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Abstract 

The interaction between poisonous gases and the surface of a single-walled carbon nanotube (SWCNT) is investigated using 

density function theory (DFT) in this work. Fluorine (F2), carbon monoxide (CO), and carbon dioxide (CO2) are the toxic 

gases used in this investigation (CO2). F2 and CO have strong reactivity with the surface of SWCNT, according to adsorption 
calculations. They are chemical interactions as well. Because of its physical adsorption, the CO2 gas molecule does not 

interact with the current system. The current nanosystem can detect F2 and CO gas molecules, according to the sensitivity 

calculation. Only chemical adsorption changed the UV-visible spectrum, and this was visible in F2 and CO interactions. The 

optical response result describes how to develop and use an optical sensor for CO gas molecule detection in an environmental 

situation.F2 and CO are acceptors, while CO2 is a donor, according to charge transfer calculations. 

Keywords: DFT, Adsorption energy, Chemical adsorption, Graphene, Two-dimensional materials 

1- Introduction  

Carbon nanotubes have been studied by 

scientists in recent years due to their unique 

features. Its unusual geometry and carbon 

allotrope qualities make it ideal for a variety of 

applications, including electronic devices, 

energy storage, chemical props, and 

biosensors[1–4]. Nanomaterials are good for 

gas chemical and physical adsorption due to 

their high surface to volume ratio and hollow 

form. One-dimensional materials such as 

nanowires, carbon nanotubes, and nanofibers 

are used to create gas sensors. Graphene is a 

two-dimensional substance that is 

derivative[5]. Lijima was the first to discover 

carbon nanotubes in 1991[6]. Researchers 

have been studying the thermal, electrical, 

electron transport, mechanical, and structural 

properties of nanotubes significantly in recent 

years[7]. gle walled carbon nanotubes 

(SWCNT) and multi walled carbon nanotubes 

(MWCN) are the two forms of carbon 

nanotubes (MWCNT). SWCNT has a diameter 

of approximately 1 nm, while MWCNT has a 

diameter of 5-100 nm[8]. The structural and 

electronic properties of gas molecules that 

adsorb on the surface of carbon nanotubes are 

altered[9, 10]. Carbon nanotubes respond 

faster, have a higher sensitivity, are smaller, 

and operate at a lower temperature[11, 12]. 

Carbon nanotubes are more suited for 

environmental, pharmacological, and 

biomedical applications because of certain 
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characteristics [13-16]. The goal of this study 

was to calculate the interaction between gas 

molecules and the surface of SWCNT, as well 

as to point out the nature of the adsorption 

process. Fluorine (F2), carbon dioxide (CO2), 

and carbon mono-oxide (CO) were the gases 

studied. 

2- Adsorption process across surface  

A number of processes, including 

heterogeneous catalysis [17], contact formation 

in molecular electronics[18], and anchoring of 

biomolecules to solids for sensors and other 

biomedical applications[19], depend on the 

development of a bond between a molecule 

and a metal surface. The adsorption energy is a 

fundamental number that describes the strength 

of a molecule's interaction with a surface. 

Advanced surface science approaches can be 

used to determine the adsorption energy[20]. 

Alternatively, adsorption energies can be 

calculated with reasonable accuracy using 

density functional theory (DFT)[21]. [22] is 

the theoretical model that describes adsorption 

energy:EAd=E(Gas+Rib.)-(E(Gas)+E(Rib.))            (1)   

Where EAd represents the adsorption energy, 

E(Gas+Rib.), E(Gas) and E(Rib.) are the total energy 

for mixture adsorption, gas molecule and 

isolated nano-ribbon, respectively.  

From equation (1) can be classify type of 

interaction depending on energy of adsorption 

formed. If Ead varies in range (0.01-0.4) eV is 

physical interaction, greater than 0.4 eV is 

chemical[23].   

3- Theoretical Background  

Density functional theory (DFT), which is 

widely used in quantum mechanical methods 

in physics and chemistry, is used to analyze 

electronic systems and electronic structure. 

DFT has been most frequently used to evaluate 

the ground-state characteristics of metals, 

semiconductors, and insulators. DFT also is an 

useful strategy in computational physics and 

chemistry[24]. The Thomas-Fermi model was 

the historical starting point for the theory of 

density in 1927. They expressed an atom's 

kinetic energy as a function of electron number 

to determine its energy. Density, as well as the 

typical formulations for nuclear-electron and 

electron-electron interactions, which can also 

be represented in terms of electron density[25]. 

The DFT focuses on the much less convoluted 

electron density (r). The fundamental notions 

of DFT are based on ground state energy. The 

density of electrons determines all other 

electronic properties in the ground state[26]. 

However, the electronic density for minimal 

total energy corresponds with the exact ground 

conditions of the system. 

4- Computational details  

n this study, nano tube modular is utilized to 

create a graphene nano-ribbon structure with 

n=m=4 and a tube length of 1 nm. For the 

display system, export the structure to the 

Gaussian 5.0 version. The input data is then 

exported to Gaussian 09, which is used to 

calculate geometrical and electrical 

parameters, as well as adsorption energy. The 

ground state parameters were computed using 

the DFT approach, which was dependent on 

electron density. Higher Occupied Molecular 

Orbitals (HOMO) and Lower Unoccupied 

Molecular Orbitals (LUMO) are produced by 

molecular orbital energy, and the energy gap 

and relaxation structure are estimated using the 

DFT method. The time-dependent-density 

function theory is used to calculate UV-Visible 

characteristics. In this investigation, the basis 

set was 6-31G, and the hybrid function was 

B3LYP[27].

5- Result and discussions: Geometrical 

properties.  
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The geometrical properties of SWCNT at 

ground state are evaluated using DFT 

calculations in this study. Figure 1 depicts the 

geometrical structure of SWCNT, which 

includes bond length and angle between atoms 

that produced it. The outcome of the figure 

reveals that there are four types of bonds 

between atoms that are related to SWCNT. The 

lengths of their (C-C, C=C, C—-C, C-H) bonds 

are (1.4566-1.4801, 1.3546, 1.1413-1.4421, 

and 1.0853), respectively. The lengths of the 

C=C and C-H bonds are symmetric in values, 

according to the results. The angles between 

atoms (C-C-C, C-C—-C, and C-H=C) are 

(119.1111-119.1280, 115.5075-120.5344, and 

121.8984-121.9001). All of the bond length 

and angle results correspond with those found 

in an earlier study[28].

 

Figure (1): represent geometrical structure of SWCNT, the white and gray balls are H and C 

atoms, respectively.  

6- Adsorption energy.  

The term "adsorption energy" was used to 

characterize the interaction between a gas 

molecule and the surface of a SWCNT. 

Determine whether the interaction is chemical 

or physical. The value of adsorption energy 

measured in eV is listed in Table 2. In general, 

an adsorption process system with a high 

negative energy is considered to be more 

stable. According to computer simulations, the 

F2 gas molecule has After it CO, it has a 

strong reactivity with the surface of SWCNT. 

Chemical interactions between F2 and CO 

were also observed. The CO2 gas molecule 

interacts poorly with the surface of SWCNT, 

thus the amount of energy released during 

physical adsorption is minimal. During the 

adsorption phase, positive energy values 

appear, indicating that the system is unstable. 

Figure (2) depicts the molecular orientation of 

gases surrounding the surface of SWCNT[29].

Table (1): represent values of adsorption energy measured in eV unit and types of interaction  

 System  Adsorption energy (eV)  Types of interaction  

SWCNT-F2 

SWCNT-CO  

SWCNT-CO2 

-4.1964  Chemical  

-1.5337  Chemical  

0.00325  Physical  
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System Geometrical orientation 

SWCNT-F2 

 

SWCNT-CO 

 

SWCNT-CO2 

 

 

Figure (2): represent geometrical orientation of gases molecular around surface of SWCNT.  

7-Electronic states and Energy gap.   

The energy gap and molecular orbitals are 

effective tools for characterizing the amount of 

charge transportation between band energies. 

DFT simulations are used to investigate the 

properties in question 1. Table 2 shows the 

electronic states (HOMO and LUMO) as well 

as the energy gap in eV units. The results 

demonstrate that the molecular orbitals and 

energy gap were modified as a result of the 

high chemical adsorption between CO and F2 

gas molecules. There was no change in CO2 

adsorption because the coupled system was 

unstable. When F2 and CO gas molecules 

interact with the surface of SWCNT, the band 



 Egypt. J. Chem. Vol. 62, No. 9. pp. 1575 - 1585 (2019) 

_______________________________________________________________________________________________________

___________ 

________________________________________________ 

Egypt. J. Chem. 65 No. 6 (2022) 

 

93 

energy narrows, but valance electrons travel 

freely from HOMO to LUMO through the 

energy gap .Reversely, CO2 interaction process 

doesn't effect on energy gap because physical 

adsorption condition[30]. Table 3 represent 

values of sensitivity calculations. Results of 

the sensitivity shows that SWCNT more 

sensitive for F2 and CO gases molecule.   

Table (2): represent values of electronic states (HOMO and LUMO) and energy gap measured in 

eV unit  

 System  HOMO  LUMO  Eg 

SWCNT-F2 -4.66641 -2.7445 1.921913 

SWCNT-CO2 -4.57172 -2.32328 2.248445 

SWCNT-CO -4.30723 -2.323 1.984226 

SWCNT -4.55948 -2.30069 2.258785 

 

Table (3): represent values of sensitivity for interaction systems.  

 System  Sensitivity *100%  

SWCNT-F2 

SWCNT-CO 

SWCNT-CO2 

0.15 

0.12 

0 

8-UV-Visible properties.  

The UV-Visible spectrum for the systems 

under examination was computed through 

using TD-DFT technique. UV-Visible spectra 

for SWCNT in pure and contact phases are 

shown in Figure (3). The maximum absorption 

wavelength for SWCNT was 812 nm. The 

result shows that a nanosystem in its pure state 

received electromagnetic radiation in the red 

region. Following the adsorption procedure, 

chemical exchanges between F2 and CO gas 

molecules had to have an immediate impact on 

the UV-Visible spectra, shifting it to the blue 

area of electromagnetic radiation. During the 

adsorption process, the maximum wave 

lengths of F2 and CO were 712 and 752 nm, 

respectively. Because of the low physical 

adsorption and absorption wave length, the 

CO2 gas molecule has no effect on the optical 

absorption of SEWNT in its pure state[31]. 

When compared to F2, optical response 

calculations show that SWCNT has a strong 

reactivity with CO gases. As a result of this 

finding, we can conclude that we have the 

ability to develop an optical sensor that can 

detect the F2 gas molecule. Table 3 shows the 

optical response values for the system under 

investigation. 
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System  UV - Visible  

SWCNT - F 2  

 

SWCNT - CO 2  
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Figure (3) represent UV-Visible spectra for SWCNT in pure and interaction phase  

Table (4): represent optical response for adsorption gases molecule with surface of SWCNT.  

 System  Sensitivity *100%  

SWCNT-F2 

SWCNT-CO2 

SWCNT-CO 

0.16 

0.60 

0 

 

 

9- Charge transfer analysis. 

Charge transfer (CT) calculation consider 

important tool to determine amount of 

charge that transfer between reactors 

systems (gas molecules+ carbon 
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nanotube). This method can be used to 

track the transfer of charge between gas 

molecules and carbon nanotubes[22]. If 

CT is positive, it indicates that charge is 

being moved from a gas molecule to a 

carbon nanotube, and vice versa[32]. CT 

values in electron units are presented in 

Tables (5). (e). The results show a clear 

trail of charge transfer from SWCNT to 

gas particles in the interaction of F2 and 

CO. In addition, due of the high chemical 

adsorption, the F2 interaction delivers a 

large quantity of charge as compared to 

CO. The charge transfer from the gas 

molecule to the SWCNT is visible in the 

CO2 interaction, but only in a small 

amount due to low physical 

adsorption[33]. The final results 

demonstrate that F2 and CO are acceptors, 

while CO2 is a donors.. 

Table (5) represent values of CT measured in electron unit (e). 

System CT (e) unit 

SWCNT-F2 -0.6489 

SWCNT-CO -0.3571 

SWCNT-CO2 0.0921 

 

10-Conclusions  

1- Geometrical structure calculations 

show that all bond length for system 

under study are agreements with 

experimental measurement.  

2- Adsorption calculations show that F2 

and CO gases molecule have chemical 

reaction with surface of SWCNT.  

3- Sensitivity calculation shows that 

SWCNT sensitive F2 gases molecule 

greater from others.  

4- Band gap energy changes only in a 

chemical interaction between two 

reactors.  

5- Optical response calculations show 

that ability to design optical sensor for 

CO gas molecule
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