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A B  S  T  R  A  C  T   

The Methyl Linoleate, also called polyunsaturated fatty acid, is a natural drug synthesis from 100% medicinal 
plant of L.AegleMarmelos. The title molecules structure conformed through GC-MS results. The geometry 
structure parameters on the title molecule were optimized and determinate at the same level of B3LYP/6- 
311++G (d,p) correlated with the XRD database. Thermodynamic properties estimated at different temperatures 
and the NBO used to analysis inter-intra molecular interaction, the first-order hyperpolarizability were also 
completed. The DFT were computed NMR, energy gap reported 5.33 eV it is related to biological activity and 
MEP used to predict the chemical reactive site of electrophilic and nucleophilic attack. The TD-DFT executed UV- 
Visible spectra found at 266 nm is good agreements with experimental value and the FT-IR spectra of each 
vibrational mode compared with the theoretical spectra and potential energy distribution PED% carried out. The 
PES studies have been estimated to investigate the configuration analysis of double bond. The molecular docking 
found the stability of protein-ligand complex on 4HOE receptor against candida diagnosis.   

1. Introduction 

Methyl linoleate is one of the essential fatty acid methyl esters pro
duced during transesterification of triglyceride oil and primary alcohol 
to produce biodiesel fuel. Chemicals like fatty alcohol and chlorinated 
methyl ester can be produced using methyl esters. Methyl esters are 
often used in lubricants, coatings, food and agriculture, metalworking 
fluids, and biofuels. Methyl esters are produced by the trans
esterification of vegetable oils. By dissociating aggregates and unfolding 
proteins, the fatty acid methyl ester methyl linoleate is used in numerous 
studies as a non-ionic surfactant to assist solubilizes a range of chemical 
species. In order to increase the solubility of substances, methyl linoleate 
is employed as a nonionic surfactant which dissociates aggregates and 
unfolds proteins. It is an emulsifier and stabiliser made of fatty acid 
ester. Several authors explored methyl linoleate and its derived com
pounds. The Rutaceae family includes the plant aegle marmelos, which 
has enormous therapeutic potential and the fruits of A. marmelos are 
used to treat diabetes, diarrhoea, dysentery, and mental illnesses in 
addition to high fever [1]. The organic compound methyl linoleate was 
synthesised from the natural plant of L. aeglemarmelos, which contains 

many bio compounds such as imperatorin, aegeline, coumarin and 
xanthotoxol those compounds used to predict against anticancer, anti
fertility, antimicrobial and antifungal activity [2]. Multiple extracts 
discovered from the dried leaves of A. marmelos contained phyto
chemicals and antioxidants [3]. The neuroprotective effects of A. mar
melos leaf ethanolic extract (AME) on male rats’ STZ-induced memory 
impairment [4]. Silver nanoparticle synthesis from L.AegleMarmelos as 
reducing agent [5]. Metal nitrate solution and Aegle marmelos extracts 
are used as precursors in the manufacture of zinc ferrite nanoparticles. 
To determine their properties, the created spinel nanoparticles were 
evaluated by UV-vis, FTIR, XRD, VSM, and FE-SEM techniques. Evalu
ation of the antimicrobial efficacy of zinc ferrite nanoparticles against 
gram-positive, gram-negative microorganisms and carfilzomib drug 
delivery [6]. The anti-inflammatory properties used against both acute 
and long-term inflammation in rats [7]. The toxicological, antioxidant, 
and pharmacological potentials estimated by A. marmelos [8]. The 
biosynthesis of silver nanoparticles from aqueous leaf extract investi
gated anticancer, larvicidal activity [9]. The methanol extracts of A. 
marmelos leaves estimate biochemical changes in antidiabetic treatment 
[10]. The GC-MS, NMR and HPLC analysis by ethanolic extract of 
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Aeglemarmelos leaves for antioxidant activity [11]. 
To the best of our knowledge, the literature survey reports the 

theoretical analysis (DFT) on MLL compound has not yet been done. In 
the current investigation, the synthesis of MLL molecules identified from 
the GC-MS results. The MLL molecules were studied using the B3LYP/6- 
311++G (d,p) technique that correlated with the spectroscopic tech
niques of UV-Visible and FT-IR spectrum. The relations between S, C and 
H were used for estimating the thermodynamic characteristics of MLL 
for different temperature levels. The optimized parameters values 
correlated with the XRD database. The inter-intra molecular interaction 
and charge delocalization of the title compound were analysed by the 
NBO technique. The energy gap (eV), chemical potential (μ), chemical 
softness (σ) used to predict stability and reactivity sites on MLL have 
been computed B3LYP/6-311++G (d,p) level. The MEP was used to 
predict chemical reactive sites of electrophilic and nucleophilic attack. 
The UV-Visible spectra absorption interpreted by TD-DFT good agree
ments with experimental value. The FT-IR spectra of each vibrational 
mode compared with the theoretical spectra and potential energy dis
tribution PED% carried out Veda 04 software. Potential Energy Scan 
(PES) examination was used to investigate the conformation analysis. 
The molecular docking studied on the 4HOE protein against candida 
diagnosis. 

2. Experimental techniques 

The bioactive components green synthesis from methanol extract of 
L.AegleMarmelos, the 100% medicinal plant of L.AegleMarmelos was 
collected from Vels University (VISTAS), Pallavaram, Tamil Nadu, India. 
The bulk of 2 kg was dried at room temperature and an electric grinder 
was used to grind 1 kg, after using methanol to dip 2:1 ratio for absorbed 
compound at 48 h, utilized the soxhlet process to isolate crude and 
methanol. The GC-MS (QP2010 Plus – Shimadzu) at SRM University, 
Kattankulathur, Chengalpattu district, Tamil nadu have been analysis 
crude of L.AegleMarmelos, that result reported and identify many bio- 
components. According to the antifungal activity, we chose only one 
bio-compound methyl linoleate from the GC-MS result. The MLL com
pound purchased from Sigma-Aldrich Company with 99% purity was 
given to spectroscopic technique (FT-IR, UV-Vis) for functional group 
identification. Using the KBr pellet technique, the FT-IR spectra of MLL 
compound were obtained on a Perkin Elmer FT-IR spectrophotometer in 
the range of 4000-400 cm− 1. The UV-3600 plus Shimadzu instrument 
was used to measure the absorption of UV-Vis spectrum, which ranges 
from 300 to 200 nm. All spectral measurements were made at SRM 
University in Kattankulathur, Chengalpattu district, Tamil Nadu, India. 

3. Computational Details 

All theoretical calculations were done by Gaussian 09 W software 
[12]. The geometry parameters of bond angle and bond length inter
preted hybrid functional Becke-Lee, Parr, and Yang DFT/B3LYP tech
nique with 6-311++G (d,p) level [13,14]. The vibrational wave number 
of FT-IR spectra corresponding to PED% carried out by Veda 04 soft
ware, MEP plot and HOMO, LUMO are visualized by Gauss view 5.0 
programmes [15,16]. Thermodynamic parameters evaluated at different 
temperatures obtained by THERMO.PL [17]. The calculated UV-Visible 
absorption spectra were examined using the TD-DFT method with 
hybrid B3LYP/6-311++G(d,p) level [18]. The natural bond orbital 
investigation (hyperconjugate interaction, charge transfer between 
donor, acceptor and intra-inter molecular hydrogen-bonding interac
tion) is interpreted by second order perturbation theory [19]. The 
location of the reactive site was determined through the MEP surface; 
the mulliken population analysis and NMR, electronic properties of the 
energy gap, electrophilicity index, and nucleophilicity index were also 
calculated [20]. The PES scan performed by B3LYP/6-311++G (d,p) 
and results shows GaussView 5.0 [21]. The molecular docking analysis 
ligand-protein interaction and binding to the receptor was computed by 

AutoDock Tool 1.5.6 software [22]. 

4. Observations and Discussion 

4.1. The GC-MS investigation on L.AegleMarmelos 

The gas chromatography – mass spectrometry analysis methanol 
extract of L.AegleMarmelos that total running time period was 21.74 
min. The GC-MS results show a total of eight bio-components related to 
molecular weight, retention duration, and molecular formula that are 
found in the NIST database [23,24]. In the current investigation the 
GC-MS result reported eight major constituents, which mainly includes 
as Methyl Linoleate (MLL), Octadecanoic Acid- 17-Oxo-Methyl Ester, 
9-octadecenoic acid (z)- methyl ester, Octadec-9-enoic acid, 
cis-11-Eicosenoic acid, methyl ester, Dodecanoic acid and Tetracosanoic 
acid, methyl ester related to retention time 14.15, 16.08, 17.57, 18.93, 
19.45, 20.06 and  21.74 and molecular weight 294.5, 312.5, 296.5, 
282.5, 324.5, 214.3 and 382.6 g/mol are listed in Table 1. These 
bio-components are identified and matching data are available on 
PubChem databases and NIST data library. The results of GC-MS 
revealed many components, but particularly we chose one bio
compound (MLL) as shown in Fig. 1 based on antifungal activity for 
further work, which is comparative studies on quantum chemical 
calculation, spectroscopic studies and molecular docking on Methyl 
Linoleate (MLL) compound respectively. 

4.2. Geometry Molecular Structure on MLL Molecules 

The optimized geometry molecular structure on MLL compound in 
gas phase and numbering of atoms are interpreted using hybrid process 
B3LYP with 6-311++G (d,p) level as shown in Fig. 2. The molecule 
belongs to the C1 symmetry point group, and the estimated frequency 
indicates that it is an A symmetry species [25,26]. The structural pa
rameters of MLL molecules such as bond length, bond angle were 
determined and are given in Table 2. In the title molecules, the smallest 
bond length 1.09 in C2-H22 represented the strongest bond in the mol
ecules and the largest bond length 1.54 in C14-C15 which denoted 
weakest bond in the MLL molecules. The carbon-oxygen (CO2) is an 
electron donating group, carbon-hydrogen (CH3) electron accepting 
group and the crystal structure (XRD) of the methyl linoleate compound 
is not available in crystallography, so the similar structure can only 
correlated with optimized structure on MLL molecules as shown Table 2 
[27]. 

The minimum configuration analysis has been interpreted through 
the potential energy surface by using the B3LYP/6-311++G (d,p) 
technique, as shown in Fig. 3. [28]. In the current investigation, three 
dimensional optimized structures with minimum energy on the methyl 
linoleate compound identified the stable conformation at torsional angle 
(O19-C1-O20-C21) [21]. The local minimum energy observed at the point 
of 160 scan coordinator with -0.230 total energy (Hartree), which 

Table 1 
Report on bioactive compounds from L.AegleMarmelos  

Name of the Compound Molecular 
Formula 
(MF) 

Molecular 
weight 
(MW) 

Retention 
time 
(RT) 

Methyl Linoleate (MLL) C19H34O2 294.5 g/mol 14.15 
Octadecanoic Acid- 17-Oxo- 

Methyl Ester  C19H36O3  312.5 g/mol  16.08 
9-octadecenoic acid (z)- methyl 

ester 
C19H36O2 296.5 g/mol 17.57 

Octadec-9-enoic acid C18H34O2 282.5 g/mol 18.93 
cis-11-Eicosenoic acid, methyl 

ester 
C21H40O2 324.5 g/mol 19.45 

Dodecanoic acid, methyl ester C13H26O2 214.3 g/mol 20.06 
Tetracosanoic acid, methyl 

ester 
C25H50O2 382.6 g/mol 21.74  
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represents more stable conformation, and the local maximum energy 
conformed at 75 scan coordinator with -0.226 Hartree energy, which 
denotes less stable conformation on MLL molecules in the torsional 
angle (O19-C1-O20-C21), respectively. 

4.3. Vibrational spectral analysis 

In addition to other fields of research, vibrational spectroscopy has 
contributed to important discoveries in numerous areas of chemistry and 
physics. The molecule of the MLL chemical has 55 atoms and 159 normal 
modes of vibration and belongs to the C1 point symmetry point group 
[29]. The fundamental modes of vibration are determined by the hybrid 
method B3LYP/6-311++G (d,p) level and potential energy distribution 
(PED%) calculated by Veda 04 software are listed in Table 3. The 
observed wavenumber in experimental infra-red spectrum data and 
theoretical calculation values on the MLL compound are given in Fig. 4, 
respectively. 

4.3.1. C-C band vibration 
Typically, the C-C stretching vibration occurs between 1600 and 

1400 cm− 1 [30]. In this investigation, the C-C oscillating frequency 
bands in the MLL compound appeared in the region 1663 cm− 1 with 
high intensity in the spectrum of FT-IR . The theoretical FT-IR spectra 
have been measured at range 1658 cm− 1 with 45% PED contributions 
and the average variance among between the experimental and theo
retical prediction value is only 5 cm− 1. That appears the quantum 
chemical calculation has compared and well correlated with experi
mental FT-IR spectra, respectively. 

4.3.2. C=O Oscillating Frequency 
The literature survey C=O oscillating frequency observed actively in 

the FT-IR spectrum reported in 1600–1850 cm− 1 [31]. In the current 
study, the C=O band vibration on the title compound absorption region 
in 1827 cm− 1 is exhibited in the FT-IR spectrum with medium intensity. 
The corresponding DFT calculation interpreted B3LYP/6-311++G(d,p) 
set at area 1825 cm− 1 with 62% PED contribution. Both experimental 
and calculated C=O vibration data have been compared and are in good 
agreement with each other. 

4.3.3. C-C Oscillating Frequency 
The C-C oscillating frequency was strongly assigned in the previous 

Fig. 1. GC-MS result of MLL Compound  

Fig. 2. Optimized Structure on MLL Compound  

Table 2 
Optimized Structure of Parameters on MLL Molecules  

Bond 
length 
(Å) 

B3LYP \6- 
311++G 
(d,p) 

Experimental Bond 
length 
(Å) 

B3LYP\6- 
311++G 
(d,p) 

Experimental 

C1-C2 1.51 1.50 C10-C11 1.34 1.35 
C1-O19 1.21 1.22 C10-H38 1.09 0.93 
C1-O20 1.35 1.38 C11-C12 1.45 1.43 
C2-C3 1.52 1.50 C11-H39 1.08 0.93 
C2-H22 1.09 0.98 C12-C13 1.34 1.35 
C2-H23 1.09 0.99 C12-H40 1.09 0.97 
C3-C4 1.53 1.52 C13-C14 1.50 - 
C3-H24 1.09 0.97 C13-H41 1.09 - 
C3-H25 1.09 0.97 C14-C15 1.54 - 
C4-C5 1.53 1.52 C14-H42 1.09 0.93 
C4-H26 1.09 0.97 C14-H43 1.10 0.93 
C4-H27 1.09 0.97 C15-C16 1.53 1.52 
C5-C6 1.53 1.50 C15-H44 1.09 0.93 
C5-H28 1.09 0.96 C15-H45 1.09 0.93 
C5-H29 1.09 0.96 C16-C17 1.53 - 
C6-C7 1.53 1.51 C16-H46 1.09 - 
C6-H30 1.09 - C16-H47 1.09 - 
C6-H31 1.09 - C17-C18 1.53 1.51 
C7-C8 1.53 1.51 C17-H48 1.09 - 
C7-H32 1.09 0.97 C17-H49 1.09 - 
C7-H33 1.09 0.97 C18-H50 1.09 - 
C8-C9 1.54 1.51 C18-H51 1.09 - 
C8-H34 1.09 0.93 C18-H52 1.09 - 
C8-H35 1.09 0.93 O20-C21 1.43 1.46 
C9-C10 1.50 1.51 C21-H53 1.09 - 
C9-H36 1.10 - C21-H54 1.09 - 
C9-H37 1.09 - C21-H55 1.92 - 
C2-C1- 

O19 

125.85 124.2 H36-C9- 
H37 

106.34 - 

C2-C1- 
O20 

110.85 109.5 C9-C10- 
C11 

125.30 - 

O19-C1- 
O20 

123.28 125.8 C9-C10- 
H38 

116.11 - 

C1-C2- 
C3 

113.18 113.8 C11- 
C10-H38 

118.57 119.8 

C1-C2- 
H22 

107.67 107.9 C10- 
C11-C12 

123.87 - 

C1-C2- 
H23 

107.74 107.9 C10- 
C11-H39 

118.30 119.8 

C3-C2- 
H22 

111.24 - C12- 
C11-H39 

117.81 - 

C3-C2- 
H23 

111.29 - C11- 
C12-C13 

127.28 - 

H22-C2- 
H23 

105.30 - C11- 
C12-H40 

115.14 - 

C2-C3- 
C4 

112.77 - C13- 
C12-H40 

117.57 - 

C2-C3- 
H24 

109.10 109.5 C12- 
C13-C14 

127.84 - 

C2-C3- 
H25 

109.09 109.5 C12- 
C13-H41 

117.30 - 

C4-C3- 
H24 

109.96 109.5 C14- 
C13-H41 

114.84 - 

C4-C3- 
H25 

109.95 109.5 C13- 
C14-C15 

112.79 - 

H24-C3- 
H25 

105.70 - C13- 
C14-H42 

111.09 - 

C3-C4- 
C5 

113.20 - C13- 
C14-H43 

108.94 - 

C3-C4- 
H26 

109.44 109.4 C15- 
C14-H42 

109.28 - 

C3-C4- 
H27 

109.48 109.4 C15- 
C14-H43 

108.35 - 

C5-C4- 
H26 

109.26 109.4 H42- 
C14-H43 

106.10 - 

C5-C4- 
H27 

109.27 109.4 C14- 
C15-C16 

113.21 - 

H26-C4- 
H27 

105.90 - C14- 
C15-H44 

109.22 - 

C4-C5- 
C6 

113.56 - C14- 
C15-H45 

108.94 - 

(continued on next page) 
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review at area 1590-1000 cm− 1 [32]. In the title molecules C-C oscil
lating frequency observed bands are exhibit at 1069, 1118 and 1198 
cm− 1 in infra-red spectrum and all three bands are expected range re
ported with minimum intensity. While the calculated FT-IR spectra on 
C-C oscillating vibrations are recorded in the region at 1060, 1118 and 
1197 cm− 1 appeared with mixed modes of potential energy distribution 
(PED%). The mean value different between theoretical and experi
mental on the C-C band appears at 3.3 cm− 1 that show both spectra have 
compared and well correlated successively. 

4.3.4. C-H Oscillating Frequency 
In the literature survey, the C-H oscillating frequency occurred in the 

range of 3250–2950 cm− 1 [33]. In the present investigation on C-H band 
vibrations totally seven predictions are assigned in the region at 3180, 

3162, 3135, 3094, 3080, 3068 and 3057 cm− 1 with strong intensity in 
the infrared spectrum. The theoretical prediction of C-H stretching fre
quency observed bands at 3172, 3159, 3139, 3097, 3079, 3070 and 
3052 cm− 1 with corresponding PED with high and medium percentage 
appear in the MLL compound. Both wave numbers show good agreement 
with the observed spectral and literature data respectively. 

4.4. NBO analysis 

Normally, the natural bond orbital is a very useful tool for investi
gating (hyperconjugate interaction, charge transfer between donor, 
acceptor and intra-inter molecular hydrogen-bonding interaction) with 
in molecular system have been obtained by B3LYP/6-311++G(d,p) 
level of quantum chemical theory [34]. The bonding (σ, π) and 
nonbonding (σ*, π*) interaction gaps used to identify based on the Lewis 
structure and the donor interaction represent Lewis-type occupied NBOs 
(bonding) and the acceptor interaction indicate non Lewis-type unoc
cupied NBOs (non-bonding) both energy interactions are used to inter
pret by second order perturbation theory [35]. In this study the strong 
hyper conjugate interaction of the MLL molecule was expected from the 
lone pairs (donor) (LP) O20 and (LP) C19 that exhibit anti-bonding pair 
(acceptor) π*C1-O19 and σ*C1-C20 with stabilization energies 49.20, 
34.26 Kcal/mol both donor-acceptor interactions are occur more elec
tron density in MLL molecular system as shown in Table 4 which is 
denoted by strong intermolecular charge transfer (ICT) in the MLL 
compound that molecules related to more biological activity. On the 
other hand, the minimum electron density energy transfer between 
bonding pairs (σ) to anti-bonding pair (σ*) intermolecular orbital in
teractions σC10-H38→ σ*C11-H39 and σC11-H39→ σ*C10-H38 with stabi
lization energy E(2) values 4.81 and 4.57 Kcal/mol, those 
donor-acceptor interactions assigned less electron density in the title 
compound respectively. 

4.5. Muliken Population Analyses 

The mulliken population analysis depends on the electron density of 
three dimensional on each atom in MLL molecules computed by the 
Gaussian 09 program in the DFT/B3LYP approach with 6-311++G (d,p) 
level as given in Table 5 [36,37]. The current study on MLL molecules 
describes the charge distribution with in the molecules, in that the whole 
hydrogen atoms predict as electropositive charge such as H22, H23, H52, 
H53, H54 and H53 with atomic charge 0.130, 0.129, 0.101, 0.118, 0.128 
and 0.128 a.u and the highest electron density in hydrogen molecules 
has H23→ 0.129 a.u as shown in Fig. 5 because (CH2-C) which is 

Table 2 (continued ) 

Bond 
length 
(Å) 

B3LYP \6- 
311++G 
(d,p) 

Experimental Bond 
length 
(Å) 

B3LYP\6- 
311++G 
(d,p) 

Experimental 

C4-C5- 
H28 

109.22 109.5 C16- 
C15-H44 

109.43 - 

C4-C5- 
H29 

109.22 109.5 C16- 
C15-H45 

109.70 - 

C4-C5- 
H28 

109.33 109.5 H44- 
C15-H45 

106.05 - 

C6-C5- 
H29 

109.27 109.5 C15- 
C16-C17 

113.56 - 

H28-C5- 
H29 

105.92 - C15- 
C16-H46 

109.29 109.5 

C5-C6- 
C7 

113.48 - C15- 
C16-H47 

109.35 109.5 

C5-C6- 
H30 

109.26 - C17- 
C16-H46 

109.19 109.5 

C5-C6- 
H31 

109.31 - C17- 
C16-H47 

109.22 109.5 

C7-C6- 
H30 

109.26 - H46- 
C16-H47 

105.92 - 

C7-C6- 
H31 

109.28 - C16- 
C17-C18 

113.22 - 

H30-C6- 
H31 

105.94 - C16- 
C17-H48 

109.21 - 

C6-C7- 
C8 

113.53 - C16- 
C17-H48 

109.20 - 

C6-C7- 
H32 

109.30 - C18- 
C17-H48 

109.48 - 

C6-C7- 
H33 

109.25 - C18- 
C17-H49 

109.48 - 

C8-C7- 
H32 

109.29 109.8 H48- 
C17-H49 

105.97 - 

C8-C7- 
H33 

109.24 109.8 C17- 
C18-H50 

111.49 - 

H32-C7- 
H33 

105.93 109.8 C17- 
C18-H51 

111.18 - 

C7-C8- 
C9 

113.17 109.8 C17- 
C18-H52 

111.20 - 

C7-C8- 
H34 

109.70 - H50- 
C18-H51 

107.65 - 

C7-C8- 
H35 

109.43 - H50- 
C18-H52 

107.64 - 

C9-C8- 
H34 

108.97 107.8 H51- 
C18-H52 

107.46 - 

C9-C8- 
H35 

109.22 108.8 C1-O20- 
C21 

115.26 - 

H34-C8- 
H35 

106.07 - O20- 
C21-H53 

105.70 - 

C8-C9- 
C10 

113.25 - O20- 
C21-H54 

110.71 109.8 

C8-C9- 
H36 

108.30 107.8 O20- 
C21-H55 

110.70 109.8 

C8-C9- 
H37 

109.55 - H53- 
C21-H54 

110.51 - 

C10-C9- 
H36 

109.43 - H53- 
C21-H55 

110.51 - 

C10-C9- 
H37 

109.70 - H54- 
C21-H55 

108.67 109.8  

Fig. 3. Potential Energy Surface Curve of MLL  
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Table 3 
Vibrational Assignment on MLL compound  

B3LYP/6-311++G (d,p) Experimental Vibrational Assignments+(PED) 

3172 3180 ʋCH(79) 
3159 3162 ʋCH(70) 
3153 - ʋCH(99) 
3139 3135 ʋCH(50) 
3132 - ʋCH(44) 
3127 - ʋCH(88) 
3111 - ʋCH(72) 
3106 - ʋCH(46) 
3097 3094 ʋCH(46) 
3088 - ʋCH(77) 
3079 3080 ʋCH(48) 
3072 - ʋCH(32) 
3070 3068 ʋCH(93) 
3066 - ʋCH(27) 
3056 - ʋCH(55) 
3055 - ʋCH(49) 
3052 3057 ʋCH(81) 
3042 - ʋCH(82) 
3038 - ʋCH(91) 
3037 - ʋCH(67) 
3033 - ʋCH(35) 
3028 - ʋCH(77) 
3026 - ʋCH(58) 
3022 - ʋCH(47) 
3020 - ʋCH(78) 
3012 - ʋCH(88) 
3011 - ʋCH(167) 
3008 - ʋCH(64) 
3007 - ʋCH(81) 
3001 - ʋCH(95) 
1825 1827 ʋOC(62) 
1731 1728 ʋCC(62) +δHCC(10) 
1658 1663 ʋCC(45) 
1528 1530 δHCH(44) 
1527 - δHCH(41) 
1519 - δHCH(41) 
1518 - δHCH(63) 
1514 1514 δHCH(38)+τHCCC(14) 
1511 1511 δHCH(70) 
1509 - δHCH(24) 
1506 - δHCH(62) 
1501 - δHCH(89) 
1500 - δHCH(176) 
1497 1496 δHCH(80) 
1495 - δHCH(81) 
1491 1490 δHCH(78) 
1483 1480 δHCH(74) 
1475 1472 δHCH(85) 
1454 - δHCC(65) 
1428 1432 δHCH(91) 
1422 - τHCCC(22) 
1418 - τHCCC(28) 
1414 - τHCCC(22) 
1410 - τHCCC(23) 
1391 - τHCCC(11) 
1389 1381 τHCCC(12) 
1363 - τHCCC(15) 
1350 1348 δHCC(16) 
1343 - δHCC(22) 
1342 - δHCC(26) 
1340 - δHCC(32) 
1337 1336 δHCC(15) 
1335 - δHCC(34) 
1331 - δHCC(26) 
1329 - δHCC(17) 
1324 - δHCC(13) 
1315 - δHCC(15) 
1299 - δHCC(22) 
1287 - δHCC(13) 
1277 - δHCC(11) 
1261 - τHCCC(23) 
1215 1213 ʋOC(10)+ δHCH(13)+τHCOC(23) 
1200 - δOCO(11) 
1197 1198 ʋCC(14)  

Table 3 (continued ) 

B3LYP/6-311++G (d,p) Experimental Vibrational Assignments+(PED) 

1179 1179 δHCH(13) +τHCOC(39) 
1137 - τHCCO(14) 
1118 1118 ʋCC(14) 
1097 1096 δHCC(14) 
1077 - ʋCC(30) 
1070 - ʋCC(41) 
1068 1069 ʋCC(51) 
1066 - ʋCC(26) 
1053 - ʋCC(13) 
1045 - ʋCC(42) 
1042 - ʋCC(39) 
1030 - τHCCC(59) 
1024 - ʋOC(19) 
1016 - ʋOC(11) 
1011 - ʋCC(16) 
1000 998 ʋCC(15) 
987 - ʋCC(16) 
984 - τHCCC(13)+ τCCCC(10) 
965 962 ʋCC(23) 
901 - ʋOC(52)  

Fig. 4. FT-IR Simulated Spectrum of MLL  

Table 4 
Donor and Acceptor interaction NBOs analysis on MLL molecules  

Donor NBO 
(i) 

Acceptor NBO 
(j) 

E(2) 
Kcal / mol 

E(j) - E(i) a.u. F(i,j) a.u. 

σC2 –H22 π∗C1 -O19 4.86 0.51 0.047 
σC2 –H23 π∗C1 -O19 4.76 0.51 0.046 
πC10 -C11 π∗C12 –C13 15.66 0.32 0.063 
σC10 –H38 σ∗C11 –H39 4.81 0.98 0.061 
σC11 –H39 σ∗C10 –H38 4.57 0.98 0.060 
πC12 -C13 π∗C10 –C11 14.03 0.31 0.059 
σC12 –H40 σ∗C13 –C14 6.31 0.94 0.069 
σC13 –H41 σ∗C11 –C12 6.35 1.02 0.072 
(LP)O19 σ∗C1 -C2 19.06 0.65 0.101 
(LP)O19 σ∗C1 –O20 34.26 0.63 0.132 
(LP)O20 π∗C1 -O19 49.20 0.33 0.114  
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connected to the two oxygen atoms. Similarly, both oxygen atoms have 
the highest net electronegative charge O19 →-0.479 and O20 →-0.467 a.u 
in the title compound. Amongst all carbon atoms, the C1 atom has more 
net positive charge 0.607 a.u and high net negative charge C18→-0.317 
a.u in MLL compound, respectively. 

4.6. MEP plot analysis 

The molecular electrostatic potential surface describes the size, 
shape, and reactivity of chemical molecules in electrophilic and nucle
ophilic reactions, and the MEP is related to the net electrostatic poten
tial, which produces the total charge distribution of the molecular 
system with electron and proton [38,39]. In the title molecules, the 
carbon dioxide group has a high reactivity site (electrophilic attack) 
based on the red colour region localised, which is denoted by negative 
electrostatic potential, and the methyl group has a high reactivity site 
(nucleophilic attack) according to the blue colour region occupied, 

which represents positive electrostatic potential in the MLL compound, 
as shown in Fig. 6. On the MEP surface, the carbon-oxygen has donated 
the electrons, and the carbon- hydrogen accepts the electron, which is 
highly related to the good biological activity present in the title mole
cules, respectively. 

4.7. Frontier Molecular Orbital 

Electronic parameters such as HOMO, LUMO and energy gap are 
used to predict the strength, stability and reactivity of drug molecules 
interpreted by the DFT/B3LYP/6-311++G(d,p) method [40]. The 
HOMO represents the ability to donate the electron, which appears as 
red colour, the LUMO indicates the ability to accept the electron, which 
appears as green colour and the energy gap is used to describe the soft 
and hard materials [41]. In the current study, the HOMO has occupied 
the centre position in the MLL compound, and that functional group is 
C-H, which is denoted by donor-electrons. Similarly, the LUMO occupies 
the midposition in the title molecules, where the functional group is C-H, 
which is represented by acceptor-electrons like π-π* transition. The 
Koopmans’s theorem used to get electronic properties values such as 
HOMO = -5.331 eV, LUMO = -0.324 eV, and the energy gap = 5.331 eV 
as shown in Fig. 7, indicates high stability and low relativity in the MLL 
molecular system. Additionally, electronegativity (χ), electrophilicity 
Index (ω), chemical harness (ɳ) and softness (σ) are listed in Table 6 
successively 

4.8. UV-Visible spectra on MLL molecules 

The UV-Visible spectra and related properties of oscillation strengths 
(f), excitation energy (eV), and absorption band (nm) have been inter
preted by quantum chemical theory in the DFT/B3LYP/6-311++G(d,p) 
method as calculated in gas phase and correlated with experimental UV- 
Visible spectra [42]. In the current investigation, the electron transition 
225.75 nm, excitation energy = 5.4921 eV, and oscillation strength f =
1.1322 are well correlated with experimental UV-Visible spectra ab
sorption 226 nm, as shown in Fig. 8, which is π→π* electronic transition 
from ground state to excited state in MLL compound, and other ab
sorption 212.51 and 210.92 nm transitions do not coincide with the 
experimental values listed in Table 7, respectively. The absorption band 
of wavelength is 225.75 nm, which is related the major contribution 
HOMO→ LUMO (99%) obtained by GaussSum software. likewise, the 
wavelength of absorption bands have 212.51 nm and 210.92 nm cor
responding H-1->L+1 (98%) and HOMO->L+1 (99%) on the title 
molecules. 

4.9. Thermodynamic Properties 

The typical thermodynamic parameters such as entropy (S), enthalpy 

Table 5 
Mulliken atomic Charge on MLL molecules  

Atoms Charges (eV) Atoms Charges (eV) 

C1 0.607 H29 0.091 
C2 -0.268 H30 0.088 
C3 -0.166 H31 0.088 
C4 -0.179 H32 0.089 
C5 -0.175 H33 0.089 
C6 -0.175 H34 0.097 
C7 -0.173 H35 0.090 
C8 -0.172 H36 0.101 
C9 -0.216 H37 0.093 
C10 -0.075 H38 0.074 
C11 -0.058 H39 0.069 
C12 -0.075 H40 0.072 
C13 -0.088 H41 0.077 
C14 -0.210 H42 0.094 
C15 -0.172 H43 0.101 
C16 -0.165 H44 0.089 
C17 -0.174 H45 0.098 
C18 -0.317 H46 0.087 
O19 -0.479 H47 0.087 
O20 -0.467 H48 0.091 
C21 -0.082 H49 0.092 
H22 0.130 H50 0.099 
H23 0.129 H51 0.101 
H24 0.108 H52 0.101 
H25 0.109 H53 0.118 
H26 0.088 H54 0.128 
H27 0.087 H55 0.128 
H28 0.090    

Fig. 5. Illustrate Atomic Charges of C19H34O2 molecules  

Fig. 6. MEP plot on MLL Compound  
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(H), and heat capacity (C) on MLL compounds are interpreted by stand- 
alone Perl-Script (thermol.pl) and the Gaussian output hybrid function 
B3LYP/6-311++G (d,p) level as given in Table 8 [43]. The thermody
namic functions observed by entropy, enthalpy, and heat capacity have 
been increased. Similarly, the temperature also rose, ranging from 100K 
to 1000K, as shown in Fig. 9 [44], while the molecular oscillating in
tensity also rose with temperature on the title compound. The thermal 
properties have increased the temperature, which shows randomness in 
molecules, the energy distribution in the vibration of particles, and the 
chemical reactivity and good temperature of the MLL molecules. 

5.0. Magnetic resonance analysis on MLL 

Nuclear magnetic resonance, commonly referred to as NMR, is a 
technology with enormous opportunities for examining molecular 
structure designs, and it is frequently used in the chemical and drug 
sectors for clarifying the structures of medicines and other components 
[45,46]. In the current investigation on MLL compounds, chemical shift 
values of proton and carbon NMR in DMSO were calculated by using the 
GIAO technique through DFT/B3LYP/6-311++G (d,p) level as shown in 
Table 9 [47,48]. The linear structure of the MLL compound was 
observed in C NMR at 13.13–155.01 ppm and in proton NMR at 
2.33–7.95 ppm. The theoretical C NMR chemical shift values in the 

carbonyl group have their highest values in the region C1 = 155.01 ppm 
due to the impact of carbon atoms connected with neighbouring elec
tronegative oxygen atoms, which determines the flow of electrons. The 
chemical shift H NMR value was estimated at H39 = 7.95 ppm, which 
connected to C=C and C-C on the title molecules. The commuted 
chemical shift values of methyl and methylene confirm the presented 
MLL compound, respectively. 

5.1. Molecular Docking on MLL compound 

Molecular docking is an efficient tool for investigating biological 
drug materials with ligand-protein interaction and binding to the re
ceptor, which is a three dimensional structure computed by AutoDock 
Tool 1.5.6 software docking analysis [49,50]. In the present investiga
tion, the green synthesis of the MLL ligand selected the active receptor 
4HOE protein, which is classified under Candida albicans. The ligand 
preparation for the Methyl Linoleate compound was downloaded from 
the Molview.org tool for converting PDB databases, and the protein 
taken from the RCSB database was downloaded as PDB file for docking 
process. The MLL molecules exhibit binding energy of -4.49 kcal/mol, 
which shows maximum negative binding energy and indicates strong 
binding energy in ligant-protein interaction. The binding residues 4HOE 
show ALA 115 (O...HN), Estimated Inhibition Constant 514.52 μm and 
Reference RMSD value 28.52 Å were listed in Table 10. Those values 
represent a good docking score, and the title molecules show a good 
inhibitor of the 4HOE receptor with one hydrogen bond distance value 
of 2.0 Å against Candida albicans as shown in Fig. 10 that is related to 
stable ligand-protein interaction successively. 

Fig. 7. HOMO, LUMO diagram on MLL molecules  

Table 6 
Electronic parameters calculated on MLL molecules  

S.NO Electronic parameters B3LYP/6-311++G(d,p) 

1 EHOMO (eV) -5.33 (eV) 
2 ELUMO (eV) -0.32 (eV) 
3 EHOMO- ELUMO (eV) 5.33 (eV) 
4 Ionization potential (IP) 5.65 (eV) 
5 Electron affinity (EA) 0.32 (eV) 
6 Electronegativity (χ) -4.38 (eV) 
7 Chemical potential(μ) 4.38 (eV) 
8 Chemical hardness(ɳ) 2.66 (eV) 
9 Chemical softness(σ) 0.31 (eV− 1) 
10 Electrophilicity Index(ω) 1.67 (eV)  

Fig. 8. UV-Vis Spectra on MLL molecules  
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5.2. Conclusion 

The Methyl Linoleate was synthesized from the methanol crude of L. 
AegleMarmelos and identified from the GC-MS result. The optimized 
geometry structure of MLL was compared with XRD values and The 
Potential Energy Scan (PES) exhibit the conformational stability at 
minimum energy. The FT-IR spectra with intensity observed and the 
calculated wavenumber with PED% were carried out in the Veda 04 
program. Both theoretical and experimental spectra are confirmed by 
good qualitative agreements. The UV-Vis spectra observed at 225 nm 
and well correlated with the DT-DFT computed by 226 nm. The MEP 
plot exhibits electrophilic attack in carbon dioxide group (donor) and 
nucleophilic attack in the methyl group (acceptor) and Muliken popu
lation analysis on the MLL compound was also calculated. The HOMO- 
LUMO transition revealed an energy gap of 5.3315 eV for high 

stability and low reactivity, which is related to more biological activity. 
The NBO investigate strong conjugate interaction exhibit (σ)O20→(π*) 
C1-C19 with more stabilization energy (49.20 Kcal/mol). The thermo
dynamic properties were estimated at various temperatures from 100 
-1000 k. The chemical shift values of proton and carbon NMR in DMSO 
was calculated. The MLL molecules showed good inhibitor of the 4HOE 
receptor against Candida albicans, corresponding to stable ligand- 
protein interactions successively. 
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Table 7 
UV- Vis Excitation Energy and Oscillator Strengths on MIP  

States B3LYP/6-311++G(d,p) Experimental 
(nm) 

Major Contributions 
Energy (%) 

Gas Phase 

Absorption band λ 
(nm) 

Excitation energies (eV) Oscillation Strength  

S1  225.75  5.492  1.1322  226 
HOMO->LUMO (99%)  

S2  212.51  5.834  0.0007  - 
H-1->L+1 (98%)  

S3  210.92  5.878  0.0000  - 
HOMO->L+1 (99%)  

Table 8 
Thermodynamic parameters at different temperatures on MLL  

T(K) S(J/mol.K) C(J/mol.K) H(kJ/mol) 

100 493.602 206.347 13.062 
200 665.492 297.927 38.378 
298.15 802.843 400.617 72.475 
300 805.327 402.74 73.218 
400 937.185 519.528 119.333 
500 1065.034 628.057 176.829 
600 1188.02 721.295 244.427 
700 1305.294 800.078 320.605 
800 1416.612 866.926 404.045 
900 1522.106 924.042 493.667 
1000 1622.067 973.093 588.585  

Fig. 9. Compared Graph of thermodynamic parameters at different tempera
ture on MLL 

Table 9 
Theoretical NMR Chemical Shift values of MLL  

Atom Theoretical chemical shift in 
ppm 

Atom Theoretical chemical shift in 
ppm 

C1 155.01 H43 3.56 
C10 124.87 H36 3.55 
C13 116.22 H37 3.55 
C11 114.82 H22 3.45 
C12 114.32 H23 3.45 
C21 42.67 H25 3.11 
C16 32.77 H24 3.11 
C6 31.78 H44 2.78 
C7 31.53 H45 2.77 
C5 31.38 H48 2.74 
C8 30.38 H49 2.74 
C15 30.33 H28 2.71 
C4 30.13 H29 2.69 
C2 29.25 H34 2.68 
C9 28.81 H35 2.68 
C14 28.09 H50 2.64 
C3 26.80 H30 2.62 
C17 23.62 H31 2.62 
C18 13.13 H46 2.59 
H39 7.95 H47 2.59 
H40 6.92 H32 2.57 
H38 6.48 H33 2.57 
H41 6.15 H26 2.47 
H55 5.06 H27 2.47 
H54 5.06 H51 2.33 
H53 4.80 H52 2.33 
H42 3.56    
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