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Abstract. In this article computational study by using DFT on quinox-
aline derivative is reported. The quantum mechanical analysis of vari-
ous energies of 9-Chloro-1,2-Dimethyl-10(Methylsulfanyl)Quinoxaline
[9Cl1,2Dm10MsQ] in ground state were calculated by using DFT tech-
nique, in isolated state and in different solvents, to study the effects of
solvents on various energy values. The solvent effect on optimized ge-
ometry, Mulliken charge distribution in ground and excited state were
analysed. With the help of computed highest occupied molecular or-
bital (HOMO) – lowest unoccupied molecular orbital (LUMO) gap of
9Cl1,2Dm10MsQ in different medium, we studied the solvation energy,
ionization potential, electron affinity, chemical hardness, electron chem-
ical potential, electronegativity and global electrophilic. UV-Vis spec-
trum and emission energy were obtained using TDDFT technique. The
total electron density (TED), potential distribution over molecule by
electrostatic potential (ESP) positions of 9Cl1,2Dm10MsQ were found
from molecular electrostatic potential (MEP) and frontier molecular or-
bitals (FMO) simulated. Main aim is to analyse their electronic, ther-
modynamic and spectroscopic parameters on the basis of the DFT quan-
tum chemical studies and also we are studying the effect of solvent
and solute-solvent interactions. The structural, electronic and optical
properties for quinoxaline derivative helps in better understanding of
molecule in different solvents which helps us to study biological prop-
erties of the molecule. This molecule could be useful for designing of
optoelectronic components.

KEY WORDS: absorption energy, emission energy, HOMO, LUMO, Mulliken
charge, quinoxaline derivative, thermodynamics.
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1 Introduction

Quinoxaline derivatives have attracted attention from many years due to their
versatile applications in the field of biomedicine and pharmacology. Quinox-
aline derivatives indicates the activities of antibacterial, antifungi, leishmania,
tuberculosis, malaria, cancer, depression, neurological and metabolic diseases
treatment [1–3], quinoxaline derivatives may use in electroluminescent mate-
rials [4–6]. Many quinoxaline derivatives are artificial and echinomycin and
triostin-A are natural quinoxaline derivatives [7, 8].

From the literature survey, no theoretical studies have been found for
9Cl1,2Dm10MsQ. We are carried out a theoretical study of 9Cl1,2Dm10MsQ
using Density Functional Theory (DFT) and Time-Dependent Density Func-
tional Theory (TD-DFT), which were treated according to Becke’s three Lee–
Yang–Parr (B3LYP) gradient correlation potential due to its less error value than
other functionals from literature survey [9]. and all evaluation were finished
with the aid of basis set 6-311G+(d,p) [10–12]. DFT and TDDFT are used to
analyze the optical parameters of each organic and inorganic molecules, DFT
is implemented for studying the ground state (GS) parameters of molecule and
TD-DFT used for modeling the energies, systems and properties of electroni-
cally excited states (ES), DFT presents the theoretical prediction of molecule
useful in drug designing and allows us to understanding the chemical methods
in organic structures [13].

Therefore, the systematic investigation of geometrical properties, thermody-
namic properties, structural properties, frontier molecular orbital analysis, to-
tal electron density (TED), electrostatic potential (ESP), molecular electrostatic
potential (MEP) of 9Cl1,2Dm10MsQ with the help of quantum chemical anal-
ysis [14, 15]. Furthermore, optical studies (absorption and emission) were per-
formed with TDDFT in order to explain differences due to liquid and gas phase.
We observe that, the obtained band gap matches with semiconducting material
which can be used in manufacturing of optoelectronic devices and these quantum
chemical calculations of molecule in gas and liquid phase indicate the positive
actions towards the biological activities.

2 Computational Details

The simulation studies on 9Cl1,2Dm10MsQ have been carried out by building
its structure using Gauss view 5.0 and Gaussian 09 W software package is used
for all theoretical studies included in the article. Initially the geometry became
optimized by means of DFT with B3LYP functional and 6-311G+(d,p) basis
set, the atomic charge distribution in the ground state and TDDFT in the excited
state [16], thermodynamic properties, structural properties and optical properties
were studied the use of DFT method B3LYP/6-311G+(d,p) and frontier molecu-
lar orbital (FMO) analysis of molecule in vacuum and in liquid phase. We have
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taken non-polar solvent cyclohexane (R.I. =1.426, dielectric constant = 2.02)
and a polar solvent octanol (R.I. = 1.429, dielectric constant = 10.30) with simi-
lar refractive index for our studies.

The thermodynamical parameters, SCF energy, enthalpy, entropy, dipole mo-
ment, zero-point vibrational energy, heat capacity, and rotational constants
are calculated. UV-Vis and emission spectroscopic studies have done for
9Cl1,2Dm10MsQ computed in different medium and recorded the energy
maximum with oscillatory strength using TDDFT method with B3LYP /6-
311G+(d,p) level of study. The energy values in different molecular orbitals
of HOMO and LUMO is noted in different medium and the energy separation
between these molecular orbital is prolonged to analyze various molecular fac-
tors like ionization ability, electron chemical capacity, electronegativity, elec-
tron affinity, chemical hardness, and international electrophilic index and so on.,
TED surface mapping, ESP, MEP and contour mapping of the molecule in vac-
uum and solvent medium is determined using DFT method. Therefore, in this
present work, our primary aim is to compute a complete theoretical studies on
the 9Cl1,2Dm10MsQ molecule [17].

3 Results and Discussion

The various studies of the substituted quinoxaline molecule were carried out.
These computational studies of structural, charge distribution, thermodynami-
cal concepts, spectroscopic absorption and emission studies, quantum chemical
analysis, ESP, TED and MEP are presented.

3.1 Structure and geometric properties

The structure of 9Cl1,2Dm10MsQ from the gauss view is geometrically op-
timized by using Gaussian 09 with keyword opt, B3LYP functional and 6-
311G+(d,p) basis set [18]. Initial geometry obtained from standard parameters
which are then reduced to a minimum by the Gaussian program which com-
putes the energies to discover the molecular geometry similar to the minimum
energy. The optimized geometries of 9Cl1,2Dm10MsQ are illustrated in Fig-
ure 1 [19]. The ground and excited geometries of the molecule was studied
by using DFT/B3LYP/6-311G+(d,p) and TDDFT/B3LYP/6-311G+(d,p) level
respectively. The geometrical properties have been given in Table 1, there is
no significant changes in molecular geometry of 9Cl1,2Dm10MsQ from ground
state to excited state, so we observe the similarities in bond length [Å], bond
angle [◦] and dihedral angle [◦] in both states [20].
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Figure 1 Optimized molecular structure of 9Cl1,2Dm10MsQ 

Figure 1. Optimized molecular structure of 9Cl1,2Dm10MsQ.

Table 1. Bond length [Å], bond angle [◦] and dihedral angle [◦] of 9Cl1,2Dm10MsQ
using DFT/B3LYP/6-311G+(d,p) and TDDFT/ B3LYP/6-311G+(d,p)

Atoms Bond length [Å] Atoms Bond angle [◦] Atoms Dihedral angle [◦]
Ground Excited Ground Excited Ground Excited

state state state state state state
2C-1C 1.391 1.391 3C-2C-1C 118.414 118.414 4C-3C-2C-1C -0.357 -0.357
3C-2C 1.426 1.426 4C-3C-2C 120.544 120.544 5C-4C-3C-2C 0.495 0.495
4C-3C 1.425 1.425 5C-4C-3C 119.76 119.76 6C-5C-4C-3C -0.28 -0.28
5C-4C 1.408 1.408 6C-5C-4C 118.954 118.954 7H-5C-4C-3C -179.959 -179.959
6C-5C 1.373 1.373 7H-5C-4C 118.675 118.675 8H-6C-5C-4C -179.907 -179.907
7H-5C 1.083 1.083 8H-6C-5C 119.382 119.382 9C-4C-3C-2C -178.965 -178.965
8H-6C 1.085 1.085 9C-4C-3C 90.178 90.178 10C-9C-4C-3C -2.013 -2.013
9C-4C 2.277 2.277 10C-9C-4C 91.197 91.197 11N-9C-4C-3C 179.365 179.365
10C-9C 1.441 1.441 11N-9C-4C 31.82 31.82 12N-10C-9C-4C 1.798 1.798
11N-9C 1.291 1.291 12N-10C-9C 119.032 119.032 13S-10C-9C-4C 176.737 176.737
12N-10C 1.309 1.309 13S-10C-9C 124.585 124.585 14Cl-9C-4C-3C 174.135 174.135
13S-10C 1.793 1.793 14Cl-9C-4C 148.075 148.075 15C-13S-10C-9C 64.394 64.394
14Cl-9C 1.763 1.763 15C-13S-10C 102.737 102.737 16H-15H-13S-10C -67.606 -67.606
15C-13S 1.834 1.834 16H-15H-13S 112.096 112.096 17H-15C-13S-10C 173.828 173.828
16H-15H 1.088 1.088 17H-15C-13S 104.966 104.966 18H-15C-13S-10C 56.535 56.535
17H-15C 1.091 1.091 18H-15C-13S 110.405 110.405 19C-2C-1C-6C 179.904 179.904
18H-15C 1.089 1.089 19C-2C-1C 121.523 121.523 20H-19C-2C-1C 61.237 61.237
19C-2C 1.506 1.506 20H-19C-2C 110.995 110.995 21H-19C-2C-1C -178.25 -178.25
20H-19C 1.095 1.095 21H-19C-2C 110.662 110.662 22H-19C-2C-1C -57.502 -57.502
21H-19C 1.087 1.087 22H-19C-2C 111.047 111.047 23C-1C-2C-3C -179.943 -179.943
22H-19C 1.095 1.095 23C-1C-2C 120.743 120.743 24H-23C-1C-2C -58.886 -58.886
23C-1C 1.509 1.509 24H-23C-1C 111.458 111.458 25H-23C-1C-2C 60.296 60.296

3.2 Mulliken atomic charge distribution

The distribution of Mulliken atomic charge on each atomic site of
9Cl1,2Dm10MsQ were analysed using DFT/B3LYP/6-311G+(d,p) in vacuum
and cyclohexane, octanol solvents having similar refractive index and dif-
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Table 2. Mulliken atomic charges of 9Cl1,2Dm10MsQ by DFT/B3LYP/6-311G+(d,p) in
vacuum and solvent medium

Atoms Mulliken charge Atoms Mulliken charge
Vacuum Cyclohexane Octanol Vacuum Cyclohexane Octanol

C -0.118 -0.120 -0.121 Cl -0.053 -0.061 -0.068
C -0.071 -0.073 -0.074 C -0.453 -0.452 -0.451
C 0.100 0.104 0.107 H 0.162 0.165 0.168
C 0.123 0.129 0.134 H 0.150 0.158 0.164
C -0.044 -0.052 -0.059 H 0.150 0.156 0.161
C -0.052 -0.056 -0.058 C -0.243 -0.243 -0.244
H 0.106 0.110 0.113 H 0.121 0.126 0.131
H 0.093 0.103 0.112 H 0.144 0.135 0.127
C 0.077 0.083 0.088 H 0.118 0.124 0.130
C -0.020 -0.008 0.001 C -0.248 -0.251 -0.252
N -0.267 -0.281 -0.293 H 0.127 0.131 0.134
N -0.286 -0.296 -0.305 H 0.128 0.131 0.135
S 0.147 0.124 0.102 H 0.109 0.114 0.119

ferent dielectric constant. Distribution of Mulliken charge on each atom of
9Cl1,2Dm10MsQ were presented in Table 2 and charge distribution in dif-
ferent medium is represented as shown in Figure 2. The solvent influences
on the atomic charges are observed from the analysis. The atomic charges
are increase with increasing solvent polarity from cyclohexane to octanol,
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Figure 2 Mulliken atomic charge distribution of 9Cl1,2Dm10MsQ in vacuum, cyclohexane and 

octanol medium using DFT method. 
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Nuclear repulsion energy [Hartree's] 1159.14 
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Figure 2. Mulliken atomic charge distribution of 9Cl1,2Dm10MsQ in vacuum, cyclohex-
ane and octanol medium using DFT method.
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the values of atomic charges in octanol are higher variation than in vac-
uum and cyclohexane. For 9Cl1,2Dm10MsQ in vacuum with atom number
(C1,C2,C5,C6,C10,C15,C19,C23) carbon atoms, (N11,N12) nitrogen atoms,
(Cl14) Chlorine atom which are associated with a negative charge which indi-
cates that these are donor atoms, whereas (C3, C4, C9) carbon atoms, (S13) sul-
phur atom and all hydrogen atoms acts as an acceptor. In cyclohexane medium,
there is a slight increase in atomic charge of hydrogen atoms, increase in atomic
charge of most carbon atoms, there is increase in charge of (N11, N12) nitro-
gen atoms from vacuum to cyclohexane medium. In octanol medium the atomic
charge distribution of all carbon atoms, hydrogen atoms, chlorine atom and ni-
trogen atoms are higher than vacuum and cyclohexane medium [21].

3.3 Thermodynamic parameters

The useful chemical processes can be identified with the help of thermodynamic
parameters. DFT simulations are helpful for studying statistical thermodynamic
properties of the compound. Translational energy, rotational energy, vibrational
energy, total energy, nuclear repulsion energy, zero-point vibrational energy and

Table 3. Calculated thermodynamic parameters of 9Cl1,2Dm10MsQ with DFT theory
using B3LYP/6-311G+(d,p) basis set

Parameters DFT/B3LYP/6-311G

Energy [kcal mol−1]
Translational 0.889
Rotational 0.889
Vibrational 130.758
Total 132.536

Nuclear repulsion energy [Hartree’s] 1159.14
Zero-point vibrational energy [kcal mol−1] 123.299
Entropy S [Cal/Mol-Kelvin] 122.181
Molecular capacity of constant volume [cal mol−1k−1]

Translational 2.981
Rotational 2.981
Vibrational 48.428
Total 54.390

Rotational constants [GHz]
A 0.963
B 0.014
C 0.235

Rotational temperatures [Kelvin]
A 0.046
B 0.014
C 0.011
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the statistical thermodynamic properties, such as, entropy (S), rotational con-
stants, rotational temperatures, molecular capacity of constant volume, dipole
moment were obtained from the theoretical harmonic frequencies analysed by
DFT/B3LYP/6-311G+(d,p) level of theory for the 9Cl1,2Dm10MsQ molecule
at temperature of 298 K and 1 atm pressure and presented in Table 3. These
calculated thermodynamic parameters are helps for further systematic studies of
molecule [22].

3.4 Absorption and emission spectroscopic study

By using TDDFT the excited states of 9Cl1,2Dm10MsQ in vacuum, cyclohex-
ane and octanol medium are analysed and presented in Table 4. Results re-
lated to the vertical excitation energies, oscillatory strength (f ) and wavelength
have been accomplished. The TDDFT studies are helps to examine the ab-
sorption spectra that have been furnished an effective approach [23, 24], and
also it predicts one intense digital transition at 369.53 nm with an oscillator
strength f = 0.055 in vacuum, 366.320 nm with f = 0.085 in cyclohexane,
361.590 nm with f = 0.083 in octanol as presented in Figure 3. Estimation
of fluorescence we access to TD-DFT approach, so that you can optimize the
electronically excited-state (EES) geometry, its vertical energies (absorption or
emission) with measured longest wavelength of absorption (λmax) is an approx-
imated method [25]. The geometry of EES gives to the fluorescence (if the EES
is a singlet-state). Molecular emission power of the molecule in vacuum medium
(388.260 nm) shows higher value as compared to solvent medium.
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Figure 3 Absorption spectra of 9Cl1,2Dm10MsQ  in vacuum and solvent medium using TDDFT 
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Figure 3. Absorption spectra of 9Cl1,2Dm10MsQ in vacuum and solvent medium using
TDDFT analysis.
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Table 4. Theoretical excitation and emission studies of 9Cl1,2Dm10MsQ molecule in
vacuum and solvent medium using TDDFT/B3LYP/6-311G+(d,p)

Vacuum Cyclohexane Octanol

Excitation energy (nm) 369.530 366.320 361.590
Emission energy (nm) 388.260 382.410 378.680
Oscillator strength 0.0556 0.0853 0.0832

3.5 Frontier molecular orbitals and quantum chemical calculation

With the help of FMO, the electron charge transfer between the donor and ac-
ceptor group can be determined. The HOMO (electron-donating) directly as-
sociated with the ionization potential, even as the LUMO (electron-accepting)
associated with the electron affinity of the compound. FMO used to have higher
information of the nature of the chemical structure and chemical reaction of the
molecule as shown in Figure 4 [26]. HOMO, HOMO-1, HOMO-2 are the or-
bitals that Present π-bonding symmetry and LUMO, LUMO+1, LUMO+2 are
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Figure 4. 3D representation of frontier molecular orbital of 9Cl1,2Dm10MsQ in vacuum
and solvent (cyclohexane, octanol) medium using DFT method.
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Table 5. HOMO and LUMO energy states values of 9Cl1,2Dm10MsQ in vacuum, cyclo-
hexane and octanol medium

Molecular orbital
Energy in eV

Vacuum Cyclohexane Octanol

LUMO+2 0.234 0.237 0.203
LUMO+1 -0.484 -0.557 -0.623
LUMO -0.510 -0.559 -0.639
HOMO -6.754 -6.874 -6.995
HOMO-1 -7.113 -7.062 -7.073
HOMO-2 -7.233 -7.254 -7.282

molecular orbitals that shows π∗ antibonding symmetry represented in Table 5.
Figure 4 shows the 3D representation of frontier molecular orbital in different
medium using method with B3LYP functional and 6-311G+(d,p) basis set in
which greenish area shows the positive region and reddish area identifies the
negative region of the molecular orbital.

Energy gap (Eg) has been analysed using the equation, which gives energy gap
(Eg) between HOMO to LUMO. The Eg in octanol medium indicate the higher
value energy gap of 6.356 eV, energy gap of HOMO-1 to LUMO+1 is 6.449 eV
and the Eg between HOMO+2 to LUMO-2 is 7.485 eV, which represents that,
the energy band gap value is increases with respect to solvent polarity [27]. By
DFT theory of quantum chemical factors, negative of HOMO energy is taken as
ionization potential (I) and negative of LUMO energy as electron affinity (E)
can be obtained. I and E are important features of organic molecules and ions,
which makes it possible to get the molecular reactivity and interpret the results
of electronic spectra. The Eg , I and E values are helps us to analyze the various
parameters like chemical hardness (η), chemical potential (µ), chemical softness
(s), global electrophilicity (ω) of the 9Cl1,2Dm10MsQ molecule in vacuum and
solvent medium as shown in Table 6 [28].

The energy band gap (Eg = EHOMO ∼ ELUMO) can be obtained from HOMO
and LUMO, the ability of atoms to attract the shared electrons of covalent bond
gives electronegativity (χ = (I + E)/2), chemical hardness (η = (I − E)/2)
is half of the energy band gap, the chemical potential is obtained by the neg-

Table 6. Physicochemical properties of 9Cl1,2Dm10MsQ with vacuum and solvents

Solvents
Energy Ionization Electron Electron Chemical Chemical Chemical Global

band gap potential affinity negativity hardness potential softness electro-
(Eg) (I) (A) (χ) (η) (mu) (s) philicity (ω)

Vacuum 6.244 6.754 0.510 3.632 3.122 -3.632 1.561 20.597
Cyclohexane 6.314 6.874 0.559 3.717 3.157 -3.717 1.578 21.807
Octanol 6.356 6.995 0.639 3.817 3.178 -3.817 1.589 23.152
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ative value of electronegativity (µ = −χ), and chemical softness (s = 1/2η).
Therefore, global electrophilicity (ω = µ2/2η) can be calculated [29].

3.6 ESP, TED and MEP studies

Using the DFT theory with B3LYP/6-311G+(d,p) model ESP, TED and MEP
maps are obtained and the 3D geometrical presentations were shown in Figure 5.

3.6.1 Electrostatic potential (ESP)

For better understanding of intermolecular association, molecular properties of
the compound, The ESP study was used and also it provides information about
location of electrophilic and nucliophilic siter. By the ESP study, the energy of
9Cl1,2Dm10MsQ ranges in vacuum medium is between -0.242 eV to 0.242 eV,
in cyclohexane medium -0.261 eV to 0.261 eV and in octanol from -0.289 eV to
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Figure 5 (a) ESP mapping, (b) TED, (c) MEP surface and (d) contour mapping of 9Cl1,2Dm10MsQ   

in vacuum, cyclohexane and octanol medium. 
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Figure 5. (a) ESP mapping, (b) TED, (c) MEP surface and (d) contour mapping of
9Cl1,2Dm10MsQ in vacuum, cyclohexane and octanol medium.
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0.289 eV are found. Surface map energy in the site of nitrogen atoms. We found
red color and surrounded by yellow colour in Figure 5(a). In the site of N11 the
energy values in vacuum, cyclohexane and octanol are -0.219 eV, -0.202 eV, -
0.253 eV (red) and -0.136 eV, -0.165 eV, -0.181 eV (yellow). The energy values
in the site of N12 are -0.204 eV, -0.225 eV, -0.245 eV (red) and -0.1330 eV,
-0.1387 eV, -0.156 eV (yellow), respectively.

3.6.2 Total electron density (TED)

To analysis the shape, charge, size, delocalization of molecule and location of
chemical reactivity of molecule, the TED studies are essential, density distribu-
tion plots are shown in Figure 5(b), which indicates the uniform distribution [30]
for the 9Cl1,2Dm10MsQ molecule in vacuum and solvents.

3.6.3 Molecular electrostatic potential (MEP)

The MEP studies are useful for understanding the molecular parameters, charge
density, and polarity of the compound. Red colour represents the maximum
negative potential region, the blue colour indicates the maximum positive po-
tential region and green represents the zero potential areas [31]. Figure 5(c)
represents the 3D MEP mapping of the compound in vacuum and solvents. In
different medium the MEP shows almost same mapping surfaces with similar
type of colour code. Nitrogen atoms N11 and N12 are nucliophilic attack re-
gions because of its maximum negative potential. Mesmeric effect of nitro group
represents within the area with large electronic charge indicates reddish colour.
Position of 14Cl is more potential than the nitro groups which are surrounded
by yellow colour. However, the hydrogens 7H, 8H, 16H, 17H, 18H, 20H, 21H,
22H, 24H, 25H and 26H represents large positive potential surface and results
to a electrophilic attack region with a blue shade surrounding, electrons within
the benzene ring are proven the greenish shade of the molecule. The molecu-
lar contour mapping in vacuum, cyclohexane and octanol medium presented in
Figure 5(d).

4 Conclusions

The computational studies using DFT and TDDFT methods to the
9Cl1,2Dm10MsQ molecule were carried out by consideration of the geometrical
and structural properties that, a few precise distances and angles can impact the
orbital overlap and HOMO-LUMO energy distribution. The UV-Visible absorp-
tion studies were acquired primarily based on TD-DFT calculations, discussion
of the emission spectra which is likewise called as vertical excitation this is
carried out by considering the electronic excited energy state as reference and
apply the TD-DFT again. The FMO energy gap helpful for knowing the high
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chemical reactivity and stability of the molecule. A compound with a less Eg

is commonly related to an excessive chemical reactivity, low kinetic stability
and is also known as soft molecule. These theoretical studies helps in better
understanding of 9Cl1,2Dm10MsQ molecule in different solvents, which can be
useful for knowing the biological properties of the compound.
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