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Abstract— As a due of its electronic and physical properties,
the carbon nanotube (CNT) is utilized in the production of
accuracy sensors. In this paper, the thickness utilitarian
hypothesis Density Functional Theory (DFT) with the B3LYP
level, and by utilization of the Gaussian 09 arrangement of
projects, were used to explore the adsorptive and detecting
ability of Adenine on the unblemished CNT. The detecting
capacity of these structures was determined as far as a
variation of band hole vitality after cooperation among CNT
and Adenine. Due to counts, it was found that the electronic
properties of CNT are firmly delicate to the nearness of
Adenine. In this way, we accept that GNRs can be utilized in
sensor gadgets

I. INTRODUCTION

Analysts have used adenine to explore life in
earlier events. The adenine is a general crucial the proximity
of life where are in general living animals, the examination
proposes sense the adenine molecule by using one of the
nanomaterials.

Nanostructures accept a noteworthy activity in the
movement of consistent and structuring advancements at the
nanoscale. Over late years, nanostructures have propelled a
great deal of interest by their specific characteristics that
sway physical, electrical, substance, common, and
optoelectrical properties. The bit of nanostructures, for
instance, monometallic, bimetallic, alluring, metal oxide,
semiconductor, cream, composite, etc., have been used
routinely as the purpose behind their portrayal. This area
studies the different types of nanostructures and
nanomaterials, for instance, nanowires, nanofibers,
nanotubes, nanobelts, nanofluids, nanoribbons, nanosprings,
nanocapsules, quantum touches, nanosheets,
nanocomposites, and nanoparticles, pondering their different
bearings, morphologies, and characteristics. Nanostructures,
in the aggregate of their structures, build up a working zone
of creative work in the fields of nanotechnology and
nanoscience.

One of the huge nanostructures is the carbon nanotube,
which is used in clinical and current applications,

Carbon nanotubes (CNTs) have pulled in light of a
legitimate concern for researchers and architects since their
revelation in 1993 [1], because of their one of a kind
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auxiliary, mechanical, and electronic properties, just as huge
application potential[2-5]. These tale materials have a wide
scope of potential applications, extending from the field of
nanoelectronics to nanoscale biotechnology. For instance,
they might be utilized in adenine [6]. Graphene is the name
given to a level monolayer of carbon molecules firmly
stuffed into a two dimensional (2D) honeycomb cross-
section and is an essential structure hinder for graphitic
materials of every single other dimensionality. It tends to be
wrapped up into 0D fullerenes, folded into 1D nanotubes or
stacked into 3D graphite[2, 7]

Sensors are a contraption that recognizes the
modifications in the physical improvement with changes
over them into a measurable sign which can be recorded or
evaluated. It gets a physical sum and changes over it into a
sign proper for planning (for instance optical, electrical,
mechanicall)[8]. Nanosensors are a part of sensor systems
in which a nanoscale joint effort is abused as the reason for
perceiving the closeness of a known analyte[8].
Electrochemical nanosensor has starting late found wide
applications in biomedical organizations with certain central
focuses, for instance, lower area limits, increasingly broad
straight response expands, affectability, incredible security,
and reproducibility when differentiated and various sensors
and procedures. Nowadays, an assortment of some method
that is used in characteristic, or clinical research
communities and different business motivation behind
consideration devices work by using nanosensors [8].

In this work, we examine the carbon nanotube with
8 Angstrom (A) length as a nanobiosensor for Adenine atom
by utilizing the thickness utilitarian hypothesis (DFT)
technique. At that point, we utilized the variety in the basic
and electronic properties, that are coming about because of
the connection between CNT with Adenine particle to
utilize CNT as a nanobiosensor for Adenine atom.

Il. COMPUTATIONAL METHODS

We picked a CNT (8,0) with 8 A° as a model
nanosensor, which are contained of 64 C atoms and in
which the end particles have been drenched with 32
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hydrogen atoms to diminish the breaking point impacts, see
Fig. 1. It all depends on the CNT that was performed using

the thickness practical hypothesis (DFT) technique with the <&

crossover useful B3LYP [9] and 3-21G basis set as

implemented in the Gaussian 09W package [10]. The DFT

method with this level have been chosen because of the

accuracy associated[11-19], where the DFT method focuses

on the electron density function instead of wavefunction

were used to study the interaction between CNT and the -]

Adenine and calculation of global reactivity indexes by the (
Koopmans theory-based quantities [16, 20, 21] This

hypothesis depends on the contrasts between the most
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noteworthy involved sub-atomic orbital Highest Occupied
Molecular Orbital (HOMO) and least empty sub-atomic
orbital Lowest Unoccupied Molecular Orbital (LUMO)
energies for the impartial particle[22, 23], the electronic

. o Fia.1. The Chemical structure of pristine graphene nanoribbon.
properties of carbon nanotube are shown in Fig. 2. g P arep
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Fig.2. The density of states as well as HOMO — LUMO distribution of carbon nanotube

The nitrogenous base (Adenine) is composed of
aromatic rings with spaced base pairs 3.4 A° in the double
helix [24], see Fig. 3.
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Fig.3. The optimized structure and the density of states as well as HOMO — LUMO
distribution of Adenine
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To evaluate the reactivity and the stability of the
nano sensor, DFT-based descriptors were calculated[21, 25]:

W= (E/ON )y, 1 M)
n=1/2( &E/ ON* )y, 7 (2)
1
= 3)
= uz /2n 4)

where 1, 1, S and © are the chemical potential, chemical
hardness, chemical softness, and electrophilicity,
respectively. While E, N, and V(r) are the total electron
energy, the number of electrons, and external potential,
respectively[26]. Using Koopman’s theorem the above
equations can be given as :

% = (Exomo *+ ELumo)/2 5)

N = (Exomo + ELumo)/2 (6)
GaussSum program[27] was used to obtain the density of
states (DOS)results, it is worth mentioning that the
adsorption energy (E.ss ) between adenine on CNT was
defined as [28-32]:

Eads = Eadeninercnt = (Eadenine +Ecnt) )

Where Eadenine/CNT: ECNT, and Eadenine are total
energy of the adenine/CNT, the total energy of CNT, and
adenine molecules in relax geometry, respectively. negative
adsorption energy refers to the stable formed systems and
the positive adsorption energy indicates the local minima,
i.e. through this explanation when E,4s < O leads to a stable
structure, which corresponds to exothermic adsorption, Sees
Fig. 4. [21, 32],

Variation of the conductivity of each structure
which determines the performance in adenine sensing is
determined in terms of variation bandgap energy through
Egs. [29, 33]:

%AEg:Eg (wttho:t adf.zmne)— Eg (leth ademne)xloo (8)
g (Without adenine)

where, E4 (with adenine) and Eg4 (without adenine) represent

the band gap energy of the substrate after and before

interaction with adenine molecule, respectively.
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Fig. 4: a) Geometrical optimization of CNT, b) DOS, ¢) HOMO distribution and
d) LUMO distribution

As shown in Fig. 4. the HOMO of CNT is generally
confined on the C—C bonds and its LUMO on the clashing
site. After interacting with adenine, LUMO shifts on
adenine molecule which corresponds to the reduction in
the gap of energy (Ey).

I11. RESULTS AND DISCUSSIONS

In our result, the interactions between adenine and CNT
are studied using DFT calculations. After full structure
relaxation, the adenine molecule was added to pristine
CNT and study the sensing and adsorption capability.

A. Adsorptive capability

Adsorption vitality is the primary marker of
structures' capacity in adenine adsorption, where, minimal
estimation of AE.s infers the higher liking of CNT
structure upon adenine adsorption. From Table 1, the
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adsorption vitality estimations of the association Adenine
with CNT are 3.40287 eV.

It is qualified to refer to that the presence of a solid
collaboration among the adsorbed particle and adsorbent
surface isn't attractive. The large E, just an as solid
connection between the adsorbed atom and the adsorbent
sheet reason solidify the desorption procedure with draw
out recuperation time. In any case, it is qualified to refer
to again that the positive estimation of Eads shows the
exothermic character of the CNT. The customary change
state hypothesis shows that the recuperation time (1) is
characterized by[34]

T -

Vo exp ('Eads/(KB T))

(8)

where v, is the attempt frequency which in many
investigations is taken to be of the request for 109 ** [23,
35], Kg and T are the Boltzmann’s constant and the



temperature in Kelvin. As indicated by the above
condition, the expansion in E,y worth will draw out the
recuperation time in an exponential model.

B. Sensing capability

The detecting capacity of CNT was concentrated
by considering the variety of Eg after the expansion of
adenine. From Table 1, sees that the %AE, esteem is
negative; the negative estimations of %AE, express the
hole vitality of structures declines from unique
estimations of CNT because of adsorption adenine
consequences for the surface it, bringing about higher
conductivity for these structures. While, the synthesis
with the most elevated |% AE, | show up better sensor
execution. nA simple change in the E; of CNT causes
modify the amount of electrons that called conduction
electrons. This adjustment in conductivity can be gone to
a discernible electrical signal[31]. In any case, it is
qualified to make reference to that changing the bandgap
Eq can adjust the electrical conductivity for the framework
as per the condition [36-38]:

oo exp ( (-Eg)/(2Kg T)) €)
T: temperature, o: conductance, and kp: Boltzmann’s
constant.

From TABLE 1, we notice that the estimation of
%AEg is 37.81. So, the CNT is a good sensor for adenine.

TABLE1L. The electronic properties of CNT with Adenine

Structure Eromo ELumo Eg AEg Eiot (eV) Ead
(eV) (eVv)
CNT - - 0.5434 - - -
4.079 | 3.536 04 66466.59
47 07 64
Adenine - - 5.4656 - - -
6.133 | 0.667 02 12644.05
36 76 67
CNT/Aden - - 0.7488 - - 3.402
ine 3.853 | 3.104 47 37.8 | 79107.25 87
62 78 1 02

IV. CONCLUSION

In summary, we study the interaction between
CNT and adenine molecules by using DFT in terms of the
energetic data of the CNT. It was observed that adsorption
energy values of the interaction Adenine with CNT are
3.40287 eV. So, the interaction between GNR and
Adenine is stronger.

Also, we notice that the value of %AE, is 37.81.
So, it can be concluded that the CNT is a good sensor for
adenine molecules.
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