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Abstract: In this research, nitrogen dioxide (NO2) adsorption on doped pristine graphene (Gr) sheets 

with transition metals (TM) of manganese (Mn), cobalt (Co), and copper ( Cu) has been applied for 

scavenging this toxic gas as the environmental pollutant. TM@GR yields higher activity toward gas 

sensing than pure graphene. The thermodynamic results from IR spectroscopy have indicated that 

∆Gads,NO2→TM@C−NG
o  values are similar for different metal transitions of Mn, Co, Cu, which exhibit the 

accord of the estimated data by all approaches. Our results have provided a favorable understanding of 

the interaction between TM-doped graphene nanosheet and NO2 gas molecule. The bonding of NO2 

molecule to transition metals of Mn, Co, and Cu can be observed as beginning by transferring the 

unpaired electron into empty d orbitals of transition metal atoms. Moreover, NQR method with EPR-

III basis set for N-atoms has approved the efficiency of nitrogen dioxide as the detectors for promising 

scavengers through the graph analysis of : Ö: −Ṅ = Ö: → Mn@ C-Gr, : Ö: −Ṅ = Ö:  →Co @C-Gr, 

: Ö: −Ṅ = Ö:  → Cu @C-Gr complexes. Furthermore, the results of partial electron density states 

(PDOS) have confirmed an obvious charge accumulation between the graphene and doped atoms Mn, 

Co, Cu through NO2 adsorption. Frontier molecular orbital’s of HOMO, LUMO, and band energy gap 

accompanying some chemical reactivity parameters have represented the attributes of molecular 

electrical transport of (Mn, Co, Cu) doping of carbon nanographene for NO2 adsorption. 

Keywords: NO2; Gas sensor; (Mn, Co, Cu) @Gr; nanographene sheet; environmental pollutant; 

ONIOM/CAM; Langmuir adsorption. 
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1. Introduction 

Sensing and grabbing toxic and harmful gases like CO, CO2, NO, N2O, CH4, SO2, and 

H2S can largely help maintain human health and the ecosystem [1-5]. Different usages of 

carbon nanocompunds, such as adsorbing hydrogen, hazardous compounds, and gas and 

designing the sensor instruments [6-10]. Recently, many materials, including carbon structures, 

have been designed and applied for the adsorptive removal of environmental pollutant gases 

[11-15]. Thus, making high-implement gas detectors to distinguish these compounds is 

essential. 
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Therefore, the remarkable surface of carbon nanostructures is a privileged factor for 

gas detecting and adsorbing gas devices [16-19]. In addition, enough implanting of the 

compounds with transition metals might enhance their adsorbing ability and adjust their 

adsorbing selectivity as excellent dopant applicants [20-23]. 

As a matter of fact, this research wants to investigate the adsorption of hazardous gas 

of NO2 on the carbon nanographene, which has been decorated by transition metals of 

manganese, cobalt, and copper using DFT (density functional theory) approach to discover the 

adsorbing parameters of the various TM-doped nanographene surfaces [24-29]. 

2. Materials and Methods 

This article discusses the adsorbing of NO2 onto the transition metals-doped carbon 

nanographene. It has been defined as the first process of bond formation arising in the 

meanwhile of NO2 chemisorption. It runs over the consequences gained for adsorbing NO2 

onto (Mn, Co, Cu) doping of carbon nanographene. Bonding of NO2 molecule to a TM atom 

on the Gr surface can be observed as first launching by giving the lone pair on the C-atom into 

unoccupied d orbitals of the TM atom. The donor potency of NO2 in this procedure is 

recognized to be much tiny, and stability of the TM-C bond is confirmed to be captured by 

back donation of electrons from occupied d orbitals on the metal into unoccupied antibonding 

π* orbitals on the NO2 gas molecules. It is assumed that the two steps, donation and back 

donation, intend to augment each other in a cooperative state [30,31]. 

Different studies have concentrated on the C- nanosurfaces' gas adsorbing 

susceptibilities, which denote a good accord with the Langmuir adsorbing template. The 

adsorption of toxic NO2 gas on the Mn-doped, Co-doped, Cu -doped graphene nanosheet has 

been approved by the most appropriate Langmuir isotherm, which indicates the nature of 

chemisorption for the bond distance between : Ö: −Ṅ = Ö: molecules and TM-doped C-

nanographene, the equilibrium electron diffusion of the adsorbed particles between the solid 

and gas phases, and a monolayer feature. The gas molecules of : Ö: −Ṅ = Ö: are kept on TM-

doped C-nanographene with Langmuir chemisorption (Scheme 1). 

The changes of charge density analysis in the adsorption process have illustrated that 

Mn-doped, Co-doped, Cu -doped C-nanographene show the Bader charge of -1.499,-2.241,-

1.570, respectively, before adsorption of NO2, and -1.549,-1.794, -1.708, respectively, after 

adsorption of NO2 (Figure 1). 

LangmuirAdsorption

 
Scheme 1. IR spectrums of  : Ö: −Ṅ = Ö: molecules that adsorb on (Mn, Co, Cu) doping of C-nanographene. 
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Figure 1. The fluctuation of charge distribution versus atom type for adsorbing NO2 on the (Mn, Co, Cu) @Gr. 

Therefore, the changes of charge density for Langmuir adsorption of nitrogen dioxide 

on Mn-doped, Co-doped, and Cu-doped C-nanographene alternatively are ∆Q Cu-doped = -

0.138 ˃  ∆Q Mn-doped = -0.05˃˃ ∆Q Co-doped = +0.447. The values of charge density changes 

have illustrated a more significant charge transfer for Cu-doped C-nanographene (Figure 1). 

Our own n-layered integrated molecular orbital and molecular mechanics, or ONIOM 

combines three theoretical levels to reduce the sequence of validity as the high, medium, and 

low degrees of theory. In this model, a high-degree level has been performed using the density 

functional theory insight of CAM-B3LYP wave function with 6-31+G (d, p) basis set for some 

carbon atoms in nanographene and oxygen atoms in the adsorption zone; EPR-III basis set for 

nitrogen and LANL2DZ for some manganese, cobalt, copper atoms through adsorbing NO2 in 

the adsorption zone. The medium-degree level has been considered on the other carbon atoms 

of nanographene in the adsorption zone owing to semi-empirical methodologies. At last, a low-

degree level has been depicted on the other manganese, cobalt, and copper atoms through the 

adsorption of NO2 with MM2 force fields of molecular mechanic methods as formula 

 (Scheme2) [32-34]: 

𝐸𝑂𝑁𝐼𝑂𝑀= 𝐸𝐻𝑖𝑔ℎ + 𝐸𝑀𝑒𝑑𝑖𝑢𝑚 + 𝐸𝐿𝑜𝑤                     (1)      

 
Scheme 2. Langmuir adsorbing of NO2 as the pollutant toxic gas onto  (Mn, Co, Cu) doping of C-nanographene 

graphene on the optimized structure due to three-degree layered of high, medium, and low levels of ONIOM 

model. 
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In other words, the three-degree model of ONIOM leads to exploring a ground order 

more precisely than the one-degree model, which might treat a medium-sized order exactly 

such as a huge order with admissible validity [35]. 

In this article, the structures have been computed using the CAM-DFT method on the 

adsorption mechanisms of NO2 by (Mn, Co, Cu) doping of C-nanographene through bonding 

between transition metals and gas molecules. It has been discovered that the surface binding 

zone preference of O-atom and N-atom of NO2 in the adsorption zone is greatly influenced by 

the existence of neighboring atoms in the C-nanographene. The calculated pair distribution 

functions in NO2→ Mn/Co/Cu doping of C-NG have depicted that the creation of complexes 

leads to shorter bond lengths of O→ Mn, O→ Co, and O→ Cu, respectively, once balanced to 

the analogous increment (Scheme 2).  

Concerning DFT or Density Functional Theory, hybrid functional is considered a series 

of approximations for the exchange-correlation energy functional, which merges a sector of 

precise exchange from HF or Hartree-Fock theory methodology with the remainder of the 

exchange-correlation energy from other notifications like empirical or ab initio approaches. 

Thus, the Kohn-Sham orbitals represent the precise exchange energy functional instead of 

density, which is located as the indirect density functional. This research has employed the 

impression of the hybrid functional of a three-parameter basis set of Becke, Lee, Yang, Parr 

(B3LYP) within the skeleton of DFT upon theoretical computations [36,37]. 

A transition metal-doped graphene sheet has been made using the hard system and Z-

Matrix format, in which a blank line has been positioned. The hard Potential Energy Surface 

has been exposed at CAM-B3LYP functional [38], and concerning LANL2DZ /6-31+ G (d,p) 

basis sets to appoint frontier molecular orbital, Mulliken charges, nuclear magnetic resonance 

properties, dipole moment, thermodynamic characteristics and other quantum attributes [39]. 

In this research, NO2 has been adsorbed onto TM-doped C-nanographene toward the formation 

of NO2→ Mn/Co/Cu doping of C-Gr sheet using the Gaussian 16 program package [40]. 

3. Results and Discussion 

Based on the computational results, manganese, iron, cobalt, nickel, copper, and zinc 

transition metals doped on the nanographene have been investigated as the efficient surface for 

adsorption of toxic gas of nitrogen dioxide (NO2) causing air pollution. These experiments 

have been accomplished using spectroscopy analysis through some physicochemical attributes. 

3.1. Electronic properties (DOS & PDOS). 

The electronic structures of : Ö: −Ṅ = Ö: → Mn@ C-Gr, : Ö: −Ṅ = Ö:  →Co @C-Gr, 

: Ö: −Ṅ = Ö:  → Cu @C-Gr complexes have been analyzed to simplify subsequent discussion 

for interfacial electronic properties using DFT/LANL2DZ basis set. The graph of partial DOS 

(PDOS) has illustrated that the p states of Mn/Co/Cu-doped in the nanographene surface are 

dominant through the conduction band (Figure 2a-c). A distinct metallic feature can be 

observed in the TM@C-Gr surface because of the strong interaction between the p states of C-

Gr and the d state of Mn, Co, and Cu atoms near the Fermi energy. Moreover, the existence of 

covalent features for these alloys has exhibited identical energy amounts and figures of the 

PDOS for the p orbitals of C-Gr and d orbitals of Mn, Co, and Cu atoms. 
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Figure 2. PDOS of (a) NO2→Mn@C-Gr, (b) NO2→Co@C-Gr, and (c) NO2→Cu@C-Gr with Fermi 

level =0. 
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Figure 2(a-c) shows that the Mn, Co, and Cu states doped in the graphene surface 

contribute more at the middle of the conduction band between -1ev and -20ev. The contribution 

of C, N, O, Mn, Co, Cu states are expanded, but  C  states in the graphene nanosheet reveal the 

expanded contribution with sharper conduction bands compared to  N, O, Mn, Co, Cu states 

(Figure 2a-c). 

The partial electron density (PDOS) also approved the results, showing a charge 

association between the graphene sheet and Mn, Co, and Cu-doped elements. Thus, the above 

results exhibit that the cluster dominant of non-metallic and metallic features and a certain 

degree of covalent features can illustrate the increasing adsorption direct band gap of NO2 

through  (Mn, Co, Cu)-doped graphene nanosheet.  

3.2. Nuclear quadrupole resonance (NQR) analysis. 

NQR method has been carried out for the complexes of NO2 adsorption on the (Mn, 

Co, Cu) -doped carbon nanographene [41-44].  

As the EFG at the position of the nucleus in gas adsorbed on the metal-doped carbon 

nanographene as the gas sensor is assigned by the valence electrons twisted in the special 

linkage with close nuclei of C-nanographene surface, the NQR frequency at which transitions 

happen in particular for : Ö: −Ṅ = Ö: → (Mn, Co, Cu)- doped C-nanographene (Table1).  

Table 1. The electric potential(Ep) and Bader charge (Q) for elements of NO2→ Mn-doped, 

NO2→ Co-doped, NO2→ Cu-doped nanographene by CAM-B3LYP/EPR-III, LANL2DZ,6-

31+G(d,p) calculation extracted of NQR method. 

: �̈�: −�̇� = �̈�:  → Mn@ C-NG : �̈�: −�̇� = �̈�: → Co@ C-NG : �̈�: −�̇� = �̈�:  → Cu @C-NG 

Atom 

type 
Ep Q 

Atom 

type 
Ep Q 

Atom 

type 
Ep Q 

N1 -17.8974 0.0138 N1 -17.9023 0.0001 N1 -17.8793 0.0395 

O2 -21.7065 -0.1115 O2 -21.7065 -0.1212 O2 -21.6890 -0.0991 

O3 -21.9267 -0.1936 O3 -21.9372 -0.2173 O3 -21.9183 -0.1888 

C9 -14.5480 -0.3492 C9 -14.5398 -0.4064 C9 -14.5414 -0.4128 

C15 -14.4653 0.0591 C15 -14.4733 0.0599 C15 -14.4885 0.0551 

C16 -14.4560 -0.2814 C16 -14.4737 -0.3711 C16 -14.4885 -0.3726 

C17 -14.5684 -0.4658 C17 -14.6058 -0.5429 C17 -14.6196 -0.5217 

Mn 18 -107.7744 1.5486 Co 18 -120.312 1.7938 Cu 18 -133.3453 1.7077 

C19 -14.4372 0.0776 C19 -14.5038 -0.0058 C19 -14.4900 0.0091 

C20 -14.6675 -0.0628 C20 -14.6703 -0.0463 C20 -14.6639 -0.0430 

C24 -14.4956 -0.0711 C24 -14.5033 -0.0499 C24 -14.5126 -0.0561 

C26 -14.4425 0.0725 C26 -14.4941 0.0094 C26 -14.5053 0.0468 

In addition, in Figure3 (a-c), it has been plotted the electric potential of NQR method 

versus Mulliken charge for elements of : Ö: −Ṅ = Ö: → (Mn, Co, Cu)-doped nanographene 

using CAM-B3LYP/EPR-III, LANL2DZ, 6-31+G (d,p) level of theory. 
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Figure 3. The electric potential versus Mulliken charge through NQR calculation for adsorption of NO2 onto (a) 

Mn-, (b) Co-, (c) Cu-doped nanographene using CAM-B3LYP/EPR-III, LANL2DZ,6-31+G(d,p). 

In Figure 3, the changes of electric potential for nitrogen, oxygen, carbon, manganese, 

cobalt, and copper in the active site of Langmuir adsorption have been remarked. In fact, it has 

been observed the effect of the substitution of carbon atoms in pristine graphene with 

manganese, cobalt, and copper during adsorbing NO2 resulted in electric potential using NQR 

analysis (Figure3a-c). It’s obvious that the graph : Ö: −Ṅ = Ö: → Mn@ C-NG, : Ö: −Ṅ =

Ö:  →Co @C-NG, : Ö: −Ṅ = Ö:  → Cu @C-NG fluctuated by Mn, Co, and Cu, respectively, 

which represent the efficiency of nitrogen dioxide detectors as promising scavengers.  

3.3. Natural Bond Orbital (NBO) analysis. 

Furthermore, the natural bond orbital (NBO) analysis [45] of NO2 adsorption on the 

(Mn, Co, Cu) -doped carbon nanographene has illustrated the character of electronic 

conjugation between bonds in the gas molecules and TM@C-Gr (Table 2 & Figure 4).  

Table 2. NBO analysis for adsorbing NO2 on the (Mn, Co, Cu)@C-NG, respectively. 
NO2→ TM@C-Gr  Bond orbital Occupancy Hybrids 

: Ö: −Ṅ = Ö: → Mn @C-NG 

BD (1) N1 – O2 1.9482 0.6446 (sp3.94) N + 0.7645 (sp4.00) O 

BD (1) N1 – O3 1.9311 0.7591 (sp3.20) N + 0.6509 (sp4.15) O 

BD (1) C9 – Mn18 1.9329 0.7563 (sp1.75) C + 0.6543 (sp0.20 d4.96) Mn 

BD (1) C16– Mn18 1.9103 0.8161 (sp1.69) C + 0.5779 (sp0.80 d2.09) Mn 

BD (1) C17– Mn18 1.9496 0.7660 (sp1.55) C + 0.6428 (sp0.33 d4.15) Mn 

: Ö: −Ṅ = Ö: →  Co @C-NG 

BD (1) N1 – O2 1.9443 0.6399 (sp3.97) N + 0.7684 (sp3.54) O 

BD (1) N1 – O3 1.9248 0.7538 (sp3.17) N + 0.6571 (sp3.69) O 

BD (1) C9 – Co18 1.9641 0.8409 (sp1.29) C + 0.5412 (sp0.88 d2.85) Co 

BD (1) C16– Co18 1.9557 0.8444 (sp1.50) C + 0.5358 (sp1.14 d2.04) Co 

BD (1) C17– Co18 1.9734 0.8330 (sp1.30) C + 0.5533 (sp0.79 d4.09) Co 

: Ö: −Ṅ = Ö: → Cu @C-NG 

BD (1) N1 – O2 1.9460 0.6398 (sp3.96) N + 0.6398 (sp3.45) O 

BD (1) N1 – O3 1.9220 0.7579 (sp3.16) N + .6524 (sp3.60) O 

BD (1) C9 – Cu18 1.9044 0.8390 (sp1.21) C + 0.5442 (sp2.33 d1.63) Cu 

BD (1) C16– Cu18 1.9658 0.8422 (sp1.43) C + 0.5392 (sp0.94 d1.52) Cu 

BD (1) C17– Cu18 1.9494 0.8390 (sp0.98) C + 0.5442 (sp1.81d1.30) Cu 

R² = 0.89

-140

-120

-100

-80

-60

-40

-20

0

20

-1 -0.5 0 0.5 1 1.5 2

E
p

Q

(b)

R² = 0.88

-160

-140

-120

-100

-80

-60

-40

-20

0

20

-1 -0.5 0 0.5 1 1.5 2

E
p

Q

(c)

https://doi.org/10.33263/BRIAC142.041
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC142.041  

 https://biointerfaceresearch.com/ 8 of 16 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Occupancy fluctuation extracted of NBO method for bond lengths of N-O, N-TM (Mn, Co, Cu) 

through adsorption of NO2 onto TM@C-Gr surface. 

In Figure 4, the complexes of NO2→ Mn@ C-NG, NO2→ Co@ C-NG, NO2→ Cu@ 

C-NG surfaces have exhibited the most fluctuated graphs through the occupancy via the natural 

bond orbitals due to the Langmuir adsorption while the active oxygen atoms in nitrogen dioxide 

becoming close to the nanographene.  

3.4. Thermodynamic properties & IR spectroscopy analysis. 

Thermodynamic parameters have been estimated for the adsorption of toxic nitrogen 

dioxide (: Ö: −Ṅ = Ö:) on the surfaces of (Mn, Co, Cu), respectively, doping of nanographene 

as the gas sensors can be used as the selective detectors for environmentally hazardous gas 

(Table 3).  

Furthermore, the infrared spectrums for adsorption of NO2 by (Mn, Co, Cu)-doped onto 

C-nanographene have been reported in Figure 5 (a-c).  

The graphs have been observed in the frequency limitation of about 500 cm-1- 2000 cm-

1 for the complexes of : Ö: −Ṅ = Ö: → Mn @C-NG, : Ö: −Ṅ = Ö: → Co @ C-NG, and 

: Ö: −Ṅ = Ö: → Cu @C-Gr with the strongest peaks in IR spectrum around 1550 cm-1 and 1900 

cm-1 Figure5 (a-c) .  

 

 

 

 

Table 3. The thermodynamic attributes of NO2 adsorbed on the (Mn, Co, Cu)@C-Gr as the selective gas sensor. 
Compound ∆Eo×10-4 

(kcal/mol) 

∆Ho×10-4 

(kcal/mol) 

∆Go×10-4 

(kcal/mol) 

∆Go
ads×10-4 

(kcal/mol) 

So 

(Cal/K.mol) 

Dipole moment 

(Debye) 

: Ö: −Ṅ = Ö: -12.6298 -12.6298 -12.6315 - 57.792 0.2323 

Mn@ C-NG -139.3551 -139.3551 -139.3588 - 124.779 1.4652 

Co@ C-NG -153.7094 -153.7094 -153.7133 - 128.964 0.9321 

Cu@ C-NG -169.6604 -169.6605 -169.6643 - 129.753 1.0422 

: Ö: −Ṅ = Ö: →  Mn @C-Gr -151.9008 -151.9008 -151.9045 0.0858 125.163 10.5640 

: Ö: −Ṅ = Ö: →  Co @C-Gr -166.2564 -166.2564 -166.2598 0.0850 116.087 4.6108 

: Ö: −Ṅ = Ö: →  Cu @C-Gr -182.2074 -182.2073 -182.2110 0.0848 123.268 4.1641 
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(a) 

 

 
(b) 

 
 

(c) 

 

 
Figure 5. Alterations of frequency (cm-1) in the IR spectrums for (a)  : Ö: −Ṅ = Ö: → Mn @C-NG, (b) 

: Ö: −Ṅ = Ö: → Co @ C-NG, (c) : Ö: −Ṅ = Ö: → Cu @C-NG as the selective gas sensors. 

From Figure 6, it could be understood that the maximum of the Langmuir adsorbing 

isotherm plots related to ∆Gads
o  versus dipole moment may depend on the interactions between 

NO2 and TM-doped C-nanographene. The order of Gibbs free energy changes for clusters of 

gas→ TM@ C-Gr is ∆GNO2→  Mn@C   
0 ˃ ∆GNO2→  Co@C      

0 ˃ ∆GNO2→  Cu@C      
0 , respectively (Table3 

& Figure 6). 

The adsorptive capacity of NO2 on the TM-doped C-nanographene is approved by the 

∆𝐺𝑎𝑑𝑠
𝑜  amounts: 

∆Gads,NO2
o =  ∆GNO2→TM@C−Gr

o − (∆GNO2
o +  ∆GTM@C−Gr

o ); (TM =

Mn, Co, Cu)  (6)                   
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On the basis of the data in Table 3, it is predicted that the adsorption of NO2 on the TM-

doped graphene nanosheet must be physicochemical attributes. As seen in Figure6, all the 

calculated  ∆Gads,NO2
o  values are very similar, which exhibits the accord of the estimated data 

by all approaches and the accuracy of the measurements. In fact, TM-doped C-nanographene 

can possess enough efficiency for the adsorption of toxic gas of nitrogen dioxide through 

charge transfer from oxygen atoms to transition metals.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The changes of Gibbs free energy (kcal/mol) versus dipole moment (Debye) for adsorption 

of NO2 on the (Mn, Co, Cu), respectively, doping of C-nanographene surface. 

3.5. Frontier molecular orbital’s of HOMO, LUMO, and UV-VIS analysis. 

The lowest unoccupied molecular orbital (LUMO) energy is generated by ionization, 

and the highest occupied molecular orbital (HOMO) energy is observed by the electron affinity. 

These parameters have been evaluated for the adsorption of nitrogen dioxide on the (Mn, Co, 

Cu) doping of nanographene as the gas detector in Table 4. The HOMO (au), LUMO (au), and 

band energy gap (∆E = E LUMO- EHOMO) (ev) have exhibited the pictorial explanation of the 

frontier molecular orbital’s and their respective positive and negative areas, which are a 

significant parameter for discovering the molecular properties of efficient compounds in 

adsorption of NO2 on the TM-doped nanographene surface (Table 4). 

Moreover, for getting more conclusive approval in identifying the compound 

characteristics of adsorption complexes of NO2 on the (Mn, Co, Cu) doping of C-nanographene 

surfaces, a series of chemical reactivity parameters such as chemical potential (µ), 

electronegativity (χ), hardness (η), softness (ζ), electrophilicity index (ψ) has been carried out  

(Table 4) [46-51]. 

Figure 7 has drawn that chemical potential (µ) for NO2 adsorption on the surface of 

zinc doping of carbon-nanographene has a considerable minimum potential well. The negative 

content of the chemical potential (μ) and the positive contents of other factors have remarked 

an admissible efficiency of scavenging NO2 by zinc-doped carbon-nanographene. In fact, the 

chemical potential defined the increase of NO2 molecules to the crystal of Zn@ C-Gr while the 

number of other particles and the number of unoccupied lattice locations remain constant. 
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Table 4. The LUMO (a.u.), HOMO (a.u.), band energy gap (∆E /ev), and other qualifications (ev) for adsorption of NO2 on the (Mn, Co, 

Cu) doping of C-nanographene surfaces using CAM-B3LYP/ LANL2DZ, 6-31+G (d, p). 

Gas→ TM@C-NG LUMO HOMO  ∆E µ χ η ζ ψ 

 

 

: Ö: −Ṅ = Ö: → Mn@ C-NG 

  

3.7853 -2.1335 2.1335 1.8927 0.2641 1.2024 

 

 

: Ö: −Ṅ = Ö: → Co@ C-NG 

  

4.0621 -2.2419 2.2419 2.0310 0.2462 1.2373 

 

 

: Ö: −Ṅ = Ö: → Cu@ C-NG 

 
 

4.0302 -2.3280 2.3280 2.0151 0.2481 1.3447 

∆E= ELUMO -EHOMO; µ=(EHOMO+ELUMO)/2; χ= -(EHOMO+ELUMO)/2; η = (ELUMO -EHOMO)/2; ζ =1/(2η); ψ = µ2/(2η) 

 

Figure 7. The chemical potential (µ) of NO2 adsorption onto the crystal of Zn@C-Gr. 

As a matter of fact, enhancement of the gas molecules of NO2 thus involves 

simultaneously increasing a lattice site or unit cell to the crystal of Zn@ C-Gr surface. This 

procedure leads to an increase in the surface region, and thereby, energy must be spent 

generating a new nanographene surface [52-59]. In addition, the alliance of particles alters the 

mass of the crystal, and the process is also accomplished versus the mechanical powers.  

In this work, the energy gap establishes how toxic gas of NO2 can be adsorbed on the 

(Mn, Co, Cu) doping of nanographene as the gas sensors at B3LYP/ LANL2DZ, 6-311+G (d, 

p) quantum approach. In addition, frontier molecular orbitals perform an essential function in 

optical and electrical factors like ultraviolet and visible spectrums [60-69]. 

The energy gap between LUMO and HOMO has recognized the qualifications of 

molecular electrical transport [50]. Through the Frank-Condon formula, the highest absorption 

peak value (max) is related to an ultraviolet and visible spectrum to vertical stimulation. 

R² = 0.9956
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4. Conclusions 

This research aimed to remark on the study of polluting gas of nitrogen dioxide 

adsorption employing graphene nanosheet. The graphene sheet reviewed, in general, physically 

adsorbs many of the pollutant gas molecules considered, and the interaction can usually be 

enhanced by transition metal doping, which ameliorates their detecting properties through 

chemisorption study. 

This article has reported the trends for environmental pollutant gas of nitrogen dioxide 

(NO2) chemisorption on transition metals (manganese, cobalt, copper) doping of carbon-

nanographene surface. 

In particular, the energetic, structural, and infrared adsorption characteristics of linearly 

(atop) NO2 adsorbed on (Mn, Co, Cu) doping of C-NG have been discussed. Spin-unrestricted 

density functional theory (DFT) calculations were applied to verdict the tendency of NO2 

adsorption energy of (NO2→ Mn-, NO2→Co-, NO2→Cu-) doped on the nanographene sheet 

and normal mode vibrational frequencies (νNO2) of: Ö: −Ṅ = Ö: for clusters composed of Mn, 

Co, Cu. 

The effects of the transition metal electronic structure on the adsorption energy of toxic 

NO2 gas and how these chemical factors might be related to the catalytic activity of transition-

supported metal catalysts that deal with adsorption and surface diffusion have been 

investigated.  
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