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Abstract

Slow evaporation was used to create an organic crystal of 2-
aminopyridinedibromomethane  (2APDM).  Powder  X-Ray
Diffraction (PXRD) was utilized to validate the crystalline nature
and phase purity of the produced crystal, while single crystal X-
Ray Diffraction (SXRD) was used to analyse its structural
characteristics. The FT-IR spectra of the formed crystal were used
to identify different functional groups. UV-Vis-NIR spectroscopy
investigations were used to assess the crystal's potential for optical
applications. To further investigate the possible intermolecular
interactions, Hirshfeld surface analysis was used. The HOMO-
LUMO analysis and electronic absorption spectra were determined
using density functional theory calculations using B3LYP/6-
311++G(d,p) basis sets. The Dipole moment, Polarizability, and
Hyperpolarizability, as well as Natural Hyperpolarizability, were
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1. Introduction

Organic nonlinear optical crystals have
a wide range of possible applications, including
photonics,  frequency  doubling, optical
switching, modulation, laser remote sensing,
and optical device manufacture. Growing
crystals with improved nonlinear optical
behaviour is also in high demand, with
applications in electronics, optical

Published by: The Mattingley Publishing Co., Inc.

communication, and storage systems [1].
Organic crystals are significant because they
serve as a source of light in electro-optics [2-8].
Organic materials' nonlinear behaviour is due to
their large degree of delocalized electrons [9].
Organic compounds have significant NLO
responses due to the presence of a donor and
acceptor network in their molecular structure,
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which allows for a wide range of design
options.

Organic materials are also advantageous
because their synthetic flexibility allows them to
adjust optical qualities by improving structural
reformation and revealing large later damage
thresholds.

New crystals of 2-
aminopyridinedibromomethane (2APDM) were
developed using a slow evaporation solution
growth technique, and XRD, FT-IR, UV-Vis
spectroscopy, and theoretical calculations were
performed on the grown crystal. The molecule's
intermolecular interaction was determined using
3D Hirshfeld surface analysis. The values of the
molecules dipole moment (u), Polarizability(a),
and First-order hyperpolarizability(f)  were
theoretically determined using the DFT
analysis. The binding energy, RMSD, and
pharmacological activity of the compound were
determined by a docking research.

2. Experimental Procedure
2.1 Crystal growth

2-aminopyridine and dibromomethane
were equimolorally mixed in water and
refluxed for 4 hours. The solution was cooled
in a beaker. At the bottom of the beaker, a
yellow-colored salt developed. 2APDM
produced powder is dissolved in 50 ml water
in a beaker and well mixed with a magnetic
stirrer. To ensure gradual evaporation, the
solution was filtered using microfilter paper

Published by: The Mattingley Publishing Co., Inc.
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and sealed with a perforated cover. Figure 1
shows the 2APDM single crystals formed after
20 days.

1

Figure 1.As grown single crystal of
2APDM

3. Result and discussion
3.1. Powder X-ray diffraction (PXRD)
studies

Powder XRD patterns for the crystal
2APDM were compared with the simulated
SXRD spectral patterns which matches the
identities of the grown 2APDM crystals with
the data shown in Figure 2. The lattice
parameters observed for 2APDM are, a=
5.4965 (5) A, b= 11.9528 (10) A, c= 17.7702
(18) A, B= 95.354 (3) and volume V=
1162.38(19) A * with space group P2i/c. The
calculated lattice parameter from the PXRD
closely matches the reported values [10].
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Figure 2.Comparison of SCXRD and PXRD data of 2APDM single crystal

3.2. FT-IR spectral analysis

Figure 3shows the experimental and
stimulated FT-IR spectra, respectively. Table
1 shows the spectral vibrations of 2APDM as
well as the tentative frequency assignment In
the IR and simulated spectra, the CH
stretching is found at 2958 cm™, 2345 cm™
and 2874 cm™, 2428 cm™, respectively. The
NH asymmetric stretching vibration was
observed at 1745 cm™ and 1732 cm™, in the
spectra of IR and DFT, respectively. The FT-
IR and DFT counterparts show NO,
asymmetric stretching vibration at 1593
cm ‘and 1561 cm* respectively. The band at

Published by: The Mattingley Publishing Co., Inc.

1365 cm* can be attributed to the CH
deformation in IR. The vibrational modes at
1219 cm™* and 1187 cm™* correspond to CO
stretching in both IR and simulated spectra.
The presence of CC stretching vibration is
appeared in both spectra by the intense sharp
band at 954 cm™ and 913 cm™. The CBr
stretching vibration was observed at 665 cm™
and 630 cm™, in the spectra of IR and DFT,
respectively.
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Figure.3 FTIR spectrum of 2APDM crystal

Table .1FT-IR and simulated band
assignment of 2APDM complex

Observed

wavenumbers (cm’ Assignment

1

)

FT-IR | B3LYP

2958 2874 and | CH stretching vibration

and 2428

2345

1745 1732 NH asymmetric
stretching vibration

1593 1561 NO; asymmetric
stretching vibration

1365 - CH deformation

1219 1187 CO stretching vibration

954 913 CC stretching vibration

665 630 CBr stretching vibration

Published by: The Mattingley Publishing Co., Inc.

3.3Hirshfeld surface analysis

The Hirshfeld surface analysis is an
essential  tool for understanding the
interactions  [11]. The intermolecular
interactions were analyzed by crystal explorer
3.1 [12], which produce Hirshfeld surface
(Figure 4) of the compound. The de and di
surfaces indicate the hydrogen donor and
acceptor interactions through dark red spots.
The dnporm red spot indicates the strong
interactions on the molecule, weak interactions
over the blue region, and white regions
indicate no interactions. The fingerprint plots
of atom-atom interactions (Figure 5) indicated
that the intermolecular and intramolecular
interactions were observed between Br...C,
Br...H, C...H, H...H and H...N. the stability
of the material was emphasized by strong
interactions between aminopyridine and the
dibromomethane ion.
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Figure 4.Hirshfeld surface analysis of 2APDM.
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4. COMPUTATIONAL DETAILS
The entire calculations was performed

at DFT/B3LYP levels with the standard basis

038
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set 6-311++G (d,P) on personal computer
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using GAUSSIAN 09W [13]
package,

program

gradient  geometry
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optimization  [14].  Subsequently, the
vibrations in association with the molecule
were derived along with their IR intensity.
The HOMO-LUMO (highest occupied
molecular orbital and lowest unoccupied
molecular orbital) analysis has been carried
out to explain the inter molecular interactions
within the molecule. The natural bonding
orbital’s (NBO) calculations [15] were
performed using program as implemented in
GAUSSIAN 09W package at DFT level.

4.1Electronic Absorption Spectra

The electronic transitions of 2APDM,
TD-SCF/B3LYP/6-311++G (d,p) calculations
were used. The spectra were recorded in gas
and other solvents (Acetone and Water) which
are represented in Figure 6 in comparison with
the experimental one. The maximum
absorption in gas took a position at 380.91 nm,
but the absorption peaks in all other solvents
exhibited small variations than in gas possibly
due to the solvent effect. The UV absorption
was found to be much stronger than that in the
visible region. It was found that the calculated
line shape and relative strengths of peaks are
in good agreement with those of the
experimental results [16]. Table 2 shows the
calculated and experimental wavelengths from
absorption (Amax), % contribution from each
transition, transition energies (E;) and
oscillator strength (f) computed at the
B3LYP/6-311++G (d,p) level for 2APDM in
gas and different solvents (Acetone and
Water).

Published by: The Mattingley Publishing Co., Inc.
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Figure.6Experimental and Theoretical UV
absorbance spectrum (Recorded by
B3LYP/6-311++G (d,p) in different

solvents) of 2APDM.

Table 2.Experimental and calculated
electronic transition parameters of 2APDM
by a B3LYP/6-311++G (d,p) method in gas

and other solvents.

Sol | Spe | Elec | E; | Amax f |€
ven | ctru | tron Exper | Calc (
t m ic iment | ulat %
Tra al ed )
nsiti
on

Ga | UV | Exci | 3.
S ted |18 380. | 0.
state | 80 91 34
| 72
(H-
4)-L
(H-
3)-L
(H-
2)-L
Exci | 3.
ted |45 313. | 0.
state | 43 95 00
I 33
(H-

o Ol N W

W ©O© O -
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1)-L 4)-L 3
H-L (H-
Exci | 3. 312. 3)-L
ted |56 47 10. |9 (H-
state | 49 00 |0 2)-L
Il 07 |5 Exci | 4. 293. | 0.
(H- 6 ted |21 50 |00 |3
1)-L state | 78 07 |4
H-L I 9
Ac | UV | Exci | 3. 371. | 0. (H- 2
eto ted |82 93 |00 |3 1)-L
ne state | 78 05 |0 H-L
I 3 Exci | 4. 287.
(H- 5 ted |31 54 |0. |8
4)-L 1 state | 32 00 | 9
(H- 3 i 17 |5
3)-L (H- 3
(H- 1)-L
2)-L H-L
Exci | 4. 296. | 0. |2 *H-HOMO, L-LUMO
ted |17 98 |00 |9 E Transition energy (eV)
state | 48 07 |9 Amax — Electronic absorption wavelength (nm)
1 3 f — Oscillator strength
(H- € - Contribution (%)
|1_|)IL' 4.2 Frontier Molecular Orbital (FMO)
. Analysis
Exci | 4. 290. . .
The orbital energy level analysis for
ted |12 50 0.9 2APDM on the DFT/B3LYP/6-311++G(d,p)
state | 49 00 |1 L . .
levelindicates Epomo  (highest  occupied
Il 16 |4 .
molecular orbital) and Eymo (lowest
(H- 7 . .
unoccupied molecular orbital) values of -
1)-L 3.9119%Vand -3.5424eV, respectively. The
H'L_ significance of the HOMO-LUMO energy
Wa | UV | Exci | 3. 370.10. 3 separation should implythe reactivity pattern
ter ted |83 358 61 10011 of the molecule. The charge densities of the
state | 31 052 HOMO and LUMO are provedin Figure
! 0 7.The DFT level calculated energy gap is
(H- L 0.3695¢V.
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@

AE = 0.3695 eV

HOMO =-3.9119 eV

Figure 7. TheHOMOandLUMOorbitalfor 2APDM

4.3Determination of dipole moment (p),

Polarizability (a) and First order
hyperpolarizability (B)
The calculation of static dipole

moment (), Polarizability (o) and First order
hyperpolarizability (B) for the better
understanding of the electronic structure of the
material and their NLO behavior can be well
depicted through the Quantum Chemical
approach [17] from which the correlation
between the structure and the NLO activity
can be easily described. The NLO properties
are very much influenced by the values of

Published by: The Mattingley Publishing Co., Inc.

dipole moment, electron mobility,
polarizability and hyperpolarizability [18-20].
The increase in the values of polarizability and
hyperpolarizabilities results with increasing
NLO properties in a material. The NLO
properties of a 2APDM molecule such as
molecular dipole moment (pn), mean
polarizabilityb(a),  anisotropy  of  the
polarizability (Aa) and first order molecular
hyperpolarizabilities B have been
investigated using DFT method with B3LYP
level with 6-311++G(d,p) basic set using the
below equations.
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Miot= (Mx+Hy+Hz) &

1
Otot = E(axx+ Olyyt 0z7)

Ao = %[ (axxﬂyy)z*' ((lyy'azz)z"' (0zz-

1,
(xxx)2 + 6(1X22+ 6axy2+ Gc)cyzz]/2

Btot: [(BXXX + Bxyy + BXZZ1)2+ (Byyy + Byzz +
Byxx)2+ (BZZZ + BZXX + BZW)Z]/Z

The first order molecular hyperpolarizabilioty
(B) is denoted by 3 x 3 x 3 matrix, which is a

November/December 2020
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tensors are acquired by Gaussian frequency
job output file which are given in table 3. The
calculated values of along with their tensor
components are also listed in the Table 3. The
estimated values polarizability and
hyperpolarizabilities are converted into
electrostatic units (e.s.u) since the values were
reported in atomic units (a.u). the values of
polarizability are converted using 1 au =
0.1482 x 10%*esu, similarly for B values are
converted using 1 a.u = 8.6393 x 10™%esu [21,
22]. For the present compound, the estimated
values of y, a, Ao and B are found 9.7072 D,

Published by: The Mattingley Publishing Co., Inc.

third rank tensor. On account of Kleinma_m (l)igig;xlo)%gszjiube re;)igt?jzly. a.u.and
symmetry, the 27 elements of the 3D matrix
will be reduced to 10 components. The values
of polarizability and hyperpolarizability

Dipole moment (Debye) Hyperpolarizability (a.u)

Parameter | B3LYP/ 6-311++G (d,p) | Parameter | B3LYP/ 6-311++G (d,p)

iy -9.6795 Procx -8.3171

Ly 0.2228 Byyy 10.4069

1 0.6978 Br 0.2667

M 9.7072 Bryy 6.5845

Polarizability (As) Bxxy -48.5784

O -128.3487 Bz -1.1722

Oy 1.3352 Byzz 28.1260

Oy 6.0038 Byzz -2.4476

Olyy -75.6969 Byyz -22.3665

Olyz 2.0951 Buyz -6.6623

Oy -112.9622 Brot 0.46428x10 " esu
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OTot 15.6601 x10"*%esu

Ad 48.3617 a.u
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Table 3. The electric dipole moment (), polarizability (a1o:) and hyper polarizability (Bro) at
APCC at B3LYP6-311++G(d,p) method.

4 NBO Analysis

The charge transfer interactions
connecting the bonds are determined using
natural bond orbital analysis. The molecule's
NBO was calculated at the B3LYP/6-311++G
(d, p) level. The estimation of the off-diagonal
NBO Fock matrix elements F(i,j) is provided
by this energy interaction which is acquired
using the second-order perturbation method
[23, 24]. From NBO analysis, the one-centre
lone pairs and two-centre bonds illustrate the
chemical bonding for a stable molecular
species, to the respective single Lewis
structure. In addition to the valence anti-bonds
(BD*), the non-Lewis set comprises
unoccupied valence nonbonding (LP*) and
extra-valence-shell Rydberg (RY*) orbitals.
The deficiency of the Lewis-type NBOs
(bonds and lone pairs) in indicating the density
matrix may be quantified with the occupancy
of those NBOs. The energy of the
delocalization, Eijis calculated as
E(2)=AE;j = iF (i)’ /(zj - i)

(1)

Wherein(1) is the energy of hyper
conjugative interactions. Qi is the occupancy
of the donating (Lewis type) orbital, €1 and gj
are the energies of the donating and accepting
orbitals, and Fij is the off-diagonal element of
the Fock matrix inside the NBO basis .NBO
analysis was performed on the2APDM
molecule at the B3LYP/6-311++G(d,p) level
to explain intramolecular hybridization and

Published by: The Mattingley Publishing Co., Inc.

electron density delocalization within the
molecule.

In computational chemistry, the natural bond
orbital (NBO) analysis is used to calculate
bonds, donor-acceptor interactions, bond
order, and electron density distribution among
atoms [25]. Table 4 shows the results of the
analysis. The intramolecular hyper conjugative
interactions are formed by overlapping the
orbitals between bonding (C-C) and (C-N) and
anti-bonding (C-C)and (C-N) orbital which
outcomes in intramolecula charge transfer
(ICT) stabilizing the molecular system which
leads to increase in electron density.
Interaction between the antibond (C14-N24),
(C10-N23) to antibonding (C10-N23), (C6-
C8) is seen to give the strongest stabilization
(102.6  KJmol™,  75.92KJmol™) similarly
interaction between the nitrogen lone pair and
the antibond (C10-N23), (C2-C4) is seen to
give the strong stabilization energy (56.93 and
35.08KJmol™).
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Table 4.Second-order perturbation theory analysis of Fock matrix in NBO basis of 2APDM

Donor(i) E D (i ) | Acceptor(j) ED()(e | E(2)? E()- F(@i.j)°
(e) ) (kcal/mol) | E(i)°
(au.)
(a.u.)
n(C2 - C4) 1.77101 | n*(C6-C8) 0.20833 | 18.22 0.32 0.069
n(C6 — C8) 1.71658 | m*(C10-N23) | 051922 | 26.52 0.27 0.080
n(C10 — N23) 1.75320 | w*(C14-N24) | 0.64031 | 45.28 0.26 0.107
n(C15 - C17) 1.71157 | n*(C14 -N24) | 0.64031 | 31.87 0.22 0.082
n(C19-C21) 1.73779 | n*(C15-C17) | 0.20532 | 18.89 0.32 0.070
n(1) N25 1.55738 | n*(C2—-C4) 0.21931 | 35.08 0.31 | 0.098
n(1) N25 1.55738 | n*(C 10—N23) | 0.51922 | 56.93 029 [0.116
n*(C10-N23) | 0.51922 | n*(C6—-C8) 0.20833 | 75.92 0.04 0.082
n*(C14 —N24) | 0.64031 | n*(C 10-N23) | 0.51922 | 102.06 0.04 0.077
n*(C14 — N24) | 0.64031 | n*(C 15-C17) | 0.20532 | 42.76 0.09 0.087

ED(e) is the electron density of donor and acceptor of
NBO orbitals.

a. E(2) means the energy of hyperconjugative
interactions.

b. Energy difference between donor and acceptor i and j

< yellow < green < blue. The blue regions on
the surface signifies the positive value of the
potential which are electron deficient areas,
the red regions indicates the negative value of

NBO orbitals.
c. F(i,j) is the Fock matrix element between i and j NBO
orbitals.

4.5 Molecular electrostatic potential (MEP)

The MEP map for the 2APDM
molecule was carried out using B3LYP/6-
311++G(d,p) basis set. The three dimensional
MEP map of the 2APDM compound
encompassing different color codes between
deepest red and deepest blue, ranging from -
0.106 to 0.106 eV is shown in the Figure 7.
Red, blue and green are the three important
colors which decide the value of the
electrostatic potential. The value of the
potential expands in the sequence red < orange

Published by: The Mattingley Publishing Co., Inc.

the map which are highly electron rich areas,
whereas the zero potential of the map will be
denoted by the green color [28,29]. The
yellow and light blue regions on the surfaces
are slightly electron rich and slightly electron
different areas. As the negatively charged
surfaces (high electron density) such as red
and yellow color regions are targeted to
electrophiles or protons and hence are meant
for electrophilic attack whereas the positively
charged surfaces (low electron density) such
as blue and light blue regions are associated
with nucleophilic attack. The blue and red
region on the surface signifies the strongest
attraction and repulsion respectively [30]. It is
clear from the figure, while area having the
negative potential is over the electronegative
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atom (oxygen atom), the regions having the
positive potential are over the hydrogen atoms.

Figure 7.Calculated 3D molecular
electrostatic potential contour map of
2APDM.

4.6Mulliken population analysis (MPA) and
Natural population analysis (NPA)

Mulliken population analysis (MPA)
and Natural population analysis (NPA) by the
usage of B3LYP/6-311++G(d,p)  method
helps to yield the following charge
distributions on various atoms (Br, C, N, H,
and O) in Table 5. The Mulliken atomic
charges and Natural atomic charges study of
CPM (cluster partitioning method) using the
B3LYP/6-311++G(d,p) method is depicted in
Figure 8.The appearance of hydrogen or
oxygen tends the carbon atom to be more
electron-deficient. Positive charges are found
in all hydrogen atoms. The 22 Hatom has a
more positive charge of 0.371544 as compared
to other carbon atoms.

Table 5.Mulliken Atomic Charge and
Natural Atomic Charge of 2APDM

Atoms B3LYP

MPA NPA
1Br -0.636081 | -0.84696
2C 0.188764 0.10687
3H 0.046542 0.17605
4C -0.334634 | -0.19767

Published by: The Mattingley Publishing Co., Inc.
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SH 0.216742 | 0.18879
6C -0.299051 | -0.09536
7H 0.204721 | 0.17850
8C 0.140814 | -0.16693
9H 0.215309 | 0.19651
10C -0.225382 | 0.43171
11C -0.134380 | 0.08249
12 H -0.139017 | 0.20197
13 H 0.347183 | 0.18886
14 C 0.333114 | 0.43699
15C 0.185007 | -0.17920
16 H 0.215185 | 0.19506
17C -0.309074 | -0.07576
18 H 0.204625 | 0.17825
19C -0.413964 | -0.18868
20H 0.199109 | 0.19567
21C 0.047312 | 0.12871
22 H 0.371544 | 0.20760
23N -0.080641 | -0.56547
24 N 0.209322 | -0.38520
25H 0.174598 | -0.38726
26 H 0.268071 | 0.46813
27 H 0.268071 | 0.41823
280 -0.515435 | -0.89190

|
| RS

ATOMIC ClARey

Figure 8.Mulliken population
analysis and Natural population

analysis
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4.7 Global Chemical Reactivity Descriptors
(GCRD)

The energy values computed using
DFT method was further utilized to investigate
the structural stability and global chemical
reactivity of the molecule [31]. As stated by
FMO theory, the energy values of HOMO and
LUMO are very much analogous to the
ionization potential (I) and electron affinity
(A) respectively which can be expressed as,

lonization potential (1) = -Exomo = 3.9119eV
Electron affinity (A) = -E_umo = 3.5424eV

Both these ionization potential and electron
affinity derived using energy values give rise
to different global chemical reactivity
descriptors and their by helps in elucidating
the molecular or atomic properties and
calculating some chemical quantities [32]. The
other parameters of GCRDs of the compound
including Electronegativity (x), Chemical
hardness (1), global softness (o),
electrophilicity (®), and chemical potential
(w), etc., which are defined on the basis of
Koopman’s equation [33] [computed at Gas
[DFT- B3LYP/ 6-311++G(d,p)]] by the
following relations [34].

The Electronegativity of the molecule
estimated as, (y) = (%)

The absolute hardness of the molecule
calculated as, (n) = %

The global softness (inverse of
hardness) of the molecule evaluated as,c = 71,

The chemical potential of the molecule
approximated as, u = — (%) or -(x)

The value of electrophilicity index

2
determined as, w = ‘2‘—7]

Published by: The Mattingley Publishing Co., Inc.
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The global chemical reactivity descriptors
calculated using HOMO - LUMO energy
values reveals that the molecule holds good
Kinetic stability [35] with the hardness value
of 0.1847eV. The value (37.60eV) exhibited
by electrophilicity index (w) endorse the
electrophilic behavior of the molecule. The
negative value of the chemical potential
indicates the stability of the molecule. The
estimated GCRDs in the present work confirm
the excellent chemical strength and stability of
the molecule and hence favor the suitability of
the material for optoelectronic applications.
The calculated values energy gaps, Enomo-
ELumo  together with various GCRDs are
listed in the Table 6.
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Table 6.Calculated electronic properties
and quantum parameters of 2APDM at
DFT/ B3LYP /6-311++G (d,p) level.

Gas [DFT/ B3LYP /6-

Parameters 311++G (d,p] (eV)
Exomo -3.9119
ELumo -3.5424
Egep(eV) 0.3695

lonization potential | 3.9119

(M

Electron affinity (A) | 3.5424

Electronegativity (y) | 3.7271

Chemical hardness | 0.1847
Q)]

Chemical potential | -3.7271
()

Global softness (o) | 21.17

Electrophilicity (o) | 37.60

Dipole moment | 9.7072
(Debye)

4.8 Molecular Docking

PASS (prediction of activity spectra) is
an online tool which predicts different types of
activities based on the structure of a
compound [36]. Molecular docking is an
efficient tool to get an insight into ligand-
receptor interactions and screen molecules for
the binding affinities of a particular receptor.
All  molecular docking calculations were
performed on AutoDock-tool software [37].
The 3D structure of oxidoreductase protein
2FYU [38]was obtained from protein data
bank (PDB ID: 4Z9Q) [39]. 2APDM structure
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was created by using “Chemdraw”. The
AutoDock tools graphical user interface was
used to calculate Geisteger charges, add polar
hydrogen and partial charges using Kollman
united charges. The active site of the enzyme
was
definedtoincluderesiduesoftheactivesitewithint
hegridsizeof62Ax68Ax64 A. The most
popular algorithm, Lamarckian Genetic
Algorithm (LGA) available in AutoDock was
employed for docking. Docking protocol was
tested by docking the co-crystallized inhibitor
onto the enzyme catalytic site which showed
perfect energy .within the cocrystallized ligand
with RMSD well within the allowed range of
2 A. The present study helps us to understand
the interaction between the title compound and
receptor oxidoreductase protein 2FYUand also
explore their binding mode (Figure 9,10). The
calculated the binding energy value is 1.28
Kcal/mol.Estimated inhibition  constant
105.13mM and RMSD value is 71.80A. Our
docking results indicated that the said
compound bound in the pocket includes the
residues construct the active pocket of
oxidoreductase protein.

Fig 9 Prepared Strucure of the chain A
protein 2FYU taken from pymol software
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Figure 10. Docked acceptor-donor surface
view taken from Discovery studio software

5. Conclusion

In conclusion, the present study deals
with  the  crystal  growth,  physical
characterization, and in-depth molecular
orbital energy analysis of the 2APDM single
crystal. From the characterization, the single-
crystal X-ray diffraction analysis indicates the
monoclinic system of 2APDM. Also, the
powder XRD  studies indicated the
identification of crystalline planes where the
peaks are properly indexed. The FTIR spectral
analysis shows the appropriate functional
groups for the 2APDM compound. Further,
with the 2APDM crystals, using DFT
theoretical calculation we performed the
optimized geometrical parameters based on
B3LYP levels of theory with the standard
basis set 6-311++G (d,p). We observed that
the stability has enhanced due to the HOMO-
LUMO energy gap of the 2APDM molecule.
Similarly, the natural bond orbital analyses
used for the investigation of stabilization
energy of various inter and intramolecular
interaction within the systems and the net
charge distribution of the 2APDM compound
was computed by the Mulliken atomic charge
and Natural atomic charge analysis.The
calculated GCRD parameters such as I, A, ¥,
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n, 6, ®, u shows that the material possesses
good chemical strength and kinetic stability
and the calculated values favors the good
candidate suitable for optical applications. The
binding energy for 2APDM is 1.28 kcal/mol,
and docked inhibitors interacted with the
ligand within the 2FYU binding site,
according to the docking output.
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