versus Bader charge (Q) for elements involved in the adsorption
mechanism of CO, CO2, NO, and NO; adsorbed on the Cr—doped SiC nanosheet.

In fact, it has been observed that the effect of the binding between C, N, and O atoms
of gas molecules with chromium doping in the SiC nanosheet during adsorbing CO, CO2, NO,
and NOz results in a resulting electric potential using NQR analysis (Figure 3a-d). It’s obvious
that the capability of SiC nanosheet for detecting CO, CO», NO, and NO: is fluctuated by their
selectivity and sensitivity, which can represent the efficiency of these surfaces as promising
gas adsorption devices (Figure 3a-d).

3.3. Magnetism of gas adsorption onto Cr-doped SiC monolayer.

Isotropic (oiso) and anisotropy (caniso) shielding tensors of NMR spectroscopy for certain
atoms in the active site of CO, CO., NO and NO; adsorbed on the Cr —doped SiC nanosheet
(GM—CrSIC) through the formation of the binding between gas molecules and solid surfaces
have been calculated using Gaussian 16, Revision C.01 and reported in Tables 2 [40].

Table 2. Data of "GIAO/NMR" shielding tensors for selected atoms of CO, CO_, NO, and NO; adsorbed on the
Cr-doped SiC nanosheet (GM—CrSiC) using CAM-B3LYP/EPR-III, 6-311+G (d,p) calculation.
CO—CrsSiC CO,—CrsSiC NO—CrSiC NO>—CrSiC

Atom G iso G aniso Atom G iso 6 aniso | Atom G iso G aniso Atom G iso G aniso

C1 919.79 | 1222.39 C1 104.78 | 127.69 01 2461.23 | 3517.62 N1 7159 | 420.00

02 156.05 | 912.93 02 320.51 | 246.55 N2 623.40 | 988.10 02 285.67 | 632.05

C3 11.73 506.53 C3 38.53 441.43 C3 91.71 263.77 03 364.23 | 675.24

Si4 420.18 | 658.02 Si4 530.63 | 420.63 Si4 399.44 | 482.66 C4 102.22 | 268.67

C5 162.29 | 737.54 C5 111.36 | 588.06 C5 34.49 432.86 Si5 398.08 | 465.51

Si6 57151 | 201.85 Si6 565.47 | 145.63 Si6 508.13 | 221.18 C6 6.39 380.51

Cc7 1071.14 | 1852.24 C7 306.82 | 707.32 C7 31.30 182.16 Si7 538.44 | 226.51

C8 220.83 | 683.26 C8 99.24 246.24 C8 126.21 | 189.03 C8 0.53 209.57

Si9 550.73 | 218.16 Si9 524.97 | 226.91 Si9 492.16 | 193.31 C9 109.80 | 187.10

Sil0 561.66 | 246.98 Si10 523.85 | 246.26 Sil0 483.72 | 199.85 Sil0 | 499.29 | 239.73

Cl1 189.46 | 869.46 Cl1 41.99 450.79 Cl1 101.33 | 255.92 Sill | 489.34 | 193.56

C12 163.30 | 248.93 C12 150.26 | 201.04 C12 176.60 | 132.36 C12 90.29 | 277.60

Sil3 373.25 | 687.25 Sil3 304.33 | 643.70 Sil3 345.75 | 559.38 C13 142.44 | 239.05

Sil4 544.67 | 510.68 Sil4 539.28 | 231.36 Sil4 535.26 | 143.36 Sil4 | 389.23 | 548.80

C15 196.90 | 334.31 C15 137.89 | 193.28 C15 113.18 | 109.43 Sil5 | 544.59 | 166.48

C16 192.79 | 184.43 C16 136.32 | 208.91 C16 117.08 | 146.66 Cl6 | 182.09 | 31.89

Crl7 | 1646.59 | 1918.12 | Crl7 | 1476.36 | 730.92 Crl7 517.01 | 741.00 C17 103.83 | 150.02

Sil8 57554 | 291.55 Sil8 566.08 | 155.74 Sil8 514.70 | 205.33 Crl8 | 764.59 | 702.10

C19 1082.64 | 2011.82 | C19 363.01 | 780.24 C19 4.24 207.97 Si1l9 | 511.00 | 240.22

C20 116.36 | 260.39 C20 104.67 | 277.16 C20 154.36 46.40 C20 13.33 | 227.08

Si21 36.22 | 1571.94 | Si2l 176.40 | 1500.01 | Si21 251.80 | 251.80 c21 107.55 | 192.71

Si22 531.76 | 369.24 Si22 535.93 | 394.12 Si22 450.06 63.77 Si22 | 308.33 | 1275.13

C23 228.64 | 145.86 C23 232.87 | 141.85 C23 227.25 | 111.12 Si23 | 461.15 | 65.07

C24 183.46 | 172.73 C24 151.86 | 199.96 C24 191.44 | 116.70 C24 | 227.05 | 125.36

Si25 471.57 | 306.05 Si25 540.10 | 238.99 Si25 545.51 | 106.06 C25 200.46 | 97.00

Si26 303.83 | 735.31 Si26 308.26 | 655.23 Si26 322.17 | 615.50 Si26 | 529.98 | 188.28

c27 182.23 | 661.12 c27 114.36 | 596.13 c27 27.29 430.20 Si27 | 327.81 | 585.94
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CO—CrsSiC CO.—CrsSiC NO—CrSiC NO>—CrSiC

Atom G iso G aniso Atom G iso 6 aniso | Atom G iso G aniso Atom G iso G aniso

C28 28.64 197.05 C28 16.46 204.02 C28 109.07 | 585.55 C28 37.54 | 440.43

Si29 297.22 | 498.06 Si29 361.05 | 214.16 Si29 121.72 | 330.23 C29 75.39 | 515.50

Si30 563.49 | 580.44 Si30 363.06 | 232.65 Si30 155.69 | 394.74 Si30 | 237.30 | 336.69

C31 48.10 367.94 C31 100.25 | 285.00 C31 117.12 | 159.56 Si31 | 168.97 | 275.50

Si32 371.21 | 155342 | Si32 183.00 | 1517.43 | Si32 226.73 | 1109.67 | C32 | 171.25 | 22.52

033 132.27 224.08 Si33 | 298.37 | 782.29
033+ 022+ 011 |

"Isotropic chemical-shielding"” ( ciso) "anisotropic chemical-shielding"” ( Ganiso ) [51]: oiso = —

022 + o011

Ganiso = 033 — 2

The resulting graphs of "NMR" data in Table 2 have shown approximately identical
chemical shielding behavior of isotropic and anisotropy factors of GM—CrSiC with several
sharp peaks related to carbon, nitrogen, oxygen, silicon, and chromium of gas molecules
(adsorbate) and TM-doped SiC nanosheet (adsorbent) in the active site situations. CO—CrSiC
with several sharp peaks related to the adsorption site for atoms including C1, C7, C11, C19,
C28, Si4, Si21, Si29, Si30, Crl17; CO,—CrSiC with several sharp peaks for atoms of C7, C11,
C19, C28, Sil13, Si21, Si29, Si30, Cr17; NO—CrSiC with several sharp peaks for atoms of O1,
N2, Crl7 and several less sharped peaks for atoms of C5, C8, C28, Sil3, Si26; and
NO,—CrSiC with several sharp peaks for atoms of O3, Sil4, Si22, Si27, Si30, Si31, and
several less sharper peaks of N1, C6, Cr18, respectively, have been indicated (Table 2).

In NMR spectroscopy, remarkable peaks around silicon and chromium atoms in the
SiC nanosheets are observed during the adsorption of gas molecules; however, there are
fluctuations in the chemical shielding behavior, with both isotropic and anisotropic
components.

3.4. Vibrations of gas adsorption onto Cr-doped SiC monolayer.

In this part, the stability of complexes, including gas adsorption on a chromium (Cr)-
doped graphene-like silicon carbide (SiC) monolayer sheet, has been investigated using
thermodynamic properties that define the reactions undergone by CO, CO2, NO, and NO-
within the CrSiC coordination sphere.
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Figure 4. The frequency (cm™) changes through the "IR" spectrums for (a) CO—CrSiC; (b) CO,—CrSiC;
(c) NO—CrSiC; (d) NO,—CrSiC as the selective gas detectors.
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Regarding the adsorption process, the thermodynamic characteristics of CO, CO2, NO,
and NO2 adsorption on the surface of CrSiC were evaluated as gas detectors, which can be
used as selective adsorbents for these gases (Table 3).

Furthermore, the IR spectra for the adsorption of CO, CO2, NO, and NO> on the surfaces
of CrSiC have been reported in Figure 4 (a-d). The graph in Figure 4(a) shows a frequency

range of 500 cm-1 to 2500 cm-1 for the complex CO—CrSiC, with several sharp peaks at

544.14 cm, 788.20 cm™, 1269.6 cm™, 1660.33 cm™, 2150.96 cm™, and 2372.32 cm™.

Figure 4 (b) shows several of the strongest IR peaks of CO.—CrSiC, approximately
between 1000 cm™ and 3000 cm™, with a sharp peak of around 2029.61 cm™. Figure 4(c) shows
several weaker IR peaks of NO—CrSiC, approximately between 550 cm™ and 2500 cmt, with
several considerable peaks around 1927.38cm™, 1985.13 cm™, 2033.32 cm™, 2070.30 cm™,
2094.94, 2110.71 cm?, 2125.89 cm™?, 2270.87 cm™, 20293.92 cm™, and 2416.07 cm™. Figure
4(d) exhibits several weaker IR peaks of NO,—CrSiC, approximately between 550 cm™ and
2500 cm™, with several sharp peaks around 1091.68 cm™, 1144.68 cm™, 1933.85 cm't, 2094.63
cm?, 2290.29 cm, 2402.25 cm, and 2413.97cm™.

The adsorptive capacity of CO, CO2, NO, and NO2 on the surface of CrSiC is approved
by the AE®.ds amounts as follows:

AE®qs = AE®x crsic— (AE°x + AE® crsic); (X=CO, COz, NO, NO2) (5)

Table 3 shows that the adsorption of CO, CO2, NO, and NO on the surface of CrSiC
must have both "physical™ and "chemical™ nature. All the measured relative adsorption energies
(AE®ags) are almost identical and exhibit the agreement of the estimated data by all methods and
the accuracy of the calculations. In fact, CrSiC has a higher interaction energy from Van der
Waals’ forces with gas molecules, including CO, CO2, NO, and NOg, that can make it highly
stable.

Table 3. The thermodynamic character of CO, CO,, NO, and NO; adsorbed on the CrSiC as the selective gas

adsorbents.

Compound AE®x10* AH®x10* AG°x10 S° Dipole moment
(kcal/mol) (kcal/mol) (kcal/mol) (Cal/K.mol) (Debye)
SiC —304.3389 —304.3389 —304.3417 93.684 9.6011
CrSiC —351.2309 —351.2308 —351.2335 90.931 9.6048
Cco —6.9784 —6.9784 —6.9798 47.100 0.2373
CO2 -11.6121 -11.6121 -11.6136 51.378 0.0000
NO -8.0017 -8.0016 -8.0031 48.968 0.2376
NO: —12.6298 —12.6298 —12.6315 57.792 0.2323
CO—CrSiC —358.2348 —358.2348 —358.2377 98.812 11.1282
C0O,—CrSiC —362.8914 —362.8913 —362.8942 98.041 10.1381
NO—CrSiC —359.2746 —359.2746 —359.2776 101.641 8.5831
NO2—CrSiC -363.8979 -363.8978 —363.9006 94.975 8.3460

Furthermore, the difference of AHr among adsorption of CO, CO», NO, and NO2 on the

surface of Cr—doped SiC has been unraveled due to non-covalent binding resulting from
interatomic interactions between gas molecules and surface (GM—CrSiC) and covalent
binding resulting from intra-atomic interactions between the transition metal of chromium and
silicon carbide nanosheet (CrSiC) (Table 3).
For the adsorption mechanism, AG%us is calculated as follows:
AGPds = AGx—csic — (AG®x + AG® ¢rsic); (X=CO, CO2, NO, NO2) (6)
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Based on the data in Table 3, it is predicted that gas adsorption on the CrSiC surface
may have both physical and chemical origins. As shown in Table 3, all the computed AG®ags
amounts are close, which exhibits the agreement of the evaluated data by all methods and the
validity of the computations.

However, the CrSiC surface appears to be sufficiently efficient for the adsorption of
gas molecules containing CO, CO2, NO, and NO., driven by charge transfer from nitrogen and
oxygen to the chromium-doped silicon carbide, facilitated by intra-atomic and interatomic
interactions.

4. Conclusions

In summary, the nonmetal element-doped SiC nanosheet has been studied by first-
principles calculations. Different dopants of gas molecules and doping sites are considered.
The current research aims to remark on the illustration of gas adsorption on CrSiC nanosheet.
Particularly, the structural, energetic, and infrared adsorption properties of linearly "atop" for
CO, CO2, NO, and NO, gas molecules adsorbing on CrSiC nanosheet have been explored by
using DFT calculations. The changes in charge density indicate a more significant charge
transfer in the CrSiC nanosheet, which acts as the electron acceptor, while gas molecules act
as stronger electron donors through adsorption on the CrSiC nanosheet surface. It has been
assumed that the priority for selecting the surface binding of the N-atom of NO, and O-atom
of NO2, CO, and CO: in the adsorption site can be impacted by the existence of close atoms in
the CrSiC surface. In fact, the Cr site in SiC nanosheet has a higher interaction energy from
Van der Waals’ forces with gas molecules, including CO, CO, NO, and NO, that can make
them highly stable. Finally, our molecular simulation results have exhibited the existence of
orbital hybridization between the chromium site and gas molecules of CO, CO2, NO, and NO,
which also supports the recovery of adsorption susceptibility of the graphene sheet. In fact, the
CrSiC surface can promise an applicable outlook in the field of CO, CO2, NO, and NO: gas
adsorbents. This research is a preliminary material study with potential for gas sensing after
further validation.
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