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Abstract  
           One of the most important uses of carbon nanotubes (CNTs) as a nanosensor for various 

polluted gases resulting from the burning of petroleum derivatives containing sulfur compounds 

or extracted from the gases associated with petroleum, which are isolated by heat.  

In this investigation, we tested the adhesion of gas molecules connected with oil: we examined 

the adhesion of gas molecules connected with oil: sulfur dioxide (SO2) and hydrogen sulphide 

(H2S) on the surface of ((5,0) zigzag and length    (100 nm)) CNTs using DFT calculations to 

explore the high sensitivity to nanosensor for these molecules, which have gotten awesome 

consideration because of environmental and industrial considerations. 

From the results obtained in this study geometry optimization (structural properties) for 

nanosensor  for useful assention with trial information. While the electronic properties included 

calculate total energy, HOMO energies, LUMO energies, ionization potential, electron affinity, 

potential electronic chemical, electronegativity, electrochemical hardness and electronic softness, 

also, the energy gap of the sensors under study has been calculated and the energy gap varies as 

stated by the type of gases to be detected. Moreover, we used orbital analysis counting the DOS 

to finding out the possible orbital hybridization between molecules and CNTs. From these 

results, we can say that the CNTs under study ((5,0) zigzag and the length (100 nm)) has a high 

susceptibility to being an effective nanosensor for the gas molecules connected with the oil. This 

type of sensor(CNTs/SO2 or H2S) is standout amongst those a large portion essentialpersonal 

protective equipment that is to warn the person of the presence of gases associated with oil, 

especially in areas of normal gas extraction. 

Keywords: CNTs; Nanosensor ; Structural and Electronic properties;Oil industry. 
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 متحسسات من أنابيب الكاربون النانوية للكشف عن الغازات في الصناعات النفطية
الملوثه المختلفة الناتجة من حرق المشتقات ستشعر نانوي للغازات كم ) (CNTsمن أهم استخدامات أنابيب الكاربون النانوية

النفطية التي تحوي على مركبات الكبريت أو المستخرجة من الغازات المصاحبه للبترول والذي يتم فصلها بالحرارة. في هذه 

على H2S) () وكبريتيد الهيدروجين SO2الدراسة ، تم اختبار التصاق جزيئات الغاز المصاحبة للنفط : ثنائي أكسيد الكبريت (

) لاستكشاف التحسس العالي DFT)  باستخدام حسابات نظرية دالة الكثافة (nm 100( ) وطول5,0متعرج ( (CNTs)سطح 

من النتائج التي تم الحصول  للمستشعر النانوي لهذه الجزيئات التي اخذت اهتماماً كبيرا نتيجة الاعتبارات البيئية والصناعية لها.

الأمثلية الهندسية (الخواص التركيبية) للمستشعر النانوي  تتفق تماما مع النتائج التجريبية. بينما الخواص عليها في هذه الدارسة 

ارات الجزيئية )، طاقات المدHOMOارات الجزيئية الأعلى المشغولة (حساب الطاقة الكلية، طاقات المد الالكترونية تضمنت

لكترونية، الجهد الالكتروني الكيميائي، الكهروسالبية و الصلادة والمرونة )، جهد التأين، الألفة الاLUMOالادنى الفارغة (

الالكترونية، ايضا تم حساب فجوة الطاقة للمستشعرات قيد الدراسة وتبين أن فجوة الطاقة تتغير باختلاف نوع الغاز المطلوب 

زيئات ين المداري المحتمل بين هذه الج) لمعرفة التهج (DOSذلك، قمنا بحساب كثافة الحالات بالإضافة الى. الكشف عنه

) وطول 5،0. ومن خلال هذه النتائج، نستطيع ان نقول بان أنبوب الكاربون النانوي قيد الدرسة (وانابيب الكاربون النانوية

)100 nm ( من لديه قابلية عالية على أن يكون مستشعر نانوي فعال لجزيئات الغاز المصاحبة للنفط. حيث يعتبر هذا النوع

أحد أهم معدات الحماية الشخصية التي تعمل على تحذير الشخص من وجود الغازات   (CNTs/H2S or SO2)المتحسسات

 .الغاز الطبيعيالمصاحبة للنفط وخصوصا في مناطق استخراج 

 الخصائص الالكترونية والتركيبية؛ الصناعات النفطية  متحسسات نانوية؛ ؛أنابيب الكربون النانوية الكلمات الدالة:

 

1. Introduction 
        Nanoscience and nanotechnology have created an incredible arrangement of excitement, 

activity, promise and expectation in the previous couple of years. The immense academic interest 

has resulted in many publications and patents [1]. Commercial interest has stimulated activities 

to produce practical nanomaterials and nanodevices, including sensors [2]. This audit examines 

nanotechnology and sensors with an emphasis on CNTs and chemical and biochemical sensors 

made from carbon nano-tubes [3]. In general, the literature on nanostructures, nanotubes, CNTs 

and sensor appli-cations is growing exponentially [4, 5]. The literature on nanotubes for all 

applications is exploding and, like most new technologies, much of the growth has been first in 

the logical and engineering novelties and later in more applied studies and ultimately realistic 

applications. There have been various surveys of the elec-trical and mechanical properties of 

CNTs and their planning [4, 6].  

Late improvement of nanotechnology has made colossal potential to construct exceedingly 

touchy, minimal effort, convenient sensors with low power utilization. The to a great degree high 

surface-to-volume proportion and empty structure of nanomaterials is perfect for gas atoms 
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adsorption and capacity. In this way, gas sensors in light of nanomaterials, for example CNTs, 

nanowires, nanofibers, and nanoparticles, have been examined widely [7, 8].  

Carbon nanotubes, since been initially found by Iijima in 1991 [8], have drawn the most research 

intrigues due to their novel geometry, morphology, and properties. Their planning, properties, 

(for example, electronic, mechanical, warm, and optical properties), and applications on different 

fields are altogether examined seriously. Theoretical and simulation works have additionally 

been directed to comprehend this nanoscaled material and related wonder [9]. 

Carbon nanotubes have a place with the group of fullerene structures. There are two kinds of 

nanotubes: (SWCNTs) and (MWCNTs). A SWCNT can be considered as a one-molecule thick 

layer of graphite moved up into a consistent barrel with a measurement of a few nanometers, and 

length on the request of 1– 100 microns [10]. MWCNTs comprise of various layers of graphite 

wrapped up together to frame a tube shape, having a similar focal hub. The structure of carbon 

nanotubes gives them naturally one of a kind electrical, physical, and chemical properties. 

Mechanically, CNTs are the most grounded and stiffest strands that are known right now due to 

the C– C bond. Thermally, CNTs have high warm solidness in both vacuum and air. As far as 

electrical properties, CNTs can be either metallic or semiconducting, contingent on the tube 

breadth and the chirality (the bearing in which the graphite sheet is moved to shape the tube) [8, 

10]. The chirality is normally spoken to by a whole number combine (n,m). Nanotubes with (n-

m=3j (j being a nonzero whole number) are metallic while all the others are semiconducting. The 

dielectric property of nanotubes is very anisotropic because of their about one-dimensional 

structures, which may empower nanotubes to convey high streams with immaterial warming 

impact [12, 13]. The point of this work was to study the adsorption of associated petroleum gas 

molecules including H2S and SO2 molecules on (0.5) zigzag SWCNT system. In order to 

explore the feasibility of using SWCNT as selective gas nanosensor, the energetic and electronic 

properties of the CNT with the gas molecules was investigated based on a first-principles of the 

DFT calculations.  

For deeply understand the changes of electronic properties of SWCNT with above gas 

molecules, the DOS analysis was used test the impact of the associated petroleum gas molecules 

on electronic properties of CNT - based gas nanosensor. Figure 1 shows the structural relation 

between a graphene paper and a nanotube [13]. 
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Fig. (1) Structural relation between a graphene sheet and a nanotube[13] 

 

2. Theoretical Methods 
        Figure (2) represents the molecules under study. All the computational examinations were 

completed utilizing the DFT techniques executed in the Gaussian 09 suite of projects [14]. 

Herein, we select the (5,0) CNT system as a model nanosensor, which consists 50 carbon atom, , 

4.214 Å the diameter of the tube, 10 Å length of tube, and 1.42 Å the average length of the C-C 

bond. 

The molecular properties of the compounds have been computed by DFT using the standard 6-31 

G(d) basis set. In the DFT counts the Lee, Yang and Parr connection functional [15] is utilized 

together with Becke's three parameters [16] exchange practical B3LYP. Conformational 

investigation of the particles has been performed to have a thought regarding the most reduced 

vitality structures of the species. The geometry advancement was performed at the B3LYP DFT 

with a similar basis set [14, 17].  

Harmonic vibration frequencies were registered at a similar level of hypothesis. The cross breed 

practical B3LYP has appeared to be profoundly effective for count the electronic properties, for 

example, ionization possibilities, electronic states and vitality holes [18-20]. The DFT allotments 

the electronic vitality as E=ET + EV + EJ+ EXC, where ET, EV, and EJ are the electronic active 

vitality, the electron atomic fascination and the electron-electron repugnance terms separately. 

The electron connection is considered in DFT by means of the trade relationship term EXC, 
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which incorporates the trade vitality emerging from the counter symmetry of the quantum 

mechanical wave work and the dynamic relationship in the movement of individual electrons; it 

makes DFT predominant over the regular HF system [14]. 

In this examination, the more relevant electronic potential (IP), electron affinities (EA), chemical 

potential (μ) it is the negative of electro negativity (χ), hardness (η) and softness (S) were 

calculated.  The HOMO and LUMO vitality was also  utilized to valuation the IP and EA in the  

scope of Koopmans’ hypothesis[21, 22]:  

HOMOEIP ���  , 
LUMOEEA ���   

Inside the  scope of the DFT, one of the universal quantities is chemical potential (μ), which will 

be measures those escaping inclination for an electronic cloud, Furthermore equals those incline 

of the vitality versus N(number of electrons) curve at outside potential v(r) [23]: 

 

Limited divergence estimation to chemical potential gives, 

          

 

Where, : is electronegativity. 

The theoretical definition about chemical hardness has been provided by the DFT as the second 

subordinate from claiming electronic vitality for admiration to those number from claiming 

electrons N, for a constant external potential v(r) [22, 23]: 

 

 Limited divergence estimation to chemical hardness gives, 

2
EA)(IP���  

For Insulator and semiconductor, hardness is half of the energy gap (EHOMO -ELUMO) and the 

softness is given as [22]: 

�
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Fig. (2) (A-B-C) Structures of Carbon Nanotubes Sensors in this work (Carbon≡ gray, 

Hydrogen≡ white, Sulfur≡ yellow, Oxygen≡red). 
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3. Results and Discussion 

       Figure (2) illustrates the geometrical optimization of the suggested structures in this 

research, these structures are included three species; CNT, H2S/CNT and SO2/CNT Sensors. The 

results got in this investigation geometry optimization (structural properties) for nanosensor in 

great concurrence with test information. The carbon-carbon bond of the relaxed  structures under 

study are in the ranges (C-C: 1.526 ; C=C: 1.352; C≡C: 1.421), this result is in a good agreement 

with those of aromatic rings [22, 24].  

   Table (1) shows the ground state calculations of the CNTs Sensors at the minimum energy. 

These calculations are included the total energy in a. u, (IP) and (EA) in eV calculated due to 

Koopman,s theorem, forbidden energy gap (Eg) in eV, (S) in (eV)-1, (η) in eV, (μ) in eV and (χ) 

in(eV). Also, the calculations are included the DOS of CNTs. 

 

Table (1) Electronic Properties of CNTs. 

 

The total vitality ET of CNTs under stydy is very small as we see in Figure (3), this result is a 

reflection of the binding energy of each structure.Note from Figures (4 and 5) that both the IP 

and the EA differ in value because of the type of gas required to be detected, where IP and EA 

for SO2/CNT are higher than H2S/CNT [24, 25]. 

The above results are correspond to the S and η of the structures, the results showed that the 

CNT has large value of ƞ and small value of S, but, when sensing gases, the values are close and 

are indicative of the success of gas exploration work for the type of gases utilized as a part of 

this examination as we see in Figures (6 and 7). The calculated X refer to that the CNTs can 

interacts with other species in the medium, and means large escaping tendency as we see in 

Figure (8) [20, 22, 26]. 

The outcomes demonstrate an decline in the Eg values when sensing the gases. This is an 

Eg IP EA μ X ƞ S W ET Tittlt 

1.890 4.943 3.053 -3.998 3.998 0.945 0.529 8.458 -

1916.870472 

CNT 

1.420 4.685 3.265 -3.975 3.975 0.710 0.704 11.127 -

2316.258341 

H2S/CNT 

1.518 4.957 3.439 -4.198 4.198 0.759 0.659 11.613 -

2465.385421 

SO2/CNT 
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indication of the approximation of the HOMO and LUMO values starting with one another and 

thus the possibility of electronic transitions between the valence and conductivity band as we see 

in Figure (9). Also, from Figure (10), we see that the distribution is similar to the charges at 

sensor CNT due to the absence of gas to detect it. In the vicinity from claiming gasses H2S and 

SO2, there is a clear difference in the electronic distribution of the charges due to the drag of 

charges [22, 24].  

The DOS legislates a significant number physical properties and hence assumes a paramount 

part done robust state material science. It may be vital on have the ability with anticipate how the 

DOS will behave for different nanostructure geometries. The DOS of a framework portrays the 

number for states for every interim for vitality during each vitality level that are available to be 

occupied. Those appropriation about vitality between indistinguishable twin particles relies To a 

limited extent upon know what number of accessible states there need aid over a provided for 

vitality interim [27]. The DOS of CNTs  Sensors  as a function of Fermi energy was calculated 

by employing the DFT at hybrid B3 LYP level with 6-31G (d) basis set and shown in Figure 

(11). The observed nonzero DOS demonstrates an limited number for states. The band gap 

change from the interaction of H2S, SO2  molecules with CNT is close because the band gaps of 

H2S,SO2 molecules are so near to each other. From the distribution of the DOS, one can estimate 

a characteristic amplitude of the fluctuations of 6 and -3, 7 eV [28, 29]. 

 

 

Fig. (3) The total energy in a.u of the CNTs Sensors in this work. 
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Fig. (4) The ionization potential in eV of the CNTs Sensors in this work. 

 

                                          
Fig. (5) The electron affinity in eV of the CNTs Sensors in this work. 

 

                                           

Fig. (6) The electronic softness in(eV)-1 of the CNTs Sensors in this work. 
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Fig. (7) The electrochemical hardness in eV of the CNTs Sensors in this work. 

 

 
Fig. (8) The electronegativity in eV of the CNTs Sensors in this work. 

 

 

Fig. (9) The forbidden energy gap in eV of the CNTs Sensors in this work. 
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Fig. (10) The shapes of HOMO and LUMO for the CNTs Sensors in this work. 
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Fig. (11) The DOS the CNTs Sensors in this work. 
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4. Conclusions:  
        we have utilize DFT in this contemplate should acquire the geometry optimization and 

calculate some electronic properties of CNTs Sensors using B3LYP hybrid functional. The 

calculated electronic properties such as ionization potential, electron affinity, electro negativity, 

hardness, softness by using orbital-vertical method, the important conclusions are:  

1- Geometry optimization for molecule  has been found to a great assention with test data, while 

for other studied molecules SO2/CNT and H2S/CNT it has not been found a reference data.  

2- The total vitality ET of CNTs under stydy is very small, this result is a reflection of the 

binding energy of each structure. 

3- The electronic properties (IP, EA, χ, η, S, ω) was calculated by using orbital-vertical system 

would a great concurred upon with test effect. 

4- The results indicate a decrease in the Eg values when sensing the gases. This is an indication 

of the approximation of the HOMO and LUMO values from each other and thus the possibility 

of electronic transitions between the valence and conductivity band, and a small energy gap 

means small excitation energies of manifold of the excited states.  

5- The observed nonzero DOS demonstrates a limited number for states. Thus, (5,0) SWCNT 

can be An guaranteeing nomination to identification the connected petroleum gas particles.  

6- This type of sensor (CNTs/H2S or SO2) may be a standout amongst personal protective 

equipment that is to warn the person of the vicinity of gasses connected with oil, especially in 

areas of normal gas extraction. 
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