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1. Introduction 

The fluorescent organic molecule has been intensively 

used in the biochemical, medicinal, and synthetic organic 

chemistry areas [1, 2]. They are frequently employed in 

medicines, food, fragrances and optical brighteners used as 

fluorescent laser dyes. Organic molecules with good 

physicochemical properties also have good antibiotic 

properties. The molecule with nitrogen group is having the 

ability to treat the cancer cells. 

The study of molecular stability and reactivity are 

important elements in drug design which is supported by 

density functional theory (DFT) and it also predicts structural 

aspects in an affordable manner with experimental data 

[3].DFT analysis of the probe produced fruitful development 

for optoelectronic applications. This research primarily 

focuses on the theoretical analysis for molecular optical 

parameters to understand, how the structure affects the 

interactions between solutes and solvents [4]. We can observe 

the progression of an electron from the HOMO to LUMO, 

leading to frontier molecular orbital (FMO) study. Additional 

medical uses for this organic molecule include their ability to 

serve as antidepressants, antimicrobials, anti-oxidants and 

anti-inflammatory agents [5].        

2. Computational details 

The Gaussian 09 software package has been used for all 

computational research [6] using the DFT approach, the 

molecule's geometry was optimized during the vacuum phase. 

Becke's 3 functional exchange factor (B3) and non-local 

correlation functional are combined in the well-known 

functional Becke's 3 Lee, Yang, and Parr (B3LYP) [7]. 

B3LYP is implemented in combination with the triple zeta set  

together with the 6-311+G (d,p) diffuse and polarization 

parameters to examine structural characteristics. The 

Mulliken charge distribution, FMO analysis and molecular 

electrostatic potential studied cases [8-11]. 

3. Results and analysis 

Geometry of the molecule has been confirmed by 

optimizing the structure and analysing the bond length, bond 

angle and dihedral angle of the molecule, charge and potential 

distribution of the molecule and also explained the inter 

molecular interactions and electrophilic and nucliophilic sites. 

Frontier molecular orbital studies help to know the kinetic 

stability of the molecule and energy band gap. In these 

studies we have chosen toluene, chloroform and pentanol 

solvents because of similar refractive index (1.4) with 

increase in polarity. 

3.1 Structural properties 

The structure of 2Cl5,6Dm3MsQ molecule was drawn 

using Gauss view 5.0 for the molecule (2Cl5,6Dm3MsQ) was 

obtained and compared with standard parameters [12-14]. 

Then decreased the energy to a minimum in the gas phase by 

density functional theory with B3LYP/6-311+G(d,p) level by 

Gaussian 09. The optimized geometry of the molecule is 

shown in Figure 1. 

The bond length of C-S (13S-10C and 15C-13S) bonding 

shows the highest value of 1.79 Å and 1.83 Å, the 9C-14Cl 

shows a bond length of 1.76 Å. Between carbon and 

hydrogen the bond length is less compared to C-C, C-N, C-Cl 

and C-S. The bond angle of the atoms of methyl group shows 

the values between 110.6 ºC to 111.46 ºC. The 

2Cl5,6Dm3MsQ molecule has two methyl (CH3) groups
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 ABSTRACT 

In this work, we conducted a comparative analysis among toluene, chloroform and 

pentanol through theoretical analysis of 2-chloro-5,6-dimethyl-3-(methylsulfanyl) 

quinoxaline (2Cl5,6Dm3MsQ) molecule with the help of Gaussian 09 software, the 

geometry of the molecule is optimized and studied the geometric properties using density 

functional theory (DFT) method. By using DFT method the Mulliken charge distribution 

of 2Cl5,6Dm3MsQ molecule, highest occupied molecular orbital (HOMO) to the lowest 

unoccupied molecular orbital (LUMO) analysis of the molecule in different solvent 

atmosphere which are used to establish the energy band gap and the stability of the 

molecule are analysed. Potential distribution and density distribution of the titled 

molecule is analysed by the surface mapping to understand the reactivity of the molecule. 

From all the findings we observed that, the 2Cl5,6Dm3MsQ molecule has good kinetic 

stability, by the optical property study we can also ensure that, the molecule may have 

good biological properties and may also use in optoelectronic devices. 

                                                            © 2018 Elixir All rights reserved. 

 

Elixir Vib. Spec. 117A (2018) 50444-50448 

Vibrational Spectroscopy  
 

Available online at www.elixirpublishers.com (Elixir International Journal) 

 



Suma et al./ Elixir Vib. Spec. 117A (2018) 50444-50448 

 

50445 

got high polarity in pentanol than other solvents and the 

number of cycles taken to optimize the structure is 

comparatively more in pentanol than other solvents due to its 

more atomic sites. Bond angle between the atoms which are 

joined with methylsulfanyl group shows less value compared 

with other atoms. Dihedral angle is observed to be less inside 

the benzene rings due to boat like structure [15-16]. 

 
 

 

Figure 1. Optimized geometry of 2Cl5,6Dm3MsQ 

molecule. 

3.2 Mulliken atomic charge distribution 

The atomic charge distributions are useful for knowing 

the stability of the probe, atomic charge effect, polarizability 

of the molecule and also give us the knowledge of acceptor 

and donor atoms [17]. Mulliken atomic charge at each atomic 

site of 2Cl5,6Dm3MsQ by using DFT method and B3LYP 

functional with 6-311+G(d, p) basis set, which calculated in 

toluene, chloroform and pentanol solvents. Molecular charge 

distribution in different solvent atmosphere data listed in 

Table 1. From these studies, it was observed that all the 

hydrogen and sulphur (13S) atoms were acts as acceptors, 

nitrogen (11N, 12N) and chlorine (14Cl) acts as donor atoms. 

The carbon atoms which are in bonding with nitrogen but not 

sulphur (3C, 4C, 9C) are acts as donor and carbon atoms 

which share the bond with hydrogen and sulphur (1C, 2C, 5C, 

6C,11C, 12C, 14C, 15C, 19C, 23C and 10C) acts as 

acceptors. It is observed that atomic charges of C, H, N and 

Cl atoms were increases with solvent polarity for 

2Cl5,6Dm3MsQ and the similar trends are observed in 2-(3-

oxo- 3H-benzo[f]chromen-1-ylmethoxy)-benzoic acid methyl 

ester (2BME) and 6-amino-3-methyl-4-(4-nitrophenyl)-1,4-

dihydropyrano [2,3-c]pyrazole-5-carbonitrile (NDPPC) 

molecules [18-19]. Mulliken atomic charge of all the atoms 

shows less value in Toluene medium compared to 

Chloroform and Pentanol, it is found that, the charge increses 

with solvent polarity. 

3.3 FMO and Optoelectronic Properties 

The detailed information on transition states, energy 

values, and structural representations are analysed by the 

Frontier molecular orbital (FMO) study using DFT. The 

electrons occupied and unoccupied (electron affinity and 

donating) sites are obtained by using the highest occupied 

molecular orbital (HOMO) and the lowest unoccupied 

molecular orbital (LUMO). The compression between the 

HOMO and LUMO energies of the corresponding medium 

determines the energy band gap (Eg) [20]. 

Energy band gap of 2Cl5,6Dm3MsQ molecule in 

toluene, chloroform and pentanol solvents were studied and 

presented in Figure 2. Molecule in toluene shows lowest 

energy gap than the other solvents (6.3244 eV) compared to 

Eg in chloroform is 6.3445 eV and pentanol is 6.3595 eV.  

 

Table 1: Mulliken atomic charges of 2Cl5,6Dm3MsQ by 

DFT method in different solvents. 

 

Atoms Mulliken atomic charge 

Toluene Chloroform 1-Pentanol 

1C -0.12031 -0.12111 -0.12160 

2C -0.07309 -0.07381 -0.07431 

3C 0.10481 0.10645 0.10754 

4C 0.13016 0.13273 0.13450 

5C -0.05321 -0.05683 -0.05947 

6C -0.05645 -0.05754 -0.05797 

7H 0.11032 0.11198 0.11313 

8H 0.10435 0.10916 0.11275 

9C 0.08413 0.08642 0.08791 

10C -0.00651 -0.00176 0.00155 

11N -0.28321 -0.28963 -0.29431 

12N -0.29795 -0.30271 -0.30620 

13S 0.12007 0.10855 0.09979 

14Cl -0.06229 -0.06597 -0.06872 

15C -0.45223 -0.45154 -0.45093 

16H 0.16531 0.16680 0.16794 

17H 0.15903 0.16253 0.16511 

18H 0.15690 0.15976 0.16191 

19C -0.24344 -0.24361 -0.24369 

20H 0.12703 0.12966 0.13164 

21H 0.13389 0.12953 0.12611 

22H 0.12490 0.12785 0.13012 

23C -0.25107 -0.25177 -0.25216 

24H 0.13163 0.13333 0.13460 

25H 0.13204 0.13393 0.13536 

26H 0.11514 0.11753 0.11933 

 

The 2Cl5, 6Dm3MsQmolecule in different medium 

shows, the different ionization potential (I), electron affinity 

(E), chemical hardness (ƞ), chemical potential (µ), chemical 

softness (s), global electrophilicity(⍵) according to its solvent 

polarity [21]. These optoelectronic parameters of 

2Cl5,6Dm3MsQ molecule given in the Table 2. The molecule 

with higher bond gap shows the highest chemical hardness, 

all the studied properties were directly proportional to the 

polarity of the medium and molecule in pentanol solvent 

shows higher bond gap.  

 
 

 

Figure 2: Energy band gap of 2Cl5,6Dm3MsQ molecule in 

different solvents.
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The optoelectronic properties of this molecule give us the 

parameters in different solvents [22] (Table 2). It is observed 

that, the lower value are found in toluene and higher results 

are observed in case of pentanol solvent, which are helpful 

for optoelectronic applications. Electrostatic potential (ESP), 

total electron density (TED) and molecular electrostatic 

potential (MEP) studies of the quinoxaline derivative [23]. 

3.4 Density and molecular potential distribution mapping  

The surface mapping of the 2Cl5,6Dm3MsQ molecule is 

presented in Figure 3. Total Electron Density (TED) of 

molecule represents the density distribution of the molecule, 

which shows uniformity on the entire structure and density 

distribution mapping illustrates the homogeneity of the 

compound's surface (Figure 3(a)), which shows that, the total 

electron density distribution all over the molecular surface 

uniformly which also shows the solvent accessibility 

mapping. The Molecular Electrostatic Potential (MEP) of 

2Cl5,6Dm3MsQ molecule in toluene, chloroform and 

pentanol were shown in Figure 3(b), red colour surrounds the 

nitrogen atoms were represents the minimum potential region, 

green colour inside the benzene rings represents the zero 

potential region and blue colour near the hydrogen atoms 

shows the maximum potential regions. The electrostatic 

potential map (ESP) of the molecule with energy range is 

shown in Figure 3(c), the colour of the potential mapping 

surface varies from red to blue the energy values of molecule 

in toluene ranges from -4.052 eV to 4.052 eV, for chloroform 

–4.067eV to 4.067eV and for pentanol the energy values 

starts with -4.063 eV to 4.063 eV. The positive values in ESP 

indicate the nucliophilic attack regions and negative areas 

which were electrophilic attack regions [24]. From the 

potential surface mapping, we observed that, the atomic site 

of nitrogen shows the electron rich position with highest 

negative charge the atomic sites of hydrogen atoms. It 

indicates that, the highest positive charge position with blue 

colour, by studying surface mapping, we can clearly 

understand the intermolecular interactions. 

 

 

4. Conclusion 

The theoretical studies of quinoxaline derivative 

(2Cl5,6Dm3MsQ) and its geometric properties of the 

synthesized molecules, Mulliken atomic charge distribution, 

frontier molecular orbital study with optoelectronic properties 

by using Kooper’s theorem and molecular electrostatic 

potential by surface mapping. From the optimized geometry 

of this quinoxaline derivative, we observed that, the bond 

length between C-H is less than all other bonds like C-C, C-

N, C-Cl, C-O and C-S.  

We observed that, the slight increase in Mulliken atomic 

charge of hydrogen atoms, carbon atoms, nitrogen and 

chlorine atoms for all the studied molecules from alkanes 

(toluene and chloroform) to alcohol (pentanol) solvent with 

increases in solvent polarity. The molecule 2Cl5,6Dm3MsQ 

has highest energy, nuclear repulsion, zero point vibrational 

energy and heat capacity. From molecular orbital study of 

2Cl5,6Dm3MsQ quinoxaline derivative in different mediums 

(toluene chloroform and pentanol) shows that, the band gap 

between different molecular orbital (HOMO to LUMO) is 

increases with solvent polarity. The optoelectronic properties 

like ionization potential (I), electron affinity (E), chemical 

hardness (ƞ), chemical potential (µ), chemical softness (s), 

global electrophilicity (⍵) were also directly affected by the 

solvent polarity (increases with increase in polarity of the 

medium). The total electron density of the molecule showed 

the uniform distribution throughout the surface of molecules. 

MEP helps in understanding of molecular parameters like 

charge density, polarity of the molecule, electrophilic and 

nucliophilic atomic positions of 2Cl5,6Dm3MsQ molecule by 

using the colour code. The molecule showing a good kinetic 

stability with effective optical property hence it may be used 

for optical property studies. 

 

Table 2. Optoelectronic properties of 2Cl5, 6Dm3MsQ molecule in vacuum and different solvents. 

Optoelectronic Parameters Toluene Chloroform Pentanol 

HOMO (eV) -6.8950 -6.9581 -7.0076 

LUMO (eV) -0.5706 -0.6136 -0.6478 

Energy band gap (Eg) 6.3244 6.3445 6.3597 

Ionization potential (I) 6.8950 6.9581 7.0076 

Electron affinity (A) 0.5706 0.6136 0.6478 

Electronegativity (χ) 3.7328 3.7859 3.8277 

Chemical hardness (ƞ) 3.1622 3.1723 3.1798 

Chemical potential (µ) -3.7328 -3.7859 -3.827 

Chemical Softness (s) 1.5811 1.5861 1.5899 

Global electrophilicity (⍵) 22.030 22.733 23.295 
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Figure 3. Surface mapping (a) Total electron density, (b) Molecular electrostatic potential map 

and (c) Electrostatic potential of 2Cl5,6Dm3MsQ Molecule in different solvents.

5. References 

[1] J. Heyd, G. E. Scuseria, and M. Ernzerhof, “Hybrid 

functionals based on a screened Coulomb potential,” 

J. Chem. Phys., vol. 118, pp. 8207–8215, 2003. 

[2] F. Yang, H. Fan, Z. Xue, and X. Wang, “Synthesis 

and fluorescent properties of coumarin–chalcone 

hybrids,” J. Chem. Res., vol. 41, no. 9, pp. 534–536, 

(2017). 

[3] Oprea, Corneliu I. Panait, Petre Cimpoesu, Fanica 

Ferbinteanu, Marilena Gîrţu, Mihai A." Density 

functional theory (DFT) study of coumarin-based 

dyes adsorbed on TiO2 nanoclusters-applications to 

dye-sensitized solar cells," Materials, 6, 2372-2392 

(2013). 

[4] Pavol Hrdlovic, “Influence of Polarity of Solvents 

on the Spectral Properties of Bichromophoric 

Coumarins,” pp. 8915–8932, (2010). 

[5]  Akman, “Spectroscopic investigation, HOMO-

LUMO energies, natural bond orbital (NBO) 

analysis and thermodynamic properties of two-

armed macroinitiator containing coumarin with DFT 

quantum chemical calculations,” Can. J. Phys., vol. 

94, no. 6, pp. 583–593, 2016, doi: 10.1139/cjp-2016-

0041. 

[6] Donald W. Rogers,Computational Chemistry Using 

the PC Third Edition (2003). 

[7] “Gaussview/Gaussian Guide and Exercise Manual.” 

http://users.df.uba.ar/rboc/em3/GAUSSIAN_TRAIN

.pdf 

 

[8] A.D.Laurent and D.Jacquemin, “TD-DFT 

benchmarks: A review,” Int. J. Quantum Chem., vol. 

113, no. 17, pp. 2019–2039, (2013). 

[9] T. Van Mourik, M. Bühl, and M. P. Gaigeot, 

“Density functional theory across chemistry, physics 

and biology,” Philos. Trans. R. Soc. A Math. Phys. 

Eng. Sci., vol. 372, no. 2011, (2014). 

[10] B. Geffroy, P. Roy, and C. Prat, “Organic light-

emitting diode (OLED) technology: materials, 

devices and display technologies,” vol. 582, no. 

November 2005, pp. 572–582, (2006). 

[11] S. Chaouachi, S. Elleuch, B. Hamdi, and R. Zouari, 

“Experimental (FTIR, Raman, UV–visible and PL) 

and theoretical (DFT and TDDFT) studies on bis(8–

hydroxyquinolinium) tetrachlorocobaltate(II) 

compound,” J. Mol. Struct., vol. 1125, no. Ii, pp. 

149–161, (2016). 

[12] M. Cheng, X. Yang, F. Zhang, J. Zhao, and L. Sun, 

“Tuning the HOMO and LUMO energy levels of 

organic dyes with N-carboxomethylpyridinium as 

acceptor to optimize the efficiency of dye-sensitized 

solar cells,” J. Phys. Chem. C, vol. 117, no. 18, pp. 

9076–9083, (2013). 

[13] Vaz, W.F. Custodio, J.M.F. Rodrigues, N. M.N. 

Santin, L.G. Oliveira, S.S., “A novel 

dihydrocoumarin under experimental and theoretical 

characterization,” J Mol Model 23: 315(2017). 



Suma et al./ Elixir Vib. Spec. 117A (2018) 50444-50448 

 

50448 

[14] J. A. Pereira et al., “Quinoxaline, its derivatives and 

applications: A State of the Art review,” Eur. J. 

Med. Chem., vol. 97, no. 1, pp. 664–672, (2015)..  

[15] M. Karunanidhi, V. Balachandran, B. Narayana, K. 

Anitha, and M. Karnan, “Spectroscopic (FT-IR, FT-

Raman and NMR) investigations, quantum chemical 

studies, Fukui function, magnetic susceptibility, 

HOMO- LUMO, NBO, and NLO properties of 4 

nitrophenyl) ethanone,” 2017. 

[16] Y. Khajuria, MeeraMahajan, U. Gupta, S. Singh, and 

Kamni, “Computational Studies on Molecular 

Structure and Vibrational Spectra of an Organic 

Molecule 2-Acetylamino-Benzoic Acid Using 

Density Functional Theory,” Mater. Focus, vol. 4, 

no. 5, pp. 385–391, (2015). 

[17] P. Ren, Y. Zhang, Z. Luo, P. Song, and Y. Li, 

“Theoretical and experimental study on spectra, 

electronic structure and photoelectric properties of 

three nature dyes used for solar cells,” J. Mol. Liq., 

vol. 247, pp. 193–206, ( 2017). 

[18]  B. Panunzi et al., “Synthesis, spectroscopic 

properties and DFT calculations of a novel 

multipolar azo dye and its zinc(II) complex,” Inorg. 

Chem. Commun., vol. 84, no. Ii, pp. 103–108, 

(2017). 

[19] R. Kumari, A. Varghese, L. George, and A. K.B., 

“Photophysical study of 6-amino-3-methyl-4-(4-

nitrophenyl)-1,4-dihydropyrano [2,3-c]pyrazole-5-

carbonitrile and estimation of ground-state and 

singlet excited-state dipole moments by 

solvatochromic approaches,” J. Mol. Liq., vol. 222, 

pp. 828–835, (2016). 

[20]  F. De Proft, S. Liu, and R. G. Parr, “Chemical 

potential, hardness, hardness and softness kernel and 

local hardness in the isomorphic ensemble of density 

functional theory,” J. Chem. Phys., vol. 107, pp. 

3000–3006, 1997. 

[21] C. Reichardt, “Solvents and Solvent Effects in 

Organic Chemistry,” (1988). 

[22] İ. Sıdır and Y. G. Sıdır, “Solvatochromism and 

intramolecular hydrogen-bonding assisted dipole 

moment of phenyl 1-hydroxy-2-naphthoate in the 

ground and excited states,” J. Mol. Liq., vol. 221, 

pp. 972–985, (2016). 

[23] J.B.Khadka and B.D. Joshi, “Molecular electrostatic 

potential, HOMO-LUMO and vibrational study of 

aristolochic acid II using density functional theory,” 

Bibechana, vol. 12, pp. 40–52, 2014. 

[24]  N.S. Babu and T.A. Lelisho, “Computational 

studies of solvent effects on structure and 

Vibrational Spectra by ab intio HF and DFT 

methods,” Adv. Appl. Sci. Res., vol. 3, no. 6, pp. 

3916–3934, (2012).  

 

 

 


