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Abstract
X-ray analysis results of 1-phenyl-N-(benzomethyl)-N-({1-[(2-benzo-4-methyl-4,5dihydro-1,3-oxazol-4-yl)methyl]-1H-1,2,3-triazol-4-yl}methyl)methanamine
are
compared with the optimized structure computed by using B3LYP method with 6-31G
basis set as provided with Gaussian 03 software. The calculated results showed that
optimized geometry can well reproduce the crystal structure parameters. The Hirshfeld
surfaces and consequently the fingerprint analysis have been performed to study the
nature of interactions and their quantitative contributions towards the crystal packing.
The electrostatic potential has been mapped over the Hirshfeld surface to explore the
electrostatic complementarity, which exists in the crystal packing. It is found that the
weak interactions, such as C—H…Cg, Cg—Cg are significant contributors in the
stabilization of the crystal packing in addition to the presence of strong C–H…N
hydrogen bonds.
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1. Introduction
The study of the nature of intermolecular interactions and its control is extremely important in the area of crystal
engineering in order to design a new material of desirable properties [1,2] and also for crystal structure
prediction of a given set of molecules [3-5]. The formation of crystal or molecular aggregation of a compound
depends on a complex phenomenon known as molecular recognition which is achieved through hydrogen bonds
or other weak non covalent interactions [6,7]. In this regards, nature of strong hydrogen bond e.g. N–H…O/N,
O– H…O/N are now well understood and appeared most reliable in molecular recognition processes and hence
found to direct the crystal packing [8,9]. The recent focus in supramolecular chemistry is shifted towards
understanding the nature and capabilities of weak interactions such as C–H…O/N,C–H…π, π…π, etc. in the
formation of supramolecular assemblies and finally its correlation with the material properties [10]. Since the
nature of weak intermolecular interactions and its influences in the crystal packing appeared as unpredictable in
nature, therefore careful but systematic studies of its nature has been become an important prerequisite in the
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area of crystal engineering. This can be preferably carried out by either systematically changing the position of
functional groups (positional isomers) of interest in the desired compound [11,12] or systematic replacement of
the functional group with others [13]. To get a better understanding of the contribution of intermolecular
interactions to the crystal packing, it is important to get a quantitative evaluation of these interactions [14,15].
The theoretical calculation of the lattice energy of a crystal provides a better idea about the nature of crystal
packing which corresponds to the experimentally calculated sublimation energy of the compound [16-18]. The
Density Functional Theory (DFT) is a computational method that derives properties of the molecule based on a
determination of the electron density of the molecule, It is based on empirical partitioning of the interaction
energy or cohesive energy into their coulombic, polarization, dispersion and repulsion contributions and
provides important insights towards an understanding of the crystal packing.
In this present study, the 1-phenyl-N-(benzomethyl)-N-({1-[(2-benzo-4-methyl-4,5-dihydro-1,3-oxazol-4yl)methyl]-1H-1,2,3-triazol-4-yl}methyl)methanamine [19,20] has been synthesized and the presence of strong
H-bonds, weak intermolecular interactions and stacking interactions have been quantified. The chemical groups
which constitute this molecule are the substituted triazole ring and the oxazole ring. In view of the abovementioned applications, a systematic exploration and quantification of the molecular geometry and
intermolecular interactions is expected to contribute towards an understanding of the forces which favour
formation of the crystal in this class of molecules. The geometrical parameters, fundamental frequencies of the
new 1,2,3-Triazole derivative in the ground state have been calculated by using the DFT (B3LYP) and HF
methods with 6-31G (p,d) basis set. This calculation is valuable for providing insight into molecular parameters
and the vibration spectrum. The aim of this work was to explore the molecular structural parameters that govern
the chemical behaviour, and to compare predictions made from theory with experimental observations.

2. Material and Methods
2.1. Theoretical calculations
The geometry of the title compound was optimized using the DFT (density functional theory) method with
B3LYP (Becke three-parameter LeeYang-Parr) and PBE hybrid density functional theories, HF (Hartree-Fock)
method and MP2 (Second-order Møller–Plesset theory), all with the 3-21G basis set. It has been reported that
the employment of this basis set (3-21G) along with several electronic structure methods, predicts chemical
shifts with acceptable accuracy, and the obtained results present a good correlation between the experimental
and theoretical values. Calculations were performed by taking the crystal structure coordinates as an initial
geometryand carried out with Gaussian 03 software package.All geometric parameters were visualized with
GaussView 5.0 software. Calculated geometries of the title compound were compared with experimental values
reported from crystallographic data. This test allowed the selection of the best method for geometry
optimization.
The energy gap between HOMO and LUMO was calculated. According to the frontier molecular orbital theory,
HOMO and LUMO are the most important factors that affect the bioactivity. HOMO has the priority to provide
electrons, while LUMO can accept electrons first. Thus, the study on the frontier orbital energy can provide
useful information about the biological mechanism.
2.2. Hirshfeld surface analysis
Although experimental electron densities can be determined, they offer incomplete insight into molecular
packing because of the absence of knowledge of the surface at which one molecule ‘ends’ and another ‘begins’.
Hirshfeld surfaces overcome this problem by replacing each atom with its spherically averaged theoretical
electron density counterpart. The origin of each contribution to the total electron density is thus known. The
surface generated by those points at which the calculated electron density from the chosen molecule equals that
from the surrounding molecules defines the Hirshfeld surface. Inside this surface, the electron density is
dominated by the electron density belonging to the chosen molecule. Bonding interactions are ignored but this
should not be important in external regions of space.
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Hirshfeld surfaces [21] and the associated 2D-fingerprint plots [22] were generated using CrystalExplorer 3.0.
[23] Hirshfeld surfaces mapped with different properties e.g. de, dnorm, shape index, curvedness, has proven to
be a useful visualization tool for the analysis of intermolecular interactions and the crystal packing behaviour of
molecules [24]. Figures 1 and 2 lists the Hirshfeld surfaces of all the molecule in the present study mapped with
the above-mentioned properties.
Electrostatic potentials mapped on Hirshfeld surfaces provide direct insight into intermolecular interactions in
crystals. The molecular electrostatic potential (MEP) map displays electrostatic potential regions of the
molecules using simple colour coding. The MEP is used to determine the electrophilic and nucleophilic attacks
during the reactions as well as hydrogen bonding interactions. The map is obtained at HF/3-21G level of theory.
Moreover, blue and red colours indicate the positive and negative potentials, respectively. The negative
electrostatic potential is usually associated with the lone pair of electronegative atoms.
The 2D-fingerprint plot provides decomposition of Hirshfeld surfaces into contribution of different
intermolecular interactions present in crystal structure. Hence both Hirshfeld surfaces and fingerprint plots
facilitates the comparison of intermolecular interactions in building different supramolecular motifs in the
crystal structure. The electrostatic potentials were also mapped on the Hirshfeld surfaces to allows the visual
study of electrostaticcomplementarities in the crystal packing analysis.

3. Results and discussion
3.1. X-Ray Crystal Structures
The X-ray structure analysis of title compound, C28H29N5O, indicates that all the bond lengths in the title
compound fall in normal ranges. All C―C (with a mean distance 1.4175A), C―N (with a mean distance 1.4135
A) and C―O (with a mean distance 1.4028 A) bond lengths are comparable to those in related compounds. The
dihedral angles between the three benzene rings and the oxazole and triazole groups are: 83.50 (7)°, 68.37 (7)°,
11.74 (7)°, 17.46 (6)°, 86.69 (7)° and 77.16 (7)°, respectively. There are some C―H…N hydrogen bonds in the
lattice of the title compound that make it form a one-dimensional chain.The crystal packing is stabilized into
three-dimensional network by additional C—H···N H-bonds, C—H···π and π···π interactions.

Figure 1:Molecular view of the title compound showing the atom-labeling scheme. Displacement ellipsoids are drawn at
the 50% probability level. H atoms are represented as small spheres of arbitrary radii.

3.2. Hirshfeld Surface Analysis
The intermolecular interactions of the title compound are quantified using Hirshfeld surface analysis. This
approach is used to estimate the intermolecular contacts, which are shown in Fig. 2. These inter-contacts are
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highlighted by conventional mapping of dnorm on molecular Hirshfeld surfaces are shown in Fig. 1. The red
spots over the surface indicate the intercontacts involved in the hydrogen bonds.

Figure 2:Hirshfeld surfaces of the molecule of C28H29N5O: (b) dnorm, (c) de, (d) di, (c) Shape index and (d) Curvedness.

Further, intercontacts were plotted with fingerprint plots (Fig. 3). H...H intercontacts, (Fig.3(c)) shows large
surfaces, whereas the O...H plot (reciprocal interactions included) (Fig. 3(f)) shows the presence of O...H
contact with the two characteristic wings. The intercontacts N...H (Fig. 3(e)) showing two narrow pointed wings
provide evidence for C-H...N classical hydrogen bonds, the full fingerprint appears as a gray shadow (Fig. 3(a)).
The chart indicates that the contribution of inter-contacts to the Hirshfeld surfaces, H...H (61.6%), C...H
(24.3%), N...H (10.5%) and O...H (3.5%), the quantitative results of the Hirshfeld surface analysis are presented
in Fig. 4.
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Figure 3:Fingerprint of the title compound, (b) H...H, (c) C...H, (c) N...H and (d) O...H. The outline of the full fin-gerprint
is shown in gray. di is the closest internal distance from a given point on the Hirshfeld surface and de is the closest external
contacts.

The electrostatic potential is mapped on Hirshfeld surface using STO-3G basis set at the Hartree-Fock theory
over the range of ± 0.025 au clearly shows the positions of close intermolecular contacts in the compound (Fig.
5b). The positive electrostatic potential (blue region) over the surface indicates hydrogen donor potential,
whereas the hydrogen bond acceptors are represented by negative electrostatic potential (red region) [25].
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Figure 4: Percentage contribution of individual intermolecular interactions to the Hirshfeld surfaces of compound.

Figure 5:Electrostatic Potential (PE) mapped on Hirshfeld surface of the molecule of C28H29N5O: (b) dnorm, (c) de, (d) di,
(e) Shape index and (f) Curvedness.

3.3. Optimized geometry
The DFT (PBEPBE//3-21G, B3LYP//3-21G), Hartree-Fock (HF//3-21G) and MP2//3-21G levels calculations
were carried out to predict the geometry of the title molecule compound. The actual and optimized bond lengths
and angles, which were obtained by X-ray crystallographic study as well as by geometry optimizations are
reported in the Fig.6.
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Figure 6: Graphic correlation between the experimental and the theoretical values of bond distances and bond angles
obtained by PBEPBE//3-21G, HF//3-21G, B3LYP//3-21G and MP2//3-21G.

Considering the data from graphics above, some main structural parameters differ slightly between the X-ray
and the theoretical structure. From all HF, MP2 and DFT methods with 3-21G calculations basis, the HF//3-21G
was the most accurate method used for the geometry optimization of the title molecule. It should be noticed that
slight differences in bond parameters are attributed to the fact that the experimental results belong to solid phase
while theoretical calculations belong to gaseous phase.

Figure 7: The HF//3-21G optimized geometry of the title compound; values of bond lenths (Å) are given.
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The highest occupied molecular orbital (HOMO) energies, the lowest unoccupied molecular orbital (LUMO)
energies, and the energy gap for mentioned molecule in above have calculated. The calculated HOMO–LUMO
gap of the title molecule is 4.105eV by DFT//B3LYP, 2,295 eV by DFT//PBEPBE, 8,340 eV by HF//3-21G and
5.98 eV by MP2//3-21G. The molecular HOMO/LUMO orbital pictures are depicted in Fig.8. Generally, the
total energy is relatively low but the energy gap of HOMO-LUMO is small, suggesting that the stability of the
compound is poor [26].

Figure 8: Molecular orbital HOMO-LUMO diagram of the title compound: (a) DFT//B3LYP(EHOMO = -0.04712 a.u,
ELUMO = -0.19799 a.u), (b) DFT//PBEPBE (EHOMO = -0.07537 a.u, ELUMO = -0.15974 a.u), (c) HF//3-21G (EHOMO
= -0.09169 a.u, ELUMO = -0.31379 a.u ) et (d) MP2//3-21G (EHOMO = -0.08263 a.u, ELUMO = -0.30646 a.u).

Conclusion
To summarize, In this work we have reported the Hirshfeld surfaces analyses of 1-phenyl-N-(benzomethyl)-N({1-[(2-benzo-4-methyl-4,5-dihydro-1,3-oxazol-4-yl)methyl]-1H-1,2,3-triazol-4-yl}methyl)methanamine. The
formation of the molecular compound was further characterized and confirmed by NMR spectroscopy analysis.
The 3D Hirshfeld surface analysis and 2D fingerprint maps analysis revealed that H…H and C…H interactions
are more dominant in the title compound.The analysis of ESP mapped on the Hirshfeld surface complements the
importance of electrostatic complementarity in the crystal packing.
For a detailed molecular structure description some quantum-chemical calculations were performed with several
HF, MP2 and DFT methods. The comparison of the theoretical results with experimental X-ray diffraction data
for similar compounds, showed that, from all the tested methods, the best performance for geometrical
parameters was for HF (in combination with a large basis set 3-21G).
Considering all HF, MP2 and DFT methods with 3-21G calculations basis, the HF//3-21G was the most
accurate method used for the geometry optimization of the title molecule. All calculations were done using the
Gaussian 03 software package. Theoretical calculations can be used to predict and confirm the structure of the
new substituted 1,2,3-triazole with good correlation with the experimental data.
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