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Abstract:  
In this paper, we present a theoretical analysis of the molecular structure of a conjugated molecule TTPA-
TTF at the DFT level using the B3LYP method and the 6-31G (d) basis set. The TTPA-TTF mole-cule 
presented a twisted configuration, which gave it good solubility in different organic solvents. The Partial 
atomic charge, molecular electrostatic potential (MEP) map, and global reactivity descriptors highlight the 
reactive sites of the molecule with the possible prediction of its reactivity. Moreover, a clear image of the 
intra- and intermolecular interactions illustrates hyperconjugative interactions based on the charge 
delocalization that emerges from the natural bond orbital analysis. The non-linear optical proper-ties of the 
TTPA-TTF molecule can also be calculated by determining their first hyperpolarizabilities. The time-
dependent density theory method TD-DFT-B3LYP 6-31G (d) was used for the study of absorption. The 
obtained results show a broad spectrum in the visible range favorable to harvest solar light. 
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1. Introduction 
Following the discovery in 1973 of TTF-first 
TCNQ's metallic load transfer salt [1], detailed 
research have concentrated on the design and 
synthesis of tetrathiafulvalene (TTF) derivatives [2-
3-4]. Tetrathiafulvalene (TTF) is rare among 
organic molecules in that it is characterized by a 
simple structure and is associated with a variety of 
applications [5-6-7]. Due to its good electron-
donating capability and synthesis nearly forty years 
ago, the development and synthesis of 
tetrathiafulvalene (TTF) derivatives have been the 
subject of several studies [8]. These capabili-ties 
importantly allow useful applications in the 
chemistry of materials [5], conductors [9] and 
superconductors [10], adducts with C60 [11], 
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conductive polymers [12], materials for non-linear 
optics (NLO) [13], cationic sponges [14], 
ferromagnetic organic magnets [15], liquid crys-
tals [16], dendrimers [17], molecular rotaxanes and 
catenanes[18].  
TTF has also played an important role in su-
pramolecular chemistry and the creation of me-
chanically inter-locked molecules, electrochromic 
materials, molecular switches, and devices, where 
flexibility can be integrated due to TTF deriva-tives 
electron donor capacity and ability to form donor-
acceptor complexes with electron accep-tors [19]. 
In this context, TTF derivatives functional-ized 
with peripheral groups should be developed for the 
next use, particularly for those containing 
heteroatoms. Recently, a study based on synthe-sis 
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and properties of triphenylamine functional-ized 
tetrathiafulvalene has been carried out by Xia Tian 
et al [20]. The TTPA-TTF compound characterized 
by an p-conjugation system, has excellent 
electronic donating ability and hole-transporting 
capability, as well as three-dimensional molecular 
structures [21-22-23]. 
The chemical structure of the studied com-pound 
studied is shown in Figure 1. This article focuses 
primarily on a full explanation of the geometrical 
parameters, the optical and electron-ic properties, 

the ionization potentials (IP), the electron affinities 
(EA), chemical reactivity indi-ces, the molecular 
electrostatic potential (MEP), and the non-linear 
optical parameters (NLO). Furthermore, the charge 
transfer properties and polarization were estimated 
using the atomic polarizability tensor (APT) 
charges. Finally, the natural bond orbital (NBO) 
approach was used to examine the molecule's 
stability as a result of hyper-conjugative interaction 
and charge delo-calization. 
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Figure 1. Molecular structures of TTPA-TTF 

2. Computational Method 
In this work, DFT method with the B3LYP 
functional Becke’s three-parameter non-local 
exchange functional with the Lee-Yang–Parr 
correlation function) [24] and Pople’s basis set 6-
31G(d) [20] has been used in all the study of the 
neutral compound in the gaseous state. It is noted 
that all of these calculations have been per-formed 
using the Gaussian 09 package [25]. The abortion 
properties of the molecule  TTPA-TTF are 
calculated using Time-Dependent Density 
Functional Theory (TD-DFT (B3LYP)) method. 
The associated HOMO and LUMO energies were 
then used to theoretically calculate certain overall 
parameters of chemical reactivity such as elec-
tronegativity (χ), chemical potential (μ), electro-
philicity index (ω) and chemical hardness (η) and 
softness (S) [26-27-28]. In addition, the APT 
partial charges, the dipole moment of the mole-
cule  TTPA-TTF and the molecular electrostatic 

potential (MEP) map, were performed using the 
same functionals. Finally, the natural bond or-bital 
(NBO)  and NLO properties of specific struc-tures 
investigation was performed using the same 
functionals for the approximation of charge 
transfer interactions of investigated compound. 
 
3. Results and discussion 
3.1. Geometrical parameters  
To determine the geometrical parameters, the 
TTPA-TTF molecule is fully optimized at the 
B3LYP/ 6-31G(d) [29] level of theory in the gas 
phase. The general chemical structure of the 
studied compound is presented in figure 2 and its 
parameters are collected in Table 1 and Figure 3. 
The link distance parameters di (i = 1– 4) show that 
the corresponding binding distances in TTPA-TTF 
compose are similar ( d =1.47 Å). while the 
dihedral angles θi (i = 1–4) between the oriented 
TTF and the peripheral TPA groups for TTPA-
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TTF were in the range of 45°- 47°, suggest-ing that 
the compound had a twisted structure. Moreover, 
the centered  tetrathiafulvalene (TTF) unit has a 
structure planar p-conjugate. 

 
Figure 2. Optimized structures of the molecule TTPA-
TTF 
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Figure 3. Chemical structure of the molecule TTPA-
TTF 
 

Table 1. Inter-ring bond lengths di and dihedral 
angles θi of TTPA-TTF 

 
TTPA-
TTF 

d1 d2 d3 d4 
1.47 1.47 1.47 1.47 
θ2 θ2 θ2 θ2 

45.83 48.05 -46.34 -44.30 
 
3.2. Atomic charges (APT) 
The Atomic Polar Tensor (APT) was used to 
measure the atomic charges in TTPA-TTF. This 
tensor can be based on the total of the charge and 
charge-flux tensors [30]. Table 2 and figure 1 
illustrate the atomic charges associated with 
TTPA-TTF. Atomic charge simulations are im-
portant in quantum mechanical studies of mo-
lecular systems since they are used to illustrate 
molecular dipole moments, polarizabilities, elec-
tronic structures and hence chemical reactivities. 
According to the atomic charge study of TTPA-
TTF, the components of APT calculated of the four 
sulfur atoms of tetrathiafulvalene unit  var-ies from 
-0.33 e to -0.36 e. The four nitrogen atoms in the 
triphenylamine units have the larg-est negative 
charge values such as -1.26 e and -1.24 e.  
The eight oxygen atoms are also negatively 
charged with values -1.02 e to -1.07 e. The C(1), 

C(2), C(3), C(4), C(45) and C(46) atoms of the 
tetrathiafulvalene unit are all positive, with val-ues 
varying from 0.15 e to 0.32 e. The carbon atoms of 
the triphenylamine fragments change the sign from 
-0.02 e to 0.84 e. 
 
3.3. Molecular electrostatic potential 
The MEP is a good descriptor for detecting sites 
for electrophilic and nucleophilic attack reactions, 
as well as hydrogen bonding interac-tions, it is 
directly related to electron density [31-32]. All 
chemical system creates an electrostatic potential 
in all directions. According to the MESP map, 
negative and positive potentials are repre-sented 
by red and blue regions, which  correspond 
respectively to the region rich in electrons and 
deficient in electrons, whereas the neutral electro-
static potential is indicated by green color [33]. 
The molecular electrostatic potential was esti-
mated using the B3LYP /6-31G (d) method (Fig-
ure 4). 
 

 
Figure 4. Molecular electrostatic potential map of 
TTPA-TTF. 
 
The determined limits are -4.081e-2 (deepest red) 
and +4.081e-2 (deepest blue), with the intermediate 
scale of colors changing from red to orange, 
yellow, green, and blue in order, as shown in 
Figure 4. Indeed, the most negative potential is 
focused around the TTF unit and oxygen atoms, 
while the methoxyphenyl H atoms have a more 
positive potential. 
 
3.4. Front molecular orbitals and HOMO–   

LUMO gaps 
To have a good understanding of the excitation 
characteristics and ICT of π-conjugated systems, it 
is necessary to investigate the HOMO and LUMO 
of our molecule [34]. As a result, the HOMO and 
LUMO orbitals of the TTPA-TTF molecule have 
been calculated from the optimized structure using 
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the DFT/B3LYP/6-31G (d) method. The frontier 
molecular orbitals (FMO) for this compound are 
displayed in Figure 5. The relative order of HOMO 
and LUMO orbitals provides a reasonable 
qualitative indication of the excitation proper-ties 
as well as other properties such as optical 
properties [35]. As anticipated, the electron 
distributions of the highest occupied molecular 
orbital (HOMO) of TTPA-TTF was mainly 
localized on the TTF center, the electron 
distributions of the highest occupied molecular 
orbital (HOMO) of TTPA-TTF was mainly 
localized on the TTF center, while the lowest 
unoccupied molecular orbital (LUMO) just 
slightly shifted from TTF unit to the adjacent 
phenyl rings. This result indicates the donor 
character of the molecule is mainly stems from the 
TTF. Moreover, the calculated energy band gap 
(Egap = ELUMO - EHOMO) is equal to 3.055 eV. 
 
3.5. UV–Vis spectral analysis 
To understand the electronic transitions of TTPA-
TTF molecule and to simulate the theoretical 
electron absorption spectrum, we performed 
calculations using the TD-DFT/ B3LYP [36] 
quantum chemistry method with the Pople 6-31G 
(d) basis sets [37]. The parameters considered are 
as follows: The vertical excitation energy (Eex), 
the wave-length of absorption (λmax) and 
oscillator forces (f). The numerical results are 
summarized in table 3, while figure 6 shows the 
simulated spectra. The results in Table 3 and figure 
6 show that the maximum absorption wavelength 
of TTPA-TTF is 431.321 nm, which can be 
attributed to a more localized p-p* in peripheral 
TPA rings and centered TTF. In addition, this 
value indicates its high transparency to visible 
light. Indeed, the transition from the ground state 
to the first excited state (S0→S1) at 431.321nm 
corresponds to the transition from HOMO to 
LUMO with a contribution of 10%. The next 
transition corresponds to the HOMO→LUMO+6 
transition with a contribution of 9%. Indeed, the 
most intense transition corresponding to the most 
important oscillator force (0.1507), it is about a 
HOMO→LUMO+2 transition with a contribution 
of 74%. 

 
Figure 6. Simulated UV–visible optical absorption 
spectra of TTPA-TTF obtained by using TD-
DFT/B3LYP/6-31G (d) 
 
3.6. Global reactivity descriptors 
To explain or predict the reactivity of molecular 
systems, Certain terms in chemistry have been 
developed such as ionization potential (I), electron 
affinity (A), chemical potential (μ), chemical 
hardness (η), electronegativity (χ), chemical 
softness (S) and electrophilicity (ω). These global 
reactivity descriptors were investigated using 
TTPA-TTF optimization in the gas phase. The 
numerical reactivity descriptors, which are 
primarily based on HOMO and LUMO levels of 
studied compounds, are summarized in Table 4. 
According to the Koopmans theorem, the 
ionization potential (I) and electron affinity (A) 
can be defined by the equations  (1) and (2) [38] 
and according to Parr [39], we calculated the 
different chemical parameters, namely the 
electronic chemical potential (μ), electronegativity 
(χ), and global hardness (η) using equations (3), 
(4) and (5) respectively [39-40]. Electrophilicity 
index (ω) and the global chemical softness (S) are 
defined as follows (equations (6) and (7)) 
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Figure 5. The contour plots of HOMO and LUMO orbitals of the TTPA-TTF. 

Table 2. Atomic charges of the optimized TTPA-TTF molecule 
Atom Charge Atom Charge Atom Charge 
S(1) -0.33 C(19) -0.25 C(53) 0.42 
S(2) -0.35 C(20) -0.12 C(54) -0.05 
S(3) -0.33 C(21) 0.64 C(55) -0.12 
S(4) -0.36 C(22) -0.10 C(56) 0.66 
N(1) -1 .26 C(23) -0.02 C(57) -0.09 
N(2) -1.26 C(24) 0.61 C(58) -0.03 
N(3) -1.24 C(25) -0.10 C(59) 0.57 
N(4) -1.24 C(26) 0.10 C(60) 0.37 
O(1) -1.03 C(27) -0.23 C(61) -0.02 
O(2) -1.03 C(28) 0.84 C(62) -0.11 
O(3) -1.02 C(29) -0.24 C(63) 0.62 
O(4) -1.07 C(30) 0.06 C(64) -0.10 
O(5) -1.04 C(31) 0.42 C(65) -0.03 
O(6) -1.03 C(32) -0.02 C(66) 0.62 
O(7) -1.02 C(33) -0.10 C(67) -0.10 
O(8) -1.05 C(34) 0.67 C(68) 0.06 
C(1) 0 .15 C(35) -0.12 C(69) -0.25 
C(2) 0.15 C(36) -0.03 C(70) 0.78 
C(3) 0.27 C(37) 0.61 C(71) -0.22 
C(4) 0.32 C(38) 0.37 C(72) 0.10 
C(5) -0.15 C(39) -0.02 C(73) 0.36 
C(6) 0.10 C(40) -0.09 C(74) -0.03 
C(7) -0.27 C(41) 0.65 C(75) -0.10 
C(8) 0.8 C(42) -0.12 C(76) 0.63 
C(9) 0.26 C(43) -0.03 C(77) -0.11 
C(10) 0.13 C(44) 0.56 C(78) -0.02 
C(11) 0.47 C(45) 0.27 C(79) 0.61 
C(12) -0.04 C(46) 0.31 C(80) 0.48 
C(13) 0.17 C(47) -0.14 C(81) -0.03 
C(14) 0.66 C(48) 0.12 C(82) -0.09 
C(15) -0.10 C(49) -0.24 C(83) 0.67 
C(16) -0.02 C(50) 0.08 C(84) -0.12 
C(17) 0.57 C(51) -0.26 C(85) -0.05 
C(18) 0.38 C(52) 0.09 C(86) 0.57 



Turkish Comp Theo Chem (TC&TC), 5(2), (2021), 24-34 

 A. Azaid, T. Abram, R. Kacimi, M. Raftani, C. Samaher, A. Sbai, T. Lakhlifi and M. Bouachrine 

29 
 

 
Table 3. Absorption properties obtained by TD-DFT method for TTPA-TTF 

  λ (nm) λexp (nm)a Energy (eV) f MO/character 
TTPA-TTF  431.321 300 < λexp < 400 2.87 0.150 HOMO->LUMO (10%) 

HOMO->L+6 (9%) 
HOMO -> L+2 (74%) 

aExperimental values in parentheses are from Ref.[20]. 
 
The ionization potential (I) is characterized as the 
energy needed to remove one electron from a 
molecule in its molecular environment. The high 
energy of ionization shows a high stability and thus 
a chemical inertness, while the low energy of 
ionization indicates a tendency of the molecule to 
reactivity. The electronic affinity (A) is 
characterized as the energy generated by adding an 
electron to a neutral molecule and thus the high (A) 
value indicates the molecule tendencies to retain 
its electrons. A negative chemical potential means 
that the molecule is extremely stable or can barely 
decay into its components. The hardness 
represents the resistance of the molecule electron 
cloud to be deformed under a small experimental 
press. A broad HOMO–LUMO energy gap 
indicates a polar, active, and hard molecule, 
whereas a narrow HOMO–LUMO energy gap 
indicates a less polar, less active, and soft 
molecule. The global electrophilicity (ω) 
corresponds to the stability energy of a molecule 
after the addition of external electronic charge[28]. 
From table 4, the calculated values of ionization 
potential, electron affinity, chemical potential, 
electronegativity, hardness, softness and 
electrophilicity were 4.055, 1.001, -2.528, 2.528, 
1.527, 0.654 and 2.092eV, respectively. 
 

Table 4. Global reactivity indices of TTPA-TTF 
Parameters Values 
Ionization potential (I) (eV) 4.055 
Electron affinity (A) (eV) 1.001 
Electronegativity (χ) (eV) 2.528 
Electrochemical potential (μ) (eV) -2.528 
Global chemical hardness (η) (eV) 1.527 
Global chemical softness (S) (eV-1) 0.654 
Electrophilicity index (ω) (eV) 2.092 

 
3.7. Bond orbital analysis 
The NBO study is a valid tool for evaluating a 
molecule's charge transfer properties as well as its 
intramolecular and intermolecular bonding nature. 
The π electron delocalization means that the 
occupancy of a certain Lewis valence orbital 

(donor) decreases as the electron density shifts to 
another part of the molecule (acceptor). This 
influence is consistent with certain energy 
reductions, according to the applied second-order 
perturbation principle. The strength of 
delocalization interaction or stabilization energy 
(E(2)) associated with electron transfer between 
the donor and acceptor parts can be described as 
the second-order energy lowering for each donor 
(i) and acceptor (j) [41-42]. 

( ) ( )
2

ij2
ij

i j

(F )
E q 8= −

ε − ε  
Here, qi is the donor orbital occupancy;  and  are 
the orbital energies of donor and acceptor NBO 
orbitals, respectively; Fij is the off-diagonal Fock 
or Kohn–Sham matrix element. 
The data extracted from the second-order 
perturbation theory analysis of the Fock matrix of 
TTPA-TTF are presented in Table 5. The natural 
Bond Orbital (NBO) analysis of the title molecule 
suggest that the most important interaction is 
mainly confined between the benzene rings and 
lone pair electrons of oxygen and nitrogen atoms. 
The lone pair of oxygen has the greatest interaction 
energy contribution in their Lp(n) to π∗ orbitals, 
because the highest stabilization energies (E (2) ) 
30.13, 30.21, 30.09, 30.15, 30.04, 30.26, 30.22 et 
30.15 kcal/mol were calculated for the transition 
between LP(2) O1→π*(C14–C15), LP 
(2)O2→π*(C20–C21), LP(2) O3→π*(C34–C35), 
LP(2) O4→π*(C41–C42), LP(2) O5→ π*(C56–
C57), LP (2) O6→π*(C62–C63), LP(2) 
O7→π*(C76–C77), LP (2) O8→π*(C82–C83) 
respectively. 
The interactions between Lp (N) and π∗ orbitals 
are also important in the following cases, LP (1) 
N1→ π*(C8–C9)( 27.89 kcal/mol), LP (1) 
N2→π*(C27–C28) ( 26.93 kcal/mol), LP (1) 
N3→π* (C50–C51) (26.40 Kcal/mol), 
LP(1)N4→π* (C70–C71) ( 25.36) kcal/mol). In 
addition, a significant energy transfer is observed 
in the Lp (S) and π∗ orbital interactions such that 
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the stabilization energies are 18.96, 18.75, 19.01 
and 18.98 kcal/mol for LP (2) S1 →π *(C2– C4), 
LP (2) S2 → π *(C3 – C4), LP (2) S3 → π *(C46 
– C45), LP (2) S4 →π *(C1 – C2) respectively. 
In the TTPA-TTF compound, the π→ π∗ transition 
of all C–C bonds in a benzene ring has higher 
stabilization energies associated with them and 
they give more stability and less reactive to the 
benzene rings. The range of transition energy 
between C–C and C–C bonds is 12.68 to 22.79 
kcal/mol (e.g. π(C65–C64)→π*(C62–C63)=12.68 
kcal/mol,π(C9–C8)→π*(C5–C10)=22.79  
kcal/mol, etc.) in the benzene, which indicates that 
the greater electron density (ED) distribution 
around the rings. 
 
3.8. NLO properties 
The NLO properties of any material generated by 
the interactions of its electromagnetic fields in 
different media are important to understand [43]. 
Indeed, in signal processing, optical switches, 
networking technology and optical memory 
modules, NLO compounds are used. The electrical 
characteristics of the entire molecule influence the 
linear and nonlinear responses of NLO materials 

[44]. Hence, Properties, such as the dipole moment 
(μ), polarizability (αij) and first 
hyperpolarizability (βtot), are related to non-linear 
optical properties. In the analysis of organic 
materials with NLO, this DFT approach has 
already proven effective. We have summarized our 
results in Table 6. The complete equations for 
calculating the value of the total dipole moment 
(μtot), the average isotropic polarizability (<α>), 
the anisotropy of the polarizability Δα and the first 
order of the hyperpolarizability (βtot), 
respectively, are the following [45]: 

𝜇𝜇𝑡𝑡𝑡𝑡𝑡𝑡 = �𝜇𝜇𝑥𝑥2  +  𝜇𝜇𝑦𝑦2 + 𝜇𝜇𝑧𝑧2      (9)

𝛼𝛼 =
1
3
�𝛼𝛼𝑥𝑥𝑥𝑥 + 𝛼𝛼𝑦𝑦𝑦𝑦 + 𝛼𝛼𝑧𝑧𝑧𝑧�                      (10)

𝛥𝛥𝛥𝛥 = ��𝛼𝛼𝑥𝑥𝑥𝑥 − 𝛼𝛼𝑦𝑦𝑦𝑦�
2 + �𝛼𝛼𝑦𝑦𝑦𝑦 − 𝛼𝛼𝑥𝑥𝑥𝑥�

2 + (𝛼𝛼𝑧𝑧𝑧𝑧 − 𝛼𝛼𝑥𝑥𝑥𝑥)2  
2

  (11)  

 𝛽𝛽𝑡𝑡𝑡𝑡𝑡𝑡   = �𝛽𝛽𝑥𝑥2 + 𝛽𝛽𝑦𝑦2  + 𝛽𝛽𝑧𝑧2                     (12)

 

Here, ),,( zyxii ==β combines the different 

quantities: )jjijijz,y,xj ijj()
3
1(i β+β+∑ = β=β

 
Table 5. Numerical NBO results derived from the second-order perturbation theory analysis of the Fock matrix for TTPA-TTF 

Donor (i) Acceptor (j) E(2) 

kcal/ 

mol 

E(j)-(i) 

a.u 

F (i.j) 

a.u 

Donor (i) Acceptor (j) E(2) 

kcal/

mol 

E(j)-

(i) a.u 

F (i.j) 

a.u 

π (C3–C4) π* (C25–C26) 4.47 0.93 0.048 π (C46–C45) π* (C67–C72) 5.24 0.32 0.040 

π (C25–C26) π* (C3–C4) 7.73 0.27 0.042 π (C67–C72) π* (C46–C45) 8.98 0.28 0.063 

π (C25–C26) π* (C27–C28) 19.10 0.0.27 0.065 π (C46–C45) π* (C47–C52) 5.04 0.32 0.039 

π (C27–C28) π* (C25–C26) 22.44 0.28 0.072 π (C47–C52) π* (C46–C45) 16.40 0.28 0.039 

π (C25–C26) π* (C30–C29) 17.15 0.28 0.064 π (C67–C72) π* (C71–C70) 19.34 0.27 0.066 

π (C30–C29) π* (C25–C26) 20.30 0.28 0.064 π (C71–C70) π* (C67–C72) 22.32 0.28 0.072 

π  (C27–C28) π* (C30–C29) 22.83 0.31 0.076 π (C71–C70) π* (C68–C69) 17.44 0.29 0.064 

π (C30–C29) π* (C27–C28) 17.34 0.29 0.064 π (C68–C69) π* (C71–C70) 20.28 0.28 0.067 

π (C31–C36) π* (C35–C34) 17.60 0.28 0.064 π (C67–C72) π* (C68–C69) 20.67 0.28 0.069 

π (C35–C34) π* (C31–C36) 21.55 0.29 0.071 π (C68–C69) π* (C67–C72) 17.19 0.28 0.069 

π (C31–C36) π* (C32–C33) 20.38 0.29 0.069 π (C80–C81) π* (C82–C83) 20.75 0.31 0.073 

π (C32–C33) π* (C31–C36) 17.53 0.28 0.064 π (C82–C83) π* (C80–C81) 22.09 0.32 0.076 

π (C35–C34) π* (C32–C33) 17.40 0.29 0.064 π (C80–C81) π* (C85–C84) 20.35 0.29 0.068 

π (C32–C33) π* (C35–C34) 20.39 0.28 0.069 π (C85–C84) π* (C80–C81) 20.81 0.31 0.074 

π (C38–C43) π* (C42–C41) 20.42 0.29 0.031 π (C82–C83) π* (C85–C84) 21.34 0.32 0.074 

π (C42–C41) π* (C38–C43) 17.63 0.28 0.073 π (C85–C84) π* (C82–C83) 21.43 0.31 0.074 

π (C38–C43) π* (C39–C40) 17.67 0.28 0.064 π (C73–C78) π* (C77–C76) 22.28 0.32 0.075 
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π (C39–C40) π* (C38–C43) 21.54 0.29 0.071 π (C77–C76) π* (C73–C78) 20.95 0.31 0.075 

π (C42–C41) π* (C39–C40) 17.42 0.29 0.071 π (C73–C78) π* (C74–C75) 20.58 0.31 0.072 

π (C39–C40) π* (C42–C41) 20.47 0.28 0.069 π (C74–C75) π* (C73–C78) 22.93 0.32 0.073 

π (C3–C4) π* (C5–C10) 5.08 0.0.32 0.039 π (C74–C75) π* (C77–C76) 20.83 0.32 0.073 

π (C5–C10) π* (C3–C4) 8.90 0.27 0.045 π (C77–C76) π* (C74–C75) 21.75 0.31 0.075 

π (C5–C10) π* (C6–C7) 20.96 0.28 0.045 π (C47–C52) π* (C51–C50) 21.72 0.31 0.075 

π (C6–C7) π* (C5–C10) 16.78 0.28 0.063 π (C51–C50) π* (C47–C52) 19.54 0.31 0.071 

π (C5–C10) π* (C9–C8) 20.41 0.28 0.069 π (C47–C52) π* (C48–49) 20.85 0.31 0.072 

π (C9–C8) π* (C5–C10) 22.79 0.32 0.078 π (C48–49) π* (C47–C52) 22.67 0.32 0.077 

π (C6–C7) π* (C9–C8) 20.41 0.28 0.069 π (C48–49) π* (C51–C50) 22.86 0.31 0.077 

π (C9–C8) π* (C6–C7) 17.60 0.29 0.064 π (C51–C50) π* (C48–49) 19.50 0.32 0.072 

π (C18–C19) π* (C20–C21) 20.86 0.29 0.069 π (C60–C61) π* (C62–C63) 13.52 0.31 0.058 

π (C20–C21) π (C18–C19) 20.89 0.31 0.074 π (C62–C63) π* (C60–C61) 12.89 0.32 0.059 

π (C18–C19) π* (C22–C23) 17.55 0.28 0.064 π (C60–C61) π* (C65–C64) 20.00 0.31 0.072 

π (C22–C23) π* (C18–C19) 21.61 0.29 0.064 π (C65–C64) π* (C60–C61) 21.99 0.32 0.076 

π (C20–C21) π* (C22–C23) 20.42 0.28 0.064 π (C65–C64) π* (C62–C63) 12.68 0.31 0.057 

π (C22–C23) π* (C20–C21) 17.36 0.29 0.064 π (C62–C63) π*(C65–C64) 13.35 0.31 0.060 

π (C11–C16) π* (C14–C15) 17.64 0.028 0.064 π (C53–C58) π* (C57–C56) 22.17 0.32 0.075 

π (C14–C15) π* (C11–C16) 21.59 0.29 0.071 π (C57–C56) π* (C53–C58) 20.68 0.31 0.074 

π (C11–C16) π* (C12–C13) 20.44 0.29 0.096 π (C53–C58) π* (C54–C55) 20.73 0.31 0.073 

π (C12–C13) π* (C11–C16) 17.63 0.28 0.064 π (C54–C55) π* (C53–C58) 20.68 0.31 0.074 

π (C14–C15) π* (C12–C13) 17.40 0.29 0.064 π (C54–C55) π* (C57–C56) 21.44 0.31 0.074 

π (C12–C13) π* (C14–C15) 20.50 0.28 0.069 π (C57–C56) π* (C54–C55) 21.15 0.32 0.076 

LP (2) S1 π* (C1–C2) 15.53 0.26 0.060 LP (2) S3 π* (C 3–C4) 18.96 0.27 0.065 

LP (2) S1 π* (C46–C45) 19.01 0.27 0.065 LP (2) S3 π* (C1–C2) 15.49 0.26 0.060 

LP (2) S2 π* (C1–C2) 18.98 0.24 0.064 LP (2) S4 π* (C3–C4) 18.75 0.26 0.058 

LP (2) S2 π* (C46–C45) 15.33 0.26 0.058 LP (2) S4 π* (C1–C2) 15.76 0.24 0.064 

LP (1) N1 π* (C8–C9) 27.89 0.27 0.080 LP (1) N4 π* (C73–C78) 15.20 0.27 0.059 

LP (1) N1 π* (C18–C19) 15.39 0.27 0.059 LP (1) N4 π* (C70–C71) 25.36 0.27 0.076 

LP (1) N1 π* (C11–C16) 15.68 0.27 0.060 LP (1) N4 π* (C80–C81) 17.30 0.27 0.063 

LP (1) N2 π* (C27–C28) 26.93 0.27 0.079 LP (1) N3 π* (C53–C58) 16.61 0.27 0.061 

LP (1) N2 π* (C38–C43) 15.89 0.27 0.060 LP (1) N3 π* (C60–C61) 15.39 0.27 0.059 

LP (1) N2 π* (C31–C36) 15.65 0.27 0.060 LP (1) N3 π* (C50–C51) 26.40 0.27 0.073 

LP (2) O1 π* (C14–C15) 30.13 0.34 0.096 LP (2) O5 π* (C56–C57) 30.04 0.34 0.96 

LP (2) O2 π* (C20–C21) 30.21 0.34 0.096 LP (2) O6 π* (C62–C63) 30.26 0.34 0.096 

LP (2) O3 π* (C34–C35) 30.09 0.34 0.096 LP (2) O7 π* (C76–C77) 30.22 0.34 0.096 

LP (2) O4 π* (C41–C42) 30.15 0.34 0.096 LP (2) O8 π* (C82–C83) 30.15 0.34 0.096 

4. Conclusion 
In this paper, we study through DFT/B3LYP/6-
31G(d) calculations the geometrical and electron-ic 
structure of the TTPA-TTF compound. The 
molecular geometry was optimized  at the B3LYP/ 
6-31G(d) level of theory in the gas phase. The 

dihedral angles between the oriented TTF and the 
peripheral TPA groups for TTPA-TTF were in the 
range of 45°- 47°, suggesting that the compound 
had a twisted structure. The par-tial atomic charge 
distribution study showed a concentration of 
negative charge on the nitrogen, oxygen, and sulfur 
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atoms, while the  carbon at-oms  of the 
tetrathiafulvalene unit are clearly positively 
charged. According to an analysis of the molecular 
orbital topology, there is a 3.055 eV energy 
difference between the HOMO and LUMO orbitals. 
this gap suggests that an intramo-lecular charge 
transfer (ICT) from the TTF unit to the adjacent 
phenyl. 
The MESP map shows clearly the most negative 
area surrounding the TTF unit and oxygen atom, as 
this region is extremely prone to electrophilic 
attack. on the contrary, hydrogen atoms seem to be 
among the most positively charged, making them 
ideal targets for nucleophilic attack. The basic 
chemical reactivity descriptors were com-puted, 
implying that the TTPA-TTF compound is a 
reasonably soft molecule with high polarizabil-ity 
and chemical activity. Finally, the calculated non-
linear optical properties validated the TTPA-TTF 
compound's ability as a good NLO material. 
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