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ABSTRACT 

In the present work, All theoretical calculations is performed with DFT/B3LYP/6-31G(d,p). The electron density based local reactivity 
descriptor such as Fukui functions were calculated to explain the chemical reactivity and the reactive sites in the molecules. The 
optimized molecular structure, atomic charges, molecular electrostatic potential, NBO, electronic properties, NLO, energy HOMO, 
LUMO, gap of 2,5-bis(1,3-dithiol-2-ylidene)-1,3,4,6-tetrathiapentalene (BDT-TTP) and its derivatives 1-4 are studied within the best 
method in this investigation get a better insight of the molecular properties.  

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

 
INTRODUCTION 

he applications of heterocyclic compounds in our 
life are undeniable. So there's an increasing 
demand for synthesizing new heterocyclic 

compounds and this has stimulated research activities 
within the field of heterocyclic compound chemistry. 
Heterocyclic compounds containing sulfur have 
maintained the interest of organic researchers on 
decades of historical development of chemistry. 2,5-
bis(1,3-dithiol-2-ylidene)-1,3,4,6-tetrathiapentalene (BDT-
TTP) and its derivatives have attracted attention for 
several years as a result of their electron donor ability and 
also the electrical conductivity of their charge transfer 
salts. Among the wide variety of chemical modifications 
performed on the TTF skeleton, the introduction of 
aromatic rings into the TTF skeleton are known to be an 
attractive electron-donor molecule which may give an 
extremely conductive charge transfer complex owing to 
its highly extended π-conjugate part1-3. The synthesis of 
highly extended and sulfur rich systems has recently 
received particular attention

4-6
, TTFs derivatives currently 

play an important role as redox sites in totally different 
areas of supramolecular chemistry. Some applications in 
materials chemistry

7
 such their use as molecular switches 

rotaxanes and catenanes
8
, conductive materials

9
 and 

superconductors
10

, complex with the C60
11

, conductive 
polymers

12
, materials for nonlinear optics

13
, sponges 

cations14, ferromagnetic organic magnets15, liquid 
crystals16, and dendrimers17. 

On the other hand computational ways of quantum 
chemistry have found an increasing number of 
applications to chemical problems over the previous few 
decades. Thus, quantum chemistry has been very 
successful as a predictive tool within the study of little or 

medium size organic molecules and properties like the 
ground state molecular geometries, conformational 
preferences, transition state geometries and energies, 
Born-Oppenheimer potential energy surfaces, reaction 
pathways and also the rates of organic reactions may well 
be predicted18,19. At constant time, quantum chemistry 
has additionally been applied within the field of transition 
metal compounds and organometallics20,21. However, 
despite the greatly improved computational facilities and 
also the accessibility of sophisticated quantum chemical 
calculations, the quantum chemistry of molecular systems 
containing heavy atoms appears to be less advanced22,23. 
This is often largely as a result of difficulties was arising 
within the treatment of heavy atoms and molecules 
containing such atoms, associated with the quasi-
degeneracy of their lowest atomic states, correlation and 
relativistic effects. 

In this paper and in the aim to study the properties of a 
series of bis-fused tétrathiafulvalènes described in 
literature24 and to predict their applications, we give a 
complete description of the molecular geometry, natural 
bond orbital (NBO) analysis, nonlinear optical (NLO) 
properties, and chemical reactivity as HOMO-LUMO 
energy gap, chemical hardness, and chemical potential.  

MATERIALS AND METHODS  

The optimum geometry was determined by minimizing 
the energy with respect to all geometrical parameters 
without imposing molecular symmetry constraints. The 
structural and spectroscopic characterization was carried 
out using Gaussian 09 program package on the personal 
computer. DFT computations were performed by using 
the closed-shell Becke-Lee-Yang-Parr hybrid exchange-
correlation three-parameter functional (B3LYP) in 
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combination with 6-31G (d,p) basis set to derive the 
complete geometry optimizations and normal-mode 
analysis on isolated entities. All optimized structures were 
confirmed to be minimum energy conformations.  

RESULTS AND DISCUSSION 

Molecular Geometry 

The optimized DFT geometries by B3LYP/6-31G (d,p) of 
the bis-fused TTF ligands with atom numbering are shown 
in Figure 1. The internal coordinates describe the position 

of the atoms in terms of distances, angles and dihedral 
angles with respect to an origin atom. The symmetry 
coordinates are constructed using the set of internal 
coordinates. In this study, the standard internal 
coordinates for compounds 1-4 are presented in Tables 1-
4. By allowing the relaxation of all parameters, the 
calculations converge to optimized geometries, which 
correspond to true energy minima, as revealed by the 
lack of imaginary frequencies in the vibrational mode 
calculation. 

 

 
Compound 1 

 
Compound 2 

 
Compound 3 

 
Compound 4 

Figure 1: Optimized molecular structure of bis-fused tétrathiafulvalènes 1-4 

Table 1: Optimized geometric parameters of compound 1 

Bond Length(Å) Bond Angles (°) Dihedral Angles (°) 

R(1,4) 1.350 A(4,1,7) 122.849 D(8,1,4,9) 178.321 

R(1,7) 1.791 A(7,1,8) 114.350 D(4,1,8,2) 172.193 

R(2,3) 1.339 A(3,2,8) 118.337 D(39,2,3,7) 177.937 

R(2,8) 1.761 A(3,2,39) 112.755 D(3,2,39,40) 132.914 

R(2,39) 1.506 A(8,2,39) 128.870 D(1,4,9,6) 160.187 

R(3,33) 1.506 A(2,3,7) 118.330 D(9,4,10,5) 21.681 

R(5,6) 1.343 A(6,5,12) 117.911 D(10,5,6,11) 179.981 

R(11,13) 1.789 A(17,14,18) 113.819 D(12,5,10,4) 166.632 

R(14,17) 1.782 A(16,15,19) 129.224 D(10,5,12,13) 167.204 

R(16,22) 1.487 A(15,19,20) 122.708 D(6,11,13,14) 160.793 

R(22,23) 1.215 A(20,19,21) 124.870 D(5,12,13,11) 21.126 

R(24,29) 1.440 A(23,22,24) 124.277 D(11,13,14,17) 178.637 

R(29,30) 1.092 A(21,25,27) 110.389 D(13,14,17,16) 166.111 

R(36,37) 1.094 A(33,36,37) 109.050 D(19,15,18,14) 169.966 

R(36,39) 1.559 A(37,36,38) 107.440 D(16,22,24,29) 179.618 
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Table 2: Optimized geometric parameters of compound 2 

Bond Length(Å) Bond Angles (°) Dihedral Angles (°) 

R(1,8) 1.780 A(4,1,8) 123.245 D(8,1,4,9) 178.701 

R(3,7) 1.777 A(7,1,8) 113.489 D(4,1,8,2) 169.937 

R(5,6) 1.343 A(3,2,8) 117.335 D(8,2,3,33) 178.224 

R(5,10) 1.769 A(3,2,39) 124.055 D(3,2,39,40) 106.884 

R(6,11) 1.769 A(8,2,39) 118.580 D(8,2,39,36) 167.257 

R(13,14) 1.350 A(2,3,33) 124.100 D(33,3,7,1) 174.925 

R(15,16) 1.353 A(7,3,33) 118.469 D(2,3,33,34) 106.345 

R(16,17) 1.773 A(1,4,10) 123.178 D(7,3,33,35) 41.345 

R(16,22) 1.487 A(9,4,10) 113.620 D(7,3,33,42) 163.368 

R(19,20) 1.213 A(6,5,12) 117.912 D(1,4,9,6) 159.498 

R(19,21) 1.340 A(10,5,12) 124.208 D(10,5,6,11) 179.932 

R(21,25) 1.441 A(1,8,2) 95.252 D(12,5,10,4) 166.302 

R(25,26) 1.092 A(20,19,21) 124.864 D(10,5,12,13) 167.394 

R(33,35) 1.097 A(21,25,26) 110.422 D(16,22,24,29) 179.669 

R(36,39) 1.539 A(26,25,28) 110.785 D(34,33,42,43) 162.882 

Table 3: Optimized geometric parameters of compound 3 

Bond Length(Å) Bond Angles (°) Dihedral Angles (°) 

R(1,7) 1.781 A(4,1,8) 123.713 D(8,1,4,9) 177.525 

R(4,10) 1.790 A(7,1,8) 112.890 D(4,1,8,2) 158.979 

R(5,6) 1.343 A(3,2,8) 117.150 D(8,2,3,33) 177.607 

R(5,12) 1.769 A(3,2,34) 123.720 D(33,3,7,1) 168.015 

R(11,13) 1.790 A(9,6,11) 124.104 D(7,3,33,35) 149.553 

R(13,14) 1.350 A(5,12,13) 92.702 D(1,4,9,6) 162.929 

R(15,18) 1.767 A(13,14,17) 123.160 D(10,5,6,11) 179.745 

R(15,19) 1.496 A(15,16,22) 129.379 D(12,5,10,4) 167.561 

R(21,25) 1.441 A(14,18,15) 94.460 D(10,5,12,13) 167.304 

R(22,23) 1.215 A(15,19,20) 122.665 D(6,11,13,14) 160.458 

R(22,24) 1.343 A(15,19,21) 112.298 D(5,12,13,11) 21.330 

R(24,29) 1.440 A(26,25,28) 110.788 D(11,13,14,17) 178.862 

R(29,30) 1.092 A(3,33,35) 103.768 D(19,15,18,14) 170.100 

R(33,35) 1.863 A(34,38,35) 113.103 D(16,22,24,29) 179.675 

R(35,36) 1.092 A(39,38,40) 108.590 D(3,33,35,36) 117.892 

 
     

Molecular Electrostatic Potential (MEP) 

Molecular electrostatic potential (MEP) is related to the 
electronic density and is a very useful descriptor in 
understanding sites for electrophilic attack and 
nucleophilic reactions as well as hydrogen bonding 
interactions

25,26
. Being a real physical property V(r) can be 

determined experimentally by diffraction or by 
computational methods27. To investigate the reactive 
sites of the title compound the molecular electrostatic 
potential was evaluated using B3LYP/6-31G(d,p) method. 

Molecular electrostatic potential, V(r), at a given point 
r(x,y,z) in the vicinity of a molecule, is defined in terms of 
the interaction energy between the electrical charge 
generated from the molecule’s electrons and nuclei and a 
positive test charge (a proton) located at r. For the system 
studied the V(r) values were calculated as described 
previously using the equation

28
. 

'rdr'r/)'r(ρrR/Z)r(V AA
3

 
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Table 4: Optimized geometric parameters of compound 4 

Bond Length(Å) Bond Angles (°) Dihedral Angles (°) 

R(1,7) 1.780 A(4,1,8) 122.949 D(8,1,4,9) 177.675 

R(2,3) 1.403 A(7,1,8) 114.099 D(4,1,8,2) 165.460 

R(2,37) 1.396 A(3,2,8) 116.498 D(8,2,3,33) 178.397 

R(4,10) 1.791 A(3,2,37) 120.264 D(33,3,7,1) 171.709 

R(5,6) 1.343 A(8,2,37) 123.217 D(2,3,33,34) 179.523 

R(6,11) 1.769 A(5,6,11) 117.908 D(7,3,33,39) 178.030 

R(11,13) 1.790 A(13,14,18) 123.011 D(1,4,9,6) 161.147 

R(14,18) 1.779 A(17,14,18) 113.842 D(10,5,6,11) 179.723 

R(15,18) 1.767 A(14,18,15) 94.471 D(12,5,10,4) 166.768 

R(16,17) 1.773 A(15,19,21) 112.288 D(10,5,12,13) 167.468 

R(19,20) 1.213 A(20,19,21) 124.888 D(6,11,13,14) 160.791 

R(22,23) 1.215 A(19,21,25) 115.003 D(11,13,14,17) 178.650 

R(22,24) 1.343 A(21,25,27) 110.382 D(13,14,17,16) 166.434 

R(24,29) 1.440 A(3,33,34) 120.228 D(19,15,18,14) 170.114 

R(25,26) 1.092 A(33,39,35) 120.417 D(17,16,22,23) 20.335 

 

The color scheme for the MEP surface is red, electron rich, partially negative charge; blue, electron deficient, partially 
positive charge; light blue, slightly electron deficient region; yellow, slightly electron rich region; green, neutral; 
respectively. 

 
   

-2.500e-2 a.u  2.500e-2 a.u 

Compound 1 Compound 2 Compound 3 Compound 4 

Figure 2. Molecular electrostatic potential surface of bis-fused tétrathiafulvalènes 1-4 

As seen from the figure that, in all molecules, the regions 
exhibiting the negative electrostatic potential are 
localized near the carbonyl group of the ester function 
while the regions presenting the positive potential are 
localized vicinity of the hydrogen atoms of alkyl groups.  

Frontier Molecular Orbitals (FMOs) 

The analysis of frontier molecular orbitals describes one 
electron excitation from the highest occupied molecular 
orbital (HOMO) to the lowest unoccupied molecular 
orbital (LUMO). The energy of HOMO is directly related to 
the ionization potential and the energy of LUMO is 
related to the electron affinity. The HOMO and LUMO 
energy gap explains the eventual charge transfer 
interaction taking within the molecules. A molecule with a 

small frontier orbitals gap is generally associated with a 
high chemical reactivity, low kinetic stability and is also 
termed as soft molecules29,30. A hard molecule has a large 
HOMO-LUMO gap and a soft molecule has a small HOMO-
LUMO gap. In quantum theory, changes in the electron 
density of a chemical system result from the mixing of 
suitable excited-state wave function with the ground and 
excited state. The value of energy separation between the 
HOMO and LUMO of bis-fused TTF ligands explains the 
eventual charge transfer interactions within the 
molecules, which influences on chemical reactivity of the 
molecules. The frontier molecular orbitals HOMO and 
LUMO of bis-fused tétrathiafulvalènes 1-4, with B3LYP/6-
31G (d,p) method is plotted in Fig. 3 and given in Table 5. 
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ΔEgap=2.51eV 

 

ΔEgap=2.50eV 

 

 

ΔEgap=2.61eV 

 

 

ΔEgap=2.62eV 

 

 
 

 
 

Compound 1 Compound 2 Compound 3 Compound 4 

Figure 3: Highest occupied molecular orbitals and lowest unoccupied molecular orbitals of compounds 1-4 

Global Reactivity Descriptors 

The energies of frontier molecular orbitals (EHOMO, ELUMO), 
energy band gap (EHOMO - ELUMO), electronegativity (χ), 
chemical potential (µ), global hardness (η), global softness 
(S) and global electrophilicity index (ω)31-35 of bis-fused 
TTF ligands have been listed in Table 5. On the basis of 
EHOMO and ELUMO, these are calculated using the below 
equations. 

2/)EE(χ LUMOHOMO   

    χ/EE/EAIEμ NN   22 11  

    222 11 /EEE/EAIEη NNN    

η/S 21  

η/μω 22  

The usefulness of this new reactivity quantity has been 
recently demonstrated in understanding the toxicity of 
various pollutants in terms of their reactivity and site 
selectivity36-38. 

 

Table 5: Quantum chemical descriptors of bis-fused tétrathiafulvalènes 1-4 

Parameters Compound 1 Compound 2 Compound 3 Compound 4 

EHOMO (eV) -4.702 -4.680 -4.843 -4.856 

ELUMO (eV) -2.196 -2.177 -2.229 -2.230 

ΔEgap (eV) 2.507 2.503 2.613 2.626 

IE (eV) 4.702 4.680 4.843 4.856 

EA (eV) 2.196 2.177 2.229 2.230 

µ (eV) -3.449 -3.428 -3.536 -3.543 

χ (eV) 3.449 3.428 3.536 3.543 

ƞ (eV) 1.253 1.252 1.307 1.313 

S (eV) 0.399 0.399 0.383 0.381 

ω (eV) 4.746 4.695 4.785 4.782 

 

As presented in table 5, the compound which have the 
lowest energetic gap is the compound 2 (∆Egap = 2.503 
eV). This lower gap allows it to be the softest molecule. 

The compound that have the highest energy gap is the 
compound 4 (∆Egap = 2.626 eV).The compound that has 
the highest HOMO energy is the compound 2 (EHOMO = -
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4.680 eV). This higher energy allows it to be the best 
electron donor. The compound that has the lowest LUMO 
energy is the compound 4 (ELUMO = -2.230 eV) which 
signifies that it can be the best electron acceptor. The two 
properties like I (potential ionization) and A (affinity) are 
so important, the determination of these two properties 
allow us to calculate the absolute electronegativity (χ) 
and the absolute hardness (η). 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 = 4.680 eV), so that will be the 
better electron donor. Compound 4 has the largest value 
of the affinity (A = 2.230 eV), so it is the better electron 
acceptor. The chemical reactivity varies with the 
structural of molecules. Chemical hardness (softness) 
value of compound 2 (η = 1.252 eV, S = 0.399 eV) is lesser 
(greater) among all the molecules. Thus, compound 2 is 
found to be more reactive than all the compounds. 
Compound 4 possesses higher electronegativity value (χ = 
3.543 eV) than all compounds so; it is the best electron 
acceptor. The value of ω for compound 3 (ω = 4.785 eV) 
indicates that it is the stronger electrophiles than all 
compounds. Compound 2 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.  

Local Reactivity Descriptors 

Using Hirschfeld atomic charges of neutral, cation, and 
anion states, Fukui functions are calculated using the 
following equations39,40. 

    NqNqf  1 , for nucleophilic attack, 

    1 NqNqf , for electrophilic attack, 

     2110  NqNqf , for radical attack. 

In these equations, q is the atomic charge (evaluated 
from Mulliken population analysis, electrostatic derived 
charge, etc.) at the kth atomic site is the neutral (N), 
anionic (N+1) or cationic (N-1) chemical species. In order 
to solve the negative Fukui function problem, different 
attempts have been made by various groups41-43. 
Kolandaivel et al.44 introduced the atomic descriptor to 
determine the local reactive sites of the molecular 
system. In the present study, the optimized molecular 
geometry was utilized in single-point energy calculations, 
which have been performed at the DFT for the anions and 
cations of the title compound using the ground state with 
doublet multiplicity. The individual atomic charges 
calculated by Mulliken population analysis (MPA) have 
been used to calculate the Fukui function. In order to 
confirm that the atomic descriptor would produce the 
reactive sites without disturbing the trend; we have 
performed the calculation for the reactive sites of the 
stable structures of bis-fused TTF ligands. The parameters 
of local reactivity descriptors show that 14C is the more 
reactive site in compounds 1, 2, 3 and 4 respectively for 

nucleophilic attacks. The more reactive site in radical 
attacks is 4C for compounds 1, 2, 3 and 4 respectively. 
The more reactive sites for electrophilic attacks are 13C 
for compounds 1, 2 and 16C for compounds 3 and 4 
respectively.  

Natural Bond Orbital Analysis (NBO) 

Natural bond orbital analysis has been carried out to 
explain the charge transfer or delocalization of charge 
due to the intramolecular interaction among bonds, and 
also provides a convenient basis for investigating charge 
transfer or conjugative interaction in molecular systems. 
Some electron donor orbital, accepter orbital and the 
interacting stabilization energy resulting from the second-
order micro-disturbance theory is reported45,46. The larger 
the stabilization energy value, the more intensive is the 
interaction between electron donors and electron 
accepters, i.e. the more donating tendency from electron 
donors to electron accepters and the grater the extent of 
conjugation of the whole system. Delocalization of 
electron density between occupied Lewis-type (bond or 
lone pair) NBO orbitals and formally unoccupied (anti-
bond or Rydberg) non-Lewis NBO orbitals corresponds to 
a stabilizing donor-accepter interaction. 

NBO analysis has been performed on the molecule at the 
B3LYP/6-311G (d,p) level in order to elucidate the 
intramolecular, re-hybridization and delocalization of 
electron density within the molecule. The intra molecular 
interaction for the title compounds is formed by the 
orbital overlap between: π(C15-C16) and π*(C22-O23) for 
compound 1, π(C15-C16) and π*(C22-O23) for compound 
2, π(C15-C16) and π*(C22-O23) for compound 3 and 
π(C35-C39) and π*(C2-C37) for compound 4 respectively, 
which result into intermolecular charge transfer (ICT) 
causing stabilization of the system. The intra molecular 
hyper conjugative interactions of π(C15-C16) to π*(C22-
O23) for compound 1, π(C15-C16) to π*(C22-O23) for 
compound 2, π(C15-C16) to π*(C22-O23) for compound 3 
and π(C35-C39) to π*(C2-C37) for compound 4 lead to 
highest stabilization of 14.09, 14.13, 14.08 and 21.90 kJ 
mol-1 respectively. In case of LP(2) O24 orbital to the 
π*(C22-O23) for compound 1, LP(2) O20 orbital to 
σ*(C19-O21) for compound 2, LP(2) O24 orbital to 
π*(C22-O23) for compound 3, LP(2) O24 orbital to 
π*(C22-O23) for compound 4 respectively, show the 
stabilization energy of 50.17, 32.31, 50.24 and 50.23 kJ 
mol

-1
 respectively. 

Nonlinear Optical Properties (NLO) 

Nonlinear optical (NLO) effects arise from the interactions 
of electromagnetic fields in various media to produce new 
fields altered in phase, frequency, amplitude or other 
propagation characteristics from the incident fields47. The 
first hyperpolarizability (βo) of this novel molecular 
system and related properties (β, αo and Δα) of bis-fused 
TTF ligands molecules are calculated using B3LYP/6-
31G(d,p) method based on the finite- fields approach. In 
the presence of applied electric fields, the energy of a 
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system is a function of the electric fields. First order 
hyperpolarizability is a third rank tensor that can be 
described 3 × 3 × 3 matrices. The 27 components of the 
3D matrix can be reduced to 10 components due to the 
Klein-man symmetry

48
. It can be given in the lower 

tetrahedral format. It is obvious that the lower part of the 
3 × 3 × 3 matrices is a tetrahedral. The components of β 
are defined as the coefficients in the Taylor series 
expansion of the energy in the external electric fields. 
When the external electric field is weak and homogenous 
this expansion becomes: 

...1/61/2  kjiijkjiijii
0 FFFβ-FFα-Fμ-EE  

Where E0 is the energy of the unperturbed molecules, Fα 
is the fields at the origin and µα, α αβ and βαβγ are the 
components of dipole moment, polarizability and the first 
order hyperpolarizabilities, respectively. The total static 
dipole moment µ, the mean polarizability α0, the 
anisotropy of the polarizability Δα and the mean first 
order hyperpolarizability βo, using the x, y, z components 
are defined as, 

  21222 / 

zyxtot μμμμ   

  3/αααα zzyyxx   

       2122222221 6662
/ 

yzxyxz
 

xxzz
 

zzyy
 

yyxx
/ αααααααααΔα  

 

  21222 / 

zyxtot ββββ   

xzzxyzxxxx ββββ   

yzzxxyyyyy ββββ   

yyzxxzzzzz ββββ   

Since the values of the polarizabilities (α) and 
hyperpolarizability (β) of the Gaussian 09W output are 
reported in atomic units (a.u), the calculated values have 
been converted into electrostatic units (e.s.u) (α: 1 a.u = 
0.1482×10 -24 e.s.u; β:1 a.u = 8.639 × 10 -33 e.s.u). 

The first order hyperpolarizability is 15 times greater than 
that of urea (β of urea 0.3728×10 

-30
 esu) obtained by 

B3LYP/6-31G (d,p) method. This result indicates the non-
linearity of the bis-fused TTF ligands molecules. Since the 
values of the polarizabilities (∆α) and the 
hyperpolarizabilities (βtot) 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 α; 1 
a.u = 0.1482 x 10-24 e.s.u., for β; 1 a.u = 8.6393 x 10-33 
e.s.u.). The calculated values of dipole moment (µ) for the 
title compounds were found to be 1.1628, 1.2668, 2.3516 
and 1.2611 D respectively, which are approximately six 
times than to the value for urea (µ = 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 107.4237 x 10-24, 112.6782 x 10-24, 
123.2464 x 10

-24
 and 100.5385 x 10

-24
 esu respectively; 

the values of anisotropy of the polarizability are 15.9202, 
16.6989, 18.2651 and 14.8998 esu, respectively. The 
magnitude of the molecular hyperpolarizability (β) is one 
of important key factors in a NLO system. The DFT/6-
31G(d,p) calculated first hyperpolarizability value (β) of 
bis-fused tétrathiafulvalènes 1-4 molecules are equal to 
241.5724 x 10-33, 249.3951 x 10-33, 266.9326 x 10-33 and 
313.5916 x 10-33 esu. The first hyperpolarizability of title 
molecules is approximately 0.70, 0.73, 0.77 and 0.91 
times than those of urea (β of urea is 343.272 x10

-33
 esu 

obtained by B3LYP/6-311G (d,p) method). This result 
indicates that bis-fused tétrathiafulvalènes 1-4 are not 
nonlinear.  

CONCLUSION 

In summary, we have successfully demonstrated that the 
sites of interaction of the title compounds 1-4 can be 
predicted by using DFT-based reactivity descriptors such 
as the hardness, softness, and electrophilicity, as well as 
Fukui-function calculations. The chemical reactivity and 
the Fukui function are found to be the most efficient 
descriptors to characterize the regio-selectivity that might 
be driving to different reactions. NLO behavior of the title 
molecule has been investigated by dipole moment, 
polarizability and first hyperpolarizability. The lowest 
singlet excited state of the molecule is mainly derived 
from the HOMO→LUMO (π → π*) electron transition, 
NBO analysis reveals that some important intramolecular 
charge transfer can induce large nonlinearity to the title 
molecule and the intramolecular conjugative interaction 
around the tetrathiafulvalene core can induce the large 
conductivity in the compound. Finally we hope that these 
consequences will be of assistance in the quest of the 
experimental and theoretical evidence for the title 
compounds in molecular bindings. 

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

REFERENCES 

1. Diaz MC, Illescas BM, Martin N, Viruela R, Viruela PM, Orti E, 

Brede O, Zilbermann I, Guldi DM. Highly conjugated p-

quinonoid p-extended tetrathiafulvalene derivatives: A class 

of highly distorted electron donors. Chem. Eur. J. 10, 2004, 

2067 –2077. DOI: 10.1002/chem.200305555; PMID: 

15079847. 

2. Santos J, Illescas BM, Martin N, Adrio J, Carretero JC, Viruela 

R, Orti E, Spänig F, Guldi DM. A fully conjugated TTF–π–

TCAQ system: synthesis, structure, and electronic 

properties. Chem. Eur. J. 17, 2011, 2957–2964. DOI: 

10.1002/chem.201002674; PMID: 21294199.  

3. Gao X, Wu W, Liu Y, Qiu W, Sun X, Yu G, Zhu D. A facile 

synthesis of linear benzene-fused bis(tetrathiafulvalene) 



Int. J. Pharm. Sci. Rev. Res., 47(2), November - December 2017; Article No. 24, Pages: 133-141                                          ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research . International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 

. 

. 
Available online at www.globalresearchonline.net 

 

140 

compounds and their application for organic field-effect 

transistors. Chem. Commun. 26, 2006, 2750-2752. DOI: 

10.1039/B603632E. 

4. Bendikov M, Wudl F, Perepichka DF. Tetrathiafulvalenes, 

oligoacenenes, and their buckminsterfullerene derivatives:  

The brick and mortar of organic electronics. Chem. Rev. 104, 

2004, 4891–4946. DOI: 10.1021/cr030666m. 

5. Segura JL, Priego EM, Martin N. New functionalized and 

soluble bis-tetrathiafulvalene derivatives as building blocks 

in the construction of fullerene-derived electroactive triads. 

Tetrahedron Lett. 41, 2000, 7737-7741. DOI: 

10.1016/S0040-4039(00)01309-5. 

6. Gautier N, Cariou M, Gorgues A, Hudhomme P. A novel array 

in extended tetrathiafulvalenes (TTF): the ‘H’ shape. 

Tetrahedron Lett. 41, 2000, 2091-2095. DOI: 

10.1016/S0040-4039(00)00107-6. 

7. Bryce MR. Functionalised tetrathiafulvalenes: new 

applications as versatile π-electron systems in materials 

chemistry. J. Mater. Chem. 10, 2000, 589-598. DOI: 

10.1039/A908385E. 

8. Asakawa M, Ashton PR, Balzani V, Credi A, Hamers C, 

Mattersteig G, Montalti M, Shipway AN, Spencer N, Stoddart 

JF. A Chemically and electrochemically switchable [2] 

catenane incorporating a tetrathiafulvalene unit. Chem. Int. 

Engl. 37, 1998, 333-337. DOI: 10.1002/(SICI)1521-

3773(19980216)37:3<333::AID-ANIE333>3.0.CO;2-P. 

9. Laukhina E, Vidal-Gancedo J, Laukhin V, Veciana J, Chuev I, 

Tkacheva V, Wurst K, Rovira C. Multistability in a BEDT-TTF 

based molecular conductor. J. Am. Chem. Soc. 125, 2003, 

3948-3953. DOI: 10.1021/ja0280123; PMID: 12656630. 

10. Nishikawa H, Machida A, Morimoto T, Kikuchi K, Kodama T, 

Ikemoto I, Yamada JI, Yoshino H, Murata K. A new organic 

superconductor, (DODHT)2BF4 x H2O. Chem. Commun. 2003, 

494-495. DOI: 10.1039/B211275B; PMID: 12638966. 

11. Martin N, Sanchez L, Guldi DM. Stabilisation of charge-

separated states via gain of aromaticity and planarity of the 

donor moiety in C60-based dyads. Chem. Commun. 2000, 

113-114. DOI: 10.1039/A908770B. 

12. Roncali J. Linearly extended π-donors: when 

tetrathiafulvalene meets conjugated oligomers and 

polymers. J. Mater. Chem. 7, 1997, 2307-2321. DOI: 

10.1039/A703956E. 

13. Farren C, Christensen CA, Fitzgerald S, Bryce MR, Beeby A. 

Synthesis of novel phthalocyanine-tetrathiafulvalene 

hybrids; intramolecular fluorescence quenching related to 

molecular geometry. J. Org. Chem. 67, 2002, 9130–9139. 

DOI: 10.1021/jo020340y; PMID: 12492312. 

14. Hansen TK, Jorgensen T, Stein PC, Becher J. Crown ether 

derivatives of tétrathiafulvalènes. J. Org. Chem. 57, 1992, 

6403-6409. DOI: 10.1021/jo00050a010. 

15. Coronado E, Galan-Mascaros JR, Gimenez-Saiz C, Gomez-

Garcia CJ, Ruis-Perez C. Hybrid organic/inorganic molecular 

materials formed by tetrathiafulvalene radicals and 

magnetic trimeric clusters of dimetallic oxalate-bridged 

complexes: The series (TTF)4{MII(H2O)2[MIII(ox)3]2}·nH2O 

(MII = Mn, Fe, Co, Ni, Cu and Zn; MIII = Cr and Fe; ox = 

C2O42). Eur. J. Inorg. Chem. 2003, 2290–2298. DOI: 

10.1002/ejic.200200589. 

16. Bengs H, Ebert M, Karthaus O, Kohne B, Praefcke K, 

Ringsdorf H, Wendorff JH, Wustefeld R. Induction and 

variation of discotic columnar phases through doping with 

electron acceptors. Adv. Mater. 2, 1990, 141-144. DOI: 

10.1002/adma.19900020306. 

17. Bryce MR, Devonport W, Goldenberg LM, Wang C. 

Macromolecular tetrathiafulvalene chemistry. Chem. 

Commun. 9, 1998, 945-952. DOI: 

18. Ballhausen CJ, in G.A. Segal (Ed.), Modern theoretical 

chemistry, Plenum Press, New York, 7, 1977, 105. DOI: 

10.1039/A800536B. 

19. Veillard A. Demuynck J, in H.F. Schaeffer, III (Ed.), Modern 

theoretical chemistry, Plenum Press, New York, 4, 1977, 

187. 

20. Veillard A. Quantum Chemistry: The challenge of transition 

metals and coordination chemistry, NATO ASI Series, Reidel, 

Dordrecht, 1986.  

21. Salahub DR. Zerner MC. The challenge of d and f electrons, 

theory and computation. ACS Symp. Ser. 1989, 394. DOI: 

10.1021/bk-1989-0394. 

22. Simonetta M. Qualitative and semi quantitative evaluation 

of reaction paths. Top. Curr. Chem. 42, 1973, 1-47. DOI: 

0.1007/3-540-06399-4_4. 

23. Pople JA. In H.F. Schaeffer, III (Ed.), Modern theoretical 

chemistry, Plenum Press, New York, 4, 1977, 1. 

24. Misaki Y. Tetrathiapentalene-based organic conductors. Sci. 

Technol. Adv. Mater. 10, 2009, 1-22. DOI: 10.1088/1468-

6996/10/2/024301. 

25. Scrocco E, Tomasi J. Electronic molecular structure, 

reactivity and intermolecular forces: An euristic 

interpretation by means of electrostatic molecular 

potentials. Adv. Quantum Chem. 11, 1978, 115-193. DOI: 

10.1016/S0065-3276(08)60236-1. 

26. Luque FJ, Lopez JM, Orozco M. Perspective on “Electrostatic 

interactions of a solute with a continuum. A direct utilization 

of ab initio molecular potentials for the prevision of solvent 

effects”. Theor. Chem. Acc. 103, 2000, 343-345. DOI: 

10.1007/s002149900013. 

27. Politzer P, Truhlar DG. Chemical applications of atomic and 

molecular electrostatic potentials, Plenum, New York, 1981, 

198. DOI: 10.1007/978-1-4757-9634-6. 

28. Politzer P, Murray JS. The fundamental nature and role of 

the electrostatic potential in atoms and molecules. Theor. 



Int. J. Pharm. Sci. Rev. Res., 47(2), November - December 2017; Article No. 24, Pages: 133-141                                          ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research . International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 

. 

. 
Available online at www.globalresearchonline.net 

 

141 

Chem. Acc. 108, 2002, 134-142. DOI: 10.1007/s00214-002-

0363-9. 

29. Fukui K. Role of frontier orbitals in chemical reactions. 

Science 218, 1982, 747-754. DOI: 

10.1126/science.218.4574.747. 

30. Gunasekaran S, Balaji RA, Kumeresan S, Anand G, Srinivasan 

S. Can. Experimental and theoretical investigations of 

spectroscopic properties of N-acetyl-5-methoxytryptamine. 

J. Anal.Sci. Spectrosc. 53, 2008, 149-160. 

31. Pearson RG. Absolute electronegativity and hardness: 

applications to organic chemistry. J. Org. Chem. 54, 1989, 

1423-1430. DOI: 10.1021/jo00267a034. 

32. Geerlings P, Proft FD, Langenaeker W. Conceptual density 

functional theory. Chem. Rev. 103, 2003, 1793-1873. DOI: 

10.1021/cr990029p. 

33. Parr RG, Szentpály LV, Liu S. Electrophilicity index. J. Am. 

Chem. Soc. 121, 1999, 1922–1924. DOI: 10.1021/ja983494x. 

34. Chattaraj PK., Giri S. Stability, reactivity, and aromaticity of 

compounds of a multivalent superatom. J. Phys. Chem. A 

111, 2007, 11116–11121. DOI: 10.1021/jp0760758. 

35. Padmanabhan J, Parthasarathi R, Subramaniaan V, Chattaraj 

PK. Electrophilicity-based charge transfer descriptor. J. Phys. 

Chem. A 111, 2007, 1358–1361.  

36. Parthasarathi R, Padmanabhan J, Subramanian V, Maiti B, 

Chattraj PK. Chemical reactivity profiles of two selected 

polychlorinated biphenyls. J. Phys. Chem. A 107, 2003, 

10346-10352. DOI: 10.1021/jp0649549. 

37. Parthasarathi R, Padmanabhan J, Subramanian V, Maiti B, 

Chaltraj PK. Toxicity analysis of 33'44'5-pentachloro biphenyl 

through chemical reactivity and selectivity profiles. Curr.Sci. 

86, 2004, 535-542. 

38. Parthasarathi R, Padmanabhan J, Subramanian V, Sarkar U, 

Maiti B, Chattraj PK. Toxicity analysis of benzidine through 

chemical reactivity and selectivity profiles: a DFT approach. 

Internet Electron. J. Mol. Des. 2, 2003, 798-813.  

39.  Geerlings P, Proft FD, Langenaeker W. Conceptual density 

functional theory. Chem. Rev. 103, 2003, 1793-1874. 

40. Padmanabhan J, Parthasarathi R, subramanian V, Chattaraj 

PK. Electrophilicity-based charge transfer descriptor. J. 

Phys.Chem. A 111, 2007, 1358-1361. DOI: 

10.1021/jp0649549. 

41. Roy RK, Hirao H, Krishnamurthy S, Pal S. Mulliken population 

analysis based evaluation of condensed Fukui function 

indices using fractional molecular charge. J. Chem. Phys. 

115, 2001, 2901-2907. DOI: 10.1063/1.1386699. 

42. Bultinck P, Carbo-Dorca R, Langenaekar W. Negative Fukui 

functions: new insights based on electronegativity 

equalization. J. Chem. Phys. 118, 2003, 4349-4356. DOI: 

10.1063/1.1542875. 

43. Bultinck P, Carbo-Dorca R. Negative and infinite Fukui 

Functions: The role of diagonal dominance in the hardness 

matrix. J. Math. Chem. 34, 2003, 67-74. DOI: 

10.1023/A:1025136721324. 

44. Kolandaivel P, Praveen G, Selvarengan P. Study of atomic 

and condensed atomic indices for reactive sites of 

molecules. J. Chem. Sci. 117, 2005, 591-598. DOI: 

10.1007/BF02708366. 

45. Fogarasi G, Zhou X, Taylor PW, Pulay P. The calculation of ab 

initio molecular geometries: efficient optimization by 

natural internal coordinates and empirical correction by 

offset forces. J. Am. Chem. Soc. 114, 1992, 8191-8201. DOI: 

10.1021/ja00047a032. 

46. Pulay P, Fogarasi G, Ponger G, Boggs JE, Vargha A. 

Combination of theoretical ab initio and experimental 

information to obtain reliable harmonic force constants. 

Scaled quantum mechanical (QM) force fields for glyoxal, 

acrolein, butadiene, formaldehyde, and ethylene. J. Am. 

Chem. Soc. 105, 1983, 7037-7047. DOI: 

10.1021/ja00362a005. 

47. Sun YX, Hao QL, Wei WX, Yu ZX, Lu LD, Wang X, Wang YS. 

Experimental and density functional studies on 4-(3, 4-

dihydroxybenzylideneamino) antipyrine, and 4-(2, 3, 4-

trihydroxybenzylideneamino) antipyrine. J. Mol. Struct. 

(Theochem.) 904, 2009, 74-82. DOI: 

10.1016/j.theochem.2009.02.036. 

48. Kleinman DA. Nonlinear dielectric polarization in optical 

media. Phys. Rev. 126, 1962, 1977-1979. DOI: 

10.1103/PhysRev.126.1977. 

 

Source of Support: Nil, Conflict of Interest: None. 

  


