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ABSTRACT

In this study, geometries, binding, optical and electronic features and charge-transfer characteristics of
magnesium oxide nanotubes (MgONTs) interacting with uracil pyrimidine were evaluated in both vac-
uum and solvent (water and toluene) environments by using density functional theory (DFT) and
time-dependent density functional theory (TDDFT) calculations. The binding energy of uracil was esti-
mated to be in a range of —0.543 to —1.864 eV in vacuum, —0.347 to —1.709 eV in toluene, and
—0.193 to —1.592 eV in water environments. Furthermore, the values of the binding and reaction ener-
gies are all negative meaning that the binding of uracil on MgONT is energetically favorable and the syn-
thesis of the complex structure is possible. The results illustrate that the adsorption energy values of
uracil on MgONT also follow the order of vacuum > toluene > water. Our analysis demonstrates that sol-
vent polarity is so significant on the stability and reactivity of uracil. In contrast to vacuum and toluene
environments, the dipole moment value of MgONT in water environment was significantly increased
upon adsorption of uracil. Our findings illustrate that MgONT was more sensitive for detecting the uracil

in vacuum environment than water and toluene environments to exploit as a biochemical sensor.

© 2021 Published by Elsevier B.V.

1. Introduction

Recently, the vast technologically momentous applications of
amino acids, nucleic acids, peptides, and proteins adsorbed on
the surface of metal oxides, particularly in photonics, microelec-
tronics, heterogeneous catalysts, and photovoltaic devices, have
reported efficient and important fundamental studies of adsorp-
tion of biomolecules on metal oxide nanostructures [1-6]. Surface
interactions between nanostructures and nucleobases molecules
or amino acids were found to be extremely useful as principal sub-
jects in sensing, bioengineering, and nanoelectronics [7-13]. Uracil
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(C4H4N,0,) is a small molecule and is one of the four nucleobases
in the nucleic acid of ribonucleic acid (RNA) that consists of two N-
H and two carbonyl groups, one C = C double bond, and may ergo
interacting with the surface in different ways [14]. Therefore, the
junction of nucleic acid and metal oxides would contain features
which make it very appealing for a vast range of unforeseen appli-
cations [15,16]. Here, we evaluated theoretical methods based on
DFT and TDDFT to study the interaction between the RNA pyrim-
idine uracil and MgO nanotube to describe the changes of the
structural, electronic, and optical properties on the nanotube. The
MgO (1 0 0) structure is one of the most well-investigated oxide
surfaces. It has been especially momentous in adsorption studies
of small molecules on oxide surfaces [17-19]. A recent report indi-
cates that MgO nanoparticles have no toxicity for cell lines, and
shows potential applications in nanomedicine as a diagnostic and
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therapeutic tool [20]. Newly, the MgO nano-particles are used for
applications in tumor treatment and also it is known as an antibac-
terial agent [21]. The selections of MgO nanostructures as a suit-
able material for biosensor applications in the interaction with
nucleobases are interesting because of the biocompatibility and
effective surface area [22,23]. MgO nanoparticles have capability
to destroy cancer cells and explained the reason of cell death
because of MgO exposure [24]. Recently, Fornaro et al. experimen-
tally showed that MgO acts as a good adsorbent for the adsorption
of the nucleobases adenine and uracil in comparison to cytosine
and hypoxanthine [25]. Rajarajeswari et al. have been shown uracil
adsorption on single-walled carbon nanotubes (SWCNTSs) in the
presence of toluene molecules using DFT calculations [26]. In the
previous study, we calculated the adsorption of uracil upon the
surface of boron nitride (BN) and aluminium nitride (AIN) nano-
cages using DFT method [27]. Sharma and Kakkar have found a
strong interaction for sarin with the perfect and Ti-doped MgONTs
by DFT calculation. They also found that doping with Ti atom leads
to improvement the structural and electronic features of MgONT
[28]. Yang and co-workers have been investigated adsorption of
CO upon TM-doped MgO nanotubes (TM = Ni, Pd and Pt) by using
DFT calculations [29]. They have shown high adsorption energy of
1.61 and 2.55 eV for CO adsorbed on Pd and Pt-doped MgO nan-
otubes. Gowtham et al. studied the interaction of the adenine (A),
cytosine (C), guanine (G), thymine (T), and uracil (U) over single-
walled carbon nanotubes (SWCNTSs) using Vienna Ab initio Simula-
tion Package (VASP). They found that interaction from different
chirality may affect the binding energy of nucleic acid bases with
high-curvature CNTs [30]. The biosensing applications of graphene
and boron nitride graphene on nucleic acid bases (Adenine, Cyto-
sine, Guanine, Thymine, and Uracil) were evaluated by Asheesh
Kumar and Devesh Kumar [31]. Adsorption of nucleobases adenine,
guanine, cytosine, thymine, and uracil over boron nitride, carbon,
and magnesium oxide nanostructures using DFT to study the appli-
cability of nanostructures for the sensing of nucleobases [32-34].

Since, MgO nanoparticles have considerable potential in nano-
medicine especially in destroy cancer cells and antibacterial agent
[21] and from the side, adsorption of biomolecules on metal oxide
nanostructures are extremely useful, therefore, the adsorption of
uracil on MgO nanotube in polar and non-polar solvents is very
valuable. Taking this background into consideration, we are going
to perform a systematic DFT study upon the interaction of uracil
biomolecule with MgO nanotube to get more in-depth understand-
ing of optoelectronic and structural behavior of the proposed nano-
bio interaction system in vacuum and solvent (water and toluene)
environments.

2. Computational details

Theoretical computations were carried out using PBE (Perdew-
Burke-Ernzerhof) functional [35] with the empirical dispersion
correction (PBE-D) and 6-311 + G** basis set as implemented by
Gaussian 09 software [36]. The PBE functional has been previously
reported to study the MgO nanostructures [37,38]. GaussSum pro-
gram [39] has been used to get the frontier molecular orbital (FMO)
and molecular electrostatic potential (MEP). Multiwfn software
package [40] has been applied to get the total density of state
(TDOS), projected density of state (PDOS), color-filled maps of elec-
tron density (ED), electrostatic population charge analysis (ESP),
and electron localization function (ELF) plots. For all studied com-
plexes, the Self Consistent Field (SCF) convergence limit was set to
10 a.u. over energy and electron density. We also applied the
basis set superposition error (BSSE) on adsorption energy for the
all studied complexes by the counterpoise method [41]. In addition
to the calculations in vacuum phase, the structural and optoelec-
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tronic properties of the MgO nanotubes in water (dielectric con-
stant of 78.4 ¢) and toluene (dielectric constant of 2.37 €) were
investigated with the polarizable continuum model (PCM) method
[42]. No symmetry constraints were carried out during the opti-
mizations. Binding energies (E,) were calculated using the
formula:

Eb = EComplex - _\; (EMgONT + EUracil) + EBSSE (1)

where Ecomplex is the total energy of MgONT interacting with the
uracil molecule. Eygonr is the total energy of the pristine MgONT,
and Ey;aq is the total energy of an isolated uracil molecule.

Using the previously relaxed structures, UV-VIS electronic
absorption spectra were calculated in the vacuum and solvents
within the TD-DFT method. A total of 50 excited states for the frag-
ments (MgONT and uracil) and the corresponding complexes were
calculated as vertical excitations.

3. Results and discussion
3.1. The structures of uracil and MgONT

The optimized configuration, FMO, MEP plots of uracil in vac-
uum environment is displayed in Fig. 1. As illustrated in Fig. 1, elec-
tron density in the HOMO is dispensed on the uracil ring, with a
large amount localized at the O,¢ and O;; atoms, while the electron
density in the LUMO is distributed on the C-H, N-H, and C = O
groups of the molecule. MEP plot of uracil is provided and shown
in Fig. 1 to understand possible reaction site. MEP plot represents
that the most possible sites for an electrophilic attack (red color)
are Opp and Oq, atoms and nucleophilic attack (blue color) are
N4, Ny, and Cs. Fig. 2 displays HOMO and LUMO plots of the
MgONT. So that electron densities of the HOMO and the LUMO in
turn are mostly localized at the oxygen atoms, and at the magne-
sium atoms [43].

MgONT indicates a high symmetry of D3, with all ions upon the
surface, in which the tube has a length of 8.056 A with the formula
(Mg0);5. The calculated Mg-O bond length in gas, toluene, and
water environments are 1.995, 2.004, and 2.018 A, respectively
(see Table 1 and Fig. 3), which are longer than the results reported

HOMO: -6.32 eV

-0.0721 0.0721

LUMO: -2.47 eV

Fig. 1. Optimized structure the uracil molecule and the FMO and MEP plots.



Y. Cao, A. Khan, M. Javan et al.

Journal of Molecular Liquids 339 (2021) 116732

!0.65
0.52

8.5 '
032
Xl @0 © 0o © ‘Io.z
. 0 0
0 3.4 102 171 238

Length unit: Bohr

ED

LUMO

Fig. 2. Optimized structure of MgONT, ED and FMO plots.

Table 1

Calculated the bond length for uracil adsorbed at four different states.
Property Mg-0/A C5-C6/A C3-010/A C5-N4/A C3-N2/A N2-C7/A C7-C6/A C7-012/A N4-H9/A N2-H1/A
Vacuum
MgO 1.995 - - - - - - - - -
I 2.251 1.371 1.269 1.367 1.379 1.422 1.447 1.231 1.569 1.02
1 23 1.37 1.277 1.368 1.376 1.423 1.446 1.231 1.606 1.02
111 213 1.356 1.283 1.378 1.333 1.402 1.469 1.237 1.016 1.598
1\Y 2.067 1.359 1.219 1.375 1.394 1.401 1.446 1.242 1.017 1.021
Water
MgO 2.018 - - - - - - - - -
I 2.216 1.379 1.268 1.358 1.389 1.408 1.437 1.248 1.743 1.021
I 2.235 1.378 1.274 1.36 1.386 1.41 1.437 1.246 1.782 1.021
m 2.095 1.359 1.278 1.371 1.34 1.389 1.461 1.255 1.017 1.826
1\Y 2.061 1.44 1.223 1.374 1.39 14 1.44 1.248 1.018 1.021
Toluene
MgO 2.003 - - - - - - - - -
I 2.243 1.375 1.268 1.363 1.384 1.415 1.442 1.239 1.675 1.02
I 2273 1.374 1.275 1.364 1.381 1.416 1.442 1.238 1.702 1.02
m 2.118 1.357 1.281 1.375 1.336 1.396 1.466 1.245 1.016 1.698
v 2.066 1.36 1.223 1.374 1.392 1.401 1.444 1.244 1.017 1.021

by Yang et al. (1.919 A), whilst the average Mg-O bond length in
the end of tube in vacuum, toluene, and water environments are
found to be 1.934, 1.948, and 1.965 A, respectively [38]. Sharma
and Kakkar calculated the length of Mg-O bond with a value of
1.909 A [28]. We considered the four states of uracil adsorption,
namely, states I, Il and IIl with C = O which the oxygen oriented
atop a Mg atom and a hydrogen atom of uracil is broken and
bonded to oxygen atom in the center and end of tube, and state
IV with C = O that the oxygen oriented atop a Mg atom in the cen-
ter and a C-H of molecule close to oxygen atom of the tube. In con-
tinue, we calculated the interaction energies between uracil and
MgO nanotube in both vacuum and solution (toluene and water)
environments as presented in Table 3. It can be seen that the inter-
action happens between the electron-rich uracil carbonyl group

and the electron-poor MgO nanotube with binding energy of
—1.864 eV representing a stable chemical bond (chemisorption)
in nature between Mg atom of tube and O atom of the molecule
in vacuum environment and —1.709 and —1.592 eV in toluene
and water environments as the most stable site (III). The nearest
distance of Uracil-Mg of the tube is 2.174 A in vacuum environ-
ment and is 2.193 and 2.056 A in toluene and water environments,
respectively. Our findings present that the chemisorption of uracil
on MgO surface in vacuum environment is slightly more stable
than the toluene and water environments. Seino et al. have been
investigated the electronic properties of uracil-covered Si(0 0 1)
surface by using the DFT calculations [14]. They show that the
computed binding energies of the uracil from dienol to keto-enol
via diffusion of hydrogen are 2.77 (D-1) and 3.66 eV (C-1) and
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Table 2

Calculated the bond angle for uracil adsorbed at four different states.
Property Mg-O-Mg/ 0-Mg-0/ N»-C3-Naf C6-C5-Naf C5-Ng-Csf C3-No-Cyf C7-Co-Cs/ 010-C3-No/ 012-C7-Na/
Vacuum
MgO 88.75 90.77 - - - - - - -
I 87.32 85.29 1189 125.37 117.72 126.48 119.56 118.66 120.04
I 83.4 87.46 119.25 1254 117.51 126.36 119.58 118.24 119.97
I 88.1 88.55 119.68 120.27 121.18 122.79 119.76 123.87 120.55
v 88.9 88.92 112.37 121.77 123.97 127.59 119.1 1243 118.76
Water
MgO 88.57 90.89 - - - - - - -
I 87.55 86.77 118.85 125.51 117.64 126.11 119.18 118.19 119.74
I 84.32 89.94 119.2 125.53 117.42 125.99 119.2 117.84 119.73
11 87.87 90.26 119.73 119.93 121.55 121.65 119.31 123.88 120.24
v 89.55 89.16 112.99 121.72 123.76 127.18 119.06 123.57 118.82
Toluene
MgO 88.86 90.7 - - - - - - -
I 87.47 85.63 118.96 125.58 117.48 126.35 119.37 118.29 119.96
I 83.92 88.03 119.29 125.56 117.32 126.22 1194 117.95 119.92
111 88.13 89.05 119.74 120.14 121.3 122.28 119.55 123.86 120.44
v 89.11 89.02 112.67 121.72 123.89 127.4 119.09 124.00 118.8

Fig. 3. The relaxed geometry for various states of the uracil/MgO nanotube complexes.
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Table 3

Calculated the adsorption energy (E,q/eV), dipol moment (DM/Debye), charge transfer (Q/e), HOMO-LUMO gap (Eg/eV), for uracil adsorbed at four different states.
Property E.qa/eV D/A QJe Enomo /eV Erumo eV EgleV AEg[% Er/eV DM/Debye
Vacuum
MgO - - - —5.27 —2.26 3.01 - —-3.77 0.14
I -1.101 2.044 0.196 -5.29 —2.63 2.66 11.63 —3.96 9.00
I -1.626 1.995 0.395 -5.35 —2.55 2.80 6.98 -3.95 9.60
I —1.864 2.008 0.368 —4.73 —2.27 2.46 27.15 -3.50 3.04
v —0.543 2.174 0.125 —-4.97 —2.98 1.99 33.89 —3.98 5.43
Water
MgO - - - —-4.71 —1.47 3.24 - —3.09 0.04
I -1.193 2.125 0.176 -4.69 -1.70 2.99 7.72 -3.19 15.66
I -1.439 2.056 0.254 —-4.75 -1.76 2.99 7.72 —-3.25 15.12
11 -1.592 2.056 0.351 —-4.75 -1.64 3.11 4.01 -3.19 5.25
v -0.193 2.233 0.101 —4.65 -243 2.22 31.48 —3.54 2.22
Toluene
MgO - - - -4.90 -1.77 3.13 - —3.34 0.03
I -1.097 2.072 0.154 -4.90 —-1.99 291 7.03 —3.44 11.84
I -1.502 2.019 0.277 —5.08 -1.95 3.13 0.0 -3.51 12.50
111 -1.709 2.027 0.373 —4.93 -1.82 3.11 0.64 —3.38 4.80
v —0.347 2.193 0.126 —-4.74 —2.64 2.10 3291 —3.69 6.02

the values of binding energies for oxygen insertion into Si dimer
are found to be 3.78 (D-2) and 5.27 eV (C-2). Irrera et al. indicated
the adsorption energy of uracil through N; deportation over Au
(1 1 1) surface (-1.95 eV) which is more stable than interaction
on Au(1 0 0) (-1.67 eV) surface [44]. Our results represent that
the uracil adsorption at the N, position is more possible than other
positions, which is close to the study conducted by Li et al [45].
When the uracil molecule is adsorbed on the MgO nanotube sur-
face, the local surface structure of the tube is significantly distorted
therefore the bond length in the nanotube systems are expanded
by a smaller amount and the length of bonds are changed accord-
ingly (See Tables 1 and 2). The Mg-O bonds are typically of ionic
character in nature and a charge transfer revealed to be happened
from Mg (+1.202 e) to more electronegative O (-1.202 e) atoms that
is confirmed by electrostatic population charge analysis (ESP)
study [46]. Taking all interaction states into account, the largest
charge transfer happens at vacuum phase from the uracil to the
tube (state II: 0.395 e) in comparison with toluene and water envi-
ronments (III: 0.373 and 0.351 e). The values of total electric dipole
moment (DM) in Debye, Table 3, show that the intra-charge fluctu-
ation comprised of a strong conversion of the electric dipole of the
system between the vacuum or solution environment and the
adsorption states. The dipole moment value for free MgO nanotube
is calculated with the amounts of 0.137, 0.0284, and 0.044 Debye
in vacuum, toluene, and water environments, respectively. Expect
the state IV in water environment, in all remaining states at two
environments (vacuum and toluene), the dipole moment values
underwent a reduction trend as binding energy values. Upon uracil
adsorption on the nanotube surface, the binding energy in the state
Il increased as the most stable state, since the value of dipole
moment is reduced after interaction process as 3.04 (vacuum),
4.08 (toluene), and 5.25 Debye (water).

3.2. PDOS and FMO analysis

The discrepancy of energy between highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)
were obtained from the TDOS results (See Table 3). The HOMO
and LUMO analysis demonstrate that the charge transfer occur
within the MgO nanotube. In the charge distribution, HOMO orbi-
tal with the positive phase functions as an electron donor while the
LUMO with the negative phase that largely functions as the elec-
tron acceptor [15]. Fig. 4 shows the molecular energy levels of
the studied structures in the most stable state. In the most stable
state, III, the values of HOMO, HOMO-3, and HOMO-10 wave func-

tions are calculated to be —4.73, —5.29, and —5.69 eV, whereas the
values of LUMO, LUMO + 3, and LUMO + 10 wave functions are
found to be —2.27, —1.19, and —0.07 eV, respectively. It can be seen
in the results that the HOMO wave function was mainly localized
on uracil, whereas the LUMO wave function was mostly localized
on Mg and O atoms of the nanotube. The distribution of the wave
function on the molecular structure shows the chemical active
points. The result represents HOMO-3 and LUMO + 10 electron dis-
tribution plots that significantly altered after the uracil interacting
over the surface of the MgO nanotube.

Experimental band gap energies of MgONT have been calcu-
lated to be 0.3 to 7.1 eV [47,48] and Pathak et al. calculated the
Eg value of 5.09 eV using DFT-PBE calculations [49]. As presented
in Table 3, Eg value in MgO nanotube decreased from 3.01 eV (vac-
uum), 3.13 eV (toluene), and 3.24 eV (water) to 1.99, 2.10, and
2.22 eV after the uracil adsorbing to the surface of the MgO nan-
otube, respectively, while state IV have more changes in both vac-
uum and solvent phases with the values of 33.89 (vacuum), 32.91%
(toluene), and 31.48% (water). Considering the TDOS plots in both
environments (Fig. 5), a shift of bonds to lower energy as the result
of uracil interaction with the MgO nanotube. However, a decre-
ment in the E, between the valence band and the conduction band
is clearly apparent from TDOS plots. The PDOS plots of first (MgO)
and the second (uracil) fragments are demonstrated as red and
blue colors of the determined complexes. The PDOS curve in
Fig. 5 display that the uracil in the state IV presents certain impu-
rity states in the E, and creates localized states near the Fermi level
(Eg), hence, uracil adsorption on MgO nanotube will diminish the
original Eg. From the present calculations we found that the uracil
adsorption affects the electronic properties and the results demon-
strated that the change of energy gap in vacuum environment for
the state IV becoming slightly larger than other states in the
toluene and water environments. These results are in well agree-
ment with previous reports over the functionalization of the
MgO nanostructures’ surfaces with biomolecules which changes
in the electronic structure of the MgO nanostructures are clear
[50]. The charge distribution can be evaluated by molecular elec-
trostatic potential (MEP) plots. As demonstrated by the MEP maps
of MgONT in Fig. 6, the Mg (charge-donating) and O (charge-
withdrawing) atoms with blue and red colors are positively and
negatively charged and it reveals that a large charge transfer is
occurred from Mg atoms to the O atoms give raise to a strong ionic
bonding in the surface of the tube. Furthermore, Fig. 6 demon-
strates that the oxygen atom of the adsorbed uracil is more nega-
tive (with a charge of —0.837 e) than its hydrogen atom (with a
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LUMO+10:-0.07 eV

Fig. 4. Contour plots of HOMO and LUMO for the uracil/MgO nanotube complexe.
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Fig. 6. The molecular electrostatic potential plot of the uracil molecule interacting with the MgO nanotube.
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charge of + 0.448 e in vacuum environment) compared with the maps of electron density (ED) and electron localization function
electron poor Mg atom of the tube with a positive charge (ELF) plots for the uracil/MgONT complex in the most stable states
of + 1.646 e. Thereby, the calculated charge of adsorbed uracil is (I and IH). One can see a substantial localization (red areas)
more positive confirming a charge transfer from uracil to the nan- between the oxygen and hydrogen atoms of the uracile and the
otube by means of a strong interaction. Fig. 7 shows color-filled Mg and oxygen atoms of the MgONT leading to a strong covalent

= ? - —
R
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Fig. 8. Evolution of time-dependent charge distribution during the early time relaxation dynamics after instantaneously populating the uracil molecule upon the MgO
nanotube.
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Fig. 9. Time-dependent survival probability in a sensitized uracil/MgONT system. The dashed lines are the exponential fitting curves to the four elementary steps for electron
transfer in the complexes.
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interaction in the states I, II, and III, respectively. ED plots in Fig. 7
visibly demonstrated a strong interaction because of the charge
transfer from the uracil to the MgONT in the states II and III, since
we made obvious the electrostatic interaction in the state IV.

We reported the photoinjection mechanisms from the excited
electronic states of adsorbed uracil over the surface of MgONT.
The photoexcitation of MgONTs surface can cause to interfacial
electron transfer when there is an appropriate energy match
between the photoexcited electronic state in the MgONTSs surface
and the electronic states in the E; of the MgONT. Fig. 8 demon-
strates the comparison of electron injection times as short as a
few femtoseconds for uracil-LUMO into the MgONT. Fig. 9 illus-
trates electron injection times until the injected charge reaches
in the edge of MgONT. In fact, the temporal evolution of the charge
distribution and its expansion due to the interaction of the uracil
molecule with the MgO nanotube is illustrated in Figs. 8 and 9. It
describes the survival probability as it describes electrons remain-
ing probability on the uracil molecule during time due to this inter-
action. Fig. 8 shows the charge injection in terms of time in the
order of femtoseconds for Il configuration. As is clear, the charge
is injected over the nanotube along [1 0 1] direction, although most
of the charge remains on the uracil molecule within 1 fs. The rest
time for remaining charge on the uracil is displayed in various con-
figurations in the Fig. 9 for [101],[010],[ -101],and[ -0 1 0]
direction. There are significant changes in relaxation time of the
injection for different configurations. The relaxation time of the
charge on the uracil molecule is displayed in parentheses for a vari-
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ety of configurations. In addition, we can see the direction of the
charge injection and charge distribution on the nanotube surface
is effective at relaxation time. For example, charge injection occurs
quickly in some cases compared to others. In the [ —0 1 0] direc-
tion, for Il configuration we see an ultra-fast injection of the
charge about 0.4 fs, which is very significant. In contrast, in the
[1 0 1] direction of the II configuration, the charge injection takes
up to 700 fs.

3.3. UV-Vis spectroscopy analysis

According to the obtained results in Table 4, the TDDFT calcula-
tion of excitation wavelengths (Aax) Was carried out for the uracil-
MgONT system in various states. Based on TDDFT calculation, the
excitation energy (E) of MgONT is calculated to be 4.634 eV in
the region of 267 nm with oscillator strength (f) of 0.0518. Accord-
ing to the experimental results, the absorption band of the MgO
nano-particle was found to be 220-650 nm through UV/Vis spec-
troscopy [51]. The UV/Vis spectrum can well determine the optical
gap of the studied samples and thus provide an estimate for the
experimental agreement. The states of the absorption edge are
therefore decisive in determining the optical gap. In vacuum mode,
the optical gap the modes I to IV are equal to 4.598, 4.659, 4.573,
and 4.653 eV, respectively. The values of the optical gap clearly
show that modes II and IV are not much different in terms of opti-
cal gap. In addition, both major contributions to the excitation of
molecular levels are related to the excitation of the H-3 level to

Table 4
Optical properties of the uracil interacting with MgONT calculated in different environments.
Methods Energy/eV Amax/NM f Assignment
Vacuum
4.598 269.63 0.0243 H-1 - L (10%), H-1 —» L+ 1 (63%)
| 4.617 268.49 0.0034 H - L(67%),H - L+ 2 (20%)
4.673 265.32 0.0227 H-10 - L (32%), H-7 — L (19%), H-6->L (15%)
I 4.659 266.08 0.0242 H-3 —» L (62%), H-3 -» L+ 1 (-13%)
4.683 264.7 0.0243 H-4 - L (62%), H-4 — L+ 1 (-13%)
4.744 261.33 0.0396 H-2 - L(10%), H-2 -» L+ 1 (21%), H-1 - L (17%), H-1 - L + 1 (30%)
I 4.573 271.08 0.0138 H-L+1(17%),H - L + 2 (49%)
4,581 270.62 0.0323 H-5 - L+1(18%), H-4 —» L+ 1 (19%), H-3 - L+ 1 (12%)
4.592 269.97 0.0149 H-1 - L+ 1 (14%), H-1 > L + 2 (46%)
v 4.653 266.41 0.0236 H-3 - L(27%), H-3 > L+ 1 (11%), H-2 —» L (28%), H-2 -» L+ 1 (12%)
4.655 266.29 0.025 H-3 - L (28%), H-3 - L+ 1 (-11%), H-2 — L (27%), H-2 —» L + 1 (10%)
4.696 263.97 0.0257 H-1 - L (27%), H-1 —» L+ 1 (25%)
Toluene
4.407 281.34 0.0013 H - L(72%),H - L+ 2 (20%)
| 4,493 275.93 0.0263 H-1 - L+ 1(64%)
4.522 274.15 0.0273 H-2 - L+1(61%)
I 4.556 272.12 0.0242 H-3 - L (62%), H-3 - L+ 1 (13%)
4.577 270.88 0.0243 H-4 - L (61%), H-4 —» L+ 1 (13%)
4.641 267.14 0.0387 H-2 - L (12%), H-2 -» L+ 1 (27%), H-1 - L (13%), H-1 - L + 1 (25%)
11| 4.472 277.21 0.0013 H - L+2(32%)
4.476 276.98 0.0448 H-4 > L+1(11%), H - L+ 2 (24%)
4.493 275.92 0.0124 H-6 - L+1(11%), H-4 - L+ 1 (-14%), H-2 - L + 1 (25%)
|\Y 4.55 272.47 0.0227 H-4 —» L (22%), H-4 - L+ 1 (13%), H-3 — L(26%), H-3 -» L + 1 (15%)
4551 272.38 0.0229 H-4 — L (25%), H-4 - L+ 1 (16%), H-3 - L (22%), H-3 —» L + 1 (14%)
4.572 271.14 0.0273 H-1 - L(27%), H-1 - L+ 1 (17%)
Water
I 4.132 300.04 0.0011 H - L(76%),H - L+ 2 (16%)
4.407 281.31 0.0266 H-2 > L+1(10%), H-1 - L+ 1 (53%)
4.422 280.34 0.0270 H-2 - L+1(51%)
I 4.481 276.64 0.0255 H-4 —» L (58%), H-4 —» L+ 1 (14%)
4.507 275.05 0.0251 H-5 - L (62%), H-5 -» L + 1 (14%)
4.567 27143 0.0420 H-3 - L (12%), H-3 - L + 1 (30%), H-1 —» L (10%), H-1 —» L + 1 (20%)
11| 4.372 283.53 0.0179 H-5 > L+1(34%),H-3 > L+1(11%)
4.392 282.27 0.0291 H-L+1(12%),H - L+ 2 (59%)
4414 280.84 0.0198 H-7 - L+1(14%),H-2 - L+ 1 (10%), H-1 - L + 2(16%)
v 4.453 278.41 0.0139 H-8 - L (11%), H-2 —» L (27%)
4.465 277.67 0.0220 H-4 - L (27%), H-4 - L+ 1 (38%)
4.466 277.57 0.0283 H-3 - L (28%), H-3 — L+ 1 (39%)
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the L, L + 1 levels. The difference between the HOMO-LUMO gap in
these cases and the optical gap indicates the energy of the created
excitons. The values of the optical gap in the vacuum-based sample
in states I to IV are in turn equal to 1.929, 1.589, 2.113 and
2.663 eV. Accordingly, the main difference between the mentioned
states, especially states II and IV, is the difference between the
dependence energies of the excitons that are generated, so that
at higher dependence energies related to sample IV, the recombi-
nation of the excitons can create shorter wavelengths and a blue
shift in the energy spectrum of the excitons. There are similar con-
ditions for the toluene and water mediums, so that the optical gap
for both is significantly reduced compared to the vacuum sample.
In the case of water, the optical gap is less than in the case of the
similar case for the toluene sample, so a red shift in the optical
gap can be described in these cases relative to the vacuum. Accord-
ing to the data in Table 3, the HOMO-LUMO energy gap has
increased significantly in toluene and water based samples. As a
consequence, the difference between the optical gap and the
HOMO-LUMO gap is also grows and makes more localized
excitons.

4. Conclusions

We have checked the adsorption behavior of the uracil molecule
on the MgO nanotube with density functional theory (DFT) and
generalized gradient approximation (GGA) calculations within vac-
uum, water, and toluene environments. Main focuses have been
placed on the binding energy; charge transfer, structural, optical,
and electronic properties of the states Il and III as the most stable
adsorption configurations compared to other studied states. It was
found that the uracil was strongly interacted with the surface of
MgO nanotube with higher reactivity over the end of MgO nan-
otube in comparison with the center in which the oxygen atom
of uracil prefers to interact to the Mg atom of the nanotube in vac-
uum environment in contrast with water and toluene environ-
ments. The adsorption of uracil in state IV causes a small
distortion of the nanotube structure while greatly widening its

energy gap.
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