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Abstract

In recent years, many studies have been done on the structure of fullerene as medicine nano car-
rier compounds. On this basis, Quantum mechanical calculations have been done and the effect of
the nicotine compound in structure of Nanofullerene Ci; was studied. Density Functional Theory
(DFT) can be used to calculate an accurate electronic structure, HOMO and LUMO energies, Mul-
liken charge of atoms, energetic orbital levels, global hardness, chemical potential and electro-
philicity of systems, and finally chemical, physical properties of fullerene and fullerene deriva-
tives. Theoretical calculations such as Natural Bond Orbital (NBO) are very important to under-
stand the pathways of electron transfer in assemblies. Consequently, the obtained results showed
that energy orbital levels decreased considerably by linking structure of Nanofullerene to the
structure of Nicotine. The intramolecular interaction is formed by the orbital overlap between
C-C, C-N, C-H anti bonding orbital which results an intermolecular charge transfer (ICT) from a
Lewis valence orbital (donor), with a decreasing of its occupancy, to a non-Lewis orbital (accep-
tor). The interacting effect is also discussed in terms of the change in the C-C bond lengths, net
atomic charge distribution, total dipole moment. The obtained results indicate that the C-C dis-
tances are enlarged interaction. Furthermore, there is a complete change in the net atomic
charge distribution, as well as a corresponding increase in the value of the total dipole moment.
On the basis of fully optimized ground-state structure, TDDFT//B3LYP/3-21G* calculations have
been performed to determine the low-lying excited states of nanofullerene interacting with nico-
tine (NFN).
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1. Introduction

Nicotine is a nitrogen organic compound which is mostly found in plants such as tobacco and rarely found in
tomato, potato, eggplant and green pepper. The 0.3% to 5% of the tobacco, dried plant is made by nicotine and
is effectively on neural system which is used in many insecticides. Nicotine was obtained from tobacco for the
first time in 1828 by a German chemist [1] [2]. Melsen obtained its chemical formula experimentally in 1843 [3]
and nicotine was processed for the first time in the laboratory in 1893 [4]. Nicotine is a biological stimulus in
smaller sizes and causes addiction and many mental characteristics of tobacco smoke [5] [6]. This chemical ma-
terial has a molecular formula of C;oH14N, and its chemical name is 3-[(2S)-1-methylpyrrolidin-2-yl] pyridine.
This compound had different chemical and medical effects such as increased sobriety, memory, and activity, but
it results in heartbeat, blood pressure and decreased appetite in larger sizes. This action causes interesting medi-
cinal properties which increase rate of such characters by adding nano properties of this structure [7]-[9]. Exten-
sive HF and DFT calculations on fullerene isomers of Cy, and their derivatives have been performed. Relative
stabilities of possible isomers of fullerene and the reaction reactivity of the most stable fullerene toward the ad-
dition of nicotine have been explored. DFT is among the most popular and versatile methods available in con-
densed-matter physics, computational physics, and computational chemistry. During this study we report the op-
timized geometries, and electronic structure calculations for the compound. The structure of the compound has
been optimized by using the DFT (B3LYP) method with the 3-21G* basis sets, using the Gaussian 09 program.
The electrophilicity index, which measures the stabilization in energy. The interacting effect is also discussed in
terms of the change in the C-C bond lengths, net atomic charge distribution and total dipole moment.

The aim of the present work is to investigate the interaction of fullerene with nicotine by using the hybrid
DFT-B3LYP functional in conjugation with 3-21G* basis set. These interactions show the stability of the struc-
ture. Density Functional Theory is used for calculating the electronic structure, HOMO and LUMO energies,
Mulliken charge of atoms, Molecular orbital analyses of the title compound. Electronic properties increase the
surface modification which is leading to the novel medical application. By investigating HOMO-LUMO energy
gap, the chemical stability against electronic excitation also has been studied. This was done by discussing
guantum chemical parameters, local reactivity indices such as a Fukui function in nanofullerene interacting with
nicotine by natural bond orbital (NBO) analysis. Thus, it would also possible to produce novel species for bio-
medical application; by attaching the nitrogen atom of nicotine with the carbon atom of fullerene.

2. Computational Details

All structures relating to the structure of Nicotine and Nano fullerene nicotine (NFN) were designed primarily
with the use of Gabedit 2.3.8 software. The computationally predicted various possible conformers are shown in
Figure 1. The optimized molecular structure with the numbering of atoms of the title compound is shown in
Figure 2. The most optimized structural parameters were also calculated by HF/ B3LYP have depicted in Table
1. Quantum chemical calculation was used for NFN to carry out the optimized geometry with the Gaussian 09W
program [10] using the B3LYP and HF functional [11] [12] supplemented with standard 3-21G* basis set. Den-
sity Functional Theory (DFT) can be used to calculate an accurate electronic structure, HOMO and LUMO
energies, Mulliken charge of atoms, energetic orbital levels, global hardness, chemical potential and electrophi-
licity of systems, and finally chemical, physical properties of fullerene and fullerene derivatives. Delocalization
of electron density between the filled (bond or lone pair) Lewis type NBOs and empty anti-bonding non-Lewis
NBOs calculated by NBO (Natural Bond Orbital) analyzing by B3LYP/3-21G* level. The HF and B3LYP me-
thods have also been used to calculate the thermodynamic and electronic parameters like zero point vibrational
energy (ZPVE) (kcalmol™?), rotational constants (GHz), heat capacity at constant volume (C,) (cal-mol *-K™),
entropy (S) (cal-mol *-K™), dipole moment pu (Debye), HOMO-LUMO energies (eV), frontier molecular orbital
energy gaps (eV) and atomic charges (a.u) by natural bond orbital analysis.
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Figure 1. Various possible conformers of Nano fullerene interacting with nicotine (NFN).

Figure 2. Optimized structure of Nanofullerene interacting with nicotine (NFN).



S. Dheivamalar et al.

Table 1. Optimized geometrical parameters for Nanofullerene interacting with Nicotine (NFN)
compared at HF, B3LYP levels with 3-21G* basis sets.

Parameter HF/3-21G* DFT/3-21G*
Bond Length (A)
R (1,2) 1.4298 1.43491
R (1,12) 1.3315 1.3538
R (1,18) 1.488 1.4496
R (2,7) 1.1984 1.2239
R (3,4) 1.3824 1.3649
R (3,8) 1.2028 1.2337
R (4,9) 1.2179 1.2514
R (5,6) 1.3416 1.3143
R (5,10) 1.2273 1.2693
R (6,11) 1.2346 1.2821
R (7,8) 1.3764 1.3665
R (9,10) 1.3627 1.3437
R (11,12) 1.3409 1.2946
R (13,14) 1.3802 1.3858
R (13,18) 1.3387 1.3708
R (13,20) 1.0686 1.0812
Bond angle (*)

A(2,112) 125.61 123.01
A(2,1,18) 115.69 117.06
A(12,1,18) 118.68 119.92
A(1,2,7) 162.84 155.94
A(438) 159.10 163.06
A (3,49 129.10 128.60
A (6,5,10) 168.87 170.24
A (5,6,11) 142.97 138.75
A(2,7,8) 164.40 167.89
A(387) 146.21 143.02
A (4,9,10) 160.56 163.64
A (5,10,9) 131.72 128.29
A(1,12,11) 128.36 138.44
A (14,13,18) 121.76 121.74
A (14,13,20) 122.58 122,51
A (18,13,20) 115.63 115.73
A (13,14,15) 118.13 118.99

3. Results and Discussion
3.1. Global Reactivity Descriptors

The energies of frontier molecular orbital (enomo, eLumo), €nergy band gap (eLumo-erHomo), electro negativity (y),
chemical potential (u), global hardness (), global softness (S), and global electrophilicity index (w) [13]-[16] of
Nicotine and NFN. The vertical ionization potential and vertical electron affinity of nicotine and nanofullerene
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with nicotine (NFN) have been computed at the HF and B3LYP/3-21G* level of theory. The total energies of
cation and anion have been acquired on the same optimized geometry of the neutral molecule. Total energy gain
upon saturation with electron as the electrophilicity index, atomic orbital contains a higher maximum value of
NFN compared to Nicotine have been listed in Table 2. On the basis of eqomo and e .umo, these parameters are
calculated using the equation (1) as given below

7 ==Y2(emo0 + Eromo)
H=—7=Y2(&m0 + Enomo) @
1= (Evomo +Evumo )2
o=-*2n
s=1/2

3.2. Dipole Moment, Polarizability, Hyperpolarizability, and Thermodynamic Properties

Dipole moment (u), polarizability («), and total first static hyperpolarizability [17] [18] are also calculated by
using density functional theory. These can be expressed in terms of x, y, and z components and are given in equ-
ation (2). The first hyperpolarizabilities (5) of this novel molecular system and related properties (5, a) of NFN
were calculated using B3LYP/3-21G™* basis set, based on the finite field approach. In the presence of an applied
electric field, the energy of a system is a function of the electric field. Polarizabilities and hyperpolarizabilities
characterize the response of a system in an applied electric field [19].

1/2
= (1P x+ p’y + pi'z)

The isotropic polarizability is
<a>:],/3[axx +a, +au} )

and the average hyperpolarizability is
12
ﬁTotaI z(ﬂxz +ﬁ5 +ﬁzz)

2 2 22
:[(ﬁxxx+ ny+ XZZ) +(,Byyy+ﬂy)(x+ yZZ) +(ﬁZZZ+ ZXX+ Zyy) }

The total molecular dipole moment (x), mean polarizability («) and total static hyperpolarizability (5) of NFN
molecule have been collected in Table 3. For Nicotine, the calculated dipole moment value is 3.86 Debye. The
dipole moment of Nicotine is higher than the dipole moment of NFN. The dipole moment of NFN is calculated
13.1904 Debye. In the above compound a,, have given a greater contribution in the molecule which shows that
the molecule is elongated more towards X direction and is more contracted to Y direction. Sy, and Sy, contri-
bute with a larger part of hyperpolarizability in the molecule. These show that XX plane X-axis is more optically
active in these directions. Standard thermodynamic functions such as free energy, constant volume heat capacity
Cy, and entropy S have also been calculated for NFN. These functions can provide helpful information for fur-
ther study of the title compounds.

Table 2. Calculated (enomo, €Lumo), €nergy band gap (e umo-Enomo), €lectronegativity (y), chemical potential (), global
hardness (), global softness (S), and global electrophilicity index () for the Nicotine and Nanofullerene interacting with
Nicotine (NFN) by B3LYP/3-21G* levels of theory.

Compounds & eV g eV &L-en €V XeV pev nev SeV weV
Nicotine -5.53130 —0.50232 5.02898 3.01681 -3.01681 2.51449 0.19884 1.80973
NFN -5.10625 —4.24310 0.86315 4.6746 —4.6746 0.43157 1.15856 25.3167

O,
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Table 3. Calculated values of polarizability and hyperpolarizability using HF/3-21G* and
DFT/3-21G* for Nanofullerene interacting with Nicotine (NFN).

NFN B3LYP/3-21G*

HF DFT
Polarizability
Oxx —155.47 —152.78
Oy —0.1832 0.7354
oy -138.14 -135.77
Oy, —1.8238 —1.6824
Oz —142.18 —139.05
Oxz —-0.2229 —0.2637
<a> —145.248 —142.531
Aa 16.3888 15.9228
Hyperpolarizability
P —477.81 —436.029
Py 5.3589 5.6610
Py -102.195 —96.058
Byyy 68.40 59.6920
Pra —6.2840 —6.8692
P —0.2452 —0.4498
Py 8.6440 7.9138
Pz —48.076 —40.999
Pyz =7.7217 —8.3533
P 3.5169 2.4564
Protal 631.570 575.924

3.3. Frontier Molecular Orbital

The HOMO and LUMO energy were calculated by B3LYP/3-21G* method. The HOMO represents the ability
to donate an electron, LUMO as an electron acceptor represents the ability to obtain an electron. The difference
between HOMO and LUMO orbital is called as energy gap that is an important stability for structures. This
electronic absorption corresponds to the transition from the ground to the first excited state and is mainly de-
scribed by one electron excitation from the highest occupied molecular or orbital (LUMO) both the highest oc-
cupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) are the main orbital take
part in chemical stability. Therefore, while the energy of the HOMO is directly related to the ionization potential,
LUMO energy is directly related to the electron affinity is shown in Figure 3. In principle, there are several
ways to calculate the excitation energies. The frozen orbital approximation and the ground state properties are
used to calculate the excitation values. This method is very practical, particularly in calculating large system
[20]. Rigorously, the density functional methods which are based on Hohenberg and Kohn theorem [21] are de-
signed to yield total energies. The HOMO energies, the LUMO energies and the energy gap for NFN molecules
have been calculated using B3LYP level with 3-21G* basis set. The kinetic stability against electronic excita-
tions is relevant to the LUMO-HOMO energy gap. In NFN the highest occupied molecular orbital is localized
mainly on all atoms, the lowest unoccupied molecular orbital is also mainly on the carbon atoms having single
bonds only in the ring, which also indicate that, the electron density transfer from n with the p* orbital, so elec-
tronic transitions from the HOMO to the LUMO are mainly derived from the electronic transitions of n — p*.
From the result the HOMO energy = —5.10625 eV LUMO energy = —4.24310 eV and the Energy Gap = 5.02898

©,
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eV. Large HOMO-LUMO gaps are associated with higher kinetic stability, because it is not energetically favor-
able to add electrons to a high lying LUMO and to extract electrons from a low lying HOMO.

3.4. Electronic Spectra of Nano Fullerene C;; Interacting with Nicotine

On the basis of fully optimized ground-state structure, DFT/B3LYP/3-21G* calculations have been used to de-
termine the low-lying excited states of fullerene. The theoretical results involving the vertical excitation energies,
oscillator strength (f) and wavelength are carried out using the Gaussian 09 program. Electronic transition de-
termined from excited-state calculations are listed in Table 4 shows that excited electron energy using HF is
more than the value obtained in DFT. The excitation energy is 3.2610 (eV) in HF for the wavelength 380.21
(nm).

3.5. Mulliken Population Analysis

Mulliken atomic charge calculation has an important role in the application of quantum chemical calculation of
molecular system because of atomic charge effect dipole moment, molecular polarizability, electronic structure
and more a lot of properties of molecular systems. The atomic charge values were obtained by the Mulliken
population analysis [22]. The Mulliken atomic charges of NFN are listed in Table 5. The charge changes with
basis set presumably occur due to polarization. The charge of N (18) atom is —0.857865e for B3LYP/3-21G*
and —1.044565e for HF/3-21G*. The charge distribution of nitrogen atom is increasing trend in HF and B3LYP
method. In spite of the enhancement of charge separation, the dipole moments of nicotine and NFN are attri-
buted to higher molecular symmetry. It is well known that the highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) play a predominant role in chemical reactions. The basis sets
used in the atomic charge calculation, the carbon atoms exhibit a substantial negative charge, which are donor
atom is shown in Figure 4 hydrogen atom exhibits a positive charge, which is an acceptor atom.

ELUMO =-4.2431 eV

E,=0.86315eV

EHOMO =-5.1062 eV

Figure 3. HOMO-LUMO energy level diagram for Nanofullerene interacting

with nicotine (NFN).
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Figure 4. Mulliken Atomic Charges the carbon atoms exhibit a sub-
stantial negative charge, which are donor atom and Hydrogen atom
exhibits a positive charge, which is an acceptor atom for Nanoful-
lerene interacting with Nicotine (NFN) at B3LYP/ 3-21G*.

Table 4. Calculated parameters using TDDFT/B3LYP/3-21G*and HF/3-21G* for Nanofullerene interacting with Nicotine
(NFN).

HF DFT

Oscillator Oscillator

Strength (f) Energy (eV) Wavelength (nm) Strength (f) Energy (eV)

Excitation Wavelength (nm)

Excited State 1
75 — 88
78 — 87 661.79 0.0056 1.8735 1507.07 0.0014 0.8227
79 — 81
79 — 82

Excited State 2
74 - 87
77 — 82
77 — 88 45853 0.0314 2.7039 1056.31 0.0364 1.1738
79 — 84
80 — 81
80 — 82

Excited State 3
74 — 85
77 — 84
78 — 81
78 — 82
79 — 81
79 — 87
80 — 84

380.21 0.0021 3.2610 651.98 0.0000 1.9017

3.6. Local Reactivity Descriptors

The Fukui Function (FF) of a molecule provides information on the reactivity. The atom with the highest Fukui
function value is highly reactive when compared to the other atoms in the molecule. These values represent the
qualitative description of reactivity of different atoms in the molecule. The Fukui Function successfully predicts
relative reactivity for most chemical systems and as such it provides a method for understanding and categoriz-
ing chemical reactions. The use of the Fukui Function for the selectivity of the nicotine molecule for nucleo-
philic and electrophilic attracts has been made with special emphasis to the dependence of the Fukui values on
the basis to B3LYP/3-21G* level of theory. Ayers and Parr [23] have elucidated that molecules tend to react
where the Fukui Function is the largest when attacked by soft reagents and in places where the Fukui Function is
found to be smaller when attacked by hard reagents. Using the Mulliken atomic charges of neutral, cation, and
anion, state of Nicotine, the Fukui Function ( f,”, f_, f2), local softness (s;, s, si),and local electrophi-
licity indices (@, , @, @) [15] [24] the Fukui Function are calculated using the equations (3, 4): The N
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Table 5. Calculated Values of Mulliken Atomic Charges (a.u.) for Nanofullerene interacting with Nicotine (NFN) at
HF/3-21G* and DFT/3-21G* methods.

CHARGES
ATOM
DFT HF
c1 0.197975 0.289952
c2 -0.132399 -0.189103
c3 0.051453 -0.022161
c4 ~0.093132 0.052123
c5 0.067261 -0.078313
6 -0.102881 0.007909
c7 ~0.125630 ~0.396749
c8 -0.034270 0.054490
c9 -0.071621 ~0.042288
c10 ~0.113094 0.008468
ci1 ~0.096077 ~0.046427
C12 ~0.065258 0.071413
c13 0.219385 0.336054
cl14 ~0.072306 -0.204861
C15 ~0.148998 0.143168
C16 -0.246228 ~0.1341124
c17 0.178749 0.267552
N18 ~0.857865 ~1.044565
c19 ~0.100270 ~0.030929
H20 0307530 0.390279
H21 0.219484 0.286861
H22 0.224976 0.283967
H23 0.286579 0.347006
H24 0.242774 0.269603
N25 ~0.457726 ~0.636131
C26 -0.388548 -0.431101
c27 ~0.395855 ~0.445328
c28 ~0.233856 ~0.214962
C29 ~0.1418690 ~0.382682
H30 0.199874 0.223487
H31 0.199877 0217643
H32 0.203037 0.226773
H33 0.204392 0.226490
H34 0.214170 0.236353
H35 0.202767 0.225489
H36 0.172618 0.176919

corresponds to the number of electrons in the molecule. N + 1 corresponds to an anion, with an electron added
to the LUMO of the neutral molecule. N — 1 correspondingly is the cation with an electron removed from the
HOMO of the neutral. All calculations are done at the ground-state geometry. These functions can be condensed
to the nuclei by using an atomic charge partitioning scheme, such as Mulliken population analysis:

f" =[a(N+1)—q(N)] for nucleophilic attack
fo =[a(N)-q(N—1)] for electrophilic attack (3)
f0 =1/2[ q(N +1)+q(N —1)] for radical attack.
Local softness and electrophilicity indices are calculated using (4)
S =S8, 8 =S, 8 =8, @
o =ot’, o =of, o) =of,
where +, —, and 0 signs show nucleophilic, electrophilic, and radical attack, respectively. Redistribution of the

electrons on the f* species the atomic charges of each atom are slightly increased (Table 6 and Figure 5). The
maximum values of all the three local electrophilic reactivity descriptors ( f,”, s,, @, ) at Ng and N3 indicate

®
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Figure 5. Nicotine charges on the atomic sites of the f, and its ionic radicals.

Table 6. Fukui Functions ( f", f,), local softnesses (s;, s,), and local electrophilicity indices (w;, ,) for atomic
charges of Nicotine, using the Mulliken population analysis at B3LYP/3-21G* level.

Namber © 3 v s s £ 4 o
C1 —0.01776 0.011441 0.07251 —0.0035 0.002274 0.014418 —0.032 0.0207 0.1312
Cc2 0.032434 0.026946 —0.0414 0.00644 0.005357 —0.00824 0.0586 0.0487 —0.075
C3 —0.01825 0.484883 —0.1591 —0.0036 0.09641 —0.03163 —0.033 0.8775 —0.287
C4 0.028453 —0.02433 —0.2354 0.00565 —0.00483 —0.04681 0.0514 —0.044 —0.426
C5 —-0.01811 0.091076 0.06466 —0.0036 0.01810 0.01285 —0.032 0.1648 0.1170
N6 0.287293 0.428028 —0.5354 0.05712 0.08510 —0.10646 0.5199 0.7746 —0.968
Cc7 —0.03006 —0.00660 —0.1045 —0.0059 —0.00131 —0.02079 —0.054 —0.011 —0.189
H8 0.004645 —0.00414 0.23298 0.00092 —0.00082 0.04632 0.0084 —0.007 0.4216
H9 0.002456 —0.02694 0.19943 0.00048 —0.00535 0.03965 0.0044 —0.048 0.3609
H10 0.003318 —0.00160 0.18764 0.00065 —0.00031 0.037310 0.0060 —0.002 0.3395
H11 0.005871 —0.00876 0.21071 0.00116 —0.00174 0.04189 0.0106 —0.015 0.3813
H12 0.014426 0.006525 0.22819 0.00286 0.001297 0.04537 0.0261 0.0118 0.4129
N13 0.574047 0.001451 —0.4785 0.11414 0.000288 —0.09514 1.0388 0.0026 —0.865
Ci14 0.071002 0.001881 —0.3822 0.01411 0.00374 —0.07599 0.1284 0.0034 —0.691
C15 0.04187 —0.00033 —0.3988 0.00832 —0.00006 —0.07931 0.0757 —0.005 -0.721
C16 —0.02738 0.002620 —0.2259 —0.0054 0.00052 —0.04492 —0.049 0.0047 —0.408
C17 —0.02501 0.00575 —0.4128 —0.0049 0.00114 —0.08208 —0.045 0.0104 —0.747
H18 0.000342 0.00181 0.19232 —0.0006 0.00035 0.038240 0.0006 0.0032 0.3480
H19 —0.00300 —0.00019 0.20087 —0.0005 —0.00003 0.03994 —0.005 —0.003 0.3635
H20 —0.00101 0.00081 0.19538 —0.00020 —0.00016 0.03884 —0.001 —0.001 0.3535
H21 —0.00149 0.000067 0.19734 —0.00029 0.00001 0.03923 —0.002 0.0001 0.3571
H22 0.014494 0.00048 0.20524 —0.00028 0.00009 0.04080 0.0262 0.0008 0.3714
H23 0.000293 —0.00003 0.19479 —0.00005 —0.00005 0.03873 0.0005 —0.005 0.3525
H24 0.048812 —0.00050 0.17199 0.00970 —0.00009 0.03419 0.0883 0.0009 0.3112
H25 0.004551 0.00656 0.2200 0.00090 0.001304 0.043744 0.0082 0.0118 0.3981
H26 0.007791 0.002097 0.2004 0.00154 0.000416 0.03984 0.0140 0.0037 0.3626

that this atom is nucleophilic attack, while for electrophilic attack, H,; are found to be the most active atoms.
The calculated Fukui’s functions for all the inhibitors are presented in Table 6 as well as the corresponding

population for the neutral and ionic species.
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3.7. Natural Bond Orbital Analysis

Natural Bond Orbital Analysis was originally developed as a way of quantifying resonance structure contribu-
tions to molecules. NBO analysis is carried out by examining all possible interactions between “filled” (donor)
Lewis-type NBOs and “empty” (acceptor) non-Lewis NBOs, and estimating their energetic importance of
2nd-order perturbation theory. NBO analysis is an essential tool for studying intra and intermolecular bonding
and interaction among bonds, and also provides a convenient basis for charge transfer or conjugative interaction
in molecular systems. NBO analysis has been performed on NFN molecule using Gaussian 03 package at the
B3LYP/3-21G* level in order to understand various second order interactions between electron donors and elec-
tron acceptors. In the NBO analysis [25], the hyper conjugative BD-BD* interactions play a highly important
role. Delocalization of the electron density between occupied Lewis type (bond (or) lone pair) NBO orbital’s
and formally unoccupied (anti-bond (or) Rydberg) non Lewis NBO orbital’s corresponding to a stabilizing do-
nor-acceptor interaction. The energy of this interaction can be estimated by the second order perturbation theory
[26]. The intermolecular interaction is formed by the orbital overlap between C-C, C-N, C-H anti bonding orbit-
al which results an intermolecular charge transfer (ICT) from a Lewis valence orbital (donor), with a decreasing
of its occupancy, to a non-Lewis orbital (acceptor). Table 7 shows that the first two columns give the type of

Table 7. NBO results showing the formation of Lewis and non Lewis orbital’s the valence hybrids corresponding to the
intramolecular N... C Hydrogen bonds in NFN.

Bond (A-B) Occupancy %ﬂif EDs (%) NBO S (%) P (%)
BD(1)C1-C2 1.97426 51.76 48.24 0.7195sp" 7 + 0.6975sp*? 36.72, 44.19 63.28, 55.81
BD(1)C1-C12 1.94763 50.37 49.63 0.7097sp?% + 0.7045sp**° 32.50, 47.61 67.50, 52.39
BD(1)C1-N18 1.95812 31.94 68.06 0.56525p*® + 0.8250sp>% 17.16,31.11 82.84, 68.89
BD(1)C2-C7 1.96547 49.39 50.61 0.7028sp™**+ 0.7114sp**® 41.01, 45.78 58.99, 54.22
BD(1)C3-C4 1.98504 49.66 50.34 0.7047sp**! + 0.7095sp** 41.49,43.17 58.51, 56.83
BD(1)C3-C8 1.96330 49.82 50.18 0.7058sp™*>+ 0.7084sp** 42.60, 42.76 57.40,57.24
BD(1)C4-C9 1.95981 50.64 49.36 0.7116sp"% + 0.70265p** 43.75, 40.81 40.81,59.19
BD(1)C5-C6 1.98223 50.42 49.58 0.7101sp*?" +0.7041sp** 44.13, 43.06 55.87, 56.94
BD(1)C5-C10 1.96016 50.05 49.95 0.7074sp"* + 0.7068sp**° 43.34, 41.64 56.66, 58.36
BD(1)C6-C11 1.95785 51.71 48.29 0.7191sp“® + 0.6949sp*¢® 48.07,37.32 51.93, 62.68
BD(1)C7-C8 1.98923 49.28 50.72 0.7020sp*** + 0.7122sp*% 42.22,43.93 57.78, 56.07
BD(1)C9-C10 1.98616 50.15 49.85 0.7082sp"* + 0.7060sp**° 42.96,57.04 41.69, 58.31
BD(1)C11-C12 1.98686 50.19 49.81 0.7085sp"% + 0.7057sp** 44,25, 42.07 55.75, 57.93
BD(1)C13-C14 1.97796 48.71 51.29 0.6979sp“*’ + 0.7162sp>%° 37.52,33.30 62.48, 66.70
BD(1)C13-N18 1.98466 35.62 64.38 0.5968sp>°® + 0.8024sp>%* 27.17,32.87 72.83,67.13
BD(1)C13-H20 1.98034 65.14 34.86 0.8071sp“® + 0.5904sp®%° 35.36, 100.0 64.64
BD(1)C14-C15 1.97543 51.02 48.98 0.7143sp"*2 + 0.6999sp**° 34.28,34.43 65.72, 65.57
BD(1)C14-C19 1.97418 51.36 48.64 0.71665p>* + 0.6974sp>%* 32.38,27.34 67.62, 72.66
BD(1)C15-C16 1.98006 50.06 49.94 0.7075sp"® + 0.7067sp*** 34.56, 34.59 65.44, 65.41
BD(1)C15-H21 1.98220 63.18 36.82 0.7948sp?? + 0.6068sp°%° 31.01, 100.0 28.99
BD(1)C16-C17 1.98303 50.12 49.88 0.7080sp"* + 0.7062sp*®* 33.86, 38.24 66.14, 61.76
BD(1)C16-H22 1.98086 63.44 36.56 0.7965sp>Y" + 0.6047sp°%° 31.57,100.0 68.43
BD(1)C17-N18 1.98700 35.59 64.41 0.59665p>7° + 0.80265p** 27.00, 35.44 73.00, 64.56
BD(1)C17-H23 1.97830 64.31 35.69 0.8020sp“®" + 0.5974sp®%° 34.80, 100.0 65.20
BD(1)C19-H24 1.96561 63.82 36.18 0.7989sp?* + 0.60155p°%° 25.05, 100.0 74.95
BD(1)C19-N25 1.98009 40.77 59.23 0.63855p>” + 0.76965p>* 21.13,27.97 78.87, 72.03
BD(1)C19-C26 1.98392 50.67 49.33 0.7118sp?7® + 0.7024sp>%® 26.45, 24.66 73.55, 75.34
BD(1)N25-C28 1.98463 60.82 39.18 0.7799sp>%" + 0.6259sp>™ 21.10, 27.75 71.97, 78.90
BD(1)N25-C29 1.98879 60.70 39.30 0.7791sp** + 0.6269sp>¢ 27.75,21.43 72.25, 78.57
BD(1)C26-C27 1.98084 50.74 49.26 0.7123sp*% + 0.7019sp>% 25.19, 24.75 74.81, 75.25
BD(1)C26-H30 1.98543 62.47 37.53 0.7904sp>* + 0.6127sp"%° 25.33,100.0 74.67
BD(1)C26-H31 1.98605 62.18 37.82 0.7885sp>% + 0.61505p"%° 24.77,100.0 75.23
BD(1)C27-C28 1.99014 50.63 49.37 0.7116sp>% + 0.70265p>% 24.88, 26.26 75.12,73.74
BD(1)C27-H32 1.98712 62.47 37.53 0.7904sp>* + 0.61265p"%° 25.29, 100.0 74.71
BD(1)C27-H33 1.98813 62.32 37.68 0.7895sp>® + 0.6138sp®%° 25.02, 100.0 74.98
BD(1)C28-H34 1.98738 62.28 37.72 0.7892sp>® + 0.6142sp®%° 25.70, 100.0 74.30
BD(1)C28-H35 1.98829 62.40 37.60 0.7900sp?™ + 0.6132sp®%° 26.85, 100.0 73.15
BD(1)C28-H36 1.99691 60.53 39.47 0.7780sp>® + 0.6283sp’%° 26.05, 100.0 73.95
BD(1)C29-H37 1.99112 61.83 38.17 0.7863sp>™ + 0.6178sp’% 26.36,100.0 73.64
BD(1)C29-H38 1.99147 62.11 37.89 0.7881sp>® + 0.61555p"% 26.17,100.0 73.83
LP(1) C8 0.80654 - - sp%% 0.08 99.92
LP(1) N25 1.89205 - - Sp>8 16.19 83.81

@
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Table 8. The second order perturbation energies E? (kcal/mol) corresponding to the most important charge transfer
interactions (donor-acceptor) in the compounds studied by B3LYP/ 3-21G* method.

Donor NBO (i) Acceptor NBO (j) E® kcal/mol E() - E (i) (a.u.) F (i, j) a.u.
BD(1) C1-C2 BD*(1) C1-C12 1.69 1.25 0.041
BD(1) C1-C2 BD*(1) C7-C8 113 1.28 0.034
BD(1) C1-C2 BD*(1) C13-N18 248 1.13 0.041
BD(1) C1-C12 BD*(1) C1-C2 2.28 125 0.048
BD(1) C1-C12 BD*(1) C17-N18 242 1.09 0.046
BD(1) C1-N18 BD*(1) C11-C12 1.58 127 0.040
BD(1) C1-N18 BD*(1) C13-C14 2.06 1.26 0.046
BD(1) C2-C7 BD*(1) C3-C8 263 0.74 0.041
BD(1) C3-C4 BD*(1) C7-C8 1.30 1.28 0.036
BD(1) C3-C4 BD*(1) C9-C10 143 1.26 0.038
BD(1) C3-C8 BD*(1) C3-C4 0.78 1.23 0.028
BD(1) C4-C9 BD*(1) C9-C10 1.08 1.24 0.033
BD(1) C5-C6 BD*(1) C9-C10 1.50 1.25 0.039
BD(1) C5-C6 BD*(1) C11-C12 131 1.27 0.036
BD(1) C5-C10 BD*(1) C9-C10 2.22 0.77 0.039
BD(1) C6-C11 BD*(1) C11-C12 1.18 1.24 0.034
BD(1) C7-C8 BD*(1) C3-C4 156 1.25 0.040
BD(1) C9-C10 BD*(1) C5-C6 147 124 0.038

BD(1) C11-C12 BD*(1) C5-C6 1.55 1.23 0.039

BD(1) C13-C14 BD*(1) C14-C15 3.81 1.29 0.063

BD(1) C13-C14 BD*(1) C14-C19 211 1.14 0.044

BD(1) C13-N18 BD*(1) C17-N18 2.55 1.24 0.050

BD(1) C13-H20 BD*(1) C13-C14 2.07 1.09 0.042

BD(1) C13-H20 BD*(1) C14-C15 3.51 1.10 0.055

BD(1) C13-H20 BD*(1) C17-N18 3.29 0.94 0.050

BD(1) C14-C15 BD*(1) C13-C14 341 127 0.059

BD(1) C14-C15 BD*(1) C13-H20 1.45 1.19 0.037

BD(1) C14-C15 BD*(1) C14-C19 2.47 1.13 0.047

BD(1) C14-C15 BD*(1) C15-C16 2.82 1.28 0.054

BD(1) C14-C19 BD*(1) C13-C14 2.54 1.19 0.049

BD(1) C14-C19 BD*(1) C13-N18 2.89 1.04 0.049

BD(1) C14-C19 BD*(1) C14-C15 2.54 1.19 0.049

BD(1) C15-C16 BD*(1) C14-C15 3.13 1.28 0.056

BD(1) C15-C16 BD*(1) C14-C19 3.03 1.13 0.052

BD(1) C15-C16 BD*(1) C16-C17 2.40 1.27 0.049

BD(1) C15-H21 BD*(1) C13-C14 3.29 1.09 0.053

BD(1) C15-H21 BD*(1) C16-C17 291 1.09 0.050

BD(1) C16-C17 BD*(1) C1-N18 251 1.01 0.046

BD(1) C16-C17 BD*(1) C15-C16 2.79 1.29 0.054

BD(1) C16-H22 BD*(1) C14-C15 2.92 1.09 0.050

BD(1) C16-H22 BD*(1) C17-N18 4.36 0.94 0.057

BD(1) C17-N18 BD*(1) C13-N18 2.80 1.26 0.053

BD(1) C17-H23 BD*(1) C13-N18 3.30 0.95 0.050
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Continued

BD(1) C17-H23 BD*(1) C15-C16 2.99 1.10 0.051
BD(1) C19-H24 BD*(1) N25-C29 2.83 0.83 0.043
BD(1) C19-H24 BD*(1) C26-H31 217 0.95 0.041
BD(1) C19-N25 BD*(1) C28-H35 1.64 1.16 0.039
BD(1) C19-C26 BD*(1) C13-C14 2.50 1.14 0.048
BD(1) C19-C26 BD*(1) C14-C19 1.16 0.99 0.030
BD(1) N25-C28 BD*(1) C14-C19 261 1.07 0.047
BD(1) N25-C29 BD*(1) C19-H24 1.27 1.14 0.034
BD(1) N25-C29 BD*(1) C28-H34 1.21 1.15 0.033
BD(1) C26-C27 BD*(1) C14-C19 223 0.97 0.042
BD(1) C26-H30 BD*(1) C19-N25 2.20 0.82 0.038
BD(1) C26-H31 BD*(1) C27-H32 1.05 0.97 0.029
BD(1) C27-H32 BD*(1) N25-C28 1.55 0.81 0.032
BD(1) C27-H33 BD*(1) C28-H34 1.30 0.96 0.032
BD(1) C28-H34 BD*(1) N25-C29 2.38 0.81 0.039
BD(1) C28-H34 BD*(1) C27-H33 1.62 0.96 0.035
BD(1) C28-H35 BD*(1) C19-N25 1.95 0.83 0.036
BD(1) C28-H35 BD*(1) C26-C27 1.22 0.87 0.029
BD(1) C29-H37 BD*(1) N25-C28 2.33 0.82 0.039
BD(1) C29-H38 BD*(1) C19-N25 3.01 0.82 0.045

LP(1) C8 BD*(1) C3-C8 7.60 0.58 0.090

LP(1) N25 BD*(1) C19-C26 571 0.61 0.053

LP(1) N25 BD*(1) C27-C28 5.22 0.61 0.052

LP(1) N25 BD*(1) C29-H36 6.67 0.71 0.063

orbital and occupancy between 0.8 and 1.9 electrons. Several other types of valence data, such as directionality,
hybridization and partial charges were analyzed in Table 6, the output of NBO analysis electrons. In this table,
BD (C27-C28) orbital with 1.99014 has 50.63% C27 character in a sp 3.02 hybrids and has 49.37% C28 charac-
ter in a sp 2.81 hybrid. The sp3.02 hybrid on C27 has 75.12% p-character. The sp 2.81 hybrid on O has 73.74%
p character. The BD (C27-C28) bond then corresponds roughly to the quantitative concept of interacting sp3
hybrids. The two coefficients, 0.7116 and 0.7026 are called polarization coefficients. The sizes of these coeffi-
cients show the importance of the two hybrids in the formation of the bond. The oxygen has the larger percen-
tage of this NBO, at 50.63% and gives the larger polarization coefficient of 0.7026 because it has the higher
electro negativity. Similarly BD (C5-C10), BD (C4-C9), BD (C13-N18), BD (C7-C8), BD (C6-C11), BD
(C1-C2), BD (C13-H20), BD (C16-H22) bonding orbital are also shows hydrogen and nitrogen have the lesser
percentage of NBOs and gives the lesser polarization coefficients as compared to BD (C27-C28) bond. This
shows that nitrogen and hydrogen in above bonding orbital have less electronegative as compare to BD
(C27-C28). Table 8 lists the calculated second order interaction energies (E ®) between the donors-acceptor or-
bital’s in nano fullerene interacting with Nicotine (NFN). The most important interaction energies, related to the
electron donating from the LP (1) C8, LP (1) N25, BD (C16-H22) to the anti-bonding acceptor BD* (C3-C8),
BD* (C29-H36), BD* (C17-N18), BD* orbital’s and their corresponding energies are 7.60, 6.67, 4.36 Kcal/Mol,
respectively. These interactions lead to the stability of these compounds.

3.8. Thermodynamic Properties

The values of some thermodynamic parameters such as zero-point vibrational energy, thermal energy, specific
heat capacity, rotational constants, and entropy of nano fullerene with nicotine (NFN) at 298.15 K in ground
state are listed in Table 9. The variation in zero-point vibrational energies (ZPVESs) seems to be significant. The
HF/B3LYP level of ZPVE is much lower by the DFT/B3LYP. The biggest values of ZPVE of HF (NFN) are
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Table 9. The thermodynamic parameters of Nanofullerene interacting with Nicotine (NFN) at B3LYP/
3-21G* and HF/3-21G*.

NFN
Basis Set HF/3-21G* DFT/3-21G*
Total energy (Thermal), Eioa (kcal/mol) 207.857 194.841
Vibrational energy, E.i, (kcal/mol) 206.07 193.06
Zero point vibrational energy (kcal/mol) 195.957 181.934
Rotational Constants (GHz)
X 0.5957 0.56367
Y 0.1036 0.10476
z 0.09049 0.09053
Specific heat, C, (Cal/mol/K) 72.819 79.270
Entropy, S (Cal/mol/K) 144.733 150.341
Dipole moment, u (Debye)
x —13.9605 —12.6294
Hy 5.1207 3.8068
U, 0.3809 0.2618
Hrotal 14.874 13.1933

Table 10. Thermodynamic parameters for Nanofullerene interacting with Nicotine (NFN) at B3LYP/3-21G*
and HF/3-21G*.

NFN
Thermodynamic Parameters HF/3-21G* DFT/3-21G*
Zero-point correction (Hartree/Particle) 0.312279 0.289931
Thermal correction to Energy 0.331241 0.310499
Thermal correction to Enthalpy 0.332185 0.311443
Thermal correction to Gibbs Free Energy 0.263418 0.240011

195.957 a.u. Whereas the smallest values of ZPVE of B3LYP (NFN) are 181.9345 a.u obtained at B3LYP/
3-21G*. Dipole moment reflects the molecular charge distribution and is given as a vector in three dimensions.
Therefore, it can be used as a descriptor to depict the charge movement across the molecule. Direction of the
dipole moment vector in a molecule depends on the centers of positive and negative charges. Dipole moments
are strictly determined for neutral molecules. For charged systems, its value depends on the choice of origin and
molecular orientation. On the basis of vibration analysis, the statically thermodynamic functions: heat capacity
(Cp), entropy (S), and enthalpy changes (H), Gibbs free energy for the title molecule were obtained from the

theoretical thermodynamic parameters are listed in Table 10.

4. Conclusion

In this work, the optimized geometry of the “nano fullerene interacting with nicotine” molecule has been deter-
mined by the method of density functional theory (DFT). On the basis of fully optimized ground-state structure,
TDDFT//B3LYP/3-21G* calculations have been used to determine the low-lying excited states of “Nanofulle-
rene interacting with Nicotine.” The hyperpolarizabilities indicate a possible use of these compounds in electro
optical applications. The dipole moment of Nicotine is higher than the dipole moment of NFN. We have also
discussed global and local reactivity descriptors sites for Nicotine molecules during electrophilic, nucleophilic
and radical attack. The charge distribution of nitrogen atom is increasing trend in HF and B3LYP method. These
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values represent the qualitative description of reactivity of different atoms in the molecule. NBO analysis indi-
cated that the higher second-order perturbation interaction (E,) and the electronic, chemical potential energy (W)
and the HOMO-LUMO gap in Nanofullerene interacting with Nicotine. This compound shows that the stability
of the molecules increases because of interaction of nicotine.
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