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Abstract

Introduction
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The research work was carried out on N-8-Quinolnyl-1,2-Benzenediamine using spectroscopic and theoretical tools. In order to 
explore the molecular dynamic activity for describing root cause of obtained molecular chemical property, the FT-IR and FT-Raman 
experimental spectra investigated along with the computational results. The structural parameters were computed absolutely for 
quinoline blended phenyl diamine to explain acquired physical property. The Lipinski five-rule for justifying the biological and drug 
property was verified and associated biological properties were evaluated with respect to the standard parameters. The drug loving 
parameters have been processed in terms of biological properties. The Mulliken charge identities were located in different entities 
of the molecular structure and the negative and positive domains were identified for finding the chemical potential to induce drug 
activity. The hyperfine structure of electronic transitions over HOMO-LUMO levels was keenly observed to evaluate the antibiotic rate 
of drug. 

The Quinoline is a multi-functional framework which is formed 
by fusing of phenyl ring with pyridine ring. The base compound and 
its derivatives is having great attention in the field of pharmacy due 
to its diverse biological activities, such as anti-inflammatory and 
antibacterial activity [1,2]. In medical field, Quinoline derivatives 
are used as insecticides, antibacterial, fungicidal, neuro-protective, 
and anti-HIV agents [3,4]. The hydroxyl group added derivative of 
Quinoline contains major attention by its antibacterial action and 
the drugs of this family are used as chemotherapeutics in pharma-
cokinetics for past decades [5].

Medicinally Quinoline substituted 1,2-benzenediamines are 
important compounds for the synthesis of pharmaceutical drug 
since the diamine is very responsive to functionalize chemical po-
tential to induce effective drug activity [8,9]. Generally, the diamine 
system enables regioselective functionalization of the parent aro-
matic ring causing forced and strained ligand group which is being 
attached [10]. Thus, the Quinoline adopted benzene diamine acted 
as good antibiotic and anti-malarial activities [11].

After listing the literatures, no research work was determined 
to evaluate the biological properties and no study is found to ana-
lyze QSAR properties of N-8-Quinolnyl-1,2-Benzenediamine along 
with spectroscopic investigations. In this work, the biological and 
Physico-chemical analyses were carried out using theoretical and 
experimental spectroscopy tools.

The benzene ring associated with diamine called phenylene-
diamine is found to be an enormous multifunctional applications 
ranging from pharmacological and pharmaceutical agents [6]. 
The benzene is basically used as solvent and starting chemical in 
all chemical compound fabrications. Since the dual amine group 
added benzene, the product compound; benzenediamine has ex-
hibited an advanced microbiological activity [7]. Here, the popular 
bases; Quinoline which is naturally antibiotic compound and ben-
zenediamine compounds are blended with one another for mak-
ing N-8-Quinolnyl-1,2-Benzenediamine in which the Quinoline is 
replaced one H of the amine group of benzenediamine. By the link-
ing of both extraordinary compounds, the most enriched biological 
active compound is fabricated.

Experimental Profile
Physical state

The compound; N-8-Quinolnyl-1,2-Benzenediamine was pur-
chased in semi solid form and it was pure and spectroscopic grade.

Recording Details

The FT-IR and FT-Raman spectra of the compound were re-
corded by performing several scanning in a Bruker-IFS (66V) 
spectrometer and the instrument adopted with FRA 106 Raman 
module equipped with a Nd: YAG laser source operating at 1.064 
µm line widths with 200 mW power [12].
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The QSAR parameters were performed by HyperChem (version 
8.0.6) which enabled to study several biological properties. Molin-
spiration, software was also used to attain drug loving and evalua-
tion parameters.

Ligand impact on Molecular deformation

The UV-Vis spectrum was recorded in the range of 100 nm to 
800 nm, with the scanning interval of 0.2 nm, using the UV-1700 
series instrument [14].

Computational profile

Results and Discussion

Usually the unpaired charge distribution is established in the 
molecule by the inducement of polarization along with existence of 
molecular bonds and angles. Such arrangements are redirected af-
ter the Ligand substitution on the base. The impact of the substitu-
tions is stressed in and around the Ligand associated base whereas 
there is no impression observed in other places. In this juncture, 
the degree of length and angle of bonds are altered which shows 
the reception of ligands and the amount of property strain gener-
ated in the molecule. This enlargement and compressions observed 
among the bonds usually screening the property blending in the 
compound. Such unbalanced electron displacement along with 
the proton delocalization is the origin of stabilization of molecular 
structure which setup the chemical strain to opt the drug activity.

In this case, the quinoline ring was adopted with benzenedi-
amine at the place of amine group. The quinoline structure becomes 
very stable due to the formation of heteronuclear bonds by inject-
ing N where an imine group was formed. Usually, the amine group 
substitutions in benzene ring are making unusual σ-delocalization 
and its hexagonal frame gets distorted. By fusing these two strong 

bases, the entire atomic sequence was found to be disturbed and 
the accumulation of charge polarizations was considerably ob-
served.

The high resolution 1H NMR and 13C NMR spectra were captured 
by 300 MHz and 75 MHz FT-NMR spectrometer [13].

The optimized geometry of the present molecular system was 
displayed in figure 1 and corresponding parameters were depict-
ed in the table 1. In benzenediamine ring, the bond lengths C7-C10 
and C10-C14 were 0.019Å and 0.007Å greater than rest of other 
CC bonds due to the holding of amine groups. This view showed 
the huge impact of amine groups on ring. The bond length C7-N1 
was 0.021Å greater than C10-N3 since the first heteronuclear 
bond further connected with quinoline ring. In addition to that, 
the C4-N1 (-C7) is the conjugation bond between two rings.

The constructed molecular structure was designed by the GAUSS 
view and the chemical structure was optimized by Gaussian 09 D. 
01. version software program in core i7 computer [14]. The struc-
tural related parameters, Mulliken charge distortion levels, vibra-
tional profile have been tabulated for the analysis and the molecu-
lar orbital interactions, frontier molecular transitions on electronic 
structure and MEP structure view have been thoroughly observed 
in order to explore the chemical properties. The computational cal-
culations were performed over structure by choosing most appro-
priate methods; DFT; B3LYP and B3PW91 with 6 - 31 ++ G (d, p) and 
6 - 311 ++ G (d, p) basis sets. The energy profile diagram of present 
compound related with electronic spectra, NBO and Frontier ener-
gies were computed using time-dependent SCF method with best fit 
basis set. The chemical reaction path profile was determined by re-
cording 1H and 13C NMR spectra using GIAO method adopted with I-
PCM model in combination with B3LYP/6 - 311 ++ G (2d, p). The ef-
fect of Polarization factors in different coordinates of the compound 
were computed using B3LYP method with the 6 - 311 ++ G (d, p) 
basis set. The ECD and VCD spectra were simulated from available 
data of VCD calculations with higher basis set.

Figure 1

The quinoline pair of rings was found to be distorted much 
by the amine injection and Due to the attachment of quinoline 
ring the C4-N1 bond length (1.379Å) was 0.038Å squeezed much 
than C7-N1 and this view showed the attraction of benzene ring 
towards quinoline ring. Here, such a type of unbalanced attrac-
tion of N towards C showed that, the heteronuclear bonds come 
in to energetic for generate drug action. The bond length C17-N2 
is more compressed (0.041Å) than N2-C5 since first was found to 
be π-delocalization arrangement (imine group). From this discus-
sion, it was clear that, the unbalanced charge dislocation regime 
around the heteronuclear regions in the molecule created the an-
tibiotic nature and this view was supported by the previous work 
[15].
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Geometrical

Parameters

Methods
HF B3LYP B3PW91

6-311++G 
(d, p)

6-311++G 
(d, p)

6-311++G 
(d, p)

Bond length(Å)
N1-C4 1.382 1.379 1.374
N1-C7 1.424 1.417 1.411
N1-H19 0.995 1.015 1.016
N2-C5 1.352 1.358 1.354
N2-C17 1.291 1.317 1.314
N3-C10 1.388 1.396 1.389
N3-H30 0.994 1.009 1.008
N3-H31 0.995 1.011 1.011
C4-C5 1.437 1.441 1.437
C4-C8 1.367 1.387 1.385
C5-C6 1.402 1.426 1.423
C6-C9 1.419 1.417 1.414
C6-C12 1.416 1.416 1.414
C7-C10 1.395 1.412 1.410
C7-C13 1.387 1.396 1.393
C8-C11 1.414 1.409 1.407
C8-H20 1.073 1.082 1.083
C9-C11 1.356 1.375 1.374
C9-H21 1.075 1.084 1.084
C10-C14 1.396 1.400 1.398
C11-H22 1.075 1.084 1.085
C12-C15 1.356 1.373 1.372
C12-H23 1.076 1.085 1.086
C13-C16 1.381 1.392 1.390
C13-H24 1.076 1.083 1.084
C14-C18 1.379 1.390 1.388
C14-H25 1.076 1.085 1.086
C15-C17 1.414 1.412 1.410
C15-H26 1.074 1.083 1.084
C16-C18 1.387 1.394 1.392
C16-H27 1.074 1.083 1.084
C17-H28 1.077 1.086 1.088
C18-H29 1.075 1.084 1.085

Bond angle(˚)
C4-N1-C7 122.777 127.147 126.714
C4-N1-H19 113.540 112.650 112.417
C7-N1-H19 116.653 117.451 117.752
C5-N2-C17 118.982 118.636 118.530
C10-N3-H30 115.203 115.120 115.166
C10-N3-H31 114.336 114.431 114.148
H30-N3-H31 113.148 112.627 112.773
N1-C4-C5 117.485 116.556 116.442
N1-C4-C8 123.918 124.930 124.994
C5-C4-C8 118.566 118.460 118.511
N2-C5-C4 117.751 117.482 117.271
N2-C5-C6 122.517 122.697 122.887
C4-C5-C6 119.731 119.819 119.840

C5-C6-C9 120.130 119.805 119.834
C5-C6-C12 116.917 116.661 116.589
C9-C6-C12 122.952 123.533 123.575
N1-C7-C10 118.902 117.577 117.547
N1-C7-C13 121.305 122.801 122.726
C10-C7-C13 119.788 119.595 119.705
C4-C8-C11 120.915 120.824 120.741
C4-C8-H20 119.839 119.768 119.685
C11-C8-H20 119.245 119.402 119.569
C6-C9-C11 119.040 119.186 119.132
C6-C9-H21 119.629 119.630 119.665
C11-C9-H21 121.329 121.182 121.201

C3-C10-C7 120.727 119.596 119.472
C3-C10-C14 120.523 121.475 121.7
C7-C10-C14 118.696 118.857 118.763
C8-C11-C9 121.612 121.902 121.938

C8-C11-H22 118.409 118.376 118.373
C9-C11-H22 119.979 119.721 119.688
C6-C12-C15 119.755 119.945 119.920
C6-C12-H23 119.292 119.183 119.197

C15-C12-H23 120.952 120.870 120.882
C7-C13-C16 121.362 121.004 120.985
C7-C13-H24 118.397 118.838 118.723

C16-C13-H24 120.238 120.154 120.288
C10-C14-C18 120.760 120.897 120.887
C10-C14-H25 119.177 119.05 119.068
C18-C14-H25 120.059 120.051 120.041
C12-C15-C17 118.401 118.752 118.728
C12-C15-H26 121.702 121.386 121.370
C17-C15-H26 119.896 119.860 119.901
C13-C16-C18 118.767 119.430 119.369
C13-C16-H27 120.473 120.000 120.034
C18-C16-H27 120.758 120.562 120.589
N2-C17-C15 123.425 123.306 123.343
N2-C17-H28 116.886 116.599 116.553

C15-C17-H28 119.687 120.093 120.102
C14-C18-C16 120.622 120.205 120.279
C14-C18-H29 119.337 119.533 119.477
C16-C18-H29 120.039 120.261 120.243

Dihedral angles(˚)
C7-N1-C4-C5 161.3343 163.1186 162.4058
C7-N1-C4-C8 -20.6693 -19.5453 -20.2457
H19-N1-C4-
C5

11.737 2.5879 3.0129

H19-N1-C4-
C8

-170.2666 179.924 -179.6385

C4-N1-C7-
C10

111.8745 141.555 141.1778

C4-N1-C7-
C13

-68.9085 -40.2794 -40.4958

H19-N1-C7-
C10

-99.3989 -58.7259 -60.3931
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The assignment of Mulliken charge distribution was present-
ed in the figure 2. The oriental and space charge polarization is 
visualizing vector distribution of electron density in molecule 
and is regularly precious and used to describe formation of bond 
order.

Mulliken charge assignment

H19-N1-C7-
C13

79.8181 119.4396 117.9333

C17-N2-N5-
N4

179.9582 179.7611 179.7711

C17-N2-C5-
C6

-0.3056 0.1164 0.0621

C5-N2-C17-
C15

-0.028 -0.0164 -0.0081

C5-N2-C17-
H28

179.8878 179.8576 179.8503

H30-N3-C10-
C7

-152.0683 -161.9051 -161.111

H30-N3-C10-
C14

30.6163 21.1716 21.8418

H31-N3-C10-
C7

-18.461 -29.083 -28.3186

H31-N3-C10-
C14

164.2236 153.9938 154.6342

N1-C4-C5-N2 -2.8776 -1.9989 -2.1048
N1-C4-C5-C6 177.3786 177.6566 177.6135
C8-C4-C5-N2 179.0155 -179.5148 -179.633
C8-C4-C5-C6 -0.7283 0.1407 0.0852
N1-C4-C8-
C11

-177.3649 -177.5517 -177.5323

N1-C4-C8-
H20

2.5451 1.6939 1.7226

C5-C4-C8-
C11

0.6113 -0.2621 -0.234

C5-C4-C8-
H20

-179.4788 178.9834 179.0208

N2-C5-C6-C9 -179.371 179.806 179.9101
N2-C5-C6-
C12

0.3831 -0.1687 -0.1005

C4-C5-C6-C9 0.3601 0.1692 0.2083
C4-C5-C6-
C12

-179.8858 -179.8054 -179.8022

C5-C6-C9-
C11

0.134 -0.3602 -0.3539

C5-C6-C9-
H21

179.9297 179.8226 179.8159

C12-C6-C9-
C11

-179.6046 179.6127 179.6574

C12-C6-C9-
H21

0.191 -0.2045 -0.1728

C5-C6-C12-
C15

-0.1331 0.1233 0.0862

C5-C6-C12-
H23

179.9061 -179.962 -179.9713

C9-C6-C12-
C15

179.6134 -179.8503 -179.9248

C9-C6-C12-
H23

-0.3474 0.0643 0.0177

N1-C7-C10-
N3

2.2345 1.0242 1.0042

N1-C7-C10-
C14

179.5981 178.0281 178.1384

C13-C7-C10-
N3

-176.9946 -177.2025 -177.3748

C13-C7-C10-
C14

0.369 -0.1986 -0.2406

N1-C7-C13-
C16

-179.7274 -178.7983 -178.9779

N1-H7-H13-
H24

0.7414 0.5873 0.4371

C10-C7-C13-
C16

-0.5172 -0.6684 -0.6863

C10-C7-C13-
H24

179.9516 178.7173 178.7287

C4-C8-C11-
C9

-0.1197 0.0715 0.089

C4-C8-C11-
H22

179.8501 179.8497 179.8548

H20-C8-C11-
C9

179.9697 -179.1768 -179.1667

H20-C8-C11-
H22

-0.0604 0.6014 0.5991

C6-C9-C11-
C8

-0.2639 0.2456 0.2105

C6-C9-C11-
H22

179.7667 -179.5297 -179.5524

H21-C9-C11-
C8

179.944 -179.9401 -179.9621

H21-C9-C11-
H22

-0.0254 0.2846 0.2751

N3-C10-C14-
C18

177.4651 177.7199 177.9033

N3-C10-C14-
H25

-1.9063 -2.7621 -2.6205

C7-C10-C14-
C18

0.0959 0.7745 0.8358

C7-C10-C14-
H25

-179.2755 -179.7075 -179.688

C6-C12-C15-
C17

-0.1686 -0.0343 -0.0387

C6-C12-C15-
H26

179.9958 179.9775 179.9959

Table 1: Optimized geometrical parameters of N-
8-Quinolnyl-1,2-Benzenediamine computed at HF/DFT 

(B3LYP&B3PW91) with 6 – 311 ++ G (d, p) basis sets

The molecular charge depletion called Mulliken charge distri-
bution of the compound declare the charge assignment among 
molecular sites with respect to the atomic charge enforcement 
due to intermolecular interaction due to the in phase and out of 
phase orbitals. This molecular charge outline habitually used to 
demonstrate the effective chemical reaction stress which caus-
ing chemical dynamic activity for accomplishing preferred mo-
lecular chemical properties. These charge depletions attenuate 
nucleophilic and electrophilic sketch of aromatic complex that 
proved driving chemical potential to induce peculiar drug activ-
ity.

32

Citation: G Susithra, et al. “Molecular Structure Investigation Towards Pharmacodynamic Activity and Qsar Analysis on N-8-Quinolnyl-1,2-Benzenedi-

amine using Experimental and Computational Tools”.  Acta Scientific Pharmaceutical Sciences 2.6 (2018): 29-46.

Molecular Structure Investigation Towards Pharmacodynamic Activity and Qsar Analysis on N-8-Quinolnyl-1,2-Benzenediamine using  
Experimental and Computational Tools



The present molecule was having three hexagonal rings where 
in which some of the entities were infected by the electron dislo-
cations in order to compensate the chemical interactive forces ex-
isted in the molecular sites to establish the wanted property. The 
chemi-kinetic potential is created during the chemical reaction for 
the completion of resultant product which was the key mechanism 
to stimulate drug-active property. In quinoline ring, the electron 
density was concentrated C9-C11-C8 and C12-C15 and the density 
of accumulation was found to be moved back and forth about C6 
point. The motion was restricted by N2 which was the imine group 
and this oscillated electron density was found to be centered in the 
ring. Similarly, in benzene adopted with diamine, the electron den-
sity was traced from C13 to C14 via C16 and C18 and the motion 
was limited by amino group in which C-N bond acted as stack bond 
for isolating the electron density to cross over the ring. The oscillat-
ing electron cloud in both quinoline and benzene were found to be 
interacted on N of amine group for making drug mechanism. Thus, 
such a process constructs antibiotic character in the molecule. In 
this case, the N was pronounced electronically much due to its 
electron withdrawing character and which was identified to be en-
abling the drug energy.

Figure 2

Molecular properties, Lipinski “Rule of five” and Bioactivity 
score analysis

The molecular structure properties, biological parameters and 
drug-like parameters of present compound were calculated by Hy-
perChem 8.0.6 and Molinspiration software and presented in table 
2. The calculated and predicted topographical polar surface area 
and lipophilicity diagrams of present compound were displayed in 
figure 3.

Figure 3

Parameters values
Hydrogen bond donor count 2
Hydrogen bond acceptor count 3
Rotatable bond count 2
Topological Polar Surface Area 50.9A2

Mono isotopic Mass 235.111g/mol
Exact Mass 235.111 g/mol
Heavy Atom Count 18
Covalently-Bonded Unit Count 1
miLog P 3.32
TPSA 50.94
n atoms 18
MW 235.29
nON 3
nOHNH 3
n violations 0
Volume 218.98
GPCR ligand 0.28
Ion channel modulator 0.22
Kinase inhibitor 0.36
Nuclear receptor ligand -0.44
Protase inhibitor -0.34
Enzyme inhibitor 0.28
Ligand efficiency -
Lipophilicity efficiency -
Polarizability 30.0 ± 0.5 10-24cm3

Molar volume 185.1 ± 3.0 cm3

Molar refractivity 75.8 ± 0.3 cm3

Index of refraction 1.755
Flash point 214.9 ± 23.2 °C
Enthalpy of vaporization 68.7 ± 3.0 kJ/mol
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Table 2:  Biological parameters of  
2N-8-Quinolnyl-1,2-Benzenediamine.

The present drug species is basically covalent-bonded aromatic 
structure; the heavy atom count and covalent bond Unit count have 
been calculated and found to be 18 and 1 correspondingly. These 
values made sure that, the covalent bond character was appeared to 
be unity and was superior by the substitutional effect and the heavy 
atom in this case was established to be N and C which are not usu-
ally generate harmfulness in the compound. This was appropriate 
site for erecting of consistent aromatic structure for fortification of 
antibiotic activity. The drug likeness score is more complex which is 
used to balance of structural properties to stimulate various biolog-
ical skin textures. This score making biological affinity for the drug 
system in living organism. Such this value is essentially used for 
finding toxicity rate of drug and evaluates physicochemical prop-
erties of aromatic compound honestly and ultimately. The score of 

The Rule of five or RO5 for the drug product compounds ex-
pressed molecular properties important for a drug’s pharmacoki-
netics in the human metabolic system, including their incorpora-
tion of drug, distribution to the protein, metabolism process, and 
secretion of Ligand [16]. It is mainly used to guesstimate drug like-
ness of the compound and if an aromatic drug substance to be orally 
active for humans, it should be adopted to produce certain pharma-
cological or biological activity [12].

A protein kinase inhibitor is a kind of enzyme inhibitor which 
intentionally reduces the enzyme's activity and can destroy a 
pathogen. Protein kinases are usually enzymes which bind with 
phosphate (PO) cluster to a protein or other organic molecule, 
usually on the serine, threonine amino acid. Here, the kinase in-
hibitor coefficient was determined to be 0.036 which was found 
to be above the threshold and rather moderate to correct a meta-
bolic imbalance.

Vapour pressure 0.0 ± 1.0 mmHg at 25°C
Drug like score 1.02
Density 1.3 ± 0.1 g/cm3

ACD/Log D (pH 5.5) 0.94
ACD/BCF (pH 5.5) 1.46
ACD/KOC (pH 5.5) 18.99
ACD/LogD (pH 7.4) 2.21
ACD/BCF (pH 7.4) 27.03
ACD/KOC (pH 7.4) 351.80

The molecular dynamics theory for drug determined that, the 
drug compound has deprived absorption or permeation into the 
protein system is more probable when there are lesser than 10 H-
bond acceptors, lesser than 5 H-bond donors, the rotatable bonds 
is fewer than 10, the molecular weight (MWT) is lesser than 500 
and the computed Log P (CLogP) is lesser than 5 (or MlogP > 4.15). 
In this case, the compound was having 2 H-bond donor, 3 H-bond 
acceptor, 3-rotatable bonds, the MW was found to be 235.111 Da. 
and the Log P was 3.32. When compared with the expected range of 
biological parameters, the entire parameters were found to be well 
within the limit of the allowed region. The RO5 was satisfied and 
these values ensured that, the present drug compound is suitable 
for oral formulations without disturbing the allied organs. General-
ly, in drug ethical concept, unless the molecule contains total polar 
surface area ≤ 140 A2, the compound has not had metabolic stabil-
ity and transporter effects [17]. Here, the TPSA was identified to be 
50.94 A2. This observed value of the present compound passionate 
improved water-solubility and Ligand-based drug capability. The 
corresponding topographical diagram was showed in figure 3.

this compound was traced in the region of -0.32 - -1.02. Even, 
such a parameter was found to be negative and it was found to be 
experienced within the satisfactory region and well agreed with 
the previous work [18]. The high transport quality of this com-
pound was established by this observed coefficient. This quality 
elevated the chemical compound as a new drug applicant. The 
attained results of this case, it was concluded that, the present 
chemical compound was identified as drug with reduced clinical 
trials.

The GPCR is G protein-coupled receptors most diverse group 
of membrane receptors and it transmits signals from these sub-
stances to an intracellular molecule named G protein. In the drug 
composition secretion process formulated for the drug penetra-
tion into the intracellular membrane receptors of protein, the 
GPCRs has participated specific role in activation of signal trans-
duction pathways and it very much useful for making targets for 
drug development. The transmitted signal was identified and 
found to be -0.28 which was sited within the predictable bound-
ary and this compound viable signal transaction and can be iden-
tified by cellular system. The ion channel modulator profile of 
the compound was calculated to be -0.12 which was rather little 
and novel uniqueness and it is able to transport ions (both an-
ions and cations) across cell membranes to standardize different 
physiological processes and well agreed with the result obtained 
on previous work [19].

The Ligand-activated transcription factors called nuclear re-
ceptors which are able to bind non-polar rigid molecules which 
are responsible for sensing hormones and useful for the embry-
onic development. Such that the value was 0.44 and this magni-
tude of drug value sufficient to directly interact with and control 
the expression of genomic DNA. The nuclear receptors are a spe-
cial type of proteins identified within cells which is responsible 
for sensing steroid and thyroid hormones and useful for the em-
bryonic development [20]. The nuclear receptor value of present 
drug case was 0.26 and it is able to directly interact with and 
control the expression of genomic DNA. The Protease inhibitor is 
a chemical molecule which inhibits the rapid function of prote-
ases and prevents the protease enzyme from spreading of virus 
and it was observed to be 0.34 and it was more than adequate to 
isolate the virus.

The molecular composition is usually represented by the ar-
rangement of bond lengths in particular sequential order. The 
involvement of each and every bond length for producing mo-

Vibrational analysis
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Figure 4

Figure 5

Since the title molecule contained quinoline as well as phenyl 
ring, there were 10 C-H bonds present. Correspondingly, 10 C-H 
stretching, 10 in plane and 10 out of plane bending bands were 
possible to occupy the spectrum. Generally, for the both bases 
(quinoline and benzene), the availability of stretching modes are 
restricted in the region 3000 - 3100 cm -1[21]. The phenyl ring 
C-H stretching modes were found at 3080, 3070, 3050 and 3020 
cm-1 and the quinoline ring C-H stretching vibrational bands 
have been observed at 3010, 2900, 2890, 2885, 2860 and 2850 
cm-1. The stretching signals for phenyl ring were observed within 
the expected region whereas for quinoline ring, the stretching 
bands were identified well below the predictable region. This 
was mainly by the absorption of core potential energy by the 
phenyl ring and its substitutions.

C-H vibrations

lecular, biological and physico-chemical properties can be studied 
from their vibrational characteristics. This is usually viewed from 
the active vibrations in their characteristics region of the spectrum. 
According to the mutual exclusion principle, the emission and ab-
sorption peaks were observed in the FT-Raman and FT-IR spectra. 
The theoretical and experimental spectra of the N-8-Quinolnyl-1,2-
Benzenediamine showed well organized spectral pattern and were 
displayed in the figures 4 and 5 respectively. The present molecule 
contains 31 atoms and possesses 87 vibrational bands. Such struc-
ture belongs to CS group of symmetry and 31 stretching modes and 
28 in plane and 28 out of plane bending modes were found. The 
entire vibrational modes were presented in the table 3.

S. No
Symmetry 

Species 
CS

observed 
frequency(cm-1) HF

Methods
Vibrational   

AssignmentsB3LYP B3PW91
FT-IR     FT-Raman 6-311++G(d, p) 6-311++G(d, p) 6-311++G(d, p)

1 A′ 3400s 3400m 3405 3426 3462 (N-H) υ
2 A′ 3350s 3350m 3341 3328 3356 (N-H) υ
3 A′ 3345s - 3313 3296 3312 (N-H) υ
4 A′ - 3080w 3169 3003 3021 (C-H) υ

5 A′ - 3070w 3166 2997 3018 (C-H) υ
6 A′ 3050w - 3163 2994 3015 (C-H) υ
7 A′ - 3020w 3154 2986 3008 (C-H) υ
8 A′ - 3010w 3147 2985 3006 (C-H) υ

9 A′ 2900s - 2905 2976 2997 (C-H) υ
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10 A′ 2890s - 2904 2970 2991 (C-H) υ
11 A′ 2885s - 2899 2968 2990 (C-H) υ
12 A′ 2860s - 2892 2960 2981 (C-H) υ
13 A′ 2850s - 2891 2949 2970 (C-H) υ
14 A′ 1680vs - 1710 1913 1927 (C=N) υ
15 A′ 1660w - 1696 1898 1913 (C=C) υ
16 A′ 1655s - 1690 1881 1806 (C=C) υ
17 A′ - 1650s 1680 1880 1778 (C=C) υ
18 A′ - 1630w 1669 1869 1752 (C=C) υ
19 A′ - 1620vs 1659 1852 1724 (C=C) υ
20 A′ - 1610vs 1585 1795 1709 (C=C) υ
21 A′ 1600s 1600vs 1563 1769 1678 (C=C) υ
22 A′ - 1580m 1541 1745 1638 (C-N) υ
23 A′ - 1570m 1513 1720 1623 (C-N) υ
24 A′ 1550s - 1579 1703 1587 (C-N) υ
25 A′ 1540s - 1559 1678 1586 (C-N) υ
26 A′ - 1520m 1526 1617 1547 (C-C) υ
27 A′ - 1490vs 1505 1610 1544 (C-C) υ
28 A′ 1470w - 1495 1577 1535 (C-C) υ
29 A′ 1430s 1430s 1479 1562 1533 (C-C) υ
30 A′ 1420w - 1431 1530 1527 (C-C) υ
31 A′ - 1410s 1415 1512 1522 (C-C) υ
32 A′ 1395s - 1333 1350 1345 (C-C) υ
33 A′ 1370s 1370w 1377 1456 1461 (C-C) υ
34 A′ 1350s - 1341 1429 1439 (N-H) δ
35 A′ 1345w - 1324 1422 1430 (N-H) δ
36 A′ 1330w - 1395 1379 1378 (N-H) δ
37 A′ 1310m 1310m 1373 1363 1359 (C-H) δ
38 A′ 1300s 1300w 1329 1339 1338 (C-H) δ
39 A′ 1295w - 1320 1334 1333 (C-H) δ
40 A′ 1290w - 1298 1281 1282 (C-H) δ
41 A′ 1270m 1270w 1264 1249 1251 (C-H) δ
42 A′ 1260w - 1260 1243 1245 (C-H) δ
43 A′ 1240m - 1226 1215 1221 (C-H) δ
44 A′ - 1210m 1222 1209 1213 (C-H) δ
45 A′ - 1180m 1208 1144 1141 (C-H) δ
46 A′ - 1160w 1201 1129 1126 (C-H) δ
47 A″ 1100s - 1185 1123 1121 (N-H) γ
48 A″ 1000w 1014 1102 1102 (N-H) γ
49 A″ 1080w - 1179 1093 1093 (N-H) γ
50 A″ 1070w - 1081 1059 1058 (C-H) γ
51 A″ 1050w - 1077 1021 1021 (C-H) γ
52 A″ 970w - 1060 998 999 (C-H) γ
53 A″ 960w - 1023 991 991 (C-H) γ
54 A″ 950w - 1007 963 965 (C-H) γ
55 A″ 940w 940w 983 955 954 (C-H) γ
56 A″ 900w - 969 936 936 (C-H) γ
57 A″ 870w - 953 927 928 (C-H) γ
58 A″ 860w 860vs 925 888 894 (C-H) γ
59 A″ 800s - 889 875 875 (C-H) γ
60 A″ 870vs - 868 869 869 (CNC) δ
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Table 3: Observed and HF and DFT (B3LYP & B3PW91) with 6-311++G (d,p) level 
calculated Vibrational frequencies of N-8-Quinolnyl-1,2-Benzenediamine 

VS: Very strong; S: Strong; m: Medium; w: weak; as: Asymmetric; s: Symmetric; υ: Stretching; α: Deformation, δ: In plane 
bending; γ: out plane bending; τ: Twisting.

61 A″ 860vs - 803 845 846 (CNC) δ
62 A″ - 840vs 783 771 776 (CCC) δ
63 A″ - 820vs 770 759 759 (CCC) δ
64 A″ - 810w 716 741 739 (CCC) δ
65 A″ 790vs - 711 703 698 (CCC) δ
66 A″ 785vs - 749 683 684 (CCC) δ
67 A″ 750w - 632 673 673 (CCC) δ
68 A″ 680m - 648 659 658 (CCC) δ
69 A″ 660m - 673 629 628 (C-N) δ
70 A″ 600m 600m 623 618 617 (C-N) δ
71 A″ 550w - 550 587 586 (C-N) δ
72 A″ 540w - 522 549 546 (CNC) γ
73 A″ 530w - 503 528 527 (CNC) γ
74 A″ 520w 520w 498 513 512 (CCC) γ
75 A″ 500w - 478 502 501 (CCC) γ
76 A″ 490w - 475 489 487 (CCC) γ
77 A″ 480w - 365 405 478 (CCC) γ
78 A″ 470w - 354 369 470 (CCC) γ
79 A″ 460w - 308 308 419 (CCC) γ
80 A″ 450w - 482 278 413 (CCC) γ
81 A″ 440w - 479 479 389 (C-N) γ
82 A″ 430w - 462 418 370 (C-N) γ
83 A″ 410w - 431 390 307 (C-N) γ
84 A″ 400w - 378 400 277 (N-H) τ
85 A″ 370w - 370 370 169 (N-H) τ
86 A″ 360w - 360 360 80 (NH2) τ
87 A″ 355w - 355 355 36 (NH2) τ

The C-H in plane and out of plane bending vibrations are usu-
ally observed in the region 1300 - 1000 cm -1 and 1000 - 720cm-1 

respectively [22,23]. Here, the in plane and out of plane bending 
bands were found at 1310, 1300, 1295, 1290, 1270, 1260, 1240, 
1180 and 1160 cm-1 and 1070, 1050, 970, 960, 950, 940, 900, 870 
and 860 cm-1 respectively. Unlike to the stretching modes, the en-
tire in and out of plane bending bands were observed within the 
allowed region and some of the bands were observed well above 
the expected region. Here, the potential related to higher frequency 
region only consumed by the substitutional group vibrations. Apart 
from that, the entire core bonds with H were being participated in 
the property production.

CC vibrations

The title chemical species has dual core system such as phenyl 
ring and quinoline rings. The phenyl ring was pure and amine group 
was externally injected over the ring whereas quinoline ring was 
impure by the N. The benzene ring has only core CC vibrations while 
another ring has imine group along with CC vibrations. According 
to the literatures so far, the benzene and its derivatives is having 

core C = C and C-C stretching wavenumbers in the region of 1650 
- 1350 cm -1 [24]. Accordingly, the C = C stretching was designat-
ed at 1660, 1655 and 1650 cm -1 and C-C stretching vibrational 
modes were found at 1520, 1490 and 1470 cm -1. As there were 
no substitutions other than NH2, the core dominant vibrational 
modes were not affected much, and all were observed at the top 
end of the characteristics region. So, it was strongly influenced in 
the role of new born properties.

The core vibrational peaks related to C = N and C = C and C-C 
stretching for quinoline ring are usually observed in the region 
1600 - 1500 cm-1 and 1500 - 1300 cm-1 respectively [25]. In this 
case, the C = N stretching frequency was recognized at 1680 cm 
1 and C = C and C-C stretching peaks were found at 1650, 1630, 
1620 and 1610 cm-1 and 1430, 1420, 1410, 1330 and 1310 cm-1 

respectively. The corresponding CNC and CCC semicircle in plane 
breathing modes were observed at 870 and 860 cm-1 and 840, 
820, 810, 790, 785, 750 and 680 cm-1. The out of plane breath-
ing modes were found at 540, 530, 520, 500, 490, 480, 470, 460 
and 450 cm-1. The breathing modes were moved down from the 
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The observed and computed 13C and 1H NMR spectra were dis-
played in the figure 6 and measured values of chemical shift was 
presented in the table 4. Normally, the chemical shift with respect to 
TMS, is used to study the bonding impact of ligand groups on base 
compound and vice versa. Usually, the core of the base is made up 
of CC coupling in all organic complex system where in which the 
paramagnetic shielding due to the parent bonding as well as ligand 
bonding were measured by the observation of rate of chemical shift. 
Thereby, bonding impact in the core system by the involvement of 
substitutional groups in different locations around base can be 
studied which leads the examination of reaction path mechanism 
for obtained drug properties.

Figure 6

NMR spectra investigation

Table 4: Experimental and calculated 1H and 13C NMR chemical 
shift in N-8-Quinolinyl-1,2-Benzenediamine.

allowed region. The entire stretching process were taking place 
within the expected region [26] and it was inferred that, all core 
energy supported the property is being generated and amplified in 
the molecule.

N-H and C-N vibrations

Normally, the amino group vibrations are so dominant since N-H 
bonds are more reactive than core bonds [15]. It always shifted to 
higher frequency region due to its magnified force constant and 
thereby it is dominant and plays vital role in participating the pro-
duction of drug property [27]. Relatively, such N-H stretching, in 
plane bending and out of plane bending vibrations are observed in 
the IR region 3500 - 3150 cm -1, 1630 - 1590 cm-1 and 1150 - 900 
cm-1 respectively [28,29]. Since three amino bonds were available in 
the title compound, three N-H stretching modes were identified at 
3400, 3350 and 3345 cm-1, three in plane bending modes at 1350, 
1345 and 1330 cm-1 and out of plane bending peaks were observed 
at 1100 and 1000 cm-1 respectively. the stretching and out of plane 
bending modes found within the region and these modes were 
found to be moved top end of the characteristics region whereas 
the in-plane vibrations rather decremented and shifted well below 
the allowed range. This is mainly due to stress generated by the 
space charge polarization taking place among amino group. Thus, 
the chemical potential of amino group was influenced little bit for 
property amalgamation.

Atom 
position

Chemical Shift - TMS-
B3LYP/6-311+G (2d, p) 

(ppm)
Experimental 

shift 
(ppm)

Gas
Solvent phase

DMSO CCl4

C4 162.45 162.48 162.32 -
C5 156.93 156.96 156.18 -
C6 142.30 162.66 140.59 143
C7 155.84 155.85 154.96 159
C8 131.32 131.31 130.20 134
C9 134.05 134.02 132.63 134
C10 163.24 163.25 162.55 -
C11 138.12 138.10 137.65 135
C12 145.26 145.24 144.35 145
C13 143.47 143.46 143.56 144
C14 122.69 122.69 120.92 120
C15 137.07 137.04 135.69 135
C16 131.11 131.09 130.08 129
C17 162.70 162.66 162.11 -
C18 139.30 139.29 139.14 139
H19 5.12 5.12 5.03 3.2
H20 8.59 8.59 8.61 8.3
H21 7.51 7.53 7.46 7.4
H22 7.54 7.53 7.54 7.5
H23 8.25 8.25 8.19 8.3
H24 9.26 9.26 9.34 8.9
H25 7.12 7.11 7.08 -
H26 7.64 7.63 7.59 -
H27 7.00 6.99 7.00 -
H28 9.42 9.42 9.44 8.9
H29 7.36 7.36 7.39 -
H30 2.9696 2.9616 2.7296 -
H31 3.6233 3.6237 3.6161 -

Here, the dual base systems were used to fabricate the drug 
with wanted property with hided toxic effect in which the first 
base (Quinoline) was linked with second base (diamine ben-
zene). In first case, the observation of chemical shift of C5 and 
C17 (156 and 162 ppm) was ensured the response of hetero-
nuclear species within the system. But all other core atoms were 
having chemical shift ranging from 131 ppm - 145 ppm and were 
not greater than C5 and C17 which is mainly due to the reason 
that, no other substitutions were found on quinoline base. Apart 
from that, the C4 of same base was found to be affected and its 
chemical shift was 162 ppm since the amino bridge was connect-
ed. From the high chemical shift, it was clear that, the linked C 
was opened up its magnetic shielding and was able to exchange 
the chemical potential between the rings.
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Analogously, the chemical shift of C13, C16, C18 and C14 were 
143, 131, 139 and 122 ppm (Expt. 144, 129, 139 and 120 ppm) re-
spectively. Whereas the chemical shift of C7 and C10 were 155 and 
163 ppm respectively. These two carbons were having large chemi-
cal shift when compared with remaining carbons of second base. 
This was mainly due to the substitutions of amino groups. By un-
locking of paramagnetic shield of related nuclei and thereby these 
two carbons are acting as junction point of exchange of chemical 
potential causing the drug activity. The observed chemical shift of 
entire hydrogen atoms in the molecule were ranging from 3.2 - 8.9 
ppm since they were not found to be affected by nearby atoms. The 
chemical shift of H19, H30 and H31 were low when compared with 
other hydrogen since they were found with nitrogen atom. From 
these obtained results, it was observed that, the switching points 
to exchange chemical potential was found in the molecule and the 
rate of transformation of energy was indirectly observed from the 
chemical shift of different core species of the molecule. The oscil-
lating chemical energy among different entities of the molecule 
showed the cause of resultant drug property which was supported 
by the literature [30].

The reconfiguration of electronic energy levels over the mole-
cule is usually splitted up in to two wide regions of energy domains 
called HOMO and LUMO in which the transitions are taking place 
for ensuring drug activity. The electronic transitions are usually as-
signed for fascinating important chemical activity to induce drug 
applications. The energy profile diagram of present case showed 
the well-defined transitions among lower and higher occupied en-
ergy levels which were depicted in the figure 7 and its related en-
ergy levels were displayed in the table 5.

Frontier molecular interaction examination

Figure 7

Energy 
levels

B3LYP/6-311 ++ 
G (d, p) UV-Visible region

H+10 9.8497 9.8227
H+9 9.7228 9.5852
H+8 9.5389 9.2956
H+7 9.0847 8.2284
H+6 8.6583 8.0434
H+5 7.9862 7.2012
H+4 7.4502 7.1269
H+3 7.0831 6.7595
H+2 6.8850 6.4455
H+1 5.9734 6.3386
H 5.2618 5.5372
L 1.6928 1.9178
L-1 0.7923 0.6723
L-2 0.3902 0.5259
L-3 0.2955 0.4231
L-4 0.1499 0.2903
L-5 0.0146 0.0438
L-6 0.0473 0.0380
L-7 0.2065 0.1477
L-8 0.3442 0.2627
L-9 0.4721 0.3768
L-10 0.6217 0.5197

Table 5: Energy levels of Frontier molecular orbital’s of  
N-8-Quinolnyl-1,2-Benzenediamine.

The energy level depletion was clearly seen in the correspond-
ing coefficient of energy levels. The energy values were found to be 
moved away from one another since the energy levels between two 
separate domains are anti parallel. The energy difference between 
such two boundaries was found to be 3.61 eV which is very minor 
forbidden gap. So, this case will be more reactive when added with 

other substance. In the figure, the LUMO energy levels were 
found only on quinoline ring in which the σ-bond interlink were 
spread over ring carbons. The core ring was also identified to 
be π-bond interactions and all making degeneracy. All such de-
generate orbitals combined together and were ready to receive 
restricted energy acquired electron clouds. In addition to that, 
there was no fairly vacant orbitals appeared over phenyl ring as 
well as amine group. It is frequently observed in all drug cases 
since the amine group always directly involves producing drug 
property [31].

In HOMO, π-bond interaction links were found over semi-
circle of the core CC of quinoline ring in which the orbital in-
teraction path was found on entire hexagonal pattern. Such in-
teraction path was extended to phenyl ring where few σ-orbital 
orthogonal interlink were associated with intra π-bond overlap-
ping. Therefore, the entire ring CC was connected irrespective 
of quinoline and phenyl ring. From this view, it was clear that, 
the LUMO was found over quinoline whereas the HOMO was ob-
served over both the rings and these regions were connected by 
the means of electronic transitions. From these conversion and 
exchange of energy over ring, it was concluded that, the chemical 
reaction energy for generating drug potential was produced two 
rings themselves. The second order lower energy orbitals were 
found phenyl ring which was linked with few orbitals over quin-
oline ring. The second order higher energy orbitals were found 
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The electronic transitional oscillations in terms of UV-Visible 
absorption of present case were presented in the table 6 and corre-
lated Charge Transfer absorption frequency graph of observed and 
simulated were exhibited in figure 8. Usually, the absorption peaks 
in UV-Visible spectra represents the CT complex of the aromatic 
compound and the position electronic absorption peak is very 
important since it accomplished the clear evidence concerning to 
determine the root cause of the drug property [32]. The electronic 
spectra is generally consists of three or more oscillating transitions 
by which the UV-visible character peaks are predicted. In this case, 
the energy gap was identified and the reason for the shift of sig-
nal can be viewed. From the represented UV-Visible modes, the CT 
complex is usually acknowledged and thus the root mechanism of 
biological activity can be deliberated.

UV-Visible absorption CT complex profile

as δ-bond overlapping on phenyl ring. Hence the second order en-
ergy assigned to phenyl ring only and it was making contradiction 
with producing lower level chemical potential.

λ (nm) E (eV) (f) Transition 
levels Major Contribution Assignment Region Bands

Gas
388.02 3.084 0.0639 H→L (66%) H→L (66%) n→ σ * Quartz 

UV
R-band 

(German, 
radikalartig)

355.78 3.484 0.0144 H+2→L (78%) H→L (58%) n→ σ *

324.12 3.484 0.0069 H+1→L (64%) H→L (64%) n→ π *

DMSO
347.32 3.569 0.0383 H→L (69%) H → L-7(69%) n→ σ * Quartz 

UV
R-band 

(German, 
radikalartig)

315.27 3.932 0.0034 H→L-1(57%) H→L-1 (57%) n→ σ *

311.21 3.983 0.0338 H+1→L (58%) H→L-1 (58%) n→ π *

CCl4

347.32 3.569 0.0383 H→L (69%) H→L (69%) n→ σ * Quartz 
UV

R-band 
(German, 

radikalartig)
315.27 3.932 0.0034 H+1→L (57%) H+1→L (57%) n→ σ *

311.21 3.983 0.0338 H+1→L (58%) H+1→L (58%) n→ π *

Figure 8

In the present molecule, two separate core rings were identified 
along with dual amino groups by which the twin strong UV-Visible 
absorption peaks have been perceived. One maximum among two 
was recognized at 388 with 66% molar efficiency and its oscillator 
strength was 0.063. The signal was clearly shifted while executing 
transition with energy gap of 3.08 eV. The second peak was found 

Table 6: Theoretical electronic absorption spectra of Hypoxanthine (absorption wavelength λ (nm), excitation ener-
gies E (eV) and oscillator strengths (f)) using TD-DFT/B3LYP/6-311++G(d,p) method.

H: HOMO; L: LUMO

at 355 nm with 78% molar efficiency with oscillator strength of 
0.01 on the energy gap of 3.40 eV. The second degenerate peak was 
rather incremented in terms of absorption which was assigned 
to C = N as well as N-H along with C-N interrelated complex. The 
assigned counter parts called CT complex usually causing drug 
property such as anti-malarial activity [33]. In this case also, the 
corresponding chemical property was induced well. The observed 
band was perfectly coincided with calculated result and the band 
was (R-band-German, radikalartig) assigned to quartz UV- region 

of the spectrum. Usually, the CT complex in the compound may 
be represented one or more. But here, one is most important of 
the three distinguished heteronuclear groups. The C = N was the 
main CT and N-H and C-N groups were found to be supported to 
the imine group for inducing property. The UV-Visible spectra of 
this compound were recorded and simulated for gas and solvent 
phase (DMSO and CCl4) respectively and there was significant 
difference was obtained in the results of solvent.
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The molecular electrostatic potentials have been extensively 
used for studying various pharmacological and biological molecular 
systems for drug development. It is mostly involved for the impor-
tant developments in nucleic acid reactive properties and biologi-
cal identification, recognition and evaluation [35]. Molecular elec-
trostatic potential is nothing but spatial extension of electrophilic 
and nucleophilic field around the molecule. Usually, the 3D space 
of electrostatic potential is constructed by grid points of electronic 
and protonic lines of force produced from different parts of the mol-
ecule which show the distribution of field from the corresponding 
origin of molecular entities. Such field domains of molecule are dis-
playing the source of inducing molecular property. It is also used to 
predict the chemical reactivity of the molecule as well as the rate of 
response to react with other species. Normally, the rate of intensive-
ness of the electrophilic and nucleophilic regions is measured by 
the color gradient which is from blue to red contour.

Molecular electrostatic potential (MESP) maps

The entire transitions belong to n→π* and n→σ* for the present 
compound and were restricted within the UV-Visible region. The 
electronic absorption observed from the transitions corresponding 
to the entities associated with imine and amine groups. If CT band 
is identified in Quartz-UV, the compound will be more reactive and 
biologically active [38]. Therefore, the CT complex with supportive 
ligand group causing the chemical reactive mechanism for produc-
ing an anti-malarial activities and it was found reliable.

The MESP of the title case was portrayed from positive to nega-
tive potential contours in figure 9. At this juncture, the MESP has 
been plotted in which the value was acknowledged to be ± 9.721 e-2. 
From the contour, the positive potential domain was concentrated 
intensively on H of amino groups and it was faded around the H 
bonds of the fragments. Accordingly, due to the migration of the 
electron clouds by the effect electronic reaction domain, the fields 
were much abridged around molecule and dispersion of field was 
found to be analogous with the plane of the molecule. But, the elec-
trophilic field was concerted at the top end of the phenyl ring and 
magnified around the top moiety of the molecule. This form of ar-
rangement is found to be very rare and it should be concentrated 
on N of the quinoline ring. But, here, by the asymmetrical charge 
dislocations, the electrophilic strain was identified on the phenyl 
ring itself. This purposive iso-surface orientation was depleted by 
the driving potential created in different domains in and around the 
molecule. Thus, the resultant dipolemoment of the molecule was 
found to be displaying the origin of required potential to create 
peculiar drug property. Such wide depleted nucleophilic and elec-
trophilic regions signified that, the origin of chemo-static potential 
was located in the core of the rings instead of substitutions which 
was supported by the literature [36].

Usually, after the molecular complex formation, the entire atom-
ic orbitals are disappeared, and two separate orbital domains are 
created. They are highly occupied molecular orbital (HOMO) and 
low unoccupied molecular orbitals (LUMO) and both are arranged 
in cascading manner. When the molecule energized, the electronic 

Physico-chemical properties

transitions are taking place through which, the entire physico-
chemical parameters can be evaluated accurately. The calculated 
parameters have been presented in the table 7.

Figure 9

Parameter IR  
Region UV-Visible

Electrophilicity 
charge transfer 

(ECT)(ΔNmax) 
A-(ΔNmax) B

Etotal (Har-
tree)

-743.891 -743.577

EHOMO (eV) 5.261 5.537
ELUMO (eV) 1.692 1.917
∆EHOMO-LUMO gap 
(eV)

3.569 3.319

EHOMO-1 (eV) 5.973 6.338
ELUMO+1 (eV) 0.792 0.672
∆EHOMO-1-LUMO+1 

gap (eV)
5.181 5.666 +4.172

Chemical 
hardness (η)

1.784 1.659

Electronega-
tivity (χ)

3.477 3.727

Chemical 
potential (μ)

3.477 3.727

Chemical 
softness(S)

7.138 7.238
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Electrophilic-
ity index (ω)

3.689 4.188

Dipole mo-
ment

1.628 2.102

ETC 2.271 3.747

Table 7: Calculated energies, chemical hardness, electro  
negativity, Chemical potential,

Electrophilicity index of Hypoxathine in UV-Visible region

The vibrational energy of the title molecule at ground level in IR 
and UV-Visible region was found to be -743.89 and -743.57 Kcal/
mol respectively. both the values were same and from this, it was 
clear that, the constructed structure was optimized one and the vi-
brational and electronic behavior of the molecule were same. The 
resultant dipole character of this case was found to be 1.62 and 
2.10 dyne in IR and UV-visible region respectively. Usually, the di-
pole moment of the molecule is used to measure the rate of charge 
depletion in the limited region and it evaluates molecular reactivity 
in different region of energy. Here, the dipole moment was greater 
in UV-Visible region than IR which was due to the difference of mo-
lecular response with respect to the energy. Therefore, this com-
pound was identified to be biologically active and much reactive. If 
the molecule is more active in UV-Visible region, it will have been 
biologically active. The chemical Hardness is an important param-
eter for the drug compound since it measures the rigidness of drug 
property. Here, it was calculated to be 1.78 and 1.65 eV in IR and 
UV-Visible region respectively. Essentially, if hardness is greater 
than unity, the compound will be chemically strong, and it will hard 
to react with adopted chemical species. Accordingly, the observed 
hardness of the molecule illustrated the lucid chemical stability in 
both regions.

The molecular bonding ability could be easily measured by ob-
taining ionization potential of the molecule and also, if the chemical 
species react with the compound, it should have sufficient ioniza-
tion potential. The ionization potential is observed to be 1.69 and 
1.91 and therefore, it was clear that, the molecule has sufficient en-
ergy to stabilize chemical reactive energy in compositional parts. 
The electron affinity is basically used to estimate the energy re-
quired to modify the chemical process of the compound. Here, the 
EA was 5.2 and 5.5 which are more, and it was difficult to modify the 
energy consignment.

The Electronegativity values are used to predict how different 
atoms will behave when bonded to each other to form molecule, it 
is very important to note that, if the Electronegativity is increases, 
the asymmetrical displacement of electron cloud among different 
entities of the molecule will be increased much which causing the 
preparation of drug property [37]. It is also well-known that, if it 
is greater than 1.6, the molecule will be said to be polar and Here, 
both parameters were found to be 3.47 and 3.72 in IR and UV region 
respectively. Both the observed values were found to be relatively 
high and the amalgamation of chemical bonds was strong in this 
drug compound which was able to bind with appropriate protein 
complex. From this observation, it also established the stressful ori-
entation of electron cloud to produce preferred drug activity. This 
effect was surely guided by formation of imine group (C = N) inter-
action on quinoline ring and it was ensured in MESP diagram.

The electrophilicity index is purely used to predict the rate 
of chemical potential energy flow among intra-molecular orbit-
als. In this case, the electrophilicity index is 3.68 and 4.18 eV in 
IR and UV-Visible region respectively. it was comparatively high 
and in this case two main core species were combined to form 
product compound. From the observed value, it was clear that, 
the considerable amount of energy was exchanged between two 
cores for generating anti-malarial activities. The electrophilicity 
transfer complex was calculated using formula that noted in ta-
ble 7 and is usually used to find the one way pulling of electronic 
energy transformation from one entity to another. Here, it was 
found to be + 4.17 which was positive and very high. From the 
obtained results, it was clear that, the energy was surely trans-
ferred from quinoline to phenyl ring to persuade the antibiotics 
energy.

Once, the molecule constructed, the electronic charges are 
forced to accumulate on different compositional parts of the 
molecule. Such asymmetrical orientation of positive and nega-
tive charge regions is making opposite charge domains which 
are different for different molecular sites. These charge domains 
are arranged in phase and out of phase interactions between 
them. If the domains are making in phase interactions, it will be 
hyper polarization; otherwise, it will be first order polarization 
(hypo). Normally, in the chemical compound, both are taking 
place and build complex hyper and hypo Polarizability. When 
existence of hyper polarization is higher than hypo, the molecule 
possesses biological character and thus it is biologically active. 
The occurrence of important σ and π- bonding interactions in 
molecular site induces hyper and hypo polarization in cascading 
form. In this case, the σ and π- bonding interactions taking place 
among core bonds as well as substitutional bonds which causing 
predictable drug action. The computed Polarizability and first 
order hyperpolarizability using higher order calculations were 
depicted in table 8.

Polarization and Hyper polarization analysis

Parameter a.u. Parameter a.u.

αxx -87.610 βxxx -32.563
αxy 0.043 βxxy -18.168
αyy -99.030 βxyy -10.588
αxz 5.147 βyyy -1.367
αyz -3.615 βxxz 8.813
αzz -105.314 βxyz -28.279
αtot 296.98 βyyz 8.431
Δα 425.082 βxzz 15.669
μx -1.082 βyzz -11.843
μy -0.150 βzzz 10.494
μz 1.230 βtot 764.617
Δμ 1.645

Table 8: The dipole moments µ (D), the polarizability α(a.u.), 
the average polarizability αo (esu), the anisotropy of the polar-

izability Δα (esu), and the first hyperpolarizability β(esu) of  
N-8-Quinolnyl-1,2-Benzenediamine.
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The calculated average Polarizability and anisotropy of the Po-
larizability of the present compound was 296 x10-33esu and 425 
x10-33esu respectively and the hyperpolarizability (β) was found 
to be 764 x10-33esu. Usually the total and average Polarizability of 
the aromatic compound are different since both the hypo activity 
is usually calculated the molecule as a whole and per unit volume 
[38]. Here, both the values were found to be disagreed to each other 
and the hypo action was found to be dynamic. This was completely 
changing the basic properties of the core compounds. The hyperpo-
larizability of this compound was measured high and it showed hy-
peractive polarization was induced by in phase interactive domains 
which produced the stabilized antibiotic character.

The non-bonding molecular orbitals are characterized with 
respect to the atomic compositions in the molecule based on the 
Lewis structure. This NBMO is located between the lower energy of 

NBMO Transition analysis

Donor (i) Type of bond Occupancy Acceptor (j) Type of bond E2 kcal/mol Ej – Ei au F (I j) au
N2-C17 π 1.98980 C5-C6 π * 11.17 0.36 0.059
N2-C17 π C12-C15 π * 7.20 0.35 0.045
N3-C10 σ 1.99029 C14-C10 σ * 2.57 1.14 0.048
N3-H30 σ 1.98681 C7-C10 σ * 3.70 1.04 0.056
N3-H31 σ 1.98643 C10-C14 σ * 3.10 1.26 0.056
C4-C5 σ

1.97114

C4-C8 σ * 2.60 1.25 0.051
C4-C5 σ C5-C6 σ * 2.89 1.27 0.054
C4-C5 σ C6-C12 σ * 4.00 1.03 0.057
C4-C5 σ C8-H20 σ * 2.78 1.11 0.050
C4-C8 π

1.97902

N2-C5 π * 2.39 1.10 0.046
C4-C8 π C4-C5 π * 2.47 1.14 0.048

π C5-C6 π * 9.95 0.31 0.051
π C9-C11 π * 11.63 0.31 0.054

C5-C6 π

1.97704

N1-C4 π * 2.10 1.10 0.043
π C4-C5 π * 2.87 1.15 0.051
π C6-C9 π * 2.42 1.15 0.047
π C6-C12 π * 2.11 1.15 0.044
π N2-C17 π * 10.16 0.28 0.049
π C4-C8 π * 10.82 0.31 0.053
π C9-C11 π * 8.92 0.31 0.048
π C12-C15 π * 10.08 0.30 0.051
π N2-C5 π * 4.94 0.97 0.062
π C10-C14 π * 11.63 0.31 0.055
π C16-C18 π * 9.79 0.31 0.050

C8-C11 σ

1.97287

C4 σ * 1.99 1.76 0.053
C9-H21 σ C4-C8 σ * 9.45 0.31 0.049

σ C5-C6 σ * 11.15 0.31 0.054
σ C5-C6 σ * 2.45 1.16 0.048
σ C8-C11 σ * 5.01 0.94 0.061

C10-C14 π

1.79318

N1-C7 π * 2.29 1.09 0.045
π C7-C10 π * 2.52 1.14 0.048
π C7-C13 π * 10.36 0.30 0.050
π C16-C18 π * 12.22 0.31 0.055

valence shell bonding orbitals and the higher energy of related 
antibonding orbitals. The static chemical potential is usually 
stored in the lone pairs of atoms of the molecule (NBMO) which 
is exposed when it is under transitions. The entire electronic 
transitions are usually taking place between Lewis base (do-
nor) and Lewis acid (acceptor) within the molecule which are 
limited according to the electronic energy assigned to the mo-
lecular system. The source of production of desired property in 
the molecule can be identified by the magnitude of energy which 
is exchanged between the base and acid groups of non-bonding 
molecular orbital system [39]. These transitions are fundamen-
tally assigned as n→σ* or n→π* electronic shift among energy 
levels and were presented in the table 9. Here, there were several 
electronic transitions recognized between filled zone to unfilled 
energy state by which the fashioned and stabilized chemical en-
ergy root cause of therapeutic property has been predicted and 
thereby improved.
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C11-H22 σ 1.98128 C6-C9 σ * 5.20 0.93 0.062
π N2-C17 π * 13.55 0.29 0.056
π 1.82089 C5-C6 π * 10.05 0.32 0.052

C14-H25 σ 1.97929 C7-C10 σ * 6.00 0.93 0.067
C15-C17 σ 1.98457 C12 σ * 2.01 1.63 0.051
C15-C17 σ C12-H23 σ * 3.53 1.08 0.055
C15-H26 σ 1.98160 N2-C17 σ * 2.20 1.03 0.045
C15-H26 σ C6-C12 σ * 4.95 0.94 0.061
C16-C18 π 1.98507 C7-C13 π * 11.73 0.30 0.053

π C10-C14 π * 9.29 0.30 0.048
C16-H27 σ 1.98112 C14-C18 σ * 5.20 0.93 0.062
C17-H28 σ 1.98135 N2-C5 σ * 6.39 0.90 0.068
C18-H29 σ 1.98133 C13-C16 σ * 5.41 0.93 0.063
N1 LP

1.84963

C4-C8 π * 17.53 0.35 0.072
N2 LP C17 LP 4.13 1.36 0.068
N2 LP C5-C6 π * 6.19 0.99 0.071
N2 LP C15-C17 σ * 11.28 0.73 0.082
N2 LP C17-H28 σ * 4.21 0.79 0.052
N3 LP 1.88612 C10-C14 π * 16.68 0.36 0.072
N2-C17 π 0.00734 C5-C6 π * 40.29 0.03 0.061
C9-C11 π 0.18149 C12-C15 π * 55.13 0.02 0.066
C12-C15 π 0.00919 C5-C6 π * 95.42 0.01 0.065

Table 9: The calculated NBO of N-8-Quinolnyl-1,2-Benzenediamine by second order Perturbation theory.

Here, the present compound composed by two main core rings. 
In the quinoline ring, the electronic energy of 11.27 and 7.20 kcal/
mol were transferred from N2-C17 to C5-C6 and C12-C15 respec-
tively and such transitions were assigned to n - σ* non-bonding and 
antibonding system. Similarly, the 9.95 and 11.73 kcal/mol magni-
tude of electronic shift were identified to transfer from C4-C8 to C5-
C6 and C9-C11 respectively. From these transitions, it was observed 
that, the considerable amount of energy was exchanged among the 
core C of quinoline ring.

The important transitions were observed from C5-C6 to N2-C17 
and C4-C8 by overwhelming 10.16 and 10.82 kcal/mol., energy 
with the kubo gap (forbidden energy gap) 0.31 a.u with occupancy 
value of 1.972. This energy was found to be same as in the previ-
ous case and it was in reverse order which was assigned to n- π* 
absorption shift. This observation explained that, the substantial 
amount of energy was exchanged in the ring from imine group and 
vice versa, this oscillated energy enabled the drug property on the 
molecule. One more transition within the ring was appeared from 
C10-C14 to C7-C13 and C16-C18 by consuming energy of 10.36 and 
12.22 kcal/mol. From these transitions among n-σ* interaction sys-
tem, it was infer that, the peak of electronic energy within the ring 
which was transferred the ring itself from chain was oscillated and 
thus the resultant chemical property was achieved. The significant 
transitions were observed from C11-H22 to N2-C17 and C5-C6 by 
up taking energy of 13.55 and 10.55 kcal/mol by assigning n- π* 
which was concentrated over quinoline ring.

Usually, the unidirectional energy was transformation was 
found from ligand to ring whereas in this case, the oscillating 
electronic energy was exchanged between the quinoline and 
phenyl rings which was evidenced in this case by observing 
the transition from C16-C18 to C7-C13 and C10-C14 of phenyl 
ring system which was assigned within n - σ * interaction sys-
tem. Among the transition systems, the maximum energy ab-
sorption is taking place which was found to be soaked by the 
phenyl ring for generating desired drug property. Such amount 
energy (17.53 and 11.28 kcal/mol) were identified from N1 to 
C4-C8 and C15-C17. In addition to that, the peculiar transitions 
observed from N3 to C10-C14 and C5-C6 by consuming 16.68 
and 40.29 kcal/mol which were assigned to σ-σ* and π-π* inter-
active transitions system. This observation illustrated that, the 
oscillating electronic energy between core complex systems pro-
duced antifungal activity. Other important transitions with huge 
amount of energy were found from C9-C11 to C12-C15 and from 
C12-C15 to C5-C6 by taking electronic shift energy of 55.13 and 
95.42 kcal/mol within the quinoline ring.

The vibrational circular dichroism displayed the sequential 
form transmitted and absorption peaks in finger print as well as 
group frequencies regions which were shown in figure 10. The 
VCD spectrum represents enantiomer character of the molecule 
through which the optical chirality is evaluated. The optical chi-
rality of the chemical species usually evaluates the pharmaceuti-

VCD profile
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cal activeness and the level of toxicity. The symmetrical progression 
of mixed emission and absorption spectrum measures the toxicity 
effect of the compound [39]. As the title molecule was having simple 
and optimized structure, no chirality was seen in the plane of the 
molecule. As per the mirror image of the compound there was no 
distinguished difference observed in the symmetry and also the 
consistent pattern of spectrum was appeared in finger print and 
group vibrations region. According to the mutual exclusion prin-
ciple, if the bonds active in IR (absorption) it will be inactive in Ra-
man (transmission) whereas in VCD, the spectrum on both sides is 
active or inactive. Similarly, in this case, similar peaks were found 
on both sides of spectrum which showed the chemical intelligibility 
[40].

Figure 10

The present compound was the combination of two separate 
core system which were different from one another. The first (quin-
oline ring) and second core (amino benzene) of the molecule was 
basically used as starting materials for drug production. Due to the 
coupling of both rings by amino group, the present case acted as 
antibiotic particularly as antimalarial drug. The fusing impact was 
generated the peculiar drug property which was predicted detail in 
this analysis. Accordingly, in this work, several analyses were made 
to signify drug activity and the entire molecular spectroscopic 
study established that, the title chemical species was exposed its 
drug property and was ensured from the previous research work. 
As the linked imine functional group acted as main basis for drug 
behavior, the additional substitutions added some more drug prop-
erty. Therefore, the consistent antimalarial activity was produced. It 
was ensured in the identification of CT complex in UV-Visible spec-
tral examination. The biological and structural parameters were 
emphasized their property and also the goodness of the drug was 
verified.
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