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Abstract

The molecular structure of di(tert-butylbenzylthio) tetrathiafulvalene derivatives was investigated by
density functional theory employing Becke’s three parameter hybrid exchange functional with Lee-
Yang-Parr (B3LYP) co-relational functional involving 6-31G(d,p) basis set. The non-linear optical
(NLO) properties of the title molecules are computed. The first order hyperpolarizability (o) of the
molecular system and related properties (B, oo and Aa) are calculated using DFT method on the basis of
finite-field approach. The molecular electrostatic potential (MEP) surface maps are plotted and
explained in detail. The significant changes in occupancies and the energies of bonding and antibonding
orbital have been explained in detail. Reactivity descriptors, Fukui functions and electrophilic sites are
found and discussed.

Keywords: Tetrathiafulvalenes; density functional theory; computational chemistry; electronic
structure; quantum chemical calculations

1. Introduction
Tetrathiafulvalene (TTF) and its derivatives are well-known as m-electron-donor materials
within the field of organic conductors 1. As a result of progress in synthetic TTF chemistry,
TTFs are incorporated into variety of macrocyclic, molecular, and supramolecular systems so
as to form multifunctional materials with desired structures, stability, and physical properties
-3 So, considerable efforts are presently devoted to the modification of the TTF core with
substituents like pyridine-type Heterocycles ], acetylacetonates I, and phosphines [, all of
which are well tailored for a chelating coordination function toward varied transition metal
ions. On the opposite hand, TTFs are often used as donor units in donor-acceptor (D-A)
ensembles, which are of significant research interest thanks to their potential applications in
sensors, optoelectronics, and molecular devices 7. D-n-A systems have gained increasing
attention as the n-conjugated spacer might optimize the communication between the D and A
units 581,
Development of nonlinear optical materials has been enhanced over the past few years as a
result of their applications such as frequency conversion, frequency mixing, optical data
storage, electro-optical modulation, optical parametric oscillation, etc . particularly, the
organic materials are more appropriate for the above applications, as a result of they have
high nonlinear optical susceptibility compared to inorganic compounds because of
delocalized electrons at m - w* orbitals. In organic materials, the hyperpolarizability of
molecules tends to the macroscopic nonlinear response and additionally it's proper
orientation in solid state facilitate high frequency conversion efficiency [,
Metal-organic materials show good thermal stability and wide optical transmittance
compared to organic materials and the mechanical behavior of these materials has been
improved compared to inorganic materials ™. Metal-organic materials have conjointly
advantages over organic and inorganic ones due to the structural modifiability of organic
ligands and the diversity of electronic properties tunable by virtue of the coordinated metal
center. Up to now, the nonlinear optical (NLO) properties of various classes of organic
materials are investigated within the search for new and more effective NLO materials [*? 131,
In this paper and in the objective to study the properties of a series of di(tert-butylbenzylthio)
tetrathiafulvalene derivatives 1-4 molecules described in literature 'l and to predict their

~ 426~



International Journal of Applied Research

applications, we provides a complete description of the
molecular geometry and also the electronic properties such
as HOMO-LUMO energy gap, nonlinear optical properties
(NLO), chemical hardness, and chemical potential.

2. Materials and methods

All calculations were performed using the Gaussian 09W
package. The traditional hybrid Becke, three-parameter,
Lee-Yang-Parr (B3LYP) exchange correlation functions of
the Density Functional Theory (DFT) was applied using 6-
31G(d,p) basis set. The geometry of di(tert-butylbenzylthio)

3. Results and discussion

3.1 Molecular Geometry

The molecular structure of di(tert-butylbenzylthio)
tetrathiafulvalene derivatives 1-4 belongs to C1 point group
symmetry. The optimized molecular structure of the title
molecule shown in Figure 1 was obtained using Gaussian 09
program. The optimized bond lengths, bond angles and
torsional angles of compounds 1-4 are listed in Tables 1-4.
To the best of our knowledge, exact theoretical data on the
geometrical ~ parameters  of  di(tert-butylbenzylthio)
tetrathiafulvalene derivatives is not available in the

tétrathiafulvalénes derivatives was fully optimized at the literature.
afore mentioned levels of theory.
»
L 9
S o~
? 2 ‘ ? ,ﬁ
’ OJ: 9 . ’1
"I |
Je Ty . 4’5'0,,,'
J\O 4\.‘\4‘3\ g'*"
’a’d 3 9 0y
'%J) ‘: 4‘ 0,
}0‘: 2 @
3@
e %
Compound 2
4¥ 3’ ? 99
% we %92,
3 % JQ‘J o @
> # J%i AL
* @’ ’JO.J N ’)\‘\? @
? 09 0N AP o
@ 3{00\, : ] @ > Q ™
@5 g ";:"O’?; ) 3,’ o T
‘9 t‘ :ﬁ v—;,j P
‘3’%‘;‘
@ 9
Compound 3 Compound 4

Fig 1: Optimized molecular structure of di(tert-butylbenzylthio) tetrathiafulvalene derivatives 1-4.

Table 1: Optimized geometric parameters of compound 1

Bond Length (A) Bond Angles (°) Dihedral Angles (°)

R(1,2) 1.395 A(2,1,6) 119.434 D(7,1,2,3) 179.756

R(1,7) 1.086 A(6,1,7) 120.589 D(2,3,4,11) 176.460
R(3,14) 1.510 A(1,2,3) 121.795 D(2,3,14,15) 114.693
R(14,18) 1.859 A(2,3,14) 117.727 D(4,3,14,16) 177.224
R(19,22) 1.349 A(4,11,17) 115.277 D(3,4,11,13) 177.008
R(19,25) 1.779 A(12,11,13) 107.629 D(5,4,11,12) 114.429
R(20,21) 1.353 A(15,14,18) 106.538 D(4,5,6,10) 179.739
R(22,28) 1.781 A(25,19,26) 113.101 D(13,11,17,21) 127.370
R(23,30) 1.771 A(17,21,20) 129.624 D(16,14,18,20) 127.682
R(29,31) 1.871 A(20,21,25) 116.636 D(26,19,22,28) 178.615
R(31,46) 1.505 A(24,23,30) 127.779 D(22,19,26,20) 164.959
R(39,43) 1.084 A(27,23,30) 115.320 D(26,20,21,17) 177.650
R(46,47) 1.394 A(28,24,29) 117.221 D(19,22,28,24) 160.764
R(51,55) 1.541 A(69,68,77) 108.129 D(35,34,37,38) 157.165
R(55,56) 1.547 A(78,77,80) 107.722 D(34,37,38,40) 179.463
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Table 2: Optimized geometric parameters of compound 2

Bond Length (A) Bond Angles (°) Dihedral Angles (°)
R(1,2) 1.393 A(2,1,7) 120.856 D(7,1,2,3) 179.776
R(1,7) 1.083 A(1,2,106) 123.354 D(106,2,3,4) 179.944
R(2,106) 1.371 A(2,3,12) 117.539 D(3,2,106,119) 179.145
R(3,12) 1.510 A(4,9,15) 115.585 D(2,3,4,9) 177.129
R(12,16) 1.860 A(13,12,16) 106.409 D(12,3,4,5) 176.961
R(17,20) 1.349 A(20,17,23) 123.288 D(2,3,12,13) 114.716
R(17,23) 1.779 A(23,17,24) 113.231 D(4,3,12,14) 177.199
R(18,19) 1.353 A(16,18,19) 129.910 D(3,4,5,105) 179.999
R(20,25) 1.783 A(15,19,23) 113.510 D(3,4,9,11) 177.281
R(22,26) 1.787 A(17,20,26) 123.786 D(5,4,9,10) 114.959
R(27,29) 1.871 A(26,22,27) 117.199 D(4,5,105,107) 177.974
R(49,53) 1.541 A(22,27,29) 101.323 D(11,9,15,19) 127.250
R(51,52) 1.083 A(30,29,31) 109.174 D(14,12,16,18) 126.600
R(106,119) 1.426 A(5,105,107) 119.112 D(24,17,20,26) 178.263
R(119,120) 1.522 A(119,120,123) 112.256 D(20,17,24,18) 167.148
Table 3: Optimized geometric parameters of compound 3
Bond Length (A) Bond Angles (°) Dihedral Angles (°)
R(1,2) 1.398 A(2,1,6) 118.379 D(18,1,6,5) 179.738
R(2,3) 1.398 A(6,1,18) 122.882 D(6,1,18,20) 160.082
R(4,9) 1.509 A(5,4,9) 117.878 D(2,3,4,9) 176.915
R(6,15) 1.505 A(6,5,8) 118.333 D(12,3,4,5) 176.724
R(9,21) 1.860 A(1,6,15) 122.863 D(2,3,12,13) 114.840
R(15,23) 1.872 A(3,12,13) 111.950 D(4,3,12,14) 177.189
R(22,26) 1.773 A(16,15,23) 104.670 D(3,4,9,11) 176.247
R(25,34) 1.349 A(19,18,20) 107.518 D(5,4,9,10) 113.834
R(26,27) 1.353 A(9,21,27) 102.661 D(4,5,6,15) 179.028
R(28,44) 1.783 A(34,25,42) 123.499 D(8,5,6,1) 179.705
R(31,45) 1.781 A(21,27,42) 113.766 D(5,6,15,17) 140.948
R(34,40) 1.782 A(31,28,43) 123.952 D(11,9,21,27) 127.567
R(49,50) 1.092 A(23,30,29) 127.396 D(14,12,22,26) 127.799
R(55,56) 1.394 A(28,31,45) 123.665 D(16,15,23,30) 133.531
R(60,62) 1.407 A(33,32,45) 116.884 D(1,18,24,29) 105.892
Table 4: Optimized geometric parameters of compound 4
Bond Length (A) Bond Angles (°) Dihedral Angles (°)
R(1,2) 1.408 A(2,1,6) 118.940 D(2,1,6,13) 179.891
R(2,190) 1.384 A(2,1,16) 119.377 D(16,1,6,5) 174.054
R(4,7) 1.508 A(1,2,190) 118.987 D(6,1,16,18) 161.448
R(7,8) 1.090 A(4,3,10) 123.113 D(1,2,3,10) 175.137
R(7,19) 1.860 A(3,10,11) 112.048 D(190,2,3,4) 179.650
R(19,25) 1.777 A(12,10,20) 104.473 D(2,3/4,7) 172.135
R(23,32) 1.349 A(1,16,18) 111.342 D(10,3,4,5) 176.402
R(24,25) 1.353 A(13,21,28) 102.994 D(2,3,10,11) 116.107
R(34,35) 1.768 A(20,24,39) 112.669 D(4,3,10,12) 176.256
R(35,47) 1.871 A(29,26,41) 123.754 D(5,4,7,8) 118.339
R(50,62) 1.503 A(37,32,38) 112.379 D(5,6,13,15) 147.858
R(56,102) 1.541 A(29,44,31) 94.661 D(9,7,19,25) 123.746
R(98,101) 1.096 A(35,47,53) 109.313 D(12,10,20,24) 128.542
R(115,116) 1.547 A(47,53,55) 120.067 D(14,13,21,28) 134.071
R(120,122) 1.095 A(54,56,102) 119.619 D(190,191,192,195) 178.169

3.2 Molecular Electrostatic Potential

electrostatic potential

(preferred site

for electrophilic

The Molecular Electrostatic Potential (MEP) is a plot of
electrostatic potential mapped onto the constant electron
density surface. The MEP has been used primarily for
predicting sites and relative reactivities towards electrophilic
attack, in studies of chemical recognition and hydrogen
bonding interactions 1> 161, The different values of the
electrostatic potential at the surface are represented by
different colors; red represents regions of most negative

attack), blue represents regions of most positive electrostatic
potential (preferred site for nucleophilic attack) and green
represents regions of zero potential. Potential increases in
the order red < orange < yellow < green < blue. To predict
reactive sites for electrophilic and nucleophilic attack for
di(tert-butylbenzylthio) tetrathiafulvalene derivatives 1-4,
the MEP at the B3LYP/6-31G(d,p) method was calculated
and 3D plots of MEP is illustrated in Figure 2.
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Fig 2: Molecular electrostatic potential surface of di(tert-butylbenzylthio) tetrathiafulvalene derivatives 1-4

As seen from the figure that, in all molecules, the regions
exhibiting the negative electrostatic potential are localized
near the TTF core and groups that contain sulfur atoms
while the regions presenting the positive potential are
localized vicinity of the hydrogen atoms of alkyl groups.

3.3 Frontier Molecular Orbitals (FMOs)

The most important orbitals in a molecule are the frontier
molecular orbitals, called lowest unoccupied molecular
orbital (LUMO) and highest occupied molecular orbital
(HOMO). The HOMO energy represents the ability to
donate an electron while the LUMO as an electron acceptor
represents the ability to obtain an electron. The gap between
the HOMO and LUMO determines the chemical stability

and electrical transport properties of the molecule 71, A
molecule with a small frontier orbital gap is more
polarizable (reactive), and is generally associated with a
high chemical reactivity (less stable) 18, The HOMO -
LUMO plots of compound 3 are given in Figure 3.
According to Figure 3, the positive phase is shown as blue
color region whereas the orange one is provided as green
color region. Table 5 illustrates the change of AE_umo - Homo
(Egap) energy gap value of title compound. The low value of
gap represents the high reactivity of the molecule in
chemical reactions [*°. Also, the lowering of the energy gap
describes that the eventual charge transfer takes place within
the molecule 21,

9 *; g
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Fig 3: HOMO-LUMO Structure with the energy level diagram of compound 3

3.4 Global Reactivity Descriptors
The energies of frontier molecular orbitals (Exomo, ELumo),
energy band gap (Enomo - ELumo), electronegativity (y),

chemical potential (u), global hardness (1), global softness
(S) and global electrophilicity index (w) 2 of di(tert-
butylbenzylthio) tetrathiafulvalene derivatives are listed in
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Table 5. On the basis of Enomo and Eiuwmo, these are
calculated by using the below equations.

one of the most powerful tools for describing the
relationships  between biological activity and the
physicochemical characteristics of molecules. The
molecular descriptor is the final result of a logic and
mathematical procedure which transforms chemical
information encoded within a symbolic representation of a
molecule into a useful number or the result of some

7 =(E —E . )2

HOMO LUMO

H = _(IE + EA)IZZ(EN+1_ EN—l)/Z =7

n=(E-EA)/2=(E,,~-E,, ~2E,)/2 standardized experiment. Many of the descriptors are based
S=1/2p directly on the results of quantum-mechanical calculations

, or can be derived from the electronic wave function or
w=u 12n electrostatic field of the molecule [4. Since the

electrophilicity index is a chemical reactivity descriptor and
it has been used as appropriate descriptor of QSAR study.
Recently the electrophilicity index has been used as a
possible descriptor of chemical reactivity confirming the
fact that the electrophilicity properly quantifies the chemical
activity.

Electrophilicity index is one of the important quantum
chemical descriptors in describing chemical reactivity of the
molecules in the context of development of Quantitative
Structure  Activity Relationship (QSAR) parlance.
Quantitative Structure-Activity Relationship methodology is

Table 5: Quantum chemical descriptors of di(tert-butylbenzylthio) tetrathiafulvalene derivatives 1-4

Parameters compound 1 compound 2 compound 3 compound 4
Enomo (eV) -4.682 -4.494 -4.741 -4.688
ELumo (V) -1.120 -1.013 -1.659 -1.573
AEgap (eV) 3.562 3.480 3.082 3.115
IE (eV) 4.682 4.494 4741 4,688
EA (eV) 1.120 1.013 1.659 1.573
U (eV) -2.901 -2.753 -3.200 -3.131
x (eV) 2.901 2.753 3.200 3.131
1 (eV) 1.781 1.740 1.541 1.557
S (eV) 0.281 0.287 0.324 0.321
o (eV) 2.363 2.178 3.323 3.147

As presented in table 5, the compound which have the
lowest energetic gap is the compound 3 (AEgsp = 3.082 eV).
This lower gap allows it to be the softest molecule. The
compound that have the highest energy gap is the compound
1 (AEgp = 3.562 eV).The compound that has the highest
HOMO energy is the compound 2 (Enomo = -4.494 eV).
This higher energy allows it to be the best electron donor.
The compound that has the lowest LUMO energy is the
compound 3 (ELumo = -1.659 eV) which signifies that it can
be the best electron acceptor. The two properties like |
(potential ionization) and A (affinity) are so important, the
determination of these two properties allow us to calculate
the absolute electronegativity (y) and the absolute hardness
(m). These two parameters are related to the one-electron
orbital energies of the HOMO and LUMO respectively.
Compound 2 has lowest value of the potential ionization (I =
4.494 eV), so that will be the better electron donor.
Compound 3 has the largest value of the affinity (A = 1.659
eV), so it is the better electron acceptor. The chemical
reactivity varies with the structural of molecules. Chemical
hardness (softness) value of compound 3 (n=1.541eV, S=
0.324 eV) is lesser (greater) among all the molecules. Thus,
compound 3 is found to be more reactive than all the
compounds. Compound 3 possesses higher electronegativity
value (x = 3.200 eV) than all compounds so; it is the best
electron acceptor. The value of © for compound 3 (0 =

3.323 eV) indicates that it is the stronger electrophiles than
all compounds. Compound 3 has the smaller frontier orbital
gap so, it is more polarizable and is associated with a high
chemical reactivity, low Kinetic stability and is also termed
as soft molecule.

3.5 Local Reactivity Descriptors

Fukui function (FF) %271 is one of the widely used local
density functional descriptors to model chemical reactivity
and site selectivity. The condensed Fukui functions (f *, f ,
f %) 281 have been calculated by following equation.

7 =la(N +1)-a(N )],for nucleophilic attak,

fo=laN)-a(N -1)] ¢, electrophilic attak,
= [a(N +1)-a(N ~D)/2 ¢ dical attak.

where, g is the gross charge of atom k in the molecule and
N, N+1, N-1 are electron systems containing neutral, anion,
cation form of molecule respectively. (+, -, 0) signs show
nucleophilic, electrophilic and radical attack respectively.
Fukui functions for selected atomic sites in compounds 1-4
are shown in Tables 6-7.
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Table 6: Order of the reactive sites on compounds 1 and 2.

Compound 1 Compound 2
Atom | 22C | 19C | 68C | 94C | Atom | 1050 | 106 0 | 20C | 17C
f* 1 0.089 | 0.075 | 0.067 | 0.067 | f* 0.361 | 0.360 | 0.100 | 0.085
Atom | 42C | 40C | 49C | 51C | Atom | 5C 2C | 119C | 107C
f- 0.155 | 0.149 | 0.147 | 0.145 f- 0.243 | 0.242 | 0.139 | 0.137
Atom | 94C | 81C | 55C | 68C | Atom | 138C | 92C | 79C | 53C
fo 0.023 | 0.018 | 0.011 | 0.007 fo 0.043 | 0.039 | 0.035 | 0.025
Table 7: Order of the reactive sites on compounds 3 and 4
Compound 3 Compound 4
Atom | 73C | 32C | 28C | 34C | Atom | 2100 | 1900 | 29C | 32C
f* | 0.108 | 0.108 | 0.107 | 0.097 f* 0.293 | 0.286 | 0.127 | 0.105
Atom | 85C | 3C | 69C | 4C | Atom | 38S | 46S | 74C | 76C
f- 0.142 | 0.136 | 0.135 | 0.135 f- 0.514 | 0.407 | 0.375 | 0.368
Atom | 83C | 75C | 82C | 176C | Atom | 89C | 76C | 74C | 5C
fo 0.004 | 0.001 | 0.001 | 0.001 fo 0.131 | 0.112 | 0.109 | 0.108

From the tables 6-7, the parameters of local reactivity
descriptors show that 22C, 1050, 73C and 2100 are the
more reactive sites in compounds 1, 2, 3 and 4 respectively,
for nucleophilic attacks. The more reactive sites for
electrophilic attacks are 42C, 5C, 85C and 38S for
compounds 1, 2, 3 and 4 respectively. The more reactive
sites in radical attacks are 94C, 138C, 83C and 89C for
compounds 1, 2, 3 and 4 respectively.

3.6 Nonlinear Optical Properties (NLO)

The NLO phenomena have attracted much attention in
recent years because of their potential applications in optical
communication, optical signal processing and transmission,
optical data acquisition and storage, optical computing, and
especially optical limiting effects utilized in the protection
of optical sensors and human eyes from high intensity laser
beams [2%41  Many types of polarizabilities and
hyperpolarizabilities have been discussed in the literature
34, They determine not only the strength of molecular
interactions, the cross sections of different scattering and
collision processes, but also the NLO properties of the
system 51, In order to investigate the relationships among
photocurrent generation, molecular structures and NLO, the
polarizabilities and hyperpolarizabilities of  di(tert-
butylbenzylthio)  tetrathiafulvalene  derivatives  was
calculated using DFT-B3LYP method and 6-31G(d,p) basis
set, based on the finite-field approach. First
hyperpolarizability is a third rank tensor that can be
described by a (3 x 3 x 3) matrix. The 27 components of the
3D-matrix can be reduced to 10 components due to the
Kleinmann B3 symmetry. It can be given in the lower
tetrahedral format. It is obvious that the lower part of the (3
x 3 x 3) matrix is a tetrahedral. The components of first
hyperpolarizability Bo are defined as the coefficients in the
Taylor series expansion of the energy in the external electric
field. When the external electric field is weak and
homogeneous this expansion becomes:

E=E"-uF -12a,FF -16p, FFF +..

Where E° is the energy of the unperturbed molecules, Fi is
the field at the origin and Wi, a;j, Bijx are the components of
dipole moment, polarizability, and first hyperpolarizability,
respectively. The total static dipole moment (po), anisotropy
of the polarizability (ag), mean polarizability (Aa) and the
total first hyperpolarizability (Bo) using (X, y, z) components
are defined as 1%,

2 2 2 1/2
o =l +p)+u]]
a = (aXX +a, +au)/3
Aa :2’“2[(17){x —aw)2+(aw —<7zz)z+(c1ZZ —axx)2+6c1:Z +60rfy +6c1yzz]”2

2 2 2 1/2
By =B +B.+8])
X = BXXX + BXyZ + BXZZ
y = BYW + 'BXXY + Byzz

Bz:Bzzz+Bxxz+Byyz

™ ™

Since the X, y, z components of oo and Bo of Gaussian 09
output are reported in atomic mass unit (a.u.), the calculated
values have been converted into electrostatic unit (esu)
using conversion factor as (for oo : 1 a.u. = 0.1482 x 10 %
esu; for Bo : 1 a.u. = 0.0086393 x 10 esu). The total
molecular dipole moment and first order hyperpolarizability
are depicted in Table 8. The first order hyperpolarizability is
13 times greater than that of urea (B of urea 0.3728x10°%
esu) obtained by B3LYP/6-31G (d,p) method. Therefore,
investigated molecules will show NLO response and might
be used for NLO materials in future.
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Table 8: The dipole moments p (D), polarizability o (esu), the anisotropy of the polarizability Aa (esu), and the first hyperpolarizability
(esu) of di(tert-butylbenzylthio) tetrathiafulvalene derivatives 1-4 calculated by B3LYP/6-31G(d,p) method.

Parameters Compound 1 Compound 2 Compound 3 Compound 4
P -413.8203 733.0595 -295.9824 387.3405
Byy -2.9853 76.6059 106.0465 0.6729
B 17.6626 11.7113 10.3244 109.3456
Byyy -47.9077 135.4162 167.7646 -116.1941
Bxy -208.2808 152.6740 425.2452 399.6284
By -48.0654 -54.0145 -12.4729 5.8131
By 73.1650 -25.1805 -1.0386 -99.0576
Byz 8.0940 8.9914 17.2876 8.2532
Byy: -13.9651 1.7841 8.8109 67.6457
Byy: -43.6751 -28.4675 -113.8020 -124.2914
Brot(esu)x10-% 414.7549 877.2467 563.6407 479.5298
bx -0.8157 4.3919 0.3360 -0.7655
Hy -1.9158 2.3943 2.7219 0.1405
Mz 0.0846 0.1780 -2.4737 6.1250
Hot(D) 2.0840 5.0053 3.6933 6.1743
axx -314.7979 -365.6471 -627.0326 -730.0619
ayy -344.3191 -422.1585 -648.4797 -716.0348
0z -371.8758 -460.7647 -670.1077 -748.1236
axy 6.4963 2.1357 -0.2586 -3.2532
oxe -1.4204 1.7828 8.5031 13.3129
ayz 2.2081 -1.6228 6.5989 -11.8432
ao(esu)x10-24 50.9084 83.0469 41.7055 41.9592
Aa(esu)x10-% 7.5446 12.3075 6.1808 6.2183

Since the values of the polarizabilities (Aa) and the
hyperpolarizabilities (Bwr) Of the GAUSSIAN 09 output are
obtained in atomic units (a.u.), the calculated values have
been converted into electrostatic units (e.s.u.) (for a; 1 a.u=
0.1482 x 10** e.s.u., for B; 1 a.u=8.6393 x 10 e.s.u.). The
calculated values of dipole moment (W) for the title
compounds were found to be 2.0840, 5.0053, 3.6933 and
6.1743 D respectively, which are approximately six times
than to the value for urea (1 = 1.3732 D). Urea is one of the
prototypical molecules used in the study of the NLO
properties of molecular systems. Therefore, it has been used
frequently as a threshold value for comparative purposes.
The calculated values of polarizability are 50.9084 x 102,
83.0469 x 1024, 41.7055 x 10 and 41.9592 x 10%* esu
respectively; the values of anisotropy of the polarizability
are 7.5446, 12.3075, 6.1808 and 6.2183 esu, respectively.
The magnitude of the molecular hyperpolarizability (B) is
one of important key factors in a NLO system. The DFT/6-
31G(d,p) calculated first hyperpolarizability value (B) of
tetrathiafulvalenes molecules are equal to 414.7549 x 10-%,
877.2467 x 10, 563.6407 x 10732 and 479.5298 x 10 esu.
The first hyperpolarizability of title molecules is
approximately 1.21, 2.55, 1.64 and 1.40 times than those of
urea (P of urea is 343.272 x10°% esu obtained by B3LYP/6-
311G (d,p) method). This result indicates the non-linearity
of the di(tert-butylbenzylthio) tetrathiafulvalene derivatives
1-4.

4. Conclusion

B3LYP level with the 6-31G(d,p) basis set is utilized to
conduct a detailed study of the structures, geometrical
parameters and molecular electrostatic potential map of
di(tert-butylbenzylthio) tetrathiafulvalene derivatives 1-4.
The lowering of the HOMO-LUMO energy gap value has
substantial influence on the intra molecular charge transfer
and reactivity of the molecules. The MEP map is agrees
well with the ground state interaction. The highest electro
negativity and electrophilicity were found for compounds 3

and the lowest ones for compounds 2 respectively. The
charge distribution has been calculated from the atomic
charges by non-linear optical (NLO). The energies of the
highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) levels and the
molecular electrostatic potential (MEP) energy surface
studies evidenced the existence of intramolecular charge
transfer (ICT) within the molecules.

5. Acknowledgments

This work was generously supported by the (General
Directorate for Scientific Research and Technological
Development, DGRS-DT) and Algerian Ministry of
Scientific Research.

6. References

1. Batail P. Introduction: Molecular conductors. Chem.
Rev. 2004; 104:4887-4890.

2. Day P, Kumoo M. Molecular magnetic
semiconductors, metals and superconductors: BEDT-
TTF salts with magnetic anions. J. Mater. Chem. 1997;
7:1291-1295.

3. Jia CY, Liu SX, Tanner C, Leiggener C, Sanguinet L,
Levillain E et al. Redox-active tristar molecule:
merging of TTF and HAT chemistry. Chem. Commun.
2006, 1878-1880.

4. Jia C, Liu SX, Ambrus C, Neels A, Labat G, Decurtins
S. One-Dimensional p-Chloromanganese(11)-
Tetrathiafulvalene (TTF) Coordination Compound.
Inorg. Chem. 2006; 45:3152-3154.

5. Zhu QY, Bian GQ, Zhang Y, Dai J, Zhang DQ, W Lu.
Structure and  coordination  properties of a
tetrathiafulvalene derivative with an acetylacetone
group. Inorg. Chim. Acta. 2006; 359:2303-2308.

6. Guerro M, Roisnel T, Pellon P, Lorcy D. Redox-Active
Dithiafulvenyldiphenylphosphine as a Mono or
Bidentate Ligand: Intramolecular Coupling Reaction in

~432~



International Journal of Applied Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

the Coordination Sphere of a Metal Carbonyl Fragment.
Inorg. Chem. 2005; 44:3347-3355.

Wu JC, Liu SX, Neels A, Derf FLe, Salle M, Decurtins
S. A tetrathiafulvalene-tetracyanoanthraquinodimethane
(TTF-TCNAQ) diad with a chemically tunable
HOMO-LUMO gap. Tetrahedron. 2007; 63:11282-
11286.

Meier H. Conjugated Oligomers with Terminal Donor-
Acceptor Substitution. Angew. Chem., Int. Ed. 2005;
44:2482-2506.

Chemla DS, Zyss J. Non Linear Optical Properties of
Organic Molecules and Crystals. Academic Press,
London, 1987, 1.

Badan J, Hierle R, Perigand A, Zyss J. Non-linear
optical properties of organic molecules and polymeric
materials, D5, D.J. Williams (Ed.), Am Chem Soc.,
Washington, DC, 1993, 233.

Bhaskaran A, Arjunan S, Raghavan CM, Mohan Kumar
R, Jayavel R. Investigation on synthesis, growth,
structural, optical, thermal and dielectric properties of
organometallic ~ non-linear  optical tetrathiourea
cadmium tetrathiocyanato zincate (TCTZ) single
crystals. J. Cryst. Growth. 2008; 310:4549-4553.

Nalwa HS. Organometallic materials for nonlinear
optics. Appl. Organomet. Chem. 1991; 5:349-377.
Yuan P, Yin J, Yu G, Hu Q, Hua Liu S. Synthesis and
Second-Order NLO Properties of Donor-Acceptor o-
Alkenyl Ruthenium Complexes. Organometallics,
2007; 26:196-200.

Maciej Skibin” ski, Rafael Go” mez, Enno Lork,
Vladimir A. Azov. Redox responsive molecular
tweezers with tetrathiafulvalene units: synthesis,
electrochemistry, and binding properties. Tetrahedron.
2009; 65:10348-10354.

Murray JS, Sen K. Molecular Electrostatic Potentials,
Concepts and Applications, Elsevier, Amsterdam, 1996,
7-624.

Scrocco E, Tomasi J. Electronic Molecular Structure.
Reactivity and Intermolecular Forces: An Euristic
Interpretation by Means of Electrostatic Molecular
Potentials, Adv. Quantum Chem. 1978; 11:115-193.
Fukui K. Role of Frontier Orbitals in Chemical
Reactions, Science. 1982; 218:747-754.

Gece G. The use of quantum chemical methods in
corrosion inhibitor studies. Corros. Sci. 2008; 50:2981-
2992.

Palafox MA, Bhat D, Goyal Y, Ahmad S, Joe IH,
Rastogi VK. FT-IR and FT-Raman spectra, MEP and
HOMO-LUMO of 2,5-dichlorobenzonitrile: DFT study.
Spectrochim. Acta A Mol. Biomol. Spectrosc. 2015;
136:464-472.

Sert Y, Puttaraju KB, Keskinoglu S, Shivashankar K,
Ucun F. FT-IR and Raman vibrational analysis, B3LYP
and MO06-2X simulations of 4-bromomethyl-6-tert-
butyl-2H-chromen-2-one. J.  Mol.  Struct. 2015;
1079:194-202.

Pearson RG. Absolute electronegativity and hardness:
applications to organic chemistry. J. Org. Chem., 1989;
54:1423-1430.

Geerlings P, Proft FD, Langenaeker W. Conceptual
Density Functional Theory, Chem. Rev. 2003;
103:1793-1873.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

~ 433~

. Padmanabhan J,

Parthasarathi R, Subramanian V,
Chattaraj PK. Electrophilicity Based Charge Transfer
Descriptor. J. Phys. Chem, A. 2007; 111:1358-1361.
Puzyn T, Leszczynski J, Cronin MTD. Recent
Advances in QSAR Studies, Springer, New York, NY,
USA, 2010, 30-41.

Parr RG, Yang W. Density functional Theory of Atoms
and Molecules, Oxford University Press, Oxford, New
York, 1989, 34-88.

Pearson RG. Absolute electronegativity and hardness:
applications to organic chemistry. J. Org. Chem. 1989;
54:1423-1430.

Parr RG, Pearson RG. Absolute hardness: companion
parameter to absolute electronegativity. J. Am. Chem.
Soc. 1983; 105:7512-7516.

Geerlings P, Proft FD, Langenaeker W. Conceptual
Density Functional Theory. Chem. Rev. 2003;
103:1793-1873.

Prasad PN, Williams DJ. Introduction to Nonlinear
Optical Effects in Molecules and Polymers, Wiley, New
York, 1991.

Kolev TM, Yancheva DY, Stamboliyska BA, Dimitrov
MD, Wortmann R. Nonlinear optical properties of
pyridinium-betaines of squaric acid: Experimental and
theoretical study. Chem. Phys. 2008; 348:45-52.

Zhang C, Song YL, Wang X. Correlations between
molecular structures and third-order non-linear optical
functions of heterothiometallic clusters: A comparative
study. Coordin. Chem. Rev. 2007; 251:111-141.

Zhang C, Song YL, Wang X, Fun HK, Xin XQ. Study
on a series of pentanuclear planar ‘open’ clusters:
synthesis, characterization, strong third-order optical
nonlinearities and superior optical limiting properties. J.
Mater. Chem. 2002; 12:239-248.

Alyar H, Bahat M. Torsional Energy and Nonlinear
Optical Properties of 2-, 3-R-4-Phenylpyridine (R =
CHs, NH; and NOy), Asian J. Chem. 2012; 24:5319-
5323.

Sun Y, Chen X, Sun L, Guo X, Lu W, Nanoring.
Structure and optical properties of GagAss. Chem. Phys.
Lett. 2003; 381:397-403.

Kleinmann DA. Nonlinear Dielectric Polarization in
Optical Media. Phys. Rev. 1962; 126:1977-1979.

Karna SP, Prasad PN, Dupuis M. Nonlinear optical
properties of p-nitroaniline: an ab initio time-dependent
coupled perturbed Hartree-Fock study. J. Chem. Phys.
1991; 94:1171-1181.



