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Abstract. We have employed first principle Density Functional Theory (DFT) investigations to study the physical
and electronic properties of 4—Azidomethyl-6—isopropyl-2H—chromen—2—one, C13H13N302. Complete geometry

optimization calculations were carried out to find local energy minimum of the molecular system using the B3LYP
approach with a variety of basis sets. The optimized geometries were then used to determine the HOMO-LUMO gaps,
Mulliken atomic charges, and others. Our calculation results show that the computed geometrical properties of
CI13H13N302 cluster model are in good agreement with the corresponding measured experimental value. The
calculated energies obtained are close to each other using the B3LYP density functional method combined with a
variety of basis sets. Furthermore, using B3LYP/6-31G** method, the oxygen—attached carbon, C2 atom has the

highest positively charge, with the corresponding value of +0.59. For both oxygen atoms (O1 and O2), the calculated

charge values obtained are about —0.52 and —0.46, respectively.

1 Introduction

In recent years, the substituted coumarin derivatives
have been shown to possess great potential for usage in
the fields of chemistry, polymer science, biology,
medicine, and others [1-8]. A large number of
experiment investigations [7, 8] have been carried out on
the substituted coumarin derivatives, namely X-ray
crystallography, IR, Raman spectroscopy, and others. For
example, using IR and NMR techniques, Dekic ef al. [8]
studied the dynamic properties of new coumarin
derivatives, which can be prepared by reaction of 4—
chloro—2—oxo—2H—chromene—3—carbonitrile =~ with ~ 4—
methyl-pyridin—2—ylamine and 6—methoxy—
benzothiazol-2—ylamine. In 2015, the new crystal
structure of C;3H;3N;0, was determined by X-ray
crystallography = method  which investigated by
Krishnamurthy et al. [7]. Furthermore, there have been a
variety of theoretical studies [3, 6] on the substituted
coumarin derivatives. First principle DFT simulation
approach is one of the most popular computational tools
for studying, predicting the geometric and electronic
structures of the molecular systems nowadays [6, 9, 10].
In 2009, Subramanian et al. [6] employed the Hartree—
Fock (HF) and DFT methods to investigate the geometric
parameters, energies, and vibrational wave numbers of 7—
amino—4—trifluoromethyl coumarin compound,
respectively. As far as we know there are no

computational studies in the literature of C;3H;3N30,
cluster model. In this study, based on the results obtained
from first principle DFT calculations, we only focus on
the geometric and electronic structures of C;3H;3N;0..
The details of the computational methodology, results,
discussion, and summary are provided in the following
sections.

2 Computational methodology

All computational calculations were carried out with
the Gaussian 09 program package [l1] using first
principle Density Functional Theory (DFT) simulation
approach. In this investigation, a single molecule of
C;3H;5N30, was chosen to simulate the local host
environment. Fig. 1 shows the atomic labelling of
C13H13N;0, with the corresponding numbering scheme.
Using the Ci3H;3N;O, cluster model, geometry
optimization calculations were performed to determine
the local energy minimum of the molecular system with
the B3LYP functional calculations employing with a
variety of basis sets (6-31G, 6-31++G, 6-31G**, 6—
31++G**, 6-311G, 6-311++G, 6-311G**, and 6-
311++G**). The corresponding optimized molecular
geometries were then used to evaluate the HOMO-
LUMO gaps. In addition, single point calculations with
the B3LYP/6-31G** level of theory were also performed
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to predict the Mulliken atomic charges of the C13H3N;0,
molecular cluster.

Fig. 1. The numbering system used for the C13H13N302 cluster model.

3 Results and discussion

For the molecular cluster of C;3H;3N3;0,, the
optimized geometrical parameters (bond lengths, bond
angles, and dihedral angles) are illustrated in Table 1.
Compared with the experimental results, all the computed
data are quite consistent with the experiment which

presented by Subramanian et al. [8]. Furthermore, it can
be clearly observed from the table that the calculated
bond lengths in the case of B3LYP functional with 6—
31G**, 6-31++G**, 6-311G**, and 6-311++G** basis
sets are the closest with those of experiment values. The
corresponding bond values obtained are only different

Table 1. Optimized geometrical parameters of CI3H13N302 cluster

6— 6— 6— 6— 6— 6— 6— 6— Experiment
31G 31++G 31G** 31++G** 311G 311++G 311G**  311++G** [8]
Bond Length (Angstrom)
N1-N2 1.252 1.252 1.235 1.235 1.253 1.252 1.231 1.230 1.227
N2-N3 1.159 1.158 1.142 1.142 1.155 1.155 1.134 1.134 1.133
CI-N1 1.494 1.495 1.473 1.473 1.494 1.494 1.470 1.471 1.471
Cl1-C4 1.514 1.515 1.515 1.516 1.514 1.514 1.514 1.514 1.508
C3-C4 1.364 1.365 1.355 1.356 1.362 1.362 1.353 1.353 1.346
C2-C3 1.445 1.445 1.448 1.447 1.443 1.442 1.447 1.446 1.441
C2-02 1.445 1.445 1.448 1.447 1.443 1.442 1.447 1.446 1.441
C2-01 1.417 1.414 1.401 1.400 1.416 1.413 1.400 1.398 1.382
C9-01 1.387 1.390 1.371 1.374 1.388 1.389 1.369 1.371 1.385
C9-C10 1411 1411 1.407 1.407 1.407 1.408 1.403 1.404 1.391
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C4-C10 1.466 1.465 1.451 1.452 1.467 1.465 1.451 1.451 1.450
C5-C10 1.419 1.421 1.418 1.420 1.418 1.419 1.416 1.417 1.407
C5-C6 1.400 1.401 1.397 1.397 1.397 1.397 1.394 1.394 1.391
C6-C7 1.415 1.416 1.413 1.414 1.412 1.413 1.410 1.411 1.398
C7-C8 1.388 1.389 1.386 1.387 1.386 1.386 1.383 1.384 1.377
C8-C9 1.392 1.393 1.390 1.390 1.390 1.390 1.387 1.387 1.378
C6-Cl11 1.528 1.528 1.525 1.525 1.528 1.527 1.524 1.524 1.516
C11-C12 1.552 1.553 1.546 1.547 1.551 1.551 1.545 1.545 1.531
C11-C13 1.557 1.557 1.551 1.552 1.555 1.555 1.550 1.550 1.532
Bond Angle (Degree)
C1-N1-N2 112'1 110.18 110.03 110.12 110.07 110.08 109.92 109.96 109.92
C4-C1-N1 12;.3 121.30 121.46 121.37 121.41 121.40 121.56 121.52 121.56
C3-C2-02 128'2 126.20 126.20 126.20 126.20 126.20 126.20 126.20 126.20
01-C2-02 1137'0 116.92 117.27 117.17 117.05 116.96 117.41 117.31 116.80
C5-C6-Cl11 12&'5 121.44 121.41 121.35 121.49 121.44 121.40 121.36 121.27
C7-C6-Cl11 113'9 119.96 119.99 120.05 119.92 119.96 120.00 120.05 120.13
C6-C11-C12 1101'9 111.88 111.85 111.82 111.90 111.88 111.84 111.82 111.80
C6-C11-C13 lli'l 111.11 111.10 111.08 111.13 111.11 111.11 111.09 111.03
Dihedral Angle (Degree)
N2-N1-C1-C4 39.29 39.29 39.34 39.33 39.29 39.29 39.35 39.34 39.34
CS?CC6173C1 = 70.68 70.66 70.65 70.62 70.68 70.66 70.65 70.63 70.58
C77C(;6172C1 I- 1236'0 126.06 126.07 126.09 126.04 126.06 126.06 126.08 126.13

with those of experimental data in the range of 0.1% —
1.4%. As can see from the table, the bond length of Cs;—
C4 has the shortest value among the C—C bonds in the
C3H5N30;, cluster model, and the order of this C—C
bond is 2. While the other bond lengths, namely C,—C;,
Cs—Cs, Cs—C4, Cg—Cy, Co—Cyy, and C5s—C,;, obtained are
close to all C—C values in organic benzene. These C—C
bonds have half a 7 —bond and one O —bond. Yet, the
bond orders for these C—C bonds are then equal to 1.5.
For the case of the bond angles, the values obtained using
B3LYP method with with a variety of basis sets are listed
in Table 1. The calculated bond angles of C;3H;3N30,
cluster are in close agreement with those of experimental
data which provided by Subramanian et al. [7]. Using the
B3LYP approach with a variety of basis sets (6-31G, 6—
31+G, 6-31G**, 6-31++G**, 6-311G, 6-311++G, 6—
311G**, and 6-311++G**), the computed values of bond
angles are only less than 1% compared to the
experimental results [7]. A similar trend may be observed
in the case of the dihedral angles of C;3H;3N3;0, cluster
model. The values of dihedral angles obtained are very

close to the experimental values, which are only 0.1%
different with those of experimental data [7].

The total energies and HOMO-LUMO gaps obtained
at B3LYP level of theory, respectively are presented in
Table 2. The table shows that the calculated total energies
of the C13H13N;0; cluster fall in the range —22248.10 eV
to —22261.01 eV. By DFT calculations using Gaussian 09
software program, it can be observed from the table that
as the zero energy is chosen to be corresponding to that
of the 6-311++G** basis set (-22261.01 eV), the
calculated total energy values of the 6-31G, 6-31++G, 6—
31G**, 6-31++G**, 6-311G, 6-311G**, and 6-
311++G** basis sets, respectively are only 0.01% —
0.06% higher than the basis set of 6-311++G**. In Table
2, the HOMO-LUMO energy gaps of C;3H;3N;0,; cluster
are also reported. According to the data in the table, the
HOMO-LUMO energy gap values are found in the range
0of4.39 ¢V —4.47 eV using B3LYP method with a variety
of basis sets (6-31G, 6-31++G, 6-31G**, 6-31++G**,
6-311G, 6-311++G, 6-311G**, and 6-311++G**). In
addition, it can also been seen that the computed values
obtained are close to each other.

01003-p.3
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Table 2. Calculated total and frontier molecular orbital energies (eV) of C13H13N302 cluster

631G 631++G  631G**  631+G**  6311G  6311++G  6-311G**  6-311++G**
Totalenergy ~ —22248.10 2224888 2225550 2225634 2225334 2225371 -22260.65 2226101
HOMO 6.52 ~6.81 ~6.39 ~6.70 —6.74 ~6.84 ~6.61 ~6.74
LUMO 210 242 ~1.93 229 231 243 .15 232
HOMCg’;;UMO 443 439 447 442 443 441 4.46 443

Fig. 2. The atomic charges used for the optimized molecular geometry of C13H13N302 cluster at the B3LYP/6-31G** level of theory

Fig. 2 depicts the atomic charge distributions of
Ci3Hi3N;0, cluster using the Mulliken Population
Analysis (MPA) at B3LYP/6-31G** level of theory. The
calculation results show that the highest charge is
determined to be about +0.59 for the oxygen—attached
carbon, C, atom. For both oxygen, O; and O, atoms, the
computed charges are then determined to be about —0.52
and —0.46, respectively. Furthermore, N; and N; atoms
become negatively charged, with the corresponding
values of charges about —0.39 and —0.25, whereas the
computed charge obtained on N, atom is about +0.41.

4 Summary

In this reported, all calculations were performed using
the Gaussian 09 program package. For the geometric
parameters of Ci3H3N;0,; cluster, the calculated results
obtained are consistent with the experimental data. Using
B3LYP method with a variety of basis sets, the computed
energies obtained are very close to each other. In addition,
the charges on the oxygen—attached carbon, C, atom was
also calculated to be about +0.59, while the charge on O,

and O, atoms are about —0.52 and —0.46, respectively at
B3LYP/6-31G** level of theory. Further investigations
are currently being carried out to study the effects of
cluster size on Cy3H;3N;0, molecular system.
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