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Isopropyl alcohol and Glycerin: For NLO application

E Dhanalakshmi'*, P Rajeshz, M Anbarasu’, P Kandan®, A Raaza® & M Prabhaharan®

'Department of Physics and Department of Education; *Department of Physics; School of Basic Science; *Department of Agronomy,
School of Agriculture; & *Research and Development, Vels Institute of Science, Technology & Advanced Studies (VISTAS),
Pallavaram, Chennai-600 117, Tamil Nadu, India

‘PG and Research Department of Mathematics, Government Arts College, Chidambaram, Annamalai University,
Annamalai Nagar-608 002, Tamil Nadu, India

SDepartment of Physics, Saveetha School of Engineering, Saveetha Institute of Medical and Technical Sciences (SIMATS),
Chennai-602 105, Tamil Nadu, India

Received 12 December 2024; revised 30 January 2025

The present article provides spectroscopic technique gas chromatography-mass spectrometry (GC-MS) and density
functional theory (DFT) analysis to the examined molecular structure of these three compounds namely 2-Propanone,
1-hydroxy-, Isopropyl alcohol and glycerin synthesis from Hybanthus enneaspermus plant by using green method. The
optimized structure of title compounds is obtained by using a hybrid DFT/B3LYP/6-311++G(d, p) approach for stability
prediction. Molecular descriptors of natural bond orbital (NBO), highest orbital molecular orbital (HOMO), lowest
unoccupied molecular orbital (LUMO), global reactivity, and Mulliken charge to determine its structural characterization,
chemical stability and biological aspects interpreted by the same set. Localized orbital locator (LOL), electron localized
function (ELF) has been investigated to understand the localization and delocalization of three molecules. The strong, weak
and van dar Waals interactions can identify based on electron densityand were estimated by reduced density gradient (RDG)
analysis. The thermodynamic properties of entropy (S), capacity (V) and specific heat have been estimated. The dipole
moment (pt) and polarizability (o) have been calculated to predict the nature of 2-propanone, 1-hydroxy- (2PH), isopropyl
alcohol (IA) and glycerin (GL) molecules and showed excellent nonlinear optical (NLO) candidates. Moreover, the
qualitative structure-activity relationship/qualitative structure-property relationship QSAR/QSPR analysis topological
descriptors have a strong correlation with physical properties, which is ideally suitable for drug discovery used to prevent
enormous biological activity.
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The 2-propanone, l-hydroxy- is also called hy-  significant agents in the production of food flavor’. In

droxyacetone, isopropyl alcohol and glycerine; these
compoundsare naturally synthesized from the
medicinal plant of Hybanthus enneaspermus. Those
molecules contain carbonyl, hydroxyl, methyl and
methylene groups it’s used to make imidazole
compounds forhigh blood pressure, heart and kidney
failure medicines'. The aldehyde, keto and enediol
forms of 2PH (acetol) were identified to have unique
infrared absorption bands. These bonds were then
utilized to investigate the effects of temperature,
acid/base catalysis, and solvent on the enolization
reactions”.  Thel-pyrrolines, 2-oxopropanal, and
hydroxy-2-propanone, those  compounds are

*Correspondence:
E-mail: jdkrishii2015@gmail.com

certain situations, reducing nausea with inhalation of
isopropyl alcohol requires putting a sterile pad
beneath the nose. The semiconductor sector wants to
eliminate tiny particles from IA, which is frequently
employed to clean fine patterns in IA is desired in the
industry®. The computational analysis and the binary
interaction location have been stimulated by isopropyl
alcohol’. The glycerine drug is employed as a
moisturizer, to treat and avoid rough, scaly, itchy, dry
skin as well as mild allergic reactions (such as rash from
diapers and burns to the skin from radiotherapy).
Glycerin is reported to function in cosmetics as a
denaturant, fragrance ingredient, hair conditioning agent,
humectant, oral care agent, oral health-care drug, skin
protectant, skin conditioning agent humectant, and
viscosity-decreasing  agent®. The above-discussed
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application has encouraged develop recharge on 2PH,
IA and GL components. The goal of the current study
is to describe the green synthesis method that can be
applied for size reduction, cost-effective, rapid and
density functional theory is eco-friendly to calculate
three compounds which used a wide range of
applications in this field on pharmaceutical industry
and modern system. Quantum chemical calculation
exploration is one of the most helpful methods to
exhibit research tools for modelling drugs, biological
compounds and products to identify the structural
energy values, molecular stability and designing of
drugs. The geometrical parameter, Fermi energy and
the frontier molecular orbitals are important
parameters that can be used to predict the strength and
stability and global reactivity descriptors provide
structural information of 2PH, IA and GL compounds
obtained by DFT/B3LYP/6-311++G(d, p) level,
which play an important role in biological reactions.
The natural bond orbital (NBO) analysis examined the
intermolecular interaction and highest bond strength
across the donor and acceptor. Topological analysis of
localized orbital locator (LOL), electron localized
function (ELF) and reduced density gradient (RDG)
has been executed by the Multiwfn3.7 approach.
Thermodynamic properties of entropy, capacity
and specific heat capacity are evaluated by Perl-
Script. The nonlinear optical (NLO) properties
of polarizability and dipole-moment of 2PH, IA and
GL compounds have been performed. The ten
degree-based topological indices correlated with
physical characteristics of boiling point (°C), melting
point, molar refractivity (cm®), polarity (cm®), polar
surfaces area (A”) and complexity of components
successively .

Materials and Methods

Extraction of bioactive components

The fresh plants of Hybanthus enneaspermus were
plucked, the collected 2 kg and were brought to the
laboratory for further investigation. The gathered
plant was properly cleaned with running water to get
rid of any remaining dust and then the plant parts
were cut into smaller pieces for fast drying at room
temperature”’'. The plant material reached after
drying was crushed into fine powder with the help of
an electric grinder and that powder dip with ethanol
2:1 ratio at 48h after using Whatman quality 41 quick
ash less filtration paper, 110 mm round to filtered
extract to run soxhlet apparatus widely used to extract

valuable bioactive components (crude) and stored in
airtight containers at room temperature for further
analysis.

GC-MS analysis

The gas chromatography-mass spectrometry (GC-
MS) analysis identifies bio-components from plant
extract thus, GC separates chemical compounds from
a mixture of samples and the MS technique is used to
measure molecular weight, chemical structure and
retention time. That result was reported from GC-MS
in three-dimensional distributed mass spectra used
to confirm the structure and identify unknown
compounds'>". In the current investigation, GC-MS
was carried out using Shimadzu-QP2010 plus and
starting column temperature 1000-2800°C the
temperature were balanced for 5 min, the mass
spectrometry scan range 45-450 (MHz) and the
ethanol extract of Hybanthus enneaspermus sample of
total running time at 25 min that obtained mass
spectra were compared with database stored in
national institute of standard and technology (NIST)
mass spectral library.

Topological indices descriptions

The amount of work required of pharmaceutical
and chemical investigators increased dramatically
when they had to conduct numerous chemical
experiments to determine the pharmaceutical,
chemical in nature and biological properties of novel
components. But the medicines, despite great progress
in the area of mathematical drug development.
Finding and optimizing the lead molecules quickly
and affordably continues to be a crucial phase in the
drug discovery process. Over the past ten years, the
theoretical tool approaches have developed at a quick
pace, which has contributed significantly to the
creation of several medications that are currently on
the market or undergoing clinical trials'*. These
computational tool techniques are based on the use of
a virtual world of computer-generated hypotheses,
which are tested for practicality. Several
computational device approaches depend on the
application generated by computed assumptions in the
virtual world that are validated for effectiveness.
Without utilizing a weight laboratory, forecast the
characteristics of medicine by examining its
molecular structure and applying popular chemical
graph mathematical method known as the topological
indices, also called the molecular descriptors'.
The topological indicators are numerical values
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connected to biochemical structure that are
employed to correlate molecular structure with a
variety of attributes, including physical attributes,
pharmacological activity and chemical reactant
behavior'®. To determine topological indicators, the
drug structure can be visualized chemical graph, with
each vertex denoting a single atom and every edge
denoting the chemical connection among the atoms'”.

Computational details

The computational estimation of PH, IA and GL
compounds has been performed by applying the
Gaussian 09 software using B3LYP/6-311++G(d, p)
set. The B3LYP demonstrates the Lee-Yang-
Parr, which considers cost-effective techniques'.
Determining the basic vibrational characteristic of the
optimized molecular and electronic structure of the
components can be improved by execution DFT
technique'’. The Gauss View 06W package has been
used to display molecular electrostatic potential
(MEP) diagram as well as HOMO and LUMO areas™.
The NBO is used to estimate delocalization or hyper-
conjugation within the second-order perturbation
approach®'. Topological analysis of LOL, ELF, ESP
and RDG were used to verify non-covalent interaction
interpreted by multi-functional wave function
(Multiwfn) and visual molecular dynamics (VMD)
softwares>. Thermodynamic in perl (THERMO.PL)
script tool used to determine thermodynamics
parameters with Gaussian output data®*. The docking
investigation exhibits ligand-protein interaction was
used to execute Autodock 4.2.6 and Python 3.8.2
software. The Avogadro and molecular graphics
dynamics (MGL) Tool 1.5.6 have been used to
express optimization of ligands as well as
visualization of the molecular structure®.

Result and Discussion

GC-MS investigation extracts of Hybanthus enneaspermus
The GC-MS can support traditional and industrial
applications as a natural remedy. Furthermore, it also
helps in determining the best techniques for collecting
these substances, which data will be presented in the
environment of their potential biological or
therapeutic significance. The GC-MS chromatogram
investigated the carbinol extract of Hybanthus
enneaspermus  and  reported multiple major
components. The MS fingerprint of bio-components
can be conformed to molecular structure from the
NIST data library that has over 62000 patterns. The

evaluation of individual constituent part was
identified by molecular name, weight and structure™.
The corresponding percentage quality of each
compound has been estimated by correlating the
maximum peak region to the total region”’. In the
present investigation the following three components
2PH, IA and GL are identified from GC-MS results as
displayed in (Figs. 1-3). The GC-MS results of 2PH,
IA and GL components have been identified based on
the molecular formula(C;H4O,, CsHsO and C;HgOs),
molecular weight (74.0, 60.1 and 15.6 g/mol) and
retention time (12.15, 14.26 and 15.6 min), which
database compared with NIST database library are
summarized in (Table 1). Furthermore, we have
performed DFT, thermodynamic properties, and
NLO, topological indices by using 2PH, IA and GL
components after conformation from GC-MS
analysis, respectively.

Molecular parameters energy values on 2PH, IA and GL
compounds

The theoretical approach of bong angle and bond
length used to predict the physical and chemical
properties, molecular shape, chemical reactivity and
stability, and repulsion between the electron pairs in
the valence shell were determined by the geometry of
molecules. In the current research, the three molecular
properties of bond angle and bond length, Mullikan
atomic charge, NBO analysis, global reactivity
descriptors like electronegativity, chemical hardness
and softness described by B3LYP/6-311++G(d, p) **
approach are mentioned in (Table 2). The bond angle
decreases, the central atom contains more polarizable
and the bond angle increases, the outer atoms
represent more polarization in the 3 dimensional
molecular geometry provided by Debye polarizability
model®?’. The title molecules contain higher
bond angle 2PH=(C,-C,-0,) 2 122.60, IA=(C,-C;-C;)
2>112.52 and GL=(0,-C,-Hg) =111.86° and lower
bond length 2PH=(C,-C;-H;) =107.08, 1A=(C,-C;-
O4) 2106.24 and GL=(C3-O4-H;;) =>105.11°. The
above bond angles of polarizability increased which is
directly proportional to dispersive force and having
higher covalent character become more strongly. If
the dispersive force gets stronger between the bond
angles it’s to be attached to their neighbours atoms
strongly and increasing polarizability. Furthermore,
the bond length used to calculate the different
covalent bonds determined by single, double and
triple bonds. The small bond length becomes the
stronger force of attraction between the bonded atoms
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Fig. 2 — Isopropyl alcohol compound separate from Hybanthus enneaspermus

than the longer bond Ilength represents looser
attraction between the atoms. Inthis paper, the three
molecules demonstrate the small bond distance
2PH=(0s-H,;) —20.96, IA=(04-H;;) 2096 and
GL=(0¢-H;4) —20.96A are strong attraction it’s
required more energy to break the bonds greater than
2PH=(C,-C,) —>1.52, IA=(C1-C2) —>1.52 and

GL=(C;3-Cs) > 1.52A are less attraction its required
minimum energy to break the bonds, respectively.
The Mullikan atomic charge describes how the
molecules gain or lose electrons in the direction
ofpositiveand negative charge among the chemical
bonding. Their value indicates a strong correlation
with the strength of the bond formed across
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Fig. 3 — Glycerin compound isolate from Hybanthus enneaspermus

Table 1 — Report on bioactive compounds from Hybanthus enneaspermus

Name of the Compound Molecular Formula

Molecular weight (g/mol) Retention time (min)

2-Propanone, 1-hydroxy- C;HqO, 74.0 12.15
Isopropyl Alcohol C;HgO 60.1 14.26
Glycerin C;Hz0; 92.0 15.36
the individual atom in  three-dimensional = compound exhibiting lower kinetic stability but
ways’ 2 Mulliken charges estimated on the three  excellent chemical reactivity is one with a shorter

compounds, which indices highest negative charge
and electrophilic attack occupyaround hydrogen
atoms  H;;=>0.306(2PH), H;,>0.298(IA) and
H;42>0.304(GL) a.u, these negative growth rates
represent population deceases (donor) whereas
highest positive charge and nucleophilic attack
occupies nearby oxygen atomsO;—>-0.506(2PH),
042-0.526(IA) and 0O;>-0.526(GL) a.u these
positive growth rate represent population increases
(acceptor) which play important role in chemical
reactivity of the title molecules.

The number of molecular parameters, such as the
electronic transition of energy level, HOMO, LUMO,
electron charge transfer (AN,,x), ionization potential
(IP), electron affinity (EA), and global descriptors are
used to conclude energy gap values for chemical
stability and reactivity. The stronger polarizable

energy gap. The HOMO, LUMO minimum energy
gap report easy transition, high reactivity and low
stability and the maximum energy gap relate to harder
transition, low reactivity and high stability. In this
present investigation describes three components
2PH, IA and GL interrupted with Gaussian 09
software using B3LYP method 6-311++G(d, p) basis
set™ . The HOMO, LUMO and energy gap of 2PH
molecules value is 6.266 eV, the IA compound value
is 9.058 eV and the third compound GL energy value
is 8.544 eV and presented in (Fig. 4), which three
compounds comparatively the [A and GL energy gap
have (9.058 and 8.544 ¢V) maximum values, thereby
both compound have high stability molecules and low
reactivity consider to be soft molecules. Similarly,
the small energy gap of the 2PH compound has
large reactivity and less stability considered hard
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Table 2 — Molecular property of 2PH, IA, and GL components by B3LYP/6-311++G(d, p)

Parameters 2-Propanone, 1-hydroxy- Isopropyl alcohol Glycerin
Bond Angle Low (°) (C,-Ci-H;) >107.08 (C,-C1-04) >106.24 (C3-04-H;y) 2105.11
Bond Angle High (°) (C1-Cy-0y) = 122.60 (C-C-C3) >112.52 (0,-C,-Hg) >111.86
Bond Length Low (A) (0s-Hyp) 2 0.96 (04-H;,) 20.96 (O¢-Hy4) 2 0.96
Bond Length High (A) (C-Cy > 1.52 (C-Cy) >1.52 (C5-Cs) >1.52
Mulliken Charge Negative (a.u) 0,~>-0.506 0,~>-0.526 0,>-0.526
Mulliken Charge Positive (a.u) H,,~>0.306 H;,>0.298 H,;,~>0.304
NBO Analysis Kcal/mol LP(2) O4>c* C|-C, LP(2) O4~> o* C;-Hs LP(2) O4>c* C5-Cs
(22.99) (6.61) (6.51)
Enomo (€V) -6.608 -7.097 -6.889
Erumo (eV) -0.341 1.960 1.655
Ionization Potential (eV) 6.608 7.097 6.889
Electron Affinity (eV) 0.341 -1.960 -1.655
Enomo- ELumo (€V) 6.266 9.058 8.544
Fermi Energy or Electronegativity (eV) 3.474 2.568 2.616
Chemical Potential (eV) -3.474 -2.568 -2.616
Chemical Hardness (eV) 3.133 4.529 4.272
Chemical Softness (eV™") 0.319 0.220 0.234
Electrophilicity Index (eV) 1.926 0.728 0.801
Nucleophilicity Index (eV™") 0.519 1.373 1.247
ANmax(eV) 1.094 0.560 0.612
Electron donating capability (eV) 4.056 2.578 2.643
Electron-accepting capability (eV) 0.581 0.010 0.027
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Fig. 4 — HOMO-LUMO plot on 2PH, IA and GL by B3LYP/6-311++G(d, p) basis set

molecules. The large and small energy gaps expressed
relate to well biological activity, respectively. The
ionization energy demonstrates an atom's capacity to
lose the electrons (HOMO) whereas electron affinity
energy describes the ability of an atom to gain the
electrons (LUMO) from the title molecules®®’. The
chemical potential for 2PH, IA and GL compounds

was found to be -3.473, -2.553 and -2.617 eV, with a
decrease in chemical potential value, leading to an
increase in the reactive activity. A good electrophile is
characterized by a greater value of the global
electrophilicity index, while a good nucleophile is
suggested by a lower value. According to the global
classification analysis, 2PH molecules have global
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electrophilicity measurements greater than 1.5 eV,
which makes it an excellent electrophile. The greater
global electrophilicity index wvalue represents an
excellent electrophile, while the lower number
indicates an effective nucleophile®. Outstanding
biological function is demonstrated by the compound
of 2PH has a lower nucleophilicity index (0.519 eV)
as well as a higher electrophilicity index (1.926 eV)
among the three components.

Natural bond analysis (NBO) analysis

The NBO technique is used to determine the
electron recipients and donator engaged in the
interaction, as well as how these relationshipsaffect
the long-term stability of the molecular strengths are
calculated for three compounds (2PH, IA and GL)
were performed functional level of method
DFT/B3LYP/6-311++G(d, p) basic set®. The number
of the major donor-acceptor interactions along the
corresponding E(2) stabilization energy, which
considers the higher ionization energies of the C=0
molecules is responsible for strong stabilization
energy expressed in the three derivatives. This high
ionization energy gives large stabilization to the 2PH,
IA and GL compounds™. Between donors (occupied)
0O, from acceptor (empty) C,-C, which is increased
highest intermolecular stabilization energy E(2) value
found 22.99 Kcal mol” on 2-propanone, 1-hydroxy-
(2PH) molecules. Between donors (occupied) O4 from
acceptor (empty) C;-Hs which is increased highest
intermolecular  stabilization energy E(2) value
found6.61 Kcal mol' on isopropyl alcohol (IA)
molecules. Between donors (occupied) O, from
acceptor (empty) C;-Cs which is increased highest
intermolecular stabilization energy E(2) value found
6.51 Kcal mol' on glycerin (GL) molecules. The
larger stabilization energy E(2) wvalue is three
compounds due to loan pairLP(2) ->c* anti-bonding
of 2PH compound, the next lone pair LP(2) > ¢* anti-
bonding of IA molecules and the last compound of
GL molecules hyper conjugative interaction based on
lone pair LP(2) >c* anti-bonding, respectively.

Topological analysis
ELF, LOL and ESP investigation on three compounds

The topological parameters of ELF, LOL plots
have been obtained by three organic optimized
geometry compounds 2PH, IA and GL. The electron
localized  function (ELF), localized orbital
locator (LOL) have similar predictions in chemical
characteristics (non-covalent, bonding, non-bonding,

localization and delocalization) based on kinetic
electron density*'. Mostly, the LOL, ELFis used to
estimate the biological reactivity amongthe atom and
molecules. The plot ranges exhibit from 0.0 to 0.1 and
0.0 to 0.8, which consider bonding, and non-bonding
of localized and delocalized (< 0.5) transfer on the
electrons obtained byMultiwfn3.7*** based on the
same basic set as illustrated in (Fig. 5). The high
LOL, ELF present around the hydrogen atoms, which
associated as red color and maximum localization of
electron whereas the low LOL, ELF has occupied
nearby carbon atoms, that indicates as blur color and
high delocalization electron cloud. The electron
depletion zone located between the inner and valence
layers is demonstrated by a blue circle surrounding
the oxygen atoms on 2PH, IA and GL components.
The total electrostatic potential (ESP) exhibits local
minimum and maximum electron density, which
plot region from -0.1 to +0.1 on title molecules™.
Therefore, the intra andinter-molecular charge of
delocalization inside the molecules is illustrated by
LOL, ELF maps that conformed through NBO, MEP
and FMO analysis.

Non covalent interaction-reduced density gradient (NCI-
RDG) analysis

The RDG technique has been employed in
conjunction with the quantum theory on molecules to
demonstrate the inter-intra molecular and covalent
interactions according to the electron density
developed by Johnson er al’. The process can
identify repulsive steric interaction, hydrogen bonding
and Van der Waals using basic color codes obtained
multiwfn 3.8 program and structure illustrated using
VMD 19.4 on 2PH, IA and GL components as
depicted in (Fig. 6). The RDG iso-surface and NCI
scatter plot shows ranges from -0.035 to +0.020 a.u,
which observed the rich repulsion is represented by
red zones (A,>0), high attraction is indicated by blue
region( A,<0) and strong intermediate interaction
denoted by green zones (A,~0) of title molecules***".
The strong localization and delocalization ranges
predict 0.02 to 0.05 a.u and -0.02 to -0.05 a.u which
correspond to bonding and non-bonding interaction
occupied nearby hydrogen, and oxygen atoms on title
molecules, which conformed well biological
reactivity in the molecular system.

Thermodynamic properties on 2PH, IA and GL

The thermodynamic parameters of vibrational zero-
point energy, entropy (S), capacity (V) and specific
heat (H) are estimated by PERL-SCRIPT (thermo.pl)
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Electron Localization Function Localized orbital locator Total electrostatic potential

Fig. 5— ELF, LOL schematic illustration of 2PH, IA and GL

based on hybrid accuracy B3LYP/6-311++G(d, p) set

for optimized geometry structure at ground state*, across
the temperature lies between 100 K to 1000 Kof 2PH, 1A
and GL molecules as depicted in (Table 3). The variation
of temperature increases similar to vibrational energy

increases among the particles”. The thermal energy
applied in the function of S, C, and H also increased due
to affected by the ground state vibrational motion of the
molecules while increasing the temperature as illustrated
in (Fig. 7). These characteristics are very essential to
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Fig. 6 — Plot of RDG versus sign A2 for 2PH, IA and GL

studying increasing absorption in the drug design on
optimized molecular and the receptor-binding interaction
of the title compounds.
Nonlinear optical (NLO) Properties of 2PH, IA and GL

NLO playsa significant role in many fields, such

as optical computer, optical signal processing,

telecommunication and precision metrology and laser
surgery. In the present investigation, the NLO
characteristics of 2PH, IA and GL compounds by
evaluating their polarizability and dipole-moment
have been obtained B3LYP/6-311++G(d, p) level
are listed in (Table 4). In pharmaceuticals, drug



Temperature K

Fig. 7 — Thermodynamic Properties of 2PH, IA and GL

development and the industry are examined by using
the polarizability (o) *°. The diploe moment is one
of the crucial elements to predict the structural
bio-chemistry, which wuseful classification for
describing how the electrons travel throughout the
molecules. When the molecules have charge transfer
from the ground state to a higher state, the result of
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Table 3 — Thermodynamic properties on 2PH, IA and GL
TK) 2-Propanone, 1-hydroxy- Isopropyl alcohol Glycerin
S (J/molK) C (J/molK) H (kl/mol) S (J/molK) C (J/molK) H (kl/mol) S (J/molK) C (J/molK) H (kJ/mol)
100 239.867 47377 3.809 228.96 43.979 3.588 256.794 61.68 4.389
200 278.731 66.504 9.525 266.769 66.737 9.173 309.153 90.989 12.11
298.15 308.747 85.375 16.965 297.212 87.411 16.724 350.199 116.602 22.283
300 309.276 85.745 17.123 297.754 87.819 16.886 350.922 117.103 22.5
400 336.683 105.628 26.698 326.064 110.025 26.78 388.325 144.062 35.566
500 362.25 123.79 38.189 352.882 130.697 38.837 423.165 168.505 51.224
600 386.236 139.366 51.369 378.34 148.643 52.827 455.766 189.11 69.137
700 408.737 152.555 65.983 402.437 164.007 68.479 486.244 206.251 88.931
800 429.861 163.786 81.814 425.223 177.24 85.558 514.752 220.656 110.296
900 449.723 173.426 98.687 446.777 188.724 103.869 541.469 232.931 132.991
1000 468.436 181.75 116.456 467.191 198.738 123.253 566.572 243.506 156.826
Table 4 — Dipole moment (i) Polarizability (o) of 2PH, IA and GL components
2-Propanone, 1-hydroxy- Isopropyl Alcohol Glycerin
Parameters B3LYP/6-311++G(d, p) Parameters B3LYP/6-311++G(d, p) Parameters B3LYP/6-311G++(d,
p)
Iy -0.052 Iy 1.135 Iy 1.294
iy -4.105 iy -0.632 iy -2.625
I, 0.004 I, 0.805 W, 1.680
ot 5.620 Mot 0.779 Lot 3.797
Oy 52.679 Oy 39.895 Oy 43.768
Oy 0.574 Uy 1.285 Uy -0.142
Oy 41.603 Oy 38.160 Oy 40.913
Oy -0.132 Oy 0.491 Oy, 0.003
Oy, -0.717 oy, -0.248 oy, -0.002
Oy, 37.859 0Oy 34.163 Oy, 28.789
600 annan -~ 37.406 Olgot 37.823
—=— S(2PH) - i .
soo| | ——Hr e highest state molecules has a larger dipole-moment
e v - (n) than grognd state molecules®. The change .of Ap
B g0 | o—mah after excitation, which expresses the dynamics of
£ Iy emission state or intermolecular charge transfer (ICT).
£ 300 The following is the definition of the diploe moment
E (1) and polarizability (o)) estimated as:
5 200
g
g 100 - Htot = J(uzx + sz + MZZ)
04 Oy + Qyy + Ay
T T T T T T atOt -
0 200 400 600 800 1000 3

The three components 2PH, IA and GL exhibit the
largest dipole moment value in the way of direction
Uz Uk and p,, which is equivalent to 5.620D, 0.779D
and 3.797D, among the three compounds, the
2-Propanone, 1-hydroxy- has high amount of dipole
moment. Similarly, the polarizability of the three
components has been estimated by44.047 X 10" e.s.u
(2PH), 37.406X10™* e.s.u (IA) and 37.823 X 107

e.su (GL), among the three, the 2-propanone,
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Table 5 — 2D and 3D structure of three compounds 2PH, IA, and GL
3D structure

Compound name

2-Propanone,

1-hydroxy-
Isopropyl alcohol L
Glycerin

2D structure Compounds formula

OH
C3HO,
6]
et -
C3HgO
HO
OH
C3H;0s5

HD\)\/OH

1-hydroxy- has contained high amount of polarizability,
which indicates high efficient NLO material. The
calculated polarizability and diploe moment of 2PH,
IA and GL compounds greater than 10 times and
15 times of their urea 1.3738 Debye and 3.8312 X
10** esu™, that urea is frequently employed as a
reference for describing organic nonlinear optical
substances. According to these findings, the 2PH
compound has strong nonlinear characteristics and
would be an excellent choice for use in optical device
designs.
Topological aspects of 2Dstructure of three compounds

The three chemical-optimized structures convert into
the molecular graph (G) with edges and vertices in the
theoretical chemistry.The number of edges incident to
a vertex 1 is called the degreed (i) and the distance
degree d;(i,j) between any pair of vertices {i, j} in
G is the length of the shortest path connecting these
two vertices. The goal of the present study we were to
investigate QSAR/QSPR method in different degree-
based topological descriptors on pharmacological
activity theoretically’” ™. The topological indicators
calculated from the fundamental interaction of the 2D
substances of optimized structure may demonstrate
essential correlations to the physical characteristics of

these compounds by the quality of structure-activity,
properties and harmful effects interactions. The
topological indices’’ used to predict quantitative of
three molecular structures namely 2-propanone, 1-
hydroxy- contain the compound formula C;HsO, and
compound weight 74.08 g/mol. Isopropyl alcohol
consistsof compound formula C;HgO and compound
weight 60.1 g/mol and glycerin, which compound
formula C;HgO; and compound weight 92.09 g/mol,
two dimensional and three dimension structureasgiven
in (Table 5). Using various degrees-based topological
indices defined as Randic y (G), Zagreb M; (G)
and My(G), Atom bond connectivity ABC (G),
Sum connectivity SC(G), Geometric arithmetic GA
(G), Harmonic H (G), third Zagreb ZGs3(G), Second
Hyper-Zagreb HM, (G), Forgotten F(G), and
Symmetric division deg SSD(G) in chemical graph
theory which numerous values correlated with physical
properties such as boiling point (°C), melting point,
molar refractivity (cm®), polarity (cm®), polar surfaces
area (A?) and complexitybased on pharmacological
activity in chemical descriptors. The above-mentioned
10 degree-based topological indices are suitable for
studying drug discovery thatis used to prevent
enormous biological activity.
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Definitions and literature review

Definition 1— The Randic index has been widely
used by the topological index in chemical reactions
and drug applications, especially in QSAR/QSPR
research used in extremal trees with domination
numbers’®. Developed by Randic denoted by graph G
having vertex set V(G) and edge set E(G) given
below:

Z 1
ijeEG) V d;d;

Definition 2— The Gutman and Trinajestic
established the Zagreb indices almost thirty decades
earlier’”. The first and second Zagreb indices as
follows:

x(G) =

M;(G) = (d; +d;)
ijE€E(G)
and
i{jE€E(G)

Definition 3 — The ABC index was established by
Estrada et al. in 1998 and has been applied to the
investigation of the strength of alkanes and strain
energy of cycloalkanes®. The ABCindex is defined
as:

d, +d,—2
=
JEE(G) )

Definition 4—The growing popularity of the
connection index has contributed to the inclusion of
several variations in the literature survey. The two
connection index sum-connectivity andatom-bond
sum-connectivity index have been focused on in the
biological prediction of extensive research.
Developed the ABC index by utilizing the basic
concept of the SC index®'. The new variant of the SC
index is defined as:

SC(G) = Z !
ijeE(G) V d; + d
Definition 5—The GA index of

geometricarithmetic was discovered by Vukicevic and
Furtula, which was inspired by the concept of the
Randic connectivity index. Additionally, Vukicevic
and Furtula provided the upper and lower limits of
GA index and conformed the trees with the lowest

and highest GA indices through the star and the path
repectively®”. The new geometricarithmetic of (GA) is
used to predict physical characteristic defined by:

2,/dd;
MO = ) 5
i) - Y

Definition 6 —The Harmonic index is also known
as Randic index first invented by Favaron et al*. The
new Harmonic index of H (G) used to predict physical
properties defined as:

2
H(G) = z d; + d;

JEE(G)

Definition 7—Since the third Zagreb indices were
first described by Gutman et al**. Over forty years
ago, another variation of these topological indices has
been created as:
e=ij€E(G)

Definition 8—The topological index of the second
Hyper-Zagreb index is the one that describes the actual
molecular features. The HM, index contains several
graphs and bounds are estimated. Additionally, linear
regression investigation of degree-based with physical
characteristics of a boiling point of benzenoid
hydrocarbons was interpreted by literature review® .
The second Hyper-Zagreb index of graph HM, (G) is as
follows:
HM,(G) = (d;+d)?
ijEE(G)

Definition 9—The Forgotten topological index and
the first Zagreb index are nearly identical proposed by
Furtula and Gutman®. The F-index plays a very
important role in predictingthe chemicalstability and
medicinal properties of new drug molecular
structures. The F-topological index of graph F(G) is
stated as:

F@= ) [(@d)?+(@d)?

1jEE(G)

Definition 10 —A few decades back Vukicevic and
Gasperov examined a novel class biological
descriptor of symmetric division deg (SDD)
topological index®. The symmetric division deg
graph SSD (G) is stated as:
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Table 6 — Physical property on 2PH, IA, and GL components

Name of the Boiling point Melting Flash Polar surface  Complexi  Molar refractivity Polarity
compound (~C) point (°C) point (°C) area(A?) ty (ecm®) (ecm®)
2-propanone, 145 -17 56 373 59.8 17.9 7.26
1-hydroxy-
Isopropyl alcohol 82.3 -89.5 12 20.23 10.8 17.4 7.14
Glycerin 290 20 177 60.7 25.2 17.5 7.19
di? +d;? 1 _
SDD = SSD(G) = i j SC(2PH) =2 \/_ \/W m 2.024.
iy d;d; ;
1jEE(G) (v) By using the definition5, that following results are
. . . . obtained:
The main objective of this investigation, we W32
describe ten degree-based topological indices used to GA(2PH) = 2( ) ( 342 ) ( ) 4.791.

predictthe physical quality of three molecular
graphsand correlated physical-chemical properties of
boiling point (°C), melting point, flash point (-C),
molar refractivity(cm’), polarity(cm’), polar surfaces
are (A?) and complexity® of three natural chemical
structure identified from GC-MS recorded. The seven
physical properties values have been taken from
PubChem website under the national library of
medicine as shown in (Table 6), respectively.

Mathematical aspects of three (2PH, IA and GL) compounds

In this section, utilizing the definition of
topological index provides the proof and the essential
result stated as follows mainly based on graph
chemical structure.

Theorem 1.1 —The ten degree-based topological
indices of the molecular graph 2-propanone, 1-
hydroxy (2PH) are x(2PH) =2.268, M,(2PH) =16,
M,(2PH) =14, ABC(2PH) =3.038, SC(2PH) =2.024,
GA(2PH) =4.791, H(2PH) =2.066, ZG;(2PH) =06,
HM,(2PH) =66, F(2PH) =38, and SSD(2PH) =11.332.

Proof:Let G be the graph of 2PH and E(, j) denote
the class of edges of G connecting vertices with
degree 1 to degree j. From the neglected hydrogen of
2PH chemical structure observethe number of edges
and vertices that |Ey 3| = 2, |E3 ;| = land|E; 1| = 1.
(i) The result of using principle 1 is as follows:

L — 2.268.

X(ZPH) 2\/—+\/—+\/:

(i1) The result of using definition?2 is as follows:
M,(2PH) = 2(1+3) +(3+2) +(2+1) = 16.

and

M,(2PH) =2(3) +6+2 = 14.

(ii1) The result of using definition 3 is as follows:

ascarin =2 (157 + (55) + |(550) -
3.038.

(iv) By using the theorem 4, the following results are
obtained:

(vi) By using pr1n01ple6 we get the result obtained:
H(2PH) = 2(—) (—) (—) 2.066.

143 3+2 2+1
(vii) By using definition7, we get the following:
ZG;(2PH)=2]|1—-3|+|3—2|+[2 - 1]=06
(viii) By using theorem 8, we get the following:
HM,(2PH)=2(1+3)2+(3+2) %2+ (2 + 1) ?=66.
(ix) By using principle 9, we get the following:
F(2PH) = 2[12 + 32] + [32% + 22] + [2%2 + 12] =38.
(x) By using definition 10, we get the following:

1,3 2, 3 1,2
SSD(2PH) = 2 [z 43|+ [F+3]| + [+ 3| = 11332,

Theorem 1.2 —The ten degree-based topological
indices of G are listed below if G is the molecular graph
of isopropyl alcohol (IA) given as x(IA) =1.731,
M,;(IA) =12, My(IA) =09, ABC(IA) =2.448, SC(A)
=15, GA(A) =2.598, H(IA) =1.5, ZG;(IA) =06,
HM,(IA) =48, F(IA) =30, and SSD(IA) =9.999.

Proof: Let G be the graph of IA and E(j, j) denote
the class of edges of G connecting vertices with
degree i to degree j. From the neglected hydrogen of
IA chemical structure observesthe number of edges
and vertices that |E; 3| = 3.

(i) The result of using principle 1 is as follows:
x(IA) = 3\/_ =1.731.

(i1) The result of using definition 2 is as follows:
M;(IA) =3(1+3) =12.

and

M,(IA) =3(3) =09.

(ii1) The result of using definition 3 is as follows:

ABC(IA) = 3 |(F22)=2.448.

(iv) By using the theorern 4, the following results are
obtained:
3-———=1.5.

SC(IA) = 7o
(v) By using principle 5, the following results are
obtained:

1+3-2
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Table 7 — Estimated topological

index (G = 2PH, IA and GL)

Topological indices 2-Propanone, 1-hydroxy- Isopropyl alcohol Glycerin
Randic index x(G) 2.268 1.731 2.805
Zagreb index M;(G) 16 12 09
Zagreb index M,(G) 14 09 19
Atom bond connectivity ABC(G) 3.038 2.448 3.644
Sum connectivity SC(G) 2.024 1.5 2.548
Geometric arithmetic GA(G) 4.791 2.598 19
Harmonic H(G) 2.066 1.5 2.632
third Zagreb ZG;(G) 06 06 06
Second Hyper-Zagreb HM,(G) 66 48 84
Forgotten F(G) 38 30 46
Symmetric division deg SSD(G) 11.332 9.999 12.665

GA(IA) = 3(2L2) =2.598.

(vi) By using principle 6, we get the result obtained:
H(IA) = 3(=5) =1.5.

(vii) By using definition7, we get the following:
7G;(IA) = 3|1 — 3|=06

(viii) By using theorem 8, we get the following:
HM,(IA) = 3(1 + 3) 2 =48.

(ix) By using principle 9, we get the following:
F(IA) = 3[12 + 32]=30.

(x) By using definition 10, we get the following:
SSD(IA) = 3 E + §]=9.999.

Theorem 1.3 —The ten degree-based topological
indices of the molecular graph glycerin (GL)
arex(GL) =2.805, M;(GL) =20, M,(GL) =19,
ABC(GL) =3.644, SC(GL) =2.548, GA(GL) =4.709,
H(GL) =2.632, ZG;(GL) =06, HM,(GL) =84, F(GL)
=46, and SSD(GL) =12.665.

Proof: Let G be the graph of GL and E(i, j) denote
the class of edges of G connecting vertices with
degree 1 to degree j. From the neglected hydrogen of
GL chemical structure observe the number of edges
and vertices that |E; 5| = 2, |E3,| = 2 and|E3 4| = 1.
(1) The result of using principle 1 is as follows:

X(GL) = zv—”v— =5=2.805.

(i1) The result of using definition 2 is as follows:
M;(GL) =2(1+2) +2(3+2) +(3+1) =20.

and

M,(GL) =2(2) +2(6) +3=19.

(ii1) The result of using definition 3 is as follows:

aBc@Gh = 2)(557) o+ 2D

+ (B )04

(iv) By using the theorem 4, the following results are
obtained:

1
SC(GL) = ZW ZW \/W =2.548.

(v) By using principle 5, the following results are
obtained:

2432 231,
GA(GL) = 2( 142 ) ( 342 ) + Gr) =709,

(vi) By using pr1n01ple 6, we get the result obtained:
H(GL) = 2(—) +2 (—) + (—) =2.632.

3+2 3+1
(vii) By using definition7, we get the following:
ZG3(GL)=2|1 - 2| + 2|3 = 2] + |3 — 1]=06
(viii) By using theorem 8, we get the following:
HM(GL)=2(1+2)2+2(3+2)2+ (3 +1)%=84.
(ix) By using principle 9, we get the following:
F(GL) = 2[12 + 22] +2 [3%2 4 22] + [32 + 12]=46.
(x) By using definition 10, we get the following:
SSD(GL)=ZE ]+2[ + ] [ + ] 12.665.
Finally, the result of associated values of the
physical characteristics of three bio-activity
compounds with established degree-based ten
topological indices (Tables 6 & 7). The following
result, when contracted to other indices, is possibly
viewed that M;(G) =20 index exhibits a most
significant positive association with melting point
oC=20 and ZG;(G) =06 index shows a favourable
correlation with physical properties of polarity
cm’=7.19 in the graph G glycerine chemical structure.
Similarly, ZG;(G) =06 and SSD(G) =9.99 indices
values have the strongest positive agreement with
polarity and complexity in graph G of isopropyl
alcohol. The polarity of chemical graph G of 2-
propanone, 1-hydroxy- highly well matched with third
Zagreb topological indices. Therefore, it can be noted
that estimated degree-based topological indices are



DHANALAKSHMI et al.: NLO APPLICATION 629

extremely associated with experimental physical
characteristic ~ values of natural bio-activity
compounds. The above mathematical results of the
three compounds proved through topological indices
correlated with experimental values that can be used
without lab and reduce market price in the drug
design of the medicinal field, respectively.The
computation of other molecular in variants of 2PH, 1A
and GL might make for a fascinating study subject in
the coming years.

Conclusion

In this work, we report GC-MS results on 2PH, 1A
and GL compounds were investigated the structural
conformation, molecular behavior, stability, chemical
reactivity, and electronic and optical properties obtained
by B3LYP/6-311++G(d, p) level. The geometry-
optimized structure expressed the highest and lowest
bond angle, and bond length predicted by chemical
properties. The Mulliken charge exhibits positive charge
occupied around hydrogen atom H;;>0.306(2PH),
H,>0.298(TA) and H4;~>0.304(GL) a.u, and negative
charge hold nearby oxygen atom O;—=>-0.506(2PH),
042-0.526(IA) and 0;>-0.526(GL) au of the
molecules, which describes charge distribution and
electron density. The HOMO-LUMO kinetic energy of
TA>9.058, GL>8.544 eV, which demonstrated high
stability, low reactivity as soft molecules and
2PH->6.266 eV, which was associated with less
stability, large reactivity as hard molecules with global
descriptors also discussed, which expressed well
biological properties. NBO examined the highest
intermolecular ~ stabilization energy E(2) values
2PH=22.99, 1A=6.61 and GL=6.51 Kcal mol’. The
LOL, ELE have demonstrated low and high localization
and delocalization of the molecules. The RDG
isosurface and non-covalent interaction (NCI) scatter
plot showed repulsion (A,>0), attraction(A,<0) and
strong intermediate interaction (A,~0), which conformed
well to Dbiological reactivity. Thermodynamic
parameters and diploe moment=5.620 Debye,
polarizability=44.047X10™ e.s.u also computed, which
associated excellent NLO properties. Furthermore, the
estimated degree-based ten topological indices are
extremely associated with experimental physical
characteristic values of natural bio-activity compounds,
which reduce market price for drug design in the
medicinal field.
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