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a b s t r a c t

A novel pyrazole derivative, 3-(benzo[d][1,3]dioxol-5-yl)-5-(3-methylthiophen-2-yl)-4,5-dihydro-1H-
pyrazole-1-carboxamide was synthesized and characterized by elemental analysis, FT-IR, NMR (1H and
13C), MS, UVevisible spectra and finally the structure was confirmed by the single crystal X-ray
diffraction studies. The title compound (C16H15N3O3S) crystallized in the triclinic crystal system, with the
space group P�ı. A dihedral angle of 65.84(1)� between the pyrazole and the thiophene rings confirms the
twisted conformation between them. The X-ray structure revealed that the pyrazole ring adopts an E-
form and an envelope conformation on C7 atom. The crystal and molecular structure of the title com-
pound is stabilized by inter molecular hydrogen bonds. The compound possesses three dimensional
supramolecular self-assembly, in which CeH/O and NeH/O chains build up two dimensional arrays,
which are extended to 3D network through CeH$$$Cg and CeO$$$Cg interactions. The structure also
exhibits intramolecular hydrogen bonds of the type NeH/N and p$$$p stacking interactions, which
contributes to the crystal packing. Further, Hirshfeld surface analysis was carried out for the graphical
visualization of several short intermolecular interactions on the molecular surface while the 2D finger-
print plot provides percentage contribution of each individual atom-to-atom interactions. The thermal
decomposition of the compound has been studied by thermogravimetric analysis. The molecular ge-
ometries and electronic structures of the compounds were fully optimized, calculated with ab-initio
methods by HF, DFT/B3LYP functional in combination of different basis set with different solvent envi-
ronment and the structural parameters were compared with the experimental data. The Mulliken atomic
charges and molecular electrostatic potential on molecular van der Waals (vdW) surface were calculated
to know the electrophilic and nucleophilic regions of the molecular surface. Nonlinear optical properties
of the title compound were also discussed based on the polarizability and hyperpolarizability values.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Design and development of an accessible procedure for the
synthesis of simple heterocycles with various functionalities is a
worthwhile contribution in organic synthesis. The compoundswith
pyrazole moieties are the most prominent class in active pharma-
ceutical drugs and agrochemicals in controlling infections, diseases
(N.K. Lokanath).
and pests [1]. Pyrazoline carboxamide are the classical compounds
having active functional pyrazoline and amide group. These two
groups plays vital role in the drug action. Pyrazoline carboxamide
and thiocarboxamide inhibit monoamine oxidases (family of en-
zymes present in prokaryotic and eukaryotic organisms that
oxidatively catalyzes monoamines). The dipole moment of these
compounds revealed that the C]S group is more polarizable than
the C]O group [2]. Both thio and carbonyl group in N11 position of
pyrazoline moiety appears to be very effective towards the bio-
logical activity. Pyrazole derivatives with electron donating and
withdrawing substituents modulate the biological activity [3].

mailto:lokanath@physics.uni-mysore.ac.in
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2018.02.068&domain=pdf
www.sciencedirect.com/science/journal/00222860
http://www.elsevier.com/locate/molstruc
https://doi.org/10.1016/j.molstruc.2018.02.068
https://doi.org/10.1016/j.molstruc.2018.02.068
https://doi.org/10.1016/j.molstruc.2018.02.068


Scheme 1. Reaction pathway for the synthesis of the title compound.
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Chalcones having a, b-unsaturated ketone group embedded be-
tween two aromatic rings are of immense importance in the con-
struction of biologically active molecules. These chalcones are the
precursor for the synthesis of various heterocyclic compounds like
benzothiazepines [4], pyrazoles [5], isoxazoles [6] pyrazole car-
boxamide [7] cyclopropyl esters, [8]. In view of these synthetic
utilities and biological activities associated with a, b-unsaturated
ketones and the pyrazole derivatives, we have synthesized the title
compound by the reaction of (E)-1-(benzo[d] [1,3]dioxol-5-yl)-3-
(3-methyltiophene-2-yl)prop-2-en-1-one (1) with semicarbazide
hydrochloride to yield the pyrazole carboxamide. The compound
(1) was synthesized by Claisen-Schmidt condensation reaction
between 3-methylthiophene-2-carbaldehyde and 1-(benzo[d] [1,3]
dioxol-5-yl) ethanone in the presence of potassium hydroxide with
ethanol solvent. As a part of our on-going research work on pyr-
azole derivatives, we herein report the synthesis, spectral charac-
terization and single crystal X-ray diffraction studies of novel 3-
(benzo[d] [1,3]dioxol-5-yl)-5-(3-methylthiophen-2-yl)-4,5-
dihydro-1H-pyrazole-1-carboxamide formed by 3 þ 2 cycloaddi-
tion of thiophene appended chalcone with semicarbazide. Further,
Hirshfeld surface analysis was carried out extensively to under-
stand the intermolecular interactions. The thermal stability of the
title compound was studied through thermogravimetric analysis.
Density functional theory (DFT) was used to perform the geometry
optimization and calculations of the electronic spectra for
exploring the non-linear optical (NLO) applications of the title
compound.
2. Experimental

2.1. Materials and methods

All the chemicals were purchased from commercial suppliers
(Sigma Aldrich) and were used without further purification.
Melting points were determined by an open capillary tube method.
Purity of the compound was checked on thin layer chromatography
(TLC) plates pre-coated with silica gel using solvent system hexane:
ethyl acetate (1:4). The spotswere visualized under UV light. 1H and
13C NMR spectra were recorded on Agilent-NMR 400MHz and
100MHz spectrometer respectively. The solvent CDCl3, with TMS as
an internal standard, was used to record the spectra. The chemical
shifts are expressed in d ppm.Mass spectrumwas obtained onMass
Lynx SCN781 spectrometer TOF mode. Elemental analysis was ob-
tained on a Thermo Finnigan Flash EA 1112 CHN analyzer. The IR
spectrum was recorded by the potassium bromide pellet method
on FT-IR Agilent spectrophotometer. The UVevisible absorption
spectrum was recorded using Shimadzu UV-1800 spectrophotom-
eter. The thermogravimetric analysis (TGA) was carried out by us-
ing Perkin Elmer Pyris TGA instrument.
2.2. Synthesis

To the solution of (E)-1-(benzo[d][1,3]dioxol-5-yl)-3-(3-
methyltiophene-2-yl)prop-2-en-1-one (1) (2.721 g, 10mmol) and
semicarbazide hydrochloride (2) (3.34 g, 30mmol) dissolved in
methanol (5e7ml), glacial acetic acid (6e8ml) was added; the
mixture was refluxed for 6 h in an oil bath. The progress of the
reaction was monitored by TLC. After completion of the reaction,
themixturewas poured into ice cold water. The solid separatedwas
filtered, washed with ice cold water to remove excess semi-
carbazide, dried in vacuum chamber to obtain the crude product.
Colorless rectangular slab like crystals (yield was 84%) of the title
compound were grown by slow evaporation method using ethyl
acetate (1ml), methanol (1ml) and acetonitrile (2 drops) mixture
solvents. The synthetic pathway of the reaction is depicted in
Scheme 1.
2.3. Computational details

The molecular geometry optimization and the vibrational fre-
quency calculations of the title compound were carried out using
Gaussian 09 software suit [9]. Initially the X-ray structure co-
ordinates were used as starting point for the ground state geometry
optimization using Hartree-Fock (HF) and DFT with the Becke-3-
parameter-Lee-Yang-Parr (B3LYP) functional [10,11] levels for the
3-21 þ G, 6-31 þ G(d,p) and 6-311 þ G(d,p) basis sets. The DFT/
B3LYP level of theory with 6-31 þ G(d,p) basis set is extensively
used to carry out the theoretical calculations of the molecule with
different solvent environment to study and compare the solvent
effect on structural parameters of the molecule. The Mulliken
atomic charges, HOMO, LUMO energies and their energy gap were
calculated. The electronic absorption spectrum was investigated
using the TD-DFT [12,13] with B3LYP functional for solvent and gas
phase. Further, dipole moment (m), nonlinear optical (NLO) prop-
erties, linear polarizabilities (a) and first hyperpolarizabilities (b)
have also been studied. Chemcraft [14] software is used to visualize
the optimized structures. The molecular electrostatic potential
(MEP)map and frontier molecular orbitals (FMO)were drawn using
Gauss-View 5.0.8 [15] software. Crystal Explorer 3.1 [16] program
was used for the Hirshfeld surface analysis and its calculations.
2.4. Crystallographic analysis

Rectangular shaped colourless defect free single crystal of
approximate dimension 0.43� 0.36� 0.29mm3 was chosen for X-
ray diffraction studies. X-ray intensity data for the title compound
was collected at temperature 293 K on Rigaku XtaLAB Mini
diffractometer with X-ray generator operating at 50 kV and 12mA,
using MoKa radiation of wavelength 0.71073 Å. Data were collected
with c fixed at 54� and for different settings of 4 (0� and 360�),
keeping the scan width of 0.5�, exposure time of 3 s, the sample to
detector distance of 50mm. The compound C16H15N3O3S crystal-
lized in the triclinic crystal system, in P�ı space group. The complete
intensity data sets were processed using CRYSTAL CLEAR [17]. The
crystal structure was solved by direct method and refined by full-
matrix least squares method on F2 using SHELXS and SHELXL pro-
grams [18], respectively. All the non-hydrogen atoms were refined
anisotropically and the hydrogen atoms were positioned



Fig. 1. ORTEP diagram of the molecule with thermal ellipsoids drawn at 50% probability.
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geometrically, with CeH¼ 0.93e0.97 Å and refined using a riding
model with Uiso(H)¼ 1.2 Ueq(C, N), Uiso(H)¼ 1.5 Ueq (Cmethyl). A total
of 209 parameters were refined with 2647 unique reflections of
3697 observed reflections. After several cycles of refinement, the
final difference Fourier map showed peaks of no chemical signifi-
cance and the residual value was saturated to 0.0507. The
geometrical calculations were performed using PLATON [19]. The
molecular and packing diagrams were generated using the soft-
wareMERCURY [20]. The ORTEP of the molecule with displacement
ellipsoids drawn at 50% probability level is shown in Fig. 1. The
Table 1
Crystal data and structure refinement statistics.

Parameter value

CCDC deposit No. 1557003
Empirical formula C16H15N3O3S
Formula weight 329.37
Temperature 293 K
Wavelength 0.71073 Å
Crystal system, space group Triclinic, P�ı
Unit cell dimensions a¼ 6.364(8) Å

b¼ 11.507(13) Å
c¼ 11.838(13) Å
a¼ 69.58(3)o

b¼ 82.09(3)o

g¼ 86.54(4)o

Volume 804.6(16) Å3

Z 2
Density(calculated) 1.359Mgm �3

Absorption coefficient 0.219mm �1

F000 344
Crystal size 0.43� 0.36� 0.29mm3

q range for data collection 3.07� to 24.4�

Index ranges �7� h� 7
�13� k� 10
�13� l� 13

Reflections collected 3697
Independent reflections 2647 [Rint¼ 0.0373]
Absorption correction multi-scan
Refinement method Full matrix least-squares on F2

Data/restraints/parameters 2647/0/209
Goodness-of-fit on F2 1.034
Final [I> 2s(I)] R1¼ 0.0507, wR2¼ 0.1335
R indices (all data) R1¼ 0.0617, wR2¼ 0.1455
Largest diff. peak and hole 0.360 and �0.325 e Å �3
details of the crystal data and structure refinement are as given in
Table 1.

3. Results and discussion

3.1. Spectral studies

In order to confirm the formation of the synthesized compound
of destination, various spectrochemicalmethods such as FT-IR,Mass
spectra, NMR (1H and 13C) and UVevisible spectra were performed.

3.1.1. NMR spectra
1H NMR spectrum of the title compound showed a singlet peak

at d 2.191 ppm for methyl group. The two methylene protons of the
pyrazole ring C4-Ha and C4-Hb exhibits diastereotopic nature and
appear as a doublet of doublets. C4-Ha appears as doublet of doublet
in the region d 2.999e3.056 ppm (dd, 1H, C4-Ha, J¼ 5.2, 17.6 Hz),
while that of C4-Hb in the region d 3.701e3.775 (dd, 1H, C4-Hb,
J¼ 12.0, 18 Hz), C5-Hc couples not only with C4-Ha but also with C4-
Hb and appears as doublet of doublet in the region d 5.599e5.642
(dd, 1H, C5-Hc, J¼ 5.2, 11.6 Hz) instead of an expected triplet. The
NH2 protons of the amide group and methylene protons of the
piperinal group show two singlets at 6.048 ppm and 6.429 ppm
respectively. The thiophene ring with ortho substitution, the two
protons in the ring appeared as two doublets in the aromatic region
6.757 and 6.926. Further an array of signals in the region
7.145e7.183 ppm as multiplet and 7.476 ppm as singlet were
assigned to three aromatic protons.

In the 13C NMR spectrum, carbon signal at 18.632 is due to
methyl group. C-7, C-8 and C-9 carbons of the newly formed pyr-
azole ring shows the signal at d 47.309, 59.353 and 152.868 ppm.
The other carbon signal for methylene proton is at 106.562. The
signals appears for one carbon each at d 111.024, 113.285, 126.573,
127.4, 130.868,135.095,137.509,145.598,153.817,155.486 ppm. The
carbonyl carbon for the amide group gives signal at d 160.131 ppm.
The 1H NMR and 13C NMR spctra are given in Fig. S1 and Fig. S2 of
the supplementary section.

3.1.2. LCMS study
The mass spectrum showed an Mþ peak at m/e 330.03 with a

relative abundance of 100% corresponding to base peak at m/z



Fig. 2. UVevisible absorption spectrum of the title compound.
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329.4 which corresponds to the molecular mass of the title com-
pound. The mass spectral data shows good agreement with ex-
pected molecular weight. The mass spectrum is shown in Fig. S3.

3.1.3. FT-IR analysis
In FT-IR spectrum the strong absorption band in the region

3400 cm�1 indicates the presence of amide NH2 group. The IR
spectrum of the title compound showed a broad band at 3400 cm�1

attributed to amide NH2 group, two strong bands at 1679 cm�1 and
1607 cm�1 referring to carbonyl and carbon-carbon double bonds.
The experimentally obtained spectrum is compared with the
theoretically calculated values and is given in Figs. S4 and. S5
respectively. The significant normal vibrational frequencies and
their assignments are given in Table S1 of supplementary section.

3.1.4. Optical absorption by UVevisible spectrum
Electronic absorption spectra of organic compounds are based

on the excitation of p electrons to the p* (excited) state, which
occurs in the UVeVis region. The UVevisible spectrum was recor-
ded for the grown crystal in the range of 250e700 nm. The optical
absorption spectrum of the title compound is shown in Fig. 2 and
was recorded using DMSO solvent. The spectrum evidences the
strong absorption in the region 265e360 nm. The optical band gap
energy (1240/l¼ 4.2034 eV) of the grown crystal was calculated
using the lower cut-off wavelength (295 nm). This optimum band
gap energy may have potential optoelectronic applications due to
strong absorption in the near ultraviolet region [21]. The theoreti-
cally calculated band gap energy (4.2116 eV) is in very good cor-
relation with the experimentally determined value.

3.2. X-ray crystal structure

The molecular structure of the title compound has been
confirmed by single crystal X-ray diffraction analysis. The bond
lengths and bond angles are in good agreement with the standard
values and are given in Tables S2 and S3 respectively. The observed
bond distance of N10eC9 is 1.290(3) Å and O13eC12 is 1.228(3) Å
which are consistent with the C]N [22] and C]O character with
the standard bond distance [23]. The bond distance 1.390(3) Å of
N10eN11 is comparable with the standard bond distance value of
1.35 Å. The list of torsion angles is given in Table S4.

In the molecular structure, the five membered thiophene ring
and the five membered pyrazole ring are connected by CeC single
bond with a bond distance of 1.498(4) Å. Nine membered benzo-
dioxole ring is connected to the 3-position of the pyrazole ring.
The torsion angles of �17.2(3)� (N10eN11eC12eN14) and
164.6(2)� (N10eN11eC12eO13) indicates that the segments
C12eN14 and C12eO13 are respectively in the -syn-periplanar and
anþ anti-periplanar conformation. Thus the functional amidogen
and oxygen atoms are twisted out of themean plane of the pyrazole
ring (N10/N11/C7/C8/C9).

A dihedral angle of 65.84(1)� formed by the mean plane of
thiophene ring S1/C2/C3/C4/C6 with the pyrazole ring indicates
that the thiophene ring is twisted from the mean plane of the
pyrazole ring. Similarly, the benzodioxole ring is almost planar with
the mean plane of the pyrazole ring, which is indicated by the
dihedral angle of 2.26(1)�. The pyarazole ring adopts an E-form
with the Cremer and Pople [24] puckering parameters Q¼ 0.095(3)
Å and f¼ 70.7(1)o. The ring puckering analysis reveals that the ring
has a weighted average ring bond distance of 1.4254 Å and
weighted average torsion angle of 6.26�. The ring also take up an
envelope conformation on C7 atom with the pseudo rotation pa-
rameters [25] value, P¼ 230.2(1)� and t¼ 10.0(2)�.

The molecule exhibit CeH··· p interaction; C2eH2···Cg4 ((Fig. 3)
Cg4 is the centroid of the ring C15/C16/C17/C18/C22/C23) with a
CdCg distance of 3.607(6) Å, H$$$Cg distance of 2.73 Å, CeH···Cg
angle of 157�, and with a symmetry code -x, 1-y, 1-z. The molecules
also exhibit Cg···Cg interaction; Cg3···Cg1 ((Fig. 4) Cg3 is the centroid
of the ring N10/N11/C7/C8/C9 and Cg1 is the centroid of the ring S1/
C2/C3/C4/C6) with a CgdCg distance of 3.744(5) Å, a¼ 65.84(2)�,
b¼ 59.6�, g¼ 81.6�, a perpendicular distance of Cg3 on ring S1/C2/
C3/C4/C6¼ 0.5465(1) Å, a perpendicular distance of Cg1 on ring
N10/N11/C7/C8/C9¼1.8953(1) Å, and symmetry code x, y, z. In the
crystal structure, NeH/O hydrogen bonds connect the molecules
into inversion dimers. These molecules are further connected
through inter and intra molecular CeH/O and NeH/N hydrogen
bond interactions [26] forming a three-dimensional network. The
hydrogen bonding geometry is listed in Table 2. The packing of
molecules when viewed down along a-axis shown in Fig. 5 revealed
that the molecules form layered stacking along (0 1 0) plane. The
bridging of molecules through NeH/O hydrogen bond in-
teractions between amidogen and oxygen element results in an
R2
2(8) ring motif [27] to form supramolecular self-assemblies

(Fig. 6).



Fig. 3. The molecules exhibit CdH··· p and CdO$·· p interactions.

Fig. 4. The molecules exhibiting p··· p interactions.

Table 2
Geometric parameters for hydrogen bond interactions (Å,o).

DdH … A DdH H … A D … A DdH … A

N(14)—H(14B)/N(10)c 0.86 2.10 2.708(4) 104
N(14)—H(14A) … O(13)i 0.86 2.36 2.916(5) 157
C(5)—H(5A) … O(19)ii 0.96 2.59 3.390(6) 141

i 1-x, -y, 1-z.
ii 1 þ x, y, �1þz.
c Intra.
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3.3. Hirshfeld surface studies

Hirshfeld surface analysis (HSA) is a powerful tool for the
calculation and the graphical visualization of the intermolecular
interactions in the solved crystal structure. HSA is very unique for
each crystal structures and was carried out by uploading crystal-
lographic information file (CIF) to the Crystal Explorer version 3.1
software. The dnorm plot was mapped on Hirshfeld surface with



Fig. 5. Packing of the molecules when viewed down along the a-axis. The dotted line represents hydrogen bond interactions.

Fig. 6. The supramolecular self-assembly through R2
2(8) ring motif by NeH/O hydrogen bond interactions between amidogen and oxygen element.
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colour scale in between �0.495 au (blue) to 1.616 au (red) respec-
tively. The colour codes on the surface can be used for the analysis
of the molecular contacts, such that regions with red and blue
colour on the dnorm represent the shorter and longer inter contacts,
the white colour indicates the contacts around the van der Waals
radii [28e30].

The calculated volume inside the Hirshfeld surface is 395.05Å3

in the area of 353.28Å2 with globularity (G) 0.737 as well as
asphericity (U) 0.238. The overall calculation is performed with the
TONTO [31] integrated with Crystal Explorer.

Fig. 7 represents two dimensional fingerprint plots (FP) [32,33]
with de and di distances in the range 0.6e2.8 Å display different
intermolecular interactions. Where di is the closest internal dis-
tance from a given point on the Hirshfeld surface and de is the
closest external contacts. The FP reveals the contribution of each
individual intermolecular contact to the surface which can be
identified through colour codes (frequency of presence). If di> de
then this represents the dark regions on the surface are due to
interaction of hydrogen bond acceptors. Similarly, the regions with
de> di value are due to the hydrogen bond acceptors. The white
colour indicates no occurrence, blue indicates some occurrence and
green then red indicates more frequent occurrence of any given (di,
de) pair. From the total contributions the H/H contacts has
maximum and C/N has minimum contributions. Similarly the
C/H, O/H, N/H and S/H contacts also contribute to the total
area of the surface as shown in Fig. 8.
The CeH$$$p and p$$$p interactions are evidently given in
fingerprint plots. The two of spikes with points at de and di in the FP
illustrate that the value of (de þ di ¼ 1.1 þ 1.7) is 2.8 Å for C /H
interactions and (de þ di ¼ 0.8 þ 1.16) 1.96 Å for O /H (Fig. 9) in-
teractions in the donor and acceptor regions of the FP. The inter-
contact distances obtained from Hirshfeld analysis are in good
correlation with the single crystal analysis.

These contacts are highlighted on the molecular surface using
conventional mapping of dnorm, shape index and curvedness as
shown in Fig. 10. The dark red regions on the dnorm surface are due
to short inter contacts (strong hydrogen bonds), while the other
interactions are appear as light-red spots. The red concave region
on shape index is the surface around the acceptor atom and the
blue region is the surface around the donor atoms. The adjacent
red-blue triangles indicates the identical p$$$p stacking in-
teractions over the surface. Curvedness is the root mean square
value of the curvature of the surface. The value of curvedness (low
with flat area and highwith sharp curvature) divide the surface into
contact patches with the nearest molecule. The flat regions of the
surface indicates the p $$$ p stacking interactions [34,35].
3.4. DFT optimized structures and molecular orbitals

The calculated optimized structure of the title compound is
shown in Fig.11. The bond lengths and bond angles calculated using
ab-initio methods HF/3-21G [36] and HF/6-31G* [37] along with



Fig. 7. Fingerprint plots and corresponding surface area of the title compound showing the individual contribution of each interaction.

Fig. 8. Individual contributions of intermolecular interactions to the total area of the surfaces in the title compound.
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Fig. 9. Molecular interactions on Hirshfeld surface.

Fig. 10. dnorm, shape index and curvedness mapped on Hirshfeld surface visualizing the molecular contacts.
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the most commonly used B3LYP/6-31G*, B3LYP/6-311G* [38e42]
basis set with different solvent environment were given in Table 3.
The correlation coefficient (CC) for bond lengths obtained at HF/3-
21G, HF/6-31G* and B3LYP/6-31G* are 0.9895, 0.9922 and 0.9923
respectively. Similarly, the CC for bond angles are 0.9859, 0.9929
and 0.9934 for HF/3-21G, HF/6-31G* and B3LYP/6-31G*. Though all
the methods gave high correlation coefficient values for the bond
lengths and bond angles, B3LYP/6-31G* method with acetone sol-
vent environment gives the highest correlation coefficients when
compared with the other solvent effect. The graphical correlation
between the experimentally determined bond lengths and bond
angles versus theoretically calculated values by HF/3-21G, HF/6-



Fig. 11. Optimized structure of the title compound.
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31G* and B3LYP/6-31G* methods are shown in Fig. 12. DFT geom-
etry optimizations of the title compound was also performed with
different functional (Table S5) and have observed nomajor changes
in the values of structural parameters.

The chemical reactivity of the active sites of the molecule can be
correlated to interactions with the highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)
of the surrounding molecules. The reactive site with higher EHOMO

value is ready to donate electrons to an acceptor region of lower
ELUMO value. Further, smaller band gap energy (DEgap¼ EHOMO -
ELUMO) represents the highly reactive sites and larger band gap
energy represents the poor reactive sites of the molecule. The
dipole moment of the molecule is a very important factor for the
correlation of the electronic properties of the molecule. If the
molecule has large dipole moment, then the intermolecular in-
teractions of the molecule are very strong. The total energy, EHOMO,
ELUMO, the band gap (DEgap), the ionization potential (I¼ -EHOMO),
the electron affinity (A¼ -ELUMO), the absolute electronegativity (c),
the global hardness (h), global softness (s), the global electrophi-
licity (u), the chemical potential (m¼ -c) and the dipole moment
(D) were calculated at the B3LYP/6-31 þ G(d,p) level of theory
[43,44] and are summarized in Table 4. The calculated HOMO and
LUMO band gap energies are as shown in Fig. 13.Where c ¼ (I þ A)/
2, h ¼ (I-A)/2, s¼ 1/h and u¼ m2/2h.
3.4.1. The Mulliken atomic charges and molecular electrostatic
potential

Atomic charges were calculated using ab-initio molecular
orbital calculation at B3LYP/6-31 þ G(d, p) level of theory. The
Mulliken atomic charges of each atom of the compound have been
computed and presented (Table S6 and Fig. 14).

As seen in Fig. 14, it is evident that all the hydrogen atoms are
positively charged. The hydrogen atoms attached to the N14 atom
(NH2 group) have high positive atomic charge compared with the
other hydrogen atoms. The N14 atom have bigger negative (�0.76
e) charge that can be elucidated by their participation in the for-
mation of NeH/N hydrogen bond interaction. All the oxygen
atoms (O13, O19, O21) and carbon atoms (C5, C2, C8, C6) have
shown high negative charges and they are readily interacts with the
positively charged acceptors. C5 carbon atom have shown the
highest electronegativity (�0.68 e), due to the electro-positiveness
of the three surrounded hydrogen atoms. Therefore C5 is ready for
electrophilic attack and the other carbons have positive charges,
which would be responsible for nucleophilic attack sites [45].

The charge distribution of molecule is represented using three
dimensional molecular electrostatic potential (MEP) map (Fig. 15)
in between the colour scale �5.888> a.u. (deep red) to 5.888 a.u.
(deep blue). The variably charged regions of a molecule can be
identified easily through colour scale, which allow us to understand
how the molecules interact with one another and also the nature of
their chemical bond. The positive (blue) regions of MEP represent
the electrophilic reactivity and the negative (green) regions related
to nucleophilic reactivity of the molecule. The red regions in the
molecule were found to be regions are ready for electrophilic
attack. In the figure, the negative regions are concentrated on the
top of the oxygen atom and the blue regions are spread at the top of
the hydrogen atoms of the NH2 group. The remaining regions with
green, yellow and smaller potential are the smaller electronegative
regions.
3.4.2. Polarizability and first order hyperpolarizability calculations
The behaviour of light in nonlinear media, in which the dielec-

tric polarization reacts nonlinearly to the electric field of the light, is
called nonlinear optics (NLO). Amaterial which possesses good NLO
property has got many applications in the field of optoelectronics.
DFT methods have been widely used as efficient tools for the
investigation of NLO properties of organic materials [46e50]. To
gathering the information about the relation between the molec-
ular structures and NLO properties of the title compound, the po-
larizabilities and first order hyperpolarizabilities of the title
compound were calculated using the DFT/B3LYPmethod and the 6-
31 þ G(d,p) basis set.

Further, the total molecular dipole moment (m), linear polariz-
ability (a) and first-order hyperpolarizability (b) were calculated
[51,52] and are given in Table 5.

mtot ¼
�
m2x þ m2x þ m2x

�1=2



Table 3
Theoretically calculated bond lengths (Å) and bond angles (�) of the title compound using different level of theories with different solvent environment.

Bond Lengths
(Å)

XRD (EXP) HF/3-21G HF/6-31G* DFT/6-31G* DFT/6-311G*

GAS DMSO ETOH MEOH Acetone

S1 C6 1.7100 1.8131 1.7434 1.7535 1.751 1.7539 1.7539 1.7539 1.7099
S1 C2 1.7090 1.7923 1.7228 1.7317 1.7299 1.7365 1.7364 1.7365 1.7094
N11 N10 1.4010 1.4104 1.3728 1.3757 1.3707 1.3863 1.386 1.3861 1.4006
N11 C7 1.4810 1.4752 1.465 1.4875 1.4855 1.4847 1.4846 1.4847 1.4807
N11 C12 1.3800 1.3672 1.3689 1.3912 1.3883 1.3915 1.3919 1.3917 1.3799
O19 C18 1.3740 1.3843 1.3525 1.3704 1.3689 1.368 1.368 1.368 1.3738
O19 C20 1.4120 1.4547 1.4104 1.4348 1.4349 1.4394 1.4392 1.4392 1.4124
O21 C22 1.3700 1.3888 1.3569 1.3744 1.373 1.3726 1.3727 1.3726 1.3698
O21 C20 1.4330 1.4518 1.4074 1.4315 1.4314 1.4362 1.4362 1.4362 1.4334
O13 C12 1.2280 1.2259 1.2049 1.2271 1.2213 1.2319 1.2315 1.2317 1.2283
N10 C9 1.2900 1.2664 1.2601 1.2931 1.2898 1.2923 1.2923 1.2922 1.2903
C6 C4 1.3590 1.3391 1.3505 1.3764 1.3739 1.375 1.3749 1.375 1.3585
C6 C7 1.4980 1.4973 1.5073 1.5044 1.5046 1.5036 1.5036 1.5035 1.4983
C4 C3 1.4200 1.4525 1.4428 1.4334 1.4313 1.4376 1.4377 1.4376 1.4199
C4 C5 1.5160 1.5137 1.5093 1.5081 1.5071 1.5071 1.507 1.5071 1.5158
C7 C8 1.5360 1.555 1.5465 1.5554 1.5527 1.5557 1.5558 1.5558 1.5359
C3 C2 1.3260 1.3328 1.3415 1.3646 1.3621 1.3635 1.3635 1.3634 1.3259
N14 C12 1.3400 1.3482 1.3526 1.3684 1.3666 1.3664 1.3664 1.3663 1.3399
C8 C9 1.5000 1.5252 1.5133 1.5185 1.5194 1.5163 1.5162 1.5162 1.4997
C9 C15 1.4640 1.4668 1.4757 1.4631 1.4618 1.4639 1.4639 1.464 1.464
C15 C16 1.3970 1.3836 1.3831 1.4029 1.4006 1.4032 1.4031 1.4032 1.3972
C15 C23 1.4090 1.4056 1.4112 1.42 1.4179 1.4209 1.421 1.421 1.4093
C22 C23 1.3700 1.3563 1.3586 1.3733 1.3703 1.3737 1.3738 1.3738 1.37
C22 C18 1.3830 1.3819 1.3863 1.397 1.3956 1.3982 1.3981 1.3982 1.3827
C16 C17 1.3940 1.3971 1.4016 1.4053 1.4035 1.4056 1.4056 1.4056 1.3941
C18 C17 1.3530 1.3609 1.3626 1.3794 1.3762 1.3802 1.3803 1.3802 1.3532
Correlation Coefficient (CC) 0.9895 0.9922 0.9923 0.9922 0.9931 0.9931 0.9932 1.000

Bond Angles (o) XRD (EXP) HF/3-21G HF/6-31G* DFT/6-31G* DFT/6-311G*

GAS DMSO ETOH MEOH Acetone

C6 S1 C2 91.15 89.21 91.4 91.56 91.52 91.48 91.48 91.48 91.16
N10 N11 C7 112.35 112.54 113.26 113.63 113.53 113.04 113.04 113.04 112.34
N10 N11 C12 119.86 122.41 121.23 121.09 122.41 119.84 119.85 119.84 119.86
C7 N11 C12 121.34 125.03 122.73 122.62 123.69 121.83 121.79 121.81 121.35
C18 O19 C20 106 107.35 106.75 105.97 105.62 106.18 106.17 106.18 105.95
C22 O21 C20 105.36 107.37 106.78 106.07 105.72 106.22 106.2 106.21 105.36
N11 N10 C9 108.17 108.79 109.81 109.47 109.5 109.33 109.34 109.33 108.17
S1 C6 C4 112.09 111.52 111.56 111.3 111.3 111.44 111.44 111.44 112.08
S1 C6 C7 122.16 120.64 121.14 121.08 121.11 120.02 120.02 120.02 122.16
C4 C6 C7 125.7 127.81 127.3 127.61 127.57 128.45 128.45 128.46 125.72
C6 C4 C3 111.1 113.08 111.88 111.92 111.98 111.91 111.91 111.91 111.05
C6 C4 C5 124.5 124.59 125.63 124.78 124.74 125.84 125.84 125.83 124.46
C3 C4 C5 124.5 122.31 122.49 123.29 123.27 122.25 122.25 122.25 124.46
N11 C7 C6 112.61 111.66 112.9 113.12 112.83 113.12 113.13 113.13 112.61
N11 C7 C8 101.57 100.55 101.05 100.83 100.43 101.11 101.11 101.11 101.57
C6 C7 C8 114.5 113.66 114.86 115.47 115.34 114.85 114.85 114.85 114.52
C4 C3 C2 113.7 114.58 113.49 113.79 113.74 113.75 113.74 113.74 113.73
C7 C8 C9 103 102.23 102.37 103.09 102.84 102.89 102.89 102.89 102.96
N10 C9 C8 114 113.54 113.25 112.93 112.63 113.13 113.12 113.13 114
N10 C9 C15 122.36 122.57 122.18 122.24 122.37 122.06 122.07 122.06 122.37
C8 C9 C15 123.6 123.85 124.56 124.83 124.97 124.8 124.8 124.8 123.6
C9 C15 C16 118.8 120.84 120.25 120.19 120.29 120.07 120.08 120.07 118.82
C9 C15 C23 121.3 119.08 119.65 119.94 119.97 119.97 119.96 119.96 121.27
C16 C15 C23 119.9 120.08 120.1 119.87 119.75 119.96 119.96 119.96 119.91
S1 C2 C3 112 111.6 111.67 111.42 111.47 111.43 111.43 111.43 111.96
O21 C22 C23 127.9 128.3 128.72 128.17 128.28 128.18 128.16 128.17 127.91
O21 C22 C18 110 109.62 108.9 109.48 109.38 109.54 109.54 109.54 110
C23 C22 C18 122.1 122.08 122.38 122.34 122.32 122.28 122.29 122.28 122.09
N11 C12 O13 119.6 120.98 120.97 121.26 121.13 120.78 120.78 120.78 119.55
N11 C12 N14 116.9 114.63 115.6 114.52 114.49 114.91 114.88 114.89 116.94
O13 C12 N14 123.5 124.38 123.43 124.19 124.37 124.22 124.25 124.24 123.48
C15 C16 C17 121.8 121.34 121.88 122.01 122 121.93 121.94 121.94 121.85
C15 C23 C22 116.9 117.58 117.12 117.27 117.41 117.26 117.25 117.25 116.88
O19 C18 C22 109.7 109.85 109.17 109.81 109.72 109.82 109.82 109.82 109.67
O19 C18 C17 127.9 128.57 129.06 128.55 128.73 128.5 128.5 128.51 127.91
C22 C18 C17 122.4 121.57 121.77 121.64 121.54 121.67 121.67 121.67 122.41
O19 C20 O21 108.79 105.81 107.32 108.07 107.61 107.65 107.66 107.66 108.78
C16 C17 C18 116.9 117.35 116.74 116.87 116.98 116.9 116.89 116.9 116.87
Correlation Coefficient (CC) 0.9859 0.9929 0.9934 0.9917 0.9924 0.9923 0.9924 1.0000
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Fig. 12. Graphical correlation between experimentally determined (a) bond lengths and (b) bond angles versus the calculated values determined by HF/3-21G, HF/6-31G* and
B3LYP/6-31G* methods for the title compound.

Table 4
Calculated electronic properties and quantum parameters of the title compound.

Parameters Gas [DFT-B3LYP/6e31 G(d,p)] Gas [DFT-B3LYP/6e311 G(d,p)] Ethanol Methanol DMSO Chloroform Acetone

EHOMO �0.19843 �0.2059 �0.2029 �0.2029 �0.2030 �0.2007 �0.2032
ELUMO �0.04365 �0.0524 �0.0463 �0.0464 �0.0465 �0.0455 �0.0433
DEgap (eV) 4.2116 4.1765 4.2586 4.2589 4.2589 4.2219 4.3509
Ionization potential (I) 0.19843 0.2059 0.2029 0.2029 0.2030 0.2007 0.2032
Electron affinity (A) 0.04365 0.0524 0.0463 0.0464 0.0465 0.0455 0.0433
Electronegativity (c) 0.1210 0.1292 0.1246 0.1247 0.1248 0.1232 0.1233
Chemical hardness (h) 0.0774 0.0767 0.0783 0.0783 0.0783 0.0776 0.0800
global softness (s) 12.9216 13.0302 12.7787 12.7779 12.7779 12.8899 12.5078
electrophilicity (u) 0.0946 0.1088 0.0991 0.0993 0.0995 0.0978 0.0950
chemical potential(m) �0.1210 �0.1292 �0.1246 �0.1247 �0.1248 �0.1232 �0.1233
Dipole moment (D-Debye) 3.5161 3.4575 5.8134 5.8579 5.9032 4.6210 6.1113
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The highest value of the dipole moment is observed for
component mx (3.9998 Debye) and the lowest value of the dipole
moment of the molecule is observed for the component my
(�1.6134 Debye). The calculated value of the total dipole moment
(m) is found to be 4.3150 Debye. The calculated average polariz-
ability and anisotropy of the polarizability is 30.51� 10�24 esu
and 23.99� 10�24 esu respectively. The B3LYP/6-31 þ G(d,p)
calculated first hyperpolarizability value (b) is 335.68� 10�33 esu.
The values of dipole moment, polarizability and hyper
polarizability revealed that the title compound could be a good
NLO material with potential application in the field of opto-
electronics.
3.5. Thermal investigation

Thermogravimetric analysis was carried out to evaluate the
thermal stability of the title compound, in nitrogen gas atmo-
sphere. The temperature was recorded from 35 �C to 560 �C with
heating rate of 10 �Cmin�1 as seen in Fig. 16. There is noweight loss
around 100 �C, which evidences the absence of entrapped water in
the crystal lattice or any adsorbed water on the crystal surface. The
title compound displayed a good thermal stability up to 190 �C.
From the TGA curve, it can be seen that the mass loss of 80% occurs
in the range of 190 �Ce255 �C. Initially the compound starts to
decompose at 190 �C and the weight is gradually decreased up to
255 �C (residue is 20%). With the continuation of heating above



Fig. 13. HOMO and LUMO energy plot of the title compound.

Fig. 14. Mulliken atomic charges of the title compound.

Fig. 15. MEP of the title compound.
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Table 5
The electronic dipole moment (m) (Debye), polarizability (a) and first hyper-
polarizability (b) of the title compound.

Parameter a.u. Parameter a.u.

axx 305.772 bxxx 153.142
axy �5.609 bxxy �186.054
ayy 183.710 bxyy �90.879
axz 8.589 byyy �5.8509
ayz 19.382 bxxz 2.4284
azz 128.170 bxyz 28.2762
atotal 30.51� 10�24 esu byyz �41.6633
Da 23.99� 10�24 esu bxzz �24.8110
mx 3.998 byzz �25.2915
my �1.613 bzzz 29.2800
mz 0.1333 btotal 335.68� 10�33 esu
mtotal 4.315

Fig. 16. TG-DTG curve of
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450 �C, 15% of the residue is left out due to the charring of the
carbon. The compound decomposed completely after 560 �C.

4. Conclusion

The novel pyrazole derivative (3-(benzo[d] [1,3]dioxol-5-yl)-5-
(3-methylthiophen-2-yl)-4,5-dihydro-1H-pyrazole-1-carbox-
amide) was synthesized and characterized by means of various
spectroscopic tools like: FT-IR, NMR (1H and 13C), MS, UVevisible
spectrum and finally the three dimensional structure of the title
compound was confirmed by single crystal X-ray diffraction
studies. The pyrazole ring adopts an E-form and an envelope
conformation on C7 atom. Crystal structure revealed the three
dimensional supramolecular self-assembly, in which CeH/O and
NeH/O chains build up two dimensional arrays, which are
extended to 3D network through CeH$$$Cg and CeO$$$Cg in-
teractions. Intra molecular NeH/N and p$$$p stacking in-
teractions, contributes to the structural stability. The three
dimensional dnorm and 2D FP plots from HSA were studied
the title compound.
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extensively to understand the intermolecular interactions. The HSA
disclosed that H/H interactions has maximum contribution to the
total Hirshfeld surface. Optical and thermal properties of the title
compound were studied by UVeVis spectroscopy and TGA. The
compound exhibits a good thermal stability up to 190 �C and
decomposed completely at 560 �C.

Further, the molecule was geometrically optimized using B3LYP/
6-31G(d,p) level of theory. The calculations were repeated at
different solvent environment to study the solvent effect on the
structural parameters. The correlation coefficient between the
bond lengths and bond angles of experimental and theoretical
values showed that the structure obtained by the single crystal XRD
is well agreed with the optimized structure. However, the acetone
environment gives highest correlation coefficient amongst the
other solvent. The electronic transitions between the molecular
orbitals were studied using TD-DFT at the same level of theory. The
band gap energy calculated from UVeVis absorption spectrum
(4.2034 eV) agree with the theoretically calculated value (4.2116
eV). The Mulliken atomic charges and MEP were analysed for the
nucleophilic and electrophilic regions of the molecular surface. The
Hirshfeld surface and MEP analysis consisted with presence of a
strong NeH/N hydrogen bonding formation. The non-linear op-
tical properties of the title compound were also discussed based on
the linear polarizability and first order hyperpolarizability values
obtained from the DFT calculation, which concludes that the title
compound might be a good NLO material.
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